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PREFACE TO FIRST EDITION

This book has been prepared to meet a speafic demand, long
felt here and elewhere for an account of the vanous phases of evolu
tionary biology condensed within the scope of one volume of moderate
size The present wnter has now for sicteen successive years pre-
sented 1 lecture form to large classes of students the subjects of
evolution genetics and eugenics. Never have we been able to find
a single book that would cover the required ground In fact 1t has
been necessary to requure or at least to recommend, as manv as
three books. It 1s believed that the present book will furtush ade-
quate reading material for a major or a semester course 1n evolutionary
bology Some supplementary reading may be necessary m case an
mstructor wishes to emphasize one or more phases of the subject
but for a first course 1n the subject we belteve that all of the essentia]
reading matenal will be found within the text itcelf

An effort has been made to present the subject m the best peda
gogieal order  After 2 general introduction a rather long chapter
appears in which the whole history of the development of evolution
ary sctence 1s outhned together with the names and contributions
of the leading evolutiomsts Part IT 15 a presentation of the ev
dences of orgamc evolutron, beginnimg with the bodies of evidence
most defimte and direct and ending with the less definite and
more controversial  Part ITT deals with causo-mechanical theones of
evolution with Darwinism as the central topic.  Part IV concerns
1tself with genetics or modern experimental evolution and Part V
with eugenics or genetics as applied to human tmprovement.

The book consists largely of excerpts some long and some short
from both the older classical evolutiopary wnters and the modem
wnters Our aim has been to select the most significant or character
istic passages from each author  In most cases this 1deal has been
attained, but 1t has sometimes happened that we have had to make
our selection of matenal to meet a real need i the book and accord
ngly have selected from an author a passage he hunself mght not
consider particularly charactenstic of his work  We have succeeded,
nevertheless 1n welding together out of a collection of 1solated chapters
and passages what seems to us to be a close approach to a coherent
umt Unmfication has been accomplished by the aid of editorial

g passages i y and sum
marnes. In certain casest became necessary, for a vanety of reasons
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A3t PREFACE TO FIRST EDITION

for tbe editor to write short chapters on certain topics that were not
P d 1 the available hterature in ly brief compass or
in sufficient]y non technseal language

The one man textbook 15 only too often wntten to emphasize
the author’s pet theonies and 1s likely to be unduly biased The
present work 15 completely non partisan It consists of the wnt
ings of many zuthors and presents many diverse theones The
student 15 left to balance the vanous views one aganst another and
to form s own judgment.

It 1s very unfortunate but none the less true, that even in these
scientific davs, the subject of evolution has a bad name m many
commumties and 1 many educational mstitutions with rehgious
affiiations  The mustake 15 made of supposing that evolution and
religion are drametneally opposed  The present wrter has been at
some pams to make 1t clear that evolution and rehgion are stnctly
compatible We teachers of evolution 1n the colleges have no simster
designs upon the religous faith of our students

While this book 1s mntended pnmanly for a college textbook
we have alco had 10 mund the general reader  Apart from a few of
the more technical details, the text seems to us very readable The
language of the great classic wnters—Darwin, Wallace, Romanes De
Vries, Le Conte—is simple and lucid.  Among recent hiological books
few are wntten so freshly and vividly as those of Professor J Arthur
Thomson. The clearness and scientific accuracy of Conklin, Saleeby
Guyer, Walter, Lull Osbom, the Coulters, Downieg, Sbull, Tagler,
Popenoe, Johnson, and others, are famihar to Amencan biologsts

Serupulous care has been taken to venfy all passages quoted
but 1t 1s hardly hkely that 1n so large a mass of matema), all errors
shall have been avoded The author and the publishers would
welcome 1s a favor anv suggestions or corrections submutted by
nterested readers

A list of the beoks from which material kas been quoted 13 given
on pages 612,613 To the authors and put lishers of these books and
monographs we wich kerewith to tender our grateful acknowledy
ments for therr generosity and cooperation. A conwaderable amount
‘!’( matenal for which permussion to reprint had been granted fails

0 appear 1 the present volume Tt 15 hoped to incorporate this
materstl 1n an appendiz 1o a later edition, or else to use 1t m the form
of 2 gmall volure of supplementary readings.

Avgust 15 1911 HHN



PRETACE TO SECOND EDITION

A book of this sort somewhat resembles a loose-leaf encyclopedia
w that 1t subjects itself very readiy to revision and rearrangement
and thus may be kept abreast of the times When certain sections
prove through actual class use to need revision or restatement or when
new discoveries a change 1 appropnate cor
rections may be made, new matter added, or whole chapters re-
wntten When varous topics have shown themselves to be exther
logically or pedagogieally in the wrong order, 1t 1s easy to rearrange
chapters, for the latter are to a large degree independent When,
finally, any new chapter of supenor excellence appears 1a & new pub-
lication, 1t 15 usually possible through the courtesy of author and pub-
hisher to add 1t to the worthy collection of excerpts already gathered
together

The writer has been fortunate in that reviewers and colleagues both
1n Amenca and 1 Europe have offered many constructive criticisms
of the book and suggestions for its improvement It 1s hoped that the
present edition will adequately reflect this expert advice

‘The order of presentation of the evidences of evolution has been
changed from one based on the degree of directness of the evidence
to one based on the logical succession of topics and their mterde-
pendence The chapters on “The Mutation Theory” and ‘The
ok of Acqured Ch * have been placed near the end
of the book 1n order that they may be considered mn the full hght
of our present knowledge of genetics The chapter on “Linkage
and Crossing over” has been rewntten in a more elementary and ar
cumstantia) style 1n order to overcome, if possible, the difficulty that

students have always d 1 und, ding the &
condensed and techmical account of Prof&sscr Castle The discussion
of mutations has been mod. d and bl ded through

the addition of an article wnitten especally for this book by Professor

R Ruggles Gates and of a paper by Professor H F Muller The

section on eugemcs has been strengthened by the addition of a uad
24



x PREFACE TO REVISED EDITION

chapter from Albert Edward Wagoam s book The Fru of the Family
Tree  The wrter has introduced a considerable amount of new matter
of hus own which consiats cluelly of relatively short intreductory, con
necting  explanatory and summanzing statewments that sene to
cemment the otherwise somenhat disconnected excerpts mto a cohetent
whole Because of the fact that so many of the writer s own contniby
tions are scattered through the book, 1t 1s deerned wise to omat hus
name from aif such chapters and passages wath the understanding
that all matter not specibcally eredited to others 1s hus own

Escespts from boohs commonly contam undet ned techmcal terms
that perplex the beginmng student  Thas dutficulty has been orvercome
through the addition of a ful} glessary defimng seardy all of the bio-
togmcal terms used 1n the book

Gratelul achnowledgments for the use of new matersals are here
with guen to the followmg authors and publichers E G Conkbn
R R Gates S ] Holmes D F Jones, T H \organ H F Muller,
G H Thaser A E Wiggam E B Wibon The Bobbs-Vferrsli Com
pany, Henry Hoh znd Company The Macmilan Company, The
Lanceton Leversity Press, The Wilkams and Wilkans Company

2
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PREFACE TO THIRD EDITION

The first edition of this book was avonedly a book of readings, a
source book, consisting almost exclusively of extracts from leading
wIlters on evo!uuomry topics The character of the book made 1t

h d It was d for lack of umty of plan and
was called by one cnitic 2 hodge podge In spite of these defects many
teachers found the book valuable as a reading source to accompany
lectures

In the second edition an attempt was made to unfy the matenal
by the addition of a considerable amount of editonal comment 1n the
form of short introductory and transitional chapters This method of
umfication was, however not suffictently radical The result was nex
ther a source book nor an orgamzed textbook Believing that what
most teachers want 1s pnmanly a textbook and only secondanly a
source book the author has attempted to make the book a text by

the p ly less d matenal and by taking out
and putting mto the Appendix chapters that break the continuity of
treatment but are useful for collateral reading

Teachers using the book recommended that the histoncal account of
evolution and the section on evidences of evolution be left substantially
as they were but they suggested that the section on genetics be largely
rewrstten This has been done The plan followed 1s that of dealing
with genetics as the study of the mechanism of evolution the main
factors of which are (r) the persistence factor heredity, (z) the diver
sity factor sexual reproduction and Mendelian heredity (3) the change
factor, mutation, (4) gwding factors, selection and possibly the
L kian factor and orth and (5) the dividing factor 1sola
tion m the broad sense The part on eugenics has also been extensively
revised and rewnitten, and contams a good deal more factual matenal
Tt1s hoped that i 1ts present form the book may more nearly meet the
needs of college classes m evolutionary biology

It gives us pleasure to acknowledge gratefully the permiss on given
us by The Macmullan Company to use figures 40, 41, 42, 43, 44, 45,
and 51

H H Newwman
Wrrrenems v CHOAGY
January 16 1932
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CHAPTER I

INTRODUCTION .
WIAT ORGANIC EVOLUTION IS—DEFINITIONS

The following selections are representative both of the older and
of the newer attitudes of thinhers on the subject of orgame evolution
The earlier writers were greatly umpressed with the sublimity of the
1dea and found 1t 1n full accord with their rehgious faith  The later
wnters are less awed by the vastness of the process and hence adopt
a more completely matenalistic attitude It 15 not necessary, how
ever, to discard one’s religious beliefs tn order to adopt a scientific
attitude toward the problems of organic evalution* These pomts of
view are well expressed 1n the following quotations

“The world has been evolved, not created, it has arsen little by
hittle from a small beginning, and has mcreased through the actmity
of the elemental forces embodied n 1tself, and so has rather grown than
suddenly come mto bemng at an almighty word  \What 2 subhme 1dea
of the infimite might of the great Architect! the Cause of all causes,
the Father of all fathers, the Ens entsum! For 1f we could compare
the Infintte 1t would surely require a greater Infinite to cause the
causes of effects than to produce the effects themselves

““All that happens i the world depends on the forces that prevail
m 1t, and results accordmg to law, but where these forces and their
substratum, Matter, come from, we know not, and here we have room
for faith "—Erasmus Darwin,? as interpreted by Weismann

“When I first came to the notion, of a sugcession of extinc
tion of species, and creation of new ones, going on perpetually now, and
through an mdefimte period of the past, and to contmue for ages to
come, all in accommodation to the changes which must continue in the
mammate and habitable earth the idea struck me as the grandest
which I had ever concerved so far as regards the attributes of the
Presidimg Mind "—From 2 letter of Sir Charles Lyell to Sir John
Herschel, 1836

* See Joseph Le Conte, Relation of Evolution to Matersalism Appendix,

*From R. S Lull, Organtc Evolution (The Macmillan Company ~Reprinted
by permssion)

3



4 EVOLUTION GENETICS, AND EUGENICS

“1t 15 mteresting to contemplate a tangled bank, clothed with
many plants of many kinds, with brrds singing on the bushes, with
various nsects futting about, and with worms crawhng through the
damp eacth, and to reflect that these elaborately constructed forms,
so difierent from each other, and dependent upon each otherin so com
plex 2 manver, have 2ll been produced by laws acting atound us
These laws, tahen in the largest sense, being Growth ith Reproduc
tion Inheritance which 1s almost mphed by reproduction, Vanabihty
from the wdiect and direct action of the conditron of lfe, and
from useand disuse & Ratio of Increase so hugh as to lead toa struggle
for Lafe, and as a consequence to Natural Selection, entailng Drver-
gence of Character and the Exunction of less improved forms Thus,
from the war of nature, from famine and death, the most exalted
object whick we are capable of conceiving namely, the production of
the higher ammals, directly follows  There 1sa grandeur m this view
of bfe with its several powers, having been onginally breathed by the
Creator into a few forms or mto one, and that, while thus planet has
gone cyching on accordmg to the fixed law of gravity, from sosuuple s
begmung endless forms most beauttful and most wonderful have been,
and are being evolved —Cbarles Darwin, Orsgin of Specses, conclud
ing paragraph

¢ Speaking broadly we find as a fact that transmutation of species
through the geologic ages has heen accompanied by mcreasing diver
gence of type, by the mcreased specialization of certain forms, and by
the closer and closes adaptation to conditions of hie on the part of the
forms most highly specialized, the more perfect adaptation and the
more elaborat 1 bemg i with the greatest
variety or vanation m the environment  Accepting for this process
the name orgamc evolution, Herbert Spencer has deduced from it the
general law, that as lde endures generation after generation, 1its
character, as shown 1 structure and function, undergoes constant
diferentiation and specialization. In this view, the transmutation
of species 1s not merely an observed process, but a primitive necessity
1rolved m the very arganization of hfe itself *~D § Jordan and
V L Kellogg, Evolution and Ansmal Life (1008), p 4

‘ The Doctrme of Evolution 1s 2 body of principles and facts con
cermng the present condation and past hstory of the biving and Iifeless
thongs that make up the universe It teaches that patural processes
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have gone on m the earher ages of the world as they do to-day, and
that natural forces have ordered the production of all things about
which we know —Henry Edward Crampton, The Doctrine of Evolu
tions (1911),p I

“Evolution 1s the gradual development from the sunple unorgan
1zed condition of pimal matter to the complex structure of the physi
cal umiverse, and m like manner, from the beginning of orgamc life
on the habitable planet, a gradual unfolding and branching out mto
all the varied forms of beings which constitute the ammal and plant
kmgdoms The first 15 called Inorganie, the last Organic Evolution ”
—Ricbard Swann Lull Organsc Exolution (1017),p 6

THE MODERN ATTITUDE AS TO THE TRUTH OF THE
EVOLUTION DOCTRINE

“Among that public which, though educated and intelhgent, 1s
not yet professionally scientific, there has been of late a widespread
belief that naturahsts have becore very doubtfulas to the truth of the
theory of evolution and are casting about for some more satisfactory
substitute, which shall better explain the mnfimitely varted and mam
fold character of the orgame world  This belief 1s an altogether mis
taken one for never before have the students of animals and plants
been so nearly unanimous 1n their acceptance of the theory as they are
to-day  Itis true that there are still some dissentient voices as there
have been ever since the publication of Darwin s Onigin of Species
but the whole trend of scientific opimon 15 strongly 1 favor of the
evolutionary hypothesis "—William Berryman Scott, The Theory of
Evolution,p 1

¢ But the biological sciences were still slower [than the phystcal
sciences] to come to their true position as dignified science  Here was
the last stronghold of the supernaturalist. Thrust out from the field
of ‘physical science 1t was m the phenomena of Lfe that the last stand
was made by those who claim that supernatural agency intervenes m
nature in such a way as to modify the natural order of events  When
Darwn came to dislodge them from this their last intrenchment, there
wasa fight intense and hitter, but, like all attempts to stay the prog
ress of human knowledge, this final struggle of the supernaturalists
was foredoomed to failure The theory of evolution has taken its
place beside the other great conceptions of natural relations, and
targely through 1ts establishment biology has become truly a science
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with a large group of phenomena conststently arranged and properly
classfied  The di cussion which followed the pubhication of Darwin s
Ongmn of Species lasted for nearly a generation, but 1t 15 now practy

cally closed so far as any attempt to discredit evelution as a true
scientific generali ation 18 concerned  Scientists are no longer ques-
tromng the fact of evolution ~ they are busted rather with the attempt
1o further explore and more perfectly understand the operation of the
factors thit are at work to produce that development of anmals and
plants which we call organic evolut on —Afaynard M Metealf, An
Outline of 1l ¢ Theory of Organsc Exvolution (1911), pp X=X

Buologists turned aside from general theones of evolution and
therr deductive application to special problems of descent, n order to
take up ahjective expeniments on vanation and heredity for their own
sake  Tlus was not due to any doubts concerming the reahity of
evolutson or to any lach of interest in 1ts problems It wasa policy
of masterly mactvity deliberately adopted for further discussions
concerning the causes of evolution had clearly become futile until &
more adequate and eritsecal view of ewstmg genetic phenomena had
been attazmed —L B Wilson (address as president of the Amencan
Association for the Advancement of Science 1914)

“The theory of development as 1t was revived by Darwin nearly
half a century 2go 1s m its modern form prevailingly unlustorical
True 1t has forced beneath its sceptre the methods of mvestigation
of all the sciences which deal with the Lving world and to-day almost
completely controls screntific thought And yet science does
not sincerely rejoice 1 1ts conquests Only a few meomngible and
uncntically disposed optimusts steadfastly proclam what glortous
progress we bave made  otherwise, in scientific as in lay circles, there
prevails a widespread feelng of uncertamty and doubt Not as
though the correctness of the prmerple of descent were seriously
qu)esuoncd' rather does the conviction steadiy grow that it 1S

le for the col of lving nature, mdeed self
evident —Gustav Stemmann (translated by W B Scott from
Die Abstommungslehre {1908) pp 1-2)

The many converging lines of evidence pornt so clearly to the
central fact of the origmn of forms of Iife by an evolutionary process
that we are led to accept ths ded , but as to almost all
the essential featurcs whether of cause or of mode, by which specific
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dwversity has becorme what we perceve 1t to be, we have to confess an
ignorance nearly total "-=Wilham Bateson, Problems of Genetics
(1913}, p 248

f The demonstration of evolution as a umversal law of lving
nature ts the great mtellectual achievement of the nineteenth century
Evolution has outgrown the rank of a theory, for 1t has won a place
m natural law beside Newton’s law of gravitation, and in one sense
holds a still higher rank, because evolution 1s the umversal master
while gravitation 1s among 1ts many agents  Nor 1s the law of evolu
tion any longer to be associated with any single name, not even with
that of Darwn, who was 1ts greatest exponent It 1s natural that
evolution and Darwimism should be closely connected in many munds,
but we must keep clear the distinction that evolution 1s a law, while
Darwmism 1s merely one of the several ways of interpreting the work
mgs of this law

“In contrast to the umty of opinton on the law of evolution 1s the
wide diversity of opinion on the causes of evolution In fact, the
causes of the evolution of Iife are as mysternous as the law of evolution
1s certam  Some contend that we already know the chief causes of
evolution, others contend that we know Lttle or nothing of them
In this open court of conjecture, of hypothesis, of more or less heated
controversy the names of Lamarck, of Darwin, of Weismann figure
prommently as leaders of different schools of opimion  while there are
others, kke myself, who for various reasons belong to no school, and
are as agnostic about Lamarckism, as they are about Darwinism or
Weismannism, or the more recent form of Darwinism, termed Muta
tion by De Vries

“In truth, from the period of the earher stages of Greek thought
man has been eager to discover some natural cause of evolution, and
to abandon the idea of supernatural mtervention in the order of
nature  Between the appearance of T%e Oregin of Species 1 1859,
and the present time there have been great waves of farth in one
explanation and then in another each of these waves of confidence
has ended m disappomntment, until finally we have reached a stage
of very general scepticism  Thus the long period of evolution expen
ment, and reasonmg which began with the French natural philosopher,
Buflon, one hundred and fifty years ago, ends 1n 1916 with the general
feeling that our search for causes, far from bemng near completion, bas
only just begun
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Our present state of opmion 15 this  we know to some extent
ko plants and ammals and man e olve we do not know why they
evohe Weknow for example that there bas exsted a more or less
complete chain of beings from monad to maa, that the one-toed horse
bad 2 four toed ancestor that man has descended from an uaknown
ape-lile form <omewhere m the Tertizry  We know not only those
Lurger chams of decent, but many of the mmute details of these
transformations.  We do not know their mternal causes, for none of
the explanations which have 1n turn been oered dunng the last hun
ared years satisfies the demands of observation, of expenment, of
reason. Itrs best frankly to acknowledse that the cluef cavses of the
orderhy evolation of the germ are still entirely enknown, and that our
search mus take an entirely fresh start. —H. F Osborn, The Origen
erd Esclutten of Life (Charles Scribne- s Sans), 1918, pp vir-x-

WHAT ORGANIC EVOLUTION IS \OT

1 The evolation doctrme 15 ot a creed to be accepted on fand
25 zre relpous fauths or creeds. It appeals eatirely to the logical
faculties, ot to the spintual, and 15 not to be accepted wntil proved:

2 Izldos ot teach that man 15 a direct descendant of the 2pes
znd mozkevs, bat that both mar and the modern apes and monkevs
tave been denved from some as vet unlnown gemeralized pruma'e
ancester possessing the common attributes of all three groups and
Lckg ther eprealmations, =

3 It,xs Bo* 5v202v120.5 with Darwimsm, for the latter 15 merely
ome man’s attempt to explam how evolution has occurred.

“4. Cc;t'mry 10 2 verv wdespread 1des, evolution s by no means
:_hm:‘:p:h., “wthre.;on. Witzess the fact that the early Christia
“-em:.z\ Acz e 2nd Thomas Aqunas, were evolanonsts and
the mapnty of thonshtful thealomans of all creeds are todzy @
z.u:;:'dwwih .x:.- €70zt 1dez, many of them even applymg the prx
ﬁ—hwi::— ;‘-2'1-5 of E::cm for relimovs 1deas and 1deah, Iike
S5 LR C2recters, hove evolved from crude begmnmes and ate
=10 m;hm:;“p'oeass of refinement,

3. 10~ emoahon 12 15 ot degradun:

o s2dng  Quure the contrary; it
=0Tz 25 1 well bronstt oot by the class.c statement of Darw?
cnp:’eimdh&nchyd],mme3
&2 -Ci"-:.‘:‘.‘.::dot:x:edosno teach that man 15 the goal of
. ‘_‘u;-":—"‘ FTOeESS, bat that man 15 merely the preseat e2d

rodaet of cre particnlar smes of evo'utionary changes  The goal
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of evolution m general 1s perfection of adaptation to the conditions of
Ife as they happen to be at any particular ime  ‘Many 2 highly
perfected creature has reached the goal of 1ts evolutionary coume
only to perish because 1t was too highly perfected for a parucular
environment and could not withstand the hardships incident to rad:
ally changed worldconditions “lany evolutions therefore have
been completed while others are still awaiting the opportumty to
speed up toward 2 new goal

7 Esolution 1s therefore not entirely a thing of the past Obwi-
ously some species, mcluding Man perhaps, are nearlv at the end
of their physical evolution, but there are always curtam generalized
plastic types awaiting the next great opportunity for adaptive specials
zation



CHAPTER O

HISTORICAL ACCOUNT OF THE DLVELOPMENT OF THE
EVOI UTION THEORY

+

The chief sources of matenal for the present chaptersare Osborn’s
From the Greeks o Darwan® and Judd s The Coming of Evolution®

Professor Osborn studzes the evolution of the evolution 1dea as a
biologist would investigate the evolution of a group of species, usimg
all of the available sources of evidence at lus disposal.  The fragments
of ancient wnung and the crude imagmmgs of early patural philoso-
phers are the fossls of the evolution idea, many of them ancestors
of modern principles fragments of ancient or d ded 1deas that
still persist, though irrelevant to modemn thought, are the vestigual
structures that proclaim Linship between the past and the present,

el between the 1 of 1deas n the minds of mde-
pendent thinkers do not prove plamansm, but indicate common
descent from the same ancestral 1deas

This whole hustory 1s an umportant chapter mn the story of human
evolution m general, for 1t deals mith the evolution of a charactenstic
human faculty—that of appreciating the broad relations that exist
between the past and the present  This faculty has evolved as truly
s has an orgame system such as the nervous system, and is unques-
tionably closely bound up with the latter

‘The evolution theory 15 2 vast fabne of mterrelated and mter-
dependent facts and principles  The fabnc has been gradually woven
out of separate threads and now stands strong though fleuble with
strands reaching nto all sciences and tending to umify all science

It was only after the lesser 1deas came to be clearly apprehended
that 1t was possible for the master minds of Lamarcl and of Darwn to
weave them together into a consistent fabric and to bring the facts
together under the one great conception, that of organic evolution
Classification was a science comparatine anatomy had made much
progress the principles of embryology were faurly well understood,

X1 F Osborn From inc Greeks to Darwin (The Macrullan Compan 1908)
*Jobn W Judd T7e Coming of Exolut on (Cambrd e Uninersity Press 1911

w0
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much palacontological discovery had been made, before 1t was found
that the facts from these sources all pomnted to one general prmaiple,
and only one, that master prinaple “orgamc evolution

We shall now trace the development of the evolution 1dea from
1ts mception among the Greeks to 1ts present status, and shall first
give a brief account of Greek evolution

EVOLUTION AMONG THE GREEXS

The early Greek thinkers were sea people.  “Along the shores and
1n the waters of the blue Aegean,” says Osborn, “teemmg with what
we now hnow to be the earlest and simplest forms of ammals and
plants, they founded their hypotheses as to the ongmn and succession
of Lie The spint of the Greeks was vigorous and hopeful
Not pausing to test their theortes by research they did not suffer the
disappoutments and delays which come from one’s own efforts to
wrest truths from Nature

‘The Greeks were anticipators of Nature Theur speculations out
strpped the facts m fact were usually made with “eyes closed to the
facts ' Their theories were mestricably bound up with eurrent
mythology, were naive, vague, and, from our modern pownt of view,
ndiculous, yet they contamed many grams of truth and were the
germs out of which grew the saner 1deas of subsequent thinkers

Thales (624-343 B C ) was the first of the Greeks to theonze about
theongmof bfe ¢ He Jooked upon the great expanse of mother ocean
and declared water to be the mother from which all things arose and
out of which they exst * Thus 1dea anticipates the modern 1dea of
theaquatic or marme ongin of life, and also the present 1dea as to the
mndispensability of water 1n all vital processes

Anazimaonder (611547 BC) has been called the prophet of
Lamarck and of Darwm  Whale his theones were highly mythical
character, he concerved the 1dea of a gradual evolution from a formless
or chaotic condition to one of organic coherence. He saw vaguely the
idea of transformation of aguatc spectes snto terresirial, even denving
man from aquatic fishhike men (mythical mermen) who were able to
emerge from the water only after they had undergone the necessary
changes required for land hife  This 1dea snvolves that of adeptotion,
one of the of the modern 'y structure

Ancximenes (588—524 B ¢ ), a pupil of Anazumander, ¢ found m asr
the cause of all things  Aur, takng the form of soul mparts hie,

motion and thought to ammals *  Itis questionable whether thisis a
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prophecy of the importance of oxygen and oudation in vital processes
Anaximenes also mtroduced the 1dea of abiogeness (spontaneous
generation of living substance), hus idea bemng that ammals and plants
arose out of a premordual ferrestrial slime wakened mto Lfe by thesun's
heat., This primordial terrestrial sime 1s perhaps a prophecy of
Ohen’s ¢ Urschlexn * or of protoplasm

Xenophanes (576-480 BC), probably another pupil of Anau
mander, agreed with lus master so far as to trace the onigin of man
back to the transition period between the fluid or water and sold or
land stages of the development of the earth * He was the first to
recognize fossis as the remams of ammals once alive, and to see
m them proof that once the seas covered the entire surface of the
carth,

Heraclitus (535 475 BC) the first of a group of physicists, was the
great proponent of the philosophy of change He was imbued with
the 1dea that all was motion that nothing was fixed ¢ Everything
was perpetually transposed into new shapes ’ Although Herachtus
did not apply his 1deas to living creatures and their evolutions, his
ohilosophy was wfluential n molding the 1deas of his successors

Empedocles (495 4358 C)* took a great stride beyond his predeces-
«ors, and may justly be called the father of the Evolution 1dea
He believed i Abiogenesis or spontaneous generation, as the explana
tion of the origm of life but that Nature does not produce the lower
and higher forms simultaneously or without an effort Plant hfe
comes first, and anumal hfe developed only after a long series of tnals *
He thought that all creatures arose through the fortwtous combina
tion of scattered and muscellaneous parts which were attracted or

epelled by the forces of love or hate (the two great forces in Nature)

Thus arose every sort of combination of parts, some more or less har
monious and complete, others with 1l assorted organization, lacking
n some parts, double or triple n others  Some of these combinations
could not survive, because of their mcompleteness and meongruity,
but * other forms arose which were able to support themselves and
multsply *  Thus 15 2 sort of vague prophecy of the survival of the
Gttest or of natural selection  Four sparks of truth may be found 1n
Empedocles’ philosophy,  first, that the development of life was a
gradual process, second, that plants were evolved before anmals
third, that imperfect forms were gradually replaced (not succeeded,
by perfect forms, fourth, that the natural cause of the production of
perfect forms was the extinction of the imperfect *
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Democritus (b 450 ¢) sard to have been the first comparative
anatomst contributed to the substructure of evolution the 1dea of the
adaptation of single structures and organs to certain purposes
Anaxagoras (o0—428 B € ) was the first of the Greeks  to attribute
the ad of Nature to 3l Design and was thus the
[ounder of Teleology an 1dea that has played a retarding funct on 1n
the hustory of evolution
With Arsstotle (384 322BC) weenteranewworld  saysOsbomn
He towered above hus predecessors and by the force of huis genius
created Natural History  The evolution 1dea took a great step
forward with Anstotle and reached a stage beyond which it did net
go for many centurtes He covered nearly the whole field touching
upon most of the foundation stones of the complex problem His
1deas like those of all the Greeks were often vague and 1n the hight
of present knowledge ncoherent but cons dering the meager factual
background with which ke had to work he had a surpnsing grasp of
the whole situation ~ Some of hus princ pal 1deas were
1 He had a clear 1dea of laws of Nature ( Necessity ) and
attributed all evolutionary changes to natural causes
2z He opposed the uleas of Empedacles as to the forttous ongin
of adaptive characters and favored the 1dea of intelligent design m
nature He was therefore a teleologist
3 Hence he rejected the hypothesis of the survival of the fittest
because 1t was based on chance
4 He had substantally the modemn conception of the Evolution
of Wfe from a pnmordial soft mass of iving matter
5 He bad an 1dea of a linear phylogenetic series begmnng
with plants then plant-ammals such as sponges and sea anemones
then animals with sensibility and thence by graded stages up to
Man
6 He percerved the umty of type m certamn classes of ammals
and cons dered rudimentary organs as tokens whereby Nature sustains
this umty
7 Heantic pated Harvey s doctrme of Epigenesis i embryomic
development
8  Hefully percerved the forces of hered tary transmss on of the
prepotency of one parent or stock and of Atav sm and Reversion
9 He 1s the father of that ancient fallacy called prenatal nfly
ences and beheved m the mk of acquired ch as 15
shown i the following passage
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“Children resemble their parents not only 1n congemtal characters,
but 1 those acquired later in Ife  For cases are known where parents
have been marked by scars and children have shown traces of these
scars at the same pomts 2 case 15 also reported from Chalcedon m
which a father had been branded with a letter and the same letter
somewhat blurred and not sharply defined appeared upon the arm of
the child ”

POST-ARISTOTELIANS

With Anstotle the evolution 1den reached a high watermark and
thereafter the tide steadily decimed  Pliny Epicurus, Lucretius, and
others kept the 1dea alive, but added nothing of importance to
Anstotle s contribution

Lucretins (9o—35 B € ) appears to have been chiefly a follower of
Empedocles 1 50 far as his 1deas as to the ongn of animals are con
cemed He 1gnored Anstotle and s much more advanced phi
losophy of Nature finding the earher, more mythical conceptions
better swited to poetic expression  He was not truly an evolutionist
for he beheved that all ammals and plants arose fully formed from the
earth Lucretiss 15 of importance chiefly as a retarding factor, for
hisdeas were accepted and admired even up to the eighteenth century,
witness Milton s immortal verse

“The Earth obey'd, and straight,
Op’ning her fertile womb, teem’d at a birth
Innumerous hving creatures, perfect forms,
Limb’d and full grown ”

THE EARLY THEOLOGIANS

The evolution 1dea made no progress from the time of Anstotle
until the revival of learning i the Middle Ages  The ctuef mhibiting
factor was the church, which favored traditional knowledge and the
special-creation 1dea m 1ts most hiteral form  Yet the early theo-
logians, such as Gregory, Augustine, and Thomas Aquinas, were open-
mnded about the evolution 1dea and attempted to reconcile 1t with
the scriptural account of creation

“Gregery of Nysse (331398 An) tavghy,” says Osbomn, that
Creation was potential God imparted to matter 1ts fundamental
propertiesand laws  The objects and completed forms of the Universe
developed gradually out of chaotic matenial !
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Augushne (353-430 AD) concerved the 1dea, now so generally
adopted by theologians, that the biblical account of creation s alle-
gorcal  “In explamnmg the passage ‘In the begmning God created
heaven and the earth,’ he says

“In the begnning God made the heaven and the earth, as if this
were the seed of the heaven and the earth, although as yet all the
matter of heaven and of earth was i confusion, but because 1t was
certam that from this the heaven and the earth would be, therefore
the matenial itself 1s called by that name ”

Thomas Aquinas (x225—74), who wrote much later and was one of
the leading church authonties, satisfied himself with merely expound-
mg Augustme “As to the production of plants, Augustine holds a
dufferent view, for some say that on the third day plants were
actually produced, each 1n 1ts kind—a view favoured by the superfical
readmg of Sexipture  But Augustine says that the earth 1s then said
to have brought forth grass and trees causalifer, that 1s, 1t then
received the power to produce them  For m those first days
God made creation primarily or causeliter, and then rested from Fis
work.”

THE REVIVAL OF SCIENCE

Durmg the long centunes until the awakenmg of science m the
Middle Ages the evolution 1dea smouldered along 1 the mmds of a
few thmkers, but 1t was only when a few danng spirits broke the
trammels of scholasticism and began once more to give free rem to
observation and speculation that the 1dea once more burst mto flame
and began 1ts second great period of advance

A small group of natural philosophers, scarcely more scientific
m their methods than the Greeks, were the first to revive interest m
the evolution 1dea  Of these the names of Bacon, Descartes, Leth
mtz and Kant are the most famous

Francss Bacon (1561-1626) did much to revive the vogue of Ars-
totel an 1deas  He also added some new ideas (r) that the muta
bility of spectes was the result of the accumulation of vanations, (2)
that vaniations of an extreme hind equivalent to * mutations * some-
times occur, (3) that new species might anse by a degenerative
process from old species

Emmanuel Kant (1724-1304) was purely a phlosopher, not an
observing naturalist, but he profited by the writings of the contem
porary naturalists especially those of Buffon and Maupertwis His
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general 1deas of evolution were comprehensive and summed up the
best features of all preceding writers but he did not contnbute any
thing new to the pressing problem of the causes of evolutson

Real progress was not to be made through further speculation
What was most needed was faccs and 1t was the task of the naturalists
to furmish these The earlest of the eighteenth-century naturalists
were still anticipators of Nature m that their theonies outran theu
facts  Of these the names of Bonnet and Ohen are the best known

Bonnet (1720-93) was an evolutionist only m the sense that he
beheved that the adult organism 15 present m the egg and evolves from
it by a process of unfolding or He was a zool
observer of some note, however and made some of the most important
contributions of his time to the general subject  He believed ¢ that
the globe had been the scene of great revolutions, and that the chaos
described by Moses was the closing chapter of one of these, thus the
Creation desctibed m Genesis may be only a resurrection of ammals
previously existing ”  This theory admuts of no progress and 1s
scarcely worthy of the name evolution

Oken (1776-1851) 18 known chuefly for lus “Urschleim™ doctrine
and his 1deas of cells as vesicular umts of Iife  According to hmm,
“Lvery orgame thing has ansen out of shime and 1s nothing but <htme
m vartous forms This pnoutive shme origmated 1n the sea from
morgamc matter ¥ These ideas are purely speculative, but suggest
our modern 1deas of protoplasm and cells

THE GREAT NATURALISTS OF THE EIGHTEENTH CENTURY
Three great names stand out above all the rest during this penied
those of Linnzeus, Buffon, and Erasmus Darwm
Linnaeus (1707—78) was the father of taxonomy  He contnibuted
facts rather than theones, he mvented our present system of binomial
nomenclature of both amimals and plants, and a great many of hus
generic and speafic names stll persist  Unfortunately he was an
ardent advocate of the special-creation 1dea, holding that all of the
true speaies were created as they are known today, except that new
combmations may bhave amsen through hybndization or through
degeneration  His influence was great, but was reactionary and proved
a senous hindrance to the progress of the evolution wdea
Buffons {1707-88), born the same year as Linnaeus has been
recognized as the father of the modern applied form of the evolution
dea He pted to explamn p llar cases on an evol

24
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basis. Helived ata time when 1t was dangerous to express views that
might be mterpreted as unorthodox, and this may account for the
apparent lack of conviction 1n his own 1deas, for he wavered between
special creation and evolution  His chief contribution 1s the 1dea of
the direct infl of the m the modification of the
structure of ammals and plants and the conservation of these modift
catrons through heredity This seems to umply that he believed m
the mhentance of acqured characters He expressed himself as
beheving that chmate has had a direct effect 1 the production of
varous races of man, that new vaneties of animals have been formed
through human intervention (in idea smplying artficial selection),
that sioular results are produced by geographic migration and through
wolatton  He expressed the view that there 1s a great struggle for
exstence among animals and plants to prevent overcrowdmng and
to mantam the balance of Nature This appears to be an anticipation
of Malthus' 1deas on population, which were so mfluential in shaping
the theories of Charles Darwin and of Wallace

‘While many of his 1deas appear to be highly advanced for us time,
tus special applications are open to senous entiasm  He reasons
for example, that the pig 2s 1t exsts at present could not have been
formed on any ongmnal complete and perfect plan, but seems to have
been formed as a compound from other animals It has useless parts
which could hardly have been a part of a perfect plan as ongmally
concerved  He thought that *“the ass 1s a degenerate horse and the
ape a degenerate man **

On the whole Buffon was not a strong advocate of evolution and
his mfluence was far from bemg as important as some recent writers
appear to believe

Erasmus Doruwsn (1731-1802), grandfather of Charles Darwin,
was a physician, 2 naturalist, and 2 mmor poet Undoubtedly he
transmitted to his grandson s thoughtful habit and love of science
and was mfluential 1 shaping hus 1deas on evolution The elder
Darwin’s theories as to the causes of evolution closely paralleled
those of Lamarck, his distinguished contemporary m France but it
1s now very generally conceded that the 1deas of the two men were
mdependently derived from simuilar matenals  Erasmus Darwin lud
Little emphasis on the direct action of the environment, which had been
Buffon’s main dependence, and dwelt on the mternal onigm of adap-
tive characters *“All ammals,” he said, “undergo transformations
which are m part produced by thewr own exertions in response to
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pleasures and pams, and many of these acquired forms or propensities
are transmitted to their postenity " One could ask for no clearer
statement of the idea that acquired characters are inherited

The fierceness of the struggle for existence was cleatly recogmzed
by Dr Darwin  He considers that this struggle 15 beneficial to Nature
as a whole because 1t checks the too rapid increase of ife  One step
farther m the argument, and he would have armved at the 1dea of the
survival of the fittest, but he never took that step  He agreed with
the early Chnistian fathers n hus belef that the powers of development
were implanted within the first organisms by the Creator and that
subsequent evolution of adaptive characters went on without further
divine mtervention The power of impravement rests within the
creature s own organzations and 18 due to his own efforts The
effects of these efforts, he believes, are transmitted to offspring so
that there might be a cumulative effect throughout many generations
of the results of effort

Erasmus Darwin was perhaps the first to express clearly the ideas
that millions of years have been required for the processes of organic
evolution and that all fe arose from one primordinl protoplasmic
mass He wrntes as follows

¢ From thus meditating upon the minute portion of time 1n which
many of the above changes have been produced, would 1t be too bold
to imagme 1n the great length of time since the earth began to exist
perhaps millions of ages before the commencement of the history of
mankimd, that all warm blooded animals bave ansen from one Living
filament, which the first great Cause imbued with amimality, with the
power of acy new parts, ded with new prop directed
by wntations, sensations, vohtions, and associations, and thus possess~
ing the faculty of continuing to improve by its own mherent activaty,
and of delivering down these improvements by generation to pos-
tenty, world without end ?”

LAMARCK

Lamarck (1744-1829), the greatest of French evolutionists, 1s now
looked upon as ‘ the founder of the complete modern Theory of
Descent **  Osborn considers him “ the most prominent figure between
Anstotleand Darwin  One cannot compare his Phlosophie sodlogsque
with all previous and contemporary contributions to the evolution
theory or leam the extraordinary difficulties under which he laboured,
and that his work was put forth only 2 few years after he had turned
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from Botany to Zoblogy, without gaming the greatest admiration for
hisgemus  No one has been more misunderstood, or judged with more
partiality by over or under praise  The stigma pliced upon his wnt
mgs by Cuwvier, who greeted every fresh edition of his words as a
nouvelle folie,’ and the disdanful tllusions to hum by Charles Darwin
(the only writer of whom Darwin ever spoke i this tone) long placed
him m the Iight of a purely extravagant, speculative thinker Yet
as a fresh mstance of the certamnty with whnch men of science finally
obtain recogmition, 1t 1s gratifying to note the admiration which has
been accorded to him in Germany by Haeckel and others, by his
countrymen, and by a large school of American and English wnters
of the present day, to note, further, that his theory was finally taken
up and defended by Charles Darwin himself, and that 1t forms the
very heart of the system of Herbert Spencer ”

Lamarck’s main theory of evolution was expressed by him in the
form of hus four “laws ’

I Iafe by its proper forces, continually tends to increase the
volume of every body which possesses 1t, and to merease the size of 1ts
parts up to a limit which brings 1t about.

II The production of a new organ 1n the ammal body results
from the supervention of 2 new want which continues to make 1tself
felt, and a new movement which this want gives nise to and mamtains

TOIL The development of organs and thewr powers of action are
constantly in ratio to the employment of these organs

IV Everything which has been acquired, mmpressed upon or
changed 1n the organization of mdividuals during the course of their
lfe 15 preserved by generation and transmitted to new mdividuals
which have descended from those which have undergone these
changes

It1sabout the last ¢ law ’ that the controversy rages, for it upholds
the 1dea that acquired choracters are inhersted, now known as the
! Lamarckean doctnne

A somewhat more specific statement of Lamarck’s theory of
evolution may be summed up mn the following hst of factors which he
considered as playmg an essential réle mn evolution

1 * Favorable circumstances attending changes of environment,

soil, food, temperature etc, supposed to act directly m the case of
plants, mdurectly m the case of ammals and man *

2 “Needs, new physical wants or necessities induced by the

changed conditions of hfe Lamarck believed that change of babits
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may lead to the ongmation or modification of organs, that changes
of function also modufy or create new organs By changes of environ
ment ammals become subjected to new surroundings, involving new
ways and means of bving  Thus, certamn land birds driven by neces
sity to obtamn their food i the water, gradually assumed characters
adaptmng them for smmmmg wading, or for searching for food 1n the
shallow water, as i the case of the long neched kinds *

3 “Useanddiase  Touse an organis to develop 1t, not to use
1t1s to eventually lose it The antenor limbs of birds became capable
of sustamned flight through use the hmd limbs of whales are lost
through disuse, etc *

4. “Competition  MNature tales precautions not to overcrowd
the earth  The stronger and larger Iiving things destroy the smaller
and weaker The smaller multiply very rapidly, the larger slowly
A physiol 1 balance 15 |

§ “The t of acquired ch The ad
gamed by every mdmvidual as the result of the structural chinges
resulting from use or disuse are handed down to its descendants who
begm where the parent leaves off, and so are able to contiaue the pro-
gression or retrogression of the character ™

6 “Cross-breedmg  If when any peculianty of form or any
defects whatsoever are acquired, the individuals i this case, always
painng, they will produce the same pecultarities, and 1f for successne
generations confined to such unions a special distnet race will then
be formed But perpetual crosses between mndividuals which have
oot the same peculianties of form result 1n the disappearance of all
the peculianties acquired by the particular circumstances ***

7 “Isolation  ‘Were not man separated by distances of habita-
tion, the muxtures resultng from crossmng would obliterate the general
characters which distingush different nations® This thought 15
expressed mn hus account of the orgm of men from apes, and 1s not
applied to hving things 1n general »

In addition to Ins theorues as to the causes of evolution, Lamarck
was the first to pre<ent the idea of the tree of e, or phy logenetic tree,
as a mode of representing ammal relationships ~ All previous classifi-
cations had been based on the 1dea of a single Imear phylogenetic
senes, each Jower group betng supposedly ancestral to a higher group,
and all n 2 single chamn

We may best sum up Lamarch’s work and influence m the words
of Osborn
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“Lamarck, as 2 naturalist, exfubited exceptional powers of defin1
tion and description, while 1 his phifosophical writings upon Evolu
tion, his speculation far outran Ins observations, and his theory
suffered from the absurd 1llustrations which he brought forward m
support of 1t His critics spread the impression that he believed
ammals acquired new organs simply by wishing for them  His really
sound speculation m Zoology was also injured by his earher thoroughly
worthless speculation i Chemistry and other branches of science
Another marked defect was, that Lamarck was completely carned
away with the belref that hus theory of the transmussion of acquired
characters was adequate to explam all the phenomena  He did not
like his contemporaries, Erasmus Darwin and Goethe percerve and
pornt out, that certain problems m the ongin of adaptations were still
left wholly hed and His are, 1
most cases, not mductive, but deductive and are frequently found not
to support h:s law but to postulate 1t

“It 1s now a question whether Lamarck s factor 1s a factor 1m
Evolution at all! If it prove to be no factor, Lamarck will sink
gradually mto obscurity as one great figure in the history of opimon
If 1t prove to be a real factor, he will rise into a more emiment position
than he now holds,~mnto a rank not far below Darwm ”

CUVIER AND GEOFFROY ST HILAIRE

Georges Cumer (1769-1832) deserves especial mention as one of the
strongest negative factors m the development of the evolution 1dea
He was first of all an opponent of Lamarck, and, second of evolution
mn general  He ranged himself with Lmnaeus as a special creationst
and advocated the 1dea of fixity of species ¢ All the bemgs, > said he
¢ belonging to one of these forms (perpetual simce the begmning of all
things, that 15 the Creation) constitute what we call species ”  So
able was Cuvier and so much 1 favor at the French court that he
succeeded m throwing Lamarck s views into disrepute and thus
greatly retarded the progress of evolution He was brilliant as a

and pal and will long be known for
lus discoveries in these fields

E Geoffroy St Hilawre (1772-1844) did lus best to defeat the
retarding influence of Cuvier ‘The two engaged mn a long and batter
controversy over the evolution idea While not a supporter of
Lamarclism proper, he was 2 thoroughgomng evolutiomst favormg
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the doctrine of Buffon, that the direct action of the environment was
the sole cause of evolution  He also in a sense, anticipated De Vries,
i that he believed that new species migbt be formed by transmutation
or sudden large variations occurring in one generation  ‘“Hence the
underlying causes of tramsformations he said, ¢ were profound
changes mduced 1z the egg by external influences, accidents as it were,
regulated by law  The controversy between Cuvier and St. Hilawre
was a losing one for the latter  The cards were stacked agamst hun
and after hum the evolution tdea was retired to comparative obscunty
until revned by Charles Darwin

CATASTROPHISM AND DNIFORMITARIANISM

The development of the science of geology had a profound influence
upon that of evoluon The prevailing theories as to historreal
geology durmg the Middle Ages involved thedea of * catastrophism
Accosding to this view all mportant changes m the caxlhs crust
represented sudden radical transf on Iving earthquak
volcame outbursts, floods sudden uphftuzgs of submerged a.reas, or
equally sudden submergence of Jand bodies  From these :deas natu-
rally grew the related idea of great world wide destructsons of animals
and plants followed by re creation of new faunas and floras  Cuver,
for example mterpreted the more of less distinct fossil strata as beng
the result of a senes of tremendous cataclysms, the last of which had
been the great deluge of Scripture 1 which Noah figured prommently
He thought that at each cataclysm great floods of water had covered
the earth that the exsting antmals had been burted 12 mud and thus
preserved as fossils, and that a new creation followed each cataclysm
The great strength of this conception was that 1t appeared to give
screntific support to both special creation and the Mosaic account of
the * Flood  As compared with the pure evolutionary conception
thus alternative was highly acceptable to the church and was pro
clauned as orthodox  The Scotch philosopher and geologst, Hutton,
who lived duting the fast half of the eighteenth century, combated the
sdea of catastrophism by advocating the doctrne of “umiformatan
amsm,' a view mvohning the 1dea that past changes on the earth
were the result of the same Sott of gradual changes as are observed
to be talung place today-—~in bruef, that there has been a strict uas
forouty of change througbout the entire persod of geologie hstory
There may have been, according to this view, local catastrophes,
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such as volcame outbursts, earthquakes and floods, but the mam
trend of change has been slow and constant, due largely to erosion
and allied phenomepa This view had practically no influence
on the 1deas of the time and for a long period the 1dea of catas-
uophlsm triumphed over the more truly evolutionary yiew of um

thus the evol 1dea was destined to lie dormant
till revived by Charles Darwin

THE REAWAKENING OF THE EVOLUTION IDEA

A number of important influences paved the way for the rehabils
tation of the evolution 1dea at the hands of the younger Darwm
Whch of these was the most important 1t 1s difficult to say Prob
ably Charles Lyell s Prencsples of Geology and Malthus On Population
were the most suggestive works that Darwimn encountered He was
also doubtless influenced by Robert Chambers’ Vestiges of Natural
Hastory of Creation which appeared 1n 1844

Charles Lyell (1797-1875) so successfully rehabilitated the doctrme
of uniformitanamsm 1n geology that 1t became very generally accepted,
thus paving the way for a more favorable consideration of the idea of
orgamic evolution  Charles Darwin as a very young man took Lyell s
Prancsples of Geology with hum on his voyage on the ¢ Beagle and read
1t with the greatest devotion as 1s evadenced by his dedication of the
Journal of his voyage ¢ To Charles Lyell, Esq, FR S, this second
edition 15 dedicated with grateful pleasure as an acknowledgment
that the chief part of whatever scientific mert this Journal and other
works of the author may possess has been derived from studyng the
well known, admurable Princaples of Geology

Malthus 1nfluence on Darwin s 1deas 15 well expressed by Judd
as follows

‘ Fifteen months after this ‘systematic mqury began [referring
to Darwm s exhaustive working over of his notes taken during his
voyage on the ‘Beagle ]| Darwmn happened to read the celebrated
work of Malthus On Population for amusement, and this served asa
spark falling on a long prepared train of thought The 1dea that as
ammals and plants multiply 1 geometrical progression while the
supplies of food and space to be occupied remain nearly constant,
and that this must Jead to a struggle for eustence of the most desperate
kind, was by no means new to Darwn, for the elder De Candolle,
Lyell, and others had enlarged upon 1t yet the facts with regard to
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the human face, so strikmgly presented by Malthus, brought the
whole question with such vividoess before hum that the idea of
Natural Selection flashed upon Darwin s mnd *

CHARLES DaRWIN (1809-83)

Charles Darwsn 15 without questwon the foremost figure i the
development of the vofution wdea and probably m the development
of science 1n general The publication of his book, The Oragin of
Bpectes, 1 1859, was the most important event i brological hustory
As has been already shown Darwin s chuef ideas had been anticipated
not by one but by several of s predecessors Nevertheless, be
was the first to furmish a really adequate proof of the fact of evolution
and his causa mechanical theory to explain the method of evolution
was supported by a mass of systematically arranged data such a3 has
been paralieled nesther before nor sinte  Darwin was the first evoln
‘aomst effectively to employ the mductive method, that of everywhere
seeking faets first and then devising theorses to fit the facts He
never allowed speculation to outstrp abservation, as nearly all of his
predecessors had done, but made theory await the amasung of facts
10 its support, until the accumulation of the latter seemed almost to
speak out the theory of themselves  Qur greatest debt to Darwin s
Que to tus establishment of the factual bass of evolution, hus selection
theory was relatwely of minor sigmificance 1n so far as 3is value in the
development of the evolution 1dea was concerned Vet tius latter
theory gamed the wadest acceptance among the scientifically mehined
during the entire post Darwinfan period It bas beem wvicrously
assaded on all mdes and has tottered repeatedly under the attacks
of well trained adversaries Some of the weaker clements of the
theory have given way under stress, and the whole selection factor
as a primary causal factor 1 evolution has been seriously called mto
questien, butsince Darwn’s tune the fact of evolutign has heen almost
amversally accepted

The story of Darwn’s hfe is almost 2 zomance  “Bom w 1809,
says Lull! “this emantipator of human mads from the shaekles of
slavery to tradition saw the hight of day upon the very day that
ushered i the hie of Abrabam Lincoln, the emancipator of human
bodies from a no more veal phystcal bondage  Darwin studied first
at Eduburgh, but finding medicane unswited to hus tastes, entered
Christ’s College, Cambridge, as & candidate for the church  His love

 Richard Smann Lull Orgamic Essfution (The Macmitlan Conpany, 1917}
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of Nature, however, dominated all other interests and shortly after
graduation an opportunity came to join the ship * Beagle’ as naturahist
tn & voyage of exploration around the world The five years spent
upon this memorable Jjourney, the narrative of which 1s so admurably
set forth in the book, A Naturalist’s Voyage around theWorld resulted
mtheaccumulation of thefirst of Darwin s great series of observations,
the final decision to devote hus Lfe to zoological research and the
beginmng of that illness which made him a life-long mvalid This
last factor necessitated a retired hife and thus proved of mdirect bene-
fit, as 1t enabled lum to accomplish the immense amount of work
which he did without being 1mpeded by the distractions of 2 public
career

SUMMARY OF DARWIN S THEORIES

Since two subsequent chapters are to be devoted to Darwmnism,
only an outline of Darwin’s theortes need be presented 1 the present
historical account

Although Darwin was an all round biologist and gave attention
to practically every phase of evolutionary biology, he 1s known espe
cially for his selection theories  There are three of these the theory
of artificial selection, the theory of natural selection, and the theory of
sexual selection

a) Artificial selection —According to Darwin the commonest
method ¢f producing under human culture, new races of ammals and
plantsis that of selection  The breeder selects from among the highly
variable mdividuals of a parent race those which possess the begm
nings of desired modifications, and he breeds them together, expecting
that the offspring will show the desired character, some 1n a more
bighly perfected condition others m a less The ones that vary
favorably are agamn selected for breeding stock, and the same process
18 carried on until the desired character has been perfected

Although we now know that this s far from being a typical expen
ence among breeders, 1t appeared to Darwin to be so typical that he
transferred the selection idea from the breeder to Nature, making
Nature the selecting agency responsible for the production of natural
wild speczes  His argument 1s as follows

B) Natural selection —The following factors are mvolved

1 All ammals and plants tend to multiply 1n geometrical ratio

2 There 1s not food or reom for a much larger number of animals
and plants than now exist
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3 Al members of & species vary in many i not 2alt directions

4 Those that vary 1n the more {2 orable directrons, so as better
to fit them to meet the conditions of hfe, survive m laeger numbers than
those varymg m less favorable disections  This 15 Spences’s “survival
of the fittest *

3 Thesurvivars of one generation become the paresits of thenext
and, therefore, the more & ble b are passed on more
largely than the less favorable

6 ‘Thereis m each genesation a slow but defimite approach toward
complete adaptation to ife conditions

4 Vanatwons nesther useful nor harmful would not be affected by
natural selection and would be left exther as fluctuating vanatsons or
as polymorphic characters

©) Sexual selection ~ This theory was offered to supplement that
of natural selection, because Darwm considered the Jatter as jnade-
quate to explan the facts of sevual dimorphism, or secondary sexual
charactess  The theory 15 as follows  These 15 always a contest
amonpg males for possession of females, 1n which the inferior males are
eluninated exther Lecause they are, on the one hand, less courageous
of weaker or less well equipped with weapons of combat, or because,
on the other hand, the more attractive males, whether on account
of coloss, edors phosphorescence, behavior, etc., would succeed
winhing mates om those less endowed  Thus would be enhanced the
sexual dimorphusm untal 1t veaches extremes i many cases that are
truly remasiable

The p.rre of Alfred Russels Walloce {1822-1913) will always be
associated with that of Charles Darwin as co anthor of the theory of
naturalselection  Wallace at the age of twenty-six went on & natural-
st d ty for coll from new regrons

He covered almost the same ground as did Darwm 11 lus voyage
on the Beagle * Wallace had vead Lyells Princsples of Geology,
Malthus On Populstion, Chambers Vestiges of Creation  While in
Sarawak be tellsus I was quite alone with one Malay boy as cook,
and during the evenmgs and wet days, 1 had nothing to do but to Jook
over my books and ponder over the problem whach was rarely absent
from my thoughts *  While thus engaged the idea of natural selection
came to him as though by a sudden flash of msight  When the 1dea
was stil 16 process of formation he wrote # out on thin paper and
mated 1t to Darwm, statng that he considered the 1dea new and
asking Darwin to show 1t to Lyell, who had expressed interest m a
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former paper of Wallace The 1deas were expressed under the title
On the Tendency of Varieties to Depart Indefinsiely from the Orsginal
Type, and 1t proved to be an unusually coneise and lucd statement of
the mamn pomts of the natural selection theory Darwin at once
wrote to Lyell as follows

“I never saw 2 more striking comaidence, if Wallace had my
MS sketch, wntten i 1842, he could not have made a better short
abstract! Even hus terms now stand as heads of m, chapters  Please
return to me the MS which he does not say he wishes me to publish
but T shall, of course, at once wnite and offer to send 1t to any journal
So all my ongmality, whatever 1t may amount to, will be smashed,
though my book, if 1t ever have any value, will not be deterniorated,
as all the labour consists 1n the application of the theory  1hope you
will approve of Wallace’s sketch, that I may tell him what to say

Lyell insisted that Darwin publish an abstract of lus own work
stmultaneously with that of Wallace, and this course was carred out
Darwu’s generosity was equaled by that of Wallace who wrote, m
1870

“1 bave felt all my Lfe and still feel the most sincere satisfaction
that Mr Darwin had been at work long before me, and that 1t was not
left for me to attempt to write The Orsgin of Species 1 have long
since measured my own strength and know well that 1t would be quite
unequal to the task ”

Sull later he wrote “I was then (and often since) the ‘young
man m a hurry,” he [Darwm] the pamstaking student, seeking ever
the full demonstration of the truth he had discovered, rather than to
achieve immediate personal fame

One must perforce admit the nobihity of character of both men
but there can be no serous competition between the two for the honor
of being called the ongmator of the natural-selection theory

CONTEMPORARY OPINION REGARDING THE VALIDITY OF DARWIN S VIEWS

At first Darwm was mchined to believe that the selection factor
was all sufficient to account for the ongin of species as well as that of
adaptations, but as time passed he modified hts earlier more sanguine
Views and came to the conclusion ¢ that natural selection has been the
main but not the exclusive means of modification ¥ Many of his
followers went to such extremes 1n their advocacy of the all sufficency
of natural selection as would not have met with Darwin’s approval
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“The first eflect of Darvan s works ” says McFarland,! “was to
carry the world of science by storm but at the same time to arouse
intense hostality on the part of the theologians who found the theory
of descent incompatible with the doctrmes of Creation  In
tlus conflict Darwin took na part but was championed by Huxley,
while Bishop Vilberforce fed the opposition  The battle was long
and bitter there was much acrimontous writing on both sides but
the theory of descent—the doctnne of evolutton—was found to be
invulnerable and at present the theologians themselves have atcepted
st and even make use of 1f i their own work

But as the years flew by the Darwmman doctrines began to meet
seath assaults from the scientists themselves whe, having endeavored
to prove their vahidity bepan to find them nadequate to the requre
ments of expand ng knowledge The question was ashed, ‘What 18
the ongn of the fittest?  Given the fittest we easily understand how
1t 33 perpetuated but how does 1t anse?  fo the stoking phrase of
someone  Natural selection mught explam the sysvsral of the fittest
but fails to account for the orraraf of the fittest]

Darwm s mam supporters during the most irying tontroversial
penod were Herbert Spencer and Thomas H Huxley

Herbert Spencer (1820-1903) was an extremely able supporter of
the general theory of evolution, but was more defimitely an advocate
of Lamarclusm than of nataral selection  His réle was that of 2
champion of the whole philosophy of evelution as opposed to special
creation and it was largely due to hus forceful writmgs that Darmmsm
won the battle agamst dogmatism  Spemcer trned to explan the
structure of protoplasm (Lving sub on 2 pt Y 1
bass  He thought of the structural units of protoplasm as compa
rable with the molecules of chemical compounds, each local region
of the protoplast in the orgazmsm being made up of different kunds of
umits which he calted  physiologieal untts * Fhus conception of the
physical basis of organic structure had 2 considerable mftuence 1
shaping Darwn s 1deas and was probably the basis of the latters
p 1 theory of > This theory was probably the
frst consistently worked out theory of the mechamcs of heredity
It was thought that every part of the body s contmually givieg off 1ts
patticular kg of units { genuules *) mto the blood  These gem
mules are transported by the blood stream to all parts of the body and
m;] McFatland, Bidogy Gemeral ond Medual (The Mactulixa Company,
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Enst Hoeckel (t834-191g) was ane of the earbest and most
mfiuental followers of Darwin 1n Germany In his Generelle Mor-
phologte, published n 1866, seven years after the Origsn of Specses
first appeared, ke applied the doctrine of evolution, and especiaily
the theory of natural selection, to the whole field of vertebrate mor-
phology  Beyond question Haeche! overappled the theory and in a
sense weakened 1ts mfluence by ks rather unenitical use of matenal>
His wntings have been translated mto most languages and “are
popularly believed to represent the best saentific thought on the
matter 7 Buologists today however, are apt to look ashance at
Haeckel's works and to consider that they drd more harm than good
to Darwimism

Asgust W essmann (1834-1014) was the fist really ongumal
evoluttomst after Darwin  Like other thinkers of ks tume, he reahzed
that further progress 11 the hnowledge of the causal basis of evolution
lay wmn further nvestigation of the causes of vanation and the physical
basts of heredity Weismann has been classed as 2 neo-Lrarwinian
because he was a strong advocate of some fotw of selection, but hus
! selection” was pot the selection of Darwin  Realizing that the
greatest weakness of the natural selection theory lay 1 its madequacy
as an ongator of variations, he proposed the ¢ germmal-selection”
theory He ded that all h hl have their ongin
wn the germ cell and therefore that a new type of orgamistm anses ouly
from a changed type of germ cell The germmal-selection theary
stands out i strihing contrast with Darwin’s “pangenests” theory
The former is centrifugal, the latter centnipetal  * Determmers™ of
new characters, according to Weismann, arise m the germ plasm and
work outward to all parts of the developing body, while the “gem-
mules,” Dars.n s equivalent of determiners, onginate w the body
tissues and are carried to the germ cells w each generation  Accord-
ng to Wesmann, there 1s a struggle among the determuners for the
available food and faxorable positions i the germ cell, and those that
recerve the most food and the best positions gasm an inital advantage,
so that they are able to mitiate the deyelopment of larger or more
perfectly adapted organs  The descendants through cell division of
these favored determumers are m 2 position to compete with other
deterrmners on a more fasorable footing 1n each succeeding generation
5o that the character represented by them steadily increases 1n a linear
o defimtely directed fashion untsl it reaches the state of complete
adapiation or fitness  Such a character may even continue its direct
hine of advance beyond the pormt of maxunum fitness and result 1n
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what are known as overspecializations  The theory therefore would,
1f well founded, account not only for the mitial stages of new adaptive
characters, but also for overspecializations two ph that
natural selection was unable to account for Not only were pro-
gressive evolutionary changes explamed by germinal selection, but
regressive changes seemed to be even more readily accounted for or
this basis In the struggle among determuners m the germ cell
some of the less favored units would be handicapped at the outset by
msufficient food or unfavorable position and would produce smaller or
less effective structures  Progressively, from generation to generation,
these weakened determuners would lose ground and become less and
less successful m competition unti! they were weaklings among
determiners and would be able to mitiate only degenerate or vestigial
structures or else would die out and lose thewr place altogether, thus
accounting for total losses of structures

Thus theory does not exclude natural selection but ratherncreases
1ts umportance, for every structure that arses to the threshold of
utility or disutility meets the winnowing process of natural selection
The fitter mdividuals survive 1n the long run and these perpetuate the
germ cells i which the successful determmers reside

A shightly different explanation of degenerating structures
volves the pnnciple of “panmuixa ' According to this idea changing
environmental conditions may render certain adaptive organs of
lessened value or of no value, as would he the case 1 the eyes of cave
anmals  In different mdividuals the eye determmers would vary n
thetr success 1 competition with other determuners, and since natural
selection would no longer put a prerum on perfect eyes, all grades of
eyes would be equally nhented and gradually the poorer or degenerate
eyes would become more numerous, till finally there would be no
good eyesn therace  Thusat will be seen that the germmnal selection
theory was zuxbiary to natural selection and tended to support the
latter at two of 1ts weakest pomts  But the supporting theory itself
has the fundamental weakness of lacking a factual basis It 1s purely
bypothetical and cannot be put to an experumental test Every
time an objection to the theory was raised an auxiliary hypothesis
was added to explamn away the difficulty, till finally 1t fell to the ground
through sheer top-heaviness, unable further to support its intncate
structure of iterrelated hypotheses

A much more valuable and lasting contnbution of Weismann was
has theory of “germmnal continmity ” and of the “apartness of the germ
plasm ”  The whole theory has come to be known as the *germ plasm
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theoty,” which forms the framewnrk of neasly all of our modem
genetes Accordmg to this view the germ plasm 15 mmortal w
that 1t 15 perpetuated from generation to generation through the
mstrumentabty of mitotic eell divis on each germ cell bemng the prod
et of the division of a previous germ cell back to the first germ celf
thatarose at the dawn of bfe  Thusa germ cell cannot be & product
of thesoma but the soma 15 the product of germeells  The soma loses
its generalized characters and SPLCKL 1268 W vanous ways  Once
specialized soma cells are bebieve | to have lost therr capaaity to play
a germunal r8le  Speciabzation means mortality  Thus the relation
ship betneen parent and offspring s nct that the parent gives nise to
the offspring but that the same getm plasm gives nse to both parent
and offspring

The logical conclusion to whick ths hne of reasonimg leads 15 that
the changes 1 the soma no matter how produced, are helpless to
produce any effect upon the germ plasm since germ cells come only
from germ cells and not from soma cells  Consequently Wesmann
led the assauit aganst Lamarckism and won the day so conclusively
that even m these modem tirnes few tiologists have the tementy to
express aloud any def mte belsef in the mhentanes of acquired charace
ters  Wewsmanns germ plasm 1dea 15 the cornerstone of modern
geneties thoughthere are some forward laokmng Brologists who, looking
at things with a physiological bias canmet make themselves beheve 1n
the total mdependence of 3NV Ussue—even the sacred germ plasm

Weismann s mivence was very great especially dunng the last
decade of the mneteenth century and his theories gave nise to an

immense amount of research, chiefly of a cytological and embryo-
logical character

ISOLATION THEORIZS
Among the theores subsidiary to natural selection as an ad to
species formug are the vanoas 1solation theories  One of the weak
Besses inherent 1n natural selection had to do with the probable
SWamping out of new types by promisencus breeding with the more
rumerous individuals of the older types  “Anythung  says Metcalf,
which divides a Species mto groups whch do not freely nterbreed,

ssad to segregate (ssolate) the members of the species into these sub-
dwvistons,”

Some Amencan writers,

espectally Jordan and Kellogy, Gulick, and
Cramplon, have dealt with ¢ : lution and be

ke 150lation factor m evolution and behieve
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that 1t 13 a major factor of as great importance i species forming, or
aearly so, as natural selection  But the prevailing opmion seems to be
that 1solation 18 really a kind of selection, more Like artificial selection
than anything else, which separates out certain pure lines and prevents
promiscuous mterbreeding  Vanous agents are known to produce
1solation by erecting barriers to interbreeding between groups of
mdividuals withn a speces  These segregnhve factors may be

], cimatic, reproductive, phy 1, or, n plants, the
result oi soll diversity ‘Thus a mountan range, on the two sides of
which a spectes migrates, effectively separates the species into two
mdependent groups Heat, cold, moisture, etc., separate others.
Reproductive incompatibility between new and older types 1s equally
effective as1sassortative mating of bike withlike  Like natural selec
tion, 1solation has nothing to do with the ongm of new types, but
merely 21ds 1n the preservation of types when once formed Were
there not spontaneous vanations among ammals and plants, there
would be nothmg to isolate Therefore 1solation plays only an
aunliary rble, helping to preserve new races once they are formed

ORTHOGENESIS THEQRIES

“ The orthogenetic evolution theones of varous authors, based
upon the assumed occurrence of vanations i deterrmnate lhines or
directions (a restricted and determinate vanation as compared with
the nearly imfinite, fortuitous, and indeterminate vaniation assumed
m the selection theories), are of several types The mention of two
will reveal pretty well the more important characters of 2l Not a
few biologists have always belteved 1n the existence of a sort of mystic,
speaal vitalistic force or principle by vartue of which determination
and general progress mn evolution 1s chiefly fixed Such a capaaity,
nherent m hiving matter seems to include at once possibikty of pro-
gressive of truly evolulionary change Mot all evolution 15 m 2 single
direct hine to be sure, ascent 1s not up a single ladder or along a smgle
geological branch but these branches are few (as indeed we actually
know them to be however the restniction may be brought about)
and the evolution 15 always progressive, that 13, toward what we,
from an anthropocentric pomnt of view are constrained to call higher
and higher or mare 1deal bfe stages and condihons

¢ Other naturehsts also seeming to see this source of determinate
or orthogenetic evolution but not inchned to surrender ther dis-
belef m vatalism, 1n forces over and beyond the farmhar ones of the
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physicochenueal warld have tred to adduce a defimte causomecham
cal explanation of orthogenesis The best and most comprehensive
types of thus explanation are those essentially Lamarchian m prncple
m which the direct 1) of } cond: the direct
reactions of the hfe stuff to stunuk and mfluences from the world
outside are the causal factors in such an explanation  But while
every raturahist will grant that such factors do change and control
m a considerable degree the hife of the mdadual most see no mechan
15m or means of extend ng thrs control directly to the speaies

The above-quoted paragraphs from Jordan and Kellogg® will
serve to place before the scader the general ideas miolved i the
orthogenesis conception A brief account of the vanous spectal
theontes of orthogenesis follows

Carl vou Negelr s deas of orthogenests involve a behef 1 3 sort of
mystical punewple of progressive development 2 somethung quite
wntanmble that exsts i orgame nature bich causes each orgamsm
ta strive for or at least make for specahization or perfect adaptation
This 1dea of an mner drving and directing force remunds one of the

entelechy  of Dnesch or Bergsons  ereative erolution ™ Nagel

believed that ammals and plants would have deseloped essentially
as they have without any striggle for custence or natural selection
This form of orthogenesis theory then 15 alternative to natural
selection

Theadare Etmer s theory of orthogenests 18 more screntific and less
mystical than Nagelts  He hel eved that hines of evolution were not
muscellaneous and baphazard, Lut were confined to a few defimte
t therr mitial stages not by natural selection
but by the laws of orgamc growth mded by the mhentance of acquired
characters A new character makes 2 begmnmng as would the first
step n a slaw chemical change or sees of such changes, and 1t must

tion of the organism.

Actual speaes-formmg or the brealung up into specific nmts of
the orthogenetic I

nes of change depends according to Eumer, upon
*Jotdan and Kellogg Evotution and ds, mat Lsfs (D Appleton and Company)
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three factors a standstill or cessation of development on the part of
some lines, sudden development by leaps {(practically mutations),
and hindrance or dxﬂiculty of reproduction (the type of thing that
) 1 1solation ten years later)

Emmer ilustrated hus t.heones by the evolution of color patterns in
hzards and those on the wings of butterflies  In both he beheved that
longtudinal stripes were pnmative, that rows of dots followed these
which were in turn followed by crossbands, reticular patterns, and
finally by solid eoloration This hypothetical phylogenetic order 15
more or less closely paralleled by the ontogenetic order, m the
lizards at least

Tt will be noted that Eimer’s theory places natural selection m a
subordinate posstion, but does not dismuss 1t altogether, as1s done by
Nagell It aids natural selection in explamming adaptations m that it
furmishes for natural selection various characters of selective value,
which may be either perpetuated or elimnated according to therr
ity

E D Cope, a leading Amentcan palacontologist of the past cen
tury, had an orthogenetic theory mvolving hus 1deas of “bathmism®
(growth force), “kmetogencsis” (durect effect of use and disuse and
environmental influence), and “archaesthetism (influence of primu
tive consciousness) It may be said that hus ideas were Lamarckian
throughout In common with the majonty of palacontologsts of
later date~Osborn, Williston, Hyatt, Smith, and others—Cope felt
the need of some factor other than natural selection to explamn the
apparent steady progress of characters 1 defimitely directed hines as
seen 1 the fossils It is natural therefore that palacontologists almost
unwversally lay hold of both Lamarckian and orthogenesis 1deas

Charles Otis Whitman, who until lus death over twenty years ago
was considered the leading American zoologist had strong leanngs
toward orthogenesis In one of his few publications he says

“Natural selection, orthogenesis, and mutation appear to present
fundamental contradictions, but I behieve that each stands for truth,
and reconcilation 1s not far distant The so-called mutations of
Ocnothera are mdubitable facts, but two leading questions remain to
beanswered First are these mutations now appeanng, as 1s agreed,
mdependently of variation, nevertheless the products of vanations that
took place at an earlier penod n the lustory of these plants? Secondly,
1f species can spring into existence at a single leap, without the assist
ance of cumulative vanations, may they not also ongmate with such
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assistance? That variation does isstic a new species and that patural
selection 15 a factor, though not the only factor, in determining results,
- B

~h wa rannat

genests), and hkewise of varations 1 varous directions (ampht
genests)  If T am not mistaken m this, the reconciliation for natural
selection and orthogenesis 1s at hand’

In concluding this brief account of orthogenesis, 1t should be said
that definstely directed evolution 1s now believed to be one of the laws
of organic evolution but that we have no clear deas as yet as to what
are its underlying causes Therefore orthogenesss s nol o couso
mechanscal theory of evolution at oll

THE MUTATION THEORY OF DE VRIES

The theory of mutations 1s assoctated with the name of Hugo
De Vries, the well known Dutch botamst  that of ¢ heterogenesis
with the name of H Korclunsky, a Russian

Though Korchinsky antiupated De Vries by several years, his
work was not supported by the large amount of experimental data
that charactenzed that of the great Dutch worker The relative
claims for recogmition as the founder of the mutation theory are
almost on a par with those of Darwin and Wallace for the natural
selection theory  Both Darwin and De Vres held back their theo-
nes until they appeared to be adequately supported by personally
collected facts

There 1s 2 stnkung parallehsm between the 1deas and conclustons
of De Vries and those of Korchunsky, and since this 1s true a résumé of
De Vnies s better known work will serve to give the essentials of the
whole conception

De Vries began his genetic experiments by a study of the vanations
of plants i the field After learning therr normal vanability m
nature he transferred them to the expertmental garden and there
attempted toimprove them by selectsion  He found that the improved
lwing conditions due to better soil and cultivation induced a wider
range of vanability in size, luxunance,and fecundity ~ Such vanations
were plus or munus m their character, fluctuating about a mean or
average It was exactly this type of vanability that Darwm empha
sized as the raw matenal of evolution but De Vaes found by expen
ment that selection had no permanent hereditary effect when based
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to fluctuating vanations, since the latter were merely somatic responses
on vanable growth conditions This negative finding led hum to
renewed 1nterest 1n discontinuous or saltatory vanations as the only
alternative to fluctuating or continuous varations

He looked far and wide among species of wald plants for a spectes
that mught exibit a sigmificant amount of saltatory vanation and
finally discovered m the evemmng primrose (Ocnothers lamarckians)
what seemed to exhibit exactly the hoped for charactenstics, This
large, stately plant with conspicuous yellow blooms had escaped from
cultivation and was growing wild in the fields In addition to a large
number of plants that showed only munor differences among them
selves, De Vres found several ndividuals growmg among the typical
mdividuals which differed not merely m degree but mn kind  These
were as dufferent as distinct vaneties, and, when the seeds were
planted in the garden they bred true to their kind The only ques
tion now was whether they had actually ansen from typical parents
To test this possibility, seeds of several typical plants were planted
1 the garden, the result bemng not only a repetition of the peculiar
types observed 1n the field, but of about a dozen other true breed
g types with well marked differences from the parent species and
among themselves.

These new types De Vres considered as new elementary species
and he called them “mutants ” They came mto existence suddenly
1n one generation and, as a rule, bred true  Whatever factors were
responsible for mutations, the seat of ongmn must have been 1 the
germ cell and not m the soma C ly they were b
fully from the start The same mutations occurred 1n considerable
numbers and 1n successive years In one case a gwen mutation
occurred only once 1 eight years of observation Some mutants
were robust and successful, others were weak and incapable of hving
under natural conditions, others were stenle  On the basts of these
results, which are reported m detail in chapter sxv1 De Vries came
to the conclusion that evolution was based upon the sudden appear
ance of new vaneties or elementary species and not upon the natural
selection of fluctuating vanations.

The mulation theory compared and contrasted with the naturcl
selectron theory —1It will be recalled that the raw materal upon which
natural selection works 1s the minute individual or continuous vana
tion that 13 umversal 1 all hving forms and 15 known to be largely
somatic m ch: and due to m Darwm
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did not distinguish between somatic and germmal vanations  The
essential feature of mutations 1s that they are germnal 1n ongin and
therefore come forth full fledged 1n the first generation ansing from
the changed germ  Darwin recogmzed “saltatory vanations” or
“gports, which are mutations, but did not consider them of suffi
wently frequent occurrence to furnish an adequate matenal for
selection

De Vnes, on his side, did not discard the prinaple of selection,
but showed that selection acted as between mutants, serving to elim
nate those which are unfit and allowing the sufficiently fit to survive
alongside the parent types According to Darwin’s view, the new
types arose only at the expense of the old, for only through the ehmina
tion of the old (less fit) types could the new types progress toward
further fitness Darwin’s view was ill suited to explam the onigmn of
new distinct types, because the process of selection proceeded by
unperceptible steps  De Vriess view gives us distinctly different,
pure breeding types at once that, if 1solated, would be new elementary
speaies from the first

In conclusion 1t may be saxd that the mutation theory was at
first intended as a substitute for natural selection, but that later the

selection 1dea was adopted as a directive principle, guiding mutations
toward adaptiveness

THC RISE AND VOGUE OF BIOMETRY

No lustonical account of the development of the evolution 1dea
would be complete without a statement of the réle played by biometry
m the study of evolutionary data  Biometry 1s the statistical study
of vanation and heredity During the last decade of the mneteenth
century 1t became obvious to those who had followed the progress
of the subject that farther advance toward the solution of the
problem of the causes of evolution must come from a better under
standing of vanation and heredity, the two fundamental factors
wvolved. Three man modes of attack were developed during these
years the statistical (biometry), the experimental (chuefly breeding
work), and the mucroscopical (cytology or the study of the mmute
structure of the germ cells)

Str Francis Galton, o cousin of Charles Darwin, was the founder
of biometry  He applied certain already understood principles that
had been developed mamly 1n the study of the laws of chance to the
study of variations and, by companng the botled down formulas
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resulting from hus computations of parental generations with those of
offsprnng, he arnved at two laws of heredity the law of filial regres-
ston, and that of ancestral shares of mmhentance The essence of the
first was that the offspnng of exceptional parents tend to regress
toward mediocnity 1n proportion to the degree of parental excep-
tionalness  The second law was really explanatory of the first, for it
was found that the offspring inhent not only from parents, but from
the vanous grades of ancestors, and 1t was the pulldown of a miscel
laneous ancestry that made for regression toward mediocnty It
appeared that half of the herednary mﬂuence could be assigned to
parents, half of the to Ip half of the
remawnder to great grandparents, and so on down the line

Karl Pearson, a pupil and follower of Galton, has carrzed the study
of biometry to a more highly refined state, His attempt has been to
apply to the study of evolution the precise quantitative methods which
areused in physics and in chemistry  While much of Pearson’s work 1s
far beyond the range of the average professional biologist today, 1t
1s extremely useful as a tool m handling data i which great accuracy
15 demanded. Frequently, however, the methods are far too refined
for the matenal, and much time 1s wasted mn handling crude data
by means of ghly refined instruments of measurement and ultra
accurate mathematical methods

On the whole the contnbutions of biometry to our understanding
of the causes of evolution are rather disappointing  About the only
clean-cut finding has been the discovery that some vamations are
continuous and others discontinuous  The former are capable of being
expressed 1n a single curve with a single mode, while the latter are
expressed 1 hamodal or polymodal curves. If matenal 13 homo-
geneous to start with 1t 1s hikely to give monomodal curves, but if 1t1s
heterogeneous, 1ts heterogeneity will be revealed by the plural modes
1Ina subsequent connecuon {chapter xlw) some further account of the
details of biometry will be presented We must for the present be
content with having placed biometry n1ts setting as one step in the
advance of the evolution 1dea

EXPERIMENTAL BREEDING

‘ While De Vries  says Castle ** was engaged in hus studies of the
evening primrose he hit upon an idea far more important, as most
biologists now believe, than the 1dea of mutation, though De Vries

*W E. Castle Genelscs and Eugenscs (Harvard Univernity Press 1920) p 82
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humself, both before and since, has seemed to regard 1t as of mmor
inportance  He called this the law of splitting of hybrids* The same
law, 1t 1s Qammed was independently discovered about the same time
by two other botzmsts, Correns m Germany, and Tschermak i
Austria  Further histonical mvestigations made by De Vnes showed
that the same law had been discovered and clearly stated many years
previously by an obscure naturalist of Brunn, Austna, named Gregor
Mende! and we have now come to call this law by hus name, Mendel’s
Law  Mendel was so httle known when lus discovery was published
that 1t attracted hittle attent on from scientists and was soon forgotten,
only to be unearthed and duly honored years after the death of its
author Had Mendel lned forty years later than he did, he would
doubtless have been a devotee of biometry , for he had a mathematical
type of mund and Ius discovery of a law of hybndization was due to the
fact that he applied to his biological studies metbods of numerical
exactness which he had leamned from algebra and physies  In buology
he was an amateur, being a teacher of the physical and natural scrences
In a monastic <chool at Brunn Later he became head of the
monastery and gave up scientific work, partly because of other dutues,
partly because of failing eyesight *

There had been plant hybridizers before Mendel, but their lack
of exactness i techmque had prevented them from discovenng the
law of segregation or sphtting of hybnds

Joseph Gottlieh Kolreuter (1733-1806) who really belonged to the
period of Lamarck, barely mussed maling the discovery that was
afterward made by Mendel The salient features of his work are
according to Castle *

“y Riflreut blshed the

of sexual reproduction 1
plants by showwng that hybnd offspring mhent equally from the
Pollen plant and the seed plant

“2 He showed that hybnds are commonly intermediate between
their parents in pearly all characters observed, such for example as
size and shape of parts

‘3 Many hybnds are partially or wholly stenle, especially when
the parents are very dissumilar (belong to widely distinct species)
Such hybnds often exceed either parent in size and vigor of growth

“4_ Kolreuter did not observe the regular sphitting of hybnds
which Mendel and De Vries record, but some of hus successors did,
particularly Thomas Kmight (1759) and John Goss {1822) in England,

*0p al,p 86
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who were engaged m crossing the garden peas with a view to producing
more nigorous and productive vaneties, and Naudin (1862) m France,
who made a comprehensive survey of the facts of hybndization m
plants and came very near to expressing the generalization which
Mendel reached four years later ”

MENDEL'S LAWS

“The earhest expenmental imvestigations of heredity,” says
Locy® in 2 concise summary of Mendel s work, ¢ were conducted with
plants, and the first epoch making results were those of Gregor Mendel
(1822~1884), a monk and later abbot, of an Augustiman monastery at
Brinn, Austrra  In the garden of the monastery, for eight years
before publishing hus results, he made experiments on the mhentance
of mdividual {or umit) characters in twenty two varieties of garden
peas  Selectng certamn constant and obvious characters as color, and
form of seed, length of stem, etc., he proceeded to cross these puze
races, thus producing hybrids, and thereafter, to observe the results of
self fertilization among the hybnds

‘ The hybrids were produced by removing the unripe stamens of
certam flowers and later fertilizing them by nipe pollen from another
pure breed having & contrasting character  The results showed that
only one of a par of umit characters appeared in the hybnid of the next
generation, while the other contrasting character lay dormant  Thus
in crossing 4 yellow seeded with a green seeded pea, the hybrd genera
tion showed only yellow seeds  The character thus impressing 1tself
on the entire progeny was called dominant, while the other that was
held m abeyance was designated recessive

‘““That the recessive color was not blotted out was clearly demon
strated by allowing the hybrnid generation to develop by seli fertiliza
tion  Under these a most result was
attamed The fihal generation, derived by self fertihzation among
the hybnds produced plants with yellow and green seeds, but 1n the
ratio of three yellow to one green  All green seeded individuals and
one-third of the yellow proved to breed true, while the remaming two
thirds of the yellow seeded plants, when self fertihzed produced
yellow and green seeds 1n the ratio of three to one

“Subseq breedings gave an ding senes of results sumidar
to those obtamed wath the first fihal generation,

*William A Locy The Mawn Currents of Zoskogy (Henry Holt & Company

1918), pp 37-30
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“Ths great prinaple of al h was exhubited
throughout the extenstve experiments of Mcndel and 1t 1S now recog
nized as ane of the great biological discovenies of the nueteenth
century

‘The essentsal feature of Mendel s discovery was not the phenomte-
ton of dornance for relattvely few mstances of pure dorunance have
been discovered but it was the phenomenon of segregoiion. By
segregation 1s meant that although determuners for opposed heredi~
tary characters denved from diverse parental sources may unite 1o a
common germ plasm for one generation they segregate out pure, OF
unmodified by their assonation together 1 the next and subsequent
generations  This Jaw of segregation depends on the idea that the
germ cell 1s composed of bundles of separately mhertable umt charac
ters, which may be patred or grouped shuffled and redealt ke cards,
50 as to mve an nfimite number of permutations and combimations
without affecting the umt determiners themselves

From the evol 34 dp 1t 15 supposed ¢hat new uatl
characters anse by mutauons and are fully hereditary  They cannot
be swamped out by interbreeding unless they are recessive, for they
will d the old ch Even h could be
perpetuated by segregation or by the umion of two mdividuals possess-
ing the determner i the recessi e condition as well as the dommant
Thus a knowledge of the behavior of umt characters 1o heredsty
reveals past of the mechamsm for conserving new charactersif they are
advantageous or even sufficiently fit to survive

New types or species mught anse thrnugh processes of bybndxza
tion and the survival of ind g the most £
combinations of characters

“Evolution from thus point of view,” says Morgan,: “ has consisted
largely m mtroducing (by mutations) wew factors that influence
characters already preseat m the ammal or plant

¢ Such 2 view gives us a somewhat different picture of evolution
from the old sdea of 2 ferocous struggle between the individuals of a
spectes with the survival of tbe fittest and the annhilation of the less
fit  Evolution assumes a more peaceful aspect  New advantageous

4 sumave by porating th Ives mto the race, improv
mg 1t and opening to 1t new opportutuites In ather words the
emphasis may be placed less on the competition between the mds

©T B Morgan A Crisgse of the Theory of Esolution (Pracetan, University
Press, 1916) pp 87 88
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viduals of 2 species (because the destruction of the less fit does not
snstself lead toanythung that s new) than on theappearance of new
1 and mod: of old ch that become 1ncorpo-
rated i the species, for on these depends the evolution of the
tace ”

HYBRIDIZATION AND THE ORIGIN OF SPECIES

As a consequence of the great imnterest aroused by Mendel’s
hybndization experiments the question has ansen as to the réle of
hybnidization 1n organic evolution  Certam 1t 1s that a vast number
of animal and plant races now exsting are nuxed or hybnd 1 nature
and are contwually splitting up into various Mendelian segregates
How many pure races are there today? Some authors think that no
vanable races today are pure Lotsy goes so far as to claim and
attempt to prove that umt characters are fixed and that the only
source of vanation 1s hybnd, or h Buol today
would not be willing to go thus far with Lofsy, but 1t seems beyond
question that hybndization has played an mmportant réle 1 the pro
duction of very many groups now lving It 15 of interest to recall
that Linnaeus, though a special creattonst, admutted the possibility
of the ongm of new species by hybndization

NEO-MENDELIAN DEVELOPMENTS

Since the rediscovery of Mendel s paper by De Vies and 1ts perusal
by thousands of biologists the world over, Mendelian breeding expert
ments with all manner of amumals and plants bas been the ruling
passion of genetiasts  Among the Jeading neo Mendelians are Bate-
son, Morgan, Castle, Correns, East, Hurst, Shull, Tschermak, and the
pupils of these

Perhaps the first two mentioned, Bateson and Morgan, have con
tabuted most largely to an understanding of the mtrcacies of the
Mendelian operations  Bateson has become so imbued with the 1dea
that all mutations are the result of the loss of factors that he proposes
the hypothests that “evolution has taken place through the steady loss
of mhibiting factors,” as Morgan puts it “Living matter was
stopped down, so to speak, at the beginming of the world  As the
stopsare lost, new things emerge  Living matter has changed only m
that 1t becomes sumpler # Tt 15 quite probable that Bateson, mn pro-
posing so radical 2 view, mtended to be taken only half senously
Apart from this, hus best known expression of opinion, Bateson 1s the
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anthor of a large amount of fine work i genetics and will rank high
i the history of the subject

T H Morgan our leading Amenican genetiaast, 1s best known for
Tus hes into the mech of Mendel \ Through
the statistical study of ratios and linkages of characters n the frwt fly
Drosopinia 1t has heen possible to chart the localities of the deter
miners or genes of at Jeast 400 mutant characters e has shown that
four hnked groups of genes exst, corresponding to the four kinds of
chromosomes of the germ cells, one of these groups is sex linked and
15 therefore to be assigned to the X-chromosome of the mutant male
Two other large groups are to be located m the two large antosomes,
and one very small group 1s assumed to be located 1n the mucrosome
Not only have characters, or their determimers, been assigned to given
chromosomes, but they have been located 1n a linear series on a given
chromosome  So accurately have these loa been determined that
they may be used to predict unknown breeding ratios It would
seem that when a theory serves o well that 1t may be used to predict
the results of expenments such 2 theory must be founded on facts
Margan and hus collaborators 1n genetics are now convinced that they
bave discovered the actual mechamsm of heredity 1n the bebavior of
the chromosomes 1 maturation and fertihzation and that 1t 1s uhex
pectedly sumple  Thewr views have aroused considerable opposition
but they 1ave apparently met successfully all attacks up to the present
I 1t be true that the actual machinery of vanation and heredity has
oeen discovered we are farther along i our understanding of the

causo-mechanical basis of evolution than we could have hoped to be
at so early a date

HEREDITY AND SEX

Smee Darwin s theory of sexual selection, sex has been a comph
cating factor 1n evolutionary theories, and one of the chief advances
of the present century has been 1 connection with the factors con
trolling sex deterrunation and sex differentiation, The evolution of
sex has also been a subject for considerable research

Tt now appears that sex 13 an inhented Mendehan character, the
determiner of which 13 camed 1 a defimte chromosome or group
of chromosomes  Cytological exammation of germ cells, under the
able leadership of E B W l50n, has naw made 1t certam that sex, 1f
not directly the result of the Ppresence or absence of speafic chromo-
somes, at least 15 absol lated with such ch It

Appears, bowever, that the sex which 13 setrled by the chromosome
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mechanism at the time of fertilzation may or may not realize its
normal somatic differentiation, depending upon the presence or
absence of the proper environment  Cases are on record 1n which an
mdividual germinally determined as @ female may be caused to
develop the secondary sexual characters of the male or even to pro
duce sperms instead of eggs A great deal of extremely interesting
work on sex control and sex reversals has been done withm the last
half-dozen years and new discoveries are being made almost daily  In
fact,1t mght be sard that the genetic study of sex marks the high tide
level of modern genetic advance

THE EXPERIMENTAL INDUCTION OF HEREDITARY VARIATIONS

With the problem of the mechanism of the heredity of mdividual
differences solved at least i 1ts more important essentials attention
bas gradually shifted to the problem as to how mdividual differences
anse They seem to anse suddenly and as though of their own accord
and the study of their heredity does not throw much Light on the prob
lem of therrongain At the present tume a massed attack 1s being made
upon the problem of the mode or modes of origin of new hereditary
characters The most striking success m the artificial wduction of
mutattons has been obtamed by H F Muller using as his matenal the
already intensively studed fruit fly Drosophila melanogaster By the
use of rather heavy doses of X rays he succeeded in increasing the fre
quency of mutations about 1 soopercent  Nearly all of the mutations
produced by this method were the same as those that occur spontane
ously but many more occur 1n a given time

Many other investigators following Muller s methods have suc
ceeded m greatly hasteng the pace of mutation i various ammals
and plants  The ability to produce such large numbers of mutants at
will furnishes abundant matenal for genetic mvestigation and promises
greatly to increase our knowledge of the mtimate details of the mechan
1sms of variation and heredity

The most pressing problem of the present 1s that of discovenng
bow and when genes act during the course of development m producing
the characters of the orgamism  Some progress has been made 1 this

ection

THE RECENT ATTACK UPON EVOLUTION IN THE UNTTED STATES
The recent highly advertised attack upon the vahdity of the

prneiple of evolution by certamn individuals and religious bodues 15
bardly to be constdered as formung a part of the history of the science,
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but 1t 15 signsficant s an nfluence that may serve erther greatly to
accelerate or to retard the progress of our science  The wnter s own
expenicnce 1s that the controversy has greatly enhanced popular mter
est 1 tins subject, a5 evidenced by the growing demand for books on
evolution and alhed subjects and the marked mwcrease m the numbers
of students 1n the colleges who wish to elect courses along these ines

CONCLLDING REMARRS

Now that we have triced the evolution of the science of orgamc
evolutton from 1ts crude be,innings among the Greeks up to the
present we are in 2 position to go back and make a systernatic study
of some of the more important phases of evoluhtonary science
Charles Darwin found 1t necessary to prove the fact of organic evolu
tion before attempting to discover tts causes  His method of proof
w1s to marshil 1 great array of facts which agree with the idea of
descent with modificttion, and we shall follow Darwin’s method 1n
the subsequent chapters dealing with the evidences of evolution

Not. ~In the first half of the present histoncal accouat many short passages
are preseated in quotation marks with  t mentining the source of the quotation
1o all suck cases 1t will be understood that these prssages are from H. F Qsherns
bovk From the Greeks to Daruis (The Macaullan Company)
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CHAPTER 111
1S ORGANIC EVOLUTION AN ESTABLISHED PRINCIPLE?

1 Ts there definite proof of organic evolution?
2 If 50, what 15 the nature of the proof?
3 What are the evidences of evolution, and 1 what ways do these
Liear witness that evolution has occurred and 15 still occurnng ?
Before presenting 1n any detarl the several bodies of data that
constitute the “evidences of evolution,” let us anticipate a httle by
attempting to answer the three questions just propounded
1. Reluctant as he may be to admit 1t, honesty compels the
evoluhomst to admit that there 1s no absolute proof of organic
-evolution  But, for that matter, there 1s no absolute proof of any-
thing that depends on records of past events ~We have no absolute
proof that Caesar or Napoleon once Iived, or fought, or tonquered
All we have are the accounts left by the histonans which we accept
without question because they are the products of human thought and
magmation  There {s no absolute proof for either of the more or less
directly opposed theories of the origm of the material universe the
‘ nebular hypothesis  of Laplace and the ¢ planetestmal hypothesis”
of Chamberlin and Moulton Both of these theomes rest upon
exactly the same types of evidences as does the theory of orgame evolu-
tion, viz,, the amassing of facts which appear to be explicable on the
assumption that the one or the other theory is true  If all of the facts
are 1 accord with 1t, and none are found that are incapable of being
reconciled with 1t, a working hypothesis 1s said to have been advanced
to the rank of a proved theory As yet 1t 1s impossible to say that
either of these theories as to the origin of the universe has been proved
Yet there 1s much less popular opposition to the acceptance of these
theorses as facts than there 1s to the general theory of organic evolu-
tien  Sumilarly, there are certam widely accepted theories of the
ongm of the present conditions of the earth’s crust, and 1ts hquid and
gaseous envelopes The accepted theory, as given us by Hutton and
espectally by I yell 15 essentially an evolutionary theory and depends
for 1ts proof on almost exactly the same types of evidence as does that
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of organic evolution  The basis of the accepted theory of geolageeal
evolution 15 the  umiformtanan doctrme * of Lyell, which assumes
that the hey to the past bes in the preseat, that the changes that are
gong on today are of the same order and kind as those of the past,
and, finally that there 15 nesther beginmng nor end to the earth's
evolutionary history 1ut that a slow and orderly development bas
gone on and will continue mdefinitely  The proof of this conception
consists of an asray of facts derned from a study of the earth’s erust,
includmg ats stratified structure of traces of ammal and plant bfe
preserved n the rocks of of served changes m contizental contours
gomg on today of erosion going on n coasts and streams, and of &
consderahle array of facts dernved from a study of other worlds than
ours m the maling  The theory of geologic evolution meets with
scarcely any opposttion taday although its foundations are no more
securely hased than are those of ergamic evolution

In a sense the proofs of the atonuc, tome, and electron theones
are even Jess absolutely established than 13 that of organic evolution,
because no one has ever seen nor ever can see an atom, an 108, of 21
electron  Chemical and physical facts are rationabized by assuming
the evistence of these umts with their vanous properties  The only
evidences of the existence of atoms, tons, and electrans appear m the
facts that on the assumption that they exist, the whole array of
observed chenucal and physical phenomena are rationalized and
bound together mto a coherent, consistent, and mteligble system
In other words with the atomic, tonc, and electron theories chemustry
and physics are highly rational sciences wathout these thearies the
phenomena of physies and chemustry would be a hopeless hodgepodge
Yet who would say that these fund. ] theories are absolutel
proved?

The only type of proof of phenomena that cannot be dwectly
observed or that pertain to the remote past 33 circumsfontial prool
By analogy we conclude that certain changes took place thus and s¢
1 the past betause we observe sumilar changes gomg on today  Every
past event has left a trace, and 1t 1s the task of the historian, anti
quanan, or evolutionsst to discover and to interpret these traces Some-
tumes the traces exist as vestiges tn modern life and are meaningless
unless related to therr ongin in the past  The task of the student of
organic evolution 15 to gather all of the traces of past changes both In
Uving creatures today and m the preserved remaws of creatures of the
remote past A collection of traces of evolution mvolves many
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apparently unrelated bodies of phenomena. There are evidences of
evolution m the grouping of ammals into phyla, classes, orders
families, genera species, vanietes, and races, 1n the homologies that
exist mn general structure and i particular organs between different
groups of ammals and plants, m the orderly process of ontogeny or
embryonic development of the mdividual in actual blood relation
ship, based upon chemical reactions, on the succession of extinct
ammals and plants found as fossils imbedded mn the geologic strata
n the present geographical distribution of the vanous groups of
animals and plants, m the light of data denved from a study of
geological changes, and finally, m expenimental evolution which
mvolves the observation under experimental control of changes in
orgamsms and the ongin of new vancties or elementary spectes
2 The nature of the proof of orgamic evolution, then, 1s this
that, using the concept of organic evolution as 2 working hypothesis
1t has been possible to rationalize and render mtelligible a vast array
of observed phenomena the rcal facts upon which evolution rests
Tbus Jassif { '8 y embryology,
)l hy and phy hy, serology genetics
become consxstent and orderly saences when based upon evolu
tionary foundations, and when viewed m any other way they are
thrown mto the utmost confusion  I'here 1s no other generalization
known to man which 15 of the least value n giving these bodres of
fact any sort of scientific coherence and umty In other words, the
working hypothesis works and 1s therefore acceptable as truth until
overthrown by a more workable hypothests Not only does the
hypothesis work, but wath the steady accumulation of further facts
the werght of evidence 1s now so great that it overcomes all mtelligent
opposition by 1ts sheer mass  There are no nval hypotheses except
the outworn and completely refuted 1dea of specal creation, now
retamed only by the ignorant the dogmatic, and the prejudiced
3 Inanswer to the question, “What are the evidences of evolution
and 1n what ways do these bear witness that evolution has occurred
and 1s still occurnng?” we may present an ordered list of subjects
that are to be taken up senally m detalt  In connection with each of
these bodies of evidence the character of thexr witness-beaning wll be
discussed
Some of the evidences are more direct and freer from purely inter-
pretauve construction than others ~ Some evidences are pnmary and
1, some are 1 th lves rather mconclusive, but serve
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to confirm other facts, and, when remnforced by other evidences, are
themselves strongly substantiated Perhaps the crowmng evrdence
of the truth of evolution 1s that all of these diverse bodies or phenomena
mvanably support one another and all point in the same direction and
to the same conclusion, viz , that organc evolutton 15 a fact

In the former edition of this book the evidences of evolution were
presented in a somewhat arbitrary order, the evidences that seemed to
furnish the most direct proof bemg, for pedagogical reasons presented
first and the more controversial evidences last ~ Expentence, however,
has shown that for an appreciation of the data from paleontology and
from geograpluc distribution the student must have a knowledge of
the les o phology ( ve ) and of clasaifica
tion We have, therefore, changed the order of presentation of the
evidences to one that has the authonity of precedent The order of
treatment will be as follows

1 The fund: ! p derl: all the emd.

I Comparative anatomy (homologies and vestgral structures) the
evidence of the fact that structures n unlike orgamsms have a com
mon plan and mode of ongin that changes have occurred that are im
some way related to changes 1 habit or environment

LI Classification  the evidence that the present groups of ammals
and plants have ansen by  descent with modification ’

IV Serology (blood-preciprtution tests)  the evidence that the
chemucal specificity of the blood parallels taxonomic specifictty

V' Embryology (the doctrine of recapitulation) the evidences that
the embryome development of the individual follows the mam out
limes of the evolutionary history of 1ts ancestors

VI Paleontology the evidences afiorded by a study of the distn1
bution i time (vertical distibutton 1n the earth’s strata) of the fossil
remans of extinct anumals and plants

VI Geograplnc distributon  the evidences afforded by present
(also, to some extent past) honzontal distnbution of contemporaneous
ammals and plants

VI Genetics (expersmental evolution)  evidences that hentable
variations bave occurred under observation 1 large numbers and 1n
many species of animals and plants and that new vaneties of ammals

and plants have been produced by processes known to man and to a
large extent controlled by hym




CHAPTLR IV

THE FUNDAMENTAL POSTULATE UNDERLYING
ALL EVIDENCES OF EVOLUTION

Every science rests 1n last analysis upon certain postulates or justt
fiable assumptions certam venfied or venfiable truths that must be
admitted before any progress can be made 1n gaining a further under
standing of the content of that science  Geology for example must
assume as valid the dynamrcal laws of Newton and the law of gravita
tion 2s well as basic Iaws of chemstry  Biology assumes the validity
of the laws of physics and chemistry for biology 1s the fundamental
science of the transformations of matter and of energy in hving matter
but m addition there are also some biological postulates that seem
to be so well established that they have come to be thought of as
truisms

One of the truisms of biology 1s the familiar fact that hke produces
Ike How surpnsed one would be if sparrows had anything but spar
rows for offspring or if two Caucasic parents were to have a Negro
child! Now a careful survey of the situation reveals the fact that the
only postulate the evolutionist needs 1s no more nor less than a
logical extension of what the layman considers a truism or a self evi
dent fact namely that fund 1 structural b signifies
genetic relationship that generally speaking the degree of closeness of

bl runs Ly parallel with closeness of kanship
Most biologists would say that this 15 not merely 2 postulate but
one of the best established laws of ife  However obvious the validity
of this postulate may be 1t 1s the plam duty of one who attempts to
Justfy the evolutionary prinaiple to avoid taking any steps that are
open to the least bit of valid entiism  If we cannot rely upon this
postulate which may be called the principle of homology we can
make no sure progress 1 any attempt to establish the valdity of
the prinaiple of evolution

The postulate we are now to an affirma
tion of the fact of heredity We rely upon thxs fact 1n our everyday hfe
‘When we plant a certamn kind of seed we expect to get a certan kind
of plant when we breed a certam kind of dog we expect offspnng
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of thesame breed ¥t ould be g freah of nature were we to discover
aov marhed excepuon to the lfans of heredsty Furthermare, our

waught us that asarue the mare clusely able people are, the more
closels are they velate] Ve Fecugnize that chuldren of the same fam

v ate more al he m therr personal charactersstics than are members
of thesamera e n vt closels related  Whenever we see two Ppeople
whose resermt lan ¢ 54 eny Rreal ¢ assume a relatively close Linship
Thus evericne ha had th  epericnce of meetng two people so
strikonghy alle thty g alm, ¢ mpws able to disttngush them apart,
2ud of imme s aveh as uming thag such persons are identical, or duph

cate tmins  \o  the \nieresting thing about such twins 15 that they
are \astly more closely related than are ordinary brothers and sisters,
05 even than are fraternal twyns who are only brothers and ssters
that happen to have teen toncetved and born sunultaneously as the
result of the fertilization of two egreells  For dupheate twins are the

The writer has had an exceptanal opportunity of determining the
53¢t degree of re emblince xstng between separate offspang de-
aved from a single €28 It %0 happens that 3 peculiar species of
/mammal, the nine {anded dmadilo of Texas, always gunes burth to
four young at a nme These Quadruplets are wvanably all of the

resemblance (6 one another A comparisen of over two hundred sets
revealed the somewhat starthing fact that on the average they were
OVer g3 per cent dentical {more !:chmcslly, they showed 2 coefficsent
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vidual, such as the nght and leit sides of your own face or your two
hands, and that the next degree of closeness of resemblance 15 that
between sibhings (brothers and sisters), who are only 5o per centident
cal (having a coefficient of correlation of only 5}, while cousins of
vanous grades have proportionately lower and lower degrees of re-
semblance 1n exact ratio with therr grades of hinship

Thus, then, 15 a crucial test of the validity of the postulate that
closeness of resemblance 1s 1z proportion to closeness of kinship, for we
have 1n 1dentical twins and m armadillo quadruplets the closest re-
semblance associated with the closest possible genetic relationship, and
we also see that there 1s an exact proportion between all other known
grades of kinship and theur relative degree of resemblance

Employing the pnnciple of homology m a somewhat broader way,
and m 2 way that is hardly Lkely to be questioned even by the most
captious, we account for the common possession of certain structural
peculanties by all members of a given kind or species of animal or
plant by saying that such characters bave been denved from a com
mon ancestor It 1s only a short step n logic to conclude that two
sumular hinds or spectes of antmal have been denived one from the other
or both from a common ancestral species Once having taken this
step, we are on the rpad that leads wewtably to an evolutionary i
terpretation of natural groups If the prmciple of heredity holds for
siblings {offspring of the same parents), for races, for species, where
are we to draw the line? Tt does not seem reasonable to admit that
structural resemblances between siblings, between races, between
species, are accounted for as the product of heredity, and to deny that
equally plain resemblances of essentially the szme sort among the
species of 2 genus or among the genera of a famly have a simlar
hereditary basis It 1s logically mpossible to draw the line at any
level of organic classification and say that structural resemblance 15
the product of heredity up to such and such a level, but that beyond
ths arbitranly chosen pomnt heredity ceases to operate

The principle of heredity and 1ts necessary unplications constitute
the only postulate that 15 necessary for the evolutomst to make m
order to go ahead on a sound basis with a presentation of the evidences
of evolution  Give lum this one potnt, and he ashs no further con
cessions  And this 1s not so much of a concession 2s it mught seem
at first blush, for the special creatiomist assumes more potency for
heredity than does the evolutionist, since he beheves m descent with
out modification, a sort of stereotyped heredity, slavishly duplicating
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forever a fixed set of structural patterns withont vanation or improve
ment  Siace then !oth special creatiomst and evolutiomst find tt
equally necessary to a» ume the prinaiple of heredity, there should be
ttle argument on thus score  But let the reader beware at this pomt
1 the discussion for 1f he adrmuts the postulates already presested—
and how can he help but admnt them?—~he cannot avord the mevit
able conclusion that the theory of descent with modification is the only
reasonable explanation of organic resem! tances and differences,

BOMOLOGY VERSUS ANALOGY

Much difficulty 1 connection with the study of resemblances and
chfferences 1 anmal anJ plants 1 occavoned by a failure to under
stand the fact that there are two kinds of resemblanees and differences
Structures that are sumlar n anatomical detad and 1n ther mode of
embryome ongin wrte pcctive of whether they perform the same or
dufferent functions are known as Jumiologous The test of homotogical
equivalence 35 a study of the Anatomseal detatls of the adult structure
foliowed by a stuly of the developmental hstory of the part m ques-
tion  If the part under examination be a hone, for example, this bone
must have a certamn relation to the other bones, must occur 1n a certain
part of the body, must be supphed with certam muscle attachments, 1
order to be considered bomologous with another bone that has the
same relations  If two structures have the same anatonuca! relations
and anse from equivaleat embryome ruduments they are said to be
homologous 1 spite of small or great differences 1 relatine size, ap-
pearance or tunction If structures are Bomologous 1t 13 believed that
they represent the same hereditary wwmts and that these equivalent
hereditary umts have been derived frar the same or sumidar ancestors

Analogous structures are of an entisely different sort  They may
be more or less superficially abke m formt or 1 function, wsually 1o
both, though anatomucally quite duferent  As an example of analo-
Sous Structures let us examine the three types of aquatic vertebrates
shownin Digure 8o These three hands of vertebrates, one a fish, one
a septile, and the thied o mammal zught be mistaken by the casual
observer to be all fishes of different kinds Al have the same fusiform
body with hnes best adapted for swft locomotion in the water, all
have median pared and caudal fins all g

wiug i sbout the same way
Yet the resemblance 15 only shin-deep, as 1t were, for beneath the sur

face the one 15 al} fish, the second all reptile, and the third all mammal
The structures that look able and function alike are, from the stand-
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pont of anatomical relations and embryonic dentvation, entirely differ
ent. ‘The resemblances which are so obvious superficially are examples
of analogy, not of homology, and are the result of molding unbke
materials nto a semblance of Likeness m adaptation to a common en
vironment, Analogous structures, while not considered as evidences
of kinship, are strong evidences of descent with modification, for therr
very exstence umplies that they have been changed from a former
condition to one 1n which they are adapted to a new medium To
illustrate this potnt, call to mund that both the ichythyosaur and the
porpolse (Flg 8o, B and C) belong to groups that are fundamentally

verteb , and that wk they have that
is fishlike mu.st be mterpreted as adaptwc modifications for aguatic
hfe This type of conception and the way in which 1t bears witness for
orgame evolution 15 well brought out m the next chapter by George
John Romanes, a chapter that for a generation has been considered a
classic. A few of the statements 1n this chapter would, 11 all probabil
1ty, be somewhat altered if the zuthor were to rewnte 1t in the Lght
of newer knowledge, but on the whole the statements made would
still have the support of the most entical of modern anatomists.




CHAPILR V

EVIDFNCES FROM MORPHOLOGY
(LOMPAL VTIVE ANATOMY)

RGE O R M NES

The theory of evolution supposes that heredstary characters
admt of be ng stow ly modified wherever thete modif catron wll render
an orgamsm better suited to a change m s condihans of e Let
us then observe the evidence which we have of such adaptive modift
cations of structure  cases where the need of such modification 8
apparent We may begin by agam taking the case of the whales and
porpoises, The theory of evolution infers from the whole structure
of these ammals that thewr progenttors must have been terrestrial
quadrupeds of some kind wh ch gradually became morg and more
aquatic m thew habits  Now the change i the condstions of their
lfe thus braught about would have rendered destrable great modifica
trons of structure  These changes would have begun by affecting the
least typ cal—~that 13 the least strongly mhented—structures such
asthe slan claws and teeth  But as time went on the adaptations
wauld have extended to more typical structures until the shape of
the body would have become affected bv the bones and muscles
requred for terrestnal locomotion becomung better adapted for
aquatic locomation and the whole outhne of the anunal more fish ke
m shape  THis 15 the stage which we actually ohserve 1 the seals
where the hind legs although retaiuing all their typical bones bave
become shortened up almost to rudsments and directed backwards
so 25 to be of no use for walking while serving to complete thefish hke
taper of the body (F'g 1) But 1 the whales the modification has
gone further than thus sa that the hind legs have ceased to be apparent
externally and are only represented wternally—and even this only
n some species—by 50 rud ry that at 13 dufficult to
make out with certainty the homologies of the bones moreaver the
head and the whole body have becare completely fish like 1m sbape
(Fig 13) But profound 2s are these alterations they affect only

1Feam G ] Rowmanes Dorwsn and afier Daruwsn (copyvight 18g3)  Used by
apecul peemission of the publishers The Open Court Publishing Compaay
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those parts of the osginssm which 1t was for the benefit of the organism
to have altered, sa that it might he adapted to an aquatic mode of
existence  Thus the arm wliwchsused asa fin stilt retains the bones
of the shoulder, fore-arm wnst and fingers although they are all
enclosed 1 a tnshaped sach so as to render them useless for
any purpose other than swimnung (Fig  3)  Simslarly, the head,
although 1t so clusely resemi les the head of a fish i shape, still retains
the biones of the mammahian skull i thewr proper anatomucal relstions
to ope another but mo hi ed 1w form so0 as to offer the least possible
resistance to the water  In short it may be sud that all the modi§
catians have been effected with the least possible divergence from the
typreal mammalian ty pe, which s compatible with secunng so perfect
an adaptation Lo a purely aquatic mode of hfe

Now I have chosen the case of the whale and porpoise group,
hecause they offer so extreme an exaraple of profound modification of
structure i adaptation to changed conditions of hfe  But the same
thing may be seen 1 hundreds and hundreds of other cases For
mstance to confine our attention to the wrm, not only 18 the hmb
modified n the whale for swimmmg but n another mammal—~the
bat—t 15 modified for fymg, by having the fingers enormonsiv
4 d an 1 overspread with a b web

Inbirds agam the arm 15 modified for faght m 2 wholly different
way-—the fingers here being very short and all run together, while the
chief expause of the wing 15 composed of the shoulder and forearm
Tn frogs and lizards, agamn, we find hands more like our own, but 1
an extmct species of fiving repule the modification was extreme, the
wing having been formed by a. prodigious elongation of the fifth finger
and 8 membrane spread over 1t and the rest of the hand (g 4)
Lastly, m serpents the hand and arm have disappeared al ogether

Thus, even if we confine our attention to a stogle organ, bow
wonderful are the modsfications which 1t 1s seen to undergo, although
never losing its typieal character Everywhere we find the distinction
between homology and analogy which was explumed 1n the last
chapter—the distinction that 1s, between correspondente of structure
and correspondence of function On the one hand, we meet with
structures which are periectly homologous and yet m no way

log: the 1 el remawm, but are profoundly
modified 50 a3 to perform wholly dufferent functions  On the other
bard, we meet with structures which are perfectly analogous, and
yet in no way homologous, totally duferent structures are modified
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to perform the same functions How then are we to explan these
things? By des gn mansfested m «perial creation ot by descent with
adaptise modification P THit1s sad by design mantfested 1 speaal
creation we must suppose that the Daty formed an archetypal
plan of certamn structuses and that he determuned to adhere to this
plan through all the modifics tions » bich those structuresexhibit  Bok,
i so hy 181t that same < ructures are selected as typical and not
others?  ¥Why should the vartebral sheleton farinstance, pe tortured

Fio g -—Paddie of whale compared w th hand of wan  {From Romanes )

1nto every concenable varety of modificatson 1w order to subserve a3
grent avanety of functions  while another structurs, such as the eye
35 made m different sub himgdoms on {undamentally diffesent plans
notwithstanding that & has throughout to perform the same funt
ton? Wit any one have the hardihood to assert that m the case of
the sheleton the Deity has endeavored to show his ingenwty, by the
manyfold functions to which he has made the same structure sub-
servient  while n the case of the eye he has endeavored to show kus
by the d which he has adapted to serve
the same function? ¥ 5o, it becomes a most unfortunate qrcum
stance that, throughout both the e and animal kangdoms al

cases which ¢an be pointed to as showwg ingenous adzpmt:on of the
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Fio 4--Wingof repuiles mammal and bied  (From Rome
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same typical structure to the pesformance of widely dufferent func
tions—or cases of homology without amalogy-~are cases which come
within the limits of the ssme natural group of plants and anmals, and
therefore admut of bemng equally well explamed by descent from a
commen antestry  while all cases of widely different steuctures per
formung the same function—or cases of analogy withaut homology,
are to be found m different groups of plants or anunals, and are
therefore suggestave of mdependent varations ansing o the different
fines of hereditary descent
To take a specific dlustration  The octopus, or dewal fish, belongs
to 8 widely different class of anumals from a true fish, and yet is eye,
5 genernl appearance looks wonderfully like the eye of a true fish
Now Vir Mivart powted to this fact as a great dufficulty 1n the way
of the theory of evolution by natural selection, because it must leasly
be 2 most unprobable thing that so complicated a stracture as the eye
of a fish should bappen to be amwved at through exch of two totally
<hfferent lines of descent Ang this difficulty would, mdeed, be 2
fornudable one to the theory of evalution, of the simulanaty were nat
only analogical but homological  Unfortunately for the objection
however Darwin clearly showed in his reply that in no one anatomcal
or homologous {eature do the twa structures resemble one another,
50 that, i pomnt of fact the two organs do not resemble one anather
i any partseular further than it 15 necessary that they should, if both
are to be analogous or 10 serve the same function as organs of sight
But now, suppose that this had not been the case and that the twa
structures besides presenting the necessary superficial or analogical
, had also d 2 lorh resem
blance, with what force mught 1t have then been urged,—your hypo-
thesis of hereditary descent with progressive modification bewng here
excluded by the fact that the animals compared belong to two widely
Aiferent branches of the tree of fe how are we to explain the dentity
of type mansfested by these two complicated organs of vision?  The
only hypothesis open 0 us 18 mteligent adherenes to an 1deal plan of
mechanism  But as this cannot now be urged 1 any comparable
case throughont the whale organic world we may, on the other hand
present it as a most significant fact that whnle within the hmats of the
same large branch of the tree of Lfs we constantly find the same
typical structures modified o as to perform very different functions
we never find any of these particular types of structure 1 other latge
branches of the tree  That s to say, we never find typical structures
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appeaning except n cases where their presence may be explamed by
the hypothes:s of hereditary descent, while i thousands of such cases
we find these structures undergomg every concervable variety of
adaptive modsfication
Consequently, spectal creatiomsts must fall back upon another
position and say,—Well, but 1t may have pleased the Detty to form
a certam number of 1deal types, and never to have allowed the
structures oceurring 1n one type to appear mn any of the others  We
answer,—Undoubtedly such may have been the case but, 1f s0, 1t 15
a most unfortunate thing for your theory, because the fact implies
that the Deity has planned his types in such a way as to suggest the
counter theory of descent  For instance, 1t would seem most capni
cous on the part of the Deity to have made the eyes of an mnumerable
number of fish on exactly the same 1deal type, 2nd then to have made
the eye of the octopus so exactly like these other eyes m superficial
appearance as to deceive so accomphshed a naturahst as Mr Mavart
and yet to have taken scrupulous care that m no one ideal particular
should the one type resemble the other However adopting for the
sake of argument this great assumption, let us suppose that God did
lay down these arbitrary rules for his own guidance m creation and
then let us see to what the assumption leads  If the Deity formed a
certain number of 1deal types, and determuned that on no account
should he allow any part of one type to appear mn any part of another
surely we should expect that within the Lmits of the same type the
same typical structures should always be present. Thus, remember
what efforts, so to speak, have been made to mamtan the vnuformity
of type in the case of the fore imb as previously explamed, and should
we not expect that i other and symular cases a stmilar method should
have been followed ? Vet we repeatedly find that this 1s not the case
Even w the whale as we have seen, the hind imbs are either alta.
gether absent or dwindled almost to nothing, andit1simpossible tosee
m what respects the hmd hmbs are of any less 1deal value than the
fore imbs—whuch are carefully preserved n all vertebrated anmmals
except the snake, and the extinct Dinormis where again we meet 1n
this particular with a sudden and sublime mdifference to the mam
tenance of a typical structure (Fig  5) Now I'say thatif the theory
of ideal types s true, we have in these facts evidence of a most unrea
sonable mconsistency But the theory of descent with continued
adaptive modification fully explamns all the known cases, for m every
case the degree of divergence from the typical structure which an
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Organiom presents corresponds 1n A qeneral way with the fength of
time dunng which the divergence has been gang on  Thus we

o
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{bypotheticaly scapula coracomd attached {Tram Romgner )

starcely ever meet with any greay departure from the typical form
With respeet (0 one of the Organs without some pf the other organs
bemz <o far modified as of themselves to indicate, on the sunposition
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of descent with modification that the ammal or plant must have been
subject to the modifying influences for an enormotsly long sertes of
generations  And this combined testimony of a number of organs i
the same orgamsm 1s what the theory of descent would lead us to
expect, while the rival theary of destgn can offer no explanation of the
fact, that when one organ shows a conspicuous departure from the
supposed 1deal type, some of the other organs m the same orgamsm
should tend to heep 1t company by domng hkewise

As an illustration both of this and of other points which have been
mentioned, I may draw attention to what seems to me a particularly
suggestive case  So-calleq soldier- or hermit-crabs are crabs which
bave adopted the habit of approprniating the empty shells of mollusks
In assocation with this pecuhar habit, the structure of these ammals
differs very greatly from that of all other crabs  In particular, the
hinder part of the body, which occupies the mollusk shell, and which
therefore has ceased to require any hard covering of 1ts own, bas been
suffered to lose 1ts caleareous integument, and presents a soft fleshy
character, quite unlike that of the most exposed parts of the amimal
Moreover, thus soft fleshy part of the creature 1s especially adapted to
the particular requirements of the creature by baving its lateral
appendages~—1 e, appendages which 1 other crustacea perform the
function of legs— modified $o as to 2ct as claspers to the mside of the
mollusk shell, while the tail end of the part i question 1s twisted
mto the form of a spiral whuch fits mto the spiral of the mollusk shell
Now, in Keeling Island there 1s a large hind of crab called Birgus lafro,
which hives upon land and there feeds upon cocoa nuts  The whole
structure of thus crab, 1t seems to me, unmistakably resembles the
structure of 2 hermit-crab (Fig 6)  Yet this erab nerther lives m
the shell of 2 mollusk nor 1s the inder part of its body 1n the soft and
fleshy condition just desenibed, on the contrary, 3t is covered with a
hard mtegument like all the other parts of theamumal ~ Consequently,
I think we may infer that the ancestors of Bergus were hermit crabs
Lving m mollusk shells, but that therr descendants gradually relin-
quished this habit as they gradually became more and more terrestzial,
while, concurrently with these changes m habit, the ongmally soft
postenior parts acquired a hard protective covenng to take the place
of that which was formerly supplied by a mollusk shell. So that, 1f
s0 we now have, within the hnuts of 2 single orgamsm evidence of
2 whole series of morphological changes m the past lustory of 1ts
species  First, there must have been the great change from an
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ordwmary erab to 2 hermut-crab i all the respects previously pointed
out. Next, there must have been the change back agan from a
hermit-crab to an ordimary crab, so far as hving without the necessity
of a mollusk shell 1s concerned.  I'rom an evolutionary pomt of view
therefore, we appear to have m the eusting structure of Birgus a
morphological record of all these changes, and one which gives us a
reasonable explanation of why the ammal presents the extraordinary
appearance which 1t does  But, on the theory of special creation 1t
15 mexplicable why this Jand-crab should have been formed on the
pattern of a hermit-crab, when 1t never has need to enter the shell of
amollusk  In other words, its peculiar structure 15 not espectally
keepimg mith its present hahts, although so curiously allied to the
sumilar structure of certain other crabs of totally different habits, m
relation to which the peculiarities are of plain and obvious sigmficance

I wll devote the remamder of this chapter to considering another
branch of the argument from morphology, to which the case of Birgi.
serves as a smitable mtroduction I mean the argument from rudi
mentary structures

Throughout both the animal and vegetable kingdoms we con
stantly meet with dwarfed and useless representattves of organs which
1 other and alled kinds of ammals and plants are of large size and
functional utiity Thus, for mstance the unbom whale has rudi
mentary teeth, which are never destined to cut the gums, and
throughout 1ts Iife thuis ammal retamns, n a simiarly rudimentary
condition, & number of organs which never could have been of use to
any kind of creature save a terrestrial quadruped The whole
anatomy of its internal ear, for example, has reference to heanng 1n
arr, as Hunter long ago remarked, “1s constructed upon the same
prnaple as in the quadruped , yet, as Owen says, the outer open
ng and passage leading therefrom to the tympanum can rarely be
affected by v of the here and indeed they
are reduced, or have degenerated, to a degree which makes 1t cifficult
to concewve how such vibrations can be propagated to the ear drum
during the brief moments m which the opening may be raised above
the water *

Now, rudimentary organs of this kind are of such frequent occur
rence, that almost every species presents ome or more of them—
usually, mdeed, a considerable number How, then, are they to be
accounted for? Of course the theory of descent with 2daptive mod
fication has a1 simple answer to supply—namely, that when from
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changed conditions of fe an organ which was previously useful
becomes useless 1t will be suffered 1o dnindle away 1 successive
generations under the mftuence of certamm natural eauses which we
shall have 1o consider 1 future chapters  On the other hand the
theory of special creation can only mamian that these Tudiments are
formed for the sake of adhenng 1o an rdeal type Now, here agan
the former theary appears to be trsumphant over the Jatter, for
without warting to < fate the w » lom of mahing duarfed and useless
structures merely for the whimsical motive assigned swrely if such a
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method were adopted i so many ¢ases we should expect that m con

aistency 1t would beadopted m alt cases This rexsonable expectation

howeser 1s far from being reabized  We have already seen that m
numberless cases stich as that of the fore im! 5 of sexpents no vestige
of a rudiment 15 present  But the vacilating policy i the matter of
rudiments does not end here for 1t 15 shown 1 g still more aggravated
form where withm the lumuts of the same natural groups of organisms
2 rudyment 15 sometumes present and somettmes absent.  Forinstance
although 10 nearly all the numerous species of snzkes there are
1o vestiges of unbs 1 the Python we find very tiny rudiments of
the hind limbs (Fig 7)  Now, 5 1t 2 worthy conception of Denty
that while néglectng to mawtam his unity of ideal 1 the case of
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nearly all the numerous species of snakes, he should have added a tiny
rudiment mn the case of the Python—and even m that case should
have mamntaned his 1deal very nefficiently, inasmuch as only two
hmbs, mnstead of four, are represented? How much more reasonable
15 the maturalistic mterpretation, for here the very irregulanty of
their appearance m different species, which constitutes rudimentary
structures one of the crowning difficulties to the theory of special
design, furmshes the best possible evidence wn favour of hereditary
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Fio 8—Apteryx australis  Drawm from Lle 1 the Zoolomical Gardens
$nat size  The external ning 1s drawn to a scale 1n the upper part of the cut
The surroundings are supphed from the most recent descriptrons (From
Romanes )

descent, seemng that this wregulanty then becomes what may be
termed the anticipated expression of progressive dwmdling due to
mutibity Thus, for example, to return to the case of wings, we have
already seen that in an extinct genus of bird, Dintorsis, these organs
were reduced to such an extent as to leave 1t still doubtful whether so
much as the tiny rudiment hypothetically suppled to Figure 5 was
present in all the species And here 15 another well known case of
another genus of still ewsting bud, which as was the case with
Dinornits, accurs only m New Zealand (Fig 8) Upon this island
there are no four footed enemies—erther existing or extinct—to escape
from which the wings of birds would be of any service Conse-
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Iimestone caverns under nearly the ssme chmate in the two continents
of Amenca and Europe so that m accordance with the theory of
specal creation very close sumillanty the organizations of the two
sets of faunas mught have been expected  But nstead of thos the
affimties of these twvo sets of faunas are with those of ther respective
contiments—as of course they ought to be on the theory of evolution
Agawn what would bave been the sense of creating the useless foot
stalks for the umaginary support of absent & es not to mention all the
other vanous grades of degeneration 1 other cases? So that, upon
the whole if we agree with the late Professor Agassz i sregarding
these cae anumals as furmshing a crucal test between the nval
theortes of creation and evolution we st further conclude that the
whole bodv of evidence which they now furmsh 15 weighing on the
side of evolution

So much then for & few special instances of what Darsin called
rudumentary structures but what mav be more descoptinely desig
uated~—n accordance with the theory of descent-—obsolescent of
vestigial structures It s however of great importance to add that
these structures are of such general occurrence throughout both the
\egetable and ammal hingdoms that as Darwin has observed, 1t is
almost unpossible to pomnt to a singhe spectes which does not precent
one or more of them.  In other words 1t 15 almost impossible to find
a smgle speaies which does not 1n this way bear some record of s owWn
descent from othes spectes and the more closely the structure of any

"

species 15 iy the more are such records
found tobe  Thus for example of all orgamsms that of man has
been most mnutely v d and fore I think

3t will be mstruetive to conclude thus chapter by giving a hst of the
more noteworthy 1 estigial strctures which are known to ocour 1 the
human body T will tale only those which are found m adult mas
reserving for the next chapter those w hich occur i a transitory manner
dunng eather penods of Tus We  But even as thus restricted, the
number of absolescent structures which we all present m our owtt
Person 15 50 kable, that thew combued 1o our descent
from 2 quadrumanous ancestry appears to me m self conclusive
I mean that even of these structures stood alone or apart from amy
more general evid: of our famuly rek hips they would be
sufficent to prove our parentage Nesvertheless it s desirable to
remarl. that of course these specal evidences which 1 am about 10
detail do zot stand slone. Not cnly 15 there the prperad aoalogy
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furrished by the general proof of evolution elsewhere, but there 15
likewise the more special correspondence between the whole of our
anatomy and tbat of our nearest zoological alhes  Now the force of
this latter consideration 1s so enormous that no one who has not
studied human anatomy can be m a position to appreciate it For
without special study 1t 13 impossible to form any adequate idea of the
mincacy of structure which s presented by the human form  Yet 1t
1s found that this enormously mtncate orgamsatron 15 repeated in all
1ts detauls n the bodues of the hugher apes  There 15 no bone, muscle,
nerve, or vessel of any importance 1n the one which 1s not answered
to by the other Hence there are hundreds of t} ds of

of the most detailed correspondence, without there bemng any mstances
to the contrary, if we pay due regard to vestigial characters The
entire corporeal structure of man 1s an exact anatorucal copy of that
which we find 1nt the ape

My object, then, here 1s to kmit attention to those features of our
corporeal structure which, having become useless on account of our
change m attitude and habats, are 1n the process of becommg obsolete,
and therefore occur as mere vestigial records of a former state of
things For example, throughout the vertebrated seres, from fish
to mammals, there occurs 1o the mner comer of the eye a semu
transparent eye-id, which 15 called the mctitating membrane  The
object of this structure 1s to sweep rapudly, every now and then
over the external surface of the eye apparently i order to keep the
surface clean  But although the membrane occurs m 2all classes of
the sub kingdom, 1t 1s more prevalent 1n some than 1n others—eg,
mn birds than n mammals  Even, however, where 1t does not occur
of a size and mobility to be of any use, 1t 1s usually represented, n
antmals above fishes, by a functionless rudiment, as here depicted
the case of man (Fig o)

Now the organisation of man presents so many vestigial structures
thus referning to vamous stages of lus long ancestral history, that 1t
would be tedious so much as to enumerate them Therefore I will
yet further it the list of vestigial structures to be gtven as examples
by not only restncting these to cases which occur m our own orgamsa
tion, but of them I shall mention only such as refer us to the very
last stage of our ancestral hustory—wviz , structures which have become
obsolescent since the time when our distinctively human branch of
the family tree diverged from that of our immediate forefathers, the
Quadrumana
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Fic g9 —Illustrations of the mict tating membrane m the varous an mals
pamed drawn from nature The letter & 1nd cates the membrane in each case
Inmanatss cafled the $7 ca semilunarss and 1s represented 1n the two lowes drawings
under this name In the case of the shark (Galeus) the muscular membrane 1s
shown as dissected  (I'rom Romanes )
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1 Muscles of the external ear —These, which are of large size
and functional use 1n quadrupeds, we retan 1n a dwindled and useless
condition (Fig 10} This 1s Ikewse the case 1 anthropoid apes
but 1n not a few other Quadrumana (e g baboons, macacus, magots,
etc) d has not ded so far, and the ears are
voluntarily movable

Fio 10 —Rudimentary or vestigial and useless muscles of the human ear
(Prom Roma cs after Gray )

2 Panmculus carnosis —A large number of the mammala are
able to move therr shan by means of subcutaneous muscle, as we see,
for mstance 1n a horse when thus protecting himself agamst the
sucking of fies  We in common with the Quadrumana, possess an
active remnant of such a muscle 1n the sk of the forchead, whereby
we draw up the eyebraws but we are no longer able to use other
considerable remnants of it 1n the scalp 2nd elsewhere —or more
correctly 1t 1s rarely that we meet with persons who can  But most
of the Quadrumana (including the anthropoids) are still able to do so
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There are also many other vestigial muscles, which oceur only i a
small percentage of human beings, but which, when they do occur,
present unmstahable homologes with normal muscles @ some of
the Quadrumana and stil lower ammals

3 Feet —¥t 1s observable that m the infant the feet have a
strong reflection mwards, so that the soles i considerable measure
tace oue another  This peculianty, which 15 even more marked m
the embrio than m the mfant, and which becomes gradually less and
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T16 11 ~Portra viayounggonlls  {From Romanes after Rartmann )

less conspictous even before the child begins to walk,, appears to me
a highly suggestine pecohianty  For 1t plaly refers to the condition
of things in the Quadrumana, seesng that m all these animals the feet
are symslarly euned mwards, to facilitate the grasping of branches

And even when walhing on the ground apes and monkeys employ to
a great evtent the outside edges of thesr feet, 2s does also 2 child when
learmng to walh  The feet of a young child are also extraordinarly
mobile i all divections as are those of apes  In order to shaw these
pomts, I here mtroduce comparatine drawings of a young ape and the
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lower extremities of a still younger chuld ~ These drawings, moreover,
serve at the same time to lustrate two other vestigtal characters,
which have often been previously noticed with regard to the infant’s
foot I allude to the mcurved form of the legs and the lateral exten
sion of the great toe, whereby 1t approaches the thumb hke character
of this organ m the Quadrumana  As i the case of the meurved
position of the legs and feet so 1 this case of the lateral extensibality
of the great toe, the peculiarity 1s even more marked i embryomc

Fic 13 —Lower extremuties of a young child  Drawn from hfe when the
mob le feet were for 2 short time at rest m a position of extreme inflection  (From
Romanes )

than 1 mfant Dfe  For, as Professor Wyman has remarked with
tegard to the foetus when about an mch n length, ¢ The great toe 1s
shorter than the others and, mstead of bemng parallel to them, 1s
projected at an angle from the side of the foot, thus corresponding
with the permanent condition of this part in the Quadrumana ” So
that this organ, which according to Owen 15 perhaps the most
characteristse peculiarity of the human structure  when traced back
to the early stages of its development 1s found to present a notably
less degree of peculianty
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4 Hands —Dr Lows Robmson has recently observed that the
grasping powet of the whole human hand 15 so surpnsingly great at
Birth and dunng the first few weeks of mfancy as to be far in excess
of present requirements on the part of a young child  Hence he con
cludes that 1t refers us to our quadrumanous ancestry—the young of
anthropoid apes bemng endowed with sum lar powers of grasping
order tohold on to the haw of the mother when she s using her arms for
the purposes of locomotion  This inference appears to me justifiable

FIG 13 —4 [
minutes
duced from
Rob nson

masmuch as no other explanation can be given of the comparatively
mordinate muscular force of an imfants gnp For experiments
showed that very joung babies are able to support their own we ght
by hold ng on to a honzontal bar for a period varymg from one
balf to more than two minutes With 1 hind permission I here
repreduce one of Dr Robinson s instantaneous and hitherto unpub-
lished photographs of a very young mfant This photograph was
taken after the above paragraph (3) was written and I introduce1t
here because 1t serves to show iaidentally—and perhaps even better
than the preced ng figure—the ponts there mentioned with regard
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to the feet and great toes Agam, as Dr Robinson observes, the
attitude, and the disproportionately large development of the arms
as compared with the legs give all the photographs a stnking resem-
blance to a picture of the chimpanzee “Sally” at the Zoological
Gardens For “mvariably the thighs are bent nearly at night angles
to the body, and m no case did the Iower imbs hang down and take
the attitude of the erect position” He adds, “In many cases no
sign of distress 15 evinced, and no cry uttered, untl the grasp
begms to gne way

MAN

GORILLA

FI1c 14 —Sacrum of gonlla compared with that of man showing rudmmentary
tail bones of each  Drawn from nature  (Frons Romanes )

5 Tail —The absence of a tail 1n man 1s popularly supposed to
constitute a difficulty agamnst the doctrine of his quadrumanous
descent  As a matter of fact, however, the absence of an external
tail 1 man 1s precisely what this doctrine would expect seeng that
the nearest allies of man m the quadrumanous seres are hkewise
destitute of an external tal  Far, then from this defictency 1o man
constituting any difficulty to be accounted for, 1f the case were not
so—1e, if man did possess an external tail,—the difficulty would be
to understand how he had managed to retain an organ which had been
renounced by his most recent ancestors  Nevertheless, as the anthro-
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poid apes continue to present the rudimentary vestiges of 2 tal m a
few caudil vertebrae below the integuments, we might well expect to
find a sumilar state of matters i the case of man  And this 1s just

F1¢ 15 —D agrammatic outlne of the human embryo when about seven
weeks old sho v ng the relations of the imbs and tail to the trunk  (1fter Allen
Thompso } r the radial and u the ulnar border of the hand and forearm
4 the tibtal and f the fibular border of the foot and lonerleg e ear u» spmal
cord % umblical cord b bronchial gsll shts ¢ ta)l  (From Romanes )

W Utgrngaacels Rersidotecsd
Corpronss cocgeilis Cockrx

Iic 16 Front and back view of alult human sacrum showing abnormal
pers stence of vestigtal tad muscles  (From Romanes )

what we do find, as a glance at these two comparative illustrations
will show (Fig 14) Moreover, duning embryonic Iife, both of the
anthropord apes and of man, the tail much more closely resembles
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that of the Jower hinds of quadrumanous ammals from which these
higher representatives of the group have descended  Forata certain
stage of embryomc hfe the tail, both of apes and of human beings, 15

FI6 17 —Appendix vermiformus 1n orang and m man I hum Co colon
€ coecum Ty, a window cut i the wall of the coecum szv the appendix  (From
Romanes )

FI1G 18 —The same showing vartation 1n the orang  (I'rom Romanes }

actually longer than the legs (see Fig 15) And at this stage of
development also the tail admts of being moved by muscles which
later on dwindle away Occasionally however these muscles persist
and are then described by anatomusts as abnormalities  The illustra,
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tions on page 82 (Fig 16) serve to show the muscles in question when
thus found mn adult man

6 Vernuform appendix of the coecum —This 15 of lasge size and
functional use m the process of digestion among many herbivorous
ammals while s man 1t 15 not only too smail to serve any such
purpose but 1s even a saurce ot danger to hfe—many persons dying
every year from wflammation set up by the lodgement m thus bhod
tube of frmit stones etc

In the orang 1t 15 longer than 1 man (Fig 7) as it 15 also mn the
human foetus proportionally compared with the adult (Fig 18) In
some of the Jower herbrvorous amimals it 1s Jonger than the entire body

Like the vestimual structures in general however this one 15
ghly varable  Thus Figure 18 serves to show that it may some-
times be almost as short m the orang as 1t normally 1s in man~both
the buman subjects of ths Hlustration having been normal

7 Ear—\[r Darnw writes

The celebrated sculptor Mr Woolner nforms me of one hutle

pecubanty in the external ear which he has often observed both i
men and women The pecultanity consists m a hittle blunt
pomt projecting from the wwardly folded margm or helix  When
precent it 1s developed at burth and accordmg to Professor Ludwig
Meyer more frequently in man than i woman
Mr Woolner made an exact model of one such
case and sent me the accompanying drasw
ing [Fig xg] The helix obviously con
sists of the extreme margm of the ear folded
wnwards and the foldmg appears to be 1n
some manner connected with the whole external
ear bemng permanently pressed bachwards  In
many monkeys which do not stand high m
ke order as baboons and some spectes of
macacus the upper portion of the earisshightly
ponted and the margin 1s not at all folded  I'tc xg~Human ear
mwards but if the margn were to be thus modeled and deavn by
folded a shght pomnt would necessartly pro- Mr Wioolner g the pro-
Ject towards the contre In Figure 20 i::::fw ot (From ko
1s shonn an accurate copy of a photograph
of the foetus of an omng (hindly sent me by Dr Nutsche)
which it may be seen how dufferent the ponted outlne of the car 1s
at this penod from its adult condition, when 1t bears a close general




EVIDENCES FROM MORPHOLOGY 85

resemblance to that of man (ncluding even the occasional appear-
ance of the projecting pomnt shown 1 the preceding woodeut) Itis
evident that the folding over
of the tip of such an ear,
unless 1t 15 changed greatly
dunng 1ts further develop-
ment, would gne nse to a
pomt projecting inwards 7%
The woodcut on page 86
(Fig 21)servesstill further to
shaw vestigial resemblances
between the human ear and
that of apes The last two
figures 1illustrate the general
resemblance between the nor-
mal ear of foetal man and the
Fio 20 —Foetus of an orang Ewact 4T of an adult orangoutang
copy of a photograph showng the form of The other two figures on the
ear at this early stage  (From Romanes ) lower line are intended to
exhubit occasional modifica-
tions of the adult human ear, which approumate suman characters
somewhat more closely than does thenormal type It will be observed
that 11 their comparatively small lobes these ears resemble those
of all the apes, and that while the outer margin of one 1s not unlike
that of the Barbary ape, the outer margin of the other follows those
of the chimpanzee and orang  OF course 1t would be easy to select
individual human ears which present either of these characters i a
more pronounced degree, but these ears have been chosen as models
because they present both characters in conjunction  The upper row
of figures hlewise shows the close stmilanty of hair tracts, and the
direction of growth on the part of the harr atself, i cases where the
human hair happens to be of an abnormally hirsute character But
this particular mnstance (which I do not think has been previously
noticed) introduces us to the subject of hawr and hamr growth, n
general
8 Harr —Adult man presents rudimentary hairs over most parts
of the body ~Wallace has sought to draw a refined distinction between
this vestigial coating and the useful coating of quadrumanous
anmals, 1n the absence of the former from the humanback  But even
* Descent of Man (2d ed ), pp 15-16
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this refined distinction does not hold On the one band, the com
paratively hairless chimpanzee which died last year n the Zoological
Gardens (T caluns) was remarkably denuded over the back, and, on
the other hand, men who present a considerable development of hair
over the rest of their bodies present 1t alsa on therr backs and shoul
ders  Again, 1n all men the rudimentary hair on the upper and lower
arm s directed towards the elbow—a peculianty which occurs nowhere
else 1n the ammal kingdom, with the exception of the anthropoid apes
and 2 few American monheys, where 1t presumably has to do with
arboreal habats  For, when sittmg in trees, the orang, as observed by
Mr Wallace, places 1ts hands above 1ts head with 1ts elbows pomnting
downwards, the disposition of hair on the arms and fore-arms then
has the effect of thatch i turning the ran  Agam, I find that in all
spectes of apes, monkeys, and baboons which I have exammed (and
they have been numerous), the hair on the backs of the hands and feet
1s continued as far as the first row of phalanges, but becomes scanty,
or disappears altogether, on the second row, while 1t 15 mvarably
absent on the termnal row I also find that the same pecuhanty
occurs m man  We all have rudimentary hair on the first row of
phalanges, both of hands and feet when present at all, 1t 15 more
scanty on the second row, and mn no case have I been able to find any
on the terminal row  In all cases these peculiarities are congenital,
and the total absence or partial presence of hair on the second pha
langes 1s constant 1n different species of Quadrumana  For mstance
1t 1s entirely absent 1n zll the chimp which I have
while scantily present 1 all the orangs As m man, it occurs 1z a
patch midway between the jomnts.

Besides showing these two features with regard to disposition of hair
onthehuman arm and hand the woodeut on page 88 (Fig 22) llustrates
athud By looking closely at the arm of the very hairy man from whom

La e -2

the specimen of the latter however, from which the drawing was taken
tlus charactenstic was not well marked The downward direction of
the hair on the backs of the hands 1s exactly the same 1t man as 1t 15
m all the anthropoid apes Again with regard to harr, Darwm
no 1ces that occasionally there appears 10 man a few hairs m the eye
brows much longer than the others and that they seem to be
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representative of simlarly tong and scattered hairs which occur
m the chimpanzee, macacus, and baboons

Lastly, 1t may be here more conveniently observed than in the
next chapter on Embryology, that at ahout the sixth month the human
foetus 15 often thickly coated with somewhat long dark hair over the
entire body, except the soles of the feet and palms of the hands, which
are hikewsse bare i all quadrumanous ammals ~ This covering, which
18 called the lanugo, and sometimes extends even to the whole fore-
head, ears, and face, 1s shed before birth  So that 1t appears to be
useless for any purpose other than that of emphatically declarning man
2 chuld of the monhey

9 Teeth —Darwin writes

“It appears 2s 1f the postenor molar or wisdom tecth were tending
to become rudimentary 1n the more civilized races of man  These
teeth are rather smaller than the other molars, as 1s hkewise the case
with the corresponding teeth in the ch and orang, and they
have only two separate fangs ‘They are also much more lizble
o vary, both m structure and 1n the period of their development
than the other teeth In the Melaman races, on the other hand, the
wisdom teeth are usually furnished with three separate fangs, and are
usually sound (1 ¢ not specially hable to decay), they also differ from
the other molars 1n size, less than in the Caucasian races ”

Now, n addition to these there are other respects in which the
dwindling condition of wisdom teeth 15 mamfested—particularly with
regard to the pattern of their crowns  Indeed, in this respect it would
scem that even 1 the anthropoid apes there 1s the beginning of 2
tendency to degeneration of the molar teeth from behind forwards
For 1f we compare the three molars 1 the lower Jaw of the gonlla
orang, and chimpanzee, we find that the gonlla has five well marked
cusps on all three of them, but that in the orang the cusps are not so

d, while n the chump there are only four of them on
the third molar  Now 1 man 1t 15 only the first of these three teeth
which normally presents five cusps, both the others presenting only
four So that, companng all these genera together, 1t appears that
the number of cusps 1s bemng reduced from behind forwards, the
clumpanzee having lost one of them from the third molar, while man
bas nat anly Jost this, but also ore from the second molar,—and it
may be added hkewse partially (or even totally) from the first molar,
asa frequent vanation among avilized races  But, on the other hand
vanations are often met with 1n the opposite direction where the
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second or the third molar of man presents five cusps—in the one case
following the chimpanzee in the other the gomlla  These latter vana
tions, thesefore, may fauly be regarded as reversionary For these
faets T am indebred 1o the hindness of Me € § Tomes

10 Perforations of she bumerns —The pecubanties which we
hove 10 notwce pnder this heading are two in number  First, the
supra condy Joid foramen 35 2 normal feature 1n some of the lower
Quadrumana (Fig 24), where 1t gives passage to the great nerve of

R
N Goritin uy g ORANG AN

F1& 83 ~\alar teeth of lo Yer jaw in gonilz orang and man  Drawn from
nature nat suze  {From Remanes §

the forearm and often also to the great artery  In man, however,
it 1s not a normal feature et 1t occurs m a small percentage of
cases—~yaz , according to Sir W Turner, 1n about one per cent, and
therefore 15 regarded by Darwin as a vestypal character  Secandly,
there 15 mnter-condylnd foramen, w nch 1s also sttuated near the loner
end of the humerus, but more 1 the mddle of the bone  Thas oceurs,
but not constantly, 1n apes, and also 1n the humas speaes. From
the fact that 1t dots so much more frequently 1n the bones of ancient
~~and also of some savage—races of manhiad (viz 1n 20 to 30 per cent
of cases}, Darwin 1s disposed to regard 1t also as a vestigal feature.
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On the other hand, Prof Tlower tells me that 11 his opinion 1t 18 but
an expression of impovenshed nutrition during the growth of the bone

11 Flatteng of Tibia —In some vety ancient human skeletons
there has also been found a lateral flattening of the tibia which rarely
octurs 1 any eusting human bemngs but which appears to have
been usual among the earhest races of mankind hitherto discovered
According to Broca, the measurements of these fossil human tibiae
resemble those of apes  Moreover, the bone 15 bent and strongly

SAKI A
JAVAY LORIS

MAp GAPVGHIY

F16 24.~Perforat ons of the humerus (supra condyloid forame ) 1 three
spec es of Quadrumana where 1t normally o curs and m man where 1t does not
normally 0 cur  Drawn from nature  (From Romancs )

convex forwards while 1ts angles are so rounded as to present the
nearly oval section seen m apes It 1S 1n association with these
ape like human tibuae that perforated humert of man are founl 1n
greatest abundance

On the other hand however there 15 reason to doubt Whether
this form of tibia m man 1s really a survival from his quadrumanous
ancestry Tor as Boyd Dawkms and Hartmann have pomnted out
the degree of flattening presented by some of these ancient human
bones 1s greater than that which occurs m any eusting species of
anthropoid ape  Of course the possibility remams that the unknown
species of ape from which man descended may have had its tibia more
fluttered than 1s now observable 1n any of the existing species  Never
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theless, as some doubt attaches to ths particular case, I do not press
it—and, mdeed, only mentwn it at ail m order that the doubt may be
expressed

farly, I wll Tude by king that several other mnstances
of the survival of vestigial structures in man have been alleged, which
are of & stll more doubtful character  Of such, for example, are the
supposed absence of the genial tubercle 1n the case of a very ancient
jawebone of man, and the disposttion of valves i human vems
From the former st was argued that the possessor of thus very ancient
Jaw bane was probably speechless mnasmuch as the tubercle w existing
man gives attachment to muscles of the tongue  From the latter it
has been argued that all the valves m the vems of the human body
have reference, m their disposttion to the mnaidence of blood pressure
when the attaitude of the bodv is horizontal, or quadrupedal  Now,
the former case has aiready broken down, and I find that the latter
does not hold  But we can well afford to lose such doubtful and
spurious cases  view of ali the foregomg enquestionable and genwne
cases of vestigial structures which ave to be met with even within the
lmmuts of our own organization—and even when these hamts are still
further limited by selecting only those mstances which refer to the
vety latest chapter of our long ancestral hustory




CHAPTER VI
EVIDENCES FROM CLASSIFICATION

THE PRINCIPLES OF CLASSIFICATION'
A ¥ SHULL
The International Code —Some of the essential features of the
International Code are as follows The first name proposed for a
genus or species prevalls on the condition that it was published and
d by an adeq description or mdication, and
that the author has applied the ples of b lature
This 15 the so-called law of priorsty The tenth edition of the Sytema
Noturae of Linnaeus 1s the basis of the nomenclature  The author of
2 genus or species 15 the person who first publishes the same m connec
tion with 2 defnition mdication or description and his name m full
or abbreviated 1s given with the name thus Bascaman anthonyt
Steyneger In catations the genenc name of an ammal 1s wntten with
a capital letter, the speaific and subspecific name wathout imtal
capital letter The name of the author follows the specific name
{or subspeaific name 1f there 15 one) without mtervenng punctuation
If a spectes 15 transferred to a genus other than the one under which
it was first described or if the name of 2 genus 1s changed the author s
name 1s included in parentheses For example Bascanton anthony:
Stejneger should now be wntten Coluber anthanys (Steyneger) the ge-
nencname of this snake having been changed  One species constitutes
the #ype of the genus that 1s 1t 1s formally destgnated as typical of
the genus  One genus constitutes the type of the subfamily (when a
subfamly cx.\st.s), and one genus forms the type of the family The
type 15 mnd; d by the describer or 1f not nd d by hum 15 fixed
by another author The name of a subfamily 15 formed by adding
the ending -snge and the name of a family by 2dding -tdae to the root
of the name of the type genus  For example Colubrinae and Colubn
dae are the subfarmly and family of snakes of wiuch Coluber 1s the
type genus
‘The basis of —Early largely employ
superficial characters to differentiate and classify amimals and their

*From A. F Shull Princsples of Animal Buology (copynght 1920) Used by
special permussion of The McGraw Hill Book Campany

o3
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classtfications were thus largely artifictal and served prmcipally as
comvement methods of arrangement, description and cataloging
Since the tme of the development of the theoty of descent with
modsfications by Lamarch {x800) and Darwn (1850), there has been
an attempt to base the clssification on relationships  Very nearly
related ammals are put into the same spectes They are related
because they descend from a common ancestry, and that common
ancestry could not in most cases have been very ancent, otherwise
evolution within the group would baye occurred and the species would
have been spht mto two or more species  Species that are much
alike are mcluded n one genus hemny thus marhed off from the species
of another genus  The simalanty of the species of 2 genus 1s held to
mdicate kinship but since there 15 greater iversity among the mdt
viduals of a genus than 2mong the membersof a species, the common
stock from which the spectes of a. genus have sprung must have existed
at an cather time 1 order that evolution could bring about the degree
of davergence now observed  In hbe manner, a family 1s made up of
genera, and zhen bheness 15 agam a sign of a.ﬁ'mxty Buc to account
for the greater d between the exts d to
a famly evolution must have had more me that 1, the comman
source of the members of 2 family must have antedated the common
source of the mdividuals of 2 genus  Orders classes, and phyla are
sumilarly regarded as having sprung from successively more remote
ancestors the time differences being necessary to allow for the duffer
ences m the amount of evolution  This statenent (< 1 general correct
However, since evolution has prebably not proceeded at the same rate
at all periods nor tn all branches of the ammal kingdom at any one
tune, the time relations of the groups of high or low rank must notbe
toondly assigned  Thus certam genera, mn which evalution has been
slow, are probably much older than some faratkes m which evofution
basbeenrapid It 1 not improbable also that some genera are qmite
as old as the famulies which melude them, but 1n no case can they be
older Turthermore, different groups are classified by taxononusts of
different temperaments so that groups of a given nomumal rank may
‘be much more wclusive (and hence older) 1 one branch of the ammal
kingdom than m another  On the whole, nevertheless, the groups of
higher rank have <prung from antestry more remote than that of the
groups of Jower rank

The means of recognizing the kmship wmpled 1o classification
perzmt some differences of opimion Tt 13 recognized that dikeness m
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structural characters is the cluef clue to affimties. However, the
evidential value of similanity m one or several structures unaccom
pamed by the similanty of all parts 1s to be distrusted, since ammals
widely d and d lar i most ch may have certam
other features in common  Thus, the coots, phalaropes and grebes
among birds have lobate feet but, as indicated by other features, they
are not closely related, and there are certain hzards (Amphisbaemdae)}
which closely resemble certam snakes (Typholopidae) mn being blind,
lLumbless, and having a short tail  The early systematists were very
hable to bring together in their classification analogous forms that 15,
those which are funchionally sumilar, or amimals which are super
fically smilar  In contrast with the early practice, the aim of
taxonomusts at the present time 1s to group forms according to homol
ogy, which 1s considered an indication of actual relationship  Since
a genetic ¢l 100 must take mto deratton the entire amimal
the search for affinities becomes an attempt to evaluate the results
of all morphological knowledge, and 1t 15 also becoming evident that
other things besides structure may throw light upon relationships
The fossil records geographical distribution, ecology and expen
mental breeding may all assist in establishing affinities

‘The method of taxonomy —It 15 evident that before the relation
ships of amimals can be determmed the forms must be known, for
unknown forms constitute breaks in the pedigrees of the groups to
which they belong  Moreover as pointed out above, the structural
characters, variation and distribution must be known before a form
can be placed m the proper place i a genetic system For these
reasons an mmportant part of systematic work 1s the description of
forms and an analysis of therr differences After the Limnaean
system was adopted zoologists attacked this virgin field and for many
years “species making ’ predommated Even at the present time
when other aspects of zoology have come to recerve relatively more
attention it 1s an mteresting fact that the analytical method prevails
in systematic studues, and taxonomy suffers from and 1n part ments
the entism that 1t 1s a mere catalogmg of forms and ignores the
higher goal of investigation, namely, the discovery of the course of

lution  Many 1sts however, that the ultimate
purpose of taxonomic work 1s to discover the relationships as well as
the differences between the described forms i order that the course of
evolution may be determined  In other words, 1t 1s appreciated that
while analytical studies are necessary they are only prelmnary, and
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that upon their results must be built synthetic studies, 1f taxonomy
15 to fulfil ats purpose

THE METHOD OF CLASSIFICATION

CHARLES DARWIN'

Naturalists, as we have seen, try to arrange the species, genera,
and families i each class on what 1s called the Natural System  But
what 1s meant by this system? Some authors look at 1t merely as a
scheme for arranging together those Living objects which are most
alike, and for separating those which are most unlike, or asan artificial
method of enunciating, as briefly as possible, general propositions,~
that 15, by one sentence to give the characters common, for tnstance
to all mammals, by another those common to all carnivora, by another
those common to the dog genus, and then, by adding a smgle sentence,
a full description 15 given of each kind of dog The mngenuity
and utiity of this system are indisputable But many naturalsts
think that something more 1s meant by the Natural System, they
believe that it reveals the plan of the Creator, but unless 1t be specified
whether order 1n time or space, or both, or what else 1s meant by the
plan of the Creator, 1t seems to me that nothing 1s thus added to our
knowledge Expressions such as that famous one by Linnaeus, which
we often meet with 11 a more or less concealed form, namely, that the
characters do not make the genus, but that the genus gives the charac-
ters, seem to 1mply that some deeper bond 1s included 1n our classifica
tions than mere resemblance I believe that thisis the case, and that
communty of descent—the one known cause of close sumilanty
organic beings—is the bond which, though observed by vanous
degrees of modification 15 partially revealed to us by our classtfications

Let us now consider the rules followed i classification, and the
difficulties which are encountered on the view that classification exther
gives some unknown plan of creation, or 1s simply a scheme for
enunciatmg general propositions and of placing together the forms
most like each other It might have been thought (and was in ancient
tumes thought) that those parts of the structure which determmned the
habats of Iife, and the general place of each being in the economy of
nature, would be of very high waportance i clasufication  Nothung,
can be more false  No one regards the external similarity of 2 mouse
to a shrew, of a dugong to a whale, of a whale to a fish, as of any

+ From The Origim of Speesrr
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‘These bl , though so mtimately connected
with the whole bfe of the bemg, are ranked as merely * adaptive or
analogical characters * but to the deration of these it}
weshall recur It may even be given, as a general rule that the less
any part of the organisation 1s concerned with special habits the more
mmportant 1t becomes for classification  As an mstance Owen, 1n
speaking of the dugong, says, * The generative organs, being those
which are most remotely related to the habits and food of an ammal
T have always regarded as affording very clear mdications of its true
affiities  We are least likely m the modifications of these organs to
mustake a merely adaptive for an essential character  \\ith plants
how remarkable 1t 15 that the organs of vegetation, on which ther
nutntion and Life depend, are of Lttle sigmification  whereas the
organs of reproduction, with their product the seed and emt ryo are
of paramount importance! So agam m formerly discussing certan
morphological characters which are not functionally important, we
have seen that they are often of the highest service m classification
Thus depends on their constancy throughout many allied groups and
their constancy chiefly depends on any shght deviations not having
been preserved and accumulated by natural selection which acts only
on serviceable characters

WHAT IS A SPECIES?

Each kind ot ammal or plant that is each set of forms which
n the changes of the ages has diverged tangibly from 1ts neighbors
is called a species ‘There 13 no absolute defimtion for the word
species  The word kind represents 1t exactly m common language,
and 1s just as susceptible to exact defimtion  The scienttfic 1dea of
species does not differ matermally from the popular notion A and of
tree or burd or squirrel 1s & species  Those ndividuals which agree
very closely 1n structure and function belong to the same species
There 15 no at solute test, other than the common judgment of men
competent to dende Naturalists recognize certain formal rules as
assistng m such a decision A series of fully mtergrading forms
however varied at the extremes, 1s usually regarded as forming a simgle
speczes  There are certain recognized effects of chmate of climatic
tsolation, and of the 1solation of domestication  These do not v ually
make 1t necessary to regard as distmct species the extreme forms of
a series concerned *

*From D S Jordanand V L Rellogy Evolution and An mal Life
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The term ‘spectes was thus defined by the celebrated totamist
De Candolle ‘A species 15 a collection of all the individuals which
resemble each other more than they resemble anything else, which can
by mutual fecundation produce fertile mdividuals and which repro
duce themselves by generation 1n suck 2 manner that we may from
analogy suppose them all to have sprung from one single mdividuat
And the zoologist guves a hat simitar d
species 1 the usual acceptation of the term 1s an anural which, 1
a state of nature 1s distinguished by certain peculiznities of form, size
colour or other circumstances from another ammal It propagates
afteritshind individuals perfectly resembling the parent 1ts pecu
lantes therefore are permanent  *

As will have become apparent, the sigmficint assumption
underlying classification 15 that the closest fundamentl similarities
between ammals (or plants) are found m the forms most closely
related and that the greatest differences are found m those forms which
are unrelated or at best very distantly related The assumption
1mplies the 1dea of descent mith modification which 1s no more nor
less than evolution Using this evolutionary basis we can arnive at
an extremely satisfactory classification both of hving and of extmet
forms and there 1s no other bas:s of classif cation that works

The question mught well be asked whether 1t 15 possible to test the
vahdity of the assumption that degrees of resemblance vary directly
with closeness of blood relationship? Two direct tests of this may
be and have been made The closest of blood relatives possible are
individuals that have been derived by the dividing of a single egg
Armadillo’ quadruplets have been shown to be thus derived, and
detailed studies of the closeness of resemblance existing between
members of a given set indicate that they are vastly more alike than
are the simultaneously born offspring of ammals which give birth to
several young, but in which each young 1s derived from a separate egg
If we use the index of correlation to ind cate the degree of similanty
between individuals we find that ordinary brothers or sisters are only
about 5o per cent allhe, while armadillo quadruplets are over go per
centalihe Identical or duplicate twins in human beings zre helieved
to have an ongin from one egg, after the fashion of the armadillo

3From A R Wallace Dorwimssm

2See T H Newman The Biology of Twns (z017) University of Chicago
Press
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though the proof has not been forthcommg Everyone 1s familiar
with the remathable stnilanty, amounting almost to identity, between
such twms  Thus we are able to show that the closest blood relation
ship known 1s associated with the closest resemblance The next
degree of resemblance 1s between members of the same fammly
brothers wisters, cousms, etc., and we do not hesitate to explam this
resemblance as due to blood relationship  In this we merely accept
the known printiples of heredity

The second direct test of the valdity of the assumption that
degrees of resemblance run parallel with degrees of blood relationship
15 found 1o connection with “blood precipstation tests”  This ev1
dence, as presented by Professor Scott forms the substance of the next
chapter
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obtamed with the bloods of Simudae (1e  Man Iike Apes) closely
resemble those obtained with human blood the bloods of Cercopithe
adae (0ld World Monkeys) came next followed by those of Cebidae
and Hapal dae (New World Monkeys and Marmosets) which gave
but shght reactions with anti human serum whlst the blood of
Lemuroidea gave no indwation of blood retationship A perusal
of the pages relating to the tests made upon the many bloods I have
exammed by means of prec p tating ant sera will very clearly show
that this method of myestigation permats of our drawmng cerian
defimite conclustons  It1s a remarkable fact that a common
property has persisted in the bloods of certamn groups of ammals
throughout the ages wh ch have elapsed during their evolution from
a common ancestor and this tn spite of differences of food and habts
of bfe The persistence of the chemical blood relationship between
the vanous groups of animals serves to carry us back into geological
tumes and I believe we have but begun the work along these hnes
and that 1t will fead to valuble results in the study of various problems
of evalution

The general conclusions on mterrelattonships so far as they are of
particular interest for our purpose reached by Nuttall and Graham
Smuth as the result of many thousands of blood tests may be summa
nized as follows

1 I sufficenily strong solutions be used and time enough be
sllowed a relationship between the bloods of all mammals 13 made
evident

2 The degrees of relationship between man apes and monkeys
have already been noted.

3 Anti-camivore sera show  a preponderance of large reactions
amongst the bloods of Carivora as distinguished from other Mam
maha  the maumum reactions usually take place amongst the more
closely related forms mn the sense of descriptive zoblogy

4 Ant pig sesum gives maumum reactions only with the bloods
of other species of the same farily moderate reactions those of rumi
nants and camels and moderate or slight reactions wath those of
whales Ant1 llama serum gives a moderate reaction with the blood of
the camel and the close refationship between the deer famuly and the
great host of antelopes sheep goats and oxen is clearly demonstrated

5 Ants whale serum gives maxumum reactions only with the
bloods of other whales and slight reactions with those of pigs and
rununants,
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6 A close relationship 15 shown to exst between all marsupials
with the exception of the Thylzcine, or so-called Tasmaman Wolf

7 Strong ant1 turtle serum gives maximum reactions only with
the bloods of turtles and crocodiles, with those of Lizards and snakes
the results are almost negative With the egg albumins of reptiles
and birds 2 moderate reaction 1s given

8 Anti lizard serum produces maxmum results with the bloods
of lizards and reacts well with those of snakes

9 These expeniments wmdicate that there is a close relationship
between lizards and snakes, on the one hand, turtles and crocoddes
on the other  They further indicate that birds are more nearly allied
with the turtle crocodile senes than with the lzard snake series
results for which palacontological studies had already prepared us

10 “Tests were made by means of anti sera for the fowl and
ostrich upen 792 2nd 649 bloods respectively  They demonstrate a
sunmlanity 1n blood constitution of all birds, which was m sharp con
trast to what had been observed with mammalian bloods, when acted
upon by anti mammalian sera  Differences m the degree of reaction
were observed, but did not permit of drawing any cenclusions ”

11 I have already called attention to the fact that the prob-
lematical Horseshoe crab 1s mdicated by its embryology to be related
to the air breathmg spiders and scorpions rather than to the marime
Crustacea It 1s of exceptional interest to learn that embryology 15
supported by the results of the blood tests

It must not be supposed that there 1s any exact mathematical
ratio between the degrees of relationship mdicated by the blood tests
and those which are shown by anatomical and palaecontological
evidence Any supposition of the kind would be immediately nega
tived by the contrast between the blood of mammals and that of birds
It could hardly be mamtaned that an ostnich and a parrot are
more nearly allied than a wolf and a hyena and yet that would be
the mference from the blood tests Like all other anatomucal and
physwological characters the chemical composition of the blood 15
subject to change in the course of evolution and these developmental
changes do not keep equal pace i 21l parts of the orgamsm  Its the
rule rather than the exception to find that one part of the structure
advances much more rapidly than other parts, such as the teeth, the
Yxull, or the feet The human body 15, fortunately for s, of rather
3 pnmtive hind whale the development of the bram 1s far supenor
to that of any other mammal and this great bramn development has
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necessitated a remodelng of the skull On the other hand, the
skeleton, hmbs, hands and feet are but shghtly specialized In the
elephant tnbe, so far as we can trace them back m time, there has
been hitle change, save in size, m the structure of the body or limbs,
while the teeth and shull have passed through a senes of remarkable
changes It s for this reason that 1t 18 unsafe to found a scheme of
classification, which 1s meant to be a brief expression of relationship,
upon a single character, for the result 1s almost invariably misleading
The results of blood tests must be entically examined and checked by
a cornpanson with the results obtained by other methods of tnvestiga
tion, but after every allowance has been made, these tests are very
remarkable

The blood tests have brought very strong confirmation to the
theory of evolution and from an entirely unexpected quarter, they
come as near to giving a definite demonstration of the theory as we
are likely to find, until experimental zoology and botany shall have
been improved and perfected far beyond their present state.



CHAPTER VIII
EVIDENCES FROM EMBRYOLOGY

THE FACTS OF REFRODUCTION AND DEVELOPMENT

It 15 now defimitely known that all Living creatures are mortal, at
least as mdividuals, but they all have the capaaty of contmuing their
Ife by the reproduction of offspnng This physical immortahty 15
based upon an actual transmission from parent to offspring of some
matenal substance which 15 so orgamzed chemucally as to be fully
representative of the race or stock to which the parent belongs

Reproduction may be asezuol or sexual In asexual development
2 new mdividual may be produced by a process of fisston (dividing the
parent mto two or more parts, each of which has the capaaty to
de\'elop mto 2 whole new mdvidual), by budding (the production of
new by means of outgrowths of the parent body), or by
gving off spores or eggs capable of development without fertiliza
tion (parthenogenesss) In sexual reproduction two kinds of parent
ndviduals exist  one a female which 1s capable of giving off relatively
large smgle cells called eggs (ova), and the other 2 male, which 1s
capable of producing minute, usually motile cells, called spermatozoa
A umon of ovum and spermatozoon 18 usually necessary before the
ovum can begn 1ts development It 1s the sexual method of repro-
duction that will chuefly concern us here, and, for present purpases, we
may omit any further mention of the vanous asexual methods

An ovum may be conceived of as an mdividual of some defimte
speaies or race reduced to the very lowest terms It exhibits the
charactenstic cell structure, consisting of cytoplasm and nucleus cell
membrane, nuclear membrane, usually a centrosome (Ig 40}
Further detalls as to the minute structure of the nucleus are given 1n
chapter xhv, where the mechanism of Mendelian heredity 1s dealt
with

¢ The reproductive cells from the two sexes,” says Wnght,® “have
very different appearances In mammals the ovum 1s a relatively
large, sphencal cell, just visible to the naked eye

* From Sewall Wnight Principles of Livestock Breeding Umted States Depart
ment of Agnculture Bulletin No gog
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“In birds, the yolk of an egg 1s really a smgle ovum, distended to
an enormous size by food matenal The sperm cell 18 very much
smaller and can be seen well only with a fngh power microscope  It1s
something ke a tadpole 1n shape, having a small cell body, contammng
a hittle nucleus, and attached to this a lang, wliphike process which
beats rapidly while the cell 13 alive, enabling 1t to seek out and umte
with the large passive egg 1n the act of fertsization  Enormous num
bers of sperm cells are praduced by the male, but only one takes part
m fertihzation  After the first has penetrated the membrane of an
egg cell, a change takes place mn the latter which prevents the entrance
of others

“The sperm activates certamn formesly mert substances in the egg
and the new combination cell {the zygote) starts almost at once to
produce a new imdindual’

ODUTLINE OF ANIMAL DEVELOPMENT!
D S JORDAN AND V 1 EELLOGG

The embryonic development 15 from the beginning up to a certam
pownt practically alike locked at 1n its larger aspect, for all the many
celled amumals That 15 there are certan principal or constant

3 of the b develop which are present m the
development of all many celled ammals  The first stage or phenome-
non of development 1s the simple fission of the germ cell into halves
(Fig 25, B) These two daughter cells next divade so that there are
four cells (¢), each of these divides, and this division 35 repeated untit
a greater or lesser number (varying with the vanous species or groups
of animals) of cells 1s produced  These cells may not all be of the same
size, but 1n many cases they are, no structural differentiation whatever
being apparent among them

The phenomenon of repeated division of the germ cell as called
cieavage, and this cleavage 15 the first stage of development 1 the
case of all many-celled anmals  The germ or embryo 1n somme animals
consists now of a mass of few or many undifferentiated primutive cells
tying together and usually forming a sphere (Fig 25 ¢), or perbaps
separated and scattered through the food yolk of the egg  ‘The next
stage of development 15 this  the cleavage cells arrange themselves so
23 to form a usually hoflow sphere or ball, the cells lymng side by side to

*From D S Jordanand V L Keliogg Evolution and Ansmal Life (copynight
ig0o7)  Used by specal permission of the publishers D Appleton & Company
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form the outer circumferential wall of this hollow sphere (f)  Thisis
called the blastula or blastoderm stage of development, and the embryo
1tself 15 called the blastula or blastoderm  This stage also 1s common
toall themany celled anumals  The next stage in embryome develop

ment 1s formed by the bending inward of a part of the blastoderm cell
layer, as shown mn (g) (or the sphtting off mwardly of cells from a
special part of the blastula cell layer) ~This bending 1 may produce
a small depression or groove, but whatever the shape or extent of the
sunken m part of the blastod 1t results m dist ) the
blastoderm layer 1nto two parts, 2 sunken m or mner portion called

OIS
& G2

f

F16 25 —First stages 1 the embryomc development of the pond saail
Lymnaens o egg cell b first cleavage ¢ second cleavage d thud cleavage
¢ after numerous cleavages f blastult—n section g gastrula yust formnz—

lIl; ;;;tmn k gastrula completed—in section  (From Jordan and Kellogg ofter
al

the endoblast and the other unmodified portion called the ectoblast
Ende mmeans within and the cells of the endoblast often push so far
mto the ongial blastoderm cavity as to come mnto contact with the
cells of the ectoblast and thus obliterate this cavity () This third
well marked stage 1n the embryomc development 1s called the gastrula
stage, and 1t also occurs 1 the development of all or nearly alt many
celled ammals

In the case of a few of the simple many celled animals the embryo
hatches—that 1s, 1s5ues from the egg at the time of or very soon after
reaching the gastrulastage  In the higher ammals however, develop
ment goes on within the egg or within the body of the mother until
the embryo becomes a complex body, composed of many vanous
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tissuesand organs  Almost all the development may take place within
the egg, so that when the young animal hatches there 1s necessary little
more than a rapid growth and increase of size to make 1t a fully
developed mature amimal  This 1s the case with the birds, a chicken
just hatched has most of the tissues and organs of a full grown fowl
and s smply a ittle hen  But 1n the case of other ammals the young
hatches from the egg before 1t has reached such an advanced stage of
development, a young starfish or young crab or young honeybee just
hatched looks very different from 1ts parent It has yet a great deal
of development to undergo before 1t reaches the structural condition
of a fully developed and fully grown starfish or ctab or bee Thus
the development of some ammals 1s almost wholly embryonic develop
ment—that 15, development within the egg or m the body of the
mother—while the development of other ammals 1s largely post
embryomg, or larval development, as it 15 often called There 15 no
important difference between embryome and postembryomc develop
ment. The development 1s continuous from egg cell to mature ammal
and whether inside or outside of an egg 1t goes on regularly and ummnter
ruptedly

The cells which compose the embryo m the cleavage stage and
blastoderm stage and even n the gastrula stage, are apparently all
similar, there 1s hittle or no differentiation shown among them But
from the gastrula stage on, development ncludes three important
things  the gradual differentiation of cells mto various kinds to form
the vartous kinds of animal tissues the arrangement and grouping
of these cells mto organs and body parts, and finally the developimg of
these organs and body parts nto the spectal condition characterstic
of the species of ammal to which the developing mdividual belongs
From the pnmtive und 1ated cells of the blastoderm, develop-
ment leads to the special cell types of muscle tissue, of bone tissue of
nerve tissue, and from the generalized condition of the embryo m 1ts
early stages, development leads to the specialized condition of the
body of the adult animal Development 1s from the general to the
special, s was said years ago by von Baer, the first great student of
development

A starfish, a beetle, a dove and a horse are all alike 1n therr
begmmng-—that 15, the body of each 13 composed of a single cell 2
single structural umt  And they are all alile, or very much alike
through several stages of development, the body of each 1s first a
single cell then a number of similar undifferentiated cells, and then a
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blastoderm consisting of a single layer of similar undifferentiated cells
But soon ir the course of development the embryes begin to differ, and
as the young ammals get further and further along 1n the course of
therr development, they become more and more different until each
finally reaches its fully developed mature form, showing all the great
structural differences between the starfish and the dove, the beetle and
the horse  That 1s, all animals begn development apparently alike
but gradually diverge from each other during the course of develop
ment
There are some extremely interesting and sigmificant things about
this divergence to which attention should be gtven  While all animals
are apparently alike structurally at the begimning of development, so
far as we can see, they donot all differ noticeably at the time of the first
divergence 1n development  The first divergence n development 1s to
benoted between two hinds of ammals which belong to different great
groups orclasses  But two animals of different hinds, both belonging
tosome one great group, do not show drfferences until later in thewr
development This can best be understood by an example  All the
butterflies and beetles and grasshoppers and flies belong to the great
group or class of animals called Insecta, or msects There are many
different kinds of nsects, and these kinds ¢an be arranged 1n subor-
dinate groups (orders), such as the Diptera, or flies, the Lepidoptera,
or butterflies and moths, and so on  But all have certain structural
charactenstics m common, so that they are comprised 1 one great
class—the Insecta  Another great group of animals 1s known as the
Vertebrata, or backboned animals  The class Vertebrata mcludes the
fishes, the l:atmch)ans, the reptiles, the birds and the mammals, each
ga d group, but all 1zed by thep
ofa backb or, more ) of a hord, 2 back-
bonelike structure Now, an msect and a vertebrate diverge very
soon m their development from each other, but two nsects, suchasa
beetle and a honeybee, or any two vertebrates, such as 2 frog and a
Pigeon, donot diverge from each othersosoon  Thatas all vertebrate
ammals diverge 1n one direction from the other great groups, but all
the members of the great group keep together for some tume longer
Then the subordinate groups of the Vertebrata, such as the fishes, the
birds, and the others, diverge, and stil later the dfferent kinds of
anumals i each of these groups diverge from each other
That the course of development of any ammal from 1ts begmning
to fully developed adult form 1s—in all 1ts essentials-—fixed and certam
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15 readily seen  All rabbrts develop in the same way every grass
bopper goes through the same developmental changes from single egg
cell to the full grown actwve hopper as every other grasshopper of the
same kind—that 15 development takes place according to certan
natural laws  the laws of ammal development  These laws may be
roughly stated as follons All many celled amimals begn life as a
single cell the fertilized egg cell each ammal goes through a certain
orderly series of developmental changes which accompanied by growth
teads the ammat to change from a s ngle cell to the many celied com
plex form charactenstic of the spectes to which the anrmal belongs
this development s from simple to complex structural condition  the
development 1s the same for all mdividuals of one spectes  While all
anmmals begin development similarly the course of development m
the different groups soon diverges the divergence bemg of the nature
of 2 branching lke that shown 1n the growth of a tree  In the free
tips of the smallest branches we hase represented the vartous spectes
of animals m therr fully developed condition all standing more or less
clearly apart from each other But m tracing back the development
of any hind of 2nimal we soon come to a pomt where 1t very much
resemmbles or becomes apparently rdentical with the development of
some other kind of ammal and 1n additson the stages passed through
n the developmental course may very much resemble the fully devel
oped mature stages of lower ammals  To be sure any ammal at any
stage mn its existence daffers absolutely from any other kind of ammal
n that 1t can develop mto only its own kind of ammal  There 15
something imherent 1n each developing ammal that gives it an identity
of 1ts own  Although In 1ts young stages 1t may be hardly distin
guishable from some other hind of amimal m similar stages 1t s sure
to come out when fully developed an mdividual of the same kind as
1ts parents were or are. A very young fish and a very young sala
mander are almost indistinguishably alike but one 15 sure to develop
mto 3 fish and the other mto a salamander This certanty of an
embryo to become an mdividual of a certamn kind 15 called the law of
heredity  Viewed in the light of development there must be as great
a difference between one egg and another as between one ammal and
another for the greater difference 1s tncluded i the less
The signufi of the devel 1pk 152 matter about

which naturalists bave yet very much to learn It 1s believed how
ever by practically all naturalists that many of the varous stages in
the development of an ammal correspond to or repeat 1 ma
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fundzmental features at least, the structural condition of the animal's
ancestors  Naturalists believe that all backboned or ertebrate

c
F16 26 —Stages m the devclopment of the prawn, Penexs polimirsum A
Nauphus latva, B, first zoea stage, C, second zoea stage (From Jordan and
Kellogg, ofter Frsts Aluller }
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F16 27 —Later stages 1n the development of the prawn, Penens potamirium
D, Mysis stage, E,adultstage (From Jordan and Kellogg )
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ammals are refated to each other through bemg descended from a
common ancestor, the first or aldest backboned amumal  In fact,xt1s
because all these backboned ammals—the fishes, the batrachans, the
1eptiles, the burds and the mammals—have descended from 2 common
ancestor that they all have a backbone It 1s believed that the
d dants of the first backboned animal have in the course of many
generations branched off hittle by httle from the ongmnal type untd
there came to exist very real and obvious differences among the back-
boned animals—differences which among the Jiving backboned animals
arc famihar to alt of us  The course of de-elopment of an indundual
animal 5 believed to be o very rapud and evedently much condensed and
changed recapitilation of the lustory
uhtch the species or kind of ammal to
which the dereloping endssdual belongs
kas passed through wn the course of s ?
descent thraugh o long sertes of gradually +7
changsng ancestors  If this1s true then
we can readily understand why a fish
and a salamander o tortose, abird and
2 rabbit, are all much alike, as they
really are, in thur earlier stages of
development, and gradually come to
differ more and more as they pass
through later and later developmental
stages. A czab hasa tail in one of 1ts
developmental stages, so that at that
ume 1t looks ke and really 1s ike the  Fio a8 —Metamorphasis of 3
mature stage of some tailed crustacean bemacle Lepas alarva b adult.
hkeacrayfish A barnacle, whichloaks (From Jordan and Keltogg )

Little Tike a crayfish or crab in its ma

ture stage, 13 hardly to be distinguished 1n 1ts immature hie from a
young crab or lobster  Sacculing, which 15 a sull more degenerate
crustacean, 13 only a sort of feeding sac with rootlet like processes
projecting into the body of the host crab onr which 1t hves as a
parasite, but the young free swimming Saceubina 1s essentially like 2
barnacle, crayfich, or crab in its 3 oung stage.

However, 1t 15 obvious that this recapitulation or repetition of
ancestral stages 15 never perfect, and it 1s often so obscuted and modi
fied by interpolated adaptive stages and characters that but httle of an
anumal 5 ancestry can be learned from a scrutiny of ats development
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The fascinating biogenetic law of Miiller and Haeckel summed up
m the phrase, “onfogeny is a recopstulation of phylogeny,” must not
be too heavily leaned on 2s a support for any speculations as to the
phyletic affinities of any species or group of species of organisms
“Embryology Is an ancient manuscript with many of the sheets Jost,
others displaced, and with spurious passages interpolated by a later
hand,”



CHAPTER IX
CRITIQUE OF THE RECAPITULATION THEORY*

w B SCOTT

Embryology 15 the study of the development of the individual
organusm from 1ts begainming 1n the egg to the attamment of the adult
condition  This mdiwidual development 1s called ontogeny and the
question of the relation of ontogeny to the ancestral hustory of the
spectes or pFylogeny constitutes one of the mam problems of embry
ology Around tius problem many controversies have raged, contro-
versies v hich have by no means amnved at a definute solution even
to-day Thurty years ago the “recapitulation theory” was well mgh
umversally accepted, atcotding 1o which the indindual development,
or ontogeny, was regarded as an abbreviated repetition of the ances-
1ral lustory of the species, or phylogeny Haeckel called thus theory
the * fundamental biogenetic law” and upon 1t he established his
whole ‘History of Creation” Nowadays, that “fundamental law’
15 very senously guestioned and by some hugh authorities 15 altogether
demed However, even those who take this extreme position con
cerning the recapitulation theory see 1n the facts of embryology one
of the strongest supports of the doctrne of evolution

It was very eatly recogmzed that the recapitulation theory could
not be applied with lteral exactness, but was subject to certan
important exceptions and qualifications.

1 That the history must have been enormously abbreviated
After three weeks of incubation the tiny speck of protoplasm, which
farms a arcular mark on the yolk of 2 hen's egg, 18 developed mto a
fully formed chack, ready for hatehing and able 1n large degree to take
care of itself  On the other hand, the evolution of birds from their
mvertebrate ancestors, through the fishes, amphibians, and reptiles,
the separation of the galiimaceous stock from other birds and the
dufferentiation of thus particular species were extremely slow processes
extending through unnumbered mullons of years Admtting reca
pitulation to the fullest extent, it 1s evidently a physical wopossibriity

‘From W B Scott The Thmry nj Enolution (copynght 1937) Used by
tpecaal of the publish mpany

14
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that 1t should be a perfect repetition of phylogeny, very much of the
long story must of necessity be omitted

2 Through all the stages of development the embryo must be
rendered able to Ine and grow and thnve through adaptation to 1ts
surroundings and changes m 1ts environment In some amimals
development takes place within the body of the mother, 1n others the
embryo 15 protected by the hard egg shell, as 1n birds, while the eggs
of certain fishes and many invertebrates float freely in the sea and are
almost without protection  Such differences in environment necesst
tate differences n the mode of development, while the presence or
absence of a large amount of 1nert food matenal, or yolk exerts a great
wfluence 1n d the steps of

3 Many ammals pass through a larval stage of development, 1n
which the immature young leads an independent and self sustaming
exstence, during whach 1t 15 very different in 2ppearance and structure
from 1ts adult parents Famibar mstances of this mode of develop-
ment are to be found 1n the tadpole which 1s the larva of the frog, and
the caterpillar, the larva of 2 butterfly Larvae are fully subject to
the struggle for existence and must adapt themselves to thetr environ
ment and to changes mn that environment exactly as do adults, if they
are to survive In this way many changes are mtroduced mto the
ontogeny which can have no phylogenetic signuificance It is found in
several known mstances, that nearly allied species, hving under
different conditions, have quite different modes of ontogeny, though
their ancestral history must have been substantially identical  In one
and the same species of marne worms for example, which mhabits
both the warm Mediterranean and the cold waters of the North Sea
the larva of the northern form 1s quite distinct from that of the
southern In attempting to interpret the meaning of embryological
facts, 1t 15 thus necessary to distingwish sharply between those features
which are derived from a long mnhentance, and are therefore called
palingenetic, from those which have been secondarly introduced m
response to the changing needs of embryomc or larval hfe  These
secondary features are termed cenogenelic

“If we are compelled to admut that cenogenetic characters are
mtermingled - -
Pure sowice
accordingly
scope for 1ts dangerous play, but m which positive results are by nc
means everywhere to be obtamed  To attaimn such results, the paln
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genetic and cenogenetic phenomena must be sifted apart, an operation
whith required more than one entical gramn of salt  On what grounds
shall this cntique be based?  Assuredly not by way of a vicious arcle
on the agam, forif 10 are present 1n one
case, who will guarantee that 2 second case, used for a companson with
the first, does not likewise appear 1n cenogenetic disgmse?  If 1t once
be admutted that not everything 1n development 1s palingenetic, that
not every 1c fact can be pted at ats face value, so to
speak, 1t follows that nothiag in 15 diatel, labl
for the cnitique of embryomec development The necessary entigue
must be drawn from another source

These remarks of Gegenbaur s were called forth by the state of
wild speculation tnto which embryological work had fallen  As there
were no generally accepted canons of mterpretation for the facts of
embryological development different writers interpreted these facts
in the most divergent and contradictory manner, resulting 1n a chaotic
confuston which led to a strong reaction agamst the whole method,
though there can be hittle doubt that this reaction has gone too far

“ It must be evident to any candid observer, not only that the
embryological method 1s open to enticism, but that the whole fabne
of morphology, so far as it rests upon embryological evidence, stands
m urgent need of reconstruction  For twenty years embryological
research has been largely d d by the putul theory,
and unquestionably this theory has illuminated many dark. places and
bas solved many a perpleung problem that without its aid might have
remained a standing nddle to the pure anatomist But while fully
recogmzing the real and substantial fruts of that theory, we should not
close our eyes to the undenble fact that it, hke many another fruit
ful theory, has been pushed beyond its lepitimate lymts It 1s largely
to an overweemng confidence in the vahdity of the embryological
evidence that we owe the vast number of the elaborate hypothetical
phylogenses which confront the modern student 1n such bewildenng
confusion  The inquines of such a student regarding the ongm of any
of the great principal types of ammals 1nvolve him 1n 2 Jabynath of
speculation and hypothesss 1n which he seeks 1n vam for conclusions
of even ap approximate certainty

Many other equally vigorous and well deserved eriticisms of the
embryological method might be cited but it should be emphasized that
these criucisms are all directed agamnst the application of the method
to the solution of definite and concrete problems of descent and
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relationship  None of them denies and many strongly affirm that
embryology affords some of the strongest and most convineing evi
dence 1 favor of the evolutionary theory

Let us examine some of this evidence  To begm with 1t should
be noted that m following out the geny or individual develop
ment, the observer witnesses the formation of something new not
merely the enlargement and unfolding of a pre exsting organism
though the theory of preformafion which was widely accepted m the
eighteenth century looked upon ontogeny precisely in that way as
the growth of a germ which was the mimiature of the parent. Sucha
theory was possihle only before the development of mucroscopic
technique had enabled the observer to detect the actual successive
steps of change  The egg 15 a single cell with the nucleus and all the
parts of other undifferentrated cells though 1t may be enormously
enlarged by the presence of food yolh  In the hen s egg this food yolk
1s quite mert and the activity of development 1s confined to the mimute
dise of protoplasm on the outside of the yolk while in the frog s egg
the yolk 15 disseminated though not umformly throughout the egg
and in the han egg which 15 m size there 1s no
yolk  Itisa very remarkable fact that all of the vertebrated ammals
fishes amphibians reptiles birds and mammals however different
thexr habits and modes of fe have a mode of ontogeny which 1s of
even more ch 1cally and k the same plan than 1s
the type of their adult structure which was desgribed m the last
chapter The egg or the active portion of it divades m a defimte and
regular manner imto a very large number of cells which arrange them
selves i definite layers an outer and an mner and wathm these layers
cell aggregates form maipient organs which step by step take on the
adult condition Not only 1s the plan and type of development
essentially similar throughout the whole phylum of the vertebrates
but m accordance with the recapitulation theory many structural
features wh ch are permanent m lower forms appear m the embryos of
lugher and more advanced types In the latter however these
features ar~ transitory and 1 the course of development they either
disappear orare so modified as to be very different sometimes unrecog
nzable 1n the adults

At a certain stage of the ontogeny the embryo of a mammal has
gl pouches like a fish the skeletal supports of the gill pouches the
artenes and vewns which supply them with blood the structure of the
heart n short the entire plan of the circulatory system 1s fish like,
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At a later sta,e most of the gill pouches have been obliterated butone
15 retamed and converted Into the Custachian canal which connects
the throat with the middle ear, mside of theear drum  Similarly, the
embryological evidence shows that the lungs of aur breathers haye been
dernved from the swim bladder of fishes a conclusion which had
already been reached by comparative anatomy, for 1 8 remarkable

A B

Itc 29 —Embryos 1 correspond ng stage of deselopment of shath (4)
fowl (B) and man (C) g gllshts  (From Seott)

group hnown as the Dupnot or lung fishes, the air bladder 1s utiized
for purposes of respiration

1t has been objected that, while embryology may prove relation.
ship within a single type, 1t fails to demonstrate any connection
betw.een different types but this 1s not altogether trne The Tuns
cata a curious group of manne anumals once referred to the Mollusca,
are shown by their ontogeny to be refated to the vertebrates and the
same 18 true of certain manne worms (Balanoglossus)  Indeed, most
modern zoologists have adopted a scheme of classification, 1 which
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the type Chordata mncludes not only the true vertebrates, but also the
Lancelet (Amph ), the t and Balanogl this scheme
15 founded upon the embryological evidence Among the mverte
brates even more remarkable examples have been observed Such
radically dfferent types as the segmented worms and the shell
fish (Mollusca) are brought mto relationship by their ontogeny and
theur closely sumlar types of larvae, as are also, though less distmetly
the brachiopods or lamp shells and the Bryozoa The Horseshoe-
crab, or King-crab, so abundant along our Atlantic coast, was long
of uncertam affinities, ongnally referred to the Crustacea largely
because of 1ts marine hahits of hfe, embryology makes much more
probable 1ts relationshup to the arr breathing scorpions and spiders, a
result which has been examied previously from another point of view
1n connection with blood tests

Even before the publication of Darwin’s Orsgin of Species one
of the great stumbling blocks 1n the way of the theory of special crea-
tion was the existence mn a great many amumals of rudumentary organs
or such as are so far reduced and atropfied as to be of no service to
their possessors An analogy employed by my lamented friend
Mr Richard Lydekker, may be advantageously repeated here Let us
suppose that 2 screw steamer with longitudmal shaft Jeading aft from
the engine room to the stern where 1t carnes the propeller, should, on
close exammation, reveal many signs that it has ongmally been a
¢ side-wheeler, or paddle-boat Recognizable remnants of paddle
boxes, of bearings for a transverse shaft, and the bke are found what
would be the mevitable conclusion? No one would mamtamn that a
naval arclutect, mn possession of his senses n constructing a screw
steamer would delberately mtroduce features which are usefu! and

priate only m a paddle-boat The only explanation

would be that the vessel had ongmally been bwilt as a paddle-boat and
bad subsequently been converted mto a screw steamer and m the
conversion it had not been found necessary completely to eradicate al
traces of the orignal construction Obwviously the same reasoning
apples to rudimentary organs  The only satisfactory explanation of
such useless remnants 1s that their possessors are descendants of
ancestors n which those organs were fully functional It seems quite
absurd to assume that m a separately and specially created animal
useless structures remmiscent of other amimals m which the same
structures are useful and valuable should be included, merely to
mdicate 1deal relatronships and community of plan
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It was sought to break the force of this very serous objection to
the theory of spectal creation by saymng that apparently useless organs
may nevertheless have functions which are still unknown to us and
may be revealed by future discovery  In certain cases, like that of the
thyroid gland m the neck, this contention has been justified, but there
are many others to wmch it doesnotapply  For example,in the great
and varied whale tribe (order Cetacea) which mcludes the right, or
whalebone whales, the sperm whales, the porpoises, dolphuns, etc.,
the forelmbs have been converted mnto swimmmng paddles, but the
hind limbs appear to have vanished completely, leaving no externally
visible trace  Internally, however, recognizable remnants of the ind
Limb bones may be found in various stages of reduction, which differ
1 the different members of the order  In the Greenland Right Whale
the hup-bone thigh bone and shin-bone are indicated, 1n the Fmwhale
only the hup bones and a minute rudiment of the thigh bone are tobe
found, m the toothed whales only an almost unrecogmzable remnant
of the hip bone 15 left and n one of the dolphns even that has dis-
appeared  Similarly, the snakes have lost their limbs completely, so
far as external appearance 1s concerned, and m most members of the
group no trace of mbs 1s to be found on dissection, but m certain
snakes the rudiments of limbs are to be detected Leaving aside all
preconceptions, which 15 the more probable explanation of such
phenomena, the theory of special creation or the theory of evolution?

Even 1f 1t were admutted that all rudimentary organs and struc-
tures found 1n theadult have a certain unknown use and value, no one
could mawntam this with regard to the countless istances of structures
which are developed i the embryo, but disappear entirely before
birth Tt s possible to mention but a very few of such mstances out
of the great number that have already been observed and recorded,
but these few will suffice to illustrate the principle mnvolved

“Examples of this may be aited from the most widely different
groups 1 the embryo of msects, especially of beetles, pairs of legs
are formed within the egg, not only on the head and thorax, but also
on the abdomen, but while those on the head are transformed into
mouth parts those on the thorax are farther developed mn their joint
mgand musculature to be lacomative legs, those on the abdamen are
agam resorbed  In many fresh water worms, the eggs of which are
laid m a cocoon, from which they are hatched as a finished, mmute,
crawling worm larval organs are nevertheless formed, which recall
those of the Trochophore,the larva of the origmal worms, which swims
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freely n the sea However, these larval organs are never
properly functional, since noactually free swimming larva 1s developed
but the embryo merely floats m the albuminous fluid of the cocoon

“ A particularly beautiful example 18 offered by the whales m their
embryological development, which has been thoroughly studied by
Kukenthal In the adult condition they show only the anterior
extremties, but mn the embryo the posterior parr, with therr skeletal
parts, are formed,but are afterwards completely atropled ~ Although
they are mammals, mn the adult condition they have absolutely no
covering of hair, since 1n their aquatic hie another and more effective
protection aganst loss of heat 1s given by means of a thick layer of
blubber, only a few coarse bristles, partly wath particular functions,
have persisted on a few parts of thebody ~ But in the embryoa dense
rovenng of hair 1s formed, which 15 later transformed 1n a peculiar
manner and atrophied  Further, a sertes of whales have no teethin
the adult condition, but only the well known eel-trap-like, horny
plates, from which whale-bone 15 produced Nevertheless, m the
embryo there 1s 2 dentition of numerous teeth, which are however
tesorbed, without ever piercing the gum *

Throughout the great group of the rummants which mcludes the
oxen buffaloes, bison, sheep, goats, antelopes, deer and girafles, the
collar bone 15 ;mvanably lacking since 1t 1s superfluous on account of
the exclusively locomotive manner in whech the fore legs are employed
In the embryo sheep the collar bone 1s established and even to some
extent ossified, but 1s sut 1y resorbed and d entirely
No doubt, the collar bone will be found 1n many other embryo rum:
nants, when the proper examnation shall have been made, but 1ts
demonstrated presence m the foetal sheep 1s suficiently striking  In
the higher mammals the number of teeth was originally 44, or 11 on
each side of both upper and lower jaws, but m most of the modern or
existing groups of these higher mammals this number has been very
considerably reduced through the suppression of certan teeth We
bave every reason to beheve that the ancestors of the forms with
reduced dentition possessed teeth m full numbers and that there has
actually been a loss of teeth 1n the course of descent  Tlus conclusion
15 abundantly confirmed by the facts of embryology Take, for
example, the great group of the gnawing mammals or Rodentia, n
which the front teeth or mcisors, above and below, are reduced to one
on each side, except in the rabbits  Theincisors are chisel shaped and

£ Otto Maas, Dic Abstammungsichre, PP 37374
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are faced with hard enarel so that the action of the upper teeth upon
the lower keeps the cutting edges extremely sharp, these teeth do not
form roots, but continue to grow throughout the hifetsime of the ammal
Between the chisel like mcisors and the grinding teeth, there 13 a long
toothless gap, which, we assume, was i the ancestors of the rodents,
occupied by the second and third incisors, the camine and two or more
gnnders  This conclusion 1s Justified by the facts of embryology,
for nstance m the embryo of the squurrel sev eral of the mussing teeth
are begun as distinct tooth germs, but fail to develop, never cut the
gum and are resorbed before birth

All available evidence pomts to the conclusion that birds are
descended from reptiles a 1 which 15 especrall h
by the facts of palaeontology and will be exammed ruore at length
m the followmng lecture Such a descent explains many otherwise
puzzling features in the ontogeny of birds, m which reptilian charac-
tenistics appear 1n transitory fashion and are either modified so as to
take on typically bird hike character, or are suppressed altogether A
remarkable example of this 1s the formation of rudimentary teeth
certamn embryonic birds, followed by their resorption and disappear
ance before hatching

It can hardly be contended that these rudimentary structures,
which are confined to the embryonic stages of development and of
which no trace remams in the adult, are so indispensable to the
processes of ontogeny, that they were specially created to serve this
temporary purpose For such a contention there 1s not a particle
of evidence and the theory of evolution which regards these structures
as useless remnants, due to wmhentance from ancestors in which the
structures are functional, offers much the most satisfactory solution
of the problem that has yet been suggested

Embryology further shows that evolution 1s not mvanably an
advance from lower and sumpler to higher and more complet types
but may be by way of degeneration and degradation The adoption
of a parasitic mode of life 1s very apt to cause such degradation, and
some very remarhable of the d of p have
been observed  An mstructive example that may be ated 15 that of
Sacculina, 2 nondescript creature that 1s parasitic on certam species
of crabs  The parastte 1s attached to the body of its victim, under
neath the tad, by means of root ke fibres which penetrate and ramfy
throughout the mterior of thecrab  The root Like fibres absotb nutn
ment and convey 1t to the body of the parasite, which 1s reduced ta a
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mere bag without appendages, muscles, nervous system sensory
apparatus, digestive tract, or any determimable organs save those of
reproduction  The creature has the power of assimtlating the nutn
tive yuices which are convey ed to 1t by the root like filaments from the
body of 1ts host, and the power of reproduction and it must have some
respiratory and excretory capacity, though there are nesther gills nor
glands  From an exammation of the adult parasite alone, it would be
quite npossible to classify 1t and determune the type and class to
whicht should be referred, but embryology solves the problem  From
the egg 15 hatched a free swimming larva, which has jomted append
2ges, nervous, muscular and digestive systems and, in short, clearly
belongs to that group of the Crustacea which icludes the barnacles
This 13 degeneration carried nearly to the utmost possible extreme and
yet the mdividual development shows the derivation of this otherwise
problematical parasite and the steps through which 1t passed m its
detenoration

It was stated above that several distmguished naturalists alto-
gether reject the recapitulation theory as a means of mterpreting the
facts of embryology They do this on the ground that masmuch as
changes and mnovations mn form or structure must anse 1 the germ
plasm, at the very begmmning of ontogeny, there 15 no reason why such
changes might not mvolve the whole course of embryological develop-
ment  Tomy mind this a prion objection to the recapitulation theory
1s qute without force m view of the great body of observed facts, but
there 15 no time to enter upon 2 discussion of such an abstract and
difficult problem  For our present purpose, however 1t 1s mmportant
to note that these objectors are staunch evolutionists and find m the
community of mode 1n ontogeny between different classes of organ
1sms one of the strongest arguments 1n support of the evolutionary
doctrine,



CHAPTER X
EVIDENCES FROM PALAEONTOLOGY

STRENGTH AND WEAENESS OF THE EVIDLNCE

The word palacontology means hterally the science of ancient
life. Practically, t1s the study of the fossil remains of extinct ammals
and plants, ncluding any traces of their existence, such as footpnnts,
1mpressions 1 slate, clay, or coal  The evidence from the fossils has
defimte elements of strength 1n that 1t deals wath actual orgamisms that
formerly mhabited the earth’s surface Many of these species must
have left descendants, some of which are doubtless living 10 2 modufied
condition today Palaeontology should be able either strongly to
support or to contradict the 1dea of evolution  If 1ts data accord with
the evolution 1dea and are opposed to the spectal creation 1dea, the
fossils may be said to be evidences of evolution

The weakness of the study of fossils lies in the fact that extremely
few samples of the living forms that have exsted 1n the past have
been preserved, and of those that have been preserved only a very
small percentage have been dug up and studied by capable saentists
Many types of anumals and plants, moreover, are soft and capable
of preservation only under such exceptional conditions that but
a rare specimen here and there over the world, scattered through
vanous widely separated strata, has been found Only very common
or abundant types are likely to have been preserved and discovered,
for the chances of an uncommon form being preserved would be small
and the further chances of these infrequently preserved specumens
being found would be infinitely smaller

The great majonity of fossil rematns are fragmentary or preserved
very wmcompletely, so that only the bard parts have come down

tous There are, of course, many impertant exceptions to this rule,
and these are our chief reliance 1n interpreting ancrent hfe

That Darwin {ully reahzed the vulnerable pomts 1n the pal
logical record 1s shown by the following quotation from the Orsgsnt of
Specses

“I look at the geological record as a hustory of the world umper
fectly kept and written n a changing dialect, of this history we possess
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the last volume alone, relating only to two or three countnes Of
this volume only here and there a short chapter has been preserved,
and of each page only here and there a few lnes  Each word of the
slowly changing language, more or less duifferent 1 the successive
chapters, may represent the forms of ife which are entombed m our
successive formations and which falsely appear to us to have been
abruptly mtroduced

OTHER OPINIONS AS TO THE ADEQUACY OF THE EVIDENCES
FROM PALAEONTOLOGY

“The primary and direct evidence 1n favour of evolution can be
furmshed only by pal logy The geol record so soom as
1t approaches completeness, must, when properly questioned, yield
either an affirmative or & negative answer 1f Evolution has taken
place there wall 1ts mark be left, 1f 1t has not taken place there will
Lie ats refutation *—T H Huxley

“The geological record 1s not so hopelessly incomplete as Darwin
believedat to be  Since The Orsgen of Specses was wntten our know!
edge of that record has been enormously extended, and we now possess
no complete volumes, 1t 15 true, but some remarkably full and illum:
matmg chapters The mam sigmificance of the whole lies mn the fact
that, yust sn proportson lothe completeness of the record is the unequivocad
characler of s lestimony lo the truth of the evoluliomary theory ¥—
W B Scott

“On the other hand, matters have greatly improved since Darwin
wrote his oft-caited Chapter X, many lands then geologically unknown
bave been explored and many of the mssing chapters and paragraphs
i the history of life have been brought to hght The most ancient
biologcally intelhgible penod of the earth’s hstory 1s called the
Cambnan and, compared with the succeeding penods, the Cambnan
has always been poor m fossils, great areas and thicknesses of rocks
betng enturely barren No one could doubt that our knowledge of
Cambnan life was most incomplete and inadequate A few years ago
Dr C D Walcott, Secretary of the Smuthsonian Institution, dis-
covered 1n the Canadian Rockies a most marvelous senes of Cambrian
fossils of an ncredible delicacy and beauty of preservation, which
have thrown 2 flood of new and unexpected light 1nto very dark places
Tt 18 clear that the Cambrian seas swarmed with 2 great vanety and
profusion of hfe, but that m only a few places, so far known to us
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were condittons such that these deleate creatures could be preserved
1t 1s not possible to say how far the difficulty caused by the imperfec
tion of the geological record will be removed by the progress of dis-
covery Even as matters stand to-day, the astomshmng fact 1s that
so much has been preserved, rather than that the story 1s so incom
plete Notwithstanding all the difficulties, the palacontological
method remains one of the most valuable means of testing the theory
of evolution, because certan chapters i the hustory of hfe have been
recorded with a munuteness that 1s really very surpnsing”—
W B Scott Theory of Evolutston (The Macmullan Company Re-
printed by permission)

WHAT FOSSILS ARE AND HOW THEY HAVE BEEN PRESERVED

¢ Fossils are only amumals and plants which have been dead rather
longer than those which died yesterday "—-T H Huxley

“Fossils are exther actual remasns of bones or other parts preserved
mtact 1o soil or rocks, or else and more commonly, parts of amimals
whuch have been turned mto stone, or of which stony casts have been
made All such remains buried by natural causes are called fossils *"—
Jordan and Kellogg

FOSSILS CLASSIFIED

Class1  The actual remams of recently extinct ammals and
plants which have been buried or surrounded by some sort of preserv
ing matenal constitute the first type under consideration Such
remamns have undergone httle or no change of the orgmal orgamc
matter mto morgame. Thus we find the complete bodies of great
hairy mammoths frozen in the arcticiee  These are so well preserved
that dogs have fed upon therr flesh  Nearly a thousand species of
extnct insects 1ncluding many ants, have been obtained practically
mtact from amber, 2 form of petnfied resm  Innumerable mollusk
shells, teeth of sharks, pieces of buned logs, bones of ammals buned
w asphalt lakes and bogs have been found n a well preserved
condition

Class 2 Petrified fossils —The process of petsification involves
the replacement, parucle for particle, of the organic matter of a dead
animal or plant by muneral matter So completely 15 the finer
structure preserved that microscopic sections of preserved tissues,
especially of plants, have practically the same appearance as sections
made from living orgamisms  Varous mineral matenals have been
employed in petnfication, such as quartz, himestone or iron pyrites
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Class 3 Casts and impressions —Very frequently the ammal or
plant has been buned 1n mud or has lan on a soft mud flat only
long enough to have left 1ts mmpress 1 the plastic matenal Sub-
sequently the entire orgamsm has decayed and been dissolved away,
and 1ts place has been taken by a mineral deposit Thus only the
external appearance has been preserved, as would be the case m
making plaster-of pans casts Sometimes traceries of soft bodied
antmals have been left upon fornung slate or coal that are almost as
accurate 1 detail as 2 hthograph

Perhaps the most remarkable fossils known are those found by
Professor Charles D Walcott 1 the marme oily shales of British
Columbia A large number of soft bodied mvertebrates of Cambnan
age have been found so wonderfully preserved that not only are
the external features revealed, but sometimes even the details of
the mternal organs may be seen through the transparent mntegu
ment

Some authonttes include among fossils such traces of extmct hife
as footprimts, utensils and tools of extinet man, and even the
vestiges of archaic sea beaches Perhaps this s stretchmng the
definition of the term * fossil” too far

ON THE CONDITIONS NECESSARY POR FOSSILIZATION

‘ Examination and study of the rocks of the earth reveal the fact
that fossils or the remams of ammals and plants are found 1n certam
kinds of rocks only They are not found m lava, because lava
comes from volcanoes and nits i the earth’s crust as a red hot
wiscous hiquid, which cools to form a hard rock  No amimal or plant
caught m 2 lava stream will leave any trace  Furthermore, fossils
are not found m gramte, nor 1 ores of metals nor m certaimn other of
the common rocks Many rocks are, ke lava of igneous ongm,
others, Lke gramite, although not ongmally 1 the melted condition
have been so heated subsequent to their formation, that any traces of
anmal or plant remams m them have been obhiterated  Fossils are
found almost exclusively 1n rocks which have been formed by the slow
deposition m water of sand clay, mud, or ime  The sediment which
15 carned mto a lake or ocean by the streams openung mto 1t sinks
slowly to the bottom of the lake or ocean and forms there a layer
which gradually hardens under pressure to becomerock This s called
sedimentary toch or stratified rock because 1t 1s composed of sedi
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ment, and sediment always arranges itself i layers or strata In
sedunentary or stratified rocks fossils are found The commonest
rocks of this sort are Limestone, sandstone, and shales  Limestone s
formed chiefly of carh of hipe, sand 3 d sand, and
shales, or slaty rocks, are formed chiefly of clay

#The formation of sedimentary rocks has been going on since fand
first rose from the level of the sea for water has always been weaning
away rock and carrying it as sediment into fivers, and rivers have
always been carrying the worn-off Itme and sand and ¢lay downwasd
to lakes and oceans at the bottoms of whuch the particles have been
piled up 1n layers and have formed new rock strata  But geologists
have shown that m the course of the earth’s lustory there have been
great changes m the positton and extent of land and sea  Sea bottoms
have been folded or upheaved to form dry land, whle regtons once
tand bave sunk and been covered by lakesand seas  Agaun, through
great foldmgs 1w the coobng crust of the earth which resulted 1o
depression at one pomt and elevation at another, land has become
ocean and ocean land  And 1 the almost ummagivable persod of
ume which has passed smce the earth first shrank from its hypo-
thetreal condition of nebulous vapor to be 2 ball of Jand covered mith
water, such changes have occurred over and over agamm  They have,
however mostly taken place slowly and gradually The prizcipal
seat of great change 1s 1 the regions of mountain chawms, which, m
most cases are sumply the remams of old folds or wrmkles i the
crust of the earth

“When av aquatic anunal dies, 1t sinks to the bottom of the lake
or ocean, unless, of course, tts flesh s eaten by some other anumal
Even then 1ts hard parts will probably find their way to the bottom
There the rematns will soon be covered by the always dropping sedt
ment. They are on the wity to become fossils  Some land ammals
also mught, after death, get vamed by a nver to the lake or ocean,
and find their way to the bottom, where they, too, will become fossils,
or they may die on the banks of the lake or ocean and their bodies
may get bunied in the soft mud of the shores Oy, agawm, they are
often trodden 1n the mue ahout salt springs or submerged in quick-
sand It s obvious that aquatic amemals are far snore likely to be
preserved as fossils thay land ammals. This inference 18 stekimgly
proved by fossi remams Of all the thousands and thousauds of
lunds of extinct msects, mostly land anumals, comparatively few spect
wmens are known #s fosss  On the other hand, the shell beanng
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mollusks and crustaceans are represented mn almost all rock deposits
which contain any kind of fossit remains —Jordan and Kellogg *

The study of geology teaches us that the earth s outer zones have
undergone within the peniod of vertebrate history numerous profound
changes which in general we may term cimatic changes  There have
been penods of contmmental subsidence, accompanied by ocean floor
elevations, during which great contiental plans have been covered
with comparatively shallow seas  The marine faunas of the seas have
mgrated mto these shallows and representatives of them have been
buried 1n sediment. When the reverse change has occurred and the
contnental plamn has been agam elevated the sedimentation of the
shallow-sea perod forms a great rocky stratum laden with manme
fossils  Between periods of subsidence millions of years elapsed, and
therefore a break m the continmty of the entombed fossils 15 to be
expected Discontmuity between the fossit faunas in adjacent strata
1s the mvariable rule  Were 1t not for this periodicity of subsidence
and elevation there would be no boundanes between consecutive
geologic strata

TIn additron to the methods of fossihization mentioned, a few others
deservenotice  Many amimals of the and plams have been fossiized
by becoming imbedded m dust or sand dnifts which have piled up
agamst rocky outcrops or have filled in dried up arroyos  Some very
valuable fossils have been recovered from asphaltic deposits as the
result of ammals falling mto liqud or semiliquid lakes or pools of
asphalt

Not only are external organs preserved with precision but even
delicate mntemal structures, such as the brains or the viscera of verte
brates have been found m such a perfectly natural shape that the
comparative anatomy could be worked out with confidence

On the whole, then, we must conclude that the earlier pessimsm

dmng the mad and y of fossil data 1s giving way

before a steadily mereasing optimism due to the very rapid advance

w ledlmque and the surprisingly abundant discoveries of the modern

The more enth 1c of the new school of fossil

hunters do not despair of ultimately bringing to hght all of the really

essential inks 1n the chain of evadence necessary to place the evolution
theory beyond the reach of controversy

*From D § Jordan and V L. Kellogg Evolution and Ammal Life (copy
right 1607)  Used by specul peroussion of the publishers D Appleton & Company
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ON THE LAPSE OF TIME DURING WHICH EVOLUTION 18 BELIEVED
TO HAVE TAKEN PLACE

“ Independently of our not findimg fossil remaims of suth infinitely
numerous connecting hnks {refernng to the abjection that all steps in
the evolution of modem types should be revealed in the fossis}, it
may be objected that time cannot have sufliced for so great an amount
of organic change, all changes having been effected slowly Tt is
hardly possible for me to recall to the reader who 1s not a practical
geologist, the facts Jeadmg the mind fesbly to comprehend the lapse
of tune  He who has read Sir Charles Lyell’s grand work on the
Princaples of Geology, vhich the future histonan will recoguze as
having produced a revolution m patural saience, and yet does not
adrmit how vast have heen the past periods of ime, may at once close
this volume  Not that 1t suffices to study the Princaples of Geology,
or to read specal treatises by different ohservers on separate forma-
tions, and to mask how eack author attempls to give an inadequate
idea of the duration of each formation, or even of each stratum. We
can | est gan some 1dea of past tume by knowing the agencies at work,
and learmng how deeply the surface of the land has heen denuded,
and how much sediment has been depomted  As Lyell has well
remarhed the extent and thuckness of our sedunentary formations are
the result and the measure of the denudation which the earth’s crust
has elsewhere undergone Therefore 2 man should examine for him-
self the great piles of supenmposed strata, and watch the sivulets
bringing down the mud, and the waves wearing away the sea-chfls, in
order to comprebend something about the duration of past tuee, the
monuments of which we see all around us "~~Charles Darwin, Origin
of Species

“In 1862,” says Schuchert, “the phymicst, Lord Kelvin . .
held that as our planet was continually losing energy m the form of
heat, the globe was & malten mass somewhere between 20,000,000 and
400,000,000 years ago, with a probability of this state ocenrring about
98000000 ytarsage  Fimally m 1897 he concwrred m Clarente King's
conclusion that the globewas 2 malten mass about 24,000,000 years 350
Batk of these conclusions, however, were wrought out under the Lap-
tacian hypothests, and now many geologists hold that the earth never
was molten  Whale geologists bave not been able to fit their evidence
wto 5o shott 2 tme, they have ever tince been trying to heep thew

* €. Schuchert, Text-Book of Geology, Fast 11, Historeal Geology (19t5)
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estumates withm the bounds of Lord Kefvin s older caleulations  Wal
mu, m 1893, on the basis of the stratigraphic record and the knowe

b of sed; by mers fuded that 50,000 000 years had
elapsed sinee sedunentation began 1o the Axcheozoic St Archibald
Giekie places the tume ¢ 100,000,000 years and most geologists have
tried, although with dufficulty, to fit the record within these estimates

© §imee the diccorery of radmm all of the calenlations previously
made have been set aude by the rew school of physiasts, and now
the geologsts are told they can have 1 oco coo coe 0T moTe years as
the time smee the earth attamed its present dsameter Even
of finally st shall tum out that the physicists have to reduce thew
estumates 23 to the age of certam munesals aed tocks, geologsts
nevertheless appear to be on safer ground m accepting their estimates
than those based either on sechmentation chemical denudation, or loss
of heat by the earth ™

The last decade bas seen the derise of the outworn objection to
evoluten based on the idea that there has not been tume enongh for
the great change« that are believed by evolutiomsts to have occurred.
Graen 100 000 208 0F 3 000 000 Gho years smce hife began, we can then
ailow 1,000 coo years for each smportant change to atse and establish
nself e can also understand why 1t 15 that so bttle change can be
noted 1 the majonty of wid agumals and plants within the hustorc
period A thousand years in the derelopment of the race 15 like &
second m the development of an indsvidual and though no one €an
notice any change n 4 growing ereature m a second or & minute, very
radical changes canbe noted wan howroraday orayear  Wecannot
see any movement w an hour hand of a clock, but 1t moves with
certamnty around the dial m & relatsvely short time  There 1s there
fore no shortage of time  Evolution may have been wmfinitely slow,
but tume has been mfintely long  The accompanymg ume seale
shows the lapse of tme and the distribution m tune of the mamn
groups of anmmals (Fig 2 )

ON THE PRINCIPAL GENERAL PACTS REVEALED BY A
STUDY OF THE FOSSILS

t hame of the animals or plants of the past are identical mith
those of the present  The nearest relationship 1s between a few speaies

of the past and some hiving species »hich have been placed i the same
generz,
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2 The ammals and plants of each geolog:c stratum are at Jeast
genenically different from those of any other stratum, though belonging
1 some cases to the same families or orders

3 The ammals and plants of the oldest (lowest) geologic strata
represent all of the exsting phyla, except the Chordata, but the
tepresentatives of the vanous phyla are relatively generalized as
compared with the existing types

4 The animals and plants of the newest (hughest) yucle . c strata
are most Itke those of the present and help to nk the present with
the past

5 There 1s, m general, a gradual progression toward higher types
2s one proceeds from the lower to the higher strata

6 Many groups of ammals and plants reached the clmax of
specialization at relatively early geologic periods and became extinct

7 Only the less specialized relatives of the most highly specialized
types survived to become the progemtors of the modern representa
tives of their group

8 It 1s very common to find a new group arising near the end of
some geologic pertod during which vast chmatic changes were taking
place  Such an meiprent group almost regularly becomes the domi
nant group of the next pemod, because 1t developed under the
changed conditions which ushered m the new period and was therefore
especially favored by the new environment

9 The evolution of the vertebrate classes 1s more satisfactonly
shown than that of any other group, probably because they represent
the latest phylum to evolve and most of their history comaides with
the penod within which fossils are known

10 Most of the mvertebrate phyla had already undergone more
than half of their evolutton at the time when the earliest fossil remams
were deposited

FOSSIL PEDIGREES OF SOME WELL XNOWN VERTEBRATES
PEDIGEEE OF THE HORSE

Of 2]l fossil pedigrees that of the horse 1s most often mentioned m
evolutionary literature  The mam facts have been known for about
forty years and there 15 a rather genera) consensus of Gpinion as to the
lustory as a whole It appears practically certain that the horse
family (Equidae) arose from a group of prumtive five toed ungulates
or hoofed mammals called Condylarthra that hived m Eocene times
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No particular member of this extinct group has been found that fulfils
all the requirements of a primitin e horse ancestor, so the chances are
that the real ancestral condylarthran has not been discovered

“The course of ther {Equsdae] evolution,” says Dendy,? *has
evidently been determmed by the development of extensive, dry,
grass-covered, open plams on the Amencan contment In adap-
tation to life on such areas structura) modification has proceeded
haefly 1n two directs s The himbs have become greatly elongated
1nd the foot uplified from the ground, and thus adapted for rapd
fhght from pursuing enemies while the nuddle digst has beconze more
and more mportant and the others, together with the ulna aud the
fibuta, have gradually dnappeared or become reduced to rere vesuges
At the same hume the grazing mect has been grad
The neck and head have become elongated so Lhat the 3mmal 1nable
to reach the ground without bending its legs, and the choek tecth have
acquired complex gnnding surfaces and have greatly mcreased m
tength to compensate for the ncreased rate of wear Asmsomany
other groups, the evolution of these special characters has been
accompamed by gradual mcrease m size  Thus Eokeppus, of Lower
Focene times, appears to have been not mare than eleven mches high
at the shoulder while existing horses measure about sixty four inches,
and the numerous mtermediate genera for the most part show 2
regular progress m ths respect

“All these changes have taken place gradually, and a beautiful
senes of intermediate forms mdicating the different stages from Eoksp-
Pus to the moders horse {Equus] have heen discovered  The sequence
of these stages 1n geologieal time exactly fits 1 with the theory that
exch one has been dernved from the one next below 1t by more perfect
adaptation to the conditions of lfe  Numerous genera have been
destribed, but 1t 15 not pecessary to mention more thana few "

‘The first mdisputably horselke ammal appears to have been
Hyracotherium, of the Lower Focene of Europe  Another Lower
Locene form 15 Eslippus, which Lived m North America, probably
having migrated acyoss from Asm by the Alaskan land connection
which was 1n exsstence at that tme  In Eokippus the fore foot had
four completely deseloped hoofed diypts and & " thumb® reduced to
a splint bone, w the hind foot the great toe had enurely disappeared
and the hittle toe 1s represented by a vestigal structure or sphat bone

6; Asthur Dendy, Outlines of Lsolutianary Biology (D Appleton & Company
598
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Then came 1n succession Orohsppus, of the Upper Locene, Mesohippus
of the Lower Miocene lelnﬁpus of the Upper Phocene, and ﬁna.lly

=1 {108

-1 |1oms
=} {188
-Lj e
=) j1oe®e
- e

Fic 3r.—Feet and teeth 1n fossit pedigree of the horse  (After Marsh)
a, Bones of the fore foot, b, bones of the hund foot, ¢, radis and ulna, d, fibula
and tibta, ¢, Toots of a taoth, fand g crowns of upper and lower teeth

Equus of the Quaternary and Recent  Other genera might be men-
tioned, but the history of this senes has Leen pictured in a classic



£VOLUTIQN GENLTICS AND EUGENICS

38

Fio 33~
P 33 ~Fourstagesn theesslutanol the camehae o oot A 2L
orbes Bocenr. 8 Ptrotheriurs Lowes Oligocene - Froc2 midus Upper

00 Recent  (From Seott)



EVIDENCES FROM PALAEONTOLOGY 139

Were there time enough to do s, we might trace the development
of this family bachward, step by step, through all the many stages
hetween the Pleistocene and the Upper Eocene n quite as unbroken
sequence and 1n as full detail as can be done for the horses  We must,
however, pass over all the intermediate steps and consider the ances
tral camels of the Upper Eocene These were very little animals
hardly larger than a jack rabbit, which had the full complement of
teeth, 44 1m total number, and all with very low crowns  The hmbs,
and especially the feet, are relatn ely short, the ulna 1s complete and
separate, as 1s also the fibula, there are four toes m each foot, though
the lateral pair of the hund foot are extremely slender, and there 1s no
co-ossification to form cannon bones  The hoofs are well developed
1n form like those of an antelope, so that there can have been no pad
For the present, the Ime cannot be carrted back of the Upper Eocene
the probable ancestors from the middle and Lower Eocene bemng, as
vet, d only by

Tn addition to this mam stem oi cameline descent which resulted
1 the modern species, there were two short hived side branches which
should be mentioned One, ending n the Lower Miocene, was the
senes descriptively called “gazelle-amels,” small ammals with very
long and slender legs, evidently swift runners  The other senes, the
so-called “giraffe-camels,” terminated 1 the Upper Miocene, these
were browsers and display an mcreasing stature, especally m the
length of the neck and fore ltmbs  They adapted themselves to the
growing andity of the western plans

EVOLUTION OF THE ELEPEANTS'
A FRANKLIN SHULL

The mastodon elephant sertes shows a larger number of obvious
changes than most of the other series named, all of these changes
except that of the body having to do with features of the head
From the numerous specimens of elephant like forms available, the
following are selected (foll g Lull) as probably g a
direct line of evolution Moerstherium from the Upper Eocene of
Egypt, Palaeomastodon irom the Lower Oliogocene of Egypt, also
from Inda, Trilophedon from the Miocene of Europe, Ainca and
North Amenca, Mastodon from the Phocene and Pleistocene of

*From A F Shull Princsplss of Anmmal Brology (copynght 1920)  Used by
special permussion of the publishers The McGraw Hill Book Company
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North America, Turope and Asa, Sfegedon from the Pliocene of
southern Asia, and Elephas from the Plestocene of the Americas,
Europe, and Asia, as well as the living clephants of Asia and Africa.

£ o

16, 4.—Tsolution of head and molar teeth of mastodons and elephants.
A, A", Llephas, Pleistocene, B, Stegodon, Phocene, C, ', Mastodon, Pleistocene;
D, D, Touplodon, Nocene, I, 2. Batsomosiossn, Snmmeser” b aon
rithersum, Focene (Trom Lult)
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A study of Figure 34 1n connection with the following account will dis-
close the more stnihing steps of evolution  These forms differed from
one another in 2 number of features, but the diflerences between any
member of the series and the one that precedes or that which follows
were so small that the series 1s obviously a continuous one  Moersthe
7ium was very different from the modern elephant, but the nter
mediate forms completely bridged the gap The senes exhibits an
enormous mncrease m size of body changes m the form and size of
the teeth, a reduction in the number of teeth, zn alteration m the
method of tooth succession the enlargement of certan teeth to
hecome tusks, the elongation and subsequent shortenung of the
lower jaw, the development of the upper hip and nose mto a proboscis,
andan mcrease m the height of the skull through the deselopment
of large cavities 1 the substance of the bone These features are
described 10 the several forms sernatim

Moenthersum.—The earhest ammal recogmzed as belonging to
the elephant series, Moerulierium by name, was recovered from the
late Focene and early Oligocene deposits of morthern Egypt
It was shghtly over three feet m height The features suggesting
elephantine affinities are the high postenor portion of the skull (Fig
34,F), composed of somewhat cancellate bone that s, bone contamung
upen spaces, the elongation of the second pair of metsors m each jaw
to form short tusks the mdication of transverse ridges on the molar
teeth (Fig 34 F), and the positton of the nasal openings some distance
back of the tip of the upper jaw mdicatmg probably a prehensile
upper kip  There were 24 teeth, and the neck was long enough to
enable the animal to put 1ts head to the ground It probably fed
upon tender shoots and swamp vegetation

Palaeomastodon —This form also Lived in Egypt, but has recently
been found m India It dates rrom early Oligocene time  Palaeo
mastodon was of somewhat larger size than the preceding form, the
posterior part of the skull was distinctly hugher (Fig 34,E)—with a
greater development of cancellate bone, and the neck was somewhat
shortened ‘The upper incisors of the second pair were more elongated
as tusks and bore a band of ename] on therr front surfaces  The lower
second mcisors were present, but not enlarged  All other mcisors and
the canines bad disappeared  The molar teeth {E) resembled those
of Moersthersum but were larger The lower jaw was considerably
elongated, and the total number of teeth was still high (26) The
nasal openmngs had receded until they were just 1n front of the eyes,
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which 1s believed to mndicate the exstence of a short proboscts
extending at Jeast to the tips of the tusks
Tolophoden—Trilophodon, a great migrant and consequently
wide spread over several continents as stated above, exhibited m
several respects a stnhing advance over Palgeomastodon, but this
advance was 10 the mam 1n the same direction as was mdicated by
the change from Moertthersum to Palasomastodon  Trlophodon wasa
huge ammal, pearly as large as modern Indian elephants  The tusks
were consderably longer (Fig 34, D) and still bore 2 band of enamel
The molar teeth were large and greatly reduced m number, so
that only two were present at any one time on each side of each
13w The surface of these teeth bore a somewhat larger number of
transverse crests (Fig 34 D) than were present in the earlier forms
The lower jaw was enormously elongated, so that it projected as far
forward as the tushs  The great seight of the lower jaw and tusks

w23 q4 wmith a devable devel t of late bone
i the skull, to which the supporting muscles of the neck were
attached P bly there was a prob which ded to or

beyond the tips of the tusks and lower jaw

Mastodon —The mastodons on the whole represent a line of
development which became extinct, but in their mciptent stages they
appear to have given mse to the succeeding forms leading to the
elephants  The body was somewhat larger than that of Trdophodon
bemng ahout the size of the Indian elephant The tusks (C7) were
much elonzated (g feet or more), but the loner jaw was greatly short-
ened and the lower mcisor teeth were reduced or wanting  The molar
teeth (Fig 34,C) Were scarcely more complex than earlier forms, and
numbered two on each side of each jaw  They were still crushing
‘teeth, and the food must have been tender twigs and suceulent plants,
mndeed, remains of such objects have been found 1 the regon of the
stomach of the fossil mastodons

Stegodon —This animal 15 of mterest cluefly because the molar
teeth hore five or six well defined transverse ndges (Fig 34,8)  These
nidges were due to plates of enamel extending up through the tooth,
and mclocing a substance Lnown as dentine  Over the enamel m an
unwomm tooth %28 2 thin coat of a third substance called cement, but
there was not much of thus substance between the ndges In the
latter respect, Stegodon dered, as 1s pomted out below, {rom the
elephants and mammoths  On the whole, Stegodon was mtermediate
between the mastodens and elephants
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Elephas —In this genus are included 2 number of extinct forms
(the mammoths) from three or four continents, and the living ele-
phants  The extinct forms, though called mammoths, were not large
animals, being no larger than the Indan elephant of today, and not
so large as the lving African species  Some of the features of the
elephants, their size, the short neck, the long proboscis and the heavy
tushs are matters of common observation The shull 1s very high
and short (Fig 34 47) The height 15 due chuefly to the development
of cancellate bone, not to the enlargement of the brain, which 1s still
qute small, As stated above, the high skull affords the necessary
leverage for the muscles that support the weight of the tusks The
molar teeth are distinctly grinding teeth (Fix 34,4) FEach tooth
bears a number of transverse ndges, ahout ten m the African elephant
and two dozen or more m the Indian species  These ridges are worn
down by the chewing of harsh food, so that the upper surface displays
2 number of flattened tubular plates of enamel mclosing dentine and
bound together by cement A tooth 15 completely worn out by use
and 1s replaced by another The method of replacement, however
1s pecular  While the tusks (incisors) are of two sets, one following
the other ke mulk and permanent teeth of other mammals, the
grnders succeed one another in continuous fashion  There are never
more than two visible grinders on each side of each jaw  As they
wear out they move forward in the jaw, and are replaced by new teeth
appearing behmd  New molars thus enter at wmtervals of two to four
years m young elephants, and at mtervals of 15 to 30 years m later
life  If an elephant hves long enough (6o years or more) 1t develops
a total of 28 teeth mcluding tusks, but has nat more than ten (often
less) at any one time

Correlated with the nature of the teeth of the elephants are therr
food and chewing habits  Whereas the ancestral forms whose molars
bore prominent elevations lived on twigs and tender herbage which
they crushed 1n mastication the mammoths with their flattened tooth
surfaces devoured grasses, sedges and other harsh vegetation which
they ground with lateral motion of the teeth upon one another In
this respect modern elephants are like the mammoths

In the changes described above 15 found one of the most beautiful
and best established evolutionary series with which the palacontolo-
gistisacquamted  Only a few others equal or approach 1t i clearness

and completeness



CHAPTER XI
THE EVOLUTION OF MAN PALAEONTOLOGY:

Ricaagd Swann Loty
ORIGIN OF PRIMATES

Stock —There 15 but httle doubt that two important orders of
modemn mammals the Carnivora and the Pnmates, had a common
ongm diverging mainly along lines determined by a dietary contrast,
as the former have become more stnctly flesh eating or predaceous,
the latter largely fruit eating and as a consequence more completely
arboreal  Back of each group lie as annectant forms the Insectivora,
not perhaps such as are alive to day, as all these are hughly speciahzed
along diverse hnes, but generahzed msectivores possessing, because
of their primitiveness a wider range of potential adaptation Mat
thew 1s disposed to think of these, our distant ancestors, at the dawn
of the Tertiary, as a sort of hybnd between a lemur and 2 mongoose,
rather catholic 1n their tastes hving among and partly m the trees
with sharp nose bright eyes and a shrewd httle brain behind them
looking out 1f you will from a perch among the branches, upon a
world that was to be singularly kmd to them and ther descendants’
Thus we can define the stock as a relatively large bramed arboreal
msectivore, of prmtive but adaptable dentition, and especially of
progressive mentality

Time —The time of pumate origm must have been not Jater
than basal Eocene, as primates, clearly definable as such, are found 1n
the Lower Eocene rocks of both Europe and North Amenca

Place —The sunultaneous appearance of the primate mn the
0ld World and the New gives nise to the same conclusions as to their
place of origm and thetr migrations thence as with other modernized
mammals It suffices now to say that therr ancestral home was
boreal Holarctica, probably within the limuts of the present contunent
of Aua, whence thev mgrated southward along the three great
contmental radu  The impelhng cause of this mugration was the
inereasing northern cold, before which the boreal limitations of the
tropscal forests retreated, carrymng with them the primates which,

TFrom R, § Lull Orgamic Ewolution (copynght rory) Used by speaal
permission of the publishers The Macoullan Company
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general, are utterly dependent upon such an environment for thewr
sustenance

Geologic retord.—Primates are found 1n the North American
sediments from Lower to Upper Eocene time, when they became
extinct Thus, while therr remains constitute a relatively large per
centage of the total faura of the Eocene, pnmates are utterly unknown
on this continent from that time until the coming of man  In Europe
the record 1s simular except that the extinction occurred at a somewhat
later date, the Oligocene  Furthermore, they reappear in Europe mn
the Lower Miocene at the time of the proboscrdean migration out of
Afnca whence these primates may also have come Their second
European extinction was mn the Upper Pliocene shortly before the first
appearance of mankind

But 1n southern Asia, Afnca, and South Amenca the evolution of
primates seems to have been continuous since the first great southward
mgration  The evidence, however, 18 not so much the historrcal
documents as the presence of primates 1n those places at the present
time, the fossil record 15 not entirely laching although ghly mcom
plete  The South American monkeys may have had therr ongmn 10
the ancient North Amenican primates, or more doubtfully, the stock
may have come by way of Africa  Scott mclines toward the latter
view although he says the evidence 1s by no means conclusive

ORIGIN OF MAN

Stock —According to W K Gregory, the stock from which man
arose was some big bramed anthropoid related most nearly to the
chimpanzee-gonlla group, an assumption based upon anatomical
evidences, 1n spite of wide differences i habitus and consequent
adaptation

Place —Ewvidences pomnt to central Asia as the place of descent
from the trees of the human precursor the reasons for this belef bemng
several  Furst, 1t was central for rmgrations elsewhere, Europe, on
the other hand, where the most conclusive, 1n fact almost the exclusive
evidence for fossil man 1s found, 1s too small an area for the diverg-ut
evolution of the several human species  Second Asia 1s contiguous
to the oldest known human remains, which as we shall see were found
m Java  Thrd, 1t was the seat of the oldest avihzations, not only of
the exsting nations which, fike the Chimese trace ther recorded
lstory back to a hoary antiquity, but of nations which preceded them
bv thousands of years and whose records have not yet come to light
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This antiquity vastly exceeds that of the nations of Europe or of the
Amencansorof Afnca  Fourth, central Asia 1s the source of almost
all of our domestic ammals, many of which have been subjected to
human will and control for thousands of years and thus 1s equally true
of many of our domestic plants  This1s not due to the fact that man
first reached cwvilization 1n Asia but rather that he chose for hus com
panions the lghest and best of their several evolutionary lmes, and
Asia was the place of all others upon earth where the evolution 1n
general of organic life reached 1ts highest development in late Cenozoic
time (Williston)  Fifth chmatic conditions m Asia in the Miocene
or early Pliocene were such as to compel the descent of the prehuman
ancestor from the trees 2 step which was absolutely essential to
further human development

Impelling cause —\W ¢ look (ct a gcolog\c cause back of this most

crists 1 the eveol and we find 1t 1z conty

nental el and andity of climate, espe-
aally to the northward of the Himalayas With thisincreased andity
and temperng of tropical heat came the dwmdling of the forested
areas swtable to pnmate occupancy  Barrell has suggested that this
dimimution left residual forests comparable to the dimmishing lakes
and ponds of the Devonian which upon final desccation compelled
thewr denizens to become terrestrial or pensh  The dwimndling of the
residual forests would have an effect upon the tree-dwellers which may
be expressed 1 precisely the same words.  Once upon the ground the
effect upon even a conservative type-—and the primates 1 general
where constant conditions prevail, are slow of change—would be the
rapid 2cquisition of such adaptations as were necessary to msure sur
vival under the new conditions The other man like apes had,
unfortunately for thewr further evolution, reached a region where
tropical forests contmued to be available and hence have retammed their
arboreal hfe and with 1t a stagnation of progress  The result has been
at any rate on the part of the three larger forms, a degeneracy from
the estate of therr common ancestry with mankind, the gibbons seem
to have detertorated less, while terrestnal man has nsen to the summit
of primate evolution

Tine —The tume of the descent 1s not later than early Phocene
nor earhier than Miocene time, when the terrestrial ape man became
what we would call human was perhaps later, but certauly during the
Phocene, which makes the age of man as such measurable 13 terms of
bundreds of thousands of years!
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Significance of the descent from trees —As a result of the descent
from the trees, certam definite factors were called into play, each of
which had 1ts effect on the further evolution Briefly enumerated,
these are (1) Assumption of the erect posture, (2) hberation of the
bands from their ancient locomotor function to become organs of the
mnd, (3) loss of the easidy obtaimable food of the tropical forests
necessitating the search for sustenance, both plant and ammal, and
man became a hunter, (4) need of clothimg with increasing melemency
of the weather, especially during the long wanters, (s} freedom from
chmatic restrictions—when an ommvorous diet and clothing were
acquired man was no longer hmited to one definite habitat and the
result was dispersal, (6) the development of communal hfe, rendered
possible by the terrestnial habitat  Pnimates are at best greganous,
subrmitting, as m the gorilla, to the leadership of the strongest male,
but 1t 15 only by communal hfe with its attendant diviston of labor
that man can nse above the level of utter savagery

Evolutionary changes —Human evolutionary changes which are
recorded are more erect posture, shorter arms, perfection of
thumb opposability, reduction of muzzle and of size of teeth, loss
of Jaw power, devel of chin p , increase 1n skull
capacity, diminution of brow ridges, dumnution 1n strength of zygo
matic or temporal arch, mcrease 1n size and complexity of bramn
especially frontal lobes, development of articulate speech

FOSSIL MAN

Fossil remains of man are found under two conditions, in niver
valley deposits and 1 hmestone caverns which served first as a
dwellng place and later as a sepulture Of these the caverns
have been by far the most productive, but they contan only the
remams of the later races, as the caverns according to Penck did not
become avalable for human occupancy before middle Plesstocene
time,

The ranty of human fossils may be explaned, first, by the vanous
bunal customs which seldom are suffictently perfect to preclude the
possibility of alternate wetting and drymng or of rapid oxidation both
of which are prolututive of fossihization  If man lived and died wn the
forests the chances for hus fosshaation, 1 comman wth other forest
creatures, was very remote, for the remamns of such are almost mvart
ably destroyed by other ammals, by dampness, or by fungy, and rarely
®ttamn a natural bunal in sediment  Tf on the other hand he dwelt
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mn the open, the chances of so shrewd a creature being caught
the flood waters and thus buried m sediment were not very great
However we account for 1t, the fact remans that relics of ancient man
are rare and are valued accordingly

In North America —Repeated instances of seemingly ancient
man have been brought to hight 1 North America, such as the “Cale
veras skull” of the Califorma gold bearing gravels, which was satinzed
by Bret Harte, the Nebraska “Loess man,” and those of the Trenton
gravels, none of which, with the possible exception of the last-men-
tioned, has proved to be really old m the geologic sense Indirect
evidence of human antiquity, that 1s, the association of North Amen
can man with amumals which are now extinet, while very rare, has been
reported 1n at least two lughly authentic mnstances  The first of these
was at Attica, New York, and 1s attested by Doctor John M Clarke,
the New York state geologist Four feet below the surface of the
ground, m a black muck, he found the bones of the mastodon (Masto
don amerscanus), and 12 mches below this, 1n undisturbed clay, pteces
of pottery and thirty fragments of charcoal ~The charcoal may have
been of natural origin, but the presence of the pottery seems conclu
sive  The other mstance was that of the remams of a herd of extinct
bison (Bison antiquus) found near Smoky Hill River, Logan County,
Kansas, and thus described by Professor Wilbston An “arrow head
was found undemeath the right scapula of the largest skeleton,
embedded i the matrix, but touching the bone atself The skeleton
was lying upon the right side The bone bed when cleared off

contatned the skeletons of five or six adult ammals, and two or
three younger ones, together with a foetal skeleton withmn the pelvis
of one of the adult skeletons  The animals had evidently all penished
together, during the wnter ~ There was no possibility of the accidental
intrusion of the arrow head 1n the place where found . It must
have been withun the body of the amumal at the time of death, or have
been Iying on the sutface beneath its body ”

W hat at this wnting 15 claimed to be another genume case of such
an association, this time of the actual human bones, has just been
announced from Flonda This find, which has been reported by
State Geologrst Sellards, was made at Vero, eastern Florida, 1n 1913
The fossil human bones are from two incomplete skeletons and are
found m strata which also contain remams of the following extinct
species  Llephas columbs, Equus lesdyr, a fox, a deer, the ground sloth,
Megalonyx jeffersons, and the American mastodon
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In South America —A number of finds have been recorded from
South Amenca npotably by the late Florentino Ameghmo of Buenos
Aures who contnibuted so largely to our knowledge of South American
prehustonc hfe  An expert from W ashington, Doctor Ales Hrdlicka,
has studied with the utmost care the locahty and character of each of
these finds i the Western World, and has expressed the opimon that
noze 1s of an antiquity greater than that of the pre-Columbian
Indians

Further evidence lies i the uniformuty of type, except for minor
distinctions of all native Amencan peoples  There 15 no such racal
differentiation as that seen 1n the Old World, and the argument 1s that
there hasnot been time for such a deployment The area and condi
tions as an adaptive radiation center are surely ample

In Africa —The only African relics thus far reported are those
of prelustonc cultures, comparable to those of Southern Europe, m
certam caverns of the Barbary States There has also been reported
from Oldoway ravine, German East Africa, a human skeleton of
undoubted antiquty It 15 described, however, as bemng nesther a
very early nor a pnmitive type

In Asia —Asia has given us in Puthecanthropus the oldest known
rehc of the Hominidae found at Trinil in theisland of Java  Osborn
fays ‘It 1s possible that withuin the next decade one or more of the
Tertiary ancestors of man may be discovered in northern Indiz among
the foothls known as the Siwaliks Such discoveries have been
heralded, but none have thus far been actually made Yet Asa will
probably prove to be the center of the human race We have now
discovered 1n southern Asia primitive representatives or relatives of
the four existing types of anthropeid apes namely, the gibbon, the
orang the chimpanzee, and the gonlla, and since the extmnct Indian
apes are related to those of Africa and of Europe, 1t appears probable
that southern Asia 15 near the center of the evolution of the higher
pumates and that we may look there for the ancestors not only of
prehuman stages ke the Triml race but of the higher and truly
human types’

In Europe —It 1s in Europe, however, that the tale of human
prehstory 1s the most complete, not only through the happy acadent
of preserval but because it has been much more thoroughly explored
than has the Asiatic evolutionary center  The latter, however, holds

the greatest hopes for future exploration smce, as we have emphasized
Europe 1s too small to be an adap d center and Europ
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prelustoric man represents waves of migration irom the greater
continent

Nevertheless the European record has enabled us to name and
define 2 number of distinct human species, and here the record of the
cultural evolution of man 1s abso unusually complete Hence Euro
pean chronology 1s taken as a standard m deseribing discoveries from
any portion of the world

CHRONOLOGICAL TABLE
(Adapted from Osbomn 1915)

Posroraciar Tive 2§ 000 years
Upper Palaeolithic culture
Cré-Mageon man
FoURTE GLacTAL STA6E (Wurm Wisconsin) 50000 years

Close of Lower Palacohthic culture
Neanderthal man

150 000 years

1 175 000 years

SECOND INTERGLACIAL STAGE 375 00 Years
Hewdelberg man

SEconD GLacIAL StacE (Mindel Ransas) 400 000 years

Tist INTERGLACIAL Srace 47, OUL YOS
Pushecanthropus ape man

First GLACIAL STAGE (Gunz Nebrashan} 500 QOO years

Puthecanthropus —The Java ape man  Puthecanthropus eérecius
(Fig 35) was discovered m Trml, on the Solo or Bengawan
River m central Java, m
1804 The type consists of
a calvarium or shull cap, a
left thigh bone, and two
upper molar teeth The
slull 1s characterized by 1ts
Lmited capanity about two-
thuirds that of man and by
the low flat forchead and
beetling brows Hence not.
only was the bramn Lmited
In 1ts total size, but this  FiG 35 —Skull of Java apeman Puhecan
was especaally true of the theop s ercctus  (From Lill, after Dubors)
frontal lobes, which, as we have scen, are the scat of the hughet mtel-
lectual faculties Thus, as Osbomn says, 2lthough touch, taste, and
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wvision were well developed there was a mited faculty for profiting
by expenience and accumulated tradition  The femur associated with

Frc 36 —Jaws leit outer aspect of 4
chimpanzee Pen sp B fossil cumpanzee
Pan vetus found 1n assoc ation with Palt
dosm man C Hedelberg man Homo
he delbergens s D modern man II sap ers
{From Full afire 11 nodward ¥

the shull 1s remarkable for 1ts
length and shght curvature as
compared with the primitive
Neanderthal race of Europe
and indicates a creature fully
aserectand nearlyas tallas the
average European of today
the height being estimated at §
feet 7 mches as compared with
5 feet 3 inches for the Nean
derthals and § feet 8 mches
the average height of modemn
males The erect posture of
course implies the hberation
of the hands from any part mn
the locomotor function The
tecth are somewhat ape-like
but are more human than are
those of the gibbon and the
human mode of mastication
has been acquired Certam
authorities have tried to prove
that Puthecanthropusis nothing
but a large gibbon, but the
weight of authonty considers
1t prehuman though not m
the line of direct development
mtohumamty Itisneverthe-
less a highly important transi
tional form

Associated with the Ptke
canthropus remamns are those
of a number of the contem
porary amimals which fix the
dateaseitherof the UpperPlio
cene or lowermost Pleistocene
period which bemng rendered
1n terms of years gives an estt
mated age of about oo cool
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Heidelberg man — Homo kerdelbergensss, the Heidelberg man
tepresents the oldest recorded European race, geologically speaking
The type was discovered i 1907 1n river sands, 79 feet below the
surface, at Mauer, near Hewdelberg, South Germany The rele
consusts of a perfect lower Jaw with the dentition (Fig 36,C) The
desenption by the discoverer, Doctor Schoetensack, follows (from
Osborn)

 The mandible shows a combimation of features never before
found 1n any fossil or recent man  The protrusion of the lower jaw
Just below the front teeth (the chm prommnence) which grves shape to
the human chin 1s entirely Jackmg  Had the teeth been absent 1t
would have been impossible to diagnose stashuman  From 2 fragment
of the symphysis of the jaw 1t might well have been classed as some
gonilla hke anthropoid while the ling ramus bles that of
some large vanety of gibbon The absolute certamty that these
remams are human 1s based on the form of the teeth—molars, pre-
molars canines and masors are all essentially human and although
somewhat pnmitive 1 form show no trace of being mntermediate
between man and the anthropoid apes but rather of being derived from
some older common ancestor  The teeth, however, are small for the
13w, the size of the border would allow for the development of niuch
larger teeth  We can only conclude that no great strain was put on
the teeth and therefore the powerful development of the bones
of the Jaw was pot designed for their benefit The conclusion 1s that
the jaw, regarded as unquestionably human from the nature of the
teeth, ranks not far from the pomt of separation between man and the
anthropoid apes  In compariton with the jaws of the Neanderthal
races we may consider the Heidelberg jaw as pre-Neander
thaloid, 1t 1s m fact, a generalized type *

Assotiated with the Heidelberg jaw 1s an extensive warm-clinate
fauna straight tushed elepbant (E anfigrus), Ttruscun rhinoceros
primutive horse, bison wild cattle (urus), bear lion, and so om, all of
which aid 1n establishing the date of the jaw as Second Interglacsal
and its age, conservatively estimated, at from 300 600 t0 375,000 years
The cultural evolution of Herdelberg man 15 indicated by the presence
of eoliths, flint implements of the crudest workmanship, 1f mdeed their
apparent fashioning 1s not merely the result of use

Neanderthal man~The ongmal specsmen of the Neanderthal
man, Jomo neanderthalensss ot primigenus (Figs 37,38, 39) was dis
covered 1o 1856 not far from Disseldorf m Rhemsh Prussia  Here
the valley of the Diissel forms the deep Neanderthal ravine, whose
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Limestone walls are penetrated by caverns mn one of which the remams
were found  \What was doubtless a perfect sheleton at the ime of its

A Pathecoutheop s erectus

the ape-man of Java B Homo neanderthalens s the Neanderthal man of Turope C Homo sap cis the Cré-

(From Lt byco riesy of Professor McGregor )

Fre 37 —Restoration of prelustortc men after models by J H McGregor

Magnon man of Europe

discovery was so injured by 1ts finders that only 2 portion of 1t which
1snow preserved 1n the Provincial Museum at Bonn wassaved  This
prophet of an unknown race was for a time utterly without honor
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though of course the subject of a most heated controversy, hemng con-
sidered as non buman, or, as Virchow beheved, owmg its distmetive
characters to disease  The sagacity of Huxley threw true light upon
e problem, though 1t was not until the mute testimony of other
representatives of the race (the men of Spy} was offered that even
Huxley s masterful conception of the Neanderthal characters was
taken as an accepted fact
Professor Huxley s descrip
tion of the Neanderthal
types classic  Hesays

“The anatomical char
acters of the skeletons bear
out conclusions which are
pot flattermg to the appear
ante of the owners. They
were short of stature but
powerfully built, with
strong, curtously curved
thigh bones the lower ends
of which are so fash d th 3 —Neanderthalord skullh ;f L)ﬂ

Chapelle aux Samts (Homo neanderthalensss)

that theymust have Valked o Lub afc Beske)
Their long depressed skulls had very strong brow-ndges, their lower
Jjaws, of brutal depth and sohdity, sloped away from the teeth down
wards and backwards in consequence of the absence of that especially
charactenstic feature of the hugher type of man, the chin prommence

Subsequently several more specimens have come to light, at Spy
1 Belgium, at Krapmna i Croatia, at Le Moustier, La Chapelle-aux
Samts and La Ferrassie mn France, and at Gibraltar, which, while
differing 1 vartous details, effectually serve to establish the race, whose
mam characteristics are  Heavy, overhanging brows, retreating fore-
head, long upper Lip, jaw less powerful than that of the Heidelberg
man but very thick and massive, chin generally strongly receding but
m process of formung, dentition extraordinanily massive m the La
Chapelle specimen, whereas 1 those of Spy the teeth are small  The
shull n many charactenstics 1s neater to the anthropords than to
modern man

The brain 15 large and its volume 15 surely human, but the pro-
portions ate agaw less hie those of recent man than bike the anthro-
pods. The chest 1s large and robust, the shoulders broad, and
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the hand large, but the fingers are rclatrvely short, the thumb lackmg
the range of movement seen m modern man  The Lnee was some-
what bent, the leg powerful, with a short shinand clumsy foot, clearly
not of cursonal adaptation The
curve of the bent leg was correlated
with a smlar curvature of the
spine, so that the man could not
stand fully erect, as he lacked the
fourth or cervical curvature of
Homosapiens Theaveragestature
was 5 feet 3 mches, with a range
from 4 feet 10 3 mnches to 5 feet
5 2 mches, partly sex differences
Neanderthal man hved m Eu-
rope from the Third Interglacal
stage through the Fourth Glacal,
a duration of thousands of years,
and then became extinct, from
twenty to twenty five millenmums
ago He scems to have been an
actual hneal successor of the man
of Heidelberg but was throughout
huis long career an unprogressne
0 static race One of the most
Fic 39 —Skeleton of Neanderthal  remarkable features m connection
;’;‘: 3 il{l{l’":’;a'é”o’;d;’i‘;’f]‘:é"n:::‘e with this race, however, was the
Austral an B Homo sapicns thelatter VETy Teverent way m which the
thelowest easting race  (I'rom Ltll dead were buried with an abun
efter T godward ) dance of ormaments and finely
worked flmts This can have but one mnterpretation, the awakemng
within this ancient type of the mstictive belef in immortahty!
Piltdown man —In 1912 was announced the discovery of a very
ancient man from the Thames gravels at Piltdown, Sussex, England
Here again the shull was mjured and partly lost, so that the question
of 1ts proper restoration has been the subject of considerable contro
versy ‘The matenal consists of portions of the cramal walls, nasal
bones, a canine tooth, and part of a lower Jaw  The bramn case 1n this
mstance 1s typically human, except for the remarkably thick cramal
walls The forehead 1s high and lacks the superorbital ndges of
Neanderthal man and Pithecanthropus  While the skull 1s of com-




156 EVOLUTION, GENETICS, AND EUGENICS

paratively high human type, the associated jaw and camme tooth
clearly ae not, and some dufficulty was met 1 explaming their evola
tionary discrepancy  ‘That has apparently been answered, however,
by the conclusion that the assocation of the matenal 1s purely acct
dental and that the jaw not only does not belong with the skull, but
hat 1t 15 not even humon but 1s timt of a fossd chmpanzee  That
beng the case, these seems to be o reason for the exclusion of the
Piltdown man, who has been named Eoanthropus dawsons, from the
direct hine of human ancestry  The specimen 1s not, perhaps, so surely
dated as are those of the other European races, but 1t 1s associated with
a warm-chimate fauna and s generally considered to beloug to the
Third Interglacial stage—from 100,000 to 150,000 years old, and
hence vastly more ancient than the more primitive Homo neander
thalensss  (See Fig 36,B)

Crd-Magnon man —The ongnal finds of the men of the Crd
Magnon race Homo saptens, were made at Gower, Wales, and at
Aungnac France In the latter place seventeen skeletons came to
ight 1n 1852, but were buned in the village cemetery and thus lost to
science, and not until 1868, when five more sheletons were discovered
at Crd-Magnon, France, was the race established These individuals,
2n old man, two young men, a waman and & child, ate thus the
types of the race  This race 15 thus ck d

Skull large but narrow, with 2 broad face, hence disharmonc.
Facal angle equaling the highest type of Homo sapiens  Jaw thick
and strong, with a narrow but very prommnent chin  Forchead high
and orbital ndges reduced  Bram not only of high type but very
large, that of the women exceeding the average male of to-day

The stature of the old man was 6 feet 4 5 inches, the average for
males being 6 feet 1 § inches, for women § feet § inches, a great ds
panty  The lower segments of the limbs were long, 1n contrast with
the Neanderthal type, hence the men of Crd-Magnon were swmit
footed, while those of Neanderthal were slow Qshorn says  “The
wide, short face, the extremely prommnent cheekhones, the spread of
the palate and a tendency of the upper cutting teeth and inaisors t0
project forward, and the narrow, powted chin recall 2 facal type
which 13 best seen to-day 1n tribes hiving 1n Asia to the north and to
{he south of the Himalayas  Asregards their stature the Crd-Magnon
race recalt the SiLhs lving to the south of the Himalayas In the
disharmonic proportions of the face, that 1s, the combmation of
broad cheekbones and narrow skull, they resemble the Eskimo  The
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sum of the Cr8-Magnon characters 1s certamly Asatic rather than
Afncan, whereas mn the Grnmaldis (of which speamens have been
founa 1n association with Cré-Magnons at the Grotte des Enfants,
Mentone) the sum of the characters 1s decidedly negroid or African ”

The Cré-Magnons agamn show by their elaborate bural customs
bow old and well founded 15 the behef in hfe after death  They are
supposed to be the people who left on the walls of the caverns of France
and Spaimn the marvelous examples of Upper Palacolithic art of which
Professor Osborn’s book gives so adequate a descption  They
lived for a while contemporaneously with the men of Neanderthal and
may have contnbuted somewhat to the final extinction of the latter
In the course of time, however, they too declmed, although to this
day survivors of the race may be seen i Dordogne, at Landes near
the Garonne m Southern France, and at Lannion in Bnttany  Osborn
says

Tke dechne of the Crs Magnons, with therr artistic culture,
“may have been partly due to environmental causes and the abandon
ment of their vigorous nomadic mode of life, or it may be that they had
reached the end of a long cyele of psychic development We
know as a parallel that in the history of many civilized races a period
of great artistic and industrial development may be followed by a
period of stagnation and decline without any apparent environmental
cause ’

Europe was repopulated after Cr6-Magnon dechne by later
mvaders from the Asiatic realm, the so-called Mediterranean narrow
beaded and the Alpme broad headed types, etc, probably differen
tiated m Asta in early Palacolithic times The repopulation took
place 1 the Upper Palaeohthic

EVIDENCES OF HUMAN ANTIQUITY

Great variation.—These, bnefly summanzed, are, first, great
vaniation If man 1s monophyletic, that 1s denved from a single
prehuman spectes, and there 1s no reason to believe otherwise he must
be old, for while the adaptations to ground-dwelling after the descent
from the trees were doubtless relatively rapidly acquired the differen
tiation mto the varous races due perhaps largely to chmatic infla
ences rather than to any notable environmental change, must have
been <lowly attamed As corroborative evidence we have but to
point to the mural pamtings on Egyptian monuments, dating back
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several thousand years,in which are depicted the Ethiopran Caucasian
and the like, which are 1 some mstances stnking hkenesses of the
present day Egyptians

Umiversal distribution s, 1n ammals another mark of antiquity
m man, 1t 13 probably less so hecause of hus greater wtethgence
And yet before transportation had become a saence man’s spread
over land and sea was extremely slow

High intelligence as compared with that of the anthropoids 1s also
a mark of antiqmty for the bramn especially the type of bram found
m the higher human races must have been very slow of development
Our study of fossil man shows this

Communal life, division of labor and all of the complicated
imteractions which 1t brings about, and the development of law and
religions all have taken ime  When we realize that Babylontan texts
twice as remote as the patriarch Abraham, give evidence of highly
perfect laws and of a civilization which must have antedated their
production by centunes, we gain another yet more emphatic 1m
pression of human antiquty  Add to all this the palaeontological
evidence of mans association with various genera and numerous
successive species of prelustoric ammals of which he alone survives
and the evidence 13 complete

FUTURE OF HUMANITY

Because of hus mtelligence and communal co operation man 18 1o
longer subject to the laws which govern the adaptation of animals
to thewr environment  Osborn’s law of adaptive radiation, which as

. '

mala o am o d

affects s physical frame, while theirs 1s natural and the stamp of
environment 1s deeply 1mpressed upon the organism

Man's physical evolution has vartually ceased, but n so far as any
change1s bemng effected, 1t 15 largely retrogressive  Such changes are
Reduction of hasr and teeth, and of hand skll, and dulling of the
senses of sight, smell, and hearmg upon which active creatures depend
so largely for safety That sort of charity which fosters the phys:
cally, mentally, and morally feeble, and 15 thus contrary to the law of
natural selection, must also in the long run have an adverse effect upon
the race
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Man 1s hardly as yet subject to Malthus law, for while he 15
mereasmg more rapidly than any other ammal owing largely to the
care of the young which makes the expectation of life of the new born
relatively very high his migratory ability, but above all hus mtell
gence save hun from the application of the law A single new dus-
covery such as that of electnaty may inerease his food supply and
other life necesstties several fold His future evolution 1n so far as
1t 1s progressive will be mental and spinitual rather than physical and
as such will be the logical conclusion of the marvelous results of
organic evolution.

Swnanthropus pekinensis

A remarhable new discovery has come to light duning the last few
years and deserves to be added to the foregoing account by Professor
Lull the discovery of Pelun man Sinanthropus pekinensis  Next to
Pathecanthropus n the fossil senes of pnmitive man and only a stage
more advanced 15 this newly discovered genus A few years ago Pro-
fessor Davidson Blach found some fossil teeth near Pekm China
which though distinctively human were different enough from any
others known to be assigned to a new genus of man  Search for further
fremains m the same neighborhood brought to light two lower jaws
contaming the kind of teeth discovered by Black The mvestigation
was cltmaxed a httle later when the Chinese anthropologist W C Per
unearthed 1n the same neighborhood a complete cramum At last
reports collectors had brought 1 parts of skeletons of at least ten ind1
viduals  While Sinanthropus 1s more like Pithecanthropus than any
other extinct genus of man 1t 1s 2 more advanced type and helps ma,
tertally to bridge the gap between Puhecanthropus and the higher
buman genera At this wniting further details about this new genus
would be inappropriate smce mvestigations upon 1t are still m progress



CHAPTER XIX
EVIDENCES FROV{ GEQCRAPHIC DISTRIBUTION

PRINCIPLES OF GEOGRAPIIC DISTRIBUTION

_Tust as pa)aeunwlog} may be saud to be & study of the vertical

1 time) of so g phic distribe

tion may be called a study of the honzontal dJsm'butmn of orgamsms,
on the earth s surface at any gren tume (spatal distribution) Wease
chuefly to be concerned with the presend spatiat distribution of anumal
and plant speaes but equally wteresting studies have been and still

may be smade of the b i or of
extiact forms.  Much new knowledge has been gamed by tombrung
the data of pal logy with those of In

fact, verther field can be studied profitably wnhout recourse to the
other Ths fact was clearly perceived by J A Thomson m Ius httle
manual on Erolufion when he combined the two types of evadence 1n
one chapter under the title  Ewidences of Evolutian from Explazer
and Palacontologist

It was a copsideration of the present and of the past distabution
of Edentates that led Charles Darwin to Ius first clear concept of
descent with modification  In hus voyage on the * Beagle” he found
that present day Ed didlos sloths, a very
peculiar group of archaic mammals are practically confined to South
Amenca  When he also found that the only foss: Edentates, resern
bling but alse difiermg from the exsting types are also confined to
South Amenca he easily amnved at the only saference permatted by
the facts that the present Edentates are the modified descendants
of the Edentates of the past.

‘The following quotations from both an older and a recent writer
will gave the reader a clear tdea of the ways sn which the genera! facts
of geographic distsibutson bear witness to the teuth of the evolutionacy
prinaple

“The theory,’ s2ys Wallace ¢ " which we may now take as estab-
ished—that all the ensting forms of Life have been densed from other
forms by 2 natural process of descent with modification and that this
ssme process has been m action dunng past geological time—should
,,“m:s{?: a& Rl (:\;IE g:mm»um (1839)  Used by special peraussian of the

[
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enable us to give a rational account not only of the pecuhanties of
form and structure presented by animals 2nd plants, but also of their
groupmg together 1n certamn areas, and their general distnbution over
the earth’s surface

“In the absence of any exact & ledge of the facts of distrib
a student of the theory of evolution rught naturally anticipate that all
groups of allied organisms would be found 1n the same region, and that,
s he travelled farther and farther from any given centre, the forms
of Iife would differ more and more from those wlich prevailed at the
starting point, till, n the remotest regions to which he could penetrate,
he would find an entirely new assemblage of ammals and plants,
altogether unlike those with which he was famibar  He would also
anticipate that diversities of climate would always be associated with a
corresponding diversity mn the forms of Lfe

“Now these 10ns are to a extent justified
Remoteness on the earth’s surface 1s usually an indication of diversity
m the fauna and flora, while strongly contrasted climates are always
accompamed by a considerable contrast wn the forms of hife But
this correspondence 15 by no means exact or proportionate, and the
converse propositions ar¢ often quite untrue  Countnies which are
near to each other often differ radically 1n their aimal and vegetable
pmdumons while similanty of chmate, together with moderate

, are often d by marked divers:

ties 1n the prevailing forms of lfe  Agamn, while many groups of
ammals—genera, families, and sometines even orders—are confined
to limited regions, most of the families, many genera, and even
some species are found in every part of the earth An enumeration
of a few of these anomahes will better illustrate the nature of the
problem we have to solve

“As examples of extreme diversity, notwithstanding geographical
proxumaty, we may adduce Madagascar and Affica, whose animal and
vegetable productions are far less alike than are those of Great Batain
and Japan at the remotest extremties of the great northern contment,
while an equal, or perhaps even a still greater, diversity exists between
Australia and New Zealand. On the other hand, Northern Afnca
and South Europe, though separated by the Mediterranean Sea, have
faunas and floras which do not differ from each other more than do
the various countries of Europe  As a proof that similanty of cimate
and general adaptability have had but a small part in determinng the
forms of hife in each country, we have the fact of the erormous increase




162 EVOLUTION GENETICS AND EUGENICS

of sabbits and pigs in Australia and New Zealand of horses and cattle
1 South America and of the commaon sparrow m North America
though 1n none of these cases are the ammals natives of the
countnes 1 which they thrnve so well  And lastly, m llustration of
the fact that allied forms are not ahways found sn adjacent regions
we have the tapirs which are found only on opposite sides of the
globe 1 tropical Amertca and the Malayan Isiands the camels of
the Asiatic deserts whose nearest alhies are the lamas and alpacas
of the Andes and the marsupsels only found mn Austrahia and on
the opposite side of the globe m America Yet agun although
mammata mav be said to be universally distributed aver the globe
bemg found abundantly on all the continents and on a great many of
the farger jslands yet they are entirely wantng 1n New Zealand, and
1n a considerable number of ather 1shn Is which are nevertheless per
fectly able to support them when mtroduced

Now most of these difficulties can be solved by means of well
known geographical and geologieal facts  \When the productions of
remote countnes resemble each other there 1s almost always confr
nutty of Jand with simulanty of clunate between them  When adjacent
countries dffer greatly in therr productions we find them separated by
2 sea or strait whose great depth 1s an mdication of 1ts antiquaty or
permanence  When a group of anmals whabits two countnes of
regions separated by wade oceans it 1s found that m past geological
umes the same group was much mare widely distributed and may
have reached the countries 1t habits from an intermediate region
s which 1t 15 now extinet  We know also that countries now united
by land were divided by arms of the sca at a not very remate epach
while there 15 good reason ta helieve thit others now entirely 1solated
by a broad expanse of sea were formerly umted and formed a single land
arca There 1s also another important factor to be taken account of
in considering hosz ammals and plants have acquured ther present
pealanties of distnbution —changes of chimate We know that
qurte recently a glactal epoch extended over much of what are now the
temperate regions of the northern hemusphere and that consequently
the orgamsms winch mbabit those parts must be comparatively
speaking recent mmmigrants from more southern lands  But 1t 15 2
jet more importzat fact that down to mddle Tertiary tumes at 2l
events an equable temperate cimate with a lusunant vegetation
extended to far within the Arctic circle over what are now barren
wastes covered for ten months of the year with snow and ice  The
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Arctic zone has, therefore, been 1n past times capable of supporting
almost all of the forms of Life of our temperate regions, and we must
take account of this condition of things whenever we have to specu
late on the possible migration of organssms between the old and new
continents.”

“Many of the facts of distribution,” says Shull,* “are capable of
terpretation by the assumption that evolution has operated with the
other factors. If each kind of ammal has ansen from a pre-ensting
tand, then each group of related animals must have had an ancestral
form, and if the component parts of the groups are widespread the
range of the ancestral form may be considered to be the center of
dispersal of the group  The facts of distnbution can apparently be
wterpreted only on this basis

“Accepting evolution, along with the ather factors which can be
recognuzed, the method of distnbution 1s generally concerved to be as
follows The ancestral form tends to spread m all directions In
some directions 1t 15 hrruted by unfavourable condrtions erther through
out s bife or for some tume.  In other directions 1t extends 1ts range
Anywhere within 1ts range new types of indivduals may anse through
the process of evolution  These new types may be fitted to occupy
new regions, and if they are formed near the imuts of the range they
may find opportumty to spread into areas wiuch are wmaccessible to
the unaltered members of the species  Thus may anse recognizably
distinet forms comaident m rapge with certamn environmental condi
tons  If particular forms, or the indivrduals of a single form are
acadentally (or possibly by sporadic mugration) transferred across
barners the distribution of the group becomes discontmnuous If
these processes have been gomg on for & long tume, that 13 if the
common ancestors of 2 group of forms existed long ago the range may
have had time to become very extensive, or its discontinwity very
marked If contranwise, the ancestors were comparatively recent,
the range 15 hilely to be much smaller  For thus reason groups that
have diverged far enough to have attained the rank of famulies are on
the whole more widespread than those so nearly alli~d as to be con
sidered genera Showld the envicommrent become altered withr a
given range, the occupymng form mught be dniven from 1t or destroyed

*From A F Shull Princsples of Amsmal Biology (copynght 1926)  Used by
specal permussion of the publishers, The McGraw Hill Book Company
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If the environment 1n 4 regon adjomning A range should change 1 2
favourable manner, the range right be extended at that punt without
any alteration on the part of the ammals

“The distributron of amamals 18 ferred to bem harmony with ths
wmethod, which mvolves, it will be noted, the fectors of migration,
evelution, physiological and phological depend upon the
environment, the diversity and changeableness of the earth's surface,
and extinction, and m thus manner are expluned the differences m
geographical position  differences 1n size of range, dufferences m the
continusty of range and the fact that ranges are at first continuous,
dafferences 1 physical and bot \ d which ¢b
the ranges of different forms asd the geographwcal proxumty of
apparently related forms *

SOME OF THE MORE SIGNIFICANT FACIS ABOUT THR
DISTRIBUTION OF ANTMALS
THX PAUNA OF OCEANIC ISLANDS
GEQRGE JOUN ROMANES

Tummg now from aquatic orgamsms to terrestrial, the body of
facts from which to draw 15 so latge, that I thurk the space at my dis-
pasal may be best utlized by confining attention to a single dsion
of them—that, namely, which 1s furmished by the zoological study of
oceame islands

In the comparatsvely Lmited—but 1n stself estensive—class of
facts thus presented, we have a particularly faw and cogent test as
between the alternative theories of evolution and creation For
where we meet with 2 volcanie wsland, bundreds of mules from any
other land, and nising abruptly from an ocean of enormons depth, we
may be quite sure that snch an 1sland can never have formed past ofa
now submerged continent  In other words, we may be quite sure that
st always has been what 1t now 1s—an oceanic peak, separated from all
other land by hundreds of miles of se, and therefore an area supphed
by nature for the purpose asit were, of testing the rival theones of
creation and evolutton  For let us ask, upon these tmy insular
specks of land what Lind of Lfe should we expect to find? To this
question the theones of special creation and of gradual evolution
would agree i gaving the same answer up to a certawn pawnt For
both theones would agree 1 supposing that these ilands would at alt

3From G ] Romanes Darusn and after Darwnn {copysight 18y2)  Used by
special penmsuan of The Opea Court Publishing Company
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cvents n large part denve their inhabitants from accidental or ocea
stonal armivals of wind blown or water floated orgamsms from other
countnies—especially, of course, from the countriesleast remote  But
after agreemg upon this powt, the two theories must part company 1n
their anticxpations  The special creation theory can have no reason
to suppose that a small volcamc 1sland 1n the midst of a great ocean
should be chosen as the theatre of any extraordinary creative actvity
ot for any particularly mch manufacture of pecular species to be
found nowhere else in the world  On the other hand, the evolution
theory would expect to find that such habitats are stocked with more
or less pecubiar species  For it would expect that when any organisms
chanced to reach a wholly 1solated refuge of thiskind their descendants
should forthwith have started upon an independent course of evolu
tionary history  Protected from iatercrossing with any members of
their parent species elsewhere, and exposed to considerable changes in
their conditrons of hife, 1t would 1ndeed be fatal to the general theory
of evolution 1f these descendants, during the course of many genera
tions, were not to undergo appreciable change It has happened on
two or three occasions that European rats have been acadentally
mported by ships upon some of these islands and even already 1t 18
observed that their descendants have undergone a shight change of
appearance, so as to constitute them what naturahsts call local
vaneties The change, of course 1s but shght because the time
allowed for i1t has been so short But the longer the time that a
colony of a spectes 13 thus completely 1solated under changed condi
tions of Life the greater, according to the evolution theory, should
we expect the change to become Therefore m all cases where we
happen to know, from mdependent evidence of a geological kind, that
an oceansc 1sland 1s of very ancient formation the evolution theory
would expect to encounter a great wealth of peculiar species  On the
other hand, as T have just observed the special creation theory can
have no reason to suppose that there should be any correlation
between the age of an oceanic 1stand and the number of p culiar species
whach 1t may be found to contan

Therefore having dered the les of phical distr
bution from the widest or most general pomnt of view we shall pass to
the opposite extreme and consider exhaustively, or 1 the utmost
possible detail the facts of such \v d

where the are
best suited to this purpose—that is, as I have already said, upon
cceanic 1slands which may be metaphon~lv regarded as having been
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formed by nature for the particular purpose of supplying naturahsts
with & crucial test between the theores of creation and evolution
The matenal upon which my analyss is to be based will be denved
from the most recent works vpon geographucal distribution—espe-
ceally from the magrificent contrsbutions to this department of suience
which we owe to the labours of \lr Wallace Indeed, all that follows
may be regarded as a condensed filtrate of the facts which he bas
collected  Even as thus restnicted, however, our subject matter
would be too extensive to be dealt wath on the present oceasion
were we to attempt an exhaustive analysis of the floras and faunas
of all oceamic lands upon the face of the globe  Therefore, what I
propose to do 15 to select for such exhaustive analysis 3 few of what
raay be termed the most oceanic of oceantc islands~—that 15 to 83y,
those eceamc wslands which are most widely separated from mawn
lands, and which therefore, furmsh the most unquestionable of
test cases as between the theomes of specsal! creation and genetic
descent

Azores ~A group of voleamc wlands, nine 1o number, about goo
mnles frors the coast of Portupal and surrounded by ocean depths of
1 800 to 2,500 fathoms  There 1s geological evidence that the ongin
of the group dates back at least a¢ far as Miocene times  Theresa
total absence of all terrestrial Vestebrata, other than those which ase
known to have been mtroduced by man Flying ammals, on the
other hand, are abundant namely, 53 species of buds, one species of
bat, a few speaes of butterflies, moths and hymenopters, with 74
speases of mdigencus beetles Al these ammels sre unmodified
European speties with the exception of one bird and many of the
beetles  Of the 74 ndigenous species of the latter, 36 are not jound
n Eurepe, but xg are natives of Madetra or the Cananes, and 3 are
Awmencan, doubtless transplanted by duft wood  The remaming x4
species oceur nowhere else i the world, though for the most part
they are allied to other European species There are 89 known
species of Jand shells, of which 37 are European, and 3z peculiar
though alt allied to European forms Lastly, there are 480 known
species of plants of which 4o are pecubar, though allied to European
spect s

Bermudas~A small voleanic group of aslands, 700 miles from
North Carolina.  Athough there are about 100 sslands i the group,
ther total area does not excesd §o square males  The group 1s SUr
ruunded by water varying in depth from 2,500 to 3,800 fathoms  The
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only terrestrial Vertebrate (unless the rats and muce are indigenous)
15 2 hzard allied to an Amencan form, but speaifically distinct from 1t
and therefore 2 solttary species which does not occur anywhere else in
the world  Noue of the birds or bats are pecubar, any more than 1
the case of the Azores, but, as mn that case, a large percentage of the
land shells are so—namely, at least one quarter of the whole  Neather
the botany nor the entomology of this group has been worked out

but I have said enough to show how remarhably parallel are the cases
of these two volcanic groups of 1slands situated in different hemispheres
but at about the same distance from large continents  In both there
1S an extraordmary pavaty of terrestnal Vertebrata, and of any
peculiar spectes of bird or beast  On the other hand, there 15 10 both
2 marvellous wealth of pecular speaes of insects and land shells

Now these correlations are all abundantly mteligible It isa difficult
matter for any terrestnal ammal to cross goo, or even oo miles of
ocean  therefore only one hizard has succeeded in doing so 1o one of the
two parallel cases, and lving cut off from intercrossing with 1ts
Pparent form, the descendants of that lizard have become modified so as
to constitute a peculiar species.  But 1t 18 more easy for large flymng
arumals to cross those distances of ocean  consequently, there 18 only
one mstance of a pecuhar species of bird or bat——namely, a bull finch
n the Azores which being a small land bird, 1s not likely ever to have
had any other visitors from 1ts ongmal parent species coming over
from Europe tokeep up the ongmal breed  Lastly,1t1s very much more
easy for msects and land mollusca to be couveyed to such 1slands by
wind and floating timber than 1t 1s for terrestnal mammals, or even
than 1t 1s for small burds and bats  but yet such means of transit are
Dot sufficiently sure to admut of much recruiting from the mawland
for the purpose of keeping up the specific types. Consequently, the
insects and the land shells present a much greater proportion of
pecuhar spectes—namely, one half and one fourth of the land shells in
the one case, and one exghth of the beetles n the other ~ All these cor

relations, I say, are abundantly mtelligible on the theory of evolution

but who shall explain, on the opposite theory, why orders of beetles
and land mollusca should have been chosen from among all other
ammals for such superabundant creation on oceame 1slands, so that
10 the Azores alone we find no less than 32 of the one and 14 of the
other? And, n this connection, I may agam allude to the pecular
species of beetles i the 1sland of Madewra  Here there are an enor

Irous number of pecubar specaes, though they are nearly all related to
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or mcluded under the same genera as beetles on the neighboring conty
nent  Now, as we have previously seen, 0o less than 200 of these
species have lost the use of ther wings  Evolutiomsts explam this
remarkable fact by their general laws of degeneration under disuse,
and the operation of natural selection as will be shown later on, but
1t 13 not so easy for special creanomsts to explan why this exormous
number of pecubar species of heetles should have been depostted on
Madeira afi athed to beetles on the nesrest contment, and neasly all
deprived of the use of theiz wings  And sumtlarly of course, with alf
the peculiar species of the Bermudas and the Azores  For who will
explam, on the theory of wdependent ereation, why all the pecular
species both of animals and plans, whick eccur on the Bermudas
should so unmistahably psesent Araenican affimties white those which
occur on the Azores no less unnustakably present European affimues?
But to proceed to other and still more remarkable, cases
The Galapagos Istands —This archipelago 1s of volcame ongm,

situated vn er the equator between goa and oo miles from the West
Coast of South Amenca  The depth of the ocean around them vanes
from 2000 10 3,000 fathoms ar more This group 1s of peculiar
interest from the fact that 1t was the study of its fauna which first
suggested to Darwin s nund the theory of evolution  Ywnll therefore

begin by quoting a short passage from his writings upon the zoological
relations of this particular fauna

“Here almost every product of the land and of the water bears the

unmistakable starnp of the American continent  There are twenty-six
land buds, of these, twentty one, or perhaps twenty three, are ranked
as distinet speaies, and would commonly be assumed to have been here
created, yet the close affimty of most of these hirds to Amencan
speces 1s mamiest w every character, in therr habuts, gestures and
tones of vorce  Soat 1s with the other amumals and with alarge pro-
portion of the plaats, as shown by Dr Hooker 1n hus admirable Flora
of this archipelage  The naturabst, looking at the whabitants of
these voleame istands n the Pacfic, distant several hundred mles
from the contment, feels that he 1s standing on American land.  Why
should this be so? Why should the species which are supposed o
bave been created 1 the Galapagos Archtpelago, and nowhere else,
bear so planly the stamp of affimty to those created i Amenca?
There 1 nothung tn the conditions of hfe, 1n the geologrcal nature of the
islands, w ther herght or chmate, or i the proportions m which the
several classes are assocated together, whuch closely resembles the
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more restrscted range and therefore the least hikely to hive found
their way to the slands wath any frequency

The msect fauna of the Galapagos Islands 15 scanty, and cluefly
composed of beetles  These number 35 species which are nearly alf
pecubar and 0 some cases go to constitute pecublar genera The
same remaths apply to the tweaty species of land-shells  Lastly, of
the total number of fowenng plants (332 spectes) more than one
half (r74 speces) are peculiar It 1s observable m the case of
these peculiar species of plants—as also of the pecubar species of
birds—that many of them are restricted to single islands It as also
abservable that with regard both to the fauna and flora the Galapages
Islands as a whole are very much nicher i pecyliar species than either
the Azores or Bermudas notwithstanding that both the latter are
considerably more remote from the nearest contments This differ
ence, which at first sight appears to mahe agamnst the evolutionary
mterpretation really tends to confirmit  For the Galapagos Tslands
are situated 1 a calm region of the globe unvisited by those pensodic
storms and hurncanes which sneep over the North Atlantic and which
every year convey some stragghng burds wsects seeds etc, to the
Azores aad B d: Notweh 4 therr hat greater
1solation geographically therefore, the Azores and Bermudas are
zeally less wolated biologucally than are the Galapagos Islands, and
hence the less degree of peculiarity on the part of thew endemsc
species  But on the theory of special creation, 1t 15 amposuble to
understand why there should be any such correlation between the
prevalence of gales and a comparative inertness of creative actraty
And, as we have seen 1t 13 equally ympossible on thus theory to under
stand why there should be a further correlation between the degres
of peculianty on the part of the isolated species, and the degrez 10
wiuch thewr neazest alhes on the mawmiand are there confined tonarzow
ranges, and therefore less hikely to keep up any biclogical communt
cation with the slands,

§t. Helenz —A small volcanic sland, ten miles long by eght
wide, situated m md-ocean, 1,100 miles from Africa, and 1,800 from
South Amenca  Its very mountamous and rugged, bounded for the
most part by precipices, ristng from ocean depths of 17,000 feet, toa
height above the sea level of neasly 3000 When first discovered it
was nichly clothed with forests, but these were all destroyed by human
agency dunng the 16tk v7th and :8th centuney  Therecordsof cvih
zation present no wore lamentable instance of this kind of destruction
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trom a merely pecuniary pomt of view the abolition of these pn-
meval forests has proved an irreparable loss, but from a scentific
pount of view the loss 13 mncalculable  These forests served to harbour
countless forms of Iife, which extended at Jeast from the Miocene age
and which, baving found there an ocean refuge survived as the last
remnants of a remote geological epoch  In those days, as Mr Wallace
observes St Helena must have formed a kind of natural museum or
vivarium of archaie species of all classes, the mterest of which we can
now only surmuse from the few remnanis of those remnants, which are
still left among the more maccessible portions of the mountam peaks
and crater edges  These remnants of remnants are as follows
There 1s a total absence of all mdigenous mammals reptiles

fresh water fish, and true land birds, There 1s however a species of
plover, allied to one m South Africa  but 1t 13 specifically distinct and
therefore peculiar to the 1sland  The 1sect hfe on the other hand

15 abundant.  Of beetles, no less than 129 species are believed to be
abongmnal, and, with one sigle exception the whole number are
peculiar to the sland  ‘But m addition to this large amount of
specific peculianty (perhaps unequalled anywhere else 1 the world)
the beetles of this 1sland are remarkable for their genenc isolation, and
for the altogether exceptional proportion n which the great divisions of
the order are represented  The species belong to 39 genera, of which
00 less than 23 are peculiar to the 1sland, and many of these are such
1solated forms that st 1s impossible to find their allies 1n any particular
country * (Wallace] More than two thirds of all the spectes belong
to one group of weevils—a circumstance which serves to explamn the
great wealth of beetle-population the weevils being beetles which hive
1 wood, and St Helena having been ongmally 2 densely wooded
sland  This eircomstance 1s 2lso m accordance with the view that the
peculiar psect fauna has been m large part evolved from ancestors
which reached the island by means of floating tumber for of course

1o explanation can be suggested why special creation of this nghly
peculiar msect fauna should have run so disproportionately mto the
production of weevils About two-thirds of the whole number of
beetles or over 8o species show no close affinity with any existing
msects, while the remaining thrrd have some relations, though often
very remote, with European and Afrnican forms That this high
degree of peculianty 15 due to high antiquity 1s further mdicated

according to our theory by the large number of species which some of
the types compnse Thus, the 54 speces of Cossomsdac may be
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teferred to three types the 11 species of Bembidium form a group by
themselves, and the Heteromera form two groups “Now, each of
these types may well be descended from a single species, which ong-
nally reached the 1sland from some other land, and the great vanety
of generic and sp.cific forms mto which some of them have diverged
1s an indication, and to some extent a measure, of the remoteness of
their ongin” {iallace] But on the counter supposition that all these
128 peculiar species were separately created to accupy this partacular
ssland, 1t 15 surely unaccountable that they should thus present
such an arborescence of natural affinities amongst themselves

Passing over the rest of the msect fauna, which has not yet been
sufficiently worked out, we next find that there are only 20 species of

d land shells—which 1s not surprising when we remember by

what enormous reaches of ocean the land 1s surrounded  Of these 20
species 1o less than 13 have become extinct three are allied to Euro
pean species while the rest are so highly peculiar as to have no near
allies tn any other part of the globe So that the land shells tell
exactly the same story as the msects

Lastly, the plants likewse tell the same story  The truly wndige
nous flowenng plants are about 50 10 number, besides 26 ferns T orty
of the former and ten of the latter are peculiar to the 1sland and, as
Sir Joseph Fooher tells us, ¢ cannot be regarded as very close specific
allies of any other plantsatall ¥ Seventeen of them belong to pecular
genera, and the others all differ so markedly as species from ther
congeners, that not one comes under the category of bemg an msular
form of a continental species  So that wath respect to 1ts plants, 2o
tess than wnth respect to its ammals, we find that the sland of
St Helena constitutes a hittle world of umique species, alited among
themselves, but diverging so much from all other known forms that
1n many cases they constitute unique genera

Sandwich Islands —These are an extenswve group of islands,
larger than any we have hitherto considered—the largest of the group
being about the size of D hire  The entire archipelago 1s vol
canic, with mountams nsing to a height of nearly t4 ooo feet The
group 1s situated m the middle of the North Paafic at a distance of
considerably over 2,000 pules from any other land and surrounded by
enormous ocean depths The only terrestrial vertebrites are two
hzards, one of which constitutes 2 pecubar genus There are 24
aquatic burds, five of which are peculiar, four birds of prey, twe
of which are peculiar, and 16 land birds, all of which are peculiar
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Moreover, these 16 land birds constitute no less than 1o peculiar
genera, and even one pecubar famly of five genera  This1s2n amount
of pecubanity far exceeding that of any other 1slands, and, of course,
corresponds with the great 1solation of this archipelago  The only
other ammals which have here been carefully studied are the land
shells, and these tell the same story as the birds  For there are no less
than 400 spectes which are all, without any exception, pecular, while
about three-quarters of them go to tonshtute pecuhar genera
Agam, of the plants, 620 species are believed to be endemic, and of
these 377 are peculiar, yrelding no less thar 39 pecubar genera

THE FAUNA OF CONTINENTAL ISLANDS—MADAGASCAR AND NEW ZPALAND'

A B WALLACE

The two exceptions just referred to are Madagascar and New
Zealand, and all the evadence goes to show that n these cases the land
connection with the nearest continental arez was very remote 1 time
The extraordinary 1solation of the productions of Madagascar—almost
all the most charactenstic forms of mammala, birds, and reptiles of
Africa being absent from 1t—renders 1t certain that it must have been
separated from that continent very early mn the Tertiary, if not as far
back as the latter past of the Secondary penod, and tiis extreme
antiquity 1s ndicated by 2 depth of considerably more than a thousand
fathoms m the Mozambique Channel, though this deep portion 1s less
than a hundred miles wide between the Comoro Islands and the man
Iand Madagascar 15 the only 1sland on the globe with 2 fauly nch
mammalian fauna which 1s separated from a continent by a depth
greater than a thousand fathoms, and mo other 1sland presents so
many peculiarities m these ammals, or has preserved so many lowly
organised and archaic forms The exceptional character of its pro-
ductions agrees exactly with 1ts exceptional 1solation by means of a
very deep arm of the sea

New Zealand possesses no known mammals and only a single
species of batrachian, but its geological structure 1s perfectly contr-
nental  There 15 also much evidence that 1t does possess one mammal,
although no specimens have been yet obtamed  Its reptiles and burds
are highly peculiar and more numerous than m any truly oceanic
sland  Now the sea which directly separates New Zealand from
Justrahia 1s more than 2,000 fathoms deep,but 1m a north west direc

*From A R Wallace, Daruwsnism (copynght 1889)  Used by apecial perzas-
20n of the publshers The Macmullan Company
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tion there 15 an extensive bank under 1,000 fathoms, extending to and
including Lord Howe’s Island, while north of this are other banks
of the same depth, approachmng towards a submarme extenston of
Queensland on the one hand, and New Caledona on the other, and
altogether suggestive of 2 land umon with Austraha at some very
remote pertod  Now the pecular relations of the New Zealand fauna
and flora with those of Australiz and of the tropical Pacific Islands to
the northward ndicate such a connection, probably durmg the Cre-
taceous peniod  and here, agam, we have the exceptional depth of the
dviding sea and the form of the ocean bottom accordmg well with the
altogether exceptional 1solation of New Zealand, an 1solation which has
been held by some paturalists to be great enough to justify 1ts clam
to be one of the primary Zoological Regions

THE DISTRIBUTION OF MARSUPIALS'
A B WALLACE

Thus singular and lowly organised type of mammals constitutes
almost the sole representative of the cliss m Austraha and New
Gumea while 1t 15 entirely unknown in Asia, Afnica, or Europe It
reappears 1 America, where several species of opossums are found,
and 1t was long thought necessary to postulate a direct southern con
nection of these distant countnes, 1 order to account for this curious
fact of distrnbution,  When, however, we look to what 15 known of the
geologrcal history of the marsupials the difficulty vanishes In the
Upper Eocene deposits of Western Furope the rematns of several
ammals closely allied to the American opossums have been found
and as, at this pentod, a very mild clunate prevailed far up mto the
arctic regions, there 1s no difficulty n supposing that the ancestors of
the group entered America from Eurcpe or Northern Asia during eatly
Tertiary times

But we must go much further bach for the origin of the Australan
marsupials ~ All the chuef types of the higher mammalia were 1
enistence n the Eocene, if not in the preceding Cretaceous period
andas we find none of these m Australia, that country must have been
finally separated from the Asiatic contment dunng the Secondary of
Mesozoic period  Now durmg that period, m the Upper and the
Lower Oalite and mn the stll older Trias the jaw-bones of numerous
small mammaliz have been found, formmg eizht distinct genera, which

*From A R. Wallace Dsrwsmsm (copynght 188g)  Used by specal per-
mrssion of the publishers, The Macmillan Company
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are believed to have been either marsupials or some allied lowly forms
In North Amenca also, i beds of the Jurassic and Tnassic formations,
the remams of an equally great vanety of these small mammalia have
been d d, and from the 1on of more than sixty spect
mens, belongng to at least six distinct genera, Professor Marsh 1s of
the opmion that they represent a generahsed type, from which the
more spectabsed marsupials and msectivora were developed

From the fact that very similar mammals occur both m Europe
and America at corresponding periods and in beds which represent a
long succession of geological time, and that during the whole of this
time no fragments of any hugher forms have been discovered, 1t seems
probable that both the northern continents {or the larger portion of
their area) were then nhabited by no other mammalia than these,
with perhaps other equally low types It was, probably, not later
than the Jurassic age when some of these primitive marsupials were
able to enter Australia, where they have since remained almost com
pletely isolated, and, bemng free from the competition of higher forms,
they have developed mto the great vanety of types we now behold
there These occupy the place and have to some extent acquired
the form and structure of distinct orders of the higher mammals—the
rodents, the insectivora and the carmvora—white still preserving the
essential ct 1stics and lowly of the
At a much later period—probably in late Tertiary times—the ances-
tors of the various species of rats and mice which now abound m
Australia and which, with the aeral bats, constitute its only forms
of placental mammals, entered the country from some of the adjacent
slands  For this purpose a land connection was not necessary, as
these small creatures might easily be conveyed among the branches
or m the crevices of trees uprooted by floods and carried down to the
sea, and then floated to a shore many mules distant  That no actual
land connection with or very close approximation to, an Asiatic
1sland had occurred 1n recent times 1s sufficiently proved by the fact
that no squurrel, pig civet or other widespread mammal of the Eastern
hemisphere has been able to reach the Australian contment

THE DISTRISUTION OF BIRDS
A B WALLACE

These vary much in their powers of flight, and their capability of

traversing wide seas and oceans  Many swimmmg and wading birds

*From A R Wallace Darwnssm (copyright 1801)  Used by specal per
issi0n of the publishers The Macmillan Company
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can continue long on the wing, fly switly, and have, besides, the
power of resting safely on the surface of the water ‘These would
hatdly be lmted by any width of ocean, except for the need of food
and many of them, as the gulls, petrels and divers find abundance of
food on the surface of the sea itsell  These groups have 2 wide distn
bution across theoceans while wader 11y plovers, sandpip
snipes, and herons—are equally cosmapolitan, traveling along the
coasts of all the continents and across the narrow seas which separate
them  Many of these birds seem unaffected by climate, and as the
orgamsms on which they feed are especially abundant on arctic, tem
perate and tropical shores there is hardly any lumt to the range even
of some of the species
Land birds are much more restricted 1n thei range, owing to ther

usually lmited powers of flight thew inability to rest on the sutface
of the sea or to obtain food from 1t, and thesr greater specialisation,
which renders them less able to maintam themselves in the new coun
tries they may occasionally reach  Many of them are adapted to hive
only 15 woods or 1 marshes orin deserts, they need particular kinds
of food or a hmuted range of temperature, and they are adapted to
cope only with the special enemes or the particular group of competi-
tors among which they havebeen developed  Such bards as these may
pass agaim and agam 1o a new country, but are never able to establish
themselves m 1t and 1t 15 this organic barner, as 1t 15 termed rather
than any physical bamer, which, 1 many cases, determumes the
presence of 2 species 1 one area and 1ts absence from another We
maust always ber, therefore, that, although the presence of &
Species 10 a remote oceans¢ 1sland clearly proves that sts ancestors
must at one time have found their way there, the absence of a species
does not prove the contrary, since it also may have reached the island
but have been unable to mamtain stself, owing to the morgame or
orgame conditions not bemg switable to 1t This general principle
2pplies to all classes of orgamsms and there are many stnlng flus-
trations of 1t In the Azores there are eyghteen speces of land birds
which are permanent residents, but there are also several others which
reach the 1stands almost every year after great storms, but have never
been able to establish themselves  In Bermuda the facts are stll more
striking, since there are only ten speces of resident birds, while no less
than twenty other species of land burds and more than a hundred
species of waders and aquatics are frequent wisitors, often in great
numbers, but are never able to establish themselves




EVIDENCLS FROM GEOGRAPHIC DISTRIBUTION 177

SUMMARY OF MAMMALIAN DISPERSAL®
HANS CADOW

Australia as the earliest great mass of land permanently severed
from the rest 15 1n almost undisturbed possession of the lowest mam
mals Tt ts the sole refuge of the monotremes, and the marsupials
bave narrowly escaped a similar fate They take us to the next
mdependent contment, South America This had three chances, or
epochs of bemng stocked mith Is  Within the Ci penod
it seems to have recened 1ts marsupsal stock from the north, the pro-
genitors of all modern marsupials A second mflux dunng the early
Tertiary brought edentates and rodents as 1ts first Placentals from
Afnica, and those queer Ungulates, the Tovodonts and Pytothena
unless we prefer to look upon these Eocene extinct orders as truly
aboniginal to South America, when this was still contimuous with the
ancient Brazil Afro-Indian Gondwanaland ~ The third and last mroad
came once more from the north, when with the ¢lose of the Miocene
permanent connection with North America was re-established  This
brought the modern odd toed and parr toed Ungulates, with dogs cats
and bears 1 their wake, and lastly man

‘There remains the huge North World  Eurasia and North Amenca
have always formed a wide circumpolar ring, which repeatedly broke
and jomed agam Whatever group of terrestrial creatures was
developed m the eastern, Asiatic, half, was sure to turn up in the
western, and vice versa

Lastly, the mysterious African contment It began origmally as
the centre of the ancient equatonal South World, 1t has lost these con
nections and has become jomed to the northland after many vicissi
tudes It 15 therefore most difficult to apportion 1ts fauna nightly
moreover for fossils it 1s almost a blank, except Egypt. It must have
had some share m the evolution of nammals, Like edentates, rodents

hyrax, and lemurs, all groups wmith

an ancient stamp But what share 1t had agamst Eurasia, m the
development of say ungulates, carnivores, monkeys, we do not know
Not much 1s ikely to have onginated m Europe, the elephants, rhinos,
tuppos, Lions and hyaenas were mmgrants rather from than to Afnea,
rarely across some Mediterranean bndge, usually by Asta Mmor

‘The more dominant forms of our present fauna have originated, to
use an expression of Darwin’s, “mn the Jarger areas and more efficient

* From Hans Gadow, I anderings of Ansmals (1913) Cambndge University Press,
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watkshops of the north,” and the balance 1 m favour of Asia as the
cradle of modern mammals

Is 1t an 1dle dream to think of the future? A survey of the past
reveals the vamshing of whole faunas from extensive countres, which
were then repeopled by other forms from elsewhere What has
happened before, may happen m times to come Countless groups,
once flounshing, are no more, many others have had thewr day and are
now on the decline, whlst others are flourishimg now, are even m the
merease and seem to have a future before them Such favoured
assemblies are the toads and frogs, lizards and snakes, Passerme birds
and rodents, mostly the small sized members of their tribes, the days
of giants are past  All this has happened m the natural course of
events, without the nfluence of man, who only withm most recent
times has become the most potent and destructsve factor to the ancient
faunas of the world

SUMMARY OF THE ARCUMENT YOR EVOLUTION AS BASED ON
GEOGRAPHIC DISTRIBUTION

On the hypothess of spectal creation or on any other hypothesis
=xcept evolution that has even been suggested, the extremely mtncate
datchwork of ammal and plant distribution remams an unsolvable
picture puzzle without thyme orreason  When this puzzle s attacked
mth the aid of the evolutionary 1dea, the key to the whole maze 1s
furmshed and the difficulties clear up with remarkable ease The
whole hodgepodge makes sense and we ¢an understand many pre-
viously irreconcilable facts  In no field does the working hypothesis
of evolution work to such advantage as n this field

On the basis that a species anses at one place, spreads out over
large areas, becoming modified as 1t goes, that new spectes are formed
from old through modification after 1solation from the parent-stock,
how do the facts of distribution look when exammed 1n detail ?

1 Cosmopolitan groups, those with the widest distribution, are
those to whom no barmers are sufficient to check migration, eg,
strong fliers, Man, earthworms carmed by Man

2 Restricted groups are usually those to which barmers are
readily set up and are frequently the last remnants of a formesly
successful fauna or flora, which continue to survive only m some

restricted area where the conditions are rather more favorable than
elsewhere
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3 The study of the distribution of species belonging to 2 single
genus reveals that the more pnmitive or generalized species occupy a
central position and the most specialized species are at the outer
boundaries of the distributional area

4 The faunas and floras of contmental islands are just what we
should expect on the basis that there was at one time a land connection
with the nearest continent  that at this time the faunas aud floras were
the same on both 1sland and contment that later the continent and
island were separated by an impassable barrier of ocean  and that the
nhabitants of the two bodies evolved separately

5 The faunas and floras of oceamc slands are lke those of the
nearest mainland and are of those types for the most part that might
most readily have been blown there by the wind or carr ed on floating
debns

6 The conclusions arnved at by students of geographic distnbu
tion past and present as to the ewustence of former land connections
now broken are borne out by the mdependent findings of geol
and geographers,
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CHAPTER \III
INTRODUCTORY STATEMENT
THE NATURE AND SCOPE OF GENETICS

The validity of the general pnnciple of evolution rests on the
kind of evidence presented 1n previous chapters  Volumes could be
wntten giving further evidence of the same sort.  Very few thoughtful
persons once confronted with these evidences fail to be convinced as
to the reahty of evolution

It 13 one thing to know that evolution has occurred and has fol
lowed certain courses but quite another thing to understand what
forces underly the process A going process must have causes and
1t 1s our purpose m thus section of the course to present an account of
what we know or what we think we know about the causes of orgamc
evolution

Our methed of study 1s one that depends on the validity of the
doctrme of umiformitanamism  Exactly as m the sctence of geology
the method of mvestigation 1s that of studymng in detail the changes
gong on today of assumng that present changes are of the same na
ture as changes n the past and that the past may be wterpreted m
terms of what we discover about the present Thus long series of
generations of rapidly breeding animals and plants are studied 1n
tensively over periods of years some species having been bred for over
twenty five years or for at least seven hundred generations a period
equivalent i number of generations to 25000 years of human hfe
Hundreds of millons of individuals have been passed 1n review before
the keenly tramned eyes of an army of competent mnvestigators all on
the lockout for the shghtest change from the normal ~ Any observed
change 15 then followed through subsequent generations to determine
whether 1t 1s bereditary and how 1t affects the success of individuals
possessing 1t Studies of thus sort together with exammations of the
germ cells to see whether or not correlated changes have occurred in
their materrals and mathematical calculations of the relative fre-
quencies with which different characters occur m combimnation with
one another have led to an understanding of the mechamsm of evalu
tion far more complete and detailed than anyone a decade or so ago
could possibly have hoped to attain

The experimental and analytical study of the processes and mech
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amsms of evolution 1s the province of that branch of evolutionary
b ology known as Genetics

Three principal methods of attack upon the problems of genetics
are as follows

&) Experimental breeding —This method first carned out system
atically by Mendel consists of breed ng together two mdividuals dif
fering 1n certan well defined characters and of determining the ratios
i which the contrasting parental characters reappear m successive
generations of descendants DMendel s method has been extremely
fruatful and 1n connection with the second method that of cytology
has thrown a flood of light on the actual workings of the mechamsms
of evolution

b) Cytology —This method 1nvolves the microscopic study of the
germ cells especially during the pertod of reproduction The ob
served changes that go on 1n connection with sexual reproduction have
been found to constitute a mechamsm adequate to explain the peculiar
hereditary regulanties constituting Mendel s laws of heredity ~ Also
1t has been found that most aberrations 1n heredity are associated with
correlated aberrations i the mechamsm of reproduction Expen
mental breeding and cytology have been most mtimate and successful
collaborators

<) Statistical analysts —While experimental breeding and cytology
lay stress upon the type of change or the mode of beredity m m
dividuals statistical methods deal chuefly with group changes and with
the charactenistics of populations  Often evolutionary trends or group
changes quite und ble it separate mdividuals can be detected
by statistical methods Also the statistical consequences of a cer
tam type of change m a few or many mdividuals can be predicted for
any given number of generations While the methods of statistical
analys:s are as 2 rule too difficult for any but the expert they are be
commng more and more essential as a part of the technique of genetics

d) Observations of changes gomg on m nature —Attempts are
made to discover evidences of changes in nature equivalent to those
observed 1n the Iaboratory and there 15 now considerable evidence
favoring the concluston that laboratory observations are rehable cnt
tena of what takes place 1n nature

PREREQUISITES FOR THE STUDY OF GENETICS

In order profitably to pursue the study of genetics one must first
understand the fundamentals of biology n general for the mechantsm
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of evoluton 15 largely within the living orgamsm itself  One must be
famibar with the umts of Lfe cells orgamsms generations One
must understand the methods of duction and the +
of heredity and variation resident m the cellular components of the
orgamsm  Also one must never forget that orpamsms live and grow
and reproduce only if m an appropnate environment and that the
environment has much to do with the expression of hereditary char
acters Inaddition the environment acts as a gurding factor direct
mg the course of evolution along lines of fitness or adaption The
Iughly vaned ch of the en tends to favor
2 ugh degree of diversity mn orgamisms and thus to give nse to 2 vast
multiplicity of dufferent types

In view of all this 1t will be necessary for the general student who
bas had no previous traming 1n biology to learn the fundamentals of
this subject before proceeding with the more specific matenals of
genetics,

THE MECHANISM OF EVOLUTION

At the beginming of the present century very little was known about
the actual mechanism of evolution We had Darwa s theory of nat
ural selection Weismanns theory of germmal contmuity and a
statistical knowledge of certamn aspects of vanation and heredity
Something was known about the rdle of 1solation 1 species-forming
and the general fact of orthogenesis was appreciated With the re
discovery in 1900 of Mendel s work and the announcement by De Vres
of the mutation theory genetics really began Thrty odd years of
mtensive research by hundreds of Lists have c buted so much
to our understandmg of the workings of evolution that we now con
sider that we know something about the main causes of evolution

Evolution 1s now looked upon as an extremely complicated process
There 1s no one cause of evolution as the extreme proponents of natural
<election onceheld rather thereare many causes each acting uponand
mco-ordmation withall theothers  The mechamsm of evolution 1s hke
an intricate p ece of machinery manufactuning a complex product
Each part 1s geared up with other parts Some parts are concerned
with feeding 1n the raw matenals others with separating and dis-
tnbuting the raw materals others with assembling and shapmg up
the vanous parts mto something useful and with discarding defective
and useless parts and still others with sorting out the different kinds
of products and keeping them m separate lots
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No man made mechanism 1s so intricate as 1s the mechanism of
evolution, for all man made machines are designed to turn out uniform
products, while the evolution machine 15 especually adapted to tum
out highly diverse products

Although we recogntze that none of the causal factors of evoluton
are mdependent, it makes for clearness of exposition to subdivide the
complex machine mto five separate factors, each i 1tself complex
enough for further subdivision

THE MAIN CAUSAL FACTORS OF EVOLUTION

I Persistence factors —Under this head are included all agents
that make for of type m or resulting m relative
constancy of form and function over long periods of time When
characters persist unchanged from generation to generation, they are
sad to be hereditary It 15 part of our plan to find out what parts of
the mechamism promote constancy of type Some of the principal
reasons for this constancy are the following

a) The relative stability of the umt matenals of heredity, the genes

b) The relative constancy of bundles of genes, the chromosomes

¢) The relative constancy and perfection of operation of the mech
amsm of matotsc cell divtsion, a mechamsm that aids in mamntam
g the constancy of (a) and (8)

d) The relative constancy of the principal factors of the environ
ment over long periods of time

1. Diversity factors — Diversity” may be defined as variety with
out the mtroduction of anything defimitely new It involves, first the
kaleidoscopic recombmation of all the various hereditary unit charac
ters without any change in the umt characters themselyes, and, sec
ond, the almost equally varied espression of characters under the 1n
fluence of a highly vanable and diversified environment

The cheef agent n promotmg diversity of combrnations 1s sexual,
or gametic, reproduction  And the spectfic mechamsms wmvolved are
the mechanisms of mesosis and Jertilization, which are later to be de
seribed 1n detail

The recombinations of wmt characters while apparently random
1 ndividual cases, guve constant statistrcal ratios that are known as
“Mendelian ratios” Mendels Laws of heredity mn general are, 1n
fact the laws of the random assortment and recombmation of umt

through the st ity of meiosis and fertilization
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Much of the endless dnersity of living beings 1s, however, not
hereditary at all, but 1s due to vanations i the environment The
differences 1n the sizes of beans on a single bean plant, for example, are
purely environmental 1n origin, as experiments have shown, and not
1 the least hereditary

I Change factors —Change n contrast with diversity, involves
the mtroduction of new umt characters or new gene arrangements
It1s as though a new piece of colored glass were added to those already
present 1n the kaleidoscope, or a piece of a different color substituted
for an old puece, thus changing ail future patterns  Such changes re
sult from the rare modification of mdrvidual genes, from equally rare
changes in the number of chromosomes, and from the shifting of
groups of genes within a chromosome or from one chromosome to
another The mechamsms mvolved are

) Gene mutations

) Slips m the regulanty of mitosts mvolving trregulanties in the

relatively constant operations of heredity The result 1s a

change 1n the number of chromosomes ~ Several kinds of such

uregulanties are known and all are called chromosomal aberra-

Lions

Breaks i chromosomes, followed by the reunion of the broken

pleces 1 various new arrangements  Such changes are known

as franslocations

d) While most of the changes under (a), (5), and (¢} seem to occur
spontaneously, there 1s some evidence that they may have en
vironmental causes Hence the environment may be the ulta
mate change factor

&

IV Guding factors —Evolution has been for the most part order
1y, especially 1 two respects {a) The best known fossil pedigrees
mdicate that changes from age to age tend to follow certamn defimte
trends We have previously spoken of this phenomenon as ertho
genesis  (b) Evolutionary changes have also been, at least to a large
extent, edapfune Most changes have been appropriate to changes in
the environment

‘The chief gmding factor commonly held responsible for both ortho-
genesis and adaptation 15 natural selection a causal factor of great im-
portance that will be discussed crtically in ats proper place

Vanous mystical guding factors such as Driesch s “‘entelecke” and
Bergson s * élan vital ” have been posited to account for the apparent
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purpostveness of evolution but there 1s ittle evidence for the existence
of such factors

Lamarck s theory of the wnkeritance of acquired characters was also
designed to explam the adaptrve character of evolutonary change but
there are many reasons for doubting the vahdity of this theory

V Dividing factors —One of the most striking features of iving
orgamsms 15 their muluphaty of different kinds  phyla classes orders
famhes genera species and varieties Evolution has mnvolved the
subdtviding of old types mto numbers of new ones  The whole process
has been one of the branching out inte numerous diverging lnes of
descent Al those agencies that promote the sphiting of all old species
Inito two or more hew ones are classed as 1solation factors  There are
many means of 1solating portions of a species from other portions of
the same species  These may for convenience be called

@) Geographic 1solation

) Reproductive 1solation

¢) Psychic 1solation

d) Environmental isolationt

In general any agent th:t prevents a particular variant of a species
from breeding with the more typical members of that species tends to
help to establish the vamant type ard aids i the production of a dis
tinct new vanety species or genus depending on the degree of com
pleteness of 1solation and the length of time nvolved

All of these factors are necessary agents 1n bringing about the kind
of evolution that we know has occurred  With perfect heredity and
no diversity or change factors the organic world would be at a stand
still  Successive generations would be exact duplicates of one another
Offspring would be exactly like thewr parents and no evolution would
bepossible  The diversity and change factors without the conserving
factor heredity would produce nothing but chaos Two successive
generations would be vtterly unrelated offspring would be nothmg
lde there parents and change would mesely ninnot  Wath the hered
ity dnersity and change mechanisms operating as they are known to
do but without any gwiding factor living things would be httle more
than a chaotic collection of monstrosities unfit and ll assorted  With
all the other factors operating as they are known to do but with no
dwviding factor evolution would proceed along but one front hne of
advance There would be no multiphety of groups no system of
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branching relattonships  Thus 1t 15 obvious that the factors of evolu
tion are to be concerved of not as independent mechamsms but as
mterdependent parts of one grand mechamsm

It 1s our purpose to discuss i detail the various component factors
of the mechanism of evolution approumately i the order tn which
they have been listed in this outhine



CHAPTLR X1V

THE BIOLOGICAL BACKGROUND OF GENETICS
RACES AND INDIVIDUALS

Evolution 1s racial change  In order that a race may change the
individuals comprising the race must 1n large numbers exhibit changed
conditions  One or a few mdividuals changing 1n some peculiar way
may not at all affect the status of the species as a whole It s well,
then, to ber that true evolutionary changes are mass changes
mvolving whole populations through successive generations A race
or a species 15 to be looked upon as a vast umit continuous 1n time and
space The members of a race are all descended from common an
cestors and are mterbreeding 1 all sorts of ways  If ane should work
out 2 diagram of the genetic relationships of the members of 2 large
species such a diagram of connecting lines of relationship would con
stitute an almost sohid mass of nterlacing tnes  An ntricately inter
connected group of individuals constituting a race 1s then a true evolu
tionary untt  Just as cells are the structural umts of hfe, so races are
the evolutionary unmits of hfe  Let us now briefly examme the consti
tution of a race

At any given peniod of time a race consists of a large group of 1
dividuals  Some of these are related as parents and offspring others
as brothers and sisters others as cousmns of varying grades, and all
doubtless trace back to some common ancestors a score of generations
ago  The mdividuals constituting the race at one period are not at
all the same ndividuals that constituted that race a few years pre-
viously and none of them will be represented 1n that race a few years
hence Individuals, then are temporary components of the race, but
the race itself 13 permanent and relatively constant, though slowly
changing as 2 whole

It 15 our problem to determine the relation of the mdividual to the
race and to account for both the relative constancy and the slow change
of the race made up as 1t 15 of such mortal umts as individuals ~ More
specifically, we must study the make up of the individual and learn
how replacements are made when individuals wear out

THE CELLULAR MAXE UP OF INDIVIDUALS
All lving things, except possibly the filterable viruses and bac
tenophages are made up of vital units known as cells  Many of the

100
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lower orgamisms are unicellular, but all of the higher organisms are
multicellular

A complex organism such as 2 man or an insect consists of millions
of cells  Each cell bears a hfe of 1ts own, but 1s dependent for its
supplies of food and oxygen upon other cells, and 1n turn performs
some function that 1s of value to the orgamism as a whole  The divi-
sion of labor and dependence of the ble cells of the cell
republic, the orgamism, 1s reflected tn the fact that groups of cells of a
particular sort constitute tissues, that varnious combinattons of tissues
form organs, and that various combmations of organs form systems,
such as the nervous system, the digestive system, the arculatory sys
tem, and others No matter how elaborate the specialization of or
gans and systems may be, every living part 1s composed of cells ~ Cells
are perhaps the most fundamental umts of life 1n about the same sense
that atoms are the fundamental umts of matter itself Also, cells
possess certain mechanmisms which are the principal agents both m
preserving constancy of form and function (heredity) and in promoting
dwversity and change (vanation) Hence 1if we destre to understand
how evolution takes place, 1t behooves us to make a careful examina
tion of the constitution of cells

A TYPICAL CELL AND ITS COMPONENT PARTS

Cells vary 1n size and 1n form according to the spectal functions
they subserve, but mn spite of their numerous speciahizations they have
many features in common  The diagram of a cell shown m Figure 40
1s not meant to represent any partrcular kind of cell, but 1s a composite
of many kinds of cells Of course no one kind of cell contans all of
the cell organs shown 1 this diagram

The two most 1mportant subdivistons of the cell are the nucleus
and the cytosome or cytoplasm

The nucleus 1s 2 mote or less centrally situated body commonly
spherical in form, and separated most of the time from the cytosome
by a nuclear membrane Withmn the nucleus 1s a charactenstic materal
known as chromatin, which at times condenses mto definite bodies
known as ch each of a bundle of
genes, or hereditary units

The cytosome conssts of all the rest of the cell except the nucleus
All the vast hordes of cells of different sorts constituting a given com
plex orgamsm are 1dentical m their nucles, but m any cell the cyto-
plasm differs 1n 1ts form and structure according to 1ts location m the
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orgamsm and 1ts special function  Thus a nerve cell and a muscle

cell of a gnen organism may be utterly different 1n general form and

function, but the nuclei of both are thesame ~ Since the specific heredi

tary materials of the individual are possessed equally by all of the cells

of that 1ndividual 1t follows that the differences 1n cells and tissues

must be solely cytopl: How these diffe arise 15 a problem
Central bodies

F16 40 ~Diagram of a typrcal cell  Its cytoplasmic basis 1s shown as a granu

Isr meshworl. or f k10 which vanous d granules
{abnllae and other formed components  (From E B 1 dson )

of mdividual de elopment rather than one of racial evolutron  Many
of the slow and steady trends m ey olution, however, ate beheved by
some authonties to be the result of general hereditary changes 1n the
cytoplasm, but there 15 a great deal of evidence fay onng the conclusion
!hi'xlt the nucleus 15 the chief organ of heredity and of vanation 1 the
cel

Details of the nucleus —The nucleus except during the process of
mtotic cell division 15 surrounded by a definite membrane, the nuclear
membrane, which separates the cleat nuclear sap from the cytoplasm
ouitside the nuclens  Dunng the Testing stage, between two cell divi
sions, there 15 a network. of I fibers running throughout the nucleus
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Upon this linin network are strung numerous granules of a deeply
stammg sub or sub called ck grantles  Other
nuclear bodies, known as nucleol, plasmosomes, and karyosomes, are
found 1n some nuclet, but they may be 1gnored so far as our knowledge
of their réle mn evolution 18 concerned

Ch —Far more wop for our purp than any
other cellular are the ck b, 'y to the
process of mitosis the diffusely scattered granules of chromatin con
dense 1nto sem1 sohid masses, sometimes spherical or ovoid, sometimes
rodlike, sometumes \/ shaped,etc  These are the chromosomes Each
species of orgamism possesses 1n all its cells a certain defimte number
and kind of chromosomes  Man has 48, Drosophila melanogaster has 8,
Oenothera lamarckiona has 14, Ascarss megalocephala has 4 1n one varie
ty and 2 in another, some crustaceans and some roses have over a
hundred chromosomes Careful studies of the chromosomes of nu
merous spectes of both animals and plants have revealed the significant
fact that, except 1n the males of some species, the numbers of chromo-
somes are even Furthermore, 1t 1s possible to match them up 1 pairs
according to their sizes and shapes  The sigmficance of this becomes
clear when we remember the fact that an mdividual starts out from a
zygote (fertilized egg) which 1s a composite cell to which each parent has
contributed one full set of chromosomes

Genes —At this time 1t seems well to anticipate the later results of
genetic research to the extent of stating that each kind of chromosome
contamns a unique series of hereditary units (genes) ~ Certamn genes lie
1 certain chromosomes, and all the genes 11 a particular chromosome
are probably arranged mn hinear order like beads on a string  Since
the orderly arrangement of genes m bundles (chromosomes) and their
specific arrangement within a given bundle are both important mn
hereduty, 1t 1s essential that this specific orgamzation be mantamed
during development and reproduction It 13 also essentzal for per-
sistence of type from generatton to generation that the complete or-
ganization, not only of nucleus but of the cytosome, be mamtaned
This 1s accomplished by that heredity mechanistm par excellence, the
mechamsm of mitosis

The central body.—Tmbedded 1n the cytoplasm, usually in close
proximity to the nuclear membrane, lies a structure known as the
central body (centrosome) In most animal cells this structure 15 well
defined, but 1t 1s absent 1 most plant cells The central body 1s pri-
marnly associated with cell division, as will be seen later
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CELL DIVISION-—3ITOSIS

Each cell duning periods of growth and development grows to a
definite size and then divides 1nto two daughter cells Repeated cell
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T16 41 ~Dragram of the early
phases of mitosis 1 Ascaris A
\egetatnenucleus B fine spireme
€ coarse spireme D late prophase
with chromosomes spindles form
ing (FromI' B Walson)

dnasions multiply vastly the numbers
of cells 1n a developing embryo, until
1n higher orgamsms mullions of cells
are produced To make what might
easily be a long story as short as pos
sible, let 1t be sufficient to state that
the chief features of mutotic cell dvt
sion (mitosis) are as follows The
central body divides, and the two cen
ters migrate apart, spinning between
them a spindle of fibers, the muloitc
spindle (Fig 41)  The nuclear mem
brane disappears, and, as the two
central bodies migrate farther and far
ther apart the chromosomes, whick
have m the meantime gradually be
come more and more compact, move
toward the equator of the spindle, each
attached by two fibers probably com
posed of inm, one fiber leading to one
pole of the spindle, the other fiber to
the other pole (Fig 42) Usuallyeven
before migrating mto the spindle each
chromosome has become a double
body, a pair of joined twins, each one
the exact duplicate from end to end of
the other Each gene mn the gene chant
has previously twinned, so that each
gene 1 each chromosome 1s 2 double
or tmingene  The chromosomes now
arrange themselves m 2 plane at nght
angles to the long axts of the spindle,
each chromosome having one of 3ts
twin halves directed to one pole and

the other to the opposite pole  All of the stages up to this pomnt of
equilibrium are hnown as prophases of mitoss, the equilibrium phase
being the metaphase (Fig 42, L)
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Now the real separation phase of division begits  The twin com
ponents of exch chromosome seem to be pulled apart, possibly by the
fibers attached to them, and one twin migrates to one pole, the other
twm to the other (Fig 43, H)  Slowly the vanous chromosome twins
approach oppostte poles and finally clus
ter closely about the latter At this
pount the cell wall constricts at the equa
tor and soon drvides the single cell mto
twin daughter cells (Fig 43, ) Mot
only are the chromosomes divided me-
ticulously into equal lots, but all the
cytoplasmic parts of the cell are so
divided that each daughter cell comes to
have exactly the same detailed organiza
tion as had the mother cell from which
they were derned The perod during
which chromosome halves migrate to the
poles of the spindle 1s called the anaphase,
while that durtng which the chromosomes
lose their density and reform the chroma
tin network with which we started .s
called the felophase

By means of this elaborate routine
of drvision the exact specific organization
of the cell 1s maintained at least m the
germ track  In this process of mutosis
we havea view of the mechanics of hered
1ty, which, 1f uninterrupted, would mamn
tam perfect constancy of type forall time
unless a new order of environment were

10 alter the expression of a fixed hered Fre 4 —Digram of the
middlephasesof mitosis I met
itary complex, or some other mechanism  ,oyacc F G easber and Iater
Promoting diversity were to intervene anaphases  (From I¥ dson )
DIFFERENTISTION

Not merely do cells multiply i the process of embryomc develop-
ment, but at every step differentiation of cells for the performance of
different specialized functionsisgomgon  The mechamsm of differen
tiation 1s at present very incompletely understood and what we do
know 1s of a technical nature and difficult to present without a back



196 LAOLUTION GENETICS AND EUGENICS

ground of embryological lore  In very bref 1t must suffice for present
purposes to state that differentiation 1s accomplished partially by un
equal cell division 1n which the two daughter cells come to possess
different cytoplasmic contents partially by the differences 1n position
of cells with respect to the environment partially by differences
the relations of certamn cells to
other cells that have already as
sumed special characters owing to
their oniginal position or their spe
cal relation to the environment
and partially by the fact that cer
tamn genes are effective only ata
given tume 1n dey elopment or when
cells are 1o a certain physiological
state Al cells 1 an organism are
believed to possess the same genes
but particular genes become effec
tnve only under spectal conditions
of time and place Some such
complex of intricate interrelations
at present very obscure even to the
most advanced students of embry
ology seems to underly cellular
differentiation  While the genets
7 cst cannot avoid all responsibibty
Fi6 43 —Dagrm of the end for the solution of these insistent
phasesof mitoss I the begmningof problems he may with some ap-
constriction of the cell membrane [  Propriateness delegate them for
thecompletedds som (FromTialson) the present at least to the exper
mentalembryologist Atany rate
1t seems best at the present juncture to sidestep the problems of dif
Ferentiation and to get back on surer ground more famibiar to genett
cists and more applicable to their problems

THE ORIGIN OF NEW INDIVIDUALS
MODES OF REPRODLCTION

Since duals the temporary p of the race or species
are continually running their courses and dying off replacements are
necessary if the race 1s to persist The replacement of old indwviduals

by new 1s commonly called reproduction  There are numerous modes
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of reproductton, but they may all be classified mnto two mam cntegones
and cylogessc S duction 15
without the mstrumentality of sex and mvolves the subdivision of the
parent body 1nto two or many fragments each of which has the power
to a whole new individual Iike the parent  In umcellular
duction 1volves the division of the one

celled body mto two or mure cells each capable of growing 1ato a full

sized 1nd; m the d of division
are multrcellutar f) Cytogenic d 15 lished
by means of uncellular germ cells which must pass through processes
of growth and division 1n order to reconstitute the multicellular body
typical of the species to which they belong

The essential feature of all reproductive processes 1s that some por

tion of the parent 15 1s0lated or physically cut off from the parents
body an mtegral part of which 1t formerly was On ceasing to be 2
Ppart of an orgamized system 1t exerctses 1ts prerogative of developing
a system of its own 1n the 1mage of the one from which 1t was denived

This 15 true whether the 1solated part be a single cell or a multicellular
fragment This 1s perhaps to be expected 1 view of the fact that

each cell the y 10n ch 1c of the
race or species
Vaneties of —In Hular org 25

the principal modes of sexless reproduction are transverse fission m
which the division 1s actoss the long axis of the cell Ilongitudinal fis-
ston 1n which the division 1s parallel with the long axis and multple
fission 1n which the nucleus divades several times before the cytoplasm
partitions the several nucle: off to form separate cells  Inmulticellular
orgamesms the princple modes of somatogenic reproduction corre-
spond rather closely to those among unicellulars but several special
modes are added  Transzverse fission 15 common among worms of van
ous kinds and among the larvae of certain jelly fishes Longitudinal
fission takes place 1n the early embryos of a number of mammals as
armadillos and 1n man resulting 1n true quadruplets and true twins
denwved from an ongnal single embryo  Mulisple fission occurs in a
number of parasitic msects 1 which the multicellular embryo sub

divades into hundreds of cell masses each of which becomes a complete
mdiidual In addition to these types of fission multicellular or

gansms reproduce by buddimg which may be simple or multiple

Budding 1nvolves the outgrowth of a minor portion of the parent
body, the latter body being left mtact—this beng 1 contrast with
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fisston processes 1 which the entire parent body 1s distributed among
the progeny  Gemmulation 18 a peculiar form of somatogenic repro
duction found among sponges nvolving the gathenng together of
samples of all the vartous kinds of cells into compact httle balls called
gemmudes, which survive the dead parent and escape to form mew
sponges when the parent body disintegtrates

Artificial propagaton of both plants and ammals 1s made possible
through the ability of many organisms to regenerate a whole new
dividual from a small part of a parent orgamism  Thus sponges may
be cut up 1nto minute fragments and distnibuted lile seeds upon 2 slab
of concrete, each fragment growing up into a sponge of the parental
type Everyone 1s famihar with the fact that gardeners propagate
many plants by planting cuttings and that potato tubers (enlarged
parts of the underground stem) may be cut mto as many fragments as
there are “eyes and that each will produce a plant with tubers ke
the parental tuber

All the cells involved 1n somatogemc reproduction are the product
of ordinary mitotic dvision which mamtans so pamnstakingly the
hereditary orgamzation of the spectes No wonder, then, that this
mode of reproduction makes for a high degree of constancy of type
Apart from the effects of differences 1n the environment, which appear
not to be mherited there 15 nothing about somatogenic reproduction
to favor diversity or change If one desires to study pure heredity
uncomplicated by sex and its diversifying effects, one should study

e generations prod by ¢ reproduction

Varieties of cytogeme reproduction —All those forms of reproduc
tion 1 which single ells become separated from parent bodyes to gIve
nse to new mdividuals fall into this category  The first and sumplest
form of cytogenic reproduction 1s spore formatwn Among plants,
reproduction by spores 15 well mgh universal, though many also make
use of gametes A spore 1s nothing more than a small cell produced by
mitosis from previous cells  Spores are commonly motile, some being
fumnished with flagella by means of which they travel through the
water, others bemg so light as to be nind borne  To reproduce a new
orgamsm, a spore, after a period of rest, merely divides and redivides
and thes forms a wew walbeelalar body

In some of the lower plants motile spores, all visibly sumilar, SWim
about actvely 1n swarms, and then pair off two by two and fuse to
form zygotes from which new plants develop  These mating cells are
called gametes  This 15 the most primitive expression of sex 1n plants
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Further specialization of sex cells involves, first, the differentration of
gametes 1nto large passive gametes (eggs) and small motile gametes
(sperms) and, second, the differentiation of sex mndividuals, males and
Jemales

At this pornt, 1t 1s important to emphasize the fact that sex, al
though 1t appears {o be so mtupately associated with reproductton, 1s
1n no way essential to reproduction  In fact, 1t 15 a hindrance rather
than 2 help to the mere multipheation of individuals  Sex is a mechan-
1sm that has been supertmposed upon reproduction and has 2 function
only remotely associated with the latter  Ina word, sexas the duversity
meckansm, with which we shall deal fully at the proper tme

The female gamele, or egg, 1s always relatively large  Even the
tumest of eggs, such as those of placental mammals, are relatively large
as compared with tissue cells The human egg (ovum), for example,
has a cubic content of about a thousand times that of the average tissuc.
cell, while the eggs of birds and sharks are thousands of times bulkie
than mammalian eggs  This great increase 1n the size of eggs 1s due
largely to the accumulation of food material (yolk) that serves to sus
tain the embryo and give 1t a good start in bfe  Most eggs are, when
full grown, spherical or ovord 1 form, and most of them are protected
by envelopes of one kind or another

Male gametes, or sperms, are lighly vanable 1 shape 2nd are rela
tively extremely smalland active  Most of the cytoplasm of the sperm
1s spectalized for locomotor purposes Some sperms have onme long
tail ke 2 snake (F1g 47 f), athers have two or several tails, and still
others have numerous radiating locomotor processes resembling the
thorns of a sand burr In general, a sperm gives the unpression of
being 2 highly specialized cell one of whose main functions 1s that of
finding and penetrating the egg  Sperms are thousands, sometimes
ruilions, of times as numerous as eggs, thus making 1t more probable
that at least one sperm will reach each mature egg

When the sperm approaches the egg it seems to be guided at least
1n some cases, by a specific chemical substance given off by the egg
When egg and sperm meet, the latter penetrates the former more ot
less completely (Fig s0, 2) Sometimes the whole sperm enters the
egg sometimes only the head of the sperm contauung the nucleus and
a minute amount of cytoplasm  On entering the egg cytoplasm, the
sperm nucleus grows at the expense of the latter and becomes nearly or
quite as large as the egg nucleus (g 50,¢,d,¢}  The umon of egg and
sperm s called ferflication, and the product of the uniont 1S 3 zygote
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The term *‘zygote’ 1s also sometimes used to designate the orgamsm
that develops from the umted gametes

Gametic reproduction 15 very frequently evaded 1n both ammals
and plants by the use of a process known as parthenogenesss, or “vugm
birth,” m which eggs develop without any aid from sperms  Some
mnstances of this pecular aberration of gametic reproduction will be
discussed m a special chapter on the biology of sex (chap xvu) Here
we have the anomalous situation of gametic (or marryng) reproduction
without the presence of both sexes Long-continued parthogenesis
involves the reduction of diversity and results in constancy as marked
as that which 15 associated with vanous forms of sexless reproduction

While the great majonty of ammals and plants are sexually d
morphic consisting of male indivnduals that produce sperms and fe-
male mndivtduals that produce eggs, large numbers of both animals and
plants are monoectous, having both sexes present wn one mdividual
Such forms among amumals are known as kermaphrodites  In someher
maphrodites eggs are fertilized by own sperms, 1n others mating oceurs
m which 2 mutual exchange of sperms takes place In the latter
stances the advantages of sex in enhanang diversity are retawned, and
mating 1s facilitated because any two adult individuals may mate, but
1n the former instances where self fertihization occurs, diversity 1s re
duced to the level found among organisms reproducing by asexual
methods It 1s possible, therefore, to produce from such self fertiliz
g monoecious species pure lies in which all progeny of a single m
dividual are genetically identical  In a later connection weshall make
use of such forms as these to study heredity i its simplest expression
(ckap zv)

THE ORIGIN OF GAMETES

Two mmportant questions 2nse in connection with gametes (a)
From what cells 1n the parent body do gametes anse? () What
changes occur 1n germ cells that make 1t possible for them to unite In
pairs to form zygotes?

The germ track —The question as to whether germ cells are denved
from parental tissues that have been more or less specialized for other
functions, or whether they are derved from an unbroken senes of
germ cells set apart from bodily functioning at all times, 1s one of great
umportance for theories of heredity  The prevailing view of bologists
15 that, at least 1n the higher anumals, and possibly 1 all animals and
plants, the germ cells are produced from cells that have never w a0y
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generation gone through a period of specialization for any particular
boddy function  In ammals these cells are believed to be set apart
early m geny (the develop of the individual) and localized
1 sev glands, or gonads  In plants the germ track 1s believed to be
mamtamed m the menstematic cells of growmng pomnts but germ cells
are not so definitely localized as in most ammals

F16 44 —The germ track 1 Ascarss Stages in early cleavage showing the
chromatin diminution process 1n all cells except the stem cell (S}  (From Bovers
1897}

In some animals the germ track 1s very clear and unmistakable
from the beginning of one generation to that of the next  The classic
1nstances of germinal continuity are those of the roundworm, Ascaris
megalocephala, and the fly, Miastor americana

In the variety of 4scares known as umivalens, which possesses only
two ch to each cell (incidentally the lowest number known),
the developmental stages are as follons at the first divivon of the
zygote two cells are formed 1n the usual way, each cell wath two long
loop-like chromosomes (Fig 44 A) One of these two cells, however,
undergoes a striking nuclear change mvolving the breaking off of the
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ends of the ct and the d mto small ¢k
granules of the muddle portions  The large ends of the chromosomes
are discarded mto the cytoplasm and absorbed, while the smaller
pranules are 2l that the descendants of this cell have for chromesomes
It 15 sigmficant that the progeny of such cells form only body cells, m
this case shan and nerve cells (Fig 44, 4)  The other cell remawmns just
itk e the onginal zygote and 1s a stem cell or germ cell  Thus cell then
divides, and one of the daughter cells retmns the full germunal charac-
ter, while the other breaks down 1ts chromosornes as before and gives
115¢ to tssues that hine the digestive tract (Fig 44, B}  Once more the
germ cell dovides and one of 1ts daughter cells und h
breakdown, 1ts cell progeny formmg chiefly such tissues as muscles,
blood vessels, and connective tissues (Fig 44, D) From this pomt
on, the germ cells are definstely set apart and contnibute no further to
thesoma  They gmive nise 1o nothing but germ cells and ultimately to
gametes ‘The unbrolen sertes of cells with mtact chromosomes from
the zygote to gametes s the germ frack, and the chromosomes of these
cells carry the so called germ plasm  The rest of the embryo constt
tutes the soma or somataplasm  The relatian of bedy to germ plasm
1s well shown in the accompanying diagram (Fig 45)

A second examy e of 3 well defined germ track 1s found m Mastor
(Tig 46 A} m shich a single definite germ celf (p g ¢ ) 15 set amde at
the very first division of the zygote  The other cell divides repeatedly,
casting out parts of the chromosomes, as m Ascerss, and ultimately
gving rise to all the soma  Even 1 a fauly advanced embrys (Fig
46 B) the large germ cells are cleardy seen m a small group (oogy)
These give nse ulmately to the gametes

While 0 vertebrates the germ track 1s d defined and difficult to
follow, there seems to be no doubt that it exssts  Some investigators,
bowever, claim that the onginal primordial germ cells dismtegrate and
come to naught and that the gametes anse from a new Jot of germ cells
that are densed afresh from generahzed epithebum  If that be the
wase st scems fair to consider this epithelium as part of the germ track
and not as & differentiated past of the soma At Jeast st may be saud
sith confidence that 1n none of the lgher mammals are gesm cells ever
dersved from specialized body cells such a5 muscle cells, nerve cells, or
gland cells  Our question as to the ongn of the germ cells seems 10
be ansnered  They are dersved 1n an unbroken senes from previous
geom cells by the process of mutosis  Thus 15 the basis of Wesmann s
concept of the continusty of the germ plosm
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THE MATURING OF GAMETES
The prnimoerdial germ cells, previously described as having been set
apart from the soma at a relatively early period of development and
located m germ glands (overses and festes), pass through a pertod of
comparative mactivity until sexual matunty arnves At the dawn

F16 45 —Duagram of the germ track mn Ascans E egg Pr P; P stem
(germunal) cells P, pnmord:al germ cell Circles represent somatic cells shile the
four black dots outside of the c rcles represent the masses of chromatin that are
ehmunated  (From Bovers 1910)

of sexual matunty the germ cells wake up and enter upon a penod of
great activity, during which mature gametes are produced The his-
tory of the production of gametes differs somewhat in the two sexes
That of the male, called spermatogenests, 1s a ittle simpler than that
of the female, called ogeneses, and will be described first
Spermatogenesis —The first sign of renewed activity of the male
germ cells 15 evidenced by a succession of rapid cell divisions, the
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mechamsm of mitosis bemng used  After many thousands of germ
cells have been produced, multsphication 1s stopped and growth sets in,
the growth m the male cells being very shght as compared with that of
female cells  Dunng the period of growth the chromosomes not only
spht to form twin chromosomes, as though m preparation for muto-
s13, but whole homologous chromosomes umte 1n pairs, a process hnown

Fit 46 —The germ track in Muastor amerscana _ A_germocell {p g o) set £part
in the e ght-celled stage of cleavage  (dfler Hegner ) The walls of the remaning
2T B . . T

. . .

assynapsis  Theresultistbat mstead of theset of single chromosomes
charactenistic of the zygote there are groups of four (tetrads) each
tetrad composed of two pairs of twn chromospmes bound together
There ate just half as many tetrads as there are chromosomes 1 the
zygote  Now follow two special cell divisions, known as me10sts, with
out any further change i the chromosomes ~ The result 15 that one
chromosome of each tetrad goes to each of the four matured sper™
cells In one of these divistons, the so-called reduction division, both
twins of an onginally single chromosome pass together to one cell,
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which results i a reduction of the number of chromosomes charac
tenistic of the 2y gote to one half (Fig 47) The other division simply
separates twin chromosomes as m ordmary mutosis The result s
that each gamete has only one of each kind of chromosome and there
{ore only one half the number possessed by the zygote and the pn
mordeal germ cells Tt 1s customary to speak of the somatic or zygotic

116 47 —Dhagram to llustrate spermatogenests @ showing the d ploid num

Ler of chromosomes (six is arbitranly chosen) as they occur 11 divisions of ordinary

cells and spermatogonta & the painng (synapss) of correspond ng mates 1p the

primary spermatocyte preparatory to reduction ¢ each secondary spermatocyte

recenves three the haplosd number of chromosomes d division of the secondary

zpzrma)zocym to form ¢ spermatids which transform into f spermatozoa  (From
uyer

number as diploid or zr and the gametic number as kaploud, or n
The final phase of consists of an elab
tion of the male gamete, of the lop of 1
organs and adaptations for penetrating the egg

Obgenesis —The period of multiphcation 1s essentially the same as
In spermatogenesis except that fener and larger ¢ells are produced
The period of growth 1s very marked for 1t 1s during this period that
the egg accumulates the yolk which is usually massed at the vegetal
pole  The nucleus and central body confined to a small region of
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clear protoplasm at the animal pole, are not 1 a position to bring about
an equal cell division  Hence the maturation divisions are very un
equal (Fig 48) The first maturation division results m a large cell
not appreciably smaller than the full grown egg and a very tiny cell
called the first polar body The second maturation division results in
a second polar body and the mature female gamete, or unfertihzed egg
Sometimes the first polar body divides again, sometimes not  Typt
cally, however, four female gametes are produced, corresponding in

F1c 48 —Diagram to illustrate oogeness @ showing the diplord number of
chromosomes (six 1s atbitrar ly chosen) as they occur m ordinary cells and 1n
oogoma b the paining of corresponding mates preparatary to reduction ¢ 4 the

'

‘ - '
' B '
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« e 1 g
tne reguced or haploid number of chromosomes  (From Guyer )

number to male gametes similarly produced, but three out of every
four eggs, namely, the polar bodues, are abortive and die because of
deficiency of cytoplasm, leaving only the one large well nounshed egg
as the progeny of each pnmordial germ cell that completed the penod
of growth  Synapsis and the reduction division are the same 1m
oogenesis as i spermatogenesis (Fig 49)

Now, dunng both spermatogenests and oogenesis the umited paurs
of homologous chromosomes, one derived from the father and one from
the mother of the previous generation, arrange themselves during the
reduction division quite mdependently of one another, so that some
matemnal and some paternal chromosomes enter each gamete  Where
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there are large numbers of chromosomes, very many different assort
ments of maternal and paternal chromosomes are produced This
shufling and dealing of parental heredity matenals constitutes one of
the principal means of increasing diversity 1n orgamsms and therefore
one of the most important mechamsms of evolution A relatively
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D agram showing the parallel between maturation of the sperm
cell g turat on of the ovams  (From Guyer

simple case of the assortment of different chromosomes to gametes 1s
shown m Fagure g9
THE UNION OF GAMETES—FERTILIZATION

Once the gametes are mature they are ready for the fertilization
process (Fig 50) It seems to be a matter of pure chance that any
Parucular sperm finds and enters any parucular egg  Since there are
usually hundreds of different kinds of eggs and equally large numbers
of different kinds of sperms the number of possible kinds of zygotes
produced 1s extremely great If, for example a species has only
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twenty chromosomes—less than half that possessed by man—there
would be (2)*, or 1,024 different gametes n each sex  And since each
fund of egg 1s as likely to be fertiized by ane kind of sperm as another,
there might be produced (1024)%, or 1,048,576 different zygotes
Hence, melosis and fertshization together constttute an extremely effec

g

Tic 50 ~Diagram tollustrate fertiization &, male pronucieus @, femrie
pronucleus observe that the chromosomes of maternal and paternal ongm ¢
spectively do not fuse  (From Guyer )

tive mechamsm for wcreasing diversity  This 1s the chief rle played
by sex m evolution

Thus abbreviated account of biological processes 15 all that 1s needed
for our purpose and should, we believe, enable the student to follow
mtellgently the accounts of heredity, varaton, selection and 1sola
tron that are to follow A more detatled account of the processes of
mutosis, meiosss, and fertihzation may be found in chapter xhv, “The
Mechanism of Mendehan Hereditv



CHAPTER XV

INTRODUCTION TO THE STUDY OF
PERSISTENCE FACTORS

As was pornted out 1n chapter xut, the principal agents that make
for constancy or persistence of type from generation to generation are
(e), the relative stability of the umits of heredity genes, () the rela
tive stability of the bundles of genes, chromosomes (¢}, the relative
precision and perfection m operation of mitosis, (d) the relative con
stancy of the environment over long pertods
Laborious studies of gene changes, especially m the fruit fly,
Drosopinla, have shown that genes are exceedingly stable Muller
and Altenberg have discovered that 2 large proportion of the genes of
Drosoplnla must have a stability comparable with that of the atoms of
the element radum, which have an average unchanged Ife of about
two thousand years Of course, where there are hundreds, possibly
thousands, of genes 1n each cell, the chances of some gene change being
observed dunng any given penod will depend upon the numbers of
genes present and the number of mndividuals exammed
Chromosomes are probably almost equally stable except for cross
ing over, 2 phenomenon that cannot be discussed here  Changes m
numbers and composstion of chromosomes do occur as rare accidents
of mitosis or meiosts, and these changes break up the constancy of
cellutar organization, but the relative constancy of chromosomal num
bers and of their gemc conteat constitutes one of the most important
agents tn maintarmng persistence of types
Vanous kinds of wregulanties m the characteristically constant
and nearly perfect mechamsm of mitosis are responsible for rare
changes 1 chromosome numbers and for redistribution of genes
chromosomes, but these events are so rare that they only very shghtly
affect the constancy of the species of animals and plants 1 which they
occur

Another factor influencing persistence that is hikely to be neglected
15 that of the relative constancy of the environment 1n any given geo-
graphic region It 18 well known that, apart from seasonal fluctua
tions, the general climatic conditions n a given region remamn un
changed over long peniods of tme  The mean annual temperature,

200
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the mean annual ranfall and the general character and direction of air
movements remain essentially the same for very long periods  Such
constancy of environment could hardly fail to exercise a standardizing
effect upon amimal and plant communities and thus aid 1n mantainng
'y 1n the exp of racial ch

Py and d Y h d ~—It 15 custom
ary 1n courses i genetics to introduce the study of heredity by present
ng an outhne of Mendehan heredity  This seems to us a mistahe, for
Mendeltan heredity 1s really not essentially a persistence factor but
rather a most effective diversity factor It breaks up constancy of
combimations of umit characters and promotes multiphaty of recom
bations of such characters For this reason we shall begin our dis
cussion of the persistence factors in evolution with the study of heredity
n pure hines m which the persistence mechanism 15 free to operate
without being comphicated by the diversity mechamsm  Swce bio-
metnc methods are necessary for the study of vanation and heredity
1n pure lines 1t 1s hecessary to introduce a brief statement about these
methods

A short tesson 1 biometry —When character differences are either
qualitative or are sharply defined they are easily handled by Mendeh
an methods  If for example all individuals are either black or white
tall or short heavy or Iight and no gradations occur between the two
alternatives 1t 1s easy to follow the distinct types through successive
generations  If on the other hand there occur all gradations between
black and white all gradations between tall and short and all grada
tions between heavy and light 1t 1s no longer possible to classify each
mdividual 1n some particular category  When this 1s the case the only
possible method of finding out how much 1s inhented and how much
18 M0t 13 to study whole generations of progeny as umts and to deter
mune what 1s the charactenstic of one whole generation as compared
with the next whole generation  Sucha companson requires statistical
methods

Suppose for example we want to find out whether the stze of bean
seeds 15 hereditary or merely e 1 we shall have to measure
the seeds of the parent and compare them with those of the offspring
‘There would be nothing gamed by comparing a selected seed of the
parent with one of the offspring  \We must compare the total of one
with the total of the other Tt 1s necessary then to find a method or
methods of companng the parent condition as a whole with the off
spring condition as a whole Some simple method must be devised
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that gives due credst to each of the vanants i the two generations
One method commonly used 1s the graphic method  Thus each seed
of the parent generation 15 measured and plotted on a graph mn which
the honzontal line (the abscissa) represents a sertes of size classes vary
g from the smallest ones at one end and the largest at the other, and
the perpencicular line (the ord p the f; of nd1
viduals 1 the varying size classes A lme connecting high pomts 1n
each of the size classes will form a tartalion curre which will be charac
tenstic of the group  Such a curve has 2 lugh pomt near the middle
(called the mode), and the curve slopes gradually toward each end
This curve not only represents the distnbution of the different sizes 1n
the group but shows the most commonly occurring size class the modal
dass A similar curve 1s made for the offspring generation, and the
parent curve 1s compared with the offsprng curve  The two may be
compared with respect to mode, mean, average, and standard devia
tion, and a great deal may be learned, that can be learned n no other
way, about the vanation and heredity of such graduated or fluctuating
characters as weight

For further mformation about statistical methods m genetrcs, the
reader 15 referred to a short chapter 1n the Appendix (chap xlm) It
will hardly be necessary here to do more than ndicate that pure-line
work, such as that of Johannsen, Jenmings, Tower, and Wnght dis
cussed 1n the next chapter, could not have been done without the use
of brometrical methods
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the mean annual ranfall, and the general character and direction of ait
movements reman essentially the same for very long periods  Such
constancy of environment could hardly fail to evercise a standardizng
effect upon anrmal and plant communmties, and thus 21d i mamtang
constancy tn the expression of racial characters

Pergistence and dwversity mechamsms contrasted —It 15 custom
ary 1n courses in genetrcs to mtroduce the study of heredity by present
g an outlne of Mendelian heredity — This seems to us a mistake, for
Mendelian beredity 1s really not essentially a persistence factor, but
rather 2 most effective diversity factor It breaks up constancy of
combinations of umt characters and promotes multiphicity of recom
binattons of such characters For this reason we shall begin our dis
cussion of the persistence factors in evolution wath the study of heredity
n pure [ines, n which the persistence mechamsm s free to operate
wrthout bemng comphicated by the diversity mechantsm  Stace bio-
metric methods are necessary for the study of vanation and heredity
m pure lmes, 1t 1s necessary to mtroduce a brief statement about these
methods

A short lesson 1n biometry —When character differences are etther
qualitative or are sharply defined they are easily handled by Mendelt
an methods  If for example, all ndivaduals are eyther black ot white,
tall or short, heavy or Iight and no gradations occur between the two
alternatives, 1t 15 easy to follow the distinct types through successive
generations  If on the other hand, there occur all gradations between
black and white, all gradations between tall and short, and all grada
tions between heavy and light, 1t 1s no longer possible to classify each
mdwidual in some particular category  When this is the case the only
possible method of finding out haw much 1s imhented, and how much
13 0ot, 15 to study whole generations of progeny as units and to deter
mine what 15 the charactenstic of one whole generation as compared
with the next whole generation  Such a comparison requires statistical
methods

Suppose, for example, we nant to find out whether the size of bean
seeds 1s hereditary or merely environmental, we shall have to measure
the seeds of the parent and compare them with those of the offspring
There would be nothing gamed by companng a selected seed of the
parent with one of the offspring  We must compare the total of one
with the total of the other It 1s necessary, then, to find a method or
methods of companng the parent condition as a whole with the off
spring condition as 2 whole Some stmple method must be devised
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The first thing he did was to collect all the seeds (we would call
them beans) from a single bean plant, which 1s a male female 1ndividu
al  These beans were of many different sizes, some quite large, others
quite small, and many mtermediate  In order to follow the heredity
of bean size with accuracy, he weighed each bean on a delicate balance
What he determined was the weight of each bean, but we shall speak
of large and small size mstead of heavy and Iight weight  Since some
few of the beans were very large and some few very small, what more
natural than to select the largest beans to be the seeds for the next
generation of plants, and to expect that the beans of the next and the
next and the next generation would be larger and larger and larger?

1f Johannsen was sangume enough to expect to get such a rapid
mmprovement i beans he was doomed to disappontment He had
constructed a curve of vanation, n the manner described s the last
chapter, for beans of the parent plant This curve had a definte
shape and a definite mode  When he constructed a sumlar vanation
curve for the progeny denved from the largest beans of the first gener
ation this curve was practically the same as that of the parent genera
tion  The beans were not all Jarge, as he may have hoped but some
were large, some small and many mtermediate just asn the parent
generation  Continuing to select, for planting the largest beans for
six generations he found that there had been no change 1n the average
size of beans, and the number of largest beans had not increased
Selection then had been powerless when operating upon indwiduals
with 1dentical heredity

Another series of breeding experiments was carned out, selecting
for seed the smallest beans of the ongial parent plant of Pure Line I
The bean progeny of the second generation differed not at all from
those derved from the largest bean of this pure line  They gave the
same variation curve and the same average as the latter, and this was
mawmtaned for six generations It made no difference whether the
largest the smallest, or the average beans were selected for planting
solong as they belonged to the same pure line the same variation curve
and the same average were mawmtamned

A second pure hine, which we may call Pure Line II, was started
from another parent plant, chosen because the average size of beans
was distinetly Jess than that of the first pure line  The statistical
study of the beans of this second parent plant revealed another new
and sigmficant fact, namely, that the beans, when arranged accord
Ir7 to sizes, gave a vanation curve differmg markedly from that of
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PureLine I The snape of the curve the mode, and average size were
different.  Again selection for six generations of first, the largest beans
for seed, and second the smallest beans for seed, did not affect the
vanation curve mode or average Once agam, selection withm a
pure line was quite meffective

The same results were obtamed 1n all the rest of the nmeteen ong
wal pure hnes with which Johannsen experimented

A somewhat more concrete idea of the resufts obtamed may be
secured through the perusal of the following table which gives i terms

RESULTS OF SELECTION IN PURL LINE I

Meaw Y e1cur or Srurersn P 4
Faxenr 3en PAPAONG
Flaxvesy Yeax

B nux Plus Fm;n":f‘\‘nm Fy}n‘n,nul:l{m

002 6o 70 63 13 64 8y
oot 3 2o 75 19 70 88
Yoot 5o 8 5059 56 6
] 43 73 &3 55 b3 64
4 4 74 38 73 %0

987 56 a1 b9 o7 67 €6

of average bean weight the results of selecting plus and minus parents
for six gencrations w Pure Lane T the plas parents being Jargest beans
and munus parents bewng smallest beans

It wall be seen that 1 the last year of this selection experiment
{xgo7) the smallest beans averaging 56 cg m werght, produced a prog
eny weighing, on the average 69 o7 g , while the largest beans of the
same year, averagng 85 ¢g , praduced progeny of pracucally the same
aterage weight as did the smallest beans namely, 67 66 ¢z The dif
ference 1s not statistically significant  The influence of the environ
ment i bean weight 13 clearly shown tn the data for the year 1901
which was a bad year for growth  In this year, the average weight of
progeny from both large and small beans was greatly reduced, bang
respectively 56 68 ¢g and 54 59¢g  That tins loss 1 weight was not
mhented 15 shown by the results m subsequent years xn which the
average returned to that seen 1 the first year of selection It 13 %0
nteresting to note that n the years xgo3 1906 and 1goy the hghter
pasents produced a keavaer progeny than did the heavier parents

From these expenments Johannsen came to the conclusion that
plus and minus fluctuations about the mode were due to dufferences i



HLCKEDITY IN PURE LINES 215

the environment and were not inherited, and that what was really 1o
hented was merely a potentiality to produce beans of a certain average
weight which may be modified by the environment It was also ob-
vious that these environmental modifications had no effect on subse
quent generations, that 1s to say, they are not mherited  Selection
therefore, has no effect unless thepe are hereditary differences among
the individuals selected

All the members of a given pure hne are 1dentical genetically that
15 there are no differences 1n their genes Johannsen called a group of
indrviduals that are alike in their genes a genotype, and spoke of all
such mdividuals, whether alike in seed size or not, as genolypically
dentical  Hence mdividuals that breed alike, whether they look alike
or ot, are members of the same genotype  On the other hand, each
of the nineteen pure lmes 1s 2 different genotype though some beans
1 each pure lime may be evactly of the same size as some beans
others  Johannsen designated mdividuals that look alike and have
the same somatic charactemstics whether they are genotypically
alihe or not members of the same phenofype, m other words, they may
be phenotyprcally 1dentical though genotyprcally different  Phenotypic
differences, unless also associated with genotypic differences are not
hereditary  This conclusion ts a highly important one for all our fur
ther study of heredity

Another sigmficant conclusion may be reached from these expen
ments namely that Iy produced daff if they are
merely phenotypic mn character play Do important part m evolution,
except n so far as they may favor the survival of certan mdmduals
Possessing genotypic diff Hence 11
differences n the soma have only an indirect wfluence on the course of
evolution

OTHER EXAMPLLS OF PURE LINES

W L Touer i along series of expeniments on the potato beetle,
Leptinotarsa decemirneata came to smilar conclusions  He produced a
pure line not by making use of a self fertilizing species, but by closely
inbreeding a bisexual family for a long time  This stock was tested
and found to be genotypically pure, yet there was a considerable
amount of vanability in the shade of color in the color patterns and
m other ways  For twelve generations he selected and bred from the
darkest speaamens and from the lightest specimens, keeping the two
series separate (Fig 51) The result was that mstead of getting
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darker specimens predominating m one senes and lighter specimens m

3

the other, he

d a finsl g of

15 showng practi-

cally the saree range of vanabihty wm both seres, and m neither senes

was there any consistent
change from the condition
present at the begmumng
of the experiment

More recently Seudl
Wright, workung in connec-
tion with the Bureau of
Antmal Industry, has pro-
duced a considerable num-
ber of pure hmes by long
contirued brotber and &1
ter mating I guinex Pigs
Stxteen famibes have been
established by over thity
generauons of the closest
possible mbreedmg Ne
selection was practiced
The result was that most
of the pure hres showed

marked ved m fer~
tlity and w wigor, 38
compated wath the control
cross bred stock  Each
Line, however, differed
from ali the others i these

Tie 5y ~Dugram i it
Tustrate the results of selection
m pure hwes Inefectiveness
of selection through twehse
generations withi a homezy
gous strain m the case of the
Calorado potato-beetle (Leph
nolarss}  Ts each gemeration
extreme dark speaumens Rere
sclected as the parents of the
sucteed ng generation but the
progeny always swung back to
the type  { ifter Towev )
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respects, as well as in many others Members of any pure lines were
remarkably uniform but there was also a fair amount of fluctuation
with respect to quantitative ch Even such ch: as the
shape and extent of color markings, weight, fertility, etc , showed con
siderable mndividual vanabihity, but none of these differences proved to
be hereditary

Jennings tried still another type of pure line matenal using organ *
1sms that reproduce by binary fission  He warked with a number of
differing clones (pure lines produced asexually) of P: , & com
mon ciliate protozoan  Each selected Paramecium was 1solated m a
separate culture vessel, where it was allowed to mmultiply for several
generations  Size dufferences and other measurable differences were
noted i the ongmal 1solated parent mdividuals, and these of all the
progeny were measured, plotted, and averaged It was found that a
different mean, mode, and average size was charactenstic for each pure
line  1f the largest individual 1s then 1solated from each culture and
bred for a number of generations, 1ts progeny will be of the same aver
age proportions as that of the stock from which the largest ndividual
had been chosen, for they are genotypically unchanged though differ
ing phenotypically

Exactly what 1s thherited?—-All that 1s passed on from one genera
ton to another 1s an organized mass of protoplasm, or m gametic re
Pproduction two such organized masses—an egg and a sperm that umte
to form a zygote Characters, as such, are not transmitted or passed
on A zygote, the biologic henitage, has no eyes, no feet no bratn, no
mstincts  All 1t possesses 13 a very defimte nuclear and cytoplasmic
organization, which, under an appropriate environment, has the po-
tentiality of a new individual with characters whose expres
sion may be more or less modified by the differences mn the environ
ment within the organism or outside of 1t

Speaifically, let us state exactly what was mhented 1n Johannsen’s
pure lnes  Pure Line I differs 1n its hereditary potentiahities from
Pure Line IT 1n that, under the given conditions of the environment, 1t
Produces on the average heavier beans than Pure Line II 15 able to
produce  If a particular bean chosen from Pure Line I and one from
Pure Line II were allowed to develop under exactly the same environ
ment, the off\pring of Pure Line I would be heavier than that of Pure
LineXl Butif the environment of Pure Line 11 were better than that
of Pure Line I, 1t might readily produce larger heans that the latter
But this 1ly induced diff would not be inherited
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Exactly what then 13 inhented? A certam complex of genes and
a certam cytoplasmic orgamzation are all that can be said to be 1
herted  These hertages are 10 be concerved of as potentrabties cap
able of working with the environment to produce mdividuals with
certam particular characters  Indiwiduals will differ from one another
portly because the matenals constituting the zygote are dufferent and
partly because their environments ase different To what extent
heredity and deternune mdividual deff we st
not attempt to detide at present  We shall be 1n a much better posi
tion to deal with this problem after we have discussed the other factors
of the evolution mechanism




CHAPTER XVII

SEX DETERMINATION AND SEX DIFFERENTIATION

Introductory statement —In chapter xiv we have spoken of sexual
reproduction as one of the modes of cytogenic reproduction  We have
also referred several tumes to the ways in which sexual reproduction
constitutes the main mechamsm of diversity Two questions with
regard to sex, however, have not yet been broached (z) What de
termunes the sex of the individual?  (5) How do the secondary sexual
characters of mmdividuals develop? These two questions will be an
swered 1 the present chapter

SEX DETERMINATION

‘The question as to what determunes whether an amimal shall be a
male or a female 1s a very ancient one, and 1t 1s only during the present
century that we have solved the puzzle

A great many theories of sex d have been proposed
some of which are as follows
&) Hi es and some sub theonists beleved that the

sex of the offspring depended on the relative vigor of the parents, the
more vigorous parent giving hus or her sex to the offspring

) Thury thought that the sex of the offspring depended on the
degree of npeness of the ovum at the time of fertiization

€) Varous wniters claim that statistics show that germ cells from
the right ovary produce males and those from the left ovary females

d) The nutrstion theory —The egg 1s a much more highly nounshed
cell than the spermatozoon, and the idea seems natural that high
degrees of nourishment of the mother produce female offsprmg and
lower degrees of nourishment male ofispring  Professor Schenk of
Vienna gamed a huge reputation by controlling the diet of certain
royal prospective mothers and predicting the sex of the offspring
accordimgly He was correct m hus predictions several times, but his
success was short ived His early predictions were merely lucky,
Just as one might be who could guess heads or tais correctly several
times 1n <uccession

Some color 15 lent to the nutrition hypothesis by the fact, if 18152
fact, that after war or famine, when the nutntion of mothers has been

219
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low more males than fumales we born  This 1s probal ly 4 case of
dilferentinl prenutal mortalty By that we mean that more females
dic unborn than males because the latter are hardier and stand pre
natal milautnition better

€) Sex 15 deterinn ed af the tir1e of fertils atron —Perhnps the best
evidence that sex 1s determne 1 at the very beginning of development
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17 Iruplet fetuses der ved £ om the s nyle ey, and all dest ned to be of the same
sex (I rom Newmas)

13 derived from one egg twans ani qua lruplets  In tle nine banled
armditlo pricuieally cvery female gves birth to quadruplets four
essentially 1lentical young bung prolce | in each htter Allin a
given set of quadruplets are nvanably of the same sex either four
males or four females  Newman and I atterson } ave shown that each
set of qua lruplets comes from a single epg, wi ch t 1 very exrly stage
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divides into four parts to form four fetuses (Tig 52)  The conclusion
15 that sex was determined before the separation took place Human
wentical twins, also always of the same sex in a par, furnish further
evidence m favor of very early sex determination These and nu
merous other similar facts justify the conclusion that sex 1s deter
mumed at the time of fertilization

THE OF SEX

In two previous chapters (chaps xv and xv1) descriptions of the
typical modes of chromosomal sex determination have been given  In
order to facthtate a clear understanding of this tmportant matter
1t seems well to recapitulate one typical instance Perhaps the best
known mstance of sex deter 15 that of Drosoplhtl
already described and figured (Fig 53) by Babcock and Clausen In
this wnsect the female body cells and the unmaturated germ cells are
characterized by the presence of two sex chromosomes (X~chromo-
somes), which are shown m black at the top of the left hand column
of the accompanymg figure The chromosomes are readily dis-
tinguishable by being of medium size and straight  The male body
cells and unmaturated germ cells (top of right column) are just like
l.hose of the female except that there 13 substituted for one of the
X a hook-like ch known as a Y chromosome.
Now m the process of maturation of the germ cells, which results
the formation of gametes with the haploid or half somatic number of
chromosomes, each of the eggs (fernale gametes) recetves an X chromo-
some  All egps are therefore alike 1 their chromosome content,
cluding the sex chromosome The case is different on the male side
for two kinds of gametes are formed, one kind with an X-chromosome
and the other with a Y chromosome These are formed in exactly
equal numbers, as one of each 1s produced at every reduction davision
Each egg must be fertilized by one or the other of these two kinds of
sperms, and in the long run as many eggs will recerve an X-chromosome
aswillreceive a Y chromosome  Those that receive an X-chromosome
will be characterized by having two X-chromosomes, which 1s the
typical female condition, and thus a new female individual 1s started
m hfe, while those that receive no X chromosome, but a Y-chromo-
some, will have the XY composition charactenstic of the male sex,
and will give mse to males  The female sex may thus be designated
as XX and the male sex as XY We have shown for Dmmphzla Lhe
exact mechamism that operates i d whether an ind.
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, shall be a male or a female, and 1n addition we have explained why

equal numbers of both sexes are continuously produced
How general 1s the ch 1 of
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Fi6 53 —Dizgram showing chromosome refations 1n the determunation of sex
1 Drosoph 1a ampe'oph Is (From Babceck and Clz sen )

tion>~“To s hat extent,” says L B Wilson, “sex may be determuned
by an automaucally opcrating nuclear mechamsm such as has been
here described 15 unhnoun, but a mechanism that exists n the same
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general form tn orgamsms as diverse as bryophytes, nematodes, echi
noderms, arthropods and vertebrates 1s beyond a doubt of far reaching
significance, and may be as widely distributed as Mendehan heredity
generally  While the same general scheme holds for all forms that
have been investigated, there exist many nteresting differences i the
detalls of op of the d machine  Some of the
sumpler vanations of the process are as follows

8} Vanatiwons of the Y~-chromosome —Beginning with a condition
such as that described for Drosophtla 1n which the ¥ chromosome 15
larger than the X chromosome, there 1s a long series of species n
which the ¥ chramosome becames smaller and smaller until 1t dwindles
away to nothing and the male chromosome condition becomes X0 1
steadof XY  In the females of such species the condition remains XX

) Varations of the X chromosome —In a number of species of
antmals the X-chromosome may be represented by from two to mme
components, each of which at times has the appearance of a separate
chromosome Ina spectes of roundworms, Ascarss canss, for example
the diploid chromosome number of the female 1s thirty six and that of
the male 15 thirty, the difference being due to the fact that there are
twosets of s:x X components m the female and only one set in the male
In the reduction division of the male germ cell the six X components
all go m a group to one gamete and none to the other so that two
kmnds of gametes are produced, one with eighteen chromosomes and
the other with twelve chromosomes All the female gametes have
eighteen chromosomes ~ Apart from the fact that the X chromosome
1810 six pleces instead of but one the mechamsm of sex determination
15 the same as 1t 15 1n a group that has but one X chromosome

¢) Linkage of sex chromosome with autosome —In a great many
species of insects the X chromosome has been found to be umted to
one end of one of the autosomes, never losing this relation durng the
entire chromosome cycle Apart from this apparently secondary
umion with an autosome, the behawvior of the X chromosome 15 the same
as 1n the XO cases described above Hence the mode of sex deter
mmation 15 1n lme with the types already discussed

d) Female digamety —In this mode of sex determmation two differ
ent kinds of eggs are produced, while the sperms are allalike  In other
words, there 15 simply an exchange between the sexes of the nuclear
differences charactenzing males and females  Thus in the Lepidoptera
(butterflics and moths) the females have either the XY or the XO type
of chromosome complex while the males always have the XX condi
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tion Though the cytological evid 18 still plete, 1t 1s prac
tically certam that birds have the same peculiar method of chromo-
somal sex determmation as the Lepidoptera, for they have the same
type of sex linked heredity as the latter and the opposite of that seen
1n mammals and most msects  Apart from the change of the digametic
condition from one sex to the other, the mechanism remams the same

Sex in —When 1t became known
that parthenogenetic species (those m which eggs are capable of de
veloping without fertilization) 1 some cases produce males and 1
other cases produce females from parthenogenetic eggs, ths seemed to
be out of accord with the theory of the chromosome mechantsm of sex
determmation It 1s interesting to know, however, that, now that we
Lnow the histories of the chromosome cyeles 1n these species, the facts
are not only fully in accord with the chromosome theory, but greatly
strengthen 1t and enlarge 1ts range of applicabiity Two lunds of
parthenogenesis are known, which may be designated diplosd and
haplosd I the former, the developing egg and embryo has the full
somatic number of chromosomes 1 the latter, only half the somatic
number charactenstic of the spectes 1s present

@) Diploid parthenogenesis —In these species only one maturation
diviston occurs and this davision 15 not the reduction drvision, hence
each egg retans the diplord number of chromosomes, mncluding two
X-chromosomes (XX) The result 1s that all eggs that behave m this
way develop into females Thus 1n aphids and phyloxerans many suc
cessive generations of all females are produced After a series of
female generations a mixed generation appears m which males are
produced parthenogenetically along with females, but from smaller
eggs Examination reveals the fact that male-producing eggs have
after maturation two less chromosomes than the female-producing
esgs This was explamned by the observation that when the first
maturation takes place, two chromosomes (obviously consisting of &
double X element) are cast out mto the polar body, while all the auto-
somes and two of the X chromosomes remain 1n the egg nucleus In
this way the male produced from this egg comes to have oaly two
X-chromosomes, while the female has four  This 1s really the equiv
alent of 3\ for the female and XO for the male In gamete forma
tion the males produce two hinds of gametes, one with the double
X-element and the otber with no X clement Only the former of
these 1s viable, and this accounts for the fact that all fertthzed eggs
produce females, for both gametes supply double X-elements. This
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whole rather intricate story s thus seen to be merely a vanant upon
the typrcal scheme of chromosomal sex determination

) Haplowd parthenogenesis —This hind of parthenogenesis 1s now
known to occur 1 rotifers, 1n several orders of msects, and 1n arach
mds  Itispractically 1 among the I ptera (bees, wasps
ants, etc.), and we may use the case of the honey bee as an illustration
Inhaploid parthenogenesis the egg develops after having undergone the
reduction division 1t therefore has only half the somatic number of chro-
mosomes, mncluding but one X chromosome Invanably the progeny
from haploid parthenogenesis are males which we mught expect from
the fact that they have but one X-chromosome In the bees the queen
seems to be able to determine whether 2n egg gets fertilized or not
An egg descends the oviduct, passes the seminal receptacle contaming
a supply of sperms acquired dunng the mating act and if sperms are
gwen off, fertilization occurs and a female 13 produced, but if an egg
shps past the senunal receptacle without bemng fertihized, the result 1s
amale (drone) Now these drones are the mates of the future queens
and must supply the spermatozoa for the next generation of eggs  They
already possess the reduced number of chromosomes so they cannot
well undergo the reduction division in forming gametes It 15 wnter
esting to note, however, that 2 sort of vestigial reduction division takes
place resulting 1n the formation of a tiny cell wathout any nucleus and
a larger cell with all the ch Tuding one X-ch
charactenstic of malesof thespecies A second maturation division ch
vides chromosomes lengthwise ~ Smce all gametes both male and fe
male contananX chromosome fertihzation always results n a fernale
Thus once more the general sex determmation formula 15 conﬁrmed

Sex ch in h and
Hermaphrodites are mdwiduvals which are funcnonally both male and
female that produce both eggs and sperms m the same body Her
maphroditism 15 common 1n snais flatworms, earthworms nematodes
tumcates and m several other phyla of ammals We have unfortu
nately very Lttle mformation about the chromosome situations in
these forms  In one species of de (4
however, 1t 1s known that there 1s an alternation of generations between
2 parasitic hermaphroditic generation and a free lving dioecious gen
eration (with separate males and females) In the dioecious genera
tion mafes and females are about equally numerous AIf fertilized
eggs of this generation produce parasitic hermaphrodites  These pro
duce from their gonads first cogonia and later spermatogoma the form
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er producing egys and the latter spermatozoa It 1s known that all
eggs of the hermaphrodte g have six ¢t whale the
sperms have either five or six  Self fertilization takes place, and half
of the ferhlized eggs produce males with {eleven chromosomes) and
half produce females (with twelve chromosomes) of the free-living gen
eration  The males of the dioecious generation produce two kinds of
gatnetes with respectively five and six chromosomes, and one would
expect males and females to be produced from fertiization, but this
1s not what happens for only hermaphrodite individuals with twelve
chromosomes are produced It seems certamn that only one of the
two kinds of spermatozoa (that with six chromosomes) is viable, and

that the b phrodite generation 1s chr Aly female How
can a female produce spermatozos of two kinds, one with six and the
other with five ¢ This 15 explained by the fact that n

the second maturation division one of the X-chromosomes remans
near the equator of the spindle, and does not become mcluded withm
the daughter nucleus Thus one of the daughter cells 13 without an
Xch and 15 male-prod: when fertilization takes place
Further mvestigation of the ck of h hrodites will
doubtless be i agreement with what we already know

Gynandromorphs are individuals made up of some female body
regions and some male body regions  Thus, an insect may have male
secondary sexval characters on one half of the body and female char
acters on the other, or the anterior end may be male and the postenot,
female The chromosomal basis for these conditions 1s not enticely
clear, but Morgan and Bndges have shown that all of the pecuhanties
of the hereditary behavior ean be explaned on the assumption that
1n the first or second cleavage davision one of the X chromosomes lags
behind and 13 excluded from oe of the daughter cells Thus one
daughter cell gets XX and the other X, which accounts for the fact
that all the cell descendants of one cell have the female characters and
all those of the other cell, male characters

Intersexes and their beanng on sex determination —Bndges, dur
ing his exp with Drosophul d m certan strains
anomalous imdividuals that were neither male nar ferale, but snler
sexes  Oncytological examination these were Sound to have a changed
chromosome complex  One type, for example, was found to have
three of one kind of autosomes (instead of the usual two) but only two
X~chromosomes  The interesexual condition 1n this case mught be

lamed by the p that the bave a male-produc
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g tendency and that one set of extra autosomes 1s sufficient partially
to overcome the female tendency of two X-chromosomes, thus produc
mng mtersexes Agan individuals with three X-chromosomes but
only the usual supply of autosomes were super females soma‘ically
but unbalanced i ther physiology and non viable These results
show that in the words of E B Wilson, ‘ the actual performance of
Ihe Zygolte, thesefore, 35 the common effect of the wkhole group, and 1s turned
dhss way or that as the result of a quantitatie balance between X-chromo-
somes and gutosomes
SEX DIFFERENTIATION

It now becomes necessary to disungwish clearly between sex
determination and sex differentiation  When we say that by means
of a ch i sex 15 d d, exactly what do we
mean? We answer that the sex of an mdmdual ansing from a fertl
1zed egg (m the case of parthenogenesis, an unfertilized egg) has been
settled. Now asamatter of fact only one thing has been settled arrevo-
cably, and that 1s that one mdividual will have the chromosome
composition charactenstic of a male and another mdividual that of 2
female A male 15 usually an mdividual that prod p
and 2 female one that produces ova  Is it irrevocably settled beyond
possibility of reversal that a zygote with the XX chromosome com
Pposition must produce eggs and one with the X composition, sper-
matozoa? This question has apparently been answered by Geofirey
Smith m hus work on parasitically castrated crabs and by Richard
Goldschmdt on Gypsy moths In the first case, mdividual crabs
whose testes had been mfested by the parasitic arnpede Sacculing,
were gradually changed over mn their whole metabolism to such an
extent that cells destined to produce spermatozoa produced ova In
the second case, when certam vaneties of moth were crossed, all of
the germ cells produced females with ova whereas half of the eggs
had the XX and half the X chromosome content This evidently
means that some mdividuals with the male chromosome character
produced eggs  From these results we may be justified mn conclud
ing that not even this most fundamental difference of sexes that of
the female producing ova and the male spermatozoa 1s wrevocably
Ppredetermined at fertilization

Lest the reader be confused, however, we hasten to add that under
vatural conditions of life an mndividual with the male chromosomal
content produces spermatozoa and one with the female chromosomal
Content nroduces eggs, and that only rare acadental or unnatural
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conditions disturb the normal course of events For purposes of
practical genetics we may then define a female as an individual that
produces ova and a male as one that produces spermatozoa

Secondary sexual characters —Usually males and females duffer
from each other mm many other characters besides the production of
eggs or sperm  Often one sex 1s larger, stronger, more elaborately
omamented and colored than the other and possesses charactenstic
accessory sex organs whose function 1t 1s to facitate the brmging
together of the eggs and the sperm  All of the dufferences between the
sexes other than the primary difference of egg or sperm production are
called secondary sexual characters  Usually very young ammals show
only shght d m dary sexual ch and the differ
ences increase markedly at sexual matunity  We speak of the gradual
divergent development of the two sex types as sex differentiation
The question arses as to whether or not the chromosomal differences
are the causes of the differentration of secondary sexual characters
These secondary sexual characters are all somatic, and, since the soma
15 the product of cell division of the zygote, the soma. cells must have
either the male or the female chromosomal character That the
chromosomal mechanism 1n the somatic cells 1s not suffictent of itself
to bring about, unaided the differentiatton of secondary sexual charac
ters can be shown readily mn at least many ammals

In the mammals, for example, 1t 1s known that the early removal
of the testes or ovartes results 1n a retentron of the juvenile or undif
ferentiated condition of secondary sexual characters Evidently some
wfluence 1s exerted by the tissues of the gonad that 1s necessary for the
full differentiation of sex characters The current theory 15 that
certamn glandular cells that form part of the body of ovary or testes
excrete materals mto the blood that stimulate vanous trssues 1
diffesent ways and produce dimorphic results The speafic sub
stances produced by these glands are called “hormones,’ for want
of a bettername  To test the efficiency of these hormones the crueis!
experiment of taking out the gonads of a young rat or gumnea pig and
implanting the gonad of an mdividual of the opposite sex has been
many times performed  For example, Steinach castrated young male
rats and then saecessfully grafted nto them ovanes from young
female rats  The result was that these young rats which started to
be males became much altered 1 a female direction, the mammary
glands becoming greatly enlarged their mstincts more ferunme than
masculine, and m a number of other particulars they showed more
or less p d evidences of f C ly, spayed
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females with engrafted testes showed a tendency toward male duffer
entiation, especially m instincts These experiments have been
largely confirmed by C R Moore

In birds 1t 1s of mterest to note that practically complete reversal
of secondary sexual characters may be induced if young females are
entirely deprived of the ovary The condition 15 described by L V
Domm as follows

“The larger percentage of our birds have assumed additional male
characters following removal of the ovaries, until they are practically
complete replicas of the male, and, to those not famihar with their
history, they are regarded as unmistakable males  Thus we find that
they assume the complete male plumage, spurs grow as they do in the
normal cock, head furmishings increase in size until they can not be
distinguished from those of the normal male

“Other birds 1n the pen regard them as males and when a strange
cock 13 mtroduced they fight as would other cocks, very frequently
assummng the imtiative, some of them having been observed to come
off victorious n such a combat  Many of these birds crow regularly
‘When aroused by a disturbance, it was found that their reaction is
very similar to that of the male, the sounds they make, together with
their reaction on such occasions, reminds one very much of the young
male just prior to matunity

“One set of expennments may be mentioned as an example Out
of the one Iot of fourteen females of the same hatch, one was Lept as
control and thirteen were operated upon between the ages of six weeks
and six months, twelve of these have developed all the characterstics
of the male mentioned above some being completely cock feathered,
while the others are fast becoming so  The other one of the thirteen
13 very capon like n appearance except perhaps for size and can not
be readily distingwished from her capon brothers by those not know
mg her hustory This bird has assumed complete male plumage 15
developing spurs  but the comb, wattles and earlobes are pale and
small, resembling those of the capon

“In some of our cases individuals which have assumed more or
less complete male characters as concerns head furmishings, plumage
and spurs, are revertmg toward the female type as shown by the female
type of plumage reappeanng

“Our results ndicate that the female m the brown leghorn fow!
has many potentialities of the male, which are normally hibited by
the presence of the ovary, and that these potentialities can assert
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themselves approximately fully after the complete removal of the
ovary at an eatly age ”

A beautiful experiment conducted by nature herself helps to drive
home the hormone theory of sex differentralion In cattle as shown
recently by F R Lillie, twins occur m a small percentage of cases and
mvolve the simultaneous fertilization of two eggs  These eggs e as
a rule 1n opposite horns of the forked uterus, but owing to the growth
of their embryomc membranes the two mdinduals cone to fuse cr
culations so that there 1s an admisture of blood (Fig 54) The result
1s that if the twins are zygotically of the same sex no untoward effect
of blood admixture 15 apparent, but when the twins are zygotically 2
male and a female the female individual 15 always stopped m its
female dufferentiation and becomes more or less completely trans
formed mn a male direction It appears however that at the time
when blood admuxture occurs, the female mndividual has already
differentiated so far with respect to the external gemtalia and m other
respects that, even though subsequent development be entirely male
m ch the it dividual s always a sterle creature,
nerther fully 2 female nor a complete male  Such ndividuals have
long been known as ¢ freemartins ¥ As a rare exception to the general
rule an oceasional case has appeared i which a male and a female pair
fail to undergo blood admixture In such cases both develop into
normal animals It now appears that the reason why the female sex
1s the one to suffer 1s that the male gonads differentiate precociously,
before the female, and inhibat the subsequent development of female
gonads Hence the only hormones m the blood of both twins are
the male hormones

In conclusion we may say then that mn mammals, though
chromosomes tend to determmne the primary sex differences, they
have no effect on the differentiation of secondary sexusl characters
These are due to substances secreted by the gonads that have been
called hormones




CHAPTER XVIII

MENDEL’S LAWS OF HEREDITY
MENDEL § LIFE AND CHARACTER®
] ARTHDR THOMSON

Gregor Johann Mendel was born 1 1822, the son of well to-do
peasants i Austran Silesia  He became a priest i 1847, and studied
physics and natural science at Vienna from 1851 to 1853  Thence he
returned to his cloister and became a teacher 1n the Realschule at
Brunn It was his hobby to make hybndisation expersments with
peas and other plants 1n the garden of the monastery, of which he
eventually became abbot  Apart from two papers, one dealng witb
peas and a shorter one with hawkweeds, and some meteorological
observations, he does not seem to have pubhshed much  But what
he did publish, 1f small m quantity, was large o quality  He diedm
1884

MENDEL'S DISCOVERIES

In 1866 Gregor Johann Mendel, Abbot of Brinn, published what
some regard as one of the greatest of biological discoveries  After
many years of patient experumentmg chuefly with the edible pea, be
reached a very important conclusion m regard to the mbreeding of
hybnids, which 15 often briefly referred to as “Mendel’s Law **  His
publication was practically buned 1n the Proceedings of the Natural
History Society of Brunn, those who knew of 1t, as Nagel: for mnstance
dud, farled to reahse 1ts umportance 1n fact, Mendel's epoch making
work was lost sight of amud the enthustasm and controversy which the
promulgation of Darwinism (1858) had evoked. Mendel’s Law seems
to have been rediscovered mdependently m 1900 by the botamsts
De Vries, Cotrens, and Tschermak, and to Mr Bateson we owe much,
not only for hus recognttion of the far reachmg wnportance of the
abbot’s work, but also for a notable serzes of expenments 1n which be
has confirmed and extended 1t

*From } Arthur Thomson Heredty (copynght zpoy) Used by special
permussion of the publishers, Jobn Murray, London.
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Mendel’s experiments —\What Mendel sought to discover was the
law of mhentance 1n hybnd varieties and he selected for expenment
the edible pea (Pssum safivum) The tnal plants, he says, must
possess constant cafferentiating characters, and must admit of easy
artificial pollination, the hybnds of the plants must be readily fertile,
and readily protectable from the mfluence of foreign pollen  These
conditions were afforded by peas, and twenty two varieties or sub-
species of pea were selected, which remained constant dunng the eight
years of the experiments Whether they were called species, or sub
speacs, or vaneues, 15 a matter of convemence, the names Posum
g , P , P umbell , etc, do 1n any case repre-
sent groups of stnular md.mduals which breed true tnfer se It should
be noted that these peas have the particular advantage, for expen
mental purposes, that they are habitually self fertiised—in North
Europe, at least

In studying the diffegent forms of peas, Mendel found that there
were seven differentiating characters whuch could be relied on

1 The form of the npe seeds, whether roundish, with shallow
wrnkles or none, or angular and deeply wrnkled

2 The colour of the reserve matenal in the cotyledons—pale
yellow, brght yellow, orange, or green,

3 The colour of the seed coats, whether wlute, as 1n most peas
with white flowers, or grey, grey brown, leather brown, with or with
out violet spots, and so on,

4 The form of the npe pods, whether stmply 1nflated, or con
stricted, or wrnkled,

5 The colour of the unnipe pods, whether hght or dark green, or
vividly yellow, this colour bemng correlated with that of stalk, leaf
vens, and blossoms,

6 The position of the flowers, whether axial or termunal, and

7 The length of the stem, whether tall or dwarfsh

Mendel's results, the Law of Dominance —Having defined the
differentiating charactenstics of the varieties, Mendel proceeded to
make crosses between these, investigating one character at a time
Thus, pollen from a pea of the round seeded vanety was transferred

to the stigma of a pez of the angular seeded variety, the stamens of the
artificiaily poffinated flower beng, of course removed before they
were ripe  The same was done all zlong the hine

What was the result in the hybnd or cross-bred offspning? It was
found that they showed one of each pair of contrasted characters ta
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the total, or almost total, exclusion of the other No ntermedrate
forms appeared
Mendel called the ch; '.hat p! led d and the
3 that was supp d ly d, recessive
And the first big result was that Uosses between a plant with the
domunant character and a plant with the recessive character yielded
offspring all resembling the dormnant parent as regards the character
m question  Let us for shortness call the parents D and R, and the
first result may be expressed thus DXR=D
It must be carefully noted that the complete dommnance which
Mendel observed has been shown m other cases to be the exception
rather than therule Thusa cross between 2 “ Chunese” pnmula with
wavy crenated petals and 2 “star” prunula with flat ssmply notched
petals 1s mntermediate between the two parents, and yet, as the next
generation shows, the case 1s one of Mendelian inhentance
In many cases the hybnd, while on the whole dorunant, may show
some influence of the recessive character blat not nearly enough to
warrant us m speakmg of a blend Thus, when white (dominant)
Leghorn poultry are crossed with brown (recessive) Leghorn, most of
the offspring have some “ticks” of colour When these are mbred
they produce a quarter brown (extracted recessives) and three-
quarters pure white or white with a few ticks  The domtnance 13 not
quite perfect
The Law of Sphtting or Segregation.—In the next generation the
cross-bred plants (products of D and R, or R and D, but al apparently
Iike D) were allowed to fertilise themselves, with the result that their
offspring extubited the fwo orsginal forms, on the average three dom
nants to one recessive  Out of 1 064 plants, 787 were tall, 277 were
dwarfs
When these recesstve dwarfs were allowed to tertilise themselves
they gave nise to recessives only, for any number of generations  The
recessiv e character bred true
When the domunants, on the other hand, were allowed to fertilise
t.hemselves, one-third of them produccd “pure” dommnants, which 1m
gave nse to d only, and two-thurds
of them produced once agam the ch mixture of d t:
and recessives m the proportion of 3 1
The general results may be expressed m the scheme The
result of the hybndisation 1s a generation (F,) like the dominant
parent  They may be represented by the symbol D(R), for they
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DgXRs DrR}XDJ « o . Parent forms (P9

DR) . Hybndofisonng (F)
3P tR Generation of wbred hybnds (F%)

1' 5+ 2DR
D 3D x—lll I]l )
l D+ PR

l iR R R (F)
] IxD+:D(R) I I '
D DD R R R (M

carry with them the posstbility of baving offspring with the recesstve
character, that 1s to say, the recessive character remains latent 1n
the anhentance

When these D(R)s are mbred (self fertilised, 1n the case of peas)
they have offspring (F), some of which resemble the recessive parent,
while others resemble the domunant parent, and these occur i the
proportion of 1 3 When those resembling the recessive parent are
inbred, they breed true—i e, they give nise to a Jine of pure recessives
Those resembling the dorunant parent are all apparently alike, but
therr subsequent history shows that they may be divided 1nto a set
which breed true to the dommant type and a set which behave like the
first generation of hybnds— e, they go on sphtting up into domant
like forms and pure recesstves These two sets occur 1 the propor-
tions of r 2

A case of peas —Let us consider a concrete case Peas with
rounded seeds were crossed with peas having angu]ar winnhled seeds
In the offspring the ct of was the angular
wrinkled character had disappeared or receded It was not Joss, as
the next generation showed

‘The hybnd offspring all with rounded seeds, were allowed to self
ferthse  In thewr progeny roundish seeds and angular wrinkled seeds
occurred 1n the proportions of 3 1 Here were the recesstves agan,
and when they were allowed to self fertilise they produced pure reces-
sives only, with angular wninkled seeds




236 EVOLUTION GENETICS AND EUGENICS

The dormants, however, were not all pure domwmants, for when
they were allowed to self fertilise they produced one-third pure dom:
nants and two thirds ¢ mmpure ’ dominants, the latter bemng distn
guished by the fact that 1n their offspring recessives reappeared in the
proportion of one recessive to three dominants

The outstanding facts, taking the case of yellow sceded and green
seeded peas may be thus summansed—

Parental Yellow seeded pure Green seeded pure”
Generation (Pr) plant (domnant) plant (recessive)
e |
!
Forg Filial (hybrid) All the offspring were yellow seeded
encration (Ft) Self fertiised they yielded
|

Second Filial (inbred) ~ Yellows Yellows Greens

Generation (Fz)  (pure type) (lmpuxe‘ type) {pure type}

1 3
Thard Filial (snbred) Yellows Yellowns Yellows  Greens Greens
Generatson (F3)  (pure type)  (pure)  (umpure) (pure)  (pure type)

Thus 1ntercrossing of forms with contrasted characters results not
1n transitional blends, but m the domnance of one character and the
recession of another Self fertibsation (the extreme of inbreedng)
of the hybnds results 1n a number of pure recesstves and a number of
dommants in the proportion 1 3 some of these dommnants (one-third)
are pure, and produce only dommants some (two-thurds) are appar
ently pure, but produce domimants and recessives 1 the old propor
tion, 3 1

A case of muice —Let us take a coticrete case from among ammals
A grey house-mouse 1s crossed with a white mouse, the offspring are
all grey  Greyness 1s dommnant  albimsm 15 recessive
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‘The grey hybnds are mbred, therr offspring are grey and white
m the proportion 3 1 If these whites are inbred they show them
sclves “pure,” for they produce whites only for subsequent genera
tions But when the greys are mbred they show themselves of two
kunds, for one-third of them produce only greys, which go on produ
cng greys, while the other two-thirds, apparently the same produce
both greys and whites  And so 1t goes on,

Summary —In his exceedingly clear expositton of Mendelsm
(1005} Mr R C Punnett states the result thus ¢ Wherever there
occurs a pair of differentiating characters of which one 1s dommant
to the other, three possibilities exist there are recessives which
always breed true to the h there are d
which breed true to the d h: and are therefore pure,
and thirdly, there are dommnants which may be called impure, 2nd
which on self fertiisation (or m breeding, where the sexes are separate}
gve both domunant and recessive forms in the fixed proportion of
three of the former to one of the latter

Schematic representation of Mendel's Law —Folloming Mr
Punnett’s suggestion, with shght modifications, we may use the sym
bols Py, P,, P, for the parental, d 1, and great d,
generations, F; for the first fikal (hybnd) generations, F,, F; F,
for the subsquent mbred generations The symbol D(R) means 2
domnant with the recessive d, but 1
present, DD or RR means pure extractcd dominants or reces-
sives—1 ¢, those pure forms which are sifted out from the mbreed
mg of “rmpure” domunants

D 1} . Pi-great-grandparental generation
}) 1|z . P»—grandparental generation
lg R Pr—parental generation
DﬁR) F—first filial (hybnid) generation
[ 1
1DD 2D(R) TRR  Fisecond fibal fn
‘Eatracted pure Tmpure domimants Pure recessives bred) generatton
| |
DD 1 J)D 2D{R) 1 XLR RR Pr—third generation

I e T
DD DD :DD aD(R) 1 RR RR Fé—fourth generation
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MENDEL § EXPLANATIONS!
JORN M COULTER AND MERLE C COULTER

Mendel s explanation of this behavior involved three theses which
at that time were new to biology ~ These theses must be kept distimet
from one another
T Independent umt chamc!e!s —This means that a.n orgamsm

ting 2 morphol I and phystol 1 unty, from

the standpomt of heredity 1s 2 complex of z large number of mdepend
ent hentable umts Thus if one pea plant 1s tall and another one 1s
dwarf the behavior of the hybnd produced from them with reference
to this character will be the same, no matter what other characters
the parent plants may have had In other words, the characters
are tndependent umts, unaffected by other characters or umts  The
character of tallness from a tall plant with wnnkled seeds or purple
flowers will act yust the same as from a tall plant with smooth seed>
or white flowers  Tallness 1s 2 umt and 1ts behavior m mhentance 15
mdependent of all other units

2 Dommnance —In the germ plasm there are certamn determmners
of umt characters which domunate dunng the development of the
body, causing these characters to dommate over others and thus
become visible  The characters dominated over and thus not allowed
to express themselves are called recessie characters. These recessive
characters are present m the germ plasm, but cannot express them
selves and become visible as long as the dominant characters are pres
ent. When a domant character s absent, however, 1ts recessive
alternate 15 free to express itselt and become visible

For example 1n the case of tall and dwarf peas tallness 15 a domt
nant character and dwarfness 15 its alternative recesstve When a
dwarf appears therefore, there 15 present no domunant tallness to
suppressit  In the F, generation all the individuals were tall because
although they had all recerved the recessive character of dwarfness
from one of the parents they had recerved the dommant character
of tallness from the other parent, and so dwarfness did not appear m
any of them  Such paws of alternative characters are now commonly
called allelomorphs Thus taliness and dwarfness are allelomorpks
m the pea one dommant over the other which 1s therefore recessive

3 Punty of gametes —A gamete can contam only one of two
alternative characters For example, 1t may contam the character

* From Coulter and Coulter Plant Genefscs (The Unmiversity of Chucago Press
copynght 1918)

1th
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for tallness or for dwarfness, but not both In other words, allelo
morphs cannot be represented 1n the same gamete If the gamete
having the character for tallness unites with one having the character
for dwarfness, the resulting zygote will contam both, but will produce
a tall individuas because tallness 1s dominant over dwarfness When
this tall hybnid produces gametes, however, one-half of them will
contam the character for dwarfness  Thus the alternative characters
are ‘ segregated"’ m gamete formation and no gamete will have both
characters

These three theses, independent umt d and
punty of gametes (better called segregation), make up the theoretical
explanation of Mendels law Independent umt characters was of
course a necessary conception It was ongmal with Mendel, and has
2lso been oniginal wath other mvestigators, but this conception does not
represent the essentia) feature of Mendels law  The 1dea of domi
nance had been somewhat vaguely proposed before Mendel s time
In the old iterature on animal breeding one meets theones of pre-
potency, which were proposed agamn and agam before the discovery
of Mendels work m 1goo  In any event Mendel was the first to
formulate definutely the theory of d among unit ch
It should be realized also that dotminance 1s not an essential feature of
Mendel s theory Many cases are known mn which domunance fails
but i other regards the Mendehan mhentance 13 strctly followed

The essential feature of Mendel s theory 1s his conceptton of the
purity of gameles, brought about by the segregation of alternative
characters  The striking fact 1s that this conception, purely theorets
cal with Mendel, has snce been confirmed by cytology In the
mechamsm of cell division each chromosome 1s dnvaded into two equal
parts and each daughter cell receives one of these parts It s a

fe that are bearers of hereditary

characters  In the production of gametes the number of chromosomes,
charactenstic of the orgamism 1s reduced one half  As a consequence
each gamete carries only one half the characters of the ndividual that
producedit  Anapplication of these statements to an explanation of
Mendel s 3 1 ratio wifl 1llustrate the situation

For convemience we will assume that the nuclei of Mendel s peas
have four chromosomes each (Fig 55) In the case of a tall plant two
of the four chromosomes carry the character for tallness that 1s, some
thing that d the di of the tall cl m the

which 15 ly the body durlder Ths unknown
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something 1s called by various names in the literature of genetics, the
commonest one being determner  In our illustration, therefore two
of the four chromosomes carry the determmer for tallness At this
pomt two questions may be asked

1 Why do just two of the four chromosomes carry the determiner
for tallness rather than all of them or only one of them? Just here
1t would be difficult to explam why no more than two of the four
chromosomes arc represented as carrying the same determiner  This
will be explamed later It 15 easy to answer, however, why the deter
miner 13 bemng carried by more than one chromosome ' When gametes
are formed the chromosome number 1s reduced one half  Since every
gamete from a pure tall plant carries the determner for tallness there

®
BEC By

Tall Paren Gametes

Rleloke

D f Parent Gemetes

16 55 —Dugram ilustrat ng behavior of chromosomes tn Mendel s cross of
tall and dwarf peas Large rectangular figures nucle of zygotes or mature :n
dividuals large circles gametes small crrcles w thin zygotes and gametes chromo
somes letters on chromosomes determuners (7' tallness D, dwariness) (Fron
Coulter and Coulter )

must have been at least two chromosomes catrymg the determimner
before the gametes were formed

2 Do these two chromosomes carry any other determuner than
that for tallness? In a tentative way this question may be answered
mn the affirmative but a fuller discussion of the situation must be
deferred  There 1s much exp 1 evids that indicates that
more than ene determiner 15 carried on a single chromosome  In some
cases also there are more Mendelian determuners than there are
chromosomes

The situation 13 repre<ented 1n Figure 55 This shows a somatic
cell with the diploid or 22 number of chromosomes  In the formation
of gametes this number 15 reduced to the haplord, or  number, which
1n this case 1s two  The diagram shows that the reduction separates
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the two ch carrymg the ct ter for tailness
sothat each gamete contamsone  Thus occurs for the other characters
aswell as for that of tallness From the tall plant, therefore all the
gametes will contamn the character for tallness and from a dwarf plant
all of the gametes would contarn the character for dwarfness When
these two individuals are crossed the zygote will contain both charac
ters and these two characters will be transmutted together mn the
succeeding cell generations The mdividual from such a zygote of
course would be tall but at the same time 1t would be carrying a
recessive determuner for dwarfness and this fact would be shown by
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Fro 56 —D agram illustrating behav or of first hybnd generat on (F ) when
inbred Illustrates meamng of segregation and punty of gametes and how
chance matings of Fy gametes result n 3 1 ration F generation dwarf ind vidual
produced only by zygote m lower nght hand comer  (From Coulter and Coulter )

1ts behavior 1 breeding The result of inbreeding such hybnds 1s
mdicated m the accompanymg diagram (Fig 356) which represents
the chance matings of two kinds of gametes  The obvious results are
three tall ndividuals and one dwarf  This 1s the so-called monohybrid
raite which means the ratio when a single pair of allelomorphs 1s
considered

Before & the further of Mendel s law 1t wil}
be necessary to explam some of the terminology of genetics  When
cach gamete carrtes the same kind of determmer the zygote 1s sard to
recetve a double dose when a zygote recewves only a single such deter
miner 1t 1s saxd to receve a single dose  In Figure 56 one zygote receives
a double dose of tallness and two others a single dose  These phrases
wre more or less common 11 the literature of the subject but the more
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frequent terminology 1s as follons  When two similar gametes umte
to form a zygote it 1s called a homosygote, when the two panng
gametes are different the zygote 1s called a keferozygote  Using this
terrmmology 1t 15 evident that the 3 1 ratio of the F, generation 18
really a 1 2 t ratio as follows 1 homozygote for the dommant
haracter, z h gotes and 11 ygote for the recesstve charac
ter The: 2 1 ratio therefore 1s the signuficant one and appears as a
3 1 ratio only because of dommance

In the experiment represented in Figure 56 three tall indmduals
appear n the F, generation  Superficially the mdividuals look alike
but 1t 15 reahzed that 1 differs from the other 2 1 germunal constitu
tion, for 1 will produce only one kind of gamete while the other 2
will produce two kinds To mdicate this situation Johannsen has
introduced some appropriate termmology Orgamisms which seem
to be alike, regardless of their germmal constitution, are said to be
phenotyprcally shke or to belong to the same phenotype On the
other hand orgamisms having tdentical germunal constitution are said
to be genolypically alike or to belong to the same genofype From
the standpomt of phenotypes only, Mendel s F, generation shows the
3 1 ratio but »f genotypes are considered 1t shows the 1 2 1 ratio
Tn other words this group of forms contains two phenotypes but three
genotypes

Refernng again to Tigure 56 several things may be inferred It can
be seen what will happen in the F, generation when the F, mdividuals
are mbred  The dominant homozygote will produce only domnant
homozygotes 1 the F, generation and will continue to produce them
as long as 1t 15 inbred  The two heterozygotes will spht up m the
F, generation m thesame 1 2 1 ratio as did their hybnd parents of the
F The h cygote will produce only recessive
homozygotes as long as 1t 1s kept pure by bemng inbred

It 15 mteresting to consider what will happen 1if a heterozygote
form 13 crossed with 2 homozygous recessive It should be obvious
that ore half of the progeny would be pitre recessives, while the other
aalf would be heterozygotes, that 15, there would bea 1 1 ratic A
stmular result would be obtamed by crossing a heterozygote with 2
dommant homozygote, although all the immediate progeny would
show the dorinant character The real situation would be revealed,
bowever, when thus progeny was inbred, for one-half would be homo-
zygous (pure breeders) and the other half would be beterozygous
(hybnd breeders)
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Thus far we have considered only what 1s called the monohybnd
ratio, that 1s, the ratio obtained from one pair of contrasting charac
ters, such as tallness and dwarfness  The next step 15 to consider the
dihybnd ratio Mendel also used contrasting seed characters find
ng, for example, that smoothness 1n seeds 1s dommant to a wrnkled
condition  Introducing this pair of contrasting characters wto the
situation we have been considering, the dihybrid ratio will be the
result Crossing a tall smooth seeded dividual with a dwarf
wrinhled seeded mdividual 1t 1s evident that all of the F. or first
hybrid generation will be tall, smooth seeded indivaduals, since both of
these characters are dominant In the F, generation, however, the
following ratio will appear ¢ tall smooth 3 dwarf smooth 3 tall
wnnkled, t dwarf wrinkled, which 1sa g9 3 3 1 ratio This 1s the da
hybnd ratio, the explanation of which may be indicated 1n Figure 57
The question may be raised why the characters for tallness and smooth
ness are not d on the same ch If they were, the
result would be 2 simple monohybrid ratio, except that the tall md
viduals would always be smooth seeded as well and dwarfs would be
always wnnkled sceded The possibility of one chromosome carrying
two different determiners will be considered later, but at present we
shall assume that these determmners are on different chromosomes

Figure 57 shows that we are dealing with two homozygotes each
producing only one kind of gamete, so that all the hybnd progeny mlt
be similar, both genotyprcally and phenotypically, that 1s with the
same germinal constitution and the same appearance By inbreeding
these F; individuals 1t will be seen that four kinds of gametes are
mvolved  Crossing these four kinds of gametes the resulung com
binations are indicated 1n Figure 57 The result 1s four phenotypes as
follows Nos 1, 2,3, 4, 5, 7, 9 10, 13 are tall smooth mdwduals
Nos 11, 12, 15 are dwarf, Nos 6, 8, 14 are tall wnnkled, No 1615
dwarf wninkled Thisistheg 3 3 1 ratio

It will be noticed that Nos 1, 6, 11, 16 are homozygotes and there
fore wall breed true, but the rest are heterozygotes either for one pair
of characters or for both, and these would split 1to vanous types upon
further breeding

The next step 1s the trihybnd ratio  Mendel found yellow seeds
dominant aver green seeds, and 1f this parr of characters 1s included
with those used above the trihybnd result can be observed The
experument would consist 1n crossing tall, smooth, yellow individuals
with dwarf, wninkled, green wndividuals, and 1t 1s obvious that the
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hybrid progeny would all be tall smooth, yellow, since these three
characters are d Inbreeding the hybnds gives the followmng
result 1n the F, generation 27 tall smooth yellow, g tall smooth green,
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FI6 57 —Dugram llustratng dihybnd rat o Upper part shows how onginal
parents were crossed to give Fr hybrid lower part shows Fy hybnd producing
four hinds of gametes chance matings among these gametes when Fy 18 inbred
result as wmdicated 1n the large set of squares and explams the 9 3 3 17ati0 13
the ¥, generation  (From Coulter and Conlter )

¢ tall wnnkled yellow, 9 dwarf smooth yellow, 3 tall wrinkled green,
3 dwarf smooth green, 3 dwarf wrinkled yellow, 1 dwarf wralled
green  The tnhybnd ratio therefore 15 27 g 9 9 3 3 3 ¢ Ths
mvolves 64 mdividuals and 8 phenotypes
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ILLUSTRATIONS OF SIMPLE MENDELIAN INHERITANCE IN
BOTH ANIMALS AND PLANTS!

] ARTEUR THOMSON

How far has Mendel's experience been confirmed?—There has
been confirmatory work by Correns {on peas mawze, and garden
stock), by Tschermak {on peas), by De Vries {on mauze, etc ), by
Bateson and his collaborators {on a large vanety of organisms), by
Darbishire {on muce), by Hurst {on rabbrts), by Toyama (on silk
moths), by Davenport (on poultry), and so on There are some
difficulties and not a few discrepancies, but, as Bateson says “the
truth of the law enunciated by Mendel 1s now established for a large
number of cases of most dissumilar characters *

In experimenting with Lychnss, Atropa, and Dafurs, Bateson and
Saunders found that the phenomena conformed with Mendel’s law
¢ with considerable accuracy, and no exceptions that do not appear to
be merely fortuitous were discovered. In the case of Matthola
(garden stock), the phenormena are much more complex  There are
simple cases which follow Mendehian principles but others of various
kunds which apparently donot  The latter cases fall into fawrly defin
1te groups, but their nature 13 obscure ”

In expenments with poultry, the phenomena of dommance and
recession were detected, mnterbreeding of the hybnd offspring resulted
ma nuxed progeny, “some prescntmg the domunant, others the reces-
ave 1l Mendel s Law with fair con
sistency, thougb m certam cases disturbing f; aretobe

The general result, so far, 1s that Mendel's law has recerved con
ﬁrmauon 1n a number of very dissumlar cases

and ~-Let us first of all collect a
munber of mstances of contrasted characters which behave 1n relation
to one another as domnants and recessives

Dominant Recessive

Pisum satsoum Tallness Dwarfness
Round seeds Wrnkled seeds
Coloured seed-coats Whate seed-coats
Yellow albumen 1 coty  Green albumen 1 coty

ledons Tedons

Purple flowers White flowers

Sweet pea Tall ordinary form Dwarf or cupid van

ety

*From ] Arthur Thomson, Heredsty (copynght go7) Used by specual
Periss on of the publisher John Murray London.



246 EVOLUTION GENLTICS AND EUGELNICS

Dominant Recesuve
Stocks Coloured Whate
‘Wheat and barley Beardless Bearded
Later npemung Ruvett Early npenmg Polish
wheat wheat
Non immune to  rust Immune to ‘rust
Maize ‘Starch  seed Sugar seed
Nettles (Urtica pilubsfera and
U dodorin) Serrate leaf margin Enture leaf margm
3fsrobihs galapaand B roses Rose colour Other colours
Mice Coloured coat Albino coat
Normal ‘Waltzing  vanety
Rabbits Coloured coat Albino coat
Angora fur Short fur
Poultry Rose comb of Ham High serrated single
burghs and Wyandottes  comb of Leghorns and
Andalusians
Cattle Hornlessness Horns
Snails Bandless shell Banded shell

Other instances i plants —As 1s well known, there are two almost
equally common forms of wild pnimrose (A) thrum types, with
short styles and with anthers at the top of the corolla tube, and (B)
pin types, with long styles and with anthers half way down the tube
The thrum type 1s domnant over the pin type

The onginal species of Chinese primrose (Premula sinensis) bas a
palmate leaf About 1860 a sport arose (from seed) which had a
punate or “fern” leaf  The palmate form 1s dommant, and the fern
leaf 1s recessive

The deformed ¢ Snapdragon” vanety of sweet pea behaves s a
recessive to the normal type.

The 2 row barley has certain lateral flowers which are exclusively
staminate 1 6 row barfey all the flowers are staminate and pistillate
and all set seed Mr Biffen crossed these forms, and found that the
more negative character was dommant  The offspring were 2 rowed

Maize —When the common or starchy round seeded maize 15
crossed with the wrinkled seeded sugar maize, the round starchy char
acterdommnates  When an egg-cell of the wnnkled sugar maize stock
1 fertihised by a pollen cell of the round starchy stock the result 15 2
round seed with starchy endosperm  Tf thus seed 1s sown, 1t becomes
a plant which, en self ferhhisation, forms a cob with a muxture of
round starchy and wnnkled sugary seeds mn the ratio 3 x The
wnnkled seeds yield sugar maize, the round seeds yeld two “impure
rounds’ to one “pure round” Correns has observed a very mler
esting case m which two pairs of are
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One vanety, Zeo mays olbs, which has smooth white seeds, was
crossed with another vanety, Zes mays coeruleoduless, which has
wrnkled Blue seeds The hybnds (F,) had smooth blue seeds, one
character of each parent beng domunant, and one character of each
parent being recessive, The hybnds were mbred, and the progeny
(F.) showed four combinations—smooth blue, smooth whlte, wrmk.!ed
blue, and wrinkled white (the d are

In the next generation (Fy), the wnnkled whte, inbred, yxcldcd
wrinkled white—a case of extracted recessives, breeding true  The
smooth whites and wrinkled blues, inbred, yrelded partly forms like
themselves and partly wnnkled white The smooth blues, mbred,
yelded the same combimations as 1 F,

A finer corroboration of Mendelian could hardly be wished.

Nettles —Correns crossed two ‘species of stinging nettle,” Uriica
pildifera L and U dodartus L , which resemble one another except as
regards leaf margin, strongly dentate in the former, almost entire m
the latter  The hybnd offspring (F) have all dentate leaves hike the
male or the female parent, as the case may be  The dentate character
18 absolutely dominant  The imbred (self fertiltsed) hybnds produce
offspring (F,) of two kinds, with dentate and with entire margins, onan
average in the Mendehan proportion, 3 1

“Immumty to rust in wheat.—Some kinds of wheat are very
susceptible to the fungoid disease known as ‘rust’, othersare immune
The quality of smmunity to rust 1s recesstve to the quality of predis-
Pposition to rust

 When an ymmune and a non immune strain are crossed together
the resulting hybnds are all susceptible to ‘rust *  On self fertihsation
such hybnds produce seed from which appear dommant ‘rusts and
recessive immune plants m the expected ratio of 31 From this
simple expenment the phrase ‘resistance to disease’ has acquired a
more precise significance, and the wide field of research here opened
up 1n this connection promuses results of the utmost practical as well
as theoretical ymportance  To the quesion ' Who can bring a clean
thing out of an unclean?’ we are beginming to find an answer, nor 1s
the answer the same as that once given by Job (R C Punnett)

Silkworms —Toyama paired Stamese silkmoths with yellow er
with white cocoons the offspring produced only yellow cocoons
When the hybnds were mbred the result was two sets, one producing
white cocoons, the other producing yellow cocoons and the proportion
was Mendehan—25 037 white and 74.06 yellow The whites bred
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true, the yellows when mbred showed themselves to be pure dom:
nants or * yellows” and dominant recessives—i € , sphtting up agamn
mto yellows and whites m the usual proportion More ntncate
experiments confirmed this general result

It must be noted, however, that Coutagne has made much more
elaborate expenments with dufferent results, which i many cases can
not be interpreted on the Mendehan theory Thus he found () that
the hybnid forms were sometimes blends of the parents and different
from both (2) that 1n other cases the brood 1ncluded some like one
parent 1n 2 particular character, some like the other parent, and some
intermediate, and (3) that in other cases the mndividuals showed no
fusion of characters, but resembled one or other parent It 1 likely
that the di may be expl. d as due to derable diversity
of ongm m the domesticated races of silkworm, so that, while they
breed true when left to themselves, a disturbance of the usual routine
leads ta the liberation of latent characters

Lina lapponica —Miss McCracken has made a fine study of the
hereditary relations m this Cabforman beetle, which occurs m two
types, spotted (dommant) and black (recessive) They are always
crossing 1n natural conditions, but there are no mtermedates, and 1t
1s easy by 1solation to rear a “pure” spotted race and a “pure” black
race  When spotted forms are paired they may produce only spotted
progeny—a case of extracted domunants In other cases, however,
they yeld spotted and black forms (1,021 spotted, 345 black),1e,1m
the Mendehan proportion of 3 1—a case of dommnant recessives inbred

Snayls —Lang paired “pure” five banded forms of the common
or garden snail, Helwx Fortensts, with bandless forms from bandless
colomes  The young of the first generation were all bandless, the
banded character bemg recessive  When these were paired the off
spring were bandless and banded i the Mendelian ratio, 3 1 Fur
ther expeniments confirmed this, not only as regards bands, but also
as regards colour (yellow or red), size, and the form of the umbilicus
It may be sard, therefore, that common snads (Hehx hortensis and Helix
nemoralss) llustrate Mendelian inhertance

Poultry —N breeding exp with poultry have
been made by Bateson, Bateson and Punnetr, Hurst, Davenport and
others, many of which show Mendelian phenomena with great clear
ness, while others are strangely conflicting  One of the reasons for the
complicated results 13 evidently to be found n the difficuity of securng
thoroughly “pure™ breeds, for many that breed true as long s they
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are mbred tend to Liberate latent characters when the ordinary course
of breeding 15 departed from.
Hurst contrasts the following characters which nsually show them
se]va dommants and recessives  but 1t has to be admutted that the
y plete for some ch for others fre-
quently, or even always incomplete—1e , showing traces of the corre-
spondmg recessives.

Dominant Characters Recessive Characters

Rose comb Leaf comb smgle comb
White plumage Black plumage, buff plumage
Extra toes Normal toes

Feathered shanks Bare shanks

Crested bead Uncrested head

Brown eggs White eggs

Broodiness Non brood ness

Davenport s copiously illustrated work 13 also of great mterest
He shows 1 case after case that the character domupant in the first
Lybrids 15 more or less influenced by the recessive character  Polish
fowls with a large herma of the bram on the top of the head were
pawed with Minorcas with normal heads The hybnds showed no
herma but most of them showed a frontal promunence  When the
hybrids were mbred the hermia occurred m 23 5 per cent—=2 close
approximation to the theoretical 25 per cent.

Singlé combed black Mmorcas were crossed with white-crested
black Polsh fowls with a very small ifid comb The hybnids had
combs single m front spht behind When the hybrds were mbred
there resulted m a total of ror offspring 29 7 per cent with single
combs (bke Mimnorcas) 46 5 per cent with Y-shaped combs and 23 8
per cent with no combs or only papillae (Like the Pol sh forms)  Here
again the result is m a general way Mendehan but the Y hke comb
13 a comphlication

Pigeons —R  Staples-Browne crossed a web footed pigeon (an
oceas onal discontinuous vanation) with a normal form and got six
rormal young In other words the web foot character is recessive
to the normal foot character The hybnds were ibred and in one
case produced nine with normal feet and three with webbed feet—a
Mendehan sphitting up  But from another pair of hybrids seventeen
normal offspring resulted Thus the tlustration of Mendelian
mhentance 15 mconclusive Besides the numbers were too small

Wehave noticed elsewhere that crossing different breeds of pigeons
often results 1n forms which more or less resemble the reputed ongimal
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ancestor, the wild rock dove, mn other words, reversions occur ~ Often,
however, the results seem quite anomalous which is probably due to
the number of latent characters which different races of prgeons appear
to carry

Mice —Mendelhan phenomena have been carefully studied in
mice. Thus when 2 grey mouse 1s paired with an albwno, the hybnd
offspring are always grey When these are mnbred, they yield greys
and albines approumately m the proportion of 3 1 Thus Cuenot
obtamned 198 grey, and 72 albmos.

Darsbishire has obtamed many results which harmonise well with
Mendehan theory while others require some wgenwity if they are to
be fitted m with this nterpretation  As a good case we may cite one
where the mbreeding of pxgmented mice—denved from crossing pig
mented and albino md yielded 159 d young and 55
albmos (335 bemng the theoretical anticipation) When similar
bybnds were paired with pure albmos they yielded 69 pigmented and
69 albino forms, precisely as the theory would lead us to expect
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Cuénot crossed an alhino AG (with latent grey) with an albino AB
(with latent black), and obtamned albinos (AGAB) He crossed 2
black mouse CB with an albino AY (with Iatent yellow), and obtamed
yellow mice (CBAY) He then paired AGAB (albmno) with CBAY
(yellow) and obtamed 151 young—8z albinos, 34 yellow, 20 black, 16
grey, the theoretical anticipation bemng —76 albinos 38 yellow, 19
black, 19 grey  This 1s an exceedingly striking and convincng case

Waltzing mice —The mice of this interesting Japanese breed have
among other peculiarities the habit of waltzing round 1 circles When
waltzing mice are crossed with normal mice therr abnormal quality
behaves &s & recessive
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Guinea-pigs —If a black guinea pig of pure race be crossed wath
2 white one the offspring will be all black,and if these are mated with
each other the white ch pp on the average In
one 1n four of therr offspring  These whites mated wih each other
produce only white offspring, while the black are as usual of two kinds,
pure blacks and impure blacks, Sumilarly, as Professor Castle has
shown, a rough coat 1s dommant over a smooth coat, and a short coat
over a long coat.

Rabbits —Hurst paired white Angora rabbits (with pink eyes and
silky hair) with “Belgian hare” rabbits (with pigmented skin, dark
eyes, and short yellow fur} The hybrds were pigmented like the
“Belgman bares,” but the fur was grey like that of the wild rabbit.
‘These hybnids were inbred, and 14 distinct types resulted—an apparent
“eptdemic of vanation” to which Mendel’s theory has supphed the
clue, for four pairs of contrasted characters are mvolved in the hybnd
mbreeding—namely, short bair versus long hair, pigmented coat versus
albinos, grey versus black coat, umform versus marked coat (Dutch
marking latent in the albinos), and the 14 distinct types illustrate the
possible combmations.

As regards short harr versus long hair, Hurst found that when the
short-coated hybnds were mbred they produced short hawed forms
like the Belgian hare grandparent, and long hawred forms like the
Angora grandparent  Qut of 70 which reached the age of two months
or more, 53 were short haired and 17 long harred—a close approx
mation to the Mendel 523 178§ larly, as
regards pigmented coat versus albino, the hybnds, when inbred,
yrelded 132 pigmented and 39 albino forms—a close appronmation to
the Mendehan expectation, 129 43, 2nd so on

Cats —There are some interesting results as to colour (Doncaster)
Thus, “pure orange ¢ crossed by “pure” black 3 gives tortoiseshell
females and yellow males, but black crossed by orange gives black
males or females, tortoiseshell females, and orange males It seems
that orange usually dommates over black in males, while tn females
the orange (for some unknown reason) 1s less domnant and tortoise-
shell results Male tortoseshell cats are very rare  In this case the
results are complicated by some peculianty wrapped up with “sex

When a male tortoiseshell 1s paired with a female tortoiseshell the
Littens are tortoiseshetl, orange, and black—whirch s what Mendehan
theory would lead us to expect

Man —Ewidence of Mendelian phenomena 1n man 13 u yet very
scanty It appears that the cond known as brachyd
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where the fingers are all thumbs with two joints instead of three,
1s dominant over the normal  In five generations chromcled by Fara
bee about half of the offspring were of the abnormal type, though the
marnages were app ly always with lated normal ndividual
Moreover, no normal member of the lneage 1s known to have trans-
mitted the abnormality Another good case has been recently dis-
cussed by Drinkwater

Of great interest also 1s Mr Nettleship’s account of the descend
ants of one Jean Nougaret (born 1637), who was afflicted with “mght
blindness”—a condition apparently due to loss of visual purple It
seems to behave hike a umt character There are records of over 2,000
individuals, and the night bhindness 15 domunant over normal eye
sight. The notable pomt 1s that dunng two and a half centunes no
normal member of the Lineage who married another normal, whether
related or not, ever transmutted the disease

Human eye colour affords another ilustration. It is largely
determuned by the presence or absence of two distinct layers of pig
ment In the true blue eye only one of these pigmentary layers 13
visibly present, the postenor purple pigment of the choroid, which,
bewng reflected through the fibrous structure of the ins, produces the
blue colour In the absence or partial absence of this pigment the
eye appears to be “pmk,” as in albinos  In the ordinary brown eye
two layers of pigment are present, for 1 addition to the postenor
purple layer there 1s also an anterior brown layer, i front of the inis
Major C C Hurst found that the eye with two layers of visible pigment
(duplex) 15 dominant and the eye with one layer of wisible pigment
(simplex) recessive  Or, putting 1t in another way, the presence of the
brown front layer1s dominant toits absence. Practically the same con
clusion was reached independently by Professor and Mrs Davenport

The Davenports and Major Hurst have also brought forward some
evidence 1llustrating 1n typical Caucastans the donunance of dark to
fair skuns, thewr segregation in the same famly, and the apparent
punty of the extracted fair individuals Hurst also gives evidence
that ‘ fiery red hair behaves as a recessive to brown, and that the
musical sense or temperament 1s also recessive It seems as if an
indivrdual 1s non musical owing to the presence of an inhibitory factor
p g the exp of musical p which 1s poten
tially present 1n everyone (Hurst 1q12)

1t would be mteresting to have precise information as to the pro-
geny of Eurasians who intermarry, for here the ongunal hybrds result
from the muxture of two very distinct races




CHAPTER \IX
THE FACTOR HYPOTHESIS AS APPLIED TO PLANTS

JOUN M COULTER AND MERLE € COULTER

‘Thus far we have been considenng Mendel s law 1o 1ts stmple form
and have enlarged but httle upon Mendel s original statement The
value of the law 1s apparent  Upon 1ts republication 1n 1900 1t was
taken up by biologists and pumerous breeders set to work to test 1t
As a consequence data for and agamst 1t began to accumulate. As
might be expected there was much apparent evidence agamst thelaw
but as geneticists developed a better conception of the mechanism the
contradictory evidence was explained away Almost every type of

h has now been explamed ding to Mendel slaw  Some
of the explanations are very complicated and canmot be 1 cluded in
this presentation A few of the more mmportant cases however will
be presented

1 PRESENCE AND ABSENCE HYPOTHESIS

This may be regarded as a new method of Mendehan thought. It
was first suggested by Correns but later was worked out m detad by
other geneticists especially Hurst Bateson Shull and East It s
merely a modification of the mechamsm wvolved For example m
the case of a hybnd obtamed by crossing tall and dwarf parents the
result bad been explamed as due to the fact that one chromosome bears
a determuner for tallness and the other one of the pair carnes the deter
runer for dwarfness In other words each one of a pair of allelo-
morphs 15 ] by a d two thus bemng
present Dwarfness i this case would be the result of the mteraction
of that determiner and 1ts environment during the development of the
body and the same for tallness When both were present however,
the conception of the situat on was as follows The determuner for
dwarfness settmg up 1ts usual senes of reactions early became para
lyzed by the determmer for tallness or its products  This result was
called the domance of the chara.cter for tallness Tt was as if the
d {or tallness compl p d the activity of the deter
miper for dwarf) This concep was ap ly barne out

From Coulterand Coulter Plant Genetrcs (The University of Chicago Press.

copy nght 1918)
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by the facts and was the explanation of the s g it
accepted

According to the presence and absence hypothesis, however, the
situation 1s looked at from an entirely different point of view  Tall
ness 1s the result of a determiner but dwarfness 13 merely the result
of the abeence of the determiner for tallness  The dormnant character
15 produced by an mhentable determiner but the secessive character
appears only when the domimant determmer 1s lacking This con
ception has some evident advantages and may modify the previous
Alendelian dragram as shown in Figure ;8 This appears to be a sunpler
mechanism to account for the phenomenon called domnance In the
case of the dwarf form there 15 a normal cour<e of development, 1n the
case of the tall parent or hybrd, however, an additional determuner

8-B B\
= O

Gameles

F16 g3 —Diagram showing how the onginal scheme muct be modified to
sausfy the prescnce and al sence hypothesis  (Frum Coulter and Coulter )

Dozt Paser

sumulates cell grovth or cell division or both It s a sumpler and
more useful conceptron solongasit fits the facts  Some investigators
however claim that 1t cannot be applied to ali the situations that have
been discovered

{Tt shoul 1 t ¢ emphasized here that the s ord * determner” as used
mn the foregoing paragraphs 1s not synony mous with the word “gene
A recessive character 15 not due to the absence of a gere but merely to
the absence of something that 1s present 1n the dommant gene In
this form the presence and abeence 1dea 15 acceptable |

Addiuonal advantages of the presence and absence hypothesis will
appear 1n connection vith a con<ideration of blending inhentance and
of cumulative factors sn mhentance  Attention however, should be
called to the fact that those who accept the presence and absence
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hypothesis do not use the form of notation thus far used in explaning
Mendelian inhentance  Assume that 7" 1s used to express the deter
muner for tallness 1ts same letter (f) 1s used to express the absence
For example, mstead of using D for dwarfness,  1s used for ‘ lack of
tallness” (Fig 59) It 1s a matter of conventence to have a symbol
to represent the recessive, the absence of somethung that 1s present
another mdividual

In summary the essential difference between the presence and
absence hypothesis and that of domnant and recessive 15 that 1n
the former case the recessive determuner has no existence at all
while m the latter case 1t eusts but 1s m a latent condition when
associated with the dommant

BERBYr
: @@

Dwarf Parent Cametes

Fic 59 —Dugram showing how presence and absence scheme 1s actually
used with small letter representing  absence  (From Coulter and Coulter )

1 BLENDS

This type of inhentance when first discovered was thought to be
in direct conflictwith Mendels law Tt 15 a case m which dormnance
seems to fail, for the two alternative characters both express them
selves and the result 1s an average between them  Jtiseasy to explan
this situation 1n accordance with the presence and absence hypothesis
‘without any violation of Mendel s law

The classic example of blending mhentance was presented by
Correns 1 breeding work upon Mzrabilis Jalapa, the commen four-
oclock Correns crossed red and white varietes, and all the hybnd
progeny had rose pmk flowers This was a color blend, distmnctly
intermediate between the colors of the two parents The F, genera-
tion, therefore seemed to contradict Mendel 5 law in that one color
character was not completely domunant over theother Thereal situa-
tion however, appeared m the F, generation obtamed by mbreeding
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individuals of the F; generation which showed the blend By m
breeding the pink hybnds Correns obtamed the perfect 1 2 1 ratio,
that 1s 1 red like one grandparent, 2 pink like the hybrid parent, and
1 white like the other grandparent  Segregatton was evidently taking
place, the only unusual thing hemg the appearance of the F; indr
widuals, and that was expl 1y as farlure of d

(see Fig 60)

The question this mtroduces, therefore, 15 that of 2 mechamsm
which could account for such a result. The easiest explanation
offered 15 that the red parent was a homozygote for redness (double
dose) and the hybrid a heterozygote (single dose), the mference s that

& @-Ox0O-0_0

Red Parent Whte Parent

Sperms
30)

Fis 6o—Diagram il} blending mmh by Correns
wn Mrabslis galaps  {From Conlter and Coulter )

a single dose produces pink while a double dose produces red A
theoretical explanation of this occasional difference m the result of
double and single doses 15 as follows Imagme that the body cells
ofa plant have a certamn capacity for expressing heredutary characters
In such a case, just as a gnen quantity of solvent can dissohe only a
@ en amount of solute, so the body cells can express hereditary charac
tersonly toa definite imted extent. In the four-o’clock a single dose
of redness may be thought of as half saturating the body cells, while a
double dose completely saturates them In cases showing complete
domunance, howeer, a single dose completely saturates the cell>and 2
double do<e can do nothing more  This analogy assists 1n visuahzing
on the one hand the necessary mechanism of blends (apparent fadure
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of dommance) and on the other hand that for cases of complete dom:
nance

Another example of simple blending inhenitance 13 the case of
Adzuls beans descnbed by Blakeslee In this bean the mottling of
the seed coat 1s domunant to the lack of mottlng In the hybnd
condition however, the motthing 1s ighter than in the pure or homo-
zygous condition  Heterozygous plants therefore can be eastly dis-
tingwshed from homozygous plants so that the 1 2 1 ratio 1s evident
on external mspection rather than the usual 3 1 ratio

Ul THE FACTOR EYPOTHESIS

Mendel concluded that each plant character depends upon a smgle
determner  Inheritance however has proved to be a much more
comple phenomenon than indicated by Mendel s peas  Ratios have
appeared that were puzzling and genelmsls were forced to the conclu
sion that there may be a for a single ch
This conception 15 called the factor kypothesss and the growing com
plexity of genetics has developed 1 connection wth this hypothess
With the consideration of factors mstead of determaners one passes
from elementary to advanced genetics  Previously we have used the
word determiner 1mplying Mendel s 1dea that a single determiner is

for the devel of a plant ct and this
has been true of the examples of mhentance previously considered
Tt 15 understood now however that a character 15 frequently deter
mined by the mteraction of two or more separately henitable factors
and hence the factor hypothesis  The distmction between factors and
determuners should be made clear  In case only one factor 1s mvolved
in determining a character there 15 no distinction between factor and
determmer and m such a case the term factor should not be used

1 Complementary factors —This 15 the simplest expression of
the factor hypothesis and 1t may be llustrated by some of East s work
Crossing red gramed and white-gramed corn he obtamed all red
the F, generation  This would suggest that the F, generation would
show 3 red to r white but 1t showed 9 reds to 7 whites which did not
suggest Mendelian 1nheritance It 15 10 accord with Mendel s law
however 1f we consider that two complementary factors are necessary
to produce the red character and that each of these factors is nhented
separately  Such 2 situation would give a dthybnd ratio as indicated
mTig 61 Tt wilibesecen that out of 16 progeny g wall be red for they
alone contaw the complementary factors, the other 7 will be white




258 EVOLUTION GENETICS AND EUGENICS

The situation 1s thus explamed by the dihybnd ratio, but although
only one character 1s mnvolved that character depends upon two com
plementary factors

Another situation 1s worth noting  No 6 of the diagram 15 white
because 1t contams only one of the necessary factors, No rx 1s white
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Fic 61 —Dngram dlustrating behavior of complementary factors 1 cross
betneen red gramed and white grained com R and € must both be present to
produce red-gramed com  (From Coxlter and Coulter )

F,

for the same reason, but sts germmnal constitution 1s just the opposite

What would happen if these two are crossed? There 1s only one
possibility, since each 15 2 homozygote producing only one Jund of
gamete  The result would be red, and thus a cross between two whites
would produce only reds  What would happen from crossing Nos 6
and 1, the former being a homozygote and the latter a heterozygote?
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It 1s obvious that the resulting progeny would be one-half white and
one-half red although both parents are white  The same result would
be secured 1n crossmg Nos rrand 14 A cross between Nos 14 and
15 both of which are heterozygotes would result in 3 whites and 1 red
the ordinary 3 1 ratio  These illustrations show how differently the
same phenotype may behave in imheritance  In each case two whites
were crossed that1s the same phenotypes but three different ratios
were obtamned because the genotypes were different

The stnking feature of this situation 1s that one can cross two
whitesand getared This gives an mnsight mto the so-called phenome
non of reverston  For example 1n the course of numerous breeding
expeniments Bateson obtained two strams of white sweet peas each
of which when normally selfed bred true to the white color but
when these two were artificrally crossed all the progeny had purple
flowers like the wild Sicahan ancestors of all cultrvated vaneties of
the sweet pea  This appeared to be a typical case of reversion  Fur
ther breeding however showed that this was Just such a case of com
plementary factors as we have been considenng One of Bateson s
white strains had one of the factors for purple and the other strain had
the other factor

Complementary factors have been defined and the method of their
mhentance descnbed but 15 there any mechanism to explam the
situation? A suggestion may be obtamed from plant chemstry
The most prominent group of p gments m plants 1s the group of antho
cyamns which are produced as follows  Plants contamn compounds
called chromogens which are colorless themselves but which produce
pigments when acted upon by certan oudizing enzymes or oudases
This 1s a sufficent mechamsm for the behavior of complementary
factors If one of East s white strams of corn conta ned a chromogen
capable of producing red but lacked the necessary oudase 1t would
remam colorless  If the other white stramn contained the ox dase but
no chromogen 1t would remam colorless  In crossing them however
chromogen and ouidase would be brought together and a red gramed
hybnd would be the result Inbreeding such red graned individuals
of course would gave red and white progeny mn a rato of g 7 as
explamedin connectionwithEast s corn  Thus seems to be the explana
tion of the behavior of complementary factors m many cases of color
mhentance

Where other characters are mnvolved the mechanism must be some
what different In some cases the two factors may be the enzyme
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and the compound the enzyme attacks, as in the oxidase and chromo
gen situation ust descnibed  On the other hand, we mught be dealing
with two chemical compounds that are mert when occurring separately
put active when brought together, active 1n such a way as to produce
a distmetly new character  Also two active substances mght neutral
1ze one another when brought together i a hybrid, and the failure m
therr a¢tivity might result either in a new character or the failure of
some parental character to develop  Such are some of the possible
mechanisms to explain the behavior of complementary factors

Hybridizing therefore 1s much ltke mixing chemucals mn a test
tube We know that very wide crosses cannot be made successfully
but the surprising thing 1s that certain very close crosses are constantly
unsuceessful, even though both parents may cross freely with closely
related types We obtain a ghmpse of the posstbility of such appar
ently mconsistent behavior when we consider the chemical possibilities
suggested by the behavior of complementary factors

The ongmn of complementary factors 1s an interesting field of
speculation  Did they ongmate together or separately? A natural
nference would be that they onginated together, for neither would be
of any use without the other It should be remembered, however
that the 1dea of use as explaming the occurrence of everything 1 a
plant 15 being abandoned one must think rather of a plant as a com
plex physico-chemical Jaboratory No one claims that all chemreal
reactions are useful they are simply inevitable and plant characters
are the result of chemical reactions and physical necessities Even
though we assume the simultaneous omgm of two complementary
factors they would have to be put on separate chromosomes fot the
factors are separately mherited

The other alternative 15 to suppose that these factors ongnated
independently m the history of a plant In this case, of course the
first one to be produced would remain functionless until finally 1ts
complement came mtoenistence  This might be an explanation of what
are called latent characters  Also they might have not only onigmated
independently but 1 different varieties or species In this case if
natural hybridizing should bring them together the result would be
the appearance of a new character, and this may have been a very
important factor i the ongin of species

This may serve as an introduction to the factor hypothesis with
complementary factors as an illustration simply because 1t 15 the
simplest situation  There are many other hinds of factors recognized
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but we shall not attempt to list all of the proposed types A smple
dlustration of the better known types 1s as follows

@) A complementary factor 15 added to a dissimilar factor to pro-
duce a particular character

5) An 1nhsbitory factor prevents the action of some other factor

) A supplementary factor 1s added to a disssmilar factor with the
result that the character 1s modified in some way

d) A cumulotive factor, when added to another smmlar factor,
affects the degree of development of the character

Some examples of these types will male them clear, those for
complementary factors having been given previously
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Fr6 62 —Duagram dlustrating behavior of wiibitory factor  (From Coulter
and Coulter )

2 Infubitory factors —Recaling Easts expenment with red
gramed corn 1t will he remembered that when both factors for red
were present the grain was red, but when exther factor was absent the
gram was white Later he crossed these stramns with a new white
straimn, and the result was surpnising  The pure red stram produced
gametes carrying both the red factors, and 1t would be expected that
whatever such a gamete mated with would result 1n red progeny, but
when this pure red was crossed with the new strain of white the pro~
geny were all white, although the hybrids certamly contamned both
factors for red The explanation which first occurred to East, and
which later expeniments confirmed, was that the new white stram con
taned anmhibitery factor, which prevented the development of red
even though both the complementary factors for red were present
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Figure 62 llustrates the situation and shows why all the individuals of
the F, generation are white It 15 interestng to note further the
possibilities of white and red 1 the F, generation  They would be
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Fic 63 —Diagram showing some possible combinations in F, when F of
Iigure 62 13 tnbred  Indwidual on left end of upper st red gramed because &
and € both present and £ absent  other individuals 1n upper set white because
lacking C or R orboth  1ndhviduals in lower set with inhibitary factor and therefore
white whatever other combinations of factors they may contam  (From Coulter
and Coulter )

numerous since we are dealing with tnhybnd ratios (see Fig 63)
This does not exhaust the possibilities, for the cases given were
homozygotes, each producing a single lund of

® @ gamete There remams for consideration the
heterozy gote situation (see Fig 64)

@ @ The possible mechanism of the inhibitory

factor 1sas follows  We have assumed that red 1s

@ @ produced only when the enzyme 1s present to

ovudize the chromogen  Tnzymes are very senst

Fio 64 —(From tIve, thewr activities may be affected or com

Coulter and Corlter}  pletely checked by varous agents  Suppose that

I of the diagram be such an agent and the neces-

sary mechanism 1s apparent When [ 15 present R 18 paralyzed, s0

lhnl it cumot oudize C

s y factors —A suppl y factor 15 one that 18

nddcd to a dissimilar factor, wath (he result that a character 1s mods
fied 1n some way
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In bus work upon red graned races of corn East found occasionally
a few purple grams s conception of the situation 15 as follows
The pure red plant contains two complementary factors, one (C) a
chromogen, and the other (R) an enzyme, which when brought to
gether produced the red color The purple gramns, however, must
be explaned by the presence of still another factor (P) the resulting
situation being represented in Figure 65  OI course when € 15 absent
no pigment wh can be produced Asa we will
assume that the presence of C 1s constant, and that P and Rare van
ables For a similar reason we will assume that the absence of I 15
constant  The figure shows three possibilities, from which the follow-
ing conclusions may be drawn (1) when P and R are both present
the result 15 purple grains, (2) red appears only in the absence of P,
(3) Palthough present will not develop any color 1 the absence of R

® O ® 0 ® ®
® ® ® ® 0 O
© O © o ©0
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Porple

Fic 65 —Diagram
Coulter and Coulter )

action of factor  (From

This 1s a typical case of a supplementary factor, that 15, one which
1s 2dded to a dissimular factor, with the result that the color character
1s modified ‘The mechamism of this situation will make clearer the
behavior of the supplementary factor  If C 1s the chromogen and R
the enzyme, what 1s P? The suggested answer can be obtamed
from plant cherstry It s found that the purple pigment 1s produced
by the same substance as the red, but represents a higher state of
oxndation The conclusion 1s obvious €' 15 oudized by R up to a
certamn point, where red 1s produced, but 1f P 15 also present 1t repre-
sents an additional enfyme, which attacks the red pigment and oxidizes
1t stull further mto purple P 1s mcapable of attacling the ongmal
chromogen, but when R carries the attack to a certam point, P can
function and carry the ouidation further  As a consequence P without
R gives white grains, while R gives red grams only in the absence of P.
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4. Cumalative factors —These will be considered under the next
heading, “Inherttance of quantitative characters

In addivon to the four types of factors given, the literature of
genetics also contams discussions on mtensifymg factors, diluting
factors, distnibution factors, ete  These, however, do not introduce
any new mechanisms

5 of q e ch ~—This phase of the
factor hypothesis 1f true 1s of fundamental 1mportance not only to
genetics but to general biology It 13 based upon the conception of
cumulative factors and as 1t 1s presented 1t will be realized that 1t
throws hight not only upon numerous breeding experiments but alse
upon variation 1 general, which means evolution also A cumulative
factor was defined as one which, when added to another stmilar factor,
affects the degree of development of the character

It will be recalled that Correns crossed red and white strams of
Mirabihs and obtamed pmh hybrids  The suggested explanation of
thus result was that a single dose of the red determuner gives pink while
a double dose gives red When Correns mbred these puk hybrids
he obtamed the result presented m Figure 6o, that 1s, 1 red, 2 pink,
1 white  This result 1s obvious and the mechamsm 1s plam

With this diagram 1n mind we shall consider some of the expen
ments of Nilsson-Ehle at the Swedish Expenment Station He
crossed two stramns of wheat with red and white kemely The F:
individuals had hght red kernels which of course suggests a repetition
of the situation shown by Mirabilis 1n the experiment of Correns
The F, generation, however, showed a very different result The reds
and whites appeared 1n the ratio of 15 1, but m addition to this,
among the 15 reds there could be disunguished varying degrees of
redness  Nilsson Ehle suspected that 15 1 meant a dibybnd ratio
16 mdividuals being necessary to give the ratio so that he constructed
the tentative scheme shown in Figure 66

This shows a regular dihybnid ratio, except that ‘the two factors
mvolved are sumlar  Applying the single dose and double dose con
ception, as used 1n the case of Correns pinh 3fsrabslss, we reach the
following conclusions No 1 only has four doses and therefore 1t only
15 deep red, Nos 2,3,5, 9 have three doses and are somewhat lighter
red, Nos 4,6, 7, 10, 11, 13 have two doses and are still lighter red,
Nos 8, 12, 14, x5have one dose and are very hght red, while No 16
alone has no dose and 15 the only pure white 'This accounts for
the 15 1 ratio, and the duferent shades of red This 13 entirely in
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accord with the conceptions that have been presented, and only two
assumptions are necessary (1) that domunance 1s absent, and two
doses have twice the effect of one, (2} that the mdependent similar
factors are cumulative wn their operation, and are paired with their
absence m the hybnd This was Nalsson Ehle’s conception, and of
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Fic 66 —Diagram illustrating Milsson Eble s explanaton of 15 1 ratio ob
taned 1n F, generation from cross between red-grained and white gramed wheat
(From Coulter and Coulter )

course he tested 1t by further experimental work, the results consst
ently confirming the conception

Since 1t 1s 1mportant to fix this conception clearly in mind, another
type of diagram may represent the facts even more clearly The
proportion of mdividuals showing the various degrees of redness 1 the
F. 1 graphically recorded in Figure 67, each dot representing one dose
of the factors m question
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Continung these mvestigations, Nilsson Ehle next discovered 2
new strain of red gramned wheat, which, when crossed with the pure
white strain, yielded F; hybnds of mtermediate mtensity of red as
before The F, generation however, shoned a different situation
Reds and whites were obtained i the proportion of 63 1, the 63 reds
as before falling naturally mto different groups on the basis of degree
of redness Applymg the same conception as before Nilsson Ehle
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Fic 67 —Another method of visualuang Nilsson Eble s 15 1 ratio (see Fig 66)
(From Coulter and Coulter )

discovered that 1n this case he was dealing with a tnhybnd situation
Without constructing the usual Mendelan diagram which would have
to be extensive enough for 64 mdividuals, the situation as 1t appeared
in the F, generation may be represented by Figure 68 If the graphs
surmounted by a curve we recognize the regular * probahility curve,”
eactly the hand of con e brometnoans use to Tepresent the faciuating
individuals about 2 speaific type

Fhis conception of cumulative factors, therefore, has far reaching
significance  For a long time biologists have recogmized ndidual
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vamation within the species  Darwin depended upon 1t as the basis of
lus theory of natural selection as the ongin of species, m fact, ever
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Frc 68 —Diagram illustrating Milsson Ehles 63 1 ratio  (From Coulter and
Coulter )

since Darwm s Origin of Species wdividual vanation has been funda
mental w our conceptions To account for this umversally recog
)

nwzed phy Darwmn proposed his 7 vpothesis as
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& possible explanation, which, as will be recalled, cid not long sur
vive Wesmann offered m explanation his germunal selection, which
was soon discarded because 1t was beyond the possibility of expen
mental testing  Aside from these two attempts to explam mdividual
vanation no other comprehensive scheme had been presented  Biolo-
gists had sumply recognized the fact of mdividual vanation without
any conception of the mechamsm. They knew that mdividual vana
tion existed but had even stopped ashing why 1t existed

‘The mmportance of this new theory, therefore, 1s obvious It s
an mgemous explanation of the inhentance of quantitative characters
and of the existence of mdvidual vamations  Furthermore, the theory
has not been developed through meditation, but has its basis m
saéntific expeniments It s imaginative toa certain extent, of course
as 15 every other valuable theory, but unlike most such theones it has
a substantial foundation, namely, Mendel s law,



CHAPTER XX
THE FACTOR HYPOTHESIS AS APPLIED TO ANIMALS

Immediately after the by De Vres 1n 1900 of the
rediscovery of Mendel s paper zoologists m Europe and 1 America
began experiments in animal breeding with the 1dea of discovenng to
what extent Mendel s laws were apphicable It was soon found that
the les of umt ch d segregation mono-
hybnd dihybrid and tnhybnd ratios were of practically umiversal
application A number of instances of Mendehan heredity i animals
have already been presented m the preceding chapter and no more
simple Mendeltan cases need be described  For a considerable penod
the ammal breeders proceeded no farther 1 thewr analysis of the
mechamsm of heredity than Mendel had done so many years before
In time however new facts came to light that needed further analysis
and the older Mendehsm was ded by del This
new phase 1n the study of heredity 1s 1n the forefront of interest today
Neo-Mendelan heredity m plants has already been discussed It
remams for us to present the data on some phases of neo-Mendelisr
m animals

ILLUSTRATIONS OF THE FACTOR WYPOTHESIS
THE FACTORIAL ANALYSIS OF COLOR IN MICE
Miss Durham after extensive breedmg expermments with numer
ous strams of differently colored mice has been able to show that
the appearance of a particular color 1n an mdividual mouse 1s depend
ent upon the presence or absence of several independently mmhented
factors evidently represented by genes in as many different chromo-
somes It seems possible to classify these factors ag follows
Be=black pigment which masks chocolate pigment
b =absence of B, which gives chocolate
I =intensity factor
¢ =ghsence of imntensity or dilution factor
C =2 complementary color factor acting with P
P =3 complementary pigment factor acting with C
If esther C or P1sabsent albino mice result no matter what other
color factors may be present
369
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The factorial make up of the various muce m Miss Durham’s
expenments would, then, be represented as follows
BICP=black
BiCP =blue (dilute black)
bICP = chocolate (absence of black)
bCP =silver fawn (diute chocolate)

The following experiments indicate the mode of heredity on the
factonal basis
1 P Black (BICPYXSilver fawn (5:CP)

F, 1co per cent Black (BICP-b:CP)

F. Black (BICP) Blue (BiCP) Chocolate (bpICP) Silver-fawn

(8:CP)
9 3 3 1
2 P Blue (B:CP)XChacolate (pICP)
F: 100 per cent Black (B:CP bICP)
F, Black (BICP) Blue (BiCP) Chocolate (bICP) Silver-fawn
(h:iCPY
9 3 3 1
3 P Blue (BiCP)XSilver fawn (6:CP)
F; 100 per cent Blue (BiCP b:CP)
¥, Blue (B:«CP) Silver fawn (0:CP)
3 I
DIFFERCNT KINDS OF ALEINOS

Any one of the color types mentioned, 1f lacking in the factor C,
will be an albino though carrying the other factors for color For
example, there may be a Black-albmo (BI¢P), a Blue albwo (BwP),
a Chocolate albino (bIcP), or a Silver-fawn-albino (bicP)

That color factors are present 1 albnos may be shown by the.
following experiment  Ar albmo had appeared 1n a Black stock and
was crossed with a Silver fawn, thus
4 P Siverdfawn (BiCP)XAlbmo extracted from Black (BIcP)

F 100 per cent Black (3:CP-BIcP)

Bladh Blue  Chocolate Albino Black Silver-fawn
(BICP) (BICP)  (BICP) (BIcP) (:CP)
27 9 o 9 3

F,
Albino Blue Albino Chocolate Albino-Sitver fawn
(BicP) (IcP) (B1ck)
3 3 *
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The ratios given are the theoretcal ratios for a trthybnd Mendel
12n experment and the actual results have closely approximated these
As a matter of fact sixteen albinos appeared and 1t 1s not possible
except by breeding to tell one kind from another Breedng each
with for example Silver fawn would readily reveal the differences
for the F, generation would all be of the color that 15 masked by the
lack of C m these albinos  In the language of Johanssen there 1s only
one albino phenotype but there are four albino genotypes Simlarly
m experiments (1) and (4) which have just been described the inda
viduals are all Black (phenotyprcally identical) but that they are not
genotypically alihe 15 clearly shown by mbreeding them  In expen
ment (1) we get only indviduals of the four color types while 1
expermment (4} we get 1 addition to the four color types four albmo
types

FACTORIAL ANALYSIS OF COAT COLOR IN SWINE

Some breeds of swine have a red coat color as the Duroc Jerseys
Other breeds have a sandy yellowish color Stll others are white
There are other colors but they may be 1gnored for present purposes
Wentworth has shown that there are two genotypically distinct
though phenotypically identical sandy types the factor analysis bemng
as follows

SSTT ~red
S8t —sandy
§sTT =sandy
sstt—white

If this analysis be correct when the two different sandy genotypes
(SStt and ssTT) are interbred the result would be as follons ~ All of
the F, mdinduals would be red  These when interbred give the fol
lowing F, phenotypi¢ ratio

9 ST—red

3 St=sandy

3 sT—sandy

1 st=white

The phenotypic ratio 1s therefore g red to 6 sandy to 1 white whichis
a rare modification of the g 3 3 1 dihybnd ratio and s due to the
fact that the phenotype sandy, consists of two different genotypes 1n
equal numbers



272 EVOLUTION, GENETICS, AND EUGENICS

COAT COLORS IN GUINEA PIGS

In guinea pigs the wild type coloration 1s a kind of reddish gray
mixture called “agoutt™ There are also black coat colors and whites
(albinos)

Agouts, when crossed with some types of whte, gives all agout 1n
the F, generation, and 3 agouti to 1 white n the I', generation A
black guinea pig crossed with agout: gives all agout: m the Fy, and 3
agouts to 1 black m the F, generation Ewvidently both plack and
white are recessives to agouti so agout: must be due to at least two
dommant color factors 4 and C

1f we assume that 4 15 a dommant factor, whose recessive allelo
morph, a, gives black color, and that C 15 a domunant factor whose
recesstve allelomorph ¢, gives white color, then we may put down the
formulas for the genetic composition of the three coat colors as follows

AACC=agouts
A {cc=albino (of one kind)
2aCC=black

Then when black (aaCC) 15 crossed with white (A4Acc), all of the Fr
generation would be agout1 and the F, ratio would be as follows

9 AACC=agouts
34 tee=nhte
3 aaCC—black

T aacc=white

This would give a phenotypic ratio of 9 agouts to 3 blacks to 4 whtes,
another rather slight but unusual modification of the familiar9 3 3 1
ratio, due to the fact that the phenotype “white” consists of two geno-
types

Characters that seemed quite simple at first have been found, by
methods sular to those here presented, to be complex when subjected
to analysis  Such apparently simple characters as human eye color
and hair color, though never fully analyzed, would doubtless amply
repay mvestigation If we knew as much about these characters as
we do about some ammal characters, the tesumony of a genebaist ma
paternity case would be more valuable than 1t 1s at present



CHAPTER XXI
REVIEW OF MENDELISM

At this pomt 1t seems well to pause 2nd to take stock of what we
have learned about heredity by following Mendel s lead Let us first
enumerate some of the rules or laws of heredity discovered by Mendel
These are commonly known as Mendel's laus

Mendel's first law. the law of domunance —\When two parent
types differing from each other with reference to 2 single umt character
are crossed, the ‘ hybnd character resembles that of one of the parent
forms so closely that the other exther escapes observation completely
or cannot be detected with certamty ” The character that appears in
the first generation hybrids 1s called “dominant” and that which ap
parently becomes latent 15 called recessive ” The Iaw of domnance
has been shown to be far from universal in its application  In fact,
complete dommance 1s relatively rare, and almost entire lack of dom
nance 1s not uncommon  Evidently, then, domnance 1s not an essen
tial feature of Mendelian heredity

Mendel’s second law the law of segregation, or punty of gam-
etes —While the body cells and the germ cells of the F, parent, prior
to the reduction divisions Involved in gamete formation, contamn the
determmers (genes) of both alternative chru:\cters and are therefore
hybnd n ch of the al ve genes (allelo
morphs) takes place durmg maturation S0 thnt only one or the other
gene comes to be present 1 any gamete Thus gametes are pure for
any gene A gamete has one or the other of a pair of allelomorphs
and 1s never hybnd with reference to any single character Ths law
15 by far the most important of Mendel s discoveries  In fact, 1t mught
be called the discovery of Mendel, for 1t 15 almost unsurpassed among
biological generalizations on account of 1ts far reaching applicabihity
The l]aw has sometimes been called the law of the splitting of hybrds
Whether dormnance 15 present or not, the law of segregation always
holds The second Iaw, therefore, 1s much more mmportant than the
first

Mendel's third law  the law of mdependent assortment of differ-

273
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ent allelomorphs ~~To use Mendel’s own expression, “the relation of
each parr of different characters 1n hybrd umon 1s independent of the
other differences 1n the two ongmal parental stocks” This third
law is only discoverable when we try to follow the assortment and
recombination of at least two pawrs of allelomorphs up to the second
hybnd generation (F,) If each allelomorph be studied by 1tself, 1t
will show nothing more than the facts indicated m the first two laws,
but as soon as we try to follow the modes of inhentance of more than
one character simultaneously, we find that we are merely dealing with
the mdependent shuffling and assorting of two ormore genes The way
in which we explain the third law 15 that all genes that extubit mde-
pendent assortment are located m different chromosomes If two
allelomorphs were in the same chromosome, 1t 15 cbvious that their
association with each other 1 heredity would be much closer than
if they were 1n different chromosomes ~ Remember this when we come
to consider a later proposition called linkage

Mendel's fourth law the law of recombination —According to
Mendel, this law means ¢ that the constant characters which appear
the several vaneties of a group of plants (or animals) may be obtamed
i all the associatrons which are possible according to the mathematical
laws of combmation” The genes carnied by the chromosomes are
shuffled about Iihe a pack of cards and dealt out 1n all possible combina
tions according to the laws of chance  The result of thus 15 that the
particular deal, or “hand,” that happened to be possessed by the parent
15 Likely not to be repeated 1 any of the offspring 1f the number of
differences involved s at all large  Of course, if there 15 only one pomnt
of dufference between the two parents, the character of the parent will
be repeated 11 one out of each four mdividuals of the F, generation  If
there are two paws of allelomorphs concerned, there will be one 1
sixteen 1n the I, with the same combination as each ongnal parent,
of three paurs of allelomorphs, one 1n suxty-four, if four pairs, one m two
hundred fifty six, if ten or more paurs, one 1n hundreds of thousands
or pullions  Nearly all human beings differ from one another with
regard to hundreds of allelomorphs  Is 1t not remarkable, then, that
there 15 as much resemhlance between two brothers as there sometunes
1s? This condttion will be better understood when we come to discuss
the L of the law of mdependent assortment, which Mendel
failed to discover, and which 15 explained by the law of linkage

The concepts expressed m the above laws may be considered to
have originated with Mendel It must be remembered, however, that




RLVIEW OF MENDLLISM 275

Mendel had no knowledge of ct or of the ct 1
mechamsm of maturation which now seems to be the machine respon
sible for the regulanities seen i the various Mendelian ratios and for
segregation in gener1l It 1s remarkable therefore that Mendel fore
saw a mechamism within the genetic apparatus of plants that comn
cides in principle with that subsequently discovered  Among the great
discoveries that have resulted from the use of Mendelan methods
and procedures are the factor hypothesis the chromosome theory of
heredity and of sex determnation linkage and crossing over and the
fner details of the heredity machine

The presence and absence theory —In 1ts original form the pres
ence and absence theory implied that some gene was present in the
dominant individual that was 1bsent in the recessive It has been dis
covered hos ever that this theory fuls to hold especially m cases of
multiple altelomorphs and probably does not hold at all As an ex
ample of multiple allelomorphs we may caite the various eye-color
mutants of Drosoplila (see page 204) A whole semes of eye-color con
ditions ranging from red to white are all known to be the result of mu
tationa! changes in the same gene with red the wild type condition
beng domunant over any of the mutant conditions  Now these van
ous colors such 4s vermulion pink salmon cream etc are all reces
sive to red but dommant over white  This shows that the gene for
eye color 15 present in il these mutants but 15 merely modified 1n
varlous w1ys or in varying degrees

‘The presence and absence hypothess therefore mught then be
stated as follows There 1s some positive element present in the
dominint gene that 1s absent m the recessive allelomorph which pre
vents the recessive gene from expressmg itself  In this form the theory
15 rather helpful and serves to rationalize the pract ce now umiversal
of representing any dominant gene by a capital letter such as 4 and
the recessive gene by the equivilent small letter o

The factor hypothesis —Mendel believed that for exch character
there was a determimer that each determmer produced a character
unaided  According to the factor hypothesis as we have seen such
simple characters as colors m plants and ammals depend upon the
mteraction of several genes which are called factors because they
are not single causes but merely co operitive agents It 1s now com
ing to be behieved that each character of the organism s the product
of the nteracting of many possibly all of the genes in the orgamsm
but that some of the genes affect a gven character more than do others
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It remams to be discovered to what extent each character 1s the result
of the nteraction of all the genes When once we learn that a single
character may depend upon the interaction of two or more inde-
pendently whented and segregating factors or genes, 1t becomes pos-
stble to understand all sorts of puzzling and apparently non Mendehan
ratios The adoption of the factor hypothes:s has yustified 1tself over
and over again, for 1t has been the istrument that has led to a really
scientific genetics and has served to bring under one category all sorts
of hereditary phenomena that had formerly been considered funda
mentally different Thus there 1s now no further need for the three
categonies of heredity alternative, blendmg, and particulate Al
three are now seen to be phases of alternative, or Mendehan heredity
Especully strking 1s the way m which the 1dea of mulfaple factors (“cu
multative or ‘ duplicate factors of some authors) has served to
rationalize and to bring mto line with other Mendelian phenomena the
data about the mhentance of quantitative characters Another
service of the factor hypothes:s comes out mn connection with the dis
covery of lethal factors  There 15 a large number of genes or factors
whose presence 1n the homozygous condition 1 e when a given factor
15 present 1 both gametes that unite to form a zygote) leaves the md1
vidual denived from such a zygote lacking 1n something essential for
life  All such irdividuals n any breeding experiment will fail to sur
vive, and their absence will be noted when the ratios of the vanous
combmations are worked out  The farlure of a certzm expected com
bnation to appear 1n the F, generation 15 attributed to the presence of
a Jethal factor i the stock It can readily be proven that many of the
surviving indrviduals possess the lethal factor in a heterozygous cond
tion, having one dose of the normal allelomorph along with the lethal
factor These lethal factors can be identified and located as readily as
characters that actually appear The subsidiary hypothesss of lethal
factors has had a far reaching mfluence upon some of the most ad
vanced phases of modern genetic practice



CHAPTER XXII
SEX LINKED HEREDITY

Up to this point we have been dealing with Mendehan experiments
in which no more than one gene 1n any given chromosome was con
cerned The various Mendehan ratios, including the modified ratios
Presented 1n connection with the factor hypothesis depend upon each
of the dufferent allelomorphic factors involved bemng m a different par
of chromosomes  If two or more genes were in the same chromosome,
one would not expect them to follow the laws of random assortment
and random recombmation  The study of sex inked heredity opened
the way to the discovery that particular genes are in particular chromo
somes, that they tend to remain together in heredity, but that genes
m homologous chromosomes are frequently exchanged 1 a mutual
fashion This discovery has led to & knowledge of linkage and cross
ng over, and to the discovery of the detailed architecture of the germ
plasm

Nearly twenty years agoa peculiar kind of heredity, known as sex
linked heredity, was discovered and explaned by Morgan  We had
previously known of this hind of heredity in man, as m the case of
color bhindness, free bleeding, etc, but 1ts mechamsm was not even
guessed at It had long been known that color blind individuals are
almost invariably males, that such males marrying normal women
never have any color bhind offspring, but that their daughters when
mated with normal men have some color blind sons, but never color
blnd daughters ‘Thus color blindness shows a strong predilection for
males, and 15 called a sex linked character I'ree bleeding might blind
ness, and several other human characters are known to be mhented in
the same fashion

‘The mechamcs of this form of heredity was worked out by Pro-
fessor T H Morgan as the result of hts work on the classic fruit fly
Drosophila melanogaster In this valuable little inscet the eyes are
typically bnght red  In a stock of typical red eyed flies Morgan one
day noted one white eyed male This had been born of typreal red-
eyed ancestry, so the white eye character 1 addition to being sex-
hnked was a mulont, appeaning suddenly without any prehmnary
steps  To test the henitability of this new character, the white eyed
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male was mated to a normal red eyed female The offspring of this
mating were all red eyed m appearance (phenotypically), but the
females were obviously all genotypically hybnd red and white eyed,
for when mated with normal red eyed males half of their sons were
white eyed and half red eyed but 21l daughters were red eyed Sub
sequent expenments showed that half of the daughters were pure red
eyed and half hybnd red and white eyed Now what sort of mech
amism 1 the germ cells could account for this pecuhar but very uniform
type of hereditary behavior?

Professor Morgan explained the whole thing mn a beautifully simple
way by assumimng that the gene of the sex finked character was situated
m the X chromosome of the mutant male, for the male has but one
X chromosome along with a ¥ chromosome (see Fig §3) In the
reduction division of the germ cells of this ndrvidual two kinds of male
gametes (spermatozon) are formed m equal numbers, one carrymg the
X chromosome with the white eyed gene and the other the ¥ chromo
somes Now whenever a female gamete (egg) of the normal red eyed
female used as a mate 1s fertihzed by a sperm with the X chromosome,
an XX individual or female will result, and all of these females will
get the white eye gene along with the X chromosome from their
whte eyed father But whenever an egg 1s fertilized by a sperm with
the ¥ chromosome, a male will be produced and all of these will be red
eyed because they get thexr X chromosome from their mothers Why
are not these female offspring possessing the whte eye factor white
eyed? Because they have also inherited an X chromosome contamn
g the red eyed factor from their mothers, and red eye 1s dominant
over white eye  These red and white-eyed hybrid daughters are now
bred to normal red eyed males, whose X chromosome catries the red
eye factor  The females will produce two kinds of gametes in equal
numbers, one with the X chromosome carrying the red eye gene, the
other with the X chromosome carrying the white eye gene, while the
male will produce two kinds of gametes, one with an X chromosome
carrying the red eye gene and the other with only a ¥Y-chromosome
Each Lind of male gamete will umte equally often with each kind
of female gamete, and the result will be four kinds of zygotes 1z equal
numbers one in which two red eyed X chromosomes come together
and produce a pure red eyed female, one 1 which 2 red eyed and a
white eyed X-chromosome come together and produce a hybrid female,
one 1 which a red eyed X ch anda Y ct unite
to produce a red eyed male -and finally, one 1 which a white eyed
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N ch and 2 Y ¢ch umte to produce a wh te eyed
male This 1s the detailed procedure followed by all sex linked char
acters of ths sort and 1s shown diagrammatically in Figure 69

We have seen that white eyes seem to be purely a male character
masmuch as 1t does not seem to express 1tself m fernales even when
present 1n the germ plasm  Why 1s this not just a secondary sexual
character like the differences 1n size and shape of the body that char
acterize the two sexes? The answer to this query 1s that if we perform
the proper breeding expeniment 1t 15 possible to transfer the white
eye character to the female For example let us take one of the daugh
ters of a white eyed male and mate her with a wlite eyed male
The female 15 a hybnd carrysng the white eye gen¢ in one of her
X chromosomes and the red eye gene in the other X chromosome
She will produce equal numbers of gametes with the two eye color
genes The male will also have two kinds of gametes one witha white
eye bearing X chromosome and one with a Y chromosome Random
pairng of the types of gametes of the two parents will produce four
classes of mdividuals 1 equal numbers one female with a red eyed
X and a white eyed X (phenotypically red eyed) one female with
two white eyed X chromosomes and therefore white eyed one male
witha red eyed X and therefore red eyed and one male with a wlute
eyed X and therefore white-eyed It 1s clear then that the white
eye character 1s not lumited to ane sex but merely closely linked
to the male sex under normal breeding conditions All sex I nked
characters are recessine for were thev dommant they would express
themselves somatically when esther one dose or two doses of the gene
are present  The reason why the character appears normally 1 males
only 15 that males have only one \ chromosome a situation which
makes 1t possible for any recessive gene located m the X chromosome
to express itself The female however has always two X chromo
somes and unless she mhents the recessive gene from both parents
—a cond t on that would rarely occur m nature—she would always
have the correspondmg dommant character m one A-chromosome
to mask or offset the recessive character in the other X chromosome
Inman 1t 1 also the unfortunate male that falls hewr to all of the rather
detrimental sex hinked characters while the female though mhenting
the character more often than the male practically never shows the
effects of 1t

An 1nteresting variant upon the usual type of sex linked breeding
experiment 18 the so-called reciprocal cross starting out with a white
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eyed female, dersved from such an experiment as that just described,
and breeding her to a normal red eyed male  The F; hybrds will be
white eyed males and red eyed females, the two eye colors simply
changing sexes  This 15 explamed by the fact that females always in
hent an X chromosome from both father and mother, while males al
ways get their X chromosome from their mothers  We speak of this

Flies Chromosomes
XY XX Parents

g 9
4 ¢ 5I§I><Y ’ Gamet
X X o ameles
2XY  2XX F1

@ ©

s S AN

= Gametes
X X ¢
XX XX XY XY Fe
? e 4 I

? ? é 3

Fic 69 —Sex inked inhentance of white and red eyes in Drosophtls  Parents
white-eyed male and red eyed female F, red-eyed males and females Fs red
eyed females and equal numbers of red-eyed and wh tecyed males A black X
indicates an \-chromosome beaning the gene for red eye a white X bears white eye
Y 15 the Y-chromosome  (From Conklin, after Morgan )

phenomenon as crisscross inkerttance  There are many evadences that,
1n general, daughters inhenit more Jargely from fathers and sons from
mothers, and 1t 15 probable that the mechanism of this condition 1§
ke that just descnbed  But to continue the reciprocal cross expert
ment to the F, generation, let us breed together the males and females
of Fx The result will be red eyed males and females m equal numbers
(g _70)

The type of sex lnkage which we have just descnbed for Dro
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soplla and which also prevails 1 man has come to be called the
Drosophila #ype of sex linkage There 15, however, quite 2 different
type that 1s called the ponltry type, which, while stnkmgly like the
type already descibed differs from 1t 1n one important respect

The poultry type of sex lunkage —In the Drosoplula type, the
female 15 the homozygous sex (producing only one kind of gamete, each

Flies Chromosomes
XY XX Parents
a Q
ks
);( P Y Gametes
X X ¢
2XY  2XX Fi
@ 3
X Y 7
>z | Gametes
X X o
XX XX XY XY Fe
] e s

Fic 70-—Reaprocal cross to that shown m Figure 69 Parents red-eyed
male and white-eyed female F, white eyed males and red eyed females ( cnss
cross whentance —Morgan) F, equal numbers of red eyed and white-eyed 1
dividuals of both sexes  The d strbution of the sex chromosomes 15 shown at the
nght asin Figure 69 (From Conkln after Morgan )

with an X-chromosome) and the male 1s heterozygous (producing two
kinds of gametes, one with an X and one with a Y chromosome)

Now certamnly m moths and butterflies, and probably in birds, the male
18 homozygous and the female heterozygous It 15 the custom to
designate the sex chromosome canditron as WW for the male and W2
for the fernale, though why we should not use XX and XY 1t 15 dufficult
tosay With this reversal of sex chromosome composition of the two
sexes we might expect that sex linked heredity would work out just
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the reverse of that described for Drosoplila so far as the sexes are con
cerned and this terestingly enough 1s exactly what we get

A typical instance of sex hnkage of this sort 1s seen when 2 barred
Plymouth Rock cock 15 mated with a Blach Lanshan hen (Fig 71)
All offspring both males and females of the I generation are barred

116 71 —Sex 1 nked 1nher tance of barred and unbarred (black) plumage n
poultry P parents barred male unbarred female I' barred males and females
1, males all barted females m equal numbers barred and unbarred ( Iffer
Morgan)

but when the individuals of F, are interbred {or the I'; males are bred
with any barred females) all males are barred and half of the females
are barred and half are black  Here we see that the recessive char
acter blach 18 inked with the female sex  If we cross a black female
withan Fymale ne can get equal numbers of barred and of black males
and females The reciprocal cross (Tng 72) illustrates crisscross 10
hentance  Starting with a black male and 2 barred female we get 10
T, barred males and black females When the F; individuals are 1m
tetbred we get balf barred and half black males and females
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While jn the birds the chromosomal condstion has never been
completely worked out, on account of mberent techmeat 45
ikely to be overcome a~ °
has been thoroug
plan and the game wun v wets tonnd to be all alike while

Fe 92 —~Reciprocal cross to that shown m Figure 71 P parents unbarred
male barred female [ burred ntules unbarred females fcrisscross mhentance
T2 barced and unbassed birds equally numerous m both sexes  (From Castle

thos of the female are of two types cue contammg an X-chromosome
(W—chromosame) and the other a V-chromosathe (Z-chromasome)
The strlung parallelism between the reversal i sex hinked heredity
and 1 the visible reversal of chromesome compositton i these two
groups of ammals (Drosophila and man, on the one band, and the
butterfhes, moths, and birds, on ¢he other) offers one of the most
cogent proofs of the valdity of the chromosome theory of heredity,
which we have already come to rely upon and shall have further occa

sion to make use of later on
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To bring the facts of sex linked heredity sharply mto focus by
way of summary let us quote from D F Jones a genetic formulation
of the whole matter

“Rules for sex linked inheritance —Trom this series of facts the
following rules governing the transmussion of sex limked characters
can be deduced

“1 When the komoz gous sex transmuts the dominant factor, all
of the offspring 1n the first generation exlibit the dominant character
and the second generation 1s composed of three dominants to one reces
sive, the latter having the same sex as the recesstve grandparent

2 When the komozygous sex transmits the recessie factor, both
dominant and recessive characters are exhibited 1n the first generation
but exclusively upon the apposite sexes, and i the second generation ”
both sexes show the sex hnked characters in equal sumbers ”



CHAPTER XXIII

LINKAGE, CROSSING-OVER, AND THE ARCHI
TECTURE OF THE GERM PLASM

Owmg to the fact that most of the important advances i our
knowledge of the finer structure of the heredity machine have been
made with the a1d of the httle fly Drosophsla melanogaster, this chapter
might be dedicated to the memory of this msect “Although like
Cunderella, Drosophida comes from the humble environment of the
garbage can,’ says Walter, “ yet this fly has easily outstripped allats
sister competators for genetical honors, until today 1t stands prabably
as the most famous experimental orgamsm in the whole world

But too much credit for the genetic revelations denived from a
study of Drosophsla must not be given to the fly, which of its own
accord would never have told us anythng Though the name of
Drosoplnla may now be famous all over the world, the one who made
it famous 15 Professor T H MMorgan who m collaboration with an un-
usually able corps of asmistants (especially Sturtevant, Bndges, and
Muller) has demonstrated to the scientsfic world the value of co-opera
ton in research  The old adage that two minds are better than one
has proven true i this long and arduous, and above all fruitful, in
vestigation  The work done by “the fly squad,’ as it has been affec
tionately called by fellow biologusts, has resulted in an analysis of the
heredity machine so detailed as to be almost unbelievable It seems
too good to be true, yet the keenest critics of the work have failed to
find any real flaws 1n the intrcate fabric of conceptions that has been
woven The whole story of this brilhant discovery, or senes of dis-
Cavenes, cannot be told i 2 way that would be mtethgible to the lay
man or even to one with only a superfictal knowledge of genetics It
requires long and arduous study to understand it all, and one of the
teasons why the rdeas have faled of general acceptance s that only
relatively few brologists have been willing to devote to the study of the
data the amount of tume and labor necessary fully to understand them

LINEAGE
In the last chapter a detailed account was given of the sex linked
wnheritance of white eyes 1 Drosophsla  This was the first of the sex
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linked characters discovered 1 Drosophila, but by no means the last
Soon after the discovery of the white eye mutant there appeared mn
typical stock charactenzed by gray wing color a single male mutant
distingwished by yellow wing color, and this character was found to be
mherited exactly after the manner of white eyes In other words, 1t
1s sex linked, and therefore must have its gene mn the X chromosome
As hime went on, many new sex linl ed characters appeared as mutants
always noted n males, and these characters had to do with all sorts
of bodily characters  Several of these were new eye colors (vermilion,
ruby, prune, garnet) others had to do with eye shape or eye texture
{furrowed, bar eye, and small eye) others with wing size and shape
(broad wing club wing cut wing, vestigial wing), others, with bristles
(scute, singed, forked) others with body color (tan, sable), and some
were lethal characters  Altogether over sixty defimite sex linked mu
tant genes, with their allelomorphs have been found to be sex Linked
and therefore must have their loct in the X chromosome

Now, during the twenty years of breeding milhions and mullions
of drosophilas and exammung them for signs of new hereditary char
acters, some hundreds of other mutations were noted and their modes
of heredity studied  Thus latter great collection of mutant characters
showed no sex nkage so could not be assigned to the X-chromosome
They must in all probability be located 1n the axutosomes, as the rest
of the chromosomes are called  But which of the remaining chromo-
somes carry the various non sex linked genes 1s not defimtely known
An umportant fact howesver, soon came to Light, namely, that prac
tically all of these non sex hnked genes fall naturally mto two groups
of nearly equal size  The basis for this distrsbution of genes mto two
groups 1s this  that some of the characters appear together more often
than not, while other characters appear apart (¢, tn separate ndt
viduals) more often than together mn the same individual  This pro-
cess of classifying characters results in two large groups of characters
of nearly equal size, each rather more numerous than the sex linked
group  The two large classes of genes that seem to hang together
heredity more often than they go apart have come to be assigned to
chromosomes II and ITI (Fig 53) respectively, and are known as the
second and third linkage group At present 1t 1s not possible to dis
tinguish between Ch II and Ck 111, for they are
of the same size and shape, but the pomnt 1s that there are only twe
other pairs of large chromosomes 1n Drosoplila and only two large
linkage groups besdes the sex linked group What more nataral,
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then, than to assign these two large hinkage groups to the two large
chromosomes that are present?

All went well with the hnkage hypothesis for awhile, but before
long one of the workers discovered a new character that was not at
all limked with any of the three groups and therefore could not be
assigned to any chromosome known at that time This seemed at
first ke a staggermg blow to the hypothesis then entertaued, but 1t
turned out to be one of the best demonstrations of its validity A re-
examination was made of the germ cells of Drosophila with the result
that a pair of tiny chromosomes was found to be always present, which
because of their very small size, bad been gverlooked by the ongimnal
students of thus material  This tiny chromosome was called Chromo-
some IV, and the new mutant, bent wing, was assigned to1t  Some
time later another aberrant mutant, eyeless, was found that was closely
timked with bent, and therefore assagned to Chromosome IV So far,
these are the only genes that have been located in the tiny chromosome
This may mean that there 15 not room for many genes 1n so small a
body

Now, if there 15 anythmg m the chromosome theory of heredity
and if the genes of mdividual differences have their seat m the chromo-
somes, all of the ch 4 m Drosophtl ter, no
matter how many are found, must be 1n po more than four groups for
there are only four kinds of chromosomes in that speces For
a while 1t was feared that some new character would appear that was
not hinked with any of the known hinkage groups for the thscovery of
such a character would strike a severe blow against the theory of lnk
age and against the chromosome theory m general ~ After the passage
of several years, however, and the discovery of almost a hundred new
mutants, not one has been found that does not show lnkage with one
of the four known groups Just to the extent that the finding of a
fifth group of ch: would have weakened the ct theory
to that extent the failure to find any exceptions to the four linkage
groups strengthens the theory

The characters represented by genes i both second and third
chromosomes have to do with all parts of the body, including eye
color, eye shape, body color, wing size and shape, bristle characters
leg form, and lethal characters It cannot then be said that any one

carries genes ck 1stic of any one part of the body,
mstead, 1t seems that every chromosome carries genes that affect every
part of the body or, in other words, the whole orgamsm
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Confirmatory evidence of the vahidity of the theory of hnkage
comes from the comparative study of other species of Drosophila, some
of which have the same number of ch ashas D s
others of which have a larger number In one spectes that has four
paurs of chromosomes like the original species, only four linkage groups
have been found, while m other species 1 which an extra patr of
chromosomes has been found there 1s a fifth hnkage group  Compara
tive studies upon the linkage groups and the kinds of genes i these
linkage groups have revealed a stnking parallehsm between the differ
ent species and a beautifn] conformity between the numbers of chromo-
somes and the number of inkage groups ~ Also 1t should be sud that
the relative numbers of genes discovered 1s 1 a rather defimte propor
tion to the size of the chromosomes

CROSSING-OVER

All of our studies of the mechamsm of heredity up till now have
led to the conclusion that chromosomes are very definite and individual
structures that continue from generation to generation ntact and are
passed as wholes from parent to offsprng  We have spoken of the
process of pamrng of homologous chromosomes m synaps:s as though
this pairing were no more mtimate than a mere temporary embrace
We have spoken as if, during the reductior, division to form gametes
the homologous chromosomes merely part company and proceed ntact
to apposite poles of the dividing cell and enter separate gametes un
affected by having associated n the embrace of synapsis  That this
1s far from true has been revealed by an exact numencal study of the
vatymng degrees of lithage 1n the characters whose genes are supposed
to be located 1n a single member of a given chromosome pur Onthe
basis that a chromosome 15 an inviolable body proceeding as 2 whole
from generation to generation, we should, of course, expect any two
characters that were once represented by genes 1n the same chromo-
some to stay together perfectly, 1e, always to appear together i the
same wmdividual  The fact that this result was not realized led to
further advances i our understanding of the complex heredity ma
cline  Let us see just how hukage works out with certamn genes m
the X-chromosome Remember that each of the characters was
located m the X-chromosome because each one by 1tself followed the
mode of heredity of a sex linked character

The mode of linkage of two sex-linked genes —The wing color
called “yellow” and the eye color called ‘white have already been
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dealt with 1n the previous chapter and were seen to be sex linked
Now let us assume that by the proper breeding experiment we have a
yellow winged whute eyed female (call her yellow white for short)
Mate her with an ordinary normal male with gray wing and red eyes
(calllim gray red ) Al the daughters are gray red like the father
(each having inherited an X chromosome from hum) but the sons are
yellow white like the mother (having mherited her X chromosome)
The Y-chromosome does not affect the result at all  The daughters
m addition to rece ving an X chromosome from the father receive
another X chromosome from the mother so they have two different
\ chromosomes ‘They are all phenotypically gray red because gray
and red are dounant over yellow and wh te
Now 1t 15 easy to test the composition of these hybnd females by
breeding them with double recessive (yellow white) males  The result
1sas follows 49 g per cent of offspring are yellow wh te 49 5 per cent
are gray red o 5 per cent are yellow red and o 5 per cent are gray
white  Such a result as this could hardly be antiapated  If there
were no inkage but entirely independent assortment as would be the
case were the two paurs of genes m different chromosomes we should
expect the dihybnid ratio of nne gray reds three gray whites three
yellow reds and one yellow white If on the other hand chromo
omes retan therr integrity when they separate after synapsis we
would expect 5o per cent gray reds and 5o per cent yellow whites
Why do we find the anomalous ratios that we do? Obwiously the
chromosomes that parr m synaps s do not always part corpany with
out being affected by the chromosomal embrace but instead they seem

and 1n exactly the same number of cases the red and wh te genes are
traded between chromosomes without the yellow and gray be ng traded
along with them This mutual and perfectly equitable exchange of
genes between homologous chromosomes 1s called crossing over and
the percentage of crossing over between any two allelomorphs 15 the
same each tume the same breeding experument 1s repeated under the
same conditions In the case we have just described the crossing
over percentage 15 very small only 1 per cent. Let us try another pa r
of sex linked genes

A female with white eyes and muniature wings 1s bred to a male
with red eyes and long (or normal) wings The mimature-wing gene
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has already been shown to be sex linked ~ The result in Fy 15 that all
females are red long and all males are white mmature  Inbreed the
mdmvnduals of Fy and we get m F. 33 5 per cent white miniatures,
33 § per cent red longs, 16 § per cent white longs, and 16 5 per cent red
mimatures In other words, the crossing over percentage 1s 33 It
the crossing over percentage were to equal or exceed 50 per cent, 1t
would mean that there 1s no Imkage at all, for if the two allelomorphic
genes were n different paus of chromosomes we should have even
chances of two independent characters comimng together or staymg
apart Thus we may say that in the first experument the linkage (99
per cent) 1s very high and the crossover percentage 15 very low (1
per cent), while in the second expeniment the linkage ts relatively weak
(67 per cent, or only 17 per cent stronger than no linkage at all) and
the crossover percentage 1s relatively high (33 per cent)

The mechamsm of crossing-over—'If 1t be adnutted,” say
Morgan, Sturtevant, Muller, and Bridges, 1n thetr volume The Meck
anssm of Mendelian Heredsty, that Mendelian factors are carned by
chromosormes it can not be denied that mterchange between homolo
gous chromosomes must oceur, for sex linked factars cross over from
each other, and yet are hnown to be m the same pair of chromosomes
since they 2l follow the \ chromosome n 1its distibution  The ev1
dence allows no other interpretation  But why should crossing over
take place so rarely between certain factors and so often between
others? We can make use here of certam information n regard to
the chromosomes that gives a very simple answer to the question  Tn
the early germ cells, before the maturation period hegins, the chromo-
somes appear to be scattered in the nucle, and the homologous chro-
mosomes 11 Many cases show no tendency to ke together, although 10
some ammals, ¢ g, in many fhies, the members of a pair are often found
sideby side  In this early period the germ cells divide as do other cells
and thereby mcrease 1n numbers But at the termination of this
period, the homologous chromesomes unite 1n pawrs  There has been
much controversy as to how this unton takes place, but in some cases
tleast the umting chromosomes twist around each other as they come
together Thisisillustrated to the left in Tigure 73 As a consequence,
parts of one chromosome will came to lie now on one, now on the other
side of the mate  If when the twisted chromosomes separate, the parts
on the same side go to the same pole the end result will be that shown
to the nght of Figure 73 Each chromosome has mterchanged a
part with its mate "Llus process has been called crossing-over It 15,
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of course, alsa possible that the twisted chromosomes do not break
and reuntte where they cross, and if they do not, then when they begin
toseparate they simply pull apart srrespect e of the side on which they
Yie  When this occurs each chromosome remams intact and no
crossing over tahes place

* The chance that suct a process of crossing oser will oreur between
any two given ponts on the chromosome should obviously be greater
the greater the distance between those pamts  If then the Mendelian
factors ke along the chromosomes, the amount of crossing over be-
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T16 73~—~B and C ustrate Morgan s 1dca of the 1near arrangement of the
£enes in the chromosomes A and O gho v ho v the composttion of the chrome-
somes 1s supposcd to change as the res 1t of the crossover  On the night a par
of chromosomes ¢ belore b durmg and ¢ after n double crossover  (After
Horgan)
neen any tno of them will depend upon their distance apart  Should
two pomts he near together a cross over will only rarely occur between
them 1f they hie farther apart the chance of such a cross-over taking
place at some pomnt between them »ill be greater  From this point
of view the percentage of crossing over 13 an expression of the dis-
tance’ of the factors from each other

CHROMOSOML MAPS INDICATING TIIE ARRANGEMFNT OF
MENDELIAN FACTORS OR GENLS IN THE CIROMOSOMES
By malang usc of the fertile 1den esplaned 1n the last paragraph,
that the percentage of crossing over betneen any two factors indicates.
ther relative distances apart, 1t was possible to map out the rela
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tave posttions of all hnown factors  The untt of distance on the map
1s that between two genes that have a crossover value of 1 per
cent Haldane has proposed the term smorgan for this umt of map
distance  These map umits are only relative umts, not absolute, as
will be shown later  The validity of the crossing-over hypothess and
of the chromosome maps may be tested 1 an almost mfimite number of
ways For example let us take a simple case of the so called three-
point method of locating a new factor Suppose we have already
determuned the crossover percentage for two factors 4 and B to be 6
percent A new factor C, appears which belongs to the same hnkage
group as 1 and B, and we wish to locate 1t Furst we work out its
crossover percentage with 4, and 1t turns out to be 4 per cent We
then can predict that the crossover percentage between B and C must
be erther 644 (10) or 6 -4 (2)  If, on working out the percentage, 1t
comades with the theoretical prediction, the method of locating genes
m the chromosome receives strong support In practice, 1t may
be said, the method works out perfectly for short sections of the map
but breaks down somewhat for long map distances, for the reasons
indicated below
Double g- , an of it
between map d and P —This matter 15
best explamned by the use of a concrete mstance Let us take three
sex inked genes, white, mmnature, and bar The crossover percent
age observed between white and mmature, as has already been shown,
1s 33, that between miniature and bar 1s 22 The expected crossover
percentage between white and bar 1s either 33422 (53) or 33—22 (11),
but the observed value 1s 44 per cent The proposed explanation of
this apparently senous discrepancy 1s given by the authors of the
theory as follows
“If we rep the p of g as relative dis

tances along the chromosome the three points will Le as shown 10
Figure 73, ¢ If crossing over takes place between white and mma
ture and between numature and bar, then 1t might be expected some
times to take place m both regions at once, as shown m Figure 73, b
The result bere would be to produce two chromosomes like those shown
in the lower figure (Fig 73, ¢) The combinations of factors which
these two chromosomes resulting from double crossing-over would con
taw, are white long bar and red mmmature round  Since these two
classes of gametes are actually produced, the results of the expennment
fulfill the theoretical expectation.
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“There 13 a corollary of umportance to this conclusion  When a
cxoss 15 made that wnvolves only white and bar, the double crossing-
over, that can be detected only when an intermediate pomt 1s followed,
must stil be supposed to take place  Whenever 1t does take place
white bar flics and red round flies result  These will be added to the
non-crossover classes since they have the same external character-
stics  Consequently, the non crossover classes will be mcreased and
the crossover classes decreased In fact, the sum of the two cross-
over percentages 33 and 22 (s5) 15 much greater than the apparent
amount (44) of crossing-over when only bar and white are wvolved
Here then we have an explanation of why long distances taken as 2
whole give too ittle crossing over, as compared with the same distances
taken section by section The lowered percentage 1s an actual ne-
cessity owing to the occurrence of double crossing over ’

Interference —One of the neatest confirmations of the crossover
hypothesis 1s one that was first advanced by Muller  According to
this 1dea, whenever double crossing over occurs, two points of crossing-
over cannot be near together unless the chromosomes coil rather
tightly about each other Consequently, if crossing over occurs at 2
given point there cannot be further crossing over at the same tune at
nearby ponts  Now 1t has been actually demonstrated that this 15
true, for genes m the neighborhood of a crossed over gene do not
themselves cross-over with that gene in the degree expected on the
basis of the law of probability  Ths is supposed to be 2 sort of snter
ference with free crossing over “It may be supposed,” says Castle,
“that chromgsomes are somewhat like sticks of candy ~ Break one
two at one pomnt and 1t 15 unhkely that a break will occur simulta
neously withn a short distance of the first break, the stram there being
already relieved” The fact that what must be expected this case
15 acteally realized m every case goes far toward establishing the
valihty of the whole crossing over hypothesis and the use of this
hypothesis 1n showmg the hinear arrangement of the genes In the
chromosomes

Tn thus chapter it 1s hardly feasible to present any further evidence in
support of the claums of the Drosophula school of geneticists that they
have actually discovered the mmost secrets about the finer details of
the mechanism of Mendehan heredity  Suffice it to say that the evi-
dence 15 volumnous and conmsistent. Not a single fact has come to
light which 15 mcompatible With the hypothesis, and new facts are
continually coming to Light that agree with the hypothesis and lend 1t
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further support  The opponents of the hypothesis are yearly becom
ng fewer and fewer, and the few remamng rreconcilables are having
less and less to say It should be said, then, i all fairness that the
hypotheses discussed m this chapter have been most frutful m leading
to new discovertes, and n last analysis this 15 the only fair test of 2
hypothesis  If 1t 1s frustful, 1t 15 good

The crowning feat of the Drosophila workers 1s the making of the
chromosome maps of the species studied  While 1t 1s 1mpossible to
obtamn the latest version of the map, for the reason that new loci are
contmually being added the accompanying map (Fig 74} gives the
locations of the genes that have been determimned most carefully It
will be noted that not only have the genes i the X chromosome been
located, but also those in the other three chromosome pawrs A few
additional situations that have anisen out of the studies mvolved 1
making the map will now be discussed, and then this somewhat dffi
cult chapter will be brought to a close

Multiple allelomorphs —In a previous connection we have dis
cussed the multiple factor hypothesis as an explanation of quantita
twve heredity  Multiple factors are dupleate factors located 1n differ
ent chromosomes Quite definitely 1n contrast with that situation 18
one 1 which different factors or different forms of the same factors
occupy the same locus of the same chromosome For example, red
eye i Drosophila 1s a single factor A change in the red-eye factor
gives white eye, another change in red gives cherry, another gives
eosin, and several other defimte mutant colors resulting from changes
1n red have been observed Now each of these changed color factors
15 an allelomorph of red and each 15 also an allelomorph of any of the
others By this we mean that, if a cross 1s made between individuals
differing with respect to any two of these alternative colors of eye, one
will be domnant over the other 1 the F; generation, and there will be
three domimants to one recessive m the F, generation One of the
assumptions about allelomorphic genes 1s that they occupy equivalent
locations in homologous chromosomes This can be put to a crucial test
No more than two members of a set of multiple allelomorphs can be
present m one mdividual because there are only two homologous
chromosomes and hence only two equivalent gene locr  This proves
to be true, for when red eye and white eye enter into 2 cross only these
two eye colors come out of 1t, when cherry and white go 1n, only chersy
and white come out, when red and cherry go 10, only red and cherry
comeout  Several other authors have found interesting sets of mults
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ple allelomorphs 1 other ammals Nabours, for examp'e has de
scribed 2 very nterestng senes of thece for the grasshopper, Hes
perotettir, Sewall Wright has descibed a considerable number of such
cases 1n guinea pigs and Bellamy bas worked out an explanation of
a very mtricate piece of hereditary behavior in fish hybrids that 1n
volves the use of the multiple allelomorph scheme

Lethal factors agamn —A study of the chromosome map of Droso
philo melanogaster will show that many of the located factors are
lethal  This perhaps needs further explanation  Many of the factors
that we have previously dealt with n this insect are more or less umm
partant to the bfe of the ammal ~ Such things as shight changes in eye
color, body color, bristle arrangement, etc, are not very umportant,
nor do they affect the viability of their possessors ~ Some factors, on
the contrary, have been found to be 50 essentual to the bfe of the md:
vidual that thewr absence causes death The loss of or detnmenta)
change 1m & vital character 1s known as a lethal factor  Of course all
such factors are recessive, otherwise they never could be nhented
As 1t 15, an individual may have a lethal factor mn the heterozygous
condition, balanced by the normal domnant character When, bow
ever, two such heterozygous individuals breed together, one fourth of
their offspring, according to the simple Mendehan rule, will get the
lethal factor from both parents These homozygous recessive lethal
zygotes cannot live  so the ratio that actually appears 1s one homo-
zygous normal to two heterozygous mdividuals (phenotypically nor
mal), and that 15 all One of the best known cases of this kind of
hereditary behavior occurs nmice  Yellow muce when mated together
give one gray to two yellows The production of grays from yellows
shows that the yellows were heterozygous, or hybnd yellow and gray
It 15 noted that the htters of these mice average one fourth smaller
than other mice What becomes of the lost one-fourth? An exam-
ination of the uters of yellow mice reveals a number of dead embryos
equal to the expected ratio of pure domunant yellows These con
stitute the mussing class and prove the presence i yellow muce of the
recessive lethal factor associated with the yellow factor

LINKAGE IN OTHER ORGANISMS

Lest the reader leave thus chapter with the umpression that hakage
15 a phenomenon confined to flies and muce, we shall close this chapter
with the table on the next page taken from Castle, which shows how
widespread 15 the occurrence of hnkage and crosstog-over 1n both the
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‘
Casrs or LrvRAGE 1V PLANTS OR IN ANTMALS OriER THAN DROSOPATLA

2
Speaes (_E, Linked Characters §eosmover] Lokase | puthorty
Sweetpea | 1 | Purple fowers, long pollen |11 0r 12| 76-78
1 {:rp!e fowers, ereclsm&‘;:;rd 078 | o834
1 | Long pollen, erect stan 25 | 75
2 | Dk Ga, fertle antiiers 63 | B7lf Batesm
1 | Dask ant; normal (mot eretin) P
lower ?
2 | Fertile anthers, normal (not|
cretln) Bowers 50 | 50
Primula 1 | Short style, magenta corolla | 34 o 32
ssnensay 1 | Short style, green stigma 406 188 Altenburg
x | Magenta corolla, greenstigmal 116 | 76 8
1 { Tinged corolla, green stigma ? Gregory
1 | Pale stem, green stigma ?
Gardenpea | 1 | Round seeds, tendnls on] Bateson and
leaves 15 97 Vilmona
2 | Late flowenng, eolored Bow
ers 12 16 | 68-76 | Hoshmno
Anlitrkinum | 1 | Red flower color, “prctur
atum” pattern 0o | 6o Baur
Maxze 1 | Waxy endosperm, AlewroneC| 267 | 466 | Breggar
2 | Aleurone R, Chlorophyl G | 190 | 622
2 | Aleurone R, Chlorophyl L oo | 100 Lindstrom
2 | Chlorophyl G, Chlorophyl L | 230 | 54
3 | Starchy endosperm, tumcate]
seed 83 | 234 Jones
Tomato 1 | Vine habat, frat shape 200 | 6o
2 | Green fohage, 2 celled frut o? {100? } Jones
Beany 1 | Seed pattern, vine habit o? 1007 Surface
Sikworm | 1 | Patten Q of larva, yellow
sk 261 | 478 | Tanaka
Apotetns 1 | Patterns G and M 4(n9) [ o2
1 | Patterns Mand X 1(mg) | o8
1 | Patterns K and 6Gn®) | 88
t | Patterns Y and R o (m%)]| B0 Nabours
2 | Patterns Y and T 12 (ws) [ 76
1 | Patterns Rand T o (n$) | 00
1 | Pattens Mand R 1 (m?; 20
x | Patterns Y and Z 15 {1, 8o
Pigeon t | Sex inked factorsTand A [40 (mg) | =20 Cale and
Kelley
Rat 1 | Albmsm redeye 1o7| o827
1 | Albimiem pink-eye a0 | gp | Costlesnd
1 | Red eye, pink eye B3 | 634 unn
Mouse 1 | Albinism, piok-eye "3 | 4

Castle and
Dunn




298 EVOLUTION GENETICS AND EUGENICS
.

ammal and the plant In all prot yitisa
phenomenon, and if so, takes place mman ~ There are, in fact, strong
ndications 1 man that fair hair and blue eyes are hinked, but they
show also considerable crossing-over  Similarly, red hair and a certamn
type of disposition are popularly supposed to be linked, but crossing
over may be a saving grace m this as i other cases

With this chapter we have arrived at the chimax of discovery m
the field of the mechamsm of heredity ~ This 1s undoubtedly the most
intricate consideration deatt with 1 this volume  In ats very nature
1t 1s relatively difficult to understand We have tried to explam
everything in a decidedly circumstantial way, and it 1s hoped that some
success 1n an endeavor to attan clearness has been attained

4 1l 1




CHAPTER XXIV
CROSS BREEDING AND INBREEDING

Cross breeding 15 essentially the same as hybndization, and we
have already studied vanous phases of hybndization 1 connection
with Mendelian heredity  There are, however, certain other aspects
of cross breedmng that have only a more or less remote connection with
Mendehian analysis

Tke réle of hybridization in evolution —*“This,” says R R Gates
‘152 thorny subject, on which different mvestigators have taken quite
different attitudes to thesame facts  The extreme view that all flower
mg plants, or even all sexual orgamisms, are hybnds has been held
‘This has been accompanied 1n some cases (Lotsy) by the denial of any
true germinal change, though why such labile substance as protoplasm
should be mncapable of undergomg 2 permanent or germinal change 15
difficult to understand  Jeffries and others appear to hold that poly
ploidy and other changes in which bybndization may be a factor, have
nothing to do with evolution A more reasonable view would appear
to be that crossing has occurred in various groups from time to time,
with more or less frequency and between sometimes more and some-
tumes less closely telated forms Crossing 13 therefore a condition
under which much evolution has taken place It by no means follows
that crossing any more than gravitation 1s a vera ceusa, stll less the
vera causg, of evolution, but 1t 15 a contributing condition  Polyploidy,
frequently accompanted by hybridization, appears to be a common oc
currence among flowenng plants, but 1t would be futile to deny on this
account that flowering plants have had an evolution, nor would 1t be
safe to assume at present that the evolution of this group differs very
essentially from that of any other

The exact rdle of hybudization 1 the formation of new spectes 15
at present merely a matter for speculation but that many new races
have been the result of favorahle combinations of the genetic factors
of different strains can scarcely be doubted  In a sense, it may be said
that hybridization 15 the rule in all organisms that reproduce sexually,
for no letely h divrduals exist i such groups, and
therefore there will always be & certam amount of factor segregation
n gamete formation and of recombnation m the process of zygote for-
mation  Also, 1t must be admitted that there are all grades of hetero

209
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zygosity within a species and between one species and another  More-
over, sexual reproduction as an adaptation operates chiefly through
bringing together a vanety of combinations of characters possessed
by strams genetreally diverse, 1t 1s, 1n fact, a hybndizing mechanism
It seems probable therefore that hybndization as a factor m eveolution
operates up to the limit of the adaptive possiahities inherent 1n its
mechanism  We may therefore conclude that hybridization 1s and has
been an important evolutionary factor, though we have at present
Iittle information as to 1ts precise mode of operation as an agent 1n
species formation
SOME ANIMAL HYBRIDS

Onr of the arguments offered by the advocates of the theory that
hybridization has played a prominent part i species forming 1n nature
15 that man has carried on so much successful hybridization between
different species of ammals and plants and has produced many very
useful hybrids, some of them better adapted than either of the parent
types from which the hybrids were dertved

Especially mteresting are ammal hybrids produced by interbreed
g distinct species of domestic and wild ammals  Qur brief account
will be confined to horse, cattle, and fowl hybnids

Horse hybrids —These hybrids are all the product of crossing dif
ferent species of the genus Equus The commonest hybnd 1s that be
tween the mare of the horse proper, Eguus caballus, and the jack of the
species E kemonus  The result 1s the mule, 2 useful domestic animal
combiming some of the best features of the two species and supertor to
either 1 vigor, hardness, capacity for work, and resistance to disease
The rectprocal cross, made by mating a jennet to a stallion, 15 called a
“hinny,” a sort of small mule Neither mules nor hinntes are, as 2
rule, fertile, so they are not self perpetuating The rare reports of
female mules giving birth to foals, when bred to jacks, are as yet not
fully authenticated  There 1s some possibility that the particular fe
males 1n question were either rather large jennets, which of course
would be fertile, or rather mulelike mares

The sterthity of mules has been shown by Wodsedalek to be due to

duff 1 the bers of ch 1n the two spectes, the horse
having 1n the female 18 and 2 X ct the male 18
and one X-ch the ass having 1n the female 32
and 2X ch the male 32 and (accord-

g to Paynter) an X- and a Y-chromosome  With this great dxscrep-
ancy in chromosomes, 1t 15 bardly to be expected that metosis could
operate 50 as to give any sort of viable gametes or zygotes
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A number of other Eguus hybnds have been produced  The horse
has been crossed with the now extinct quagga (E guaggs) and with
several spectes of zebras And the zebras have been crossed with
asses  No particular use has been made of such hybnds

Cattle hybrids —There are many species of the genus Bos The
auroch 15 designated Bos Jaurus primegenus  The now extinct wild
ox of Europe, supposed to be the ancestor of European cattle, 1s callea
Boy taurys  The charactenstic humped cattle of India 15 known as
Boswndicus  The wild ox of Java s called Bibos sondeicus, and hence
belongs to a different genus The bison of Eurcpe aud the closely
related Amencan bison are called, respectively, Bison bonasus and
Bisonbison  There are three species of buffalos belonging to the genus
Bubslus  Vanous hybnds, both interspecific and intergeneric have
been made by crossing these and other species of cattle Like aimals
Hybndization of European and Brahman cattle or zebus (Bosnducus),
has been carried on very successfully 1o the southern states, especially
n Texas and Lowsiana  The hybnds are vigoraus, and both sexes are
fertle The F; hybnds are predomunantly of the European breed,
with only the suggestion of the zebu hump and much less of the hang
ing dewlap than in pure zebus ~ When the Frindividuals are interbred,
there 15 a great deal of vanation among the F, offspring, of which no
satisfactory analysis has yet been made The chief advantage de-
nved from introducing the zebu strain 1nto Amencan cattle 1s that
zebus are immune to Texas fever, and hybnds with as low as one-eighth
zebu blood are also tmmune to this most serious of cattle diseases

Bisons and European cattle have been successfully crossed, the
cross usually made bemng between cattle cows and bison bulls  The
cross 1s successful only 1n 2 small percentage of cases and very fre
quently both dam and calf are lost The sex ratto of these hybnds 1s
very unequal, the ratio bemng at one time 33 females to 6 males
Usually the F, males are sterile, but the females are fertile and may be
back-crossed to bison bulls or cattle bulls as desired, and there 1s no
difficulty or danger of loss of life as 1n the F; cross  Amumals that are
the product of vartous grades of admixture of bison and cattle ate
called cattalos It 1s expected that, by selection, a desirable hybnd
type may be fized, combiming the best features ci both genera

Fowl hybrids.—The domestic fowl 18 Gallus
domesticus and 1s believed to have been derved from one or more of
several wild species of the genus Gallus  Four wild species are recog
mzed G gallus, the red jungle fowl of northern India, Malay states,




302 EVOLUTION GBENELILS AND LEULENILS

and Sumatra, G lafayette the Ceylon jungle fowl G sonnerate, the
gray Jungle fowl of southern Indra, and G 1arius, the Jungle fow] of
Java  These birds are rather wild and do not hybridize well 1n cap
tvity  Yet occasional uncontrolled hybrids have been produced which
are of mterest 1n throwing some light on the ongm of the vanous do
mesticbreeds Darwmn was of the opiton that all the domestic breeds
have been derwved from G gallus, for sometimes 1n India cocks of G
galius mvade flocks of domestic fowls and mate with the hens, produc
mg fully fertile offspring  The same has been claimed since Darmn
wrote, for the other species and some authors are mclined to believe that
domestic fowls of different breeds may have been derived from differ
ent wild species of Gallus  The evidence for the latter view, however
15 less abundant than for Darwin’s contentron

SECONDARY EFFECTS OF CROSS BREEDING AND INBREEDING
A. CROSS BREEDING

Hybnd wigor (heterosts) —It has long been known that the
crossing of different races, vaneties, or even species of animals or plants
result m the production of first generation hybnds characterzed by
a greater sturdiness, vitahty, and size than esther parent spectes  This
effect has recerved the name kybrid ngor or heterosss A good example
of thus effect 15 the common mule, which 1s large and strong, thrives
under adverse conditions, and 1s hardier than either parent It has
the disad or possibly ad ge, of being stenle, a fact which
m:lks 1t necessary to hybndize two species every time we want another
mule,

Some of the mamfestations of hybnd vigor as observed n vanous
crosses are as follows

@) Hastening of maturity—This 1s particularly advantageous 1o
plants reared 1n regions where the growing period 1s short ~Thus
hybnd strains of cereals may be valuable because they can be harvested
sooner than pure-bred strams It 18 also true that hybnd plants, such
for example as tomatoes, have 2 larger as well as an earlier yreld.

B) Increased longersty —Pear} has shown that hybnd strams of frut
flies have a longer average life-span than pure races The same 1S
true for a number of hybnd races of plants, as brought out by Gaertner

€) Belter tobility —The wnter has shown that the hybnds pro-
duced by crossing the eggs of the fish Fundulus heferochtus with the
sperm of F majalis were frequently more viable, faster growing, and
more vigorous than the pure-bred young of either spectes, but the
bvbnds from the reaprocal cross showed much reduced viability
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Similarly, he has shown that some of the hybnids produced by cross-
g the eggs of the sea urchin Strongylocentrotus purpuratus with the
sperm of § franciscanus lived neasly twice as long under cultural con
ditions as did exther pure breed, while the reciprocal cross showed
very low viabihity
a4 i focility of propagation —Many hybnd plants

are noted for ther success 1 vegetative propagation It 1s believea
that plants such as strawbernies, brambles, grasses, etc, that propa
gate so successfully by vegetative methods, are the products of hybnd
zation  The veg method of reprods not only
a f b of genetic ch that could hardly be
repeated by gametic reproduction but mamtamns thewr hybnd vigor
as well

These and perhaps some other effects, all of which are essentially
beneficial, have been noted 1 both ammals and plants  The follow
g explanation of hybnd vigor has been given by D F Jones

“Explanation of hybrid mgor —From the ilustrations given 1t 15
evident that there 15 a tendency for the features of both parents to be
expressed 1n the offspring  Thus 15 the basis for an understanding of
the vigor denved from crossing  There 15 2 greater number of differ
ent hereditary factors 1n 2 hybrid individual than 1n exther pure parent
Nearly 2l vanations that are recesave are less faverable to the de-

lop of the than their d mates Since
crossmg brings out those qualities wl:uch help the mdmdual m 1ts
growth and the at i

1s to be expected that hybnds will tcnd to be strong and vigorous
This will be true, however, only if each parent 15 able to supply the
deficiency of the other and if the forms crossed are not so dierse
that their uon 15 1ncompatible with normal growth  If the parents
are themselves hybnds, further crossing may bring together no great
number of dorunant favorable growth factors but may even uncover
recessive characters Hence further crossing can not usually increase
size and vigor, and 1n fact may even result 1n the appearance of weak-
nesses  This 1s clearly understandable from the operation of Mendel s
pranaples of heredity *

The question now arses as to whether hybndization 1n general 1s
advantageous or the reverse  Undoubtedly first generation hybnds
are generally an improvement upon esther parent race, especually if
the parents belong to races not too distantly related  If we could stop
hybndization after one generation, as Nature stops 1t i the case of the
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mule, nothing but good would apparently come out of it, but m man
and among other 2ammals and plants where mating 1s more or less
sndiscriminate, cross breeding 1s sure to continue mto the F,, Fy, and
subsequent generations, entailing the production of all sorts of unfortu
nate combmations and the outcroppmg of all sorts of unbalanced
recessive weaknesses  In view of these considerations 1t 15 practically
certam that hybndization, unless accompanied by ngid selection and
the elumination from parentage of the less desirable combmations, 15
on the whole disadvantageous  In nature, natural selection serves to
eluminate sooner or later the worst combinations resulting from con
tinuous cross-breeding, but 1 man, hittle 15 done to prevent the worst
racial admixtures from predomunating, the result bemng that the popu-
lations of some parts of the New World are made up manly of a rather
h hybnd type p hittle more than the worst traits
of the vanous races that have contnbuted to the melting pot

By way of a genera] summary let us quote the following paragraphs
from D F Jones by whose book Genetics mn Plant and Ansmal Im-
provement this discussion has been largely suggested

“Summary —From the foregoing 1t will be realized that if any
individual 1s deficient or handicapped 1n 1ts hereditary make-up, there
1s a good chance that 1ts needs will be supplied when 1t 15 crossed with
other mdividuals, because all are not apt to be wantmg 1n the same
things  What one lacks 1s furmished by the other, and conversely, In
other words, there 1s a pooling of hereditary resources, with the result
that the combined effect 15 better than erther could produce alone

“Tt should now be clear that the beneficial effects of crossing follow
from the workings of the laws of heredity and not from any mystertous
sumulus from the act of crossing itself  If good qualities exst 1 the
parents, but not mn sufficient 2mount or ot 1 their proper assotiation,
then there 13 a good opportunty for the offspring to brng together
the favorable factors from both and surpass their parents m develop
ment  This 1s 2 temporary and transitory eflect, however The 1
creased vigor 1s shown at 1ts best only in the first generation following
the cross, and 13 quickly lost in later generations unless it can be
perpetuaied by some form of asexual reproduction ™

B. INBREEDIN\G
There 15 a widespread and deep-seated fecling among men that the
mating of close relatives 15 unnatural and hatmful  In most cvilized
countries there are laws both religious and civic forbidding the mar
*Loc ext
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rage of close relatives  The aversion to the marriage of relatives has
sometimes gone beyond the limts of genetic relationshup and bas m
vaded the realm of merely legal or conventional relationships as 1n
England, where it 13, or at least once was illegal to marry one s deceased
wife s sister

“Only exceptionally, as in the case of the royal families of Egypt
and ancient Peru, says Castle, “has the marrage of brother and
sister been sanctioned  The underlymg reason 1 such cases was the
belief that the famuly 1n question constituted a superor race whose
members could find no fit mates outside thewr own number There
was probably no thought that inbreeding itself was benefictal but only
the destre to conserve the supenior excellence believed to reside m cer
tam idvaduals  The same 10ns probably have led to the
occasional practice of inbreedmg m anmmal husbandry, viz , the desire
1o conserve and perpetuate the supenority of particular mdividuals

It appears that Robert Bakewell, a stock breeder of the eight
eenth century, was the first to show the value of close mbreeding in
mamtainmg a uniform type of sheep and cattle Bakewell adopted
the plan of mating brother with sister or parent with oﬁsprmg, much
to the horror of his hbors, who considered such a p: m
moral, but therr scruples were soon broken down by the obvious 1m
Provements obtaimed and the greatly mcreased revenue that accrued
The practice of inbreeding has been 2 favonte one for a long tume, and
many fine breeds of dard ch have been produced mainly 1n
this way

Opitons among breeders differ as to Whether inbreeding 1f prac
ticed expertly 15 mjunous  Some beheve that mbreeding stself m
volves no possible injury, others hold that it 15 always more or less
harmful In order to settle this question geneticists have carmed out

t under d: of ngpd control.  Even these

do not agree 1n thewr results One group of workers (Crampe and
Ritzema Bos) found after extensive mbreeding of rats that there was
a steady falling off 1n fertility and general health during the first sx
generations of mbreeding  The matenal used, however, was a mixed
or hybnd stock to start with, a fact that makes a satisfactory conclu
swon difficult. Weismann mbred a race of white mice for twenty nine
generations  In the first ten generations the average number of young
was 6 1, 1n the second ten generations 1t was 5 6, and in the last nine
generations 1t was 42 Again, nothmng was known about the genetic
constitution of the origmal parents

Recent expeniments carried out by Dr Helen Dean King at the
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Wistar Institute are entwely contrary to those of the workers just
mentioned  This prece of work was carrted out 1n 2 most precse
manner with large numbers of individuals  The ongmal stock con
sisted of four rather undersized but otherwise normal albmo Norway
rats  Brothers and sisters were mated throughout the expentment
Tor s1x generations no selective mating was practiced with the re
sult that many of the defects previously noted were m evidence but
after the sixth generation some twenty femnales from about a thousand
were selected for their supenor quahities  From this stock the result
of mbreedng for twenty five generations was very good Dr Kimng
seems to have produced an essentially homozygous race of white rats
that are supenior i many ways to the race from which they have been
denved. It seems probable that selection has nd the race of all or
nearly all of the residual recessive characters so that the present com
bunation 15 highly normal and standard  Sewslil Wnght under the
auspies of the United States Department of Agneulture, bas carred
out a very program of mbteeding with gumea pigs  His
tesults are more m harmony with those of earlier workers than with
those of Dr King  Ingeneral the result of brother and sister mating
was a steady loss of vigor both bodily and reproductive  Both prens
tal and postnatal mortality was increased Some famlies however
remained quite strong after long mbreeding  while other families de
chined so rapidly that 1t was impossible to perpetuate them after a few
generations  Some strange combinations of trasts appeared 1o didfer
ent stocks  One stock was characterized by very low vitality, but
remained normal 1n body size and i number of young preduced
Another stock showed undimmshed witabity but greatly Yowered te-
productivity and reduced size  The chief difference 1 method used
1n these two modern experiments seems to be that only the best were
bred 1o Dr King's expeniments while in Dr Wright s exper ments no
such precautions were taken probably because he prefersred to approx
mate natural conditions

A large amount of experimentation i inbreeding has been carned
out with domestic amumals and plants of all sorts, and the results ‘have
shown as much diversity as those already reported consequently
opinions are still at varance as to the question whether inbreeding 13
wnjunous per se D F Jones who seems to have ginven this malter
very careful consderation takes the position that ¢ the enly tnyury that
comes from wbreeding comes from the inherstance recesoed* 1f the mdt
viduals mbred possess many undesirable recessive characters, nothing
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1s surer than that ibreeding will bring these to the surface  Cross
breeding mught succeed m masking such recessive characters, but they
remain m the germ plasm, nevertheless All inbreeding does 15 to
reveal that which was masked behind domimnant characters. Therefore
1t 15 not mbreeding 1tself that 1s to blame, but a poor heredity In
breeding 1s a valuable mstrument for detecting the unfavorable hered:
tary characters 1n a race and giving the breeder a chance to cull out the
defective factors from Ius stock

Inbreeding should be followed by cross-breeding inbred stocks —
Whatever loss of vigor or productiveness may be mcidental to the 1
breeding method of standardizing stock may be enturely done awav
with by suitable cross breeding or outbreedng  No matter how good
an inbred stock may be, great improvement can be brought about by
mtroducing new blood even from an apparently very sumilar stram
which 15 unrelated It 1s well known that when two pure breeds are
crossed there 15 an effect quite equivalent to that which we bave called
hybrd vigor  The amumal breeder commonly practices close inbreed
ng 1n bulding up families of superior excellence, which he maintans as
pure-hne stock, used for crossing with other stocks 1n order to produce
exceptional F, offspring Man, of course, cannot practice this scheme
1n the present state of society, but 1t seems obvious that there Le in
this method almost untold possibilities for racial

P



CHAPTER XXV

CHANGE FACTORS INTRODUCTION

Change has already been contrasted with diversity by citing the
analogy of the kaleidoscope (p 187) Another analogy may help to
emphasize this difference  If one were to shuffle and deal a very elabo-
rate deck of cards, the hands dealt would show very great diversity, but
there would be a certam statistical imitation to the number of possible
combimations of cards ~ After a time the whole series of possible com
binations would be dealt out and the senes would go on repeating it
self and nothing new would appear so long as the cards remained un
changed Add a new card or a new senes of cards, or merely change
some of the spots on a card, and at once the whole character of the
combrmations produced would be altered  Dealing an unchanged deck
of cards 1s the sort of thing that the diversity mechamsm (sex) does,
but the mutation mechamsm actually adds new cards or alters the
spots Changes 1n the germinal substances themselves are called
mutations  Hence mutation 35 fhe change mechanism

CHANGING VIEWS AS TO THE ORIGIN OF
NEW HEREDITARY CHARACTERS

Lamarck believed that all evolutionary change was imtrated m the
body (soma) directly or indirectly 1n response to environmental samull,
cansing mcreased or decreased functioming of parts  He had no theory
as to how such changes could be wherited, but assumed that they were
Thus belef 15 embodied 1n his theory of the mhentance of acquired
characters, known as the “Lamarckian theory *

Charles Darunn also believed that all vanations that are frequent
enough to serve as the raw matenal for selection onginated in the soma
1n response to differences m the environment or indirectly, to changes
mn the amount of use to which a given part was put  To account for
such changes being hereditary, he proposed a theory with which he was
not very well satisfied, for he called 1t “the provisional theory of pan
genesis’  According to this view, each part of the organism 15 con
tmually giving off mto the blood stream minute particles, “pangenes,”
each of which 1s charactenistic of the particular status of a part of the
orgamsm at the time when the pangene was given off Thus 2
strengthened muscle or a more efficient eye, each resulting from in

308
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creased functioning, would gwe off pangenes reflecting muscle or eye
Sumiarly, a d ting organ or tissue of eien a
damaged or diseased part would produce pangenes reflecting their con
diton  Now these pangenes were believed to be collected 1n the gonads
to form germ cells a germ cell being a concentrated mass of all the
kinds of pangenes of the organism  In this simple way somatic changes
were beheved to be whenited  But the difficulty with this theory 15
that no such mechamsm exists
Weismann was the first biologist to depart from the 1dea that
hereditary changes onginate in the soma  He proposed the theory of
the continmty and apartness of the germ plasm, and 1its corollary that
all hereditary changes arise directly m the germ plasm  His picture
of the method of germnal change 15 expressed 1n his theory of ‘ germ:
nal selection
The essential feature of germumnal selection, as the name imphes,
1s 2 transfer of the struggle for exstence to the germ cell  The germ
cell 13 assumed to be 2 greatly reduced and simphfied sample of the
charagters of the whole organism  Each mdependently vaniable part
of the 15 supposed to be rep: d m the germ cell by a
mmute physiological unit, umque i composition and capable of
reproducing the part in question i a new organism  These hereditary
umts are called “determinants” Thus there 15 a different kind of
determmant for each muscle of the hody, for each bone, or for each
independently functioming blood vessel, but, since all red blood cor
puscles are alike, there would be only one determnant for all of them
These determinants have to grow, and 1n cell diviston to divide 5o as to
furmish to daughter germ cells all of the necessary determmants for a
whole ndividual In their process of growth and multiplication
which goes on very rapidly at certam penods m the germ cell cycle
these determmants are m competition among themselves for the
avatable food supply Some may be more favorably placed than
others or may be more active chemically than others  There will thus
anse a struggle withm the germ for a chance to grow and reproduce
their kind, which, for these determmnants, might be as bitter as would
be the struggle in nature among the whole orgamsms that are m com
Petition for a place in the world A determinant favored perhaps
accidentally or possibly because of mherent actmity, by a good food
supply would wax stronger and grow faster and would, logically, pro-
duce & larger and more effective part when that particular germ cell
developed into an adult  Other germ cells that would be the offspnng




310 EVOLUTION GENETICS AND EUGENICS

of this germ cell would continue the struggle among determnants, and
1t would be expected that the strong determunant would contmue to
gamn further advantage until the structure 1t represents reached 1ts
maxumum efficency Simtlarly, a determinant that was for some
reason deprived of its fair share of nutriment at any time would be
weakened and would produce 1 cell diviston weakened daughter
deternunants  These 1 turn unless especally favored, would wage
a losing fight and continue to grow smaller and weaker FEach mdi
vidual that might develop from such germ cells would have the charac
ters whose determmant had been weakened m a reduced and
progressively degenerating condition  Fimally, certain determinants
mght starve entirely, and the part for which they stood would dis
appear entirely from the ontogeny of the individual arising from these
germ cells

In this way Weismann tried to explam the gradual dwmndlmg
and the final elimmation of useless organs  So also he would explan
d ly directed or orth vanations, because germunal selec
tion, once Started m a given direction, contimues automatically uill
the goal of adaptiveness 1s reached

‘The most potent objections to the theory of germinal selection are
as follows

1 There should be, accordmg to this theory, certan pronounced
tendencies i varizbility m definte directions, whereas fluctuating
varations nearly always distnbute themselves evenly about the mean
or mode, and the same speafic mean or mode 1s stationary In succes-
stve generations

2 The theory implies too rapid and too general modification of
parts and therefore does not accord with the fact that species are
decidedly constant, except for occasional mutations over long pertods
of time To meet this objection Weismann proposes a new self
correcting mechamsm that checks too rapid a development of char
acters.

3 The over or undernounishment of determmants might con
cewvably induce size changes i characters already present but could
hardly be responsible for the onigin of quahitatively different characters

4 Actual expeniments m over and underfeeding of ammals bave
been carmied on by certamn expenmenters m order to test out the theory
of germunal selection  In the expeniments of Kellogg for example
mnvolving feeding silkworm larvae only one eighth of the normal
amount of food the only result was that the mature individuals were
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dwarfed n size  The relative sizes of the parts were unaltered show
mg that there had been no real struggle among the determmnants for
on the theory of germinal selection only the stronger determmants
would have survived and the weaker ones would have been starved
out. Partial mdividuals moreover, lackmng certam organs and over
developed 1n others would have been produced mstead of mdividuals
merely smaller 1 all parts

These are the specific objections to the theory,but more important
than all of these 15 the general objection that follows

Thus Weismann  says Morgan * * has piled up one hypotheuis

on another as though he could save the mtegnty of the theory of
natural selection by adding new speculative matter to1t The most
unfortunate feature 15 that the new speculation 15 slalfully removed
from the field of venfication and mvisible germs whose sole functions
are those which Weismann s imagimation bestows on them are brought
forward as though they could supply the deficiencies of Darwm s
theory Tuais 15 indeed the old method of the philosophuzers of
nature  An imagmary system has been wnvented which attempts to
explam all difficultries and 1f 1t fails then new mventions are to be
thought of  Thus we see where the theory of selection of fluctuating
germs has led one of the most widely known disciples of the Darwin
120 theory

¢ The worst feature of the situation 1s not so much that Weismann
has advanced new hypotheses unsupported by expermental evidence,
but that the speculation 1 of such & kind that 1t 15 from 1its very
natwre unverifiable and therefore useless Weismann 1s nustaken
when he assumes that many zoplogists object to lus methods because
they are largely speculative  The real reason 1s that the speculation is
so often ofakind that cannot be tested by observationand expenment.

It seems almost impossible that the same Professor Morgan who
wrote the foregomg paragraphs m 1903 should now be the leading
exponent of a theory of the h of d
which depends upon hereditary umits almost 1dentical with Weis-
manns determmants for the gemes or factors of Morgan are
mmute corporeal bodies mn the germ cells which determune the charac
ters of the adult individual

The difference 1s however thatthe genes of Morgan are expen
mentally demonstrable and have behuind them a vast amount of real
evidence for their exstence

From T H Morgan Erolul on and Adaplation
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MUTATIONS

Mutations are, by defimtion, changes in the germmal substance
They may affect individual genes or whole bundles of genes (chromo-
somes) They may occur in the germ track or m the soma  If they
occur 1n the soma, the resulting change 1s seen 1n 2 Jocal patch of
changed cells the size of which depends on whether the mutation oc
curred early or late mn ontogeny  Since body cells do not produce germ
cells, somatic mutations are no more hentable than are functional
changesn thesoma  The only mutations of sigmficance for evolution
are those that occur in the germ track  The vanous kinds of germinal
mutations will be discussed at some length 1 the folloning chapter



CHAPTER XXVI

THE MUTATION THEORY

Tt will be recalled that Darwn, although depending upon the
ever-present fluctuating vanations as the material for natural selection
to work upon, recogmized the occastonal occurrence of € sports” or
“saltatory vamations” These, however, seemed to hun to be so rare
1n nature 23 to offer no adequate basis for selection  Dunng the latter
part of the mneteenth century several mvestigators, feeling the
nadequacy of fluctuating to produce I} ely new
characters, decided to make 2 more careful examination of animals
and plants in nature 1n order to discover whether saltatory vanattons
mught not be of more frequent occurrence than Darwin had supposed

In England William Bateson collected a large number of mstances
of a type of vanation which he called discontinuous m contradistine
tion to the conftnuous type which we have been calling fluctuations
Such varations, mstead of bemg 1 a closely graded senes with the
typical vanations of a species, were frequently quite sharply different
from the majority Although no experiments were conducted m
order to test the hereditability of these “discontiruous variations,
it 1s probable that some of them were “mutations ’ 1 the sense of
De Vres

At about the same time Hugo De Vrtes 1n Holland, partally as
the result of hus rediscovery of Mendel’s work and his confirmation of
the latter’s laws of heredity, became convinced that new species anse
not by the accumulation, through natural selection, of mumute fluc-
tuating vanations, but by the sudden appearance 1 one generation
of fully formed new elementary species He began a systematic
research for species of plants in nature that were giving rise to new
species  Many species were examined 1n their natural surroundings
and were then brought into the expenmental garden for more careful
observation but for a long time the search for a spectes throwng off
new elementary species was unsuccessful Finally, however, 1 a
field near Hilversum, m the wvianity of Amsterdam, he found what
seemed to kum to be just the kind of plant he had been looking for m
the evening primrose (Oenothera lamarckiana)

any
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“Lamarck’s evemng pnmrose” (Fig 73), says De Vnes, ‘o5 a

stately plant with a stout stem attaning often a height of 1 6 meters
and more When not crowded the main stem 1s surrounded by a large

! B

Fic 75 —Ocnothera lamarckiana the onginal type used by De Vries in his

expenments  This 13 the stock from Hilversum, from which arose 1 successise
generations a senes of mutants  (From De bries)
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arcle of smaller branches, growng upwards from 1ts base so as to form
a dense brush The flowers are large and bright yellow attract
ing immediate attention even from a distance They open toward
evenng, as the name mdicates, and are pollmated by bumble-bees
and moths *”

On account of the classic character of De Vrnes's mutants of
Oenothera lamerchiana we shall follow his own detailed description
of the more significant of these

NEW SPECIES (MUTANTS) OF OENOTHERA®

HUGO DE VRTES

This strilang spectes (Oenothere lamarckiana) was found m a
locality near Hilversum, m the vicimty of Amsterdam, where 1t grew
m some th ds of mdivtduals Ord ly bienmal, 1t produces
rosettes m the first, and stems 1 the second year  Both the stems
and the rosettes were at once seen to be highly vanable, and scon
distmet vaneties could be distinguished among them

‘The first discovery of thus locality was made 1 1886  Afterwards
I visited 1t many times often weekly or even daily durng the first
few years, and always at least once a year up to the present time
Ths stately plant showed the long sought peculianity of producing a
number of new species every year Some of them were observed
directly on the field, either as stems or as rosettes  The latter could
be transplanted mnto my garden for further observatton and the stems
yielded seeds to be sown under hike control Others were too weak
to live a sufficiently long time 1n the field They were discovered by
sowng seed from mdifferent plants of the wild locality m the
garden A thurd and Jast method of getting still more new species
from the ongnal strain was the repetition of the sowing process by
saving and sowing the seed which ripened on the mntroduced plants
These various methods have led to the discovery of over a dozen new
types never previously observed or described

Leaving the phystological side of the relations of these new forms
for the next lecture 1t would be profitable to give a short description
of the several novelties To this end they may be combined under
five different heads, according to thewr systematic value  The first
head mcludes those which are evidently to be considered as vaneties

*From H De Vnes Species and Vorselzes (copyright 1goy)  Used by special
permussion of the publishers The Open Court Publishing Company
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in the narrower sense of the word, as previously gtven  The second
and third heads mdicate the real progressive elementary species, first
those which are as strong as the parent species, and secondly a group
of weaker types, wpparently not destined to be successful ~Under
the fourth head I shall mclude some mnconstant forms, and under
the last head those that are organically mcomplete

Of vaneties with a negative attribute, or real retrograde varzeties
I have found three, 2ll of them m a flowering condition 1 the field
T have given them the names of lacvifolia, bremstyls and nannelle

The laevtfolia, or smoath leaved variety, was one of the very first
devating types found 1n the ongmnal field This was in the summer
of 1887, seventeen years ago It formed a little group of plants grow
ng at some distance from the main body, i the same field I found
some rosettes and some flowering stems and sowed some seed m the
fall  The vanety has been quite constantan the field neither imcreas-
g i number of ndividual plants nor ch;mgmg 1ts place, though now
closely ded by other I In my garden 1t has
pmved to be constant from seed never reverting to the ongmal

d was excluded

Itis chxeﬁy distingmished from Lamarck s evening primrose by its
smooth leaves, as the name mdicates The leaves of the ongmal
form show numerous smuosities mn their blades, not at the edge, but
anywhere between the vems  The blade shows numbers of convexi-
ties on either surface, the whole surface being undulated m this
manner, 1t lacks also the brightness of the ordinary evening primrose
or Oenothera bhiennts

These undulations are lacking or at least very rare on the leaves
of the new laewfolic  Ordmanly they are wholly wanting, but at
times single leaves with shght manifestations of this character may
make ther appearance They warn us that the capaaity for such
smnuosities 1s not wholly lost, but only lies dormant 1n the new varnety
It 15 reduced to a latent state, exactly as are the apparently lost
characters of so many ordmary horticultural varteties

Lacking the undulations, the Jaewfolia-leaves are smooth and
bnght  They are 2 httle narrower and more slender than those of
the lamarckiana  The convexities and concavities of leaves are 2
useful character 1n dry seasons, but dunng wet summers, such as those
of the last few years, they must be considered as very harmful, as they
retam some of the water which falls on the plants, prolonging the
action of the water on the leaves  Thus 1s considered by some writers
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to be of some utihity after shight showers, but was observed to be 2
source of weakness during wet weather m my garden, preventing the
leaves from drying Whether the Jaentfoliz would do better under
such tureumstances, I have, however, omitted to test

The flowers of the Jaevtfolia are also m a shght degree different
from those of Jamarckiana  The yellow color 15 paler and the petals
are smoother  Later, m the fall, on the weaker side branches these
differences merease  The faevsfoliz petals become smaller and are
devoid of the emargination at the apex, becomng ovate istead of
obcordate  This shape 1s often the most easily recognized and most
stnking mark of the vanety In respect ta the reproductive organs
the fertiity and abundance of good seed, the laenifolsa 1s by no means
inferior or superior to the origwal species

O bremstylis, or the short styled evening pnmrose, 1s the most
cunous of all my new forms It has very short styles, which bring
the stigmas only up to the throat of the calyx tube, mstead of upwards
of the anthers  The stigmas themselves are of another shape, more
flattened and not cylmdncal The pollen falls from the anthers
abundantly on them, and germinates i the ordinary manner

The ovary which 1 lamarckiane and i all other new forms 1
wholly underneath the calyx tube, 1s here only partially so  Thus tube
15 wserted at some distances under its sumnut  The msertion divides
the Ovary into two parts an upper and a lower one  The upper part
1s much reduced 1 breadth and somewhat attenuated, simulating a
prolongation of the base of the style  The lower part 1s also reduced,
but m another manner At the time of flowering 1t 13 hike the ovary
of lamarckiena, neither smaller nor larger  But 1t 15 only reached by
very few pollen-tubes, and 1s therefore always very incompletely
fertilized It does not falt off after the fading away of the flower, as
unfertiized ovaries usually do, nexther does 1t grow out, nor assurne
the upright position of normal capsules It 1s checked 1n 1ts develop-
ment, and at the time of npening 1t 15 nearly of the same length asin
the beginning  Many of them contamn no good seeds at all, from
others T have succeeded m saving only a hundred seeds from thousands
of capsules

These seeds, 1f purely pollinated, and with the exclusion of the
visits of msects, reproduce the vanety entirely and without any
reversion to the lamarckiana type

Correlated with the detailed structures 15 the form of the flower-
buds They lack the high stigma placed above the anthers, which i
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the famarckiana, by the vigorous growth of the style, extends the calyx
and renders the flower bud thinner and more slender Those of the
bremstylis are therefore broader and more swollen It 1s quite easy
to distinguish the mdividuals by thus striking character alone, although
1t differs from the parent m other particulars

The leaves of the O drewsstylas are more rounded at the tip, but
the difference 15 only pronounced at times, shghtly m the adult
rosettes, but more clearly on the growing summts of the stems and
branches By this character the plants may be discerned among the
others some weeks before the flowers beg.n to show themselves

But the character by which the plants may be most easily recog
nized from 2 distance m the field 1s the failure of the fruts  They
were found nearly every year m varymg, but always small numbers

Leaving the short styled primrose, we come now to the last of
our group of retrograde vaneties This 15 the O nannella, or the
dwarf and1samost attractne lttle plant It 1s very short of stature,
reaching often a height of only 20- 30 cm, or less than one fourth of
that of the parent. It commences flowering at a height of 1o-15 cm,
while the parent form often measures nearly a meter at this stage of
its development  Being so very dwarfed the large flowers are all the
more striking  They are hardly infenior to those of the lamarckiana
and agree with them m structure When they fade away the spike
15 rapidly lengthened 2nd often becomes much longer than the lower
or vegetative part of the stem

The dwarfs are one of the most common mutations o my garden
and were observed i the native locality and also grown from seed>
saved there Once produced they are absolutely constant. I have
tried many thousands of seeds from various dwarf mutants, and neser
observed any trace of reversion to the lamorckiing type I have also
cultivated them i successive generations with the same result. In2
former lecture we have seen that contrary to the general run of
hortrcultural beltef, varieties are as constant as the best speczes, if
Lept free from hybnd admixtures  This 15 a general rule, and the ex
teptions or cases of atavism, are extremely rare  In thus respect it 15 of
great interest to observe that this constancy 1s not an acquired quality,
but 15 to be considered as mnate, because 1t 15 already fully developed
at the very moment when the onginal mutation takes place

From its first leaves to the rosette period, and through this to the
lengthening of the stem, the dwarfs are easily distingmshed from any
other of their congeners. The most remarkable feature 13 the shape
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of the leaves They are broader and shorter, and especially at the
base they are broadened m such a way as to become apparently
sessile  The stalk 15 very bnttle, and any rough treatment may cause
the leaves to break off The young seedlings are recognizable by the
hape of the first two or three leaves, and when more of them are
produced, the rosettes become dense and strikingly different from
others  Later leaves are more nearly like the parent type, but the
petioles remamn short  The bases of the blades are frequently 2lmost
cordate, the lamimae themselves varying from oblong ovate to ovate
m outline

The stems are often quite unbranched, or branched only at the
base of the spike  Strong secondary stems are a striking attribute of
the lamarckiana parent, but they are lacking, or almost so 1 the
dwarfs  The stem 1s straight and short, and thus, combined with the
large crown of bright flowers, makes the dwarfs emimently sutable
for bed or border plants Unfortunately they are very sensitive,
especally to wet weather

Qenothera gigas and O rubrinerms, or the giant, and the red vemned
evemng primroses, are the names given to two robust and stout
species, which seem to be equal m wigor to the parent plant, while
diverging from 1t m striking characters  Both are true elementary
species, differentiated from lemarchiana m nearly all their organs and
quahties, but not showing any preponderating character of a retrograde
nature  Thexr differences may be compared with those of the elemen
tary spectes of other genera, as for wnstance, of Draba, or of violets
as will be seen by therr description

The guant evening primrose, though not taller in stature than
O lamarckiana, desetves its name because 1t 15 so much stouter n al
respects  The stems are robust, often with twice the dizmeter of
k % througt The des are shorter, and the leaves
OIS numerous, covering the stems with a denser fohage This
shortness of internodes extends rtself to the spike, and for this reason
the flowers and fruts grow closer together than on the parent plant.
Hence the crown of bnight flowers, opening cach evening, 1s more dense
and more strkingly brillrant, so much the more 5o as the mdividual
flowers are markedly larger than those of the parents  In connectton
suith these characters, the fower-buds are seen to be much stouter
than those of lamarekiang The frts attam only half the normal
size, but ace broader and contam fewer, but larger seeds
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The rubrigertis 1s 1 many respects a counterpart to the gzgas, but
13 stature 15 more slender The spikes and flowers are those of the
lemarcksana, but the bracts are narrower  Red vems and red streaks
on the fruts afford a stnking differentiating mark, though they are
£ot absolutely lacking 1n the parent-species A red hue may be seen
on the calyx, and even the yellow color of the petals 15 somewhat
deepened 1n the same way Young plants are often marked by the
pale red tinge of the mid veins, but m adult rosettes, or from Jack of
sunshine, this hue 15 often very famt
‘The leaves are narrow, and a cunous feature of this species 1s the
great bnttleness of the leaves and stems, especially on annual inds
viduals, for example, on those that make their stem and flowers m
the first yeay High turg:dity and weak development of the mecham
caland supporting tissues are the 1 cause of this d
the bast fibres showing thinner walls than those of the parent type
under the microscope Young stems of rubrinerss may be broken
o by a sharp stroke, and show a smooth rupture across all the tissues
while those of Jamarckiana are wvery tough and strong
Both the giant and the red vemed species are easily recogmzed m
the rosette-stage The very young seedlings of the latter are not
dearly differentiated from the Jomarckiana and often 2 dozen leaves
are requred before the difference may be seen Under ordinary
Crcumstances the young plants must reach an age of about two
months before it 15 possible to discern their characters, or at least
before these characters have become reliable enough to enable us to
Judge of each ndrvidual without doubt  But the dvergencies rapidly
me greater The leaves of O gigas are broader of a deeper
Breen the blade more sharply set off agamnst the stalk, the whole
Fosettes becomung stout and crowded with leaves  Those of O rubre-
nervss on the contrary are thin, of a paler green and with a silvery white
strface, the blades are elliptic, often bemng only 2 em or less in width
They are acute at the apex and gradually narrowed into the petiole
It 15 quite evident that such pale narrow leaves must produce
smaller quantities of organtc food than the darker green and broad
©Organs of the gigas  Perhaps thus fact 1s accountable partly, at least,
for the more robust growth of the gunt m the second year  Perhaps
also some relation exists between this difference n chermeal actvity
and the tendency to become annual or biennial ~ The gigas, asa rule,
Produces far more and the rubrinervss far less bienmal plants than
the lamarckiana Annual culture for the one 15 as unreliable as
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bienmal culture for the other  Rubrinervis may be annual 1n appar-
ently all specimens, m sunny seasons which would allow 2 large
part of the grgas to reman in the state of rosettes during the entire
first summer It would be very interesting to obtain a fuller msight
mto the relation of the length of Lfe to other qualmes, but as yet
the facts can only be detailed as they stand
Both of these stout species have been found quite constant from
the very first moment of thewr appearance I have cultivated them
from seed m large numbers, and they have never reverted to the
lamarckiana  From thus they have mhented the mutability or the
capaaty of producing 1n therr turn new mutants  But they seem to
have done so incompletely changing m the direction of more absolute
constancy This was especally observed 1n the case of rubrinerms,
which 15 not of such rare occurrence as O gegas, and which 1t has been
possible to study in large numbers of mdividuals  So for instance
“the red vems’ have never produced any dwarfs, notwithstanding
they are produced very often by the parent type And m crossing
expeniments the red veins gave proof of the absence of a mutative
capaaty for their production

{Besides the mutants Just described there occurred two weak forms
that could survive only if reared under protection and would have
failed to survive in nature Here we have a place for the action of
natural selection but operating with mutations mstead of with
fluctuating vanations These two mutants are “ the whitish and the
aoblong leaved evemng pnimroses or the Oenothers albida and oblonga®

All of the mutants so far mentioned are constant forms that breed
true to type  Certain other types were erther incapable of being bred
or else were deaided] Oenothera lata had only pistillate
flowers and therefore could not be fertihzed by pollen of the same
mutant Oenothera scintsllans and O ellsptica are fertile to thewr own
pollem, but produce progeny only partly like the parent, the rest
reverting to the original type Oenothera lamerckiang |

SUMMARY OF DE VRIES'S MUTATION THEORY'
THOMAS HUNT MORGAN
We may now praceed to examine the evidence from which De
Vries has been led to the general il given 1n the p d
pages De Vres found at Hilversum, near Amsterdam, a locality

*T H Morgan Evolution ond Adaptation (1903} Used by special penmsssion
of the publisbers, The Mz.cmillan Comprny
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where a number of plants of the evening primrose, Ocnothers lamarck
tang, grow 1 large numbers  Thus plant 1s an American form that
fias been tmported 1nto Europe It often escapes from cultivation,
s s the case at Hilversum, where for ten years it had been growing
wid, Its rapid increase m numbers 1n the course of a few years may
be one of the causes that has led to the appearance of a mutation
period.  The escaped plants showed fluctuating vanations 1n nearly
all of their organs They also had produced 2 number of abnormal
forms  Some of the plants came to matunty 1n one year, othess
two, or 1n rare cases, 1n three, vears

A year after the first finding of these plants De Vnes observed two
well-characterized forms, which he at once recogmzed as new elemen
<ary species  One of these was O brewstylss, wiuch occurred only as
femafeplants  The other new species was a smooth leafed form with
2 more beavtiful foliage than O lemarckians  This 1s O laewfolie
It was found that both of these new forms bred true from self
fertilized seeds At first only a few specimens were found, each form
I a particular part of the field, which Jooks as though each might have
come from the seeds of a simgle plant

These two new forms as well as the common O lamarckiana, were
collected, and from these plants there have ansen the three groups of
famulies of elementary species that De Vries bas studied In bus
garden other new forms also arose from those that had been brought
under enltivation The largest group and the most important one
% that from the ongmal O lamarckwana form  The accompanying
table shows the mutations that arase between 1887 and 1899 from
these plants  The seeds were selected in each case from self fertilized
plants of the lamgrchians form, so that the new plants appeanng
1 each horizonta]l hne are the descendants m each generation of
lamarckiana parents It will be ohserved that the speaes O oblonga,
appeared agaa and agam m considerable numbers and the same 1s
true for several of the other formsalso  Only the two species, O gugas
and O scintiflans, appeared very rarely (Fig 77)

Thus De Vnes had 1 his seven generations about fifty thousand
plants, and about eight hundred of these were mutations When the
fowers of the new forms were artificually fertiized with pollen from
the flowers of the same plant, or of the same Land of plant, they gave
tise ta forms like thernselves, thus showing that they ate true elemen
tary species It 1s also a powt of some interest to observe that ail
these farms differed from each other i a large number of particulars.
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Only one form, O scintilans, that appeared eight times, 1s not
comstant as are the other species When self fertilized ats seeds
produce always three other forms, O scintdllans, O oblonga, and
O lamarckianag 1t differsn thisrespect fromall the other elementary
species, which mutate not more than once m ten thousand mdividuals

G: oo 0 gws Obis O oblonga °~§:Z§‘ ‘”::5:"‘ O nonella w 0!37:?“
e 1 5 1 }

G:;QS’ T ;—

Sodt 1| 29

S z 25 | 13y

G : 1 1w | 176

s 1 a4 l1ogo0| 3
e { wogol 5 185
Gen. 1

188687

Mutants 2nd Number observed in O Lamar & Mautants snd Number
different years 12 6 observed o differeat years
“The mu
tat ag
stem form
F16 77 —Duagram showing form t] logy of the Qenothere

Lamarcksana fammly and its various mutants dunng successive years The nurmbers
1;1 Ter e)ach type represent the number of new types observed each year {(From
ower

Trom the seeds of one of the new forms, O laevifolia, collected
1 the field, plants were reared, some of which were O lamarckiana and
others O loewsfoha  They were allowed to grow together, and their
descendants gave mse to the same forms found in the Jamarckiand
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family, described above, pamely, O lota, elliptica, nannella, rubrs
#ermes, and also two new species, O spatu’ela and leplocarpa

In the Jats famuly, only female flowers are produced, and, there
fore, 1 order to obtam seeds they were fertilized with pollen from
other species  Here also appeared some of the new species alseady
mentioned, namely, allids, nonnelle, lata, oblonga rubrinerns, and
k53 two new species, ellipirca and subosate

De Vries also watched the field from which the onigmal forms
were obtaned, and found there many of the new species that appeared
under cultivatsion  ‘These were found, however, only as weak young
plants that rarely flowered  Five of the new forms were seen etther
i the Hilversum field, of else rased from seeds that bad been collected
there  These facts show that the new species are not due to culiva
tion, and that they anse year after year from the seeds of the parent
form, 0 lamarctiana

Contlustons —From the evidence given 1 the preceding pages 1t
appears that the hine between fluctuatmg vanations and mutations
tay be sharply drawn  If we assume that mutatiops have turnished
the matenal for the protess of evolution, the whole problem appears
ma dfferent hight from that m which 1t was placed by Darwin when
Ae assumed that the fluctuatng vanations are the kind which give
the matenal for evolution

Prom the pomt of view of the mutation theory, species are no
fonger looked upon as having been slowly built up through the sclec
tion of mdividual vanations, but the elementary speaes at least,
appear at a single advance, and fully formed This need not neces-
sanly mean that great changes have suddenly taken place, and m
this respect the mutation theory 1s n accord with Daswin’s view that
extreme forms that sarely appear, “sports,” have not furniched the
matenal for the process of evolugion

AsDe Vries has pomted out, each mutation may be different from
the parent form 1n only a shight degree for each powt, although all
the poats may be different  The most unique festure of these muta
tiona 15 the constancy with which the new form 15 mhented It 1s
thas fact, not previously fully appreciated, that De Vnes s work has
brought prommnently mto the foreground  There 15 another point of
great interest m this connection Many of the groups that Darwin
tecognuzed s vaneties correspond to the elementary spectes of De
Vites These vaneties, Darwm thought, are the first stages m the
formations of species, and, 1 facts cannot be separated trom species
in most cases The mam difference between the selection theory and
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the mutation theory s that the one supposes these vaneties to arise
through selection of mdividual vanations, the other supposes that
they have ansen spontaneously and at once from the ongmal form
The development of these vaneties mto new species 1S agamn sup-
posed, on the Darwiman theory, to be the result of further selection,
on the mutation theory, the result of the appearance of new muta
tions

In consequence of this difference 1n the two theories, 1t will not
be difficult to show that the mutation theory escapes some of the
gravest difficulties that the Darwiman theory has encountered
Some of the advantages of the mutation theory may be brefly
mentioned here

1 Sice the mutations appear fully formed from the beginmng
there 15 no difficulty 1n accounting for the macipient stages m the
development of an organ, and since the organ may persist, even when
1t has no value to the race, 1t may become futther developed by later
mutations and may come to have finally an important relatron to the
life of the mdivadual

2 The new mutations may appear 1n large numbers, and of the
different kinds those will persist that can get a foothold ~ On account
of the large number of times that the same mutations appear, the
danger of becorming swamped through crossing with the original form
will be lessened 1n proportion to the number of new mdividuals that
anse

3 If the time of reaching matunty 1n the new form 1s different
from that 1n the parent forms, then the new spectes will be kept from
crossing with the parent form, and since this new character will be
present from the beginning, the new form will have much better
chances of surviving than if a difference 1 time of reaching matunty
bad to be gradually acquired

4 The new species that appear may be 1n some cases already
adapted to hve n a different environment from that occupred by the
parent form, and Af so, 1t will be 1solated from the begmnng, which
will be an advantage in avoiding the bad effects of mtercrossing

5 It 1s well known that the differences between related spectes
consist largely 1n differences of ummportant organs, and this 15 18
harmony with the mutation theory, but one of the real difficulties of
the selection theory

6 Useless or even slightly injurious characters may appear as
mutations, and if they do not seriously affect the perpetuation of the
race, they may persist
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LATER INVESTIGATIONS OF MUTATIONS

Stce the publication of De Vres's classic mvestigations a large
amount of attention has been paid both by botanists and by zeologists
to the subject of mutations  Some of the mvestigators notably B M
Davs, went far toward discrediting the whole of the exceptionally
carefu work of De Vries by clawming that Oenothera lamarckiana 1s of
bybnd ongin It was pomted out that the form worked with 15 a
domestic type escaped from cultivation and that there 1s nowhere 1
the known world any wild species comparable with it It 1s supposed
to have been brought to Europe from Amenica many years ago but
there 15 no such species 1n Amenca today Davis claims that he has
succeeded 1n producing, by crossing two American wild spectes a
bybd form distinetly bling Oenothera 1 k and that
when 1nbred this hybnd produces offspring showing various combina
tions of the two Parent species that are not unlike some of the mutants
observed by De Vries Jefireys has also pomnted out that the pollen
81ans of Oenothera lamarckiana extubit a high percentage of stenlity
which he believes ta be a stigma of hybndity The general tenor of
this type of destructive enticism 1 to mvaldate the whole mutation
theory as developed by De Vries and to reduce lus mutants to the level
of mere Mendel \ of ch once mtroduced from
two or more parental species

Thelarge amount of work on the cytology of Oenothera by Gates and
others has, however, served to show that the mutants of De Vres are
More than hybrid segregates Moreover, the beautful work of
Blakeslee on the Junson weed (Datura) and the work of many other
botamsts whose findings are reported by Gates m a contribution
quoted below, serve to mdicate that the type of evolutionary behavior
first observed . Oenothera 1s by no means exceptional but 1s probably
2 common thing at least among plants and may be commoner than we
at present know 1n animals It may be said by way of antictpation
of Gates’ detailed account that nearly all of the mutations observed in
Various species of plants may be definitely correlzted with observable
changes 1n the chromosomes of the germ cells, mvolving changes in
bumber or changes 1n arrangement of these nuclear elements

While the botanists busied themselves with their type of mutations
the zoologsts, especially T H Morgan and his able collaborators, were
making discovenes of equal moment m connection with their studies
of the mechanism of Mendelan heredity in Drosophela  As has al
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ready been shown m previous chapters, bundreds of new hereditary
types arose, apparently spontaneously, n pure-pedigreed stoch.  Each
new type 15 designated a mutant, and the cause of the changed heredi
tary condition 15 not @ gross chromosomal change, but an mvisible
change at a defimte pownt m a defimte chromosome, whose cause 15
unknown but whose Jocation can be exactly determmed ~ Such muta
tions are known as gene mutations Like the mutants of Oenofl era
these Drosophida mutants do not differ from the parent species i just
oneor two characters but in several or many characters  Usually some
one or two characters 1n any given mutant are especally character
1stic, and these serve to give 2 name to each mutant and make 1t easier
to identify them Both morphological and physiological characters
are mvelved m these mutants, and every part of the body may be
mvolved Sometimes the change 15 so slight as to require an eye
sensiftized by much tramung to detect them It may happen for ex
ample that two mutants of the eye are so much alike that the human
eye 1s not sufficiently heen to tell them apart, but they may be dis-
tmgwshed by differences i their hereditasy behavior A large per
centage of the mutapts discovered m Drossplila are ® lethals,” which
means that the change 15 decidedly for the worse under the prevaiing
conditions of life, and that they render the mndvidual unfit to live
Possibly under decidedly different conditions some of these lethal
mutants might be better adapted than the normal mdwiduals 4
further discussion of the role of mutants m evelution will be given 1ma
later connection

The following two rather technical, but very interesting, diseus
sions 2s to the nature, causes, and sigmficance of mutations are from
two men who are recognized as perhaps the leaders in the two branches
of mutationstudy R R Gates has done a large amount of mportant
work especally upon the cytology of Oenothera, and H J Muller bas
done and 1s still doing much to ennch our understanding of the muta
tional phenomena exfubited by Drosophla  While these two worhers
do not agree as to the relative emphasis that should be placed upon the

W0 types of mutation, 1t 15 obvious that both types are of very great
tmportance i evolution

THE NEO-MUTATIONIST POSITION
R RUGCLES GATES
Since the orgmal work of De Vries the subject of mutation 18
Ocnothera has advanced 1 many directions and the explanation of the
phenomena has taken on varous aspects Mutation has become
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eentnlly a ceff problem.  Cytologcal mves zraoms Bave shown
that many of the mutations are concerned Wb £ chromesome BUm
bers, 224 the precuse nature of the change whah ba. 1 to the appear
22¢e of forrms wath 2 new number 15 Anovo Wth o~ o~ less certamty
mttevanoos cases.  The pew pumber i 1n each cxse present through
out the plant 2nd will be found whether the chromosemes be counted
I3 growing petals, oot tips or anthers.  The discovenes led o 1915
10 the comception that each mutation with its pe es*ernal charactere
& the resalt of nucear changes transzutted by mtoss to every cell of
theplaatdunng development. A fundamental advancen the analysis
o mu.ators bas thus been made.

Matations can now be classified mto two tvpes.  (x) Mutations
wheh are inkenited as Mendelizn differences, and which may be looked
=pon provisionally as the result of a chemucal change 1n one gene or
locus of a chromosome The grest majonty of the mutations i
Drosopbila are of this type- On the otber hand very few Mende-
Lan matations are Lnown s Oenothera. The two best known are
rubnicalys, which 15 2 domunant 1n cros.e and brewshyls which s
mhented asa recessive.  (2) Mutations resultiog from 2 vistble nuclear
change involving a new number of chromosomes.  Probably the major
1ty of Oenothera mutations Lelong bere  Supilar pmutations ‘have been
discovered 1n Drosophila and ako m Datura Examuation of the
ehiromosome numbers 1 related spectes of wild and cultivated plants
shows that such changes have been of relstively frequent occurrence
m the evolution of many plant geners but they appear to be less com

ammals.

mon m
CHROMOSOME MTTATIONS
osome numbers which are partic.

uarly charactenstic of Ocnothers may be dasafied mto thres
t¥pes —(2) trssomc forms 1 mutations with one or Somcties two
extra chromosomes (2n41)  (2) traplosd fors (37) and (3} tetraplof
{47) forms.  Other forms with diffesent pumbers as 20 or 30 may |«
regarded as denvatives from these tyPes

Trisomc forrs are hnown to anse though non disjunction ¢r 4

teduction divsion 1 which both members of one parr of chromos s,

The mutations with new chrom

€
]
1
3
s
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trom O lamarchiana they give the two parental types of offspring bav
ng p bly 14 and 15 ct Since there are only seven
pawrs of chromosomes these trisomic types can not all be accounted
for by duphcation of a different chromosome 1 each case

The genetic relationships between these tnisomic mutants are also
mteresting and pecullar  Thus lefe can give nise to sentllans m 1ts
offspring, and setntallaus can sumilarly produce lato  Also lata (polh
nated from lomarckiana) can give rise to several other tnisomic muta
tions Many of these relationships can be explained by the assump
tion of double non disjunction, 1 e, both members of ene chromosome
parr entering one germ cell while both members of another pair enter
the opposite cell It 1s highly probable that such cases occur  Thus
germ cells would be produced with the chromosome content
AACDEFG and BBCDEFG It can be shown that by such 2 process
one trisomic mutation could give rise to another mn 1ts offspring It
15 very probable that lafe 15 a primary tnsomic mutation, eg,
—%, 1e, with three A chromosomes, while some other

AAB G
trisomuc (zn+1) mutations are probably secondary, e g , _Ac_g,I;—EEg—G'

1e, with for example three A and three C chromosomes but only one
B chromosome All such irregular chromosome distributions are
probably enabled to occur through a weakness m the attraction which
normally leads to close parmg of homologous chromosomes durng
synapsis or on the heterotypic spindle There 15 much evidence of
variation in the strength of this attraction mn Oenothera

Cleland has recently found that the chromosomes mn varmous
Oenothera species retain their end to-end connections even on the
heterotypic spindle  He has also shown that m several species the

of the ck 1s more or less constant and char
actenstic during the stages immediately preceding the reduction
division  Thusmn O f four of the ¢h form a ning

while the other ten are arranged m five ning paws which are at first
linked to the curcle of four 1 a defimte way In a form called O
franciscana sulphurea, which 15 derived from O brennis X franciscans
12 chromosomes end to-end form a cxrcle and the other two form 2
parr which 1s at first linked round the larger cham of 12, and this

15 sad to be Thus 1 the denved form a re-
arrangement of the chromosomes with relation to each other has taken
place  Cleland finds simlar fived arrangements w other species.
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Thus 1n a race 1dentified with O murcata the 14 chromosomes all form
asingle circle, O biennss they are usually m two mterlooking circles
one with 6 and the other with 8 chromosomes whie 1n the mutant
oblonga with 15 chromosomes the arrangement 1s more varable but
frequently shows a ring of § single chromosomes with g paurs attached
toit Ina tnsomc mutant from O rubricalysXheuettnn a varymng
number of nng pairs was found by the wnter If the relative con
stancy of these arrangements 15 confirmed, 1t will show an essentially
new type of tegration m nuclear structure, that 1s a fixed positional
arrangement of the chromosomes 1w the nucleus with relation to one
another  This will also confirm the hypothess of the writer years ago
that the homologous maternal and paternal chromosomes m Qenothera
are usually arranged alternately on the spireme thread before the
reduction diviston  The fact that also, as observed by the wrter in
1908, paurs of ch are I detached from the rest of
the spireme 1n certain forms at an early stage of diakinesis would make
1t easter for double non-disjunction to occur on the heterotypic spindle
1 these forms  The further study of the chromosome arrangements
m hybnds and mutants will throw more light on these rearrangements
and perhaps also on the nature of the forces whch bring them about
Such rearrangements without change of number, if they prove to be
constant, are to be considered as mutations of another kind

Whether non disjunction has played a part m the appearance of
species m nature with a different chromosome number 1s as yet un
certain  But there are certam genera, such as Carex, m which the
haploid numbers usually increase by one from spectes to species
Heilborn suggests that this may have happened by non-disjunction as
m Oenothera lota, followed by the division of the extra chromosome to
form a parr

Polyploidy —An increase 1n the chromosome number by multiples
of the haploid number (polyplotdy) 1s a phenomenon of considerable
phylogenetic significance in plants, although 1t appears to be relatively
uncommon 1n animals  There has been a burst of new knowledge on
this subject 1n the last few years  Since the onginal mutant Oenothera
21805 has been shown to be tetraploid and semtgegas mutations triplord
we have an 1 basis for the p 1on of all such cases
It appears probable that the triploid condition 1 Oenothera arises
through the unton of two male nucler with the egg, as this condition
has been actually observed 1o O lamarcksana by Ishikawa and in other
plants as well
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A difference of opinion has long exsted as to whether O gsgas
arose from the fusion of two diploud cells or from a suspended mitosis
with division of the chromosomes 1n the fertilized egg 1 am still n
clined to adhere to the latter view as more probable, with perhaps a
sudden lowering of temperature just after fertilization as the cause
Although 1t 13 a fact that diplod germ cells do sometimes occur
diplaid pollen grains are not known to be viable m plants

The frequency of polyplaidy m flowermg plants, and also 1 other
groups of plants, 15 one of the surpnses of recent years  Not only does
the condition occur 1n such cultivated plants as pmeapples, banaras
mulberries, wheat oats, sugar cane, dahlias, and tobacco, but also m
such genera of wild plants as the roses, maples, chrysanthemums,
Engeron, Hieracium, Rumex, Rubus, Crataegus, Spiranthus, and 2
number of others The multiplication of chromosome sets runs as
high as & 1 Rosa and m Acer, and even as high as 1on m certan
speaies of Rumex (8o chromosomes) and chrysanthemums (go chromo-
somes) Such a widespread phenomenon must be of fundamental
sigmificance w the evolution of the genera m which 1t occurs  The
higher degrees of polyploidy are probably often connected wath hybnd
1zation, but there the higher chromosome numbers are usually accom
pamed by ap (asexual) reproduction, whichrenders constant
even forms with an unbalanced chromosome number This 1s true
even of the tnploid mulberries and Erigerons, etc  In every case of
polyplaidy the higher numbers kave not arssen gradually by the addi
tion of single chromosomes, but one or more complete sets have been
added each tume and the process 1s a2 mutation mvolving considerable
discontinuity

That still other kands of chromosome change occur, 1s shown both

from expenmental work and by companson of the chramosomes of
related spectes Thus transverse tion of all ck

has talen place in Primula kewensss, and end to-end fusion of certan
paurs bas evidently occurred 1 some species of Drosophila  In the
Japanese violets there 1s some indication that the small number of
large chromosomes 1n certamn species may have been denved by the
fusion of smaller chromosomes found in other species A process sug

gesting transverse fragmentation of certam paus of long chromosomes
appears to have occurred in vanous genera of Lilaceae Further
study will no doubt throw light on the nature of these processes It
appears already that the passage from one genus to another has ot
wnfrequently been marked hy a wisible change n the chromatin mer
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phology of the nucleus  Such alterations 1n the conformation of the
nuclear material are to be regarded as germunal changes, even though
they are not accompanied by external changes 1n the orgamsm

MUTATION®
H | MULLER

Beneath the imposing building called ‘ Heredity” there has been a
dingy basement called “Mutation ’* Lately the searchhght of genetic
analysis has thrown a flood of Mlummation mto many of the dark
recesses there, reveahing some of them as ordinary rooms i no wise
different from those upstairs, that merely need to have therr blinds
flung back, while others are seen to be subterranean passageways of
quite a different type In other words, the term mutation ongmally
mcluded a number of distinct phenomena, which, from a genetic point
of view, have nothing 1n common with one another ~ They were classed
together merely because they all involved the sudden appearance of 2
new genetic type Some have been found to be special cases of
Mendehian recombination, some to be due to abnormahties 1 the
distnbution of entire chromosomes, and others to consist in changes 1
the individual genes or hereditary umits It seems menmbent upon us
hawever, 1 the mterests of scientific clarity, to agree to confine our use
of the term mutation to one coherent class of events The usage most
serviceable for our modern purpose would be to hmit the meamng of
the term to the cases of the third type—that 13, to real changes 1n the
gene This would also be most m conformuty with the spint of the
oniginal usage, for even in the earlier days, mutations were conceived
of as fundamental changes i the hereditary constitution and there
were never mtentionally included among them cases merely mvolving
redistribution of hereditary umits—when these cases were recogniz
ableassuch In d with these derations, our new defim
tion would be “mutationisalteration of thegene  And alteratton
ashere used, 1s of course understood to mean a change of a transmssible
or at least of a propagable, sort

In thus timmmg down the scope of our category of mutation we
do not deprive 1t of the material of most fundamental evolutionary
sigmificance  For all changes due to the redistribution of individual
genes or of groups of genes, mto new combinations, proportions or
quantities, are obviously made possible only by the prior changes thas
 Reprinted from Eugenscs Genetis and the Fomsly Vol I (1923) Courtesy of
‘Wilbams and Willuns Company
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make these genes dffer from each other in the first place It should n
addition be noted that changes due merely to differences 1 the gross
proportions of entire groups of genes must be relatively mcapable of
that delicate adjustment which 15 required for evolutionary adaptation
And as to the question, frequently raised, whether all evolution 15 ulti
mately due to mutation, this 1s necessanly answered m the affirma
tave by our defimitions of the gene and of mutation, which designate the
gene as any umt of heredity, and mutation as any transmussible change
occurnng 1 the gene  The question of the basic mechamsm of evolu
tion thus becomes transferred to the problem of the character, fre-
quency, and mode of occurrence of mutation, taken i this precise,
yet comprehensive sense  And since eugemcs 1s 2 special branch of
evolutionary science 1t must be equally concerned with this problem
In choosing the body of data wherewth to attack these questions of
mutation, m their new form, 1t must unfortunately be recogmzed that
the results with the eveming primrose, Oenothera, although they formed
the backbone of the eariter mutation theory, can no longer be regarded
as having a direct bearing on the modern problem, since they cannot
be shown to be due directly to changes i the genes  Certain of them
such as gigas, lata, scintillans, etc , have been proved by Geerts, Lutz,
Gates, and others, to be due to abnormalties 1n the apportionment of
the chromosomes ~ Very valuable information on the genetics of cases
of this sort 15 now beng obtaimed, especially 1n the work of Blakeslee
Belling, and Farnham on much clearer cases of similar character 1n the
Jimson weed, and, finally, in the work of Bridges on the fruit fly Droso
phila  Most of the other so-called mutations in the evening primrose
appear to be due to the normal hered P of segi and
crossmg over, working on a genetic consmuuon of a specral type Evi
dence for this was obtamed 1 my analysis of the analogous case exist
g mn the fly Drosophila, as follows It had previously been shown by
de Vries, and further elaborated by Renner, that germ cells or mnd:
viduals of Qenothera beaning certain genes always died, m such a way
that all the surviving mdividuals were heterozygous (hybrnd) 1n regard
to these genes I later showed, through work on Drosophila, that
when such a condition (there called “balanced lethal factors ”) exists,
the situation tends to become still further comphcated through the
presence of other heterozygous genes, which are linked to those which
cause death  When one or a group of these non lethal genes crosses
over (separates) from the lethals, as they occasionally do, they may
pecome homozygous producig a wisible effect Thus new types of
ndwiduals appear which may be ascribed to “mutation,” whereas they
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arereally due to crossing over  The work of Frost on stocks has shown
that a precisely analogous situation exsts in that form also, and G H
Shull 15 obtaming direct evidence for the same conclusion m the eve-
ning primrose itself  In any event, 1t must be granted that so long as
this P 1on cannot be d 1y refuted, these vanations can
not be used as examples on which to base our theory of gene change
In place, then, of the elaborate system of conclusions which has denved
1ts support chiefly from the results i the evening pnimrose, 1t will be
necessary for our present theory of gene change to erect an independent
structure, built upon an entirely new basis

The data upen which the new theory must be built consist of two
main sorts, which may be called direct and indirect. (1) In the cases
gving the direct evidence, the occurrence of the gene change can be
proved, and 1t 1s possible to exclude defimtely all alternative explana
tions, such as contamination of the matenal, emergence of previously
‘latent” factors, non-disjunction, etc. So far, the only considerable
body of such evidence 1s that gotten 1 the Drosophila work, where
mutations have (in this sense) been actually observed m at least 100
loa.  Considered collecttvely, however, there exst 1n other organisms
enough scattered data to afford ample corroborative evidence for the
generality of occurrence of mutations like those observed m the Dro-
sophila work. In addition several spectally mutable genes have been
found 1n 2 number of plants (as well as in Drosophila) that are giving
bighly valuable information along their particular hnes  And a num
ber of selection experiments that have been performed on non segregat
ing hines of various orgamisms have also given us direct evidence, 1f
not of the frequency, then at least of the infrequency, of mutations
(2) As for the mdurect data, these may be gotten by exammation of
Mendehan factor-differences of all hinds, on the assumption that they
Daust have arsen through Although thus can be
shown to be fully justified, these cases cannot provide mformation
concernung the manner of origm of the mutants, nor can they furnish
a rehable index of the frequency of mutations, since the mutant genes
may have been subjected to an unknown amount of selective elimina
tion or selective propagation before the observations were taken  As
for the still more ndirect data, denved from studies of phylogenetic
senes and comparsons between different species genera, etc., these
Occasionally mave suggestive results, but where crosses cannot be made
or where the differences cannot be traced down to the individual genes,
such facts can seldom lead to trustworthy genetic conclusions.

On these vanous data, duly weighted, we may found our new muta




336 EVOLUTION GENETICS AND LUGENICS

tion theory ~ We know nothing, as yet, about the mechamsm of muta
tion, or about the nature of the gene—aside from the fact that nearly
all genes hitherto studied behave lile matenal particles existing wn the
chromosomes Nevertheless there 1s already evidence for a number of
empirical principles regarding the changes of the genes, some of which
may conventently be listed here 1n the form of 14 statements I shall
have opportunity merely to present these principles, without attempt
ing any adequate explanations of how they have been denved from the
data

1 The first and probably most important principle 15 that most
genes—both mutant and normal —are exceedingly stable Some
1dea of the degree of this stability may be obtained from some quantita
tive studies of mutation which Altenburg and I have made mn the frmt
fly Drosophda It may be calculated from these expenments that
a large proportion of the genes in Drosophila must have a stabihty
which—~at a mmmum value—is comparable with that of radium
atoms Radium atoms, 1t may be recalled, have a so-called “mean
Iife of about two thousand years

2 Certamn genes are however, vastly more mutable than others
For example a gene causing variegation 1n corn, studied by Emerson
and another in the four o clock, studied by Maryatt, ordinarily havea
mean life of only a few years, and that causing bar eye in Drosophila
has a mean life of only about 65 years as 1s shown by the results of
Zeleny  (In expressing these results we are here using the physicists’
wdex of stability, which seems most appropnate for the present pur
pose also )

3 External agents do not ordmanly 1ncrease the mutability sufft
cently (f at all) to cause an obvious * production of mutation

4 The changes are not exclusively of the character of Josses this
13 shown by the well established occurrence of reverse mutations m
bar-eyed and white eyed Drosophila, 1n Blakeslee s dwarf Portulaca,
Emerson s vanegated corn, and probably 11 a number of other recorded
wmstances It 1s known that mutations having an effect sumilar to that
of losses da occur, however, and they may be relatively frequent

5 The change 1n 2 given gene 1s not 1n all cases m the same diec
tion, and 1t does not even, 1n all cases, mvolve the same characters
The latter pomnt 15 illustrated by a series of mutations which I am
mvestigating 1n Drosophula, which all mvolve one gene, but which pro-
duce, as the case may be, either a shortened wing, an erupton on the
thorax, a lethal effect, or any combination of these three
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6 The direction of mutation 1n a given gene 1s, however, preferen
tl, occurrmg oftener 1n some directions thar 1o others. This 15 well
illustrated 1 the studies on vartegated corn and four-o’clocks, and on
the bar eye and white eye and other sen&s m Dmsophﬂa

7 The bility and p 1al may be
come changed through mutatmn, as ilustrated by some of the same
cases,

8 The mutations do not ordwnarily occur 1n two or more different
genes at once  In only two mnstances in Drosophila have mutations
been found i two different, separated® genes m the same hne of cells
of one indmdual. Buta case app 1y of this kind, bas
recently been described 1n oats, by Nillson Ehle

9 Not only does the mutation usually involve but ore kind of
gene—it usually involves but one gene of that kind in the cell.  Thatis
the allelomorphs mutate mndependently of one another, just as totally
different genes do  There 15 evidence for this denved from corn,
Portulaca, and Drosophila

to Mutations are not lrmted 1o their time of occurrence to any
particular penod of the life story  Thus has been proved in the above
mentioned studies on mutable plants, in Drosophula, and in other cases

11 Genes normal to the spectes tend to have more domnance than
the mutant genes ansing from them  This 15 very markedly the case
n Drosophila, where even the relatively few mutant genes that have
been called domunant are very mcompletely so, and might more pustly
be called recessive  In other orgamsms, the same condition of things
is strongly suggested, although the direct data on occurrence of muta
1ons 15 as yet too meagre to allow of certamty

12 Most mutations are deletenious mn their effects This applies
not only to the organism as a whole but also to the deve]opmeut of any
particular part the dehcate h for p
are more likely to be upset than strenglhcned S0 tha.t mutations
should more often result i apparent losses or retrogressions than mn

‘progressive * changes This 15 both an a prion expectation and a
phenomenon generally observed

13 Mutations with shght effects are probably more frequent than
those with more marked effects This must not be understood as re-
ferning to the different mutations of each given gene, but 1t apphes ma
companson of the mutations occurning 1 different genes.  Thus, there

Contiguous genes may be affected in the rare cases known as “deficencies ”
found by Brdges and Mohr
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are more than a dozen mutations, 1n different loc1, which reduce the
size of the wing 1n Drosophila so shghtly as to leave it more than hall
1ts onginal length, whereas only four reduce 1t to less than half length
Mutant genes with effects so shight as to be visible only by the aid of
speatfic co-genes seem to anse still more frequently It 15 reasonable
to conclude that the mutations with shghter effects would more often
take part 1n evolution, because they should usually be less deleterious
and this conclusion 1s born out by observations on the multiphaty
with which such factor differences with relatively slight effects are
found 1 species crosses

14 ‘The range of those mutations which are of appropriate magm
tude to be visible 1s probably very small, 1n comparison with the entire
¢ spectrum” of mutations, so that there are many more lethals than
wisible mutations, and probably more sublimnal than wisible

The above empinical and semi empincal principles must be re
garded as a mere preluminary scaffolding, for the erection of a later
more substantial, theory of mutation Time does not permit me here
to discuss which durections of research, and what methods, seem the
most promusing for future results  Suffice 1t to say that 1t 15 especially
mmportant to obtain accurate data concerming the effect of vanous
conditions upon the rate of mutation This seems one of the logcal
routes by which to work towards the artificial preduction of mutation
and consequent more perfect control of evolution At the same time
such results should also give a further msight mto the structure of the
gene  The way 1s now open, for the first time, to such studies on
mutation rate, first through the finding, by Emerson, Baur, Maryatt,
Zeleny, and Blakeslee, of a number of specially mutable factors 1o
different organists, and second, through certain special genetic meth
ods which [ have elaborated in Drosophla, for the detection of lethal
and other mutations there

It has now become recognized that advances 1n theoretical or
¢ pure” science eventually carry i their tram changes in practice of the
most far reaching nature—changes which are usually far more radical
than those caused by progress m the applied science directly concerned
1t may therefore be asked at thus pomnt by eugemsts  “‘Are there any
appieations of the knowledge which has already been gamed 2bost
mutation 1n general, to eugenics and to the pninaiples which should
govern us 1w giding human reproduction?” I think that one such
application 1s already clearly indicated

1In order to understand the nature of this application it will be nec-
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essary first to consider the propostion—emphasized by East and
Jones 1 therr book, “Inbreeding and Cross-breeding”—that the only
way for a genetically sound stock to be formed 1s by 1ts gomng through
a course of mbreeding, with ehmination, by natural or artificial selec
tion, of the undesirable individuals that appear 1n the course of this
nbreeding  The truth of this proposition depends upon the fact that
many recessive genes of undesirable character are apt to exist m a
population  Since the frequency with which these genes are able to
produce their charactenstic effects, 1€, to “come to hght,” depends on
the closeness of the mbreeding, it 1s evident that inbreeding wdl be
necessary 1 order to recognize the genes adequately, and hence to
elmmate them

Qur present theory of mutation, however, carries us further than
the propositton just considered It shows that these undesirable
genes have ansen by mutation, 1n fact, as stated m pomnt 12, the great
majortty of mutations are deleterzous, probably even to the degree of
being lethal, and 1t 1s also known, as noted m pont 11, that many—
probably the great majonty—are recessive In other words, our
mutation theory shows that probably the majority of the mutations
that are occurning are giving nise to genes of just the type specified n
the above discussion  This mmediately shows us that not only are
wbreeding and selection desirable for raising the genetic level of a
population, but they are absolutely necessary merely i order to mam
tan 1t at 1ts present standard For the same process of mutation
which was responsible for the of these undesirable genes in
the past must be producing them now, and will continue to produce
them mn the future Therefore, without selection, or without the in
breedmg that makes effective selechon possible, these lethals and other

genes will late, until the germ plasm

becornes so nddled through with defect that pure hnes cannot be ob
tained, and progress through selection of desirable recesstve traits can
never more be effected, since each of them will have become tied up
withalethal Toavoid such a complete and permanent collapse of the

I 'y process, it 1s dingly necessary for man or nature to
resort to a penodically repeated, although not continuous, senes of
mbreedings and selections 1n the case of any biparental organism

This conclusion 15 more than a mere speculation, or even a deduc
tion from our prinaiples The reality of thus process of mutatronal
detenioration has been directly proved, in the case of Drosophila,
through expenments that I have conducted on lnes mn which the
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processes that are essential for the effectiveness of inbreeding and selec
tion were prevented 1n these lines there was found an accumulation
of lethal genes so rapid that 1t would have taken but a few decades to
have brought about the presence of a lethal gene 1n practically every
chromosome of every fly Although the same general thesis un
doubtedly applres also to mankind we do not yet know the speed of the
process here  Its speed depends upon the actual frequency of muta
tions, which 1t will be very important—and extremely difficult—to de-
termune i the case of mankind ~ Meanwhile, no matter what this rate
may be, the process remamns a real one, which must eventually be
reckoned with, and either led m time, and d, or else
yielded to

T have dwelt at length upon this particular application to eugemes,
of some of the mutation studies I believe, however, that this 1s but
one example of such applications, and that from an increasing know!
edge of our theoretical science there will inevitably flow an mcreasmgly
adequate techmque for coping with our refractory human matenal
Meanwhile, the crymg need 1s for more of the theoretical knowledge—
and for the support of pure science, 1 1ts mvestigation of the processes
lying at the root of the germ plasm

TIE CAUSES OF MUTATIONS

In attempting to determine the causes of the appearance of new
hereditary characters, we must first of all learn which of the categones
of vanation we are dealing wath  If we find that a so-called mutant
has a different number or arrangement of chromosomes, we may say
that this change 1n the chromosomes 1s the cause of the somatic differ
ences seen 1n the mutant, for 1t would be strange if a relatively lasge
change m the hereditary matenal did not affect the somatic expression
of speatfic characters  As has already been suggested by Gates, the
cause of chromosomal aberrations may be environmental, as for €x
ample sudden lowening of temperature dunng critical penods of the
germ cell eycle  We have, however, 1o controlled expeniments that
prove this to be the case  Agam, there 15 a tendency to account for
non-disjunction 2nd other types of chromosomal aberration through
purely internal causes, such as weakness of attraction between homolo-
gous chromosomes resulting 1n a failure of synapsis  In general it may
be saud that, apart from bemg able to note a defimite correlation
between a changed somatic condition and a changed chromosomal
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condition, we do not know very much about the causes of chromosomal
mutations

The causes of gene mutations 1 Drosophils bave remamed, until
recently, a complete mystery ~Muller had been able very shghtly to
mcrease the rate of mutation by ramsing the temperature of fly cultures,
but he was not completely satisfied with these results In 1926, how-
ever, he startled the scientific world by the announcement that he had
been able, by exposing adult ammals to faurly heavy doses of X rays
vastly to accelerate the rate of mutations Where some gene muta
tion occurred under normal conditions 1n only about 1 In 300 gametes,
the X rays raised this ratio to I 1 2 gametes, an increase of 150 per
cent  All of the old famhar mutations that had been occurnng m
untreated cultures were induced 1o much Jarger numbers by X rays but
only a very few new mutations were produced It seems that the X-
ray acts merely as a catalyst, hastening a process that would go on
slowly without such an agent Numerous experimenters have fol
lowed Muller’s lead 1n the use of X rays as an agent for accelerating
the rate of mutations  Muller has proposed a general theory that the
ordmnary, so-called “spontaneous,” mutation of genes may be due to the
presence of minute amounts of radio active substances accumulated
m the tissues of plants and ammals This theory seems somewhat
far fetched at the present writing  We are still 1 almost complete
1gnorance as to the causes of gene mutations and probably shall con
tinue to be m 1gnorance unti]l we gam some more accurate information
as to the exact physical and chemical nature of genes and how they
act 1 producing character differences

MUTATION AND EVOLUTION
T B MoRGAN

What bearing has the appearance of these new types of Drosophila

on the theory of evolutton may be asked The objection has been
raised in fact that 1n the breeding work with Drosophtla we are dealing
with artificial and unnatural conditions It has been more than 1m
phed that the results obtained from the hreeding pen, the seed pan, the
flower pot and the mulk bottle {used as breeding container for Droso
phla] do not apply to evolution m the “open,” nature “at large” or
to “wild” types To be consstent, this same obyection should be
extended to the use of the spectroscope in the study of the evolution
From A Crstsque of the Theoryof Evolution Princeton University Press 1916



342 EVOLUTION, GENETICS, AND EUGENICS

of the stars, to the use of the test tube and the balance by the chermst,
and of the galvanometer by the physicist  All these are unnatural
mstruments used to torture Nature’s secrets from her T venture to
think that the real antithesis 1s not between unnatural and natural
treatment of Nature, but rather between controlled or venfiable data
on the one hand, and unrestrained generalization on the other

If a systematist were asked whether these new races of Drosophila
are comparable to wild species, he would not hesitate for a moment
He would call them all one species  If he were asked why, he would
say, I think, “These races differ only 1 one or two striking points, while
w a hundred other respects they are identical even to the minutest
details*  He would 2dd, that as large a group of wild fles would show
on the whole the reverse relations, w2z, they would differ m neasly
every detail and be 1dentical m only 2 few ponts In all this X en
tirely agree with the systematist, for I do not think such a group of
types differmg by one character each, 13 comparable to most wild
groups of species because the difference between wild species 1s due e
a large number of such single differences  ‘The characters that have
been accumulated 1n wild species are of significance 1o the mamtenance
of the species, or at least we are led to infer that even though the visible

character we attend to may not itself be important, one at least of lhe

other effects of the factors that rep these ch
It 1s, of course, hardly to be expected that any random clmnge 1 as
complex a mechanism as an msect would improve the mechanism, and
as a matter of fact 1t 15 doubtful whether any of the mutant types so
far discovered are better adapted to those conditions to which a fly
of this structure and habitat 1s already adjusted But thus 15 beside
the mark, for modern genetics shows very positively that adaptive
characters are inhented 1n exactly the same way as are those that are
not adaptive, and I have already pownted out that we cannot study a
single mutant factor without at the same time studying one of the
factors responsible for normal characters, for the two together con
stitute the Mendelan paw

And, finally, I want to urge upon your attention another question
Evolution of wild spectes appears to have taken place by modifyng
and improving bt by but the structures and habits that the ammal of
plant already possessed  We have seen that there are thurty mutant
factors 2t least that have an mfluence on eye color, and 1t 15 probable
that there are at least as many normal factors that are mvelved 1o the
production of the red eye of the wild fly
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Evolution from this point of view has consisted largely 1n mtroduc
1ng new factors that influence characters already present 1n the animal
or plant

Such a view gives us a somewhat different picture of the process of
evolution from the old 1dea of a ferocious struggle between mdividuals
of a species with the survival of the fittest and the anmibilation of the
less it Evolution assumes a more peaceful aspect. New and ad
vantageous characters survive by incorporating themselves mto the
race, mproving it and opening to 1t new opportumties  In other words
the emphasts may be placed less on the competition between the ind:
viduals of 2 species (because the destruction of the less fit does not
afself lead to anything that 1s new) than on the appearance of new char
acters and modifications of old characters that become incorporated
1 the species for on those depend the evolution of the race
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GUIDING FACTORS INTRODUCTION

Prehminary discussion —All of the factors hitherto discussed ap
pear to operate on a random basis obedient to the laws of pure chance
Of themselves then they mught be concerved of as producing a lugh
degree of diversity and mnumerable novelties, but that would be ali
If there 15 something of orderliness, something of direction, something
adaptive, something progressive, or even something purposive about
evolution, there should be guiding factors responsible for each and all
of them

The extent to which guiding factors are a necessary part of the
evolutionary mechamsm depends upon the extent to which there ac
tually exst i nature conditions that cannot be accounted for on a
purely random basis Guiding of directing factors mply goals ob
Jectives, definite trends improvements of one sort or another  What
1s there about nature that seems to require a gwiding hand?

Adaptations —One of the marvels of Iife 1s that the orgamsm and
the environment seem so well adapted to each other, that the particular
organs of an individual seem so well designed to perform their many
and vaned functions that the various species are so nicely adjusted to
one another 1n any given natural commumty that each seems to be a
strand 1n an mtricate and delicately adjusted “web of hfe ” One of
the most unportant goals or objectives of evolution, then, must be
adaptation We are using these terms “goals” and  dbjectives” with
out 1mplying any teleological considerations, though why there may
not be purpose 1n pature I do not know At least 1t 1s better for the
scientist to shy away from any tamt of teleology  So let us assume
that adaptation 1s one of the mam objectives of evolution using the
term “objective ” only to 1umply that evolutionary processes somehow,
by devious paths, seem to arnve at varidus degrees of fitness ‘The
mechanism bringing about this fitness may be blind and may vision no
goal but 1t gets there just the same

Since adaptatien 15 so mtimately associated with evolution—mn
fact, one of 1ts principal attributes—1t will be necessary to take a short
evcurston Into natural history 1n order that we may come to realize at
least some of the facts of adaptation that confront the evolutiomst

343
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and that challenge explanation  The following chapter on “Adapta
tion 1n Nature” 15 frankly an mterpolation but an essential one, unless
the student be already well informed 1n this field Also the chapter on
¢ The Web of Lafe” 15 necessary 1f we are to avoid thinking of species as
wsolated entites  The evolution of a species always takes place 1n a
natural setting, part of which consists of the hieless environment and
part of which consists of its anumal and plant neighbors

Orthogenetic trends ~—Vartaus hinds of defimtely directed evolu
tionary trends have been described  Sometimes these trends concern
themselves with such relatively trivial characters as the intricate mark
ings on the shells of mollusks and brachiopods sometimes they have
to do with the homns of elks or of titanotheres, and sometimes they
concern the toes and teeth of the horse famly  Ore stnking feature
of these so-called “orthogenetic” senes 1s that the trends have not al
ways culminated in a condition of maximum efficiency but have some
times gone beyond this point and have become positively detrimental
n some cases even contributing to the extinction of the species possess
mg them  If there 15 some guidmg factor other than natural selection
that tends to push evelutionary changes forward 1n defimte paths such
a force might be responsible for adaptive trends as well as the non
adaptive ones In general however, 1t may be said 1n advance of the
more detailed discussion of this question 1n a later chapter that most
geneticists are either skeptical of the existence of any very defimte
orthogenes:s, or else consider 1t explamable through natural selection

Progressive evolution —It 1s generally assumed that “evolution”
and “progress are synonymous terms It 1s clamed that forms of
Iife now living ate on the whole more advanced  than those that have
Lived m earher times and that there has been a steady advance through
out the ages But what do we mean by progress i evolution or by
more or Jess advanced forms?  Progress and advance imply both direc
tion and a goal or goals What are the goals toward which evolution
1S progressing?

Some clum that the final goal of Ife 1s perfect adaptation of all
hving things to the environment and to one another  But s there any
ewvidence that hfe today 1s any better adapted than was hife in Cambrian
times? Is there any ground for assuming that manisany better adapted
to the environment than is the Amoeba? Man 1s adapted to a much
more complex environment than 1s the Amoebe, but 1s e any better
adapted to the human environment than 1s Amoebe to the amoeban
environment? I seeno reason for assuming that thereis any difference



346 EVOLUTION GINETICS AND EUGENICS

1 the degree of perfection of adaptation 1n these tno widely different
species each highly successful in 1ts own milieu and each cosmopolitan
n distibution  In view of such considerations as these, 1t 15 not easy
to mamtamn that evolution 1s a process of becomuing better and better
adapted

Specraliration —Vanious other critenia of progress have been sug
gested  One of these 1s specaalt ation  Are the most highly speaial
1zed orgamsms more advanced than the less specialized? Are the
more specialized ones closer to the ultimate ideal goal of evolution than
the more generalized? Now, many of the most intensely specialized
types of orgamsms are the parasites that have n many cases, under
gone degeneration of sense organs locomotor structures, and even
digestive systems but have developed speciahized structures makmgat
possible for them to hive and thrive in some particular system of some
species of host ammal  Here 1s specialization carned to extremes, but
15 1t progress? I believe 1t1s and for the folloming reasons

A pnimary objective of Living orgamsms 1s that of exploiting to the
fullest possible extent the energy resources of the world Ultmate
success will be attamned only when no further energy resources remamn
to be exploited  Now the sources of ¢nergy are many and vaned, and
each different energy source requires a different type of energy-exploit
mg eqt Progress m specialization would therefore involve the
evolution of as many highly specialized types of orgamsms as there are
highly speciabized energy sources  Thus there 1s a very real value for
hfe as a whole 1n the production of numerous highly specialized forms
even though some be from the hol 1 viewpomnt, deg te
and degraded parasites

Ancther type of specialization that has had a long and steady pro-
gressive evolution 15 the speciahization of parts of the single organism
for the performance of vaned bodily functions Thus type of specialt
zation1s commonly called  division of Iabor *  In the course of anmal
evolution this specialization of parts begins at the Jowest Jevel mn the
Protozoa, where portions of the protoplasm are spectalized to form
organelles of vanious hinds each Lind performing 1ts own special func
tion  Among the lower Metazoa such as Coelenterata and Platyhel
rmunthes, we have a new level of 1om, built up of agg!
of units, each equivalent, 1 a sense, to a whole protozoan mdividual
In these multicellular individuals division of labor 1s accomplished by
specializing the cell units for different functions, with a corresponding
ncrease m general efficiency of the individual
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Among segmental orgamsms we have another advance 1 bodily
spectalization  Here chains of mndviduals, each, 1n a sense, morpho-
logically equivalent to 2 single individual of the flatworm type, be
come welded together mto more complex segmented orgamsms  With
this new level of complexity of organization comes the possibility of
specalizing different segments, each of them equvalent to a whole
mndividual of the lower grade, for particular functions Some per
form chiefly nervous and sensory functions, others reproductive
functions, and still others respiratory or digestive functions Each
segment 1n certan parts of the body becomes a specialist 1 some
one function which 1t performs more efficiently when rehieved of some
of the other fi Of course, lization would be of no value
unless mtegration and interdependence of part upon part hept pace
with 1t Hence, one of the results of the trends just descnibed 15 the
closer mtegration of parts and the greater definiteness of individuality

Even among segmental organisms, as for example the ants and
bees, diviston of labor takes place among segmental individuals and
2 new and higher level of 1on—soctal
Here 1 these nsect societies, individuals are speciahized m several
ways some become functional males and females, others (immature
females) become specialized as workers or protective umits known as
“soldiers ” Thus, a society 15, In a sense, a faurly defimtely mntegrated
mndividual of a higher level, involving a high degree of nterdependence
of the various kinds of specialists upon one another  The mtegrating
factor seems to be associated with the famuly relationship of all mem
bers of a given coleny  All members of a given colony are offspring
of the same mother and father They are extremely clanmsh and
resent vigorously any intrusion by outsiders

It therefore appears that one of the prmcipal progressive trends of
evolution 1s one 1n which units of lower orders are aggregated into
complex units of higher orders Each aggregate 15 a new type of m
dividual, with new properties not entirely the result of a summation
of the properties of the ngredient umts This idea has sometimes
been spoken of as emergent evolution according to which, with each
higher level of units, new properties of the whole emerge which are
more than the sum of properties of the parts This might also be
thought of as a kind of creatton, for something new comes into being as
though out of notbing

While the 15,10 a sense, a d , 1t seems
well to call attentton somewhere 11 2 book on evolution to these facts
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and theortes  The facts are there for us to explain, and the theories
are attracting so much attention at present that they should not be
ignored

Increase 1 517¢ 15 one of the commonest trends of evolution, but
1s stze tnerease progress?  Many great groups of organisms have from
age to age steadily mcreased 1n size of individuals  Many fossil pedi
grees show clearly that size increase 15 one of the steacest of progres-
sive trends  But size 1f carnied to extremes 1s disadvantageous, wit-
ness the complete extinction of the ancient dinosaurs and the rapidly
progressing extmction of the whales and ¢lephants today

Tncrease i antelligence 1s claimed to be one of the signs of progress n
evolution In vertebrates, especially, there 1s a p e senes of
forms showing greater and greater mtelligence, ranging from fishes to
man  Accompanymg and underlymg this mcrease m intelligence,
there has gone on 1n vertebrates a steady mcrease in the size, specializa
tion, and compactness of the bran and 1its associated sense organs
Ths steady trend 1s commonly spoken of by students of vertebrates as
cephalization Ts the final goal of evolution then the production of
more and more intefligent orgamsms? If that were true, why should
so much evolution be going on that seems to be moving 1n the opposite
durection, resulting tn the decephalization of many seden‘ary organisms
and parasites?

You see 1t 15 difficult to discover any general or umversal goal of
evolution  We do not even agree as to the direction of evolution, so
we cannot be sure what 1s progress and what 1s regress  Under these
arcumstances 1t may seem, at first thoughbt, rather futile to discuss
gwding factorsatall  Most of us, however, retamn the firm conviction
that evolutionary change has m 1t something of directron, something of
fitness, and something of progress, though we may not always be able
to demonstrate direction or fitness or progress 1n particular cases

Evolutionsts, however, have always assumed that evolution 15
progressive, that adaptation 1s 2 reality, and that there have been
definite evolutionary trends Believing in these phenomena, they
have tried to explain them  The two classic attempts to explain pro-
gressive evolution are Darwin’s theory of natural selection and La
marck’s theory of the mbentance of acquired characters These
tbeclns are to be ecntically discussed 1n chapters xxx and xxx1 respec
tvely




CHAPTER XXVIII
ADAPTATION IN NATURE
THE NATURE OF ADAPTATIONS

“The adaptation of every species of anmal and plant to 1ts
environment,” says Jordan and Kellogg, “1s a matter of everyday
observation  So perfect 1s this adapmuan mn 1ts details that its mamn
facts tend to escape our notice The animal is fitted to the air it
breathes, the water 1t drinks, the food 1t finds, the chmate 1t endures
the region which 1t inhabits ~ All 1ts organs are fitted to 1ts functions
all its functions to 1ts environment ~ Organs and functions are alike
spoken of n a half figurative way as concessions to environment  And
all structures and powers are 1 this sense councessions, 1n another
sense, adaptations  As the loaf 1s fitted to the pan, or the niver to its
bed, 50 13 each species fitted to 1ts surroundings  If 1t were not so
fitted, 1t would not live  But such fitness on the vital side leaves large
room for variety 1n characters not essential to the life of the animal *

The authors quoted above appreciate what 1s perbaps the most

fi fact about adap that the ad are to a large
extent molded by the environment and therefore fit the environment
So long as the environment rewams umform, a gwven species will
remam unchanged, except for mmnor fluctuations and occasional
mutations, but if the envlmnment changes, sometimes éven shghtly,
the deve) of the mdivid ds 1 such a way as to give a
radically cifferent end product ~ So we may conclude that a large part
of the fitness of the orgamsm to the environment 1s due to the fact that
the development of each mndividual 1s molded by the environtment so as
tofitit  Thus some at least of the apparent mystery of adaptations1s
dispelled

When we think of the fitness of the orgamsm to the environment
we take an entirely one-sided view of the matter, for if the orgamsm
fits the environment, no less certainly must the environment fit the
orgamism  Thus idea of the “fitness of the environment™ has been

TFrom D S Jordanand ¥ L. Rallogg Dnolutvan and dwimal Lifs
349
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ndmirably discussed by Professor Lawrence J Henderson 1nt a stimu
lating volume *

Henderson points out that the environment, no less than organ
wtms, has had an evolation. The particular environmental complex
as 1t exists today 1s absolutely umque  There 1s hardly an element of
the effective environment that could be changed without causing the
extinction of Life or at least a transformation of 1t so profotnd that 1t
mught not be fe at all as we know hfe  Water, for example, has a
dozen unique properties that condition hfe  Carbon dioxide could not
be replaced by any other substance The properties of the ocean are
s0 beautifully adjusted to hfe that we marvel at the exactness of its
fitness Finally, the chemical properties of carbon, hydrogen, and
oxygen, the most abundant elements, are equally umque and unre
placeable In brief given the environment as 1t 1s, Lfe could not be
other thanitiss  The evolution of the environment and the evolution
of orgamisms have gone hand 1n hand, or perhaps we rught better say
hand 1n glove, for this better expresses the 1dea of mutual fitness

Within the realm of the general environment as conceived by
Henderson there are almost ble spectal due to
particular combinations of the various en nronmental umts  Withim
the aquatic environment, for exaraple, there are vanations such as
differences 1 salinity, varying from extreme saltiness to almost total
[ack of salt, there are mshore conditions and open sea conditions, there
are surface conditions and those at relatively great depths, and
there are great differences due to temperature  Stmularly on land,
there are surface conditions, subterranean conditions, arctic, tropical
conditions, caves, deserts, forests, plains, mountans, and many others
No two areas on Jand are precisely simular m all respects Al of this
makes for a corresponding multiphcity of ammal and plant forms  In
the case of plants the action of the environment 1s remarkably durect,
for the plant cannot get away from a fixed environment If the
environment undergoes matenal change, the plant’s only response 152
structural one  For example, if plants that are accustomed to a rela
tively humid climate are grown m the desert they develop numerous
xerophytic adaptations such as small leaves with greatly dinmmshed

P surface, 2 thick epid , hairs, or spines, small stature,
deep-root system, and other stmilar protections against the mnmcal
desert conditions  Symularly, plants aceustomed to grow in relatively

*L.J Henderson The Fuiness of the Environment 1913
e ——
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dry soil, if grown 1n soil that 13 covered over with water, will produce
aquatic leaves and roots and undergo appropriate changes m epidermis
and loss of supporting tissues, for plants that are buoyed up by water
need httle support

Ammals, on the other hand, are for the most part not so mtimately
related to a local environment as are plants  They are charactensti-
cally mobile creatures with varying capacities for wandenng about and
selecting the habitat that best suits them

‘ By wvirtue of beng unlike or possessing different properties,”
says Shelford,* “ the various animal species require different conditions
for the best adjustment of their internal processes  For example, the
carp hves 1 shallow and muddy ponds and nvers, while the brook
trout lives only 1n clear swift streams  These two orgamsms are able
to move about and find places to which they are smted The differ
ences between them are clearly indicated by the differences mn the
habitats which they prefer

‘ By observation and by expenmentation 1t has been shown that
ammals select therr hahitats By this we do not mean that the
animal reasons, but that selectton results from regulating behavior
The amimal usually tries a number of situations as the result of random
movements, and stays n the set of conditions n which 1ts physiological
processes are least interfered with  Thus process is called selection by
tnaland error  If anumals are placed in situations where a number of
conditions are equally available, they will aimost always be found v
ing 1n or staymg most of the tme 1n one of the places The only
reason to be assigned for this unequal or local distibution of the am
mals 1s that they are not 1 physiological equilibrium 1o all the places
However, some ammals move a2bout so much that it 15 with some
difficulty that we deterrune what their true habitats are

This 1dea of habutat preference and habitat selection 1s extremely
important for a correct understanding of adaptation or the fitness of
orgamisms to environments  Much of the observed fitness may be due
to the fact that an orgamsm has chosen out of a wide range of environ
ments the one that best smtsit  We cannotn such a case say that the
environment has had a direct influence i shaping the organism any
more than we could say that, when a man tries on vanous shoes and
finds a pair to fit he has been responsible for the fitness of the shoes

Many speaal adaptations may be explamned through habitat
choice. Thus ammals such as the duckbill platypus, the lung fishes,

1V E. Shelford, Ansmat Communitics n Temperate America (1913)
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and others whose teeth are replaced by bony or chitmous plates that
are used for crushung the hard shells of molluscs and crustaceans, may
not confidently be sad to have developed these crushing applances
and to have abandoned the use of teeth i adaptation to a habit of
feeding upon hard shelled prey, but rather 1t seems more likely that the
loss of teeth and the development of crushers occurred through a
degenerative process incident to ractal senescence and that the pos
session of the crushng equipment enabled them to avail themselves of
a new type of food formerly unavailable to them

The organic —In g ble chapter entitled

The Web of Life, ” which we shall quote entire Professor Thomson

has given us a vivid picture of vast systems of interdependencies that
exst throughout the organic world  No spectes, no creature, lives to
iself alone 1t1s intimately tied up with a host of other creatures with
wterwoven destimes  Thus one species of ammal 15 adapted to Live
upon certam plants or other amimals which in turn may be dependent
upon still other amimals or plants  The ekmination of one species may
cause the elimmation or the radical change of a dependent species
We cannot afford ever to forget this great truth of the oneness of
nature It 1s the keynote of Iife and of evolution

Adap due partly to f 1 activity —It 1s a commonplace
which needs no specal demonstration to say that organs improve
through use and deteriorate through disuse Many organs then,
which m the adult condition appear to us to be so admurably
adapted to perform certain duties, must be thought of as having been
gradually molded by functioning during the entire pertod of mndividual
development  If the motor nerve running to a hmb bud of a growng
embryo be severed at an early stage and no secondary nerve connection
be established, the lunb will continue to grow up to a certamn pomt, but
m 1ts paralyzed condition will be mcapable of exercising 1ts functions
and will cease to develop A certam amount of development will
therefore be seen to be independent of functionmg but full develop
ment of functional efficiency 1s obtamed only through functioning

“The relation between structure and function m an organism
says Professor Child,” ‘ 1s stmlar 1n character to the relation between
the niver as an energetic process and 1ts banks and channel  From the
moment that the nver began to produce structural configurations
1n its environment, the products of 1ts activity accumulated m certam

*C. M Child “Regulatory Processes in Orgamsms Jour Morph Vol
XXM (sg11)
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places and modified 1ts flow 1t moulds 1ts banhs and bottom
forming here a bar, there ap island, here a bay, there a point of land
but stull flowmgon though ts course 1tsspeed, 1¢s depth the chiaracter
of the substances which its carries m suspension or 1 solution, all are
altered, built up by 1ts own past actvity ”  According to this view,
structure 15 simply the resultant of the mteraction of function and en
wvironment or of functional activity  Though perhaps a little extreme
for most of us, this view 15 we believe essentially correct. We are
Prone to overemphasize structure m our discussions of adaptation
and evolution and to lay too little stress upon the energy side of
development  Certaimnly no structure 13 ever formed without proto-
plasmue activity of a very defimite sort and 1n this sense adaptations
are to be thought of as the results of functioning  Why, then, do we
claim to be astonished at the effective way m which certam organs
accomplish therr functions, when functioning has taught them their
task?
TWO CATEGORIES OF ADARTATIONS

There are, according to E G Conklin two categones of adapta
tions  (g) racal or wrherited adaptations and (b) individual, acquired
or contingent adaptations Al of the direct molding effects of environ
ment or of developmental functiomng together with adaptative rela

for they concern themselves with mdviduals, not with races ke
adaptive condition 15 stmply made over afresh i each generation and
the only thing that seems to extend beyond the immediate mndividual
or generation 15 a general plasticity or responsiveness of the speafic
protoplasm which epables 1t to adjust wtself to special bife conditions
There 1s nothung mystenous or baffing about this situation, for 1t
volves merely a rep of certatn P P by each
individual It 1s a problem of mdividual development, not of racial
development or evolution

Inhented Adaptations —There 15, honever, a large category of
adaptations which appear in the orgamism as though 1 anticipation
of the role they are to play some tune 1n the future and not 1n responce
toany present need In this category are the eyes, the lungs, the vocal
organs, the taste buds, and many other organs of the human fetus
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Thus the eyes of the new born infant are essentially finished mech
amsms before they ever function as organs of vision They cannot
therefore have been molded for their visual functien by functioning
m a visual manner  Of course they must have been functioning m
some way, as all living protoplasm must function, but they cannot
have functioned 1n a way that would 1n 1tself account for the fact that
the eye 1s a very ntricate optic mechamism  Simularly, the human
infant has good lungs and good vocal cords before 1t ever takes the
first breath of air or gives the first cry  Such adaptive structures as
these are said to be racral or wnhented adaptations  Any theory of
evolution worthy of the name must account for the origmn and per
petuation of such wborn adaptations It was partly to explamn the
ongm and perfection of adaptations such as these that T amarck pro
posed his theory of the snkeritance of acquired characters and Charles
Darwin devised s theory of natural selection It 1s still unsettled as
to which of these theories 1s the mare adequate, but the consensus of
expert optuon favors Darwin s explanation

It would be impassible to give any comp account of amt
mal or of plant adaptations mn the brief space of such a chapter as this
Let 1t suffice to classify adaptations and to describe a few representa
tive adaptations confining our attention to those which are obvious
ly racial or inherited 1n character

ADAPTATIONS CLASSITIED

Adaptations are variously glassified by different authors, and that
of Jordan and hellogg 1s as good as any “(e) food securing (b} self
defense, (c) defense of young (d) nvalry (c) adjustment to sur
roundings

Some very common adaptations may belong to several of these
categories at once  Thus the sharp teeth and hooked claws of car~
nivorous mammals serve equally well for food securing, for self
defense, for defense of young, and for rivalry  Simularly, the horns
of deer and other ungulates are equally adapted for self defense,
defense of young and nvalry

There can be no especial advantage, 1n this connection, 1 present
mg a detailed review of adaptations of the sorts grven i the foregong
classification, therefore we shall confine our efforts to a description of
a few typical adaptations about which the greatest controversy
has raged
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SOME SPECIAL ADAPTATIONS

The electric organ of the torpedo, a widely distributed elasmo-
aranch fish, consists of a sort of honeycomb like structure on each side
of the head  Thus structure acts as a storage battery and 1s capable
of stonng up electniaty of considerable voltage The animal 1
capable of giving a very distinct shock to an attacker and can thus
defend itself quite effectively  There 18 also an electic eel, native to
the waters of Paraguay and Brazil, that 1s able to give severe shochs to
bathers or to horses dnven through the streams A type of catfish
natve to the nver Nile has a similar electnc equipment  In all of
these cases the storage battery 1s made up of modified voluntary
muscles and 15 of considerable size

The mammary glands of mammals are shin glands usually with
well-defined ducts leading to the surface and terminating in teats
These glands are quite vol and serve admurably the purpose of
feeding new born young until the latter are able to use the more vaned
food normal to the adult, In the lowest mammals the monotremes
or egg laying mammals, these glands are relatively poorly developed
and diffuse, also they are known to be developed through 2 regional
speaalization of sweat glands. In the true mammals or Euthena the
glands are modified sebaceous or o1l glands and may be seen to develop
from the same embryonic rudiments as the latter

The marsupial pouch of the kangarco and its allies 15 a pocket
like fold of the mtegument, folded forward or backward over the region
of the abdomen 1 which are located the mammary glands This
pouch 15 used as a shelter for the tiny 1mmature larval foetuses
Hartmann has recently described a very striking prece of behavior 1
cotinection with the birth of young opossums The young are born
n an exceedingly 1mmature state and looksng like tiny pnk grubs
They crawl under ther own power, by means of a swimming like
mation, through the haurs of the mother’s abdomen, tl they reach the
pouch This they enter unaided and each tuny larva finds for itself
a slender tubular teat, which 1t swallows and holds m place by 2
specally adapted hold fast mouth The young remams attached
fixedly to this teat for some weeks, feedmg almost constantly on nulk
After a long interval the teat 1s released, the mouth metamorphoses
1010 the adult form and the young feeds only at mtervals as do the
young of other mammals This complex of adaptive structures and
wstinets 1s among the most remarkable in the annals of biology
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The fetal b of hagher Is constitute one of the
most efficient adaptive complexes known  Surrounding the embryo 15
a fluid filled sack (mmion) which furmshes an aquatic environment for
the soft and delicate body, preventing harmful contacts and allowng
ample free space for expansion  The placenta 152 co-operatrve struc
ture, developed out of both fetal and maternal matenals, that furnishes
an excellent medium for nutntive and other metabolhic exchanges be-
tweenmother and fetus  Although there 1sno darect vascular connection
between them, the mother gives of her nutntive materials to the fetus
and takes up from the fetus and elimmnates its wastes Asanadapta
tion for carrying out an intricate set of physiologtcal exchanges between
two otherwise entirely separate mdividuals the placenta 15 unexcelled

Nest-making mstincts i birds represent, on the behavior side
adaptations of extraordsnary perfection  Some nests are bmlt with
the greatest care and precision, others represent a relatively crude and
slovenly performance  Some nests are made of twigs, fibres, and mud,
others of mud alone, still others are hollowed out 1n clay or sand banks,
and some are made 1n holes 1n the ground  In any case, the type of
nest 13 highly specific and due to a hereditary mstinet, for birds
receive no mnstruction m nest making

Before bringing to a close this bnef list of particularly noteworthy
adaptations let us recall to mind the seres of special adaptations listed
as examples of the laws of adaptation, such as aquatic, arboreal, cur
soral, flying, burrowmg, ant eating, and, especally, adaptations of
deep-sea amimals

PARASITISM AND DEGENERATION

A vast number of anunals and plants have given up the active
search for food and have taken up the relatively easy habits of para
susm  In adaptation to this hfe certamn structurcs have developed
and many of the ch found 1 1nd fi g crea
tures have disappeared or become reduced to mere vestiges Thus
the more completely dependent or parasitic an ammal becomes, the
more completely does 1t lose 1ts organs of locomotion and its sense
organs such as eyes, auditory organs, tentacles, etc. Some ammals
are free hving when young or m the larval condition and only settle
down to 2 parasitic Iife when near the end of the hfe-cycle, other
ammals are parasitic only when young or larval and become mde-
pendent m the adult condition, still others are parasitic throughout
the entire hfe-cycle and pass from host to host without any mterval
of independent hfe  Some of these complete parasites pass one phase
of the Iifecycle on one species of host and the remamder on znother
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species of host.  Thus the hver fluke in the adult condition hves 1 the
gall bladder of the sheep, while the early lanvze hve withm the body
cavities of a species of land snail  The transfer from host to host n
this case must be a procedure 1nyvalving many chances of faiure to a
very few chances of success, and, 1n adaptation to these viassitudes
the number of eggs and larvae produced by a single adult individual
runs up mto the millions

The classic case of extreme parasitic degeneration 1s that of
Sacculina The young larva of Saeculing 15 a typical entomostracan
crustacean larva which swims about and leads a free Ife for a time
but soon attaches itself by means of 1ts antennac to a hair pit of 2 crab
 small hole 1n the latter’s armor  The internal tissues of the larva
then undergo degenerative processes and are reduced to an almost
Bwd mass of embryonic cells, which flow through the hair pore of the
crab, and 1nto the latter’s lymph spaces  The small mass of cells then
rounds up and 15 carnied about with the airculation of the crab s blood
until it comes to a favorable place of lodgment, usually the wall of the
intestine just back of the stomach. Here 1t flattens out and sends
roothke branches almost all over the erabs body, ke a malignant
tumor 1n 1ts invasion of foreign tissues  The unbranched part of the
parasite 1s little more than a sac of reproductive organs, and these
produce eggs and sperms, which unite to produce larvae By this
time the host 1skilledand with the decay of 1ts body, the larvae escape
nto the sea water ready for a bref penod of free hfe before attacking
another host

Almost every group of ammals and most of the groups of plants
have therr parasitic representatives and every degree of parasiism
and the accompanymg degenerative changes are to be found. Of
course, 1t 13 an open questron whether parasitism causes degeneration
or whether degenerating creatures take refuge 1n parasitsm  but m
etther case the adaptive features of the situation are obvious

Commensalism —If parasitista be defined as an association
between two organisms m which one (the parasite) Lives at the expense
of and to the detriment of the other (the host) commensalism may be
defined as an association 1n which the two orgamisms exst mn close
assocation without any positive detriment to erther  In some cases
the claym 15 made that the association 1s mutually beneficial but asa
rule the relation 1s relatively one-sided.

An example of lism 15 that of the sea cucum
ber and the little fish Fierasfer This strange httle amimal inhabits
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the rectum of the sea cucumber and may be seen to lie with only 1ts
headout Yrom thus shelter it darts forth to capturets prey, which
done,1t returns toats shelter
Curiously enough the vent
of the httle fish 15 situated
just back of its mouth so
that 1ts wastes may be
voided when 1n its usual
posiion  There can be no
advantage to the sea cu
cumber m such an arrange
ment, though no particular
harmisdone  Anothercase o
of thus sort 1s that of several - e i ’«;"g
species of Remora which e me 4
attach themselves by a large Al
diskoid adaptation on top of P16 78 —Tuerasfer acus penetrating the
thehead to various fish such apal openings of holothurians § natural size
(From Boudenger after Fimury)

as sharks, barracudas, etc
The sucking disk 15 a modified dorsal fin  The remora merely gams
free transportation to more favorable feeding grounds When the
desired food 15 sighted the passenger leaves its conveyance tempo-
ranly, but returns by a sudden swift dash and resumes 1its hold
The shark gets nothing except perhaps the sense of companionship,
and 1s also undoubtedly somewhat hindered 1n 1ts locomotion

Some of the most kable cases of lism are found 1
connection with elaborate colontes of ants  In some cases two species
of ants live together In the relationship of masters and slaves The
master species 1s unable to perform any of the ordinary duties of the
colony, such as securing food, takmg care of young, etc  In extreme
cases the masters are only soldiers, specialized for fighting and maraud-
mng, and cannot even feed themselves unaided The slave species
would be able to carry on to some extent if not captured, but thrives
exceptionally well under the protection of the soldier species  There
are among ants many varjeties of commensal relationship less extreme
than this, but this will serve as a typical case

Communal life —Among the higher insects and higher vertebrates,
especially among the ants and bees, we find a very elaborate social life
In ants, for example, the typical colony consists of 2 queen (the only
fertile female m the colony), several males (mates of the queen),
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vrdinary workers (stertle females of the first type), soldi=rs (sterile
females of the second type), and sometimes officers (especially large
and powerful stenle females that seem to direct the hne of march m
legionary ants)  All of these casts are produced from the eggs of one
fernale and are the result of vanous special diets permtted the larvae
by the workers  Among bees, sumlarly, there 15 one queen, a number
of drones (males), and the stenle female workers, who perform the
funetions of nursing the larvae, cleaning up the hive, collecting pollen
and nectar, and making honey and wax Detailed accounts of the
hives of bees have been given by various authors, notably by Maeter-
hinck 1 Ins Lafe of the Bee
*  ADAPTATIONS OF DEEP SLA ANDMALS AND OF
CAVE ANIMALS

One of the weirdest environments the world affords 1s the bottom
of the sea at great depths There 1t 15 dark and cold and almost devoid
of oxygen, while the pressure 1s almost unbelievably high Vet 1n these
vast and forbidding abysses there dwell m apparent comfort represen-
tatives of most of the ammal phyla Fishes of many sorts, crabs
mollusks, worms, and many other forms thrnive and multiply m this
seemingly cheerless environment We do not at all understand the
nature of the adaptive rechamism that enables these amumals to with
stand with their frail bodies the steel crushing pressures that prevail
at all such depths  We do know, however, how some of the deficten
cies of the environment are made good by these denizens of the deep
Thus many abysmal forms produce their own Dight by means of
phosphorescent organs placed at advantageous poits of ther bodies
Not only fishes of the depths, but some mollusks possess forms of
artsficial ghting equipment  One species of cephalopod (related to
the octopus) 15 described by Wiesmann as bordered with twenty large
phosphorescent lanterns that present the aspect of 2 display of vare-
gated gems, colored ultramarme, ruby red, sky blue, and silvery white

Equally highly adapted to hfe in a world of darkness, the monotony
of which 15 broken only by the occasional spots of light emanating
from the various lving lanterns just referred to, are the strange eyes
of some of the abysmal fishes ~Sometimes these eyes are enormously
large, and thus adapted to bring to the perception of the animal the
weak hight of the depths, or agamn they may be modified still further
m a strkngly pecuhar m:mner, each being drawn out mto a cylinder

€4y Land 110 n salacrnna @ L
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and making the environment wisible  Could man view the sea bottom
through some of these mstruments, he would doubtless add something
viry novel and werrd to Ius scemc repertoire

Other creatures of the darkness live strange lives in caves such as
she Mammoth Cave of Kentucky Most cave dwellers are blind or
nearly so and usually have a pale and ghostlike appearance because of
their lack of pigment  All grades of defective eyes are found, ranging
from those that are merely somewhat smaller than normal to those
that remain deeply imbedded i the head 10 a relatively undifferen
tiated state It goes without sayng that such ammals are better
adapted to hife in caves than they would be odtside One pressing
problem of biology 15 How did the cave ammals become blind? Drd
they wander into the caves as normal ammals and become blind be-
cause their eyes were disused, or did they become blind outside through
no fault of thewr own, as the result of a mutation, and by chance find
safety m an underground stream or a cave? The first explanation 15
Lamarckian, the second Darwinan

COLOR AND PATTERN IN ANTAIALS
¢ The phenomena of color i both ammals and plants,” says
Metcalf} ‘ are among the most remarkable and interesting m the
whole realm of nature It 1s not so much the way m which the calor
1s produced whether by pigments or by refraction that mterests us
i this connection as it 15 the uses to which colors are put  Let us
first refer to the colors of animals
“According to the uses to which colors 1n ammals are put, we
may classify them, for purposes of deseniption, as follows
“Induerent coloration, not useful, so far as we can judge,
Colors of direct phystological value,
Protective coloration and resemblances,
Aggressive coloration and resemblances,
Alluring coloration and resemblances,
Warmng coloration,
Immunity coloration
Mimetic coloration and resemblances,
A Protective
B Aggressive
Signals and recognition marks,
Confusing eoloration,
Sexual coloration ”
M M Metealf, Organse Evolution (2o11)
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Much has been wntten about these various categones of animal
coloration nearly all of which assumes some special adaptive value for
each type of color or pattern

The above classification 15 typrcal of the older views as to ammal
coloration 1 that 1t recogmzes no colors as merely madental by
products of metabolism, but assumes that all colors are valuzble as
adaptations  Modern cnitics are mclined to consider that at least
many colors are to be explamed as the result of the fact that certamn
chemical matenals are formed 1n the elaboration of tissues and m the
physiological processes that must go on n these tissues, which, because
of therr light absorptave properties, appear to our eyes as colored
The color may chance to enhance the protective resemblance of the
ammal or 1t may make it more conspicuous than it should be 1 exther
case 1t may have an inadental value  But colors may come and colors
may go wrespective of adaptive value, for many volors are so placed
m the orgamusm that they can never be visible and color 15 only m
theseemng  While we have no mtention of denying the adaptive value
of ammal colors, 1t seems wise to get away from the extreme anthro-
pomorphic interpretation of these colors, for some of the categories of
coloration listed mn the previous paragraph are largely, if not wholly
anthropomorphic It has been the habit of students of coloration to
assume that insects, burds, lizards 2nd other amimals see colors and
patterns as man sees them that what 1s attractive to man must also
beattractive to the lower apimals that what 15 confusing to man would
o - — v B

takes no notice of colors at least when they are at rest, but will jump
at any moving object of about the nght size

Modern students are mclned to think that many of the mimor
categortes of amumal coloration listed above are at best, of very ques
tionable sgmificance and that practically all categones simmer down
to one obliterative coloration or camouflage

“All naturalists; says G H Thayer® perteve the wonderful
perfection of the twig mimicry by an inchworm or of bark by a moth
or of a dead leaf by the Kalima butterfly It 1s now apparent that
almost equally marvelous concealment-devices m one shape or
another are general throughout the anumal lingdom  the moss gorgeotes

G . Thayer Concealing Coloration tn the Amsmal Ksngdom The Macmillan
Company 1018



362 EVOLUTION GENLTICS AND LUGENILS

costumes bewng, 1 therr own wey, climaxes of obliterative coloratson
scarcely surpassed even by moths or by inchworms

“Ths discovery that patterns and utmost contrasts of color (not
to speak of appendages) on ammals make wholly for thewr ‘obliteration,’
15 a fatal blow to the vanous theones that these patterns exst manly
as nuptial dress, warning colors, mumicry devices (1 ¢, rmumery of one
spectes by another), etc, smce these are all attempts to explam an
entirely false conception that such patterns make their wearers con
sprouous  So 1mmeasurably great, m the case of most animals, must
be the value of nconspicuousness that such devices as achieve ths to
the utmost imaginable degree, upon almost every hiving creature, de
mand no further reason for bemng (although doubtless serving count
Jess punor purposes) Apparently, not one ‘mimicry’ mark, nor
one ‘warning color’ or ‘banner mark’ nor one of Gadow’s hght and
shadow begotten marks, nor any ‘sexually selected color, exists any-
where 1 the world where there 15 not every reason to oeheve it 15 the
very best concevable device for the concealment of its wearer, either
throughout the main part of this wearer s life, or under certam pecu
harly important circumstances The so-called ‘nuptial’ cos
tumes of amimals are demonstrably an increase of such potency of
obliterative coloration as belongs to all gorgeously varied costumes,
and thss at the very persod when concealment 15 most needed ”

Thayer believes ‘that the colors, patterns, and appendages of
ammals are the most perfect imagmable effacers under the very ar
cumstances wheremn such eflacement would most serve the wearer
Many ammals when observed 1n 2 museum show case or 1n a menag
ene, zppear to us to be most conspicuous but the elements that lend
conspicuousness 1 the artificial environment may be the very ones
that tend to efface the wearer when mn luis native haunts The most
brlliant birds, such 2s mandann ducks, birds of paradise, flamingoes
peacocks, parrots, etc, are shown to be almost mwisible m thewr
natural surroundings

The schemes for producmg cbliterative protection are much the
same as those made use of duning the recent war  The simplest scheme
of all 1s that of having the same color and pattern as the bachground
Thus many green insects, amphibia, reptiles, birds, and a few mammals
that hive 1n trees, smaller plants, or grass, are colored green  Many
desert animals are sand colored Many manne ammals living neat
the surface are transparent or nearly so  Another scheme 1s known
as counfer shading, according to which most ammals with little vanety
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of color are concealed by having the upper surfaces dark, the lower sur

faces Iight, and a blending of one 1nto the other on the sides  Nearly
all birds of the open, such as sea birds and soaring birds, use this
method of concealment  The same 1s true for fishes that Iive near the
surface, and for many mammals that are likely to be seen agamst a
shy Line Actual demonstrations have shown that this method of
concealment 15 hughly effective, no matter from what pount of view the
ammal may be seen A thurd scheme 15 one that was used most effec

tively dunng the war mn concealing battleships, heavy artillery, and
other Jarge objects, namely, destroying the continwty of outlne by
using large, wrregular patches of contrasting or hght and darh colors

In this way a broken, uregular patchwork of color takes the place of
a coherent, regular contour It 15 probably in this way that many of
the most brlhant coral reef fishes attain concealment. Instead of the
fish 2 a whole being the center of vision, the bnght patches stand out
agamst the dark, and these fail to give any picture likely to be inter

preted as a fish either by enemies or by prey  Professor Reighard

terpreted the bnlhant patterns of reef fishes as examples of * immumty
coloration,’ the 1dea being that these fishes were so safe from attack
and 5o little 1n need of concealment from prey that they simply went

the hmit 12 color display, unchecked by natural selection Longley
has recently shown that the patterns and colors of such fishes are
reality obliterative, and if this be true, there 1s no need of mtroducing
the 1dea of ¢ mmumty coloration ”

In view of the above considerations, 1t now seems hikely that essen
tially all types of animal coloraton that have any adaptive value at all
~—and by no means all have any demonstrable adaptive sigmficance—
may be classed under the general head of concealing coloration, and if
thisbe so 1t greatly simplifies the problem of the evolutiomst Much
of the controversy as to the efficacy of natural selection has been waged

about some of the of antmal such
as warmng col 7 “mimicry, ’ “conf coll ,” “sexual
coloration * If all of these turn out to be merely phases of conceal

ment coloration, their origin could be expluned as yeadily as that of
any other adaptive character of defimte selective value

The Case of Kalltma —With this general mtreduction to the sub-
Ject of ammal coloration, it does not seem necessary to list examples of
all the categores of color mentioned  Let us close the discussion with
what appears to be the classic mstance m biological hiterature of perfect
protective Tesemblance  that of the “dead leaf butterfly,” Kollsms
(Fig 19}
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“Its wmngs, says Herbert, “when upturned, represent on therr
underside a perfect copy of a leaf with a midnb and a regular suc-
cession of side vemngs  Dufferently colored spots on the wung 1m-
tate patches of decay and mildew, while the prolonged tatl of the lund-
wing, which touches the stem 1n the sitting posture of the butterfly,

o 2

j‘< "5

*‘,’! ﬁ
TN

;Z"'s')
i

f

"
el
4
P

I
?

o o~FKalf m: the dead leaf butterSy  (From Jord s and Rellogs }

makes it appear as though the leaf was directly growiag out of the
stem It s only when at rest upon the stem of & tree that the re-
semblance to a feaf nould be effective, for 1t 15 only the under surfaces
of the wangs that are pratectinely colored  The upper surfaces of the
wings are brightly colored and waould supposedly be quite conspicuous
when the msect 15 1n flight ¢ These incects,” says Metcalf, “are \erv
noticeable when un flight, but when they kight and close the wings, their
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sudden disappearance 15 most starting and confusing greatly mncreas-
g the dufficulty of observing their resting place ”  According to this
1dea of ¢ confusing coloration,” a butterfly 18 supposed to mystify or
confusets enemues by first attracting thewr attention and then suddenly
becommg mwisible Ope 15 remunded of the prestidigitator of his
favonte remark “Now you see 1t and now you dont’ But why
attract attention 1n the first place when contmued inconspicuousness
would be much less nsky? The best answer to this question 1s to use
Thayer's nterpretation, namely, that what looks like a consprcuous
coloration when observed 1n the stationary insect held agamst an ahen
background 15 probably almost mvisible when the ammal 1s moving
its wings and flying through the air i the bnght sunhght

The case of Aallima 15 probably more or less typtcal of the some
what uncritical tendency on the part of naturahsts to mvent adaptive
explanations for every strikmg color or pattern seen among anymals
Let us examune the situation a httle further Much has been said
about the munute details of bl to a dead and d g leaf
on the part of this butterfly, yet, if 1ts habits are at all ke those of
other members of 1ts order, 1t 1s hardly hikely that its most active peniod
would comcide with that 1n which the leaves of trees would be decayed
and mildewed or ever brown Butterfhes are active when flowers,
whose nectar forms their chief food, are numerous and are usually
their pupa cases when the leaves have died on the trees It hag also
been stated by eritical observers that Kellimas do not frequently hght
on trees whose leaves are very similar 1n shape to the folded wings of
a butterfly Furthermore, there are many kinds of butterflies that
are more or less like leaves, m fact, 1t would be difficult for a butterfly
not to look somewhat like a leaf, since the wings are shaped like leaves
Agan, many species of butterflies have the swallowtails on the lower
wings without 1n other ways much resembling a leaf  others have spots
that might be imnterpreted as resembling decay and muldew without m
other ways bemng more than in general leaflike, and there are many
other species that show all degrees of leaf resemblance, some very 1m

perfect and others almost as perfect as that of Kalluma, yet they all

seetn to be essentially successful in the hife-struggle in spxte of therr less
perfect protective resemblance

Alleged cases of mitucry have failed also to meet mnca] examna
tion When a poisonous butterfly 15 mumched by an edible species
several conditions must be met 1n order that the deception be effec
tive  The model and the mumic must both occupy the same range,
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have the same period of activity and the same general habits  The
model must be much more numerous than the mmuc  Unfortunately
for the proponents of mumicry, 1t has sometimes been found that
several of these regiurements are lacking ~ Attempts to explam away
the discrepancies have been far from satisfactory

All these considerations should make us cautious about reading
1nto the colors and patterns of ammals too many adaptive detalls It
1s more than Iikely that the majonty, if not ali, of these apparently
marvelously exact instances of mmtative resemblance would turn out,
when cntically examined, to be no more nor less adaptive 1n special
ways than 1s Kallime and the mimies

One lesson that the naturalist may well learn from the present
discussion 15 this  There 1s enough 1n the way of adaptations for the
evolutionist to explain without burdening lim with hypothetical or
mterpretative adaptations Fust find and prove your adaptation,
then try to explamn it Don t explan 1t first and then find out later
that 1t was not so much of an adaptation after all

OSBORN’S LAWS OF ADAPTATION

Adaptations have been varously classified by different writers
Perhaps the most significant classification 1s that of Qsborn whuch
1s based on their supposed evolutionary ongin  According to this
witer and others,there are two categories of adaptations to environ
tental conditions  the first has to do with the tendency of unrelated
species to assume simlar structures under similar environmental
tonditions, the second has to do mith the tendency of related species
to assume different adaptive structures under different environmental
tonditions  In both categores the environment appears to be the
determinming factor

(1) A good example of the first category, which iflustrates what
Osborn calls “the law of convergence or parallehsm of form,” 15 seen
in the tendency of many aquatic types of Vertebrates to assume the
fishlike form As 15 well shown m Fig 8o the sharl (a fish) the
ichthyosaur (an extmnct aquatic reptile), and the porpoaise (2 marme
mammal), all possess the same fusiform body best adapted for speed
under water, the same types of locomotor structures consisting of the
great propeller fin (caudal fin) and the steenng and balancing fins,
the dorsal fins and pared fins  Apart from these superficial adapta
uons for swift Jocomotion 1n the water, the three types are pro-
foundly different The shark breathes mith glls, the reptile and
mammal with lungs, the fish and reptle are cold blooded, the
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Fi¢ 80~ Three aquatic types of vertebrate, to illustrate convergent adapta-
tion of three wholly unrelated forms of manne bfe  All three show the fusiform
body, median and parred fins, though the skeletal structures are radically difer
ent .4, shark (Pisces), B ichthyosaur (Reptila), C, porpoise (Mammalia)
(From Kewman ofter Oshorn )
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mammal warm blooded The mternal anatomy of the three differs
fundamentally 1n every detail

A ist of other types of convergence will more adequately illustrate
the law

Flying and parachuting anmmals occur among nearly all vertebrate
and some invertebrate classes Planes of some sort are found for
supporting the body 1n the arr  The plane 1s made mn various ways
m different groups but functions much the same i all of them

Running ammals of vanous classes have long legs, and a tendency
to stand on the toes There 1s also 1 several unrelated groups the
tendency to reduce the number of toes, the culmmation of which 15
seen 1 the one-toed horses

Chmbing antmals are all provided with chinging appendages of
some sort, imncluding such structures as hooked claws, prehensie
fingers or tail, suction pads on the feet, and other simlar adaptations

Burrowing ammals have as a rule, evtra heavy shoulder girdle
and strong fore hmbs with heavy gouging claws  Many of them also
are blind or nearly so as befits Iife in dark underground passages

Desert-dwelling ammals as 2 rule are provided with heavy
seales spines or armor, to prevent excessive loss of moisture andasa
protection agamst spiny plants They also usually have burrowing
habits enabling them to escape the extremes of heat and cold

Cave ammals are usually blind or nearly so and are relatively
pale 1n color, sometimes without 2ny pigmentation

Deep-sea ammals of many sorts have phosphorescent organs by
means of which they erther attract thewr prey or find thewr way about
the dark sea floor Some of these organs, called “lanterns,” can be
used as searchlights  The eyes of deep-sea fish are exther enormously
large or are “telescope eyes,” adapted for sensng Light of low
ntensities

Ant eating amumals, belonging to several distinct groups, are
heawily armored agamst the attacks of ants, have strong elaws for
digging up ant galleries, have long snouts or beaks with a long sticky
tongue for captunng ants and an arrangement of the glottis to prevent
ants from crawhing into the lungs

2 Therearealmost bl les of the law of
of form, which 15 called also the law of ndaphve radiation  Almost
every successful class or order of vertebrate ammals, for example,
has bers that have ad; d themselves to all of the mam modes
of bving Thus among Lzards, for example, there are pnmtive
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running forms that prefer the surface hie and swift motion, subter
ranean burrowing types that sometimes are kmbless like snakes, and
are blind, many arboreal or cimbing types, a few volant or flymg
types, a few ant eating types, and several more or less completely
aquatic types  Each of these types has the customary adaptations
for 1ts own mode of Lfe

Wesee then, that whether divergent structures are molded mto 3
semblance of similarity to fit a definite environment, or whether
sumlar structures are modified 1 diverse ways to fit varous divergent
environments, theadaptation s related very defimtely to the environ
ment and to the functional ife of the orgamsm No wonder, then,
that so many biologists consider that the environment has been a
molding force m the evolution of adaptations

General ~—Adaptations are ch istic of all
hiving orgamsms and must be accounted for by any evolutionary theory
that 1s to be acceptable  Any theory that cJaims to account for new
species but does not account for adaptations 1s at best only a partial

All of the ph which bave been briefly men

tioned m this chapter together with the more intnicate phases of
general adaptiveness involved tn the idea of ¢ the web of lfe *” are part
of the background of Darwinism and were 1 the mind of Darwin when
be thought out the great generalization ca.lled natural selection
The ‘web of lfe 1dea has been ad: d by Professor
Thomson Scotland s most skilful and prolific biological writer  The
present writer feels that no student of evolution should miss the oppor
tumty of getting mto the spint of Darwinism with this distingwished
author, and to make this desideratum easily attamable, the chapter
1s quoted unchanged as part of the general text and mmediately
follows thus discussion




CHAPTER XXIX
THL WEB OF LIFE*

] ARTHUR THOMSON

Naturalists m the true sense who study the life of kiving creatures
1n pature have always been distingmshed by a keen perception of the
mterrelations of {hings  Whether we take Galbert White as repre
senting the old school or W H Hudson as representing the new we
get from their observations the same impression of nature as a vibrat
g system most surely and subtly mterconnected But 1t seems
just to say that no naturalist before or smce, has come near Darwmn
n hus realisation of the web of life 1n hus clear vision and picture of the
vast system of linkages that pemetrates throughout the animated
world

Correlation of orgamsms as well as correlation of organs —In
thinking of 2 living body we are accustomed to the 1dea of the cor
relation of organs It 1s of the very nature of an organism that there
should be mutual dependence among 1ts parts The organs are all
partners in the business of hfe and 1f one member changes others also
are affected This 13 especially true of certam organs that have
developed and evolved together, and are knit by close physiological
bonds We know m health how nerve and muscle, bramm and sense
organs heart and lungs are closely bound together in the bundle of
lfe We know i disease that a change 1n one organ often affects
another and the fact remains though the nexus 15 sometimes myste-
tous  The state of our liver may give colour to our whole mtellectual
firmament and a slight ocular derangement may warp a wise man’s
philosophy  The far reaching 1mportance of a hittle organ like the
thyroid gland beside the larynx is well known, our intellectual as well
as our bodily health depends on its soundness  Now, just as there1sa
correlation of organs within the body so there 1s a correlation of
organisms m that system of things which we call Nature In both
cases we are here using the word * correlation” in its deeper sense—

¢From ] A Thomson Dorwm smand Human Life (copynght 19c0) Useu
by special permission of the publishers Henry Holt & Company
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that the variots parts are more than mutually dependent, that they
are 1n some measure co-ordinated making larger systems workable

‘What the metaphor of “the web of hife” suggests —We may use
the metaphor “web of Iife"” n two ways On the one hand, Nature
hasa woven pattern which scrence seeks to read, each scrence following
the threads of a particular colour ~ There 15 a warp and woof 1n thus
web, which to the zoologist usually appear as * hunger * and * love ™
There 1s a changmg pattern i the web, becommg more complex as the
1ges pass, and this 15 evoluiton  But the essential idea of 2 web 1s that
of mterhnhing and ramifymg ~ We can never tell where a thread will
lead to  If one be pulled out, many are loosened This 1s true of
Nature through and through

The phrase “web of life * suggests another picture—the web of a
spider—often an intricate system with part delicately bound to part
so that the whole system 1smadeone ¢ The quivering fly entangled
m a corner betrays itself throughout the web, often it 1s felt rather
than seen by the lurking spmper  So m the substantal fabrc of the
world part 1s bound to part  In wind and weather, or n the busimess
of our hie, we are daily made aware of results whose first conditions are
very remote, and chams of mfluence, not difficult to demonstrate,
Imk man to beast, and flower to msect The more we know of our
surroundings the more we realise that nature 1s a vast system of lmk-
ages, that 1solation 15 impossible ”

D d of living on their dings —We do
not know what life 1n principle 15 but we may describe iving as action
and reactmn between orgamsms and their environment  This 15 the

1 relation—the depend of living creatures on appro-
priate surroundings, and the prmary tllustrations of inhages must be
foundhere The living creatures are real, just in the same sense as the
surroundings are real, but 1t 1s plam that we cannot abstract the hving
creatures from their surroundmgs ~ When we try to do this they die—
even m our thought of them, and our biwlogy 15 only necrology
Huxley compared a iving creature to a whirlpoolin a niver, 1tisalways
changing, yet always apparently the same, matter and energy stream
m and stream out, the whirlpool has an mdividuality and a certamn
unity, yet at is wholly dependent upon the surrounding currents  One
may push the whirlpaol metaphor too far, so as to give a false sume
phaty to the facts, for when vital whirlpools began to be there also
emerged what cannot be discerned in erystal or dewdrop—the will to
Live, a capacity of persistent expertence, and the pover of giving rise to
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other Ines To 1gnore this 1s to attempt a falsely sumple natural
Iustory  But what Huxley s metaphor of the whirlpool does vividly
express 1s the dependence of living creatures on thewr surroundings
We cannot understand erther the whirlpool or the trout apart from
the stream ’

When we think out this fundamental dependence upon surround
tngs, we see for instance, that all our supphes of energy, all our powers
of every kind—with our own hands, or by the use of animals, or by
means of machmery—are traceable to thesun  Or aZzam, 1t 15 easy to
show that our society depends fundamentally not on gold, but on 1ron
We depend for food on plants and animals, and through these ammals
on plants ultimately the plants feed upon air, water, and salts, which,
with the a1d of the energy of the sunhght, they buld up into complex
orgamc compounds, they cannot do this unless the sun shines through
a screen of green pigment called chlorophyll, there cannot be chloro-
phyll without 1ron, #herefore our whole social framework 1s founded
on tron

Nutnitive chains —Plants feed on their manimate environment
m a direct way that 1s impossible to amimals, so we pass msensibly
from dependence on surroundings to those #utreine chains which bind
living creatures together in long series often quantly suggestive of
¢ The House That Jack Buwilt ’ and sumilar old thymes We have
ceased to wonder at the arculation of the blood 1n our body, have we
begun to wonder enough at the ceaseless circulation of matter i the
systemof nature? As Herachitus smd wévra pef, all things are in flux
¢ Theram falls the springsarefed the streams are filled and flow to
thesea the mist nses from the deep and the clouds are formed which
break aganon the mountam side  The plant captures air, water, and
salts, and, nith the sun s aid, builds them up by vital alchemy imto the
bread of life, imcorporating this nto itself  The animal eats the plant
and a new mcarnation begins Al flesh 15 grass  The amimal becomes
part of another animal, 2nd the remcamation contmues ¥ The silver
cord of the bundle of life 1s loosed, and earth returns to earth The
microbes of decay break down the dead, and there 15 a return to air
and water and salts We may be sure that nothing real 1s ever lost
we are sure that all things flow  Penelope-like, Nature 1s continually
unravelling her web and making a fresh start

Nexus between mud and clear thinking —To keep a famous
1nland fish pond from giving out, some boxes of mud and manure were
placed at the sides Bactena—the muons of all putrefaction—
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worked m the mud and manure, making food for mnute Infusonans
which multiply so rapidly that there may be a million from one 1n a
week’s time A cataract of Infusonans overflowed from box to pond,
and the water fleas and other small fry gathered at the foot of the fall
and multiphied exceedingly Thus the fishes were fed, and, as fish
flesh 15 said to be good for the bram, we can trace a nexus from mud to
clear thinhing  ‘What was in the mud became part of the Infusonan
which became part of the Crustacean, which became part of the fish,
which became part of the man  And 1t 1s thus that the world goes
round

Correlation between catches of mackerel and amount of spring
sunhght —A curious and most interesting correlation has been
discovered by Dr E J Allen between catches of mackerel and the
amount of sunbght. The more sunshine n May, the more mackerel
at Billingsgate How does this work out? Mr G E Bullen shows
that “for the years 1go3-1go7 there appears to be a correlation
between the number of mackerel taken dunng May, and the amount
of Copepod plankton, upon which the mackerel feed, taken i the
neighborhood of the fishing grounds during the same month”
Mr W J Dakin shows that the food of Copepods consists largely
of the vegetable orgamsms of the plankton, such as diatoms, and of
Tnfusora like orgamisms called Pendmudae  But the production of
this microscopic plankton, the “stock’ of the * seasoup,” depends
partly on the composition of the sea water, partly on the tempera
ture, and partly on the amount of hght available There seems to be
no correlation between the surface temperature and the abundance
of mackerel, but Dr Allen has shown a correspondence between
sunshide and the catches Thus we see that, if all flesh 15 grass,
then i the same sense all fish 1s diatom

Nutntive chains in the deep sea—If we pass from the sunlit
open sea to the floor of the deep sea—that strange, dark, cold, silent,
plantless world—we find carnivorous ammal preying upon carmvorous
ammal through long senes—fish feeds on fish, fish on Crustacean,
Crustacean on worm, worm on still smaller fry, and all ultimately
depend on the basal food supply—the ceaseless shower of moribund
atormes sinkang from the surface waters many miles, 1t may be, over
head, like the snowflakes on a quiet winter day

Dependence of one orgamsm on another for the continuance of
the spectes —Passing from “nutrnitive chains,” we may select a few
Alustrations of the dependence of one creature upon another for the
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continuance of its kind  The crowning nstances are to be found
terrelations between plants and ammals which secure cross fertihisation
and the distnibution of seeds  To both of these Darwin devoted much
attention, and they were always favourite subjects with um

Everyone knows that flowering plants and flower visitmg msects
have grown up throughout long ages together, m alternate influence
and mutwal perfecting  They are now fitted to one another as hand
toglove The mnsects visit the flowers for food, 1 so domng they carry
the fertiising golden dust from blossom to blossom, so that the
possible seeds become real seeds

In 1793 4 Berlin naturabst, Chnstian Konrad Sprengel, hke
Darwin 1n his perception of the web of life, published a proneer book
entitled The Secret of Nature Discovered in the Structure and Fertis-
zatton of Flowers, m which he showed that most flowers have
nectar which msects enjoy, that by the msects’ visits pollmation 1s
secured, that there 15 no detail of the flower without 1ts meamng—
the colour 15 a flag to attract the msect’s eye, conspicuous spots are
honey gudes to the explorers, there are arrangements for keeping the
pollen dry and for dusting 1t on the nsects, and so on  If Sprengel
had only discovered the utility of the cross fertthsation, which Darwin
proved experimentally, s work could hardly have been overlooked
for nearly seventy years In 1841 1t came into Darwin's hands, and
mmpressed him as bemng ¢ full of truth,” although “with some Lttle
nonsense’  In Darwm’s work Sprengel had lus long delayed reward

Darwin’s 1nstance of the connection between cats and clover —
One of Darwin’s of the web of ife—given 1n connection with
the pollination of flowers—has become familiar all over the world
It should never become trite to us and 1t should never be regarded as
more than a particulatly clear illustration of a general fact “Plants
and ammals, remote 1n the scale of nature, are bound together by 2
web of complex relations 1 have found, from expermments, that
humble bees are almost indispensable to the fertilisation of the heart s
ease (Viola tricolor), for other bees do not visit this flower I have also
found that the visits of bees are necessary for the fertilisation of some
lands of clover—thus, 100 heads of red clover (Trifoluum pratense)
produced 27,000 seeds, but the same number of protected heads pro-
duced not a single sced  Humble bees alone vasit red clover, as other
bees cannot reach the nectar . Hence we may infer as highly
probable that, if the whole genus of humble bees became extinct or
very rare in England, the hesrt’s-ease and red clover would become
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very rare, or wholly disappear” We know that the red clover
unported to New Zealand did not bear fertile seeds until humble bees
were also imported ¢ The number of humble-bees in any distnct
depends 1n a great measute on the number of field muce, which destroy
their combs and nests, and Colonel Newman, who has long attended
to the habits of humble-bees, belteves that more than two-thirds of
them are thus destroyed all over England ” Now the number of
mce 15 largely dependent, as everyone knows, on the number of cats,
and Colonel Newman says * Near villages and small towns I have
found the nests of humble-bees more than elsewhere, which I
attribute to the number of cats that destroy the mice ” Thus we may
<ay, with Darwin, that next year’s crop of purple clover 1s mfluenced
by the number of humble-bees mn the district which varies with the
number of field mice, that s to say, with the abundance of cats!

Scattering of seeds —It 1s a fascmnating chapter of natural history
which tells us how cross-pollination 1s effected—here by 2 bee and
there by a butterfly, occasionally by a long billed hummung bird
beautifully porsed before the flower with almost iwisibly rapid vibra
tions of 1ts wings and occasionally by a slowly moving snail of epicure
appetite  But not less important 15 the part played by anumals in the
scattenng of seeds, and here again Darwim gives us the classic case of
fourscore seeds germuipating out of a ball of mud from a bird s foot
From one 1nstance you may learn all, and see that much of Darwin’s
work has been an eloquent commentary on that memorable saymg
about the sparrow that falls to the ground Such a simple event
iterally sends a throb through surrounding nature, we can follow its
effects a few steps, Just as we follow for a few yards the nipples made
when we throw 2 stone mto a still lake, 1n either case can we doubt
that the spreading imnfluences are real, though they pass beyond
our ken?

between fresh-water mussels and fishes —As a
striking Ulustration of the inter mking of different forms of Ife, we
may take the case of the fresh water mussels and their larvae  The
fertihised eggs develop in the outer gill plate of the mother mussel, and
munute bivalve larvae, called Glockdsa, are formed. The mussel keeps
these within the cradle untd a fresh water fish——such as the mnnow—
comes nto the victy, and then she sets them free In a way that
we da not und, d, the simple of the larvas 1s tuned
to respond to the presence of minnows and the like, and with snapping
valves they manage to fix themselves to therr host. After a short




376 LVOLUTION GENETICS AND EUGENICS

peniod of temporary parasitism, at the end of which there 15 a meta
morphosis they drop off from the fish into the mud, often far from
their birth place This 1s curious enough but the 1dea of hinkages
becomes incandescent m the mind when we note that, just as the fresh
water mussel has young temporarly parasitic on fishes, so a fresh
water fish the bitterling (Rhodens amarus), has 1ts young temporarly
parasitic 1n the gills of the mussel

Life-tustortes of parasites —When we pass to parasites in 2
stricter sense we find the most extraordinary interconnections the
most widely separated amimals often sharing a parasite between them
Laver rot, which has repeatedly killed a mullion sheep in 2 year
Britain alone, 15 due to 2 parasite which passes from sheep to water,
from water to water snail, from water snail to grass, from grass to
sheep The tapeworm of the cat has 1ts bladder worm stage 1 the
mouse, the sturdie worm of the sheep s brain has 1ts tape worm stage
m the dog, and stmilar relations hold for hundreds of spectes The
troublesome threadworm of human blood (Falaria sangusms homuns)
1s transferred from man to man by the mosquito, and the guinea worm
which was probably the fiery serpent that vexed the Israelites mn the
desert, which passes mnto man m drinking water, spends 1ts youth
m 2 mmute water flea, called by the giant s name of Cyclops The
mmportance of tse-tse flies 1n transmitting the minute anumals which
cause sleeping sickness and allied diseases 1s known to all We have
spoken of the connection between cats and clover, and there 1s 2 not
less striking connection between catsand plague  For 1t seems to have
been shown 1 Tndia that the more cats the fewer rats, and the fewer
rats the fewer rat fleas, which are the agents 1n passing the plague-
germs to man

Far-reaching influence of certmn ammals, earthworms-—We
realise the 1dea of the web of life m another way when we consider the
far reaching influence of particular kinds of activity the best mstance
beng the work of earthworms In 1777 Gilbert White got at the very
root of the matter “The most nsigmificant insects and reptiles are of
much more consequence and have more mfluence m the economy of

nature than the mcunous are aware of Earthworms, though 10
D a smatl and & hle Link v the chara, of natre, vet, f
lost, would make a lamentable chasm Worms scem to be the

great promoters of vegetation, which would proceed but lamely with
out them, by boring perforating, and loosening the soil, and rendenng
1t pervious ta rawns and the fibres of plants, by drawing straws and
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stalks of leaves and twigs mto1t, and, most of all, by throwing up such
infimte numbers of Jumps of earth called worm casts, which, bemng
their excrement, 1s a fine manure for gram and grass  Worms prob
ably provide new soil for hills and slopes where the ram washes the
earth away, and they affect slopes prohably to avord being flooded
The earth without worms would soon become cold, hard
bound, and void of fermentation, and consequently sterile
These hunts we thimk proper to throw out, 11t order to set the inquisitive
and discerning at work A good monograph of worms would afford
much entertamment and mformation at the same tin~ and would
open a large and new field in natural hustory ’

The monograph that Gilbert White wished for m 1777 was pub-
hshed by Darwmn 1881, the year before he died—"the completion, *
he said, “of a short paper read before the Geologrcal Soctety more than
forty years ago” With lus charactenstic thoroughness and patience
he worked out the part that earthworms have played m the history
of the earth, and proved that they deserve to be called the most useful
ammals By their burrowing they loosen the earth, making way for
the plant rootlets and the ramndrops, by bruismg the soif mn therr
gzzards, they reduce the particles to more useful, powdery form, by
burying the surface with castings brought up from beneath they have
been for untold ages ploughers before the plough and by burying leaves
they have made a great part of the vegetable mould over the whole
earth, Inillustration of the last point, we may notice that we recently
found thirteen rmdribs of the leaves of the rowan, or mountawn ash,
radiating round one hole hike the spokes of 2 wheel, the withering
leaflets had been carned down, and two were stickig up at the mouth
of the burrow, that meant gr leaflets to one hole Darwin showed
that there often are 50,000 (and there may be 500 000) earthworms
1 an acre, that they often pass ten tons of soil per acre per annum
through their bodies, and that they often cover the surface at the rate
of three mches 1n fifteen years Though our British worms only pass
out about 20 0z of earth in a year, the weights thrown up 1n a year on
two separate square yards which Darwin watched were respectively
6 751b and 8 387 Ib, which correspond to 143 and 18 tons peracre
Per annum

We follow the work. further and 1t becomes evident that the con
stapt exposure of the sol bactena on the surface 13 bound #o be
mportant, on the one hand, 1n allowing them to be scattered by wind
and rain, on the other i exposing them to the beneficent action of the



378 EVOLUTION GENETICS AND CUGENICS

sunlight—whtch 1s the most umversa), effective, and economcal of all
germades

In Yorubaland, on the West Coast of Africa, Mr Alvan Millson
calculated that about 62,233 tons of subsoil are brought every year
to the surface of each square mile, and that every particle of earth, to
the depth of two feet, 13 brought to the surface once 1 twenty seven
vears It need hardly be added that the distnict 1s fertile and healthy

Earthworms play their part in the dismtegration of rocks, letting
the solvent humus-acds of the soil down to the bunied surface  Therr
castings on the hill slopes are carried down by wind and ran and go
to swell the alluvium of the distant valleys or the wasted treasures of
thesez The well known parallel ledges 2long the slopes of grass clad
Iills are partly due to earthworm castings caught on sheep tracks, and
thus we begin to connect the earthworms not only with our wheat
supply but with our scenery  Well may we say, with Darwin  “It
may be doubted whether there are many other amimals which have
played so important a part i the history of the wotld as have these
lowly orgamised creatures ” Those who wish to understand Darwin
1sm should always begin with Darwin s last book—The Formotion
of Vegetable Mould through the Action of Worms (188z) It alus
trates the web of life, the 1dea of which 1s essential to an understanding
of the struggle for existence and natural selection  But 1t also illus
trates what Darwmn had learned from Lyell—that great results may
be brought about by accumulation of infinitesimal items ~ As Professor
A Miloes Marshall said  ‘ The lesson to be derived from Darwm s
Lfe and work camnot be better expressed than as the cumulative 1m
portance of infinitely little things

Termutes, or white ants —Henry Drummond, n s Tropwal
Africa, tned to make out a case for the agncultural importance of
termutes, or white ants It 1s well known that these old fastuoned
msects have a prumng action in the forest, destroying dead wood with
great rapcity  Houses and furmture, fences and boxes, as well as
forest trees, fall under their jaws In some places, “if 2 man lay
down to sleep with a wooden leg, 1t would be a heap of sawdust m the
morming *  But what of the termites agncultural importance? The
point 1s that they keep the sodl crrculating by constructing earthen
tunnels up the sides of trees and posts and by making huge obelisk ke
ant hulls, or termitaries  ““The earth tubes crumble to dust, which 1s
scattered by the wind, the rains lash the forests and souls with fury,
and wash off the loosened grains to swell the alluvium of a distant
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valley 7 It must be noted, however, that Drummond did ot prove
his case with sufficient prectsion, and there 15, as Eschenich pornts out
n his beaunful study of termutes, this difficulty, that, while the cast-
ngs of earthworms are soft and loose, the earth tubes and construc-
tions of termites are stony

Eschenich does, however, admit that the termrtes have some
agricultural importance, and he pomnts out that there are other serv-
wes to be put to the credit side of thewr account. They prune off
wood that has begun to go, they destroy rotting things, including the
bodies of small ammals, they make for cleanlness and health In
some low lymng tracts, as Silvestr has shown, there are dry stretches,
“termite 1slands,” which have been gradually built up from the
broken-down remains of termitaries  Nor should 1t be forgotten that
the white ants are often used as food On the other hand, Eschénch
does not hesitate to rank them as among the great hindrances to the
spread of civilisation  They insidiously devour everything wooden
from the telegraph post to the wooden butt of the gun hanging agamst
the wall, from books 1n the library to corks in the cellar  There does
not seem sufficiently precise formation m regard to the hiving plants
that they attack, and no safe general statement can be made except
that their appette 15 Jarge and catholic.

With a centre m earthworms what a variety of mterests must be
mcluded within the radius of their hie and workl—centipedes, birds,
moles, seedlings, man  The same 15 true of termtes, and two further
ilustrations may be given Observers have reported about thirty
different species of termutes with the habit of feeding on fung: grown
within the termitary on specially constructed mazy beds  The habit
15 Interesting m many ways, for instance, because the fung: afford
a supply of nitrogenous material which 1s scarce m the ordinary diet
of wood, and also because a sumular habit occurs in the quite unrelated
true ants  Finally, the web 1s illustrated by the numerous bearders,
mostly beetles, that are found 1n the termitaries—not hostile intruders
or parasites, but guests which are fed and cared for apparently for the
sake of a palatable exudation with a pleasant, narcotising effect on the
termutes  With a centre m termites, what a varnety of interegts must
we ot mclude within the radis of their hfe and workl—fung: and
trees, beetles and birds lizardsand anteaters, and man more than any

The hand of life upon the earth —The hand of lfe has been
working upon the earth for untold ages Take plants, for mstance
The seaweeds lessen the force of the waves, the lichens eat into the
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rocks the mosses form huge sponges on the moors which keep the
streams flowing m days of drought Many hittle plants are forever
smoothing awaythe wrinkleson the earth s—their mother’s—face, and
theyadorn herwithjewels Others that have formed coalhave enriched
her with ages of entrapped sunhght The grass—which began to
appear 1n Tertiary ages—protects the earth like a garment, the
forests affect ramfall and temper chmate, besides sheltering multitudes
of iving things to many of whom every blow of the axe 1s a death
knell No plant, from bacterium to oak tree, lives or dies to atself
or 13 without 1ts mfluence upon the earth  So among ammals there
are destructive borers and burrowers and conservative agents, such
as the coral polyps and the chalk formmng Forammmfera

Practical 1mportance of a realisation of the web of life —What
has Darwinism to do wrth human hife? The answer at this stage
our mnquiry 1s clear we must respect the web of life if we wish to
master Nature She must be humoured, not bulied Emerson
mcluded m lus vision of a perfected earth the absence of spiders, but
the absence of spiders—which snare so many mjurious msects—wotld
mean the absence of much else man probably included  Ina northern
county m Scotland the proprietors were justly annoyed at the mjuries
mflicted on young trees by squurrels, and they formed a squrrel cub
setting a price on the beautiful rodent’s head  Perhaps a wiser course
would have been to begin by inquurng what disturbance of the balance
of nature bad allowed the squurrels to multiply so disastrously ~But
after a penod of squirrel-slaughter and some jubiation thereat a
cloud began to nise n the sky  The wood pigeons were multiplying
worse than ever and the farmers at least, said with no uncertain voice
that they preferred the squirels An imperfect recogrition of the
web of Lfe had left out of account the notable fact that squurels
destroy large numbers of young wood pigeons

One of the hopeful symptoms of the last few years 1s the reawaken
g of an mnterest in woods and forests  Everyone knows how ternbly
these have been wasted, and how the disastrous results have affected
ramfall and 1rrigation, climate and crops and even the character of the
people  Here what was once a pleasant stream 1s now like a gravelly
road and there the fertile plamns are flooded, here the wind 1s sweeping
away the soil, and there both beauty and health have departed  The
birds which the woods once sheltered are driven elsewhere, and the
tsect pests are nife among the crops  For “the cheapest and most
~flective msecticides are birds ™
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The of ften far reaching—grows with
us as we work with the 1dea of the web of life, as we see m proper
perspective the crimmnality of those who are ruthless President
Roosevelt has declared his abommation of “the land skimner”—“the
individual whose 1dea of developing the country 1s to cut every stick
of tumber off 1t, and then leave a barren desert for the home-maker
who comesin after um  That man 1sa curse, and not & blessing to the
country The prop of the country must be the man who intends so
to run s busmess that 1t will be profitable to hus children after him
Every nght thinkmng man, and especially those who have grasped the
1dea of the web of Iife, will say with Roosevelt, “I am agamst the land
skinner every time ”

It may be sard that man must extermmate a good deal if he 15 to
go on peaceably with his business, and 1t will be adnutted that there
bas never been a strong enthusiasm, humamtanan or otherwise,
aganst the elimination of rattlesnakes, and such ke The natural
15t’s answer 15 that every crusade should be carefully considered onats
own merits, and that every careless and hasty destruction of hife 1s to be
condemned Even 1n regard to snakes killing may be carried too far
Some creatures are, as 1t were, on the fringes of the web, while others
occupy a position where many threads meet It 1s sientifically and
aesthetrcally deplorable that birds like the great auk and mammals
Like the quagga should have been extermunated, but 1t 1s practically
much more deplorable that we have lost so many hawks and weasels
and other members of that pertinacious army whose gueniila warfare
keeps hundreds of more humd: up to the scratch, and
keeps “vermm" from b a plague 1t 1S )
difficult to tell what may be the consequences of exterminating any
creature—remote as 1t may seem from the beaten track of human
affairs.  One of the obvious lessons of Darwinism 1s that we should be
slow to call any change ummportant Everything counts, or may
count A so-called ummportant ammal 1s destroyed and no unme-
diate ill effects are seen  But who can tell?

Very pertinent, for mstance, 1s the question What about the
parasites that used to complete their hfe-ustory m romantic routine

n this extinguished ammal 7 Have we extinguished the parasite also ?
Or 15 1t warting, with & whip of scorpions, to chastise mankind for
their ignorance of Darwinism?

‘The practical importance of recognising the web of ife has been
proved by the heavy penalties which man has often had to pay for
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disturbing the balance of nature, careless of results and ruthless of
beauty, for not admitting that :f we would master Nature we must
first understand her How much has Australia had to pay for the
mtroduction of rabbits 1n 1860, or America for sparrows? Sometimes
the ntroduction has been unconscious, and man has only to blame
himself for letting the mtruder take hold asin the case of the Phy!

Yoxera 1n France, or of the Colorado Beetle 1n Ireland "Ignorance
of nature,” Mr A H S Lucas says, ‘1s costly By disturbing the
balance of nature, man has mtroduced foes 1nto his own household *
Speaking of Austraha, he says “How much 13 needed for the erads

cation of Bathurst Burr, Prickly Pear, Water hyacinth, Bramble and
Sweetbriar, Codlin Moth Waxy Scale, Pear Slug and Red Spider,
owing to carelessness or lack of knowledge 1n early days?”

An obvious moral 15 that we should be careful mn our introduc
tions of new wcluded—into new surround The
primary consequences may be predictable, but the secondary and the
tertrary consequences—who 1s sufficient for these things? We have
records of the unconscious mtroduction of rats into Jamaica, where
they became a pest  To destroy them mongooses were mmported, and
the rats were soon checked  But the mongooses, having finished the
rats, began to eat up the poultry and young birds of vartous kinds
As this went on the mjunous msects and ticks, that the birds used to
eat, began to gain the ascendant A recent report—which requires
confirmation—says that the increase of ticks 1s making hfe a burden
to the mongooses Thus 2 balance will be agam arnved at  There
15 10 doubt of that, but how much is often unnecessanly lost by the
way!




CHAPTLR XXX

NATURAL SELECTION

In the Appendrx will be found a chapter of excerpts from Darwin s
Ortgin of Species  In this chapter he offers four objections to his
theory and attempts to answer them  These four objections are not
by any means all that Darwin foresaw for he presented m another
chapter a discussion of “Miscellaneous Objections to the Theory of
Natural Selection” Before enterng upon a general crticism of
Darwimsm 1t would be advantageous to have before us a bnef and
pomted summary of Darwin’s theory—natural selectton—now known
techmcally as “Darwimism ”  The wnter knows of no better short
statement of the true content of Darwimism than the following sum
mary by Professor Vernon L Kellogg

SUBMMARY OF DARWIN S NATURAL SELECTION THEORY®

* Darwmism may be defined as a certain rational, causo-mechantcal
{bence, non teleologic) esplanation of the ongin of new species  The
Darwiman explanation rests on certam observed facts, and certam
inductions from these facts  The observed facts are (1) the increase
by multiplication 1 geometncal ratio of the mdividuals mn every
species, whatever the kind of reproduction which may be peculiar to
each species, whether this be slmple dvision, sporulation, budd.mg,
parth and division or
{sexual reproduction), (2) the always apparent slight (to greater)
vanation 1n form and function existing among all individuals even
though of the same generation or brood, and (3) the transmission,
with these mevitable shight vanations, by the parent to 1ts ofispring
of a form and physiology essentially like the parental The mferred
(also partly observed) facts are (1) a lack of room and food for all
these new indiniduals produced by 1 multiplication and
consequently a competition (active or passive) among those individuals
having any ecologic relations to one another, as, for example, among

1Trom V L Kellogg Daruinism To-Day (wpymht 1907) Used by per
mission of the publishers Henry 1lolt & Compan:
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those occupying the same locality, or needing the same food, or needing
each other as food, (2) the probable success m this competition of
those individuals whose shight differences (vanations) are of such a
nature as to gve them an advantage over ther confréres which
results 1n saving their hife, at least until they have produced offspring
and (3) the fact that these “saved” individuals will, by virtue of the
already referred to action of heredity, hand down to the offspring
ther advantageous condition of structure and physiology (at least, as
the “mode” or most abundantly represented conditton among the
offspring)

*The competition among mdividuals and kands (species) of organ
1sms may fairly be called a struggle  This1s obvious whenitisactive,
as m actual personal batthng for a piece of food or 1 attempts to
capture prey or to escape capture, and less obvious when 1t 1s passive,
as i the endurance of stress of weather, hunger, thirst, and untoward
conditions of any kind  The struggle1s or may be, for each individual
threefold 1n natare (1) an actwve strugg € or competition with other
mdividuals of 1ts own kind for space in the habutat, sufficient share of
the food, and opportumty to produce offsprng m the way pecubar
and common to 1ts spectes, (2) an active or passtve struggle or compe
tition with the individuals of other species, which may need the same
space and food as 1tself, or may need 1t or 1ts eggs or young for food
and (3) an active (or more usually passive) struggle with the physico-
chemical external conditions of the world a1 hves m, as varyng
temperature and humidity, storms and foods, and natuml catas
trophes of all sorts  For any individual or group of mdividuals any of
these forms of struggle may be temporanly ameliorated, as 1s (1) the
ntra specific struggle among the th ds of honey bee individ,
living together altmxsumlly, m one hive, or (2) the inter specxfc
struggle, when two species live together symbiotically as the hermit
crab Lupagurus 2nd the sea anemone Podocoryne, or (3} the struggle
agamst untoward natural conditions as m special tmes or places
of highly favourable clumate, etc. Or for any mdividual or group
of mdividuals all forms of the struggle may be comcidently active
and severe The resultant of these existmg condstions 18, accord
11g to Darwin and hus followers, an mevitable natural sefectioa of
individuals and of speaes Thousands must die where one or ten
may hve to matunty {1 e, to the time of producing young) Wihich
ten of the thousand <hall live depends on the slight but sufficient

p d by ten 1ndividuals 1n the comples struggle for
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existence due to the fortuitous possession of fortunate congemital
differences (vanations) The nine hundred and mmety with unfortu
nate congenital vanations are extmguished mm the struggle and with
them the opportumty for the perpetuation (by transmission to the
offspning) of therr particular vanations There are thu left ten to
reproduce therr advantageous vanations. The offspring of the ten of
course will vary 1 therr tum, but will vary around the new and
already proved advantageous parental condition among the thou
sand, say, offspring of the onginal saved ten the same hmitations of
space and food will agam work to the killing off before maturity of
rune hundred and mnety, leaving the ten best equipped to reproduce
This repeated and mtensive selection leads to a slow but steady and
certamn modification through the successive generations of the form
and functions of the species, a modification always toward adapta
tion, toward fitness, toward 2 moulding of the body and 1ts behaviour
to safe conformity with external conditions. The exqusite adapta
tion of the parts and functions of the amimal and plant as we see 1t
every day to our infimte admtration and wonder has all come to exist
through the purely mechanical, inevitable weeding out and <electing
by Nature (by the environmental determning of what may and what
may nat hive) through uncounted generations in unreckonable time
This 1s Darwm’s causo-mechanical theory to explain the transforma
tion of spectes and the infimte vanety of adaptive modfication A
ngorous automatic Natural Selection s the essential 1dea m Darwin
1sm, at least mn Darwimsm as 1t 18 held by the present day followers
of Darwan
OBJECTIONS TO SELECTION

1 Darwin 1 2 letter to his fiend Hooker (January 11, 1844)
expresses lus contempt of Lamarck’s ideas 1n the followng words
““Heaven defend me from L k’s of a tendency to pro
gression,’ ‘adaptations from the slow willing of ammals,’ etc.
Lamarck’s work appeared to me to be extremely poor, I got not a
fact or adea fromat

In spite of these views Darwin s Orsgen of Spectes 1s mterlarded
with Lamarckian explanations Whenever the author feels the short
cormngs of the selection factor he lapses mnto an explanation wmvolving
the 1dea that the effects of use and disuse of organs are ishented
Followers of Darwin, especially Weismann, felt this to be the chief
defect in the fabric of Darwiusm and bent their efforts chiefly toward
purging Darwimsm of all tamt of
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2 Darwin msisted upon the 1dea that minute fluctuating vara
uons, which we now know are to a large extent non hentable, were
the pnncipal 1f not the sole, materials for natural selection to work
upon He knew of a considerable number of “sports” or “saltatory
vanations” (now called mutations), but considered these too wmire
quent to furmsh the necessary basis for selection We now know
that mutations may be as small as fluctuating vanattons or as large
as “sports” and that they are of much more frequent occurrence
than Darwn supposed

3 Darwin considered all vanations as heritable He did not
distinguish between somatic vanations and germinal vanations. In
fact, as we learn from 2 study of us p theory, he dered
all vanations as m the first imstance somatic, and subsequently
transferred by means of gemmules to the germ cells  Every somatic
vanation whether mnduced by use, disuse, 1n response to environ
mental stimulus, or through mere spontaneous vanahlity, was sup
posed to be able to give off gemmules mnto the blood stream that
would carry to the germ cells the physical basis of the varyng charac
ter The pangenests mechamsm 15 now known to have mo basis
m fact

4 ‘The natural selection theory 1s based upon a mustaken concep-
tion of the methods of artificial selection  Darwin believed without
having any proof for tius belief, that the way in which domestic
vaneties had been so profoundly modified at the hands of man was
by the conscious or unconsctous selection of slight fluctuating vana
tons 1o favorable or desired directions, and that this resulted m the
provement or ent of the desired characters
aver a long senes of generations  Darwin supposes that the radically
changed conditions of domesticatton hasten and stimulate vanability,
thus offenng a better opportumity for selection Transfernng this
1dea to nature, he thinks that changed natural conditions stimulate

bility, Just as does d 10, and that this 1s seized upon by
natural selection to make for adaptation to the new environment and
the resultant ongn of new species

Our modern experimental studies have shown that somatic

i 1ons due to changes are not hereditary, and
that all of the recent domestic varieties whose ongin has been observed
bave been the result of suddenly appeanng germinal vanations or
mutations, that arnve fully formed and cannot be improved by selec
tion, except that they usually need to be selected out or 1solated m

e
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order to prevent swampmng out through intercrossng with the
parent type

5 Objection bas frequently been made to Darwin’s 1dea of the
purely fortwitous or chance character of vanations Accordmng to
this view vanations occur m all structures and m all directions at
haphazard, so that there would be the widest possible opportumty for
2 gven adaptive varation to occur just when the circumstances
would demand It now appears that vanations do not occur m all
directions 1n random fashon but that they tend to follow certain
defimte paths of change, 1n other words, vanations are, to a consider
able extent at least, orthogenetic  If vanat ons really tend to follow
certain defimte hines, owing to purely internal causes, natural selection
would be unnecessary, at least until orthogenests went too far for the
good of the species, or far enough to be of real importance m the
struggle for existence

6 The difficulty of explamning how natural selection could make
use of the imtial stages of adaptive structures 1s obvious Itisincon
cervable that the first, almost 1mperceptible vanation 1n a favorable
direction could be of selective value, so as to effect the survaval of the
individual or the relative number of its offspnng  What would be the
advantage of the first few haws of a mammal or the first steps
toward feathers in 2 bird when these creatures were beginmng to
duverge from their reptilian ancestors? This objectron 15 of course
based on the fluctuating vanation 1dea  If the mutation 1dea were
substituted, the difficulty would, to a great extent clear up, for a
mutation might be of sufficient 1mportance m one generation to have
selective value from the very first

7 Natural selectton 1s saxd to be meapable of explamning the ongin
of coadaptive and highly complex adaptations whose effectiveness
depends upon the perfection of their adjustments to one another  For
example, we may refer to some of the perfected adaptations descnibed
1 chapter iv  In the case of the electnic organs of certam fish, the
Darwinan assumption would be that the first step in the direction of
an electric organ would be a very small one, and that 1t was built up
lttle by Iittle by means of natural selection  But, say the entics, the
electnic organ would be of no value until 1t became powerful enough
to impart an effective shock to the mtruder, and this would not be
possible if the character began in a small way The whole phenome
non of protective resemblance 1» open to the same type of cntiasm
As a specific example of this we may ate the case of the dned leaf
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butterfly, Kalluma, previously descnbed (pp 226-228)  In 1ts present
condition this anmmal has a strikingly detailed resemblance to a dned
leaf, which 1s therefore doubtless of some value But of what value
would be the first tiny change 1 the direction of resemblance? Until
1ts resemblance became close enough actually to decerve the enemues of
butterflies, the cnitics claim, there would be ro chance for selection toact.

8 It 1s frequently objected that a vast number of characters of
organs are useless or non adaptive and, as such, could not have anuen
through the nstrumentahty of natural selection If these useless
characters, which are sometimes quite large and promunent, are
independent of natural selection why do we need natural selection te
explan adaptive characters? It is also claimed that a vast number
of speaific peculiarities are useless and therefore could not have helped
1 the differentiation of species It should be said n defense that
Darwin realized this difficulty quite as clearly as do s enties and
was greatly puzzled by it His idea of correlated vanability, however,
helps to answer 1t, for 1t may well be that many of these apparently
useless characters are correlated, or knked 1n inhertance, with charac
ters of supreme selective value such as general hardiness or great
fecundity Darwn 2also points out that we are not m a position at
present to pronounce judgment on the value of many structures or
functions that have been adjudged non adaptive

9 Certamn characters 1n orgamisms past and present, have been
nterpreted as overspecializations, organs that have evolved beyond
the range of usefulness or that are more elaborate than 1s demanded
for survival under the conditions of Iife  The case of the extinct Inish
€lk 15 often cited as an example of overspeaialization  This group of
ammals went to extremes 1 the development of size and elaboration
of horns far beyond the range of usefulness, so that 1t 15 said to have
brought about the extinction of the race  Natural selection, which1s
supposed to have brought the horns up to the poimnt of adaptive
perfection, should have kepl them within the bounds of usefulness

Agamn the g and overspecialized dinosaurs
of long ago are thought of as having followed their lines of evolution
far beyond the point of greatest effectiveness and adaptability

10 The rudimentation of structures, which 15 such a common
phenomenon 1n nature, 1s said to meet with no adequate explanation
on a selection basis  The case of the whale’s vestigial hind lunbs 13
a case 1 point  Darwin’s explanation would be that under aguatic
conditrons the first whale ancestors would be handicapped by hind
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legs and that any decrease m their size, which would be enhanced by
disuse, would be of advantage. This mght seem reasonable during
the man period of hmb reduction but, after the limb 1s reduced to a
subcutaneous rudiment, there could be Little advantage in camying
the rudimentation still farther Some whales have the hund hmbs
much more profoundly reduced than others although they are all
thoroughly out of the way and mvolve no hindrance in syimmng
Any number of sumilar cases of the same kind mught be cited  Darwin
had no explanation to offer except a resort to Lamarckism, but
Weismann the ablest neo-Darwiman, offered the theory of panmraa
to cover this objection, 2 theory which 13 mentioned m chapter 1 2nd
will be discussed later

11 Itisobjected that unless favorable vanations occur m a large
number of mdividuals at the same ttme the character would be

ped out by with mdividuals not g the
favorable vartation The probability that such a swamping-out
would occur was shown mathematically by vanous ertics By way
of answer to this objection there arose a number of ¢ 1solation theo-
nes ’ accordmg to which favorably varymg mdviduals would be
Protected from back-crossing with the non varymg mdividuals  We
might also pomt out that the Mendelan Jaws of dommance and
segregation would serve to prevent loss of any new favorable character
*1z Xt 1s oljected that natural selection might explam the ¢ sur
vival but not the ammval, of the fittest’ But Darwmn met this
perfectly when he said ¢ Some have even magined that natural
selection induces vaniabihity, whereas 1t implies only the preservation
of such vanations as arse and are beneficral to the being under 1its
conditsons of life.”

13 Cnticism has been directed agamst natural selection because
of the fact that some of the supporters of Darwiism rotably Wets-
mann have made the claim that natural selection s the sole cause of
evolution ‘This 1dea of the Almacht or all-sufficiency of natural
selection was not Darwin’s as 15 clear from the followng statement

I am convinced that natural selection has been the most mportant,
but not the exclusive means of modification *

14 Itisobjected that many if not most of the fluctuating vana
tions wth which Darwinism deals are purely quantitative or plus-
and minus vanations whereas the differences between species are
qualitative, This 1s a serious objection and dufficult to meet, yeta
farr defense has been formulated by leading neo-Darmimans
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15 There 1s a growmg sheptiasm on the part of biologists as to
the extreme fierceness of the struggle for existence and of the conse
quent nigor of selection It may be answered that no very obvious
fierceness 15 imphed 1o the theory  So long as overproduction and a
shortage of space and food extsts the struggle for existence 1s mevitable

16 Specal objections are offered to the subsidiary theory of
sexual selection It 1s saxd that the type of sexual selection mvolving
active rivalry and batthing for mates needs no special theory, masmuch
as this 15 a mere phase of the struggle for the mamntenance of the full
Ife, ncluding the chance to leave offsprng It 15 agamst the other
side of sexual selection, which mvolves passivity on the part of the
male and active choice on the part of the female of the more beautiful
or otherwise attractive male, that objection 1s raised It 1 clarmed
that such choice mplies too high aesthetic powers mn anmals of
relatively poor vision and mentalty Experiments have been per
formed with moths, i which the male and female coloration 1s
stnkingly different, 1n order to determine whether females actually
do exercise any choice of mates that 1s based on considerations of
appearance  The result proved conclusively that color patterns have
no value m mating, but that the female 1s passive and mates with the
first male to present umself, while the male finds the female through
ks exquisitely effective sense of smell

We know now, however, that secondary sexual characters are
ntimately bound up m 2 physiological way with the functioning of
the sex glands and are therefore doubtless to be mterpreted as merc
non adaptive correlative vanations or else as examples of obliterative
coloration.

DLFLNSE OF SELECTION

In presenting these sisteen objections, we have in most cases
mndicated the lmes upon which the objections have been met, if they
have been met. Not all of these objections are considered sertous at
the present time, for some are based upon lack of a full knowledge of
what Darwin actually wrote, others are largely academic 1n character
and fail to stand up under actual test, still others have been more or
less adequately met by subsidiary or supporting theories which have
‘bten advanced by various neo-Darwinians

Most of the special objections raised in this chapter have received
the attention of vanous able Darwinians, and the student of evolutou
would doubtless be mterested 1 the expert and fair minded defense
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of Darwinism at the hands of Professor V L Kellogg as 1t appears in
his book Darunmsm To Day

A much briefer and considerably more general defense 1s that of
J L Tayler, which 1s as follows

GENERAL DEFENST OF SELECTION®
J L TAYIER

To realise how far the theory of selection 1s capable of explammg
the facts of orgamc evolution 1t 13 necessary to bear mn mund the
postulates 1 which the theory 1s founded

1 It1s obvious that mtuxal selection can only act by preserv
mg of el the 1 must theref
be orgamismal  This Darwm and other selectionists have clearly
recogmised

2 As the whole orgamism must survive, if the favourable vanation
or vaniations are to be preserved it follows that certamn punor un

bl may ako be ps d of they happen to exist
m an individual which survives on account of 1ts major favourable
vanations And since no mndmwidual 1s completely adapted to 1ts
environment, 1t follows that there must be always a varable amount
of residual m every

3 Ths residual unfavourable vanability may be of considerable
utihty under changed conditions

4 Complementary specialisation of parts as Spencer has shown
1s favourable to successful competition and as it 1s the whole organism
that 15 selected or elmmated 1t follows that any weakness of one
speciahised part, since 1t would disturb the balance of all, would be
detrimental  The more complex the organism, the more specialised
the structures, the more dependent one part will be on !he others for
its hence a Lsimg 1 y will be
favoured by selection and therefore al] struggles of one paxt of an
organism with another wll be reduced to a mmimum.

It 15 clear that there must be some underlying cntenon which
determmnes whether any given orgamsm shall be selected or not, and
that cnterion must be the net result of its adaptability to 1ts enwviron
ment. One organism may concervably survive, by 1ts possesston of
a large number of small favourable vanations, while another may
survive m wirtue of a sigle valuable one, but 1 each case 5t would be

1From J L. Tayler * The Scope of Natural Selection * Maiural Scsence 1809
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the whole value of that orgamsm which determined its survival,
Thus fact 1s continually disregarded by opponents of the neo Darwinian
position, yet this selection of the orgamsm as a whole 15 the
fundamental postulate from which the theory of selection starts
Thus 1t 1s not upcommom to read criticisms bearing on the early
development of some organ, m which the madequacy of selection 15
supposed to be proved by the writer demonstrating or believing he
has demonstrated, the fact that the particular vanation n question
must have been too small to be by itself of selection value In many
cases the particular vanation would, no doubt, if taken alone be, as
the objector asserts 100 ummportant to be selected, but as 1t 1s the
whole organism that 1s selected, 1t 15 not logical to make an artificial
separation and study the development of one organ or structure
irrespective of the other organs with whch 1t 1 m nature associated
Exvery organ in sis evolution must be considered 1 relation to the whole
of the particular organssm wn which that particular stage of development
of that organ s found
Starting therefore with this fact that the net value of adaptability
of the whole organism to 1ts environment must be the basis which
determines selection or elimination, 1t will follow that certamn Lines of
development will result from the application of tlus cnterion Ima
senes of orgamsms placed under new conditions, ehmmation will
proceed along lines essential to bring about a proper adjustment to
the new conditions  If the offspring of these adjusted organisms
merely repeated i their generation the characters of the extermmated
as well as of the surviving orgamisms, that temporary adjustment
would be permanent as long as the conditions were unchanged But
since the offspring are produced only by the surviving orgamsus,
selection 15 continually raised to higher and higher plaaes of adapta
tion, and, therefore, as long as conditions femam constant, the
tendency of selection must be, as Darwmn clearly saw, cumulative
He did not, however, apparently see that from this cumulstive
tendency defintte vanability must anse out of mdefinite
Selection m direct relation to clmatic conditions 1s, therefore, of

very munor smportance, while selection among the members of 2
gprare and A forma o, i \EEY) & oh whnutely mare
importance, simce 1t 13 this interaction, produced by the offspnng o
different degrees mhenting the advantages of both parents (both of
whom have survived on account of certam advantages) that leads to
the cumulative development and never ending struggle for survival
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Darwin came very near to this conception of defimte vanabihity when
he pomnted out that ¢ if a country were changing, the altered conditions
would tend to cause vanation not but what I believe most bewngs
vary at all times enough for selection to act on” Exteromnation
would expose the remainder to the mutual action of 2 different set of
whabitants which I believe to be more important to the hfe of each
bemng than mere climate, and as ¢ the same spot will support more
bfe of occupred by very diverse forms 1t 15 evident that selection
will favour very great diversity of structure

Beanng 1 mind this cumulative action of selection 1t will follow
that under constant or relatnely constant conditions the struggle for
successful Living will become more and more selective i character,
even if the actual number of mhabitants remain more or less the same
2s when the struggle first commenced The selection of vanations
will thus tend to pass through certam more or less l-defined, but
nevertheless, real stages In proportion as the struggle becomes
mtense exther from the number or from the mcreasing adaptability
of the organtsms, or both certamm major essential adaptations, which
were necessary for the chmatic and other more or less comparatively
simple conditions wll be supplemented by mnor auxhary variations
which m the earlier stages would not bave appeared  And still later,
as more and more rigorous conditions of hife were mposed, the advan
tage would tend to rest with those orgamsms which possessed highly
co-ordmated adaptations since this would entail more rapid respon
stveness to environment.

d from the bised to the specialised
and higher and higher forms of life come nto bemg, with mereasing
complexity and spectabisation of parts entailing an mcreasingly delcate
adjustment of those parts to each other s needs, the relation of each
part to the whole orgamsm becomes of more and more importance
and 1t follows that selection must become more and more generahised
m 1its action  No single vanation could be of service to any of the
Tugher forms of life unless it Was m more or less complete harmony
with the whole tendency of the individual ~ The adjustment of parts
and their mutual interdependence make 1t essential for adaptation
that the relation of parts be preserved, consequently, correlated
e fzvourable varations wil tend to be more and more selected
as evolution passes from the unspecialised to the speciahsed forms of
bfe Tthis response of the whole organism should be still more delicate
i those forms of ife that are contmually subjecting themselves to
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changed conditions, hence this delicacy of adjustment 15 far more
necessary mn the higher forms of amimal life than m more stationary
plant organisms and mn the developing nervous systems of animals we
have Just the central adjusting system that 1s required for these condi
tions Wk evolution of type there will thus be an increasingly definste
tendency gioen to orgomic, especally the anmal, forms of life, of the
acting principle of evolution has been seleciional  Selection us therefore
able to account for the steaddy progressive fendency of life as a whole
without calling to us ad any unknown and doubtful perfecting principle

To summanse Natural selection acting on the whole orgamism
tends to produce more and more defimite tendencies m all surviving
forms of hfe, which tendencies are progressive and continuous m char
acter  Vamable conditions, by partially altering the line of selection,
induce a temporary mdefiniteness  And lastly, the process of selec-
tion bemg itself able to be the mndurect, though not the durect, cause
of those favourable vanations whch 1t subsequently selects from 13
able to dispense with any subsidiary factors provided it has a certamn
number of elementary properties of life which afford sufficient materal
to work with

EXPERIMENTAL SUPPORT OF THE EFFECTIVENESS
OF NATURAL SELECTION

Weldon’s ts with the sh bs of Plymouth Sound —
‘These experiments seem to show that under changed environmental
condttions natural selection acts upon mmnute fluctuating vaniations
of Linear or quantitative type so as to produce an alteration m the
species  exactly as Darwimsm would hold A large breakwater was
so placed near the mouth of Plymouth Sound that the rate of flow of
the nver water was greatly slowed down in certamn regions This
allowed an mcreased settling of the fine china clay sediment that 15
carsted by the river, and the changed condition caused the death of
numerous crabs of the species Carcinus maenas  The question arose
as to whether the survivors and those that had perished showed any
consistent. differences on the basis of which selection could be operat-

g Careful of hundreds of nd Is showed that
the mean breadth of frontum 15 shghtly less m the survivors than in
the pernished were repeated m two subsequent years

and it was found that there was a progressive narrowmg of the
frontum  As an expenmental check upon these conclusions Weldon
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placed a number of crabs in a large aquarum, 1n which china-clay was
kept partly m suspension, and found that ahout half of them died
Agamn the survivors were compared statistically with the perished and
the same relation was found to hold that the survivors had a mean
frontal breadth distmctly nirrower than that of the penished  Wel
don concludes that huis experiments have demonstrated two facts
about these crabs  the first that their mean frontal breadth ss dimin
1shing year by year at a measurable rate which 15 more rapid n males
than 1n females, the second 1s that this dimunution 1o frontal breadth
occurs m the presence of 4 matenal namely, fine mud, wiach 15
mereasing 18 amount, and Whuch can be shown expenmentally to
destroy broad fronted crabs at a greater rate than crabs with narrower
frontal margms and T see no escape from the conclusion
that we have here a case of Natural Selection acting with great
rapidity because of the rapidity with which the conditions of hfe
are changimg "

Cesnola’s experyments with Mantis —To test the selective value
of color markings Cesnola fixed specimens of the brown and green
Mantss religrosa on plants, some of which were agamnst harmonrous
others 2gamst disharmonsous backgrounds  The result was that most
of those which were because of a t back
ground escaped, while most of the others were eaten up by birds

Poulton’s and Sanders’ expeniments with butterfly pupae
Numerous pupae of various colors were placed under condittons favor
Ing protective coloration and others under opposite conditions  The
conclusion was that protective coloration 1 2 real survival factor, and
one that operates so as to give the protectively colored mdividual
a decided advantage m the strugale for exstence

Davenport s expertments with chickens ~—A number of chickens
some blach. some white, and some barred or chechered m color, were
allowed to wander free in the fields Hawks killed most of the whites
and many of the blacks, but spared, to 2 large extent the less con
spicuous chechered and barred types which are barder to detect
against a mixed background

All of these experlments merely tend to show that diserimunate
survival actually occurs but only the experiment of Weldon has a
bearmg on the possibiity that mere quanutative changes of small
dimensions might under certamn conditions be of selective value We
badly need more experimental evidence of this sort and until ths
15 forthoomung we shall have to admit that there 15 very Lttle
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expenimental evidence m favor of the type of natural selection that
Darwn stood for

THE PRESENT STATUS OF NATURAL SELECTION

Tt has come to be rather generally believed that the natural
selection that Darwin himself believed m stands almost unscathed as
one very important causal factor In fact it 15 the only explanation
ever offered for ad that even t deq As an
explanation of the onigin of new types or new species 1t falls far short
of adequacy and I think Darwin evidently reahized this aithough he
was unfortunate enough to entitle bis book Origin of Spectes  As
an explanation of the ongmn and perfection of adaptation natural
selection has only onenival the far less satisfactory Lamarckian theory
of the wnhentance of acquired characters  There 1s a strong tendency
among geneticists to conclude that the modern germ plasm hypothe
s1s with the aid of mutations and the mechanism of Mendehan inhent
ance furnishes all the necessary explanation of the causes of evolution
There 1s however marked dissent to this extreme position In his

; eritique of De Vness rather extreme position that the mutation

theory needs no aid from natural selection Weismann shows 1n most
able fashton the madequacy of mutations to account for adaptation
and in contrast how well natural selection accounts for them

In a very recent paper Professor C C Nutting attempts to show
that natural selection 1s still an important factor in evolution and quite
m hatmony with both the mutation theory and Mendehsm We
perhaps can close the present chapter no more fittingly than by
quoting Professor Nutting s paper

THE RELATION OF MENDELISM AND THE MUTATION THEORY
TO NATURAL SELECTION®

€ ¢ NUTIING

Two marked tendencies are evident in the history of any important
theory after its publ cation

Fust  The followers of the discoverer carry the theory too far
and attempt too untversal an appheation This is mantfestly true
of Wallace and Weismann who out Darwined Darwin in thetr clams
fo natural selection of the followers of Mendel such as Morgan and

* From an address given before the Genet cs branch of the Amencan Assocs
tion for the Ad ancement of Saence December 1920 Scrence NS Vol LIN
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Pearl, and of many mutatiomsts who make much greater clams for
that theory than does De Vries humself

Second Each generation of biolagists 1s so occupred with its own
work and contemtporary theones that 1t makes no real effort to
understand preceding theones

This second tendency seems to me most marked 1 the attitude of
present workers along genetic hnes towards natural selechon. They
reveal an apparent lack of understandmg of what Darwm really meant
and of what he claimed, and when cntising that theory they are
often engaged n the classic, but unprofitable, exercise of “fighting
Wﬂldm‘us ”

In view of these facts I hope you wall pardon me if I present 1n as
few words as possible just what I believe to be the masn factors which
Darwm presented as resulting, i therr actions and reactions, m
natural selection  These factors are three i number

First  Heredity, by which the progeny tend to resemble their
parents more than they do other mdrviduals of the same species.

Second Indwidual varsotion, by which the progeny tend to
depart from the patental type and sometunes from the spectfic type

Third  Geometrical ratzo of increase, by which each species tends
to produce more mdividuals than can survive

Each of these factors 1s practically axiomatic, so Iittle 1s 1t open
to argument

No one doubts the fact of heredity, whether pangenests, Weis-
mannism or Mendelism be the correct expression of the mechanism
myvolved. These do not affect the fact of heredity nor mvahdate 1t
as a factor ;m natural selection

No one doubts the fact of vanation, whether 1tis the “ndividual
vanation” of Darwn, the ¢ fluctuating vanety’ or the “mutation”
of De Vries.  All that 1s necessary for Darwin s purpose 1s that there
be hentable vaniations  That there are such thungs all partes agree
and 1t matters ittle what you call them  They are adequate to act
as a factor m the Darviman scheme

No one doubts the fact of geometnical ratro of increase Ttisa
proposition easily capable of mathematical demonstration and that
1s sufficient for Darwin's purpose

These three factors, then, are not debatable as facts, whatever
their mechamsm or causes

A moment’s refl will show that ratio of ncrease
18 & guantitative factor, gaving an sbundance of mdividuals from
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which to select, that mdividual vanation 1s a qualitative factor, giving
the differences which make a selection possible and that heredity 15
a conservative factor, holding fast those characters which better fit
the organism to its environment
Now 1t seems to me that there 1s no possible outcome of the
necessary action and 1nteraction of these three factors that would
not be a selection of some sort Darwin thought 1t comparablena
large way to the selection by which the stock breeder unproves his
herd, and therefore called 1t “natural selection,” carefully guarding
the phrase from musinterpretation fram the teleclogical angle as well
as from a too close parallelism between artificial and natural selection
And T believe no one has suggested a more acceptable term for the
process of selection resulting from the mterplay of natural laws
‘Three outstandmng theories have been advanced since the publica
tion of the Orsgin each lving an ad n our k ledge of
the mechamsm of heredity on the one hand and the ongm of vani
tions on the other
Weismann's theory of the continuity and stability of the germ
plasm was of immense importance in 1ts discussion of the mechanism
of heredity, and ks amp gave a plausible expl of the
ongm of vanations  His results were almost umversally regarded as
< and greatly ding the scope of natural selection
Mendel s theory regarding the purity of the gametes, their segre-
gation 1m the sex cells and the whole complex Mendehan mechanism
so adnurably desenibed by Morgan, all of these, fascinatmg and
important as they are, deal with the mechamsm rather than the fact
of beredity Tn my opimon their acceptance of rejection does not
affect the status of natural selection as a theory of organic evolution
But 1t 1s the theory of mutation that has furmished most of the
ammunition for the opponents of natural selection, and this in spite
of the fact that De Vres, the orgmator of the mutation theory,
expresses himself with great clanty as follows
“My work clauns to be 10 full accord with the principles laid down
by Darwn and to give a thorough and sharp analysis to some of the
deas of bility inhentance, sel and which were
negessanly vague n hus time
In 1904 when these words were pubhshed, there did seem to be
a sharp distinction between the 1deas of Darwin and those of De Vs
The former believed that natural selection acted upon many small
varations and accumulated them until the differences were sufficient
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to constitute new species, while De Vnies clawmed that new species
were formed by the sudden appearance by mutations of forms speafi-
cally distinct from the parents That mutants were new species|

Tt seems evident that Darwm did not regard * saltatory evolution”

as the common method, while De Vries did

Darwin beheved that mdividual, usually small, variations fur
nished the material on which selection acts, while De Vnes thought
that mutants, ysually large varations, furmshed the material ~ Both,
however, believed thoroughly that natural selection was a vera cousa of
evolution

But things have changed greatly since 1904 The work of
Morgan Castle, Jenmings and a host of others has shown that many
mutations are so small, from a phenotypic standpomt that they are
quantitatively no greater than the 1ndividual vanations of Darwm,
and that they are hentable in the Mendelian way

Castle produced a perfectly graded sertes of hooded rats which
exhibits almost tdeally the steps by which a new form might be
oroduced by natural selection  He says

“If artificial selection can, 10 the brief span of a man's hfetime,
mould a character steadily i a particular direction why may not
natural selection 1n unlirmted time also cause progressive evolution
directions useful to the orgamsm ¥’

Jennings says

¢ Sufficiently thorough study shows that mimnute hertable vana
tions—so munute as to represent practically contmuous gradations—
occur mn many orgamsms some reproducing from a single parent,
others by brparental reproduction It 1s not established that
hentable changes must be sudden large steps, while these may occur
munute hentable changes are more frequent  Evolution according to
the typical Darwinian scheme, through the occwstrence of many small
varations and their gmdance by natural selection, 13 perfectly con-
sistent with what experimental and paleontological studies show us
to me 1t appears more consistent with the data than does any other
theory ”

Many behevers n have been dlessly befuddled b
the diverse meamngs of “vanations” as used by Darwin and
De Vries  Darwin included m lus ¢ individual vanations’ both the
“fluctuating varieties’ and the “mutations” of De Vnies Pheno-
typically they cannot even now be distinguished  De Vries tumself
candidly admits that this was Darwin's attitude, thus proving himself
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mote ¢lear sighted than many of hus followers. All that Darwin
needed for his purpose was proof of variations that are hentable, and
these are found m mutations be they large or small

Just 2s Mendelism has to do with the mechamsm and not the fact
of heredity, so the mutation theory deals with the nature and not the
fact of vaniations  Neither, in my opinion, has any mnphication that
15 antagomstic to the theory of natural selection

‘The statement has been made that natural selection ¢ ongunates
nothing ’ because it does not explamn the ongin of vanations 1
must confess scant patience with this point of view As well say
that the sculptor does not make the statue because he does mot
manufacture the marble or s chusel, or that the worker m mosaic
ongates nothing because he does not make the bits of stone which
e assembles in hus designl  ~

‘The matenal corresponding to the bits of stone m the mosaic 15
furmished by heredity and varration, and 1ts quantity by geometrical
ratto of increase Natural seléction acts m selecting and putting
together this matenal m the formation of new species Thus, m 2
true sense 1t seems evident that } new has appeared
somethmg that s, but was not

Another favonte figure, mtroduced I beleve by De Vres, 15

Natural selection acts only as a sieve determimng whch forms
shall be retamed and which shall be discarded Thus also seems to
me to fall short of a complete statement of the truth  If the matenal
subjected to the sifting process be regarded as changing with each
generation by the addition of vartations or mutations if you prefer,
some of which are favorable to a mcer adjustment of the species to its
environment the figure would be more nearly correct. To make 1t
complete however, the mesh of the sieve must change from generation
to generation so that a quantitative vanation which would be preserved
1n one generation would be discarded 1n a laterone  But in this case
natural selection would do more than a sieve could do It would
combine a number of favorable varations m the production of
something new, a new species!

In conclusion 1t seems to me that we are justified in mamtaming
that Meadelsm and the matation theory, whie formumng the basis of
the most brilhant and unportant ad m biol I knowledge of
the last half century, have neither weakened nor supplanted the
Darwinian conception of the “Onguw of species by means of Natural
Selection.”




CHAPTER XXXI

ARE ACQUIRED CHARACTERS (MODIFICATIONS)
HEREDITARY?

InTrODUCTORY NoTE ~In a previous chapter {chap xwi) under the heading
Heredity in Pure Lines 1t was pomnted out that germnal vaniations are hered
itary and somatic vanations {modifications) are not hereditary That germunal
vanations are hered tary and may be produced 1t a number of d fferent ways was
alsy made clear m the discussion of mutations but the statemeat that somatic

are never in the least 15 to a total demal of the
doctrime of the of acquired charact: the se-called L
theory which was bneﬂy presented m chapter u
B v Aqae [
- . - V. «

. U
leadig students of the problem

MISUNDERSTANDINGS AS TO THE QUESTION AT ISSUE®
J ARTHUR THOMSON

The precise question 1s this  Can ¢ structural change wn the body
wnduced by some change 1 use or disuse, or by a change s surrounding
influence, affect the germecells wn such @ specific or representative uay
thot the offspring will through s inherdance exhibii even i a slhight
degree, the modification whach the parent acquired?

Before we pass to discuss the ewdencepro and cont wall be useful
to notice some frequently the p
of which would make further argument futile

Misunderstanding I —How can there be progresswve evolution sf
acquired characlers are not $ransmutied ?—~Those who have not thought
clearly on the subject often shake their beads sagely and remark that
they * do not see how evolution could have been possible at all unless
what 15 acquired by one generation 1s handed on to the next” To
this we have sumply to answer (1) that our first business 1s to find out
the facts of the case, careless whether 1t makes our interpretation of
the lustory of hife more or less difficult, and (2) that i the supply of
germunal variafions whose transmisstbility 18 unquestioned, there 13
ample raw matenal for evolution We know a little about the abundant

. A Thomson s
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crop of variations at present supplied, there 1s no reason to beheve
that 1t was less abundant in the past

Misunde-standing I1 —Interpretations are wot facts —There are
many adaptive characters m plants and ammals which may be super
ficaally mterpreted as due to the direct result of use and disuse or
of environmental mfiuence The Lamarckians have so interpreted
them, and the Lamarckian way of looking at adantations has become
habitual to many uncnitical minds  They see on modern flowers the
footprnts of msects which have visited them for untold ages, they
speak of the dwmdling of the whale s hind hmbs through disuse, of the
hardening of the ancestral horses’ hoofs as they left the marches and
ran on harder ground, they picture the gwaffe by persistent effort
lengthening out 1ts neck a few millimetres every centary, as the acaca
rased 1ts leaves higher and higher off the ground, and they say that
ammate nature 15 so full of evidences of the whentance of acquired
characters that no further argument 15 needed

But all this 15 2 begging of the question It 15 easy to find struc
tural features which may be tnter preted as entailed acquired characters
if acquired characters can be entarled  Obwviously, however, we must
deal mith what we can prove to be modificatsons or with what we can
plausibly regard as modifications because we find their analogues 1o
actual pracess of being effected to-day

It 1s easy tosay that the blackness of the negro s skin was produced
by the tropical sun, and that 1t 15 now part of his natural inhentance
Tt 15 easy to say tlus, but absolutely funle Let us first catch owr
modifications

The Golden Rod (Solidago mrgaurea) growmg on the Alps 1s pre-
cocious mn 1ts flowering when compared with representatives of the
same species growmg mn the Jowlands Hoffmann found that Alpme
forms transplanted to Giessen remained precocious, therefore the
acquired precocity had become hentable But there 15 no evidence
that the precoaity was acquired, 1t may have been the outcome of the
selection of germinal varations

The African Wart hog (Phocockoerus) has the pecubiar habit of
Lueeling down on 1ts fore-lmbs as 1t routs with its huge tusks 1n the
ground and pushes itself forward with its hind hmbs It has strong
homny callos:ties protecting the surfaces on which 1t kneels, and these
are seen even m the embryos. This seems to some naturalists to bea
satisf; y proof of the it of an acquired character Itisto
athers simply an mstance of an adaptive peculianty of germmal ongin
wrought out by natural selection
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Misunderstanding IIL—Begging the question by starting wsth
what 15 not proved o be a mod: —There 15 no rel 1 eting
cases where an abnormal bodily peculianty re-appears generation
after generation, unless 1t be shown that the peculianty 1s a modifica
tion, and not an mborn vanation whose transmissibility 15 admitted
by all Short sightedness may recur m a famly-sertes generatton
after generation, but there 1s no evidence to prove that the ongmnal
short sighted: was a d ion In all bability, short-
sightedness 1s 1 1ts ongin a germmal variation, hke so many other
bodily 1diosyncrasies

In regard to some diseases, such as rheumatism, 1t 1s often sard
dogmatically by those who know httle about the matter that the
ongnal affection 1n the ancestor was brought about by some defimte
external influence—such as a cold dnive or a damp bed but 1t seems
practically certamn that i all such cases we have to do with an mborn
predisposition, to the expression of which the cold drive or the damp
bed were merely the liberating strmulus, comparable to the pulhing of
the tngger iz a loaded gun  The hberating stimulus 1s, of course, of
great importance, both m the case of the gun's discharge and the
organism’s disease, but 1t only goes a httle way towards a satisfactory
mterpretation m either case  Not that we can explamn the ongmn of
rheumatism or shortsightedness or any such thing—there 1s no expla
nation in caling them germinal vanations that cropped up but we
are almost certam that they never are modifications or acquired
characters

Herbert Spencer twits those who are sceptical as to the trans
mssion of acquired modifications with assigming the most flimsy
reasons for rejecting a conclusion they are averse to, but when Spencer
ates the prevalence of short sightedness among the * notonously
studious ’ Germans, the mhertance of a musical talent, and the mnhen-
tance of a Lability to consumption, as evidence of the mhentance of
modifications, we are remided of the pot calling the kettle black

Over and over agam 1n the prolific hterature of this discussion the
syllogism 1s advanced, either in regard to gout or something analogous—

Gout 1s a modification of the body, an acquired character,

Gout 1s transmussible,

Mod: 100s are t bl
It may be formally 2 good argument, but there 13 every reason to

deny the major premise. There 1s no proof that the gouty habit had
an exogenous ongin—that 1t was, to begin with, for mstance the
durect result of lngh hiving, though it 15 generally admutted that
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excesses m eating or dnnkig may give a stimulus to 1ts expression
“The conclusion that I have arnved at,” says Prof D J Harmulton,
¢ 15 that the gouty habit of body has arsen as a vanation, and as such
1s hereditarily transmussible, and that excess of diet and alcohol merely
renders the habit of body apparent ** It may also be pomted out that
gout and theumatism and the like are rather processes of metabolism
than structural modifications though the latter may ensue
After pomnting out the irelevancy of citing cases of the hereditary
recurrence of polydactyhsm haemophilia, colour blindness 12 man
or the absence of horns 1 cattle or of tails in cats, as mstances of the
of d ch , Prof Ermnst Ziegler says  Only
that can be regarded as acquired’ which 1s produced 1n the course of
the individual Ife, during and after the period of development, exclu
sively under the mfluence of exterpal conditions, the term 1s 1 no
wise applicable to peculiarities which, as one says, anse of themselves
from a predisposition already present mn the germ ”
Misundesstanding IV —Mistaking the reappearance of @ modifice
twn for transmission of & modification —It 15 of hittle service to ate
cases where a particular modification reappears generation after gen
eration unless 1t be shown that the change recurs as part of the snhers
tance, and not sumply because the external conditions whach evohed 1t
1n the first generation still persisted to evoke 1t i those that followed
Reappearance 15 not synonymous with mhentance
Misunderstanding V—Mustaking re-infectson for transmission —
A particular form of the fourth misunderstanding has to do wath facts
so special that 1t may be c ly treated of sep ly Ithas
to do with microbic diseases It 15 admutted that a parent infected
with tubercle baaillus or with the microbe of syphilis may have off
spring also infected  But such cases are urelevant m the discussion
Infection, whether before or after birth, has nothing to do with inhen
tance AsDr Ogilvie says “Wherever the transmission of mfectious
disease from parent to offspring has been adduced to support the
doctrine of the b of haracters, 1t has been done 1
utter misconception of its meamng and scape "
Medical men have sometimes condescended to make a subtle
between “hereditary™ and ¢ congemtal” syphilis~—the
latter mamifested at birth, the former some time afterwards! It seems
strange that they have failed to recogmise that there 15 no reason to use
the word “hereditary” at all i this connection  What occurs 1s an
nfection, and 1t 1s theoretically immatenal at what stage the mfection
occurs A microbe cannot be part of an inhentance
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M ding VI —T7 " lulars 15 not 80 the
patnt —It 1s not to the pomnt to cite caves where unicellular organisms
such as bacteriz or monads have been profoundly and henitably mod:
fied by artificial culture so that, for mstance the descendants of a
virulent microbe have been made to lose ther evil potency Tt s
wrrelevant because 1n regard to unicellular orgamsms we cannot draw
the distmction between body and germunal matter apart from which
the concept of modifications 1s of no value  In artificial culture the
whole ct of the 1k ats particular bol
—is altered 1t multiplies by dividing into two or more parts which
naturally retamn the altered constitution  But this 15 worlds away
from the supposed ¢ase of an alteration 1n the structure of the little toe
so affectmg the germ cells that the offspring inhent a corresponding
deformation,

Professor L Errera (1899) reported an experiment with a simple
but multicellular mould (Aspergillus niger) which adapted 1tself to a
medium more concentrated than the normal  The second generation
of the mould was more adapted than the first, and the adaptation to
the concentrated medrum was not wholly lost after rearmg m the nor
mal medium agaim  Thus looks like evidence of the mhentance of the
acquired adaptive quality which was brought about as a direct modifi
cation  But the case does not really help us since the distinction
between soma and germ plasm 1s not more than incrpient m the mould
m question  And even if the distinction were more marked 1t would
only show that the germ plasm s capable of bang affected along wwh
the body, by a deeply saturating mnfluence which nobody has ever
demed

Misunderstanding VII-—Changes wn the germ-cells olong wuh
changes 1n the body are not relevant —Another musunderstanding 1s due
to a failure to apprecrate the distmetion between a change of the repro-
ductive cells along with the body, and a change in the reproductive
cells d d by and tive of a particular change
bodily structure  The supporters of the hypothesis that modifications
may be transmitted pomnt to the tragic cases where some poisoning of

the parent s system by alcohal opium, or some town 1s followed by
some deteroration in the offspnng  There 1s no doubt as to the fact,
the question 1s as to the correct mterpretation

1 In some cases 1t may be that the whole system of the parent 13
poisoned—reproductive cells as well as body, the effect may be as
direct on the germ-cellsas on thenerve-cells  These, therefore, are not
cases on whuch to test the transnussibility of an acquired character—ie
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ot a particular somatic modification If a local porsonmg had a
structural effect on some particular organ and if that structural effect
was reproduced m any degree 1n the offspring, the case would be
relevant, but when the whole orgatism 1s soaked n a poson the case
1sirrelevant I st could be said that the sunshine which brings about
sun burmng mn the slun soaks through the orgamsm even to its repro-
ductve cefls and specifically affects them in a manner analogous to
the saturating poison we should have a physiologucal basss for expect
ing the mnheritance of sun burming ~ But we cannot makhe this assump-
tion We have no warrant for believing that the modificatron of a
part re-echoes m 2 defimite specific way through the orgamsm until
even the penetralia of the germ cells reverberate
2 A parent orgamsm 1s poisoned and there are structural results
of that posomng  The offspring ate born poisoned, and show sumlar
structural peculianities  This may be due to the fact that the germ
cells were poisoned along with the parental body, but 1t may also be
due, 1n the case of a mother to a poisoning of the embryo before birth
1n 2 manner comparable to a pre natal mfection
3 In some cases—eg of alcohohsm m —
there may be poisoning of the germ cells along with Lhe body, there
may be poisoning of the embryo before birth, and of the mfant after
but 1t may also be that what 1s really mhented 1s a specific degeneracy
of nature 2n mnate deficiency of control perhaps, which led the parent
to alcoholism, and which may find the same or some other expression
m the child
Cases are known in which the children of a dxpsoma.mac fa'.her and
a quite normal mother have exhibited a to
msanity, and the kke In this case the possibiity of powonimng the
unbomn child 15 eliminated, but there remain three possibilities of
interpretation—that there was specific powsoning of the paternal germ
cells that what was inhented was the constitutional weakness which
expressed itself as alcoholism in the father, and that there wcre detn
m:ntz.l mfluences m the early =
“nurture,” 1 short—of the offspring
But while we have admutted a good deal, we have not admtted
the transmussibility of a particular structural modification brought
about 1n the p:uenlal body as a result of the toxm
Misund VI —Failure to h between the
possible nherstance of o particrdar modsficatson and the possible inhert
tance of sndirect resulls of that mod or of changes loted with
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#—At first sight this seems hair splitting, but it 1s a crucal pomt.
Through his vigorous exercise the blacksmith develops a muscular
arm worthy of admiration, the shoemaker acquires skeletal and
muscular pecubianties less admirable There are many permanent
and profound mod: 10n d with particular occupations
Are we to behieve, 1t 1s asked, that the occupation of the parents has no
mfluence on the offspring? Are we to believe, 1t 1s asked, that the
children of solduer, sailor, tnker, tailor, are mn no way affected by the
parental functions?

It would be mteresting to have precise data n regard to this, but it
35 generally admitted that when parents have healthful occupations
their offspring are likely to be more vigorous  The matter 15 comph
cated by the difficulty of estimating how much s due to good nurture
before and after buth It 15 not unlikely, too, that some profound
parental modifications may influence the general constitution, may
even affect the germ-cells, and may thus have results in the offsprng
‘But unless the offsprimg show pecubanties n the same direction as the
ongmal modfications, we have no data bearing prectsely on the ques-
tion at 1ssue

A belief 1n the ik of d tons was perhaps d
mn the old proverb, “The fathers have eaten sour grapes, and the
children’s teeth are set on edge’—a proverb which Ezekiel with such
solemnuty said w2s not any more to be ased in Israel  Now if “setting
onedge’ was a structural modufication, and if the children’s teeth were
“set on edge” as their fathers’ had been before them, there would bea
presumption 1 favour of the transmission of this acquired character,
though 1t would be still necessary to inquire carefully whether the
children had not been m the vineyard too  But if, as Romanes said,
the children were born with wry necks, we should have to deal with
the mheritance of an indrect result of the parent s vagaries of appetite,
and not with any direct representation 1n iehentance of the particular
modification produced 1 the paternal dentition

Misunderstanding XX — A ppealing fo dala from not more than fuo
generations —1t has often been pointed out that animals transported
to a new country or environment may exhibit some modification
appa-ently the result of the novel mfluence, and that their offspring
m the same environment may exhibit the same modification 1 o
greater degree Thus sheep may show a change 1n the character and
length of therr fleece, and therr progeny may show the same change
more markedly
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But 1t 15 perfectly clear that if the evidence does not go beyond
this, nothing 1s proved that affects the question atissue It was to be
expected that the offspring should show the modification m a more
marked degree than their parents did, since the offspring were sub
jected to the modifying mfluences from birth, whereas thewr parents
were mfluenced only from the date of their importation

What would be welcome 1s evidence that the third generation 18
more markedly modified than the second, then there would be data
worth considenng  Only then would it be necessary to consider
Wezs % hat subtle d as to the mf of chimate

THE INHERITANCE OR NON INHERITANCE OF ACQUIRED CHARACTERS'
EDWIN GRANT CONELIN

Few questions m biology have been discussed so fully and so
frmatlessly as this It 1s a problem of the greatest mterest not only
to students of biology but also to soctologsts, educators and philan
thropists and yet 1t 1s still to a certam extent an unsolved problem

Opwmuons of Lamarck and Darwin —It 1s well known that Lamarck
taught that characters due to desire or need, use or disuse, and to
changed environment or condttions of life were mhented and thus
brought about progressive evolution Lorg ago desire or need was
repudiated as a factor of evolution  Lowell satirized 1t m his Bsglow
Papers m these words

“Some filosifers think that a fakkilty’s granted
The mmnit 1t’s felt to be thoroughly wanted

That the fears of 2 monkey whose holt chanced to faul
Drawed the vertibry out to a prehensile tail **

Darwin wrote to Hooker, “Heaven forfend me from Lamarch’s non
sense of adaptation from the slow willing of ammals , but although
he repudiated this feature of Lamarckism he held that characters due
to use or disuse and to changed conditions of hfe mght be mherited
and he proposed his hypothesis of pangenesis 1n order to explan the
process of the transmission of such characters to the germ cells

Weismann’s theories —Weismann introduced a new era it
biology by denying the inheritance of all kinds of acqured characters
and by challenzing the world to produce evidence that would stand a

From E. G, Conkhn Heredsly und Envirowmsent (copynght sp19)  Used by
special permission of the pubhshers The Princeton University Press.
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ngorous analysis  But Weismann’s greatest service lay 1 his con
structive theories rather than m destructive erbicism  he forever
disposed of theones of pangenesis and the like by showing that the
germ cells are not built up by contributions from the body and that
characters are not transmitted from generation to generation, but
on the other hand that there 1s transnutted a germ plasm which 15
relatively independent of the body and which 1s relatively very stable
m orgamzation This epoch making theory of Weismann’s has natu
rally undergone some changes, as the result of mew discoveries
It 13 no longer believed that the germ plasm 1s really mndependent of
the body, nor that 1t is absolutely stable, as Weismann at one tune
held  There 1s no doubt that the germ cells and the germ plasm are
physologically related to other cells and to other plasms and similarly
there 13 no doubt that the germ plasm although very stable can and
does change 1ts constitution under some rare conditions  But in the
mamn the germ plasm theory 1s accepted by the great majonty of
brologists to-day, and recent work 1n genetics and cytology has brought
many confirmations of this theory

Distinctions between hereditary and aecquired characters -—As
long as 1t was beheved that the developed characters of an orgamsm
could be transmutted as such to 1ts descendants 1t was customary to
speak of developed characters as hereditary or acquired and to talk of
the mheritance or non mhentance of acquired characters This dis
tinction 1s not a logical one for all developed characters are mvariably
the result of the responses of the germmal organization to environ
mental stimul, and of course no developed character can be purely
hereditary or purely emvironmental But when a given character
anses m many individuals of the same genotype under different
environmental conditions 1t 1s probable that beredity, which 1s the
constant factor i this case 15 also the determuning factor for that
character  On the other hand if a character develops In response to
peculiar stimuli and does not appear m other mdividuals of the same
genotype m which such stimuh are lacking 1t 1s said to be an environ
mental or acquired character In fine, mhented characters are those
whose distinctive or differential causes are m the germ cells, while
acquired characters are those whose differential causes are environ
mental

Statement of prablem —RBriefly stated the question of the inhen
tance of acquired characters 1s this  Can the differential cause of a
character be shifted from the environment to the germ plasm? Can
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pecuhanities of the which mnfl the devel of
somatic characters so affect the germ cells that they will produce these
somatic characters in the absence of the pecubar environment? Can
the charactenstics of a developed organism enter nto 1its germ cells
and be born agam 1 the next generation?  Considening the fact that
germ cells are cells and contawn no adult characteristics 1t seems very
improbable that any peculianity of environment wheth r of nutn

tton, use, disuse or mjury, which brings about certain pecubarities of
developed characters in the adult, could so change the structure of the
gemm cells as to cause them to produce this same character i subse-
quent generations 1n the absence of its extrmsic cause How, for
example, could defective nutrition which leads to the production of
nckets, affect the germ cells which contam no bones so as to produce
nickets 1n subsequent generations, although well nourished? Or how
can over-exertion leading to hypertrophy of the heart, so affect the
germ cells that they, in turn would produce hypertrophted hearts 1n
the absence of over-exertion, seemg that germ cells have no heasts?
©Or how could the loss or myury of eyes or teeth or legs lead to the
absence or weakened development of these organs m future generations

seeing that mhernitance must be through germ cells which possess none
of these structures?

Lack of di for inh of d ch —But,
apart from these general objections to the doctrme of the mhentance
of acquired characters, there are many special difficulties  There 13
no lusive and satisf: y evid 1 favor of such inhentance
Almost all the evidence adduced serves to show only that characters
are acquired, not that they are mhented

It 15 & matter of common observation that mutilations are not
mhented, wooden legs do not run m famihies, although wooden heads
do  The evid for the mh of pecul. due to use or
disuse 15 wholly inconclusive, for exampl:, did the giraffe get his long
neck because he browsed on trees, or does he browse on trees because
he has by mhentance a long neck? Did attempts to fly lead to the
developmenl of ngs m birds, or do birds fly because hercd.:ty has

—am L e oy

each of these alternatives rather than of the first.
There still remams the question of the mhentance of certamn
characters due to environment, though here also the most clear-cut
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evidence 1s 2gainst this proposit on  That unusual conditions of food
temperature, moisture, etc , may affect the germ cells so as to produce
general and indefimte varations in offspring 1s probable, but thisis a
very different thing from the inhentance of acquired characters The
germ cells bemng a part of the parental organism may be modified by
such changes 1n the environment as affect the body as a whole, they
may be well nounshed or starved, they may be modified by changed
conditions of grawity, salinity, pressure, temperature, etc, and these
modifications of the germ cells probably lead to certam general modi~
fications of the adult, which may be larger or smaller, stronger ot
weaker, accordng as the germ 1s well or poorly nounshed, but 1t 15
dible that the which d rickets, or hyper
trophied heart, or loss of sight 1 one generation should modify the
germ cells m such a peculiar and definite way that they should give
nse n the next generation to these particular peculiarities, m the
absence of the extrmsic cause which first produced them The
mhentance of acquired characters 1s mcredible, because the egg 15
2 cell and not an adult organism, and i this case there 1s no suffi
cient evidence that the thing which 1s incredible really does happen
No inhented influence of stock on graft —If specific changes of
environment produced specific changes i keredity we should expect
to find that where different plants or ammals are grafted together each
would modify more or less the hereditary constitution of the other
But this does not cccur  Everybody knows that when a branch of a
particular bind of frunt tree 1s grafted upon a tree of a different variety
the qualty of the fruit borne by that branch 15 not altered by its close
umon with the new stock The same 13 true of all forms of anunal
grafts Harnson cut 1n two young tadpoles of two species of frog,
Rana sylvatica and Rana polusirss, and sphced the anterior half of one
to the postertor half of the other These frogs and therr tadpoles
differ im color as well as 1 other respects R syliatica being more deeply
pigmented than R palustrss  In the grafted tadpoles each half pre
served 1ts own peculianities even up to the adult condition
A still more striking case of the persistence of heredity i spite of
environmental changes 1s found m experiments in which the ovanes
are removed from one vanety of amumal and transplanted to another
vanety Guthre made such transplantation in the case of fowls and
concluded that there was some influence of the foster mother upon the
d ovary, but D. port, who repeated his expenments, was
unable to confirm lus results  Finally Castle and Phullips furmished
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the most conclusive demonstration that the hereditary character
1stics of the transplanted ova are m no wise changed by the foster
mother They removed the ovary from a pure black gumnea pig and
put 1t n the place of the ovary of a pure white amimal ~ After recover
1ng from the operation this white female with the ¢ black ’ ovary was
bred to a pure white male Three Ltters of offspring from these
parents were all pure black  Although both parents were pure white
all the offspring of the F1 generation were blach because they came
from ‘ blac!  eggs and blach 1s dominant over white The fact that
these ¢ Llach  eggs developed m the body of a white female did not in
the Jeast change their hereditary constitution

Donunants and recessives remam pure —A still more mtimate
umon tahes place when the dommnant and recessie characters come
together m any zygote These characters, or rather the factors which
determine them, may be intimately associated 1n every cell of the
orgamsm throughout an entire generation and yet we may get a clean
separation of these characters in the next generation, in many cases
neither the domnant nor the recessive character has been at 2ll modt
fied by ats most intimate association wath the other

Climatic effects not inhented —A strihing 1stance of the purely
temporary efect of the environment and of the long persistence of
hereditary constitution amidst new environmental conditions, which
have greatly changed the appearance of the developed orgamsms, 1s
found i the case of alpme plants  Nagel says that such plants, which
have preserved the characters of ligh mountam plants since the 1ce
age, lose these characters perfectly during theur first summer in the
lowlands

Summary —If acquired characters were really inherited we should
expect to find many posttive evidences of this mstead of a few sporadic
and doubtful cases In particular why do we not find 1 plant or
animal grafting that the influence of the stock changes the hereditary
potenaes of the graft?  Why do we not find that transplanted ovanes
show the influence of the foster mother as Guthrie supposed—a thing
which has been disproved by Castle? Why do domunant and recessive
characters remam pure, even after their intimate unton n a hybnd, so
that pure & and pute T iy be ob 4w, subse
quent generations from this mixture? Why does every child have to
learn anew what hus parents learned so laboriously before im?  Even
the strongest defenders of the mhentance of acquired characters are
constramed to admit that 1t occurs only sporadically and excep-
tionally
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Neo-Lamarclusm —Many modifications of the Lamarckian
hypothesss of the mhentance of acquired characters have been pro-
posed m recent years Foremost among those are the mneme
theory of Semon and the “centro epigenesss ’ theory of Rignano  To
Semon as to many other biologists the apparent resemblance between
memory and heredity has seemed significant, and thus furnishes the
basis of hus theory Semon holds that every condition of life every
functional activity of an orgamsm leaves a permanent record of 1tself
1 what he calls an “engramme ” If these conditions or actvittes
are long continued their engrammes are heaped up and affect heredity
Semon does not ask if ¢ acquired characters ' are mhented, but rather
‘ Are the hereditary potencies of the germ cells altered by stimul
acting on the parental body ?"” This 15 a very dufferent thing from
the mheritance of a particular acquired character, and there 1s some
evidence that such stimuli may m rare mstances produce changes 1n
the heredstary constitution of the germ plasm though these evidences
are by no means conclusive

y effects of “ #—.On the other
hand certain changes may be produced m germ cells or embryos which
last for only a generation or two and then disappear It s well known
that plants grown 1n poor soil are smaller and produce smaller seeds
than those grown in good soil, and De Vnes, Bauer and Harns find
that such seeds produce smaller plants having smaller seeds than do
seed of normal size This 1s an after effect of poor nutntion which
chanpes the amount of food material in the seeds and through this the
size of the plant which develops from the seed, but 1t does not change
the bereditary constitutton  Woltereck found that in Dephnia there
1s an after effect of cold lasting for one or two generations, and this ke
calls “induction,” when the effect lasts for one generation, or “pre
induction” when 1t lasts for two or three generations Whitney found
that rotifers poisoned with alcohol were weaker m resistance to copper
salts and were less fertile than others, and when brought back to
normal condttions the first generation was weak but the second was
normal  On the other hand Stockard finds that the imjurious effects
of alcohol on guinea pigh persist through two or more generations 1In
man alcohol may have an ‘ induction’ effect on offsprng but fortu
nately 1t does not seem to alter heredatary constitution  Probably of a
similar character are Sumner’s results, he found that mice raised 1n the
cold have shorter tails than those raised 1n higher temperatures and this
modified character appears in the next generation  If this1s an after
effect or “1nd " 1t should d m the foll
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K found that sal ders with black and yellow spots
when reared on yellow soil gradually lose their black color, becoming
more yellow, and therr young continue to grow more yellow until
finally almost all black may disappear The offspring of such sala
manders are said to be more yellow than normal, but this work has
been called 1n question and needs confirmation  Even if confirmed
the result may be an after effect or “induction” which would soon
disappear under usual conditions, and there 15 no evidence that it 1s
really imhented

Such cases are not imnstances of true inhentance, they do not
sigmify a change n the hereditary constitution but an mfluenc. on the
germ cells of a nutnitive or chemical sort comparable with what takes
place when fat stams are fed to anumals, the eggs of such ammals are
stained, and the young which develop from such eggs are also stawned,
though the germinal constitution remains unchanged The very fact
that the changed condition 1s reversible and that 1t disappears waithin
a short tume 1s evidence that 1t 1§ not really mhented

In concluston (1) Developed characters, whether “acquired”
or not, are never transmitted by heredity, and the hereditary constitu
tion of the germ 15 not changed by changes 1n such characters  (2)
Possibly environmental stumuli acting upon germ cells at an early
stage 1n ther development may rarely cause changes in hereditary
wonstitution, but changes produced mn somatic cells do not cause
corresponding changes in the hereditary of the germ cells.
(3} Germ cells like somatic cells may undergo modifications which are
not hereditary, 1if starved they may produce stunted individuals and
this effect may last for two or three generations, they may be stamed
with fat stans and the generation to which they give rise be sumlatly
stained, they may be poisoned with alcohol or modified by tempera
ture and such influence be carred over to the next generation without
becoming hereditary  All such cases are known as “mduction” and
many mstances of the supposed nhentance of acquired characters
come under this category  (4) Environment may profoundly moduy
mdividual development but 1t does not generally modify heredity

THE OTHER SIDE OF THE QUESTION
It will have been noted that the chief objection to the idea of the
bility of acquired ck being inhented comes to us as 2
hcnu.gc of the rather extreme Weismannian concept of the “germ
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plasm ”  According to this view as brought out 1n another place
(p 201), there1san unbroken continmty from generation to generation
of the germ plasm  Germ cells are thought of as remaiung entirely
undifferentiated for any somatic function and as therefore capable of
starting at the begmming to develop a new mdividual ~ The germ cell
1s supposed to be ¢ set apart at an early period m a given individual,
1t takes no part in the formation of the indvidual s body, but remains
a slumbering mass of potentialities which must bide its time to awaken
1nto expression 1n a subsequent generation ”

Physiologists object to this 1dea that the germ cells are so dis-
tinctly different from body cells and that they are so wmsulated, asit
were, from the soma as to be imune to anv changes that may affec
the latter Two kinds of data are offered 1 opposition to this con
cept A few observers, notably Professor C M Child, have described
cases In which somatic cells, that already had become differentiated
as prmitive muscle cells, lost theiwr differentration and returned to a
germmal condition If this kund of thing were general, and 1t 15
probably not, germ cells might concervably be produced from func
tionung soma cells and mught therefore furmsh a mechamsm for the
transmussion of the effects of use and disuse It should be empha
sized, however, that, among anumals at least, there 1s extremely little
evidence n support of the 1dea that differentiated body cells give nse
to germ cells

Among plants, however, a different situation prevails In the
Begoma, for example, any part of a plant if cut off 15 capable of pro
ducng a whole new plant  Even a purely vegetative organ like z leaf
if cut off and partially buned in soul, wall bud off 2 new plant whach
will produce flowers with perfectly typical germ cells  We have to
admt, 1n this case, exther that leaf tissues contain undifferentiated germ
cells or that somatic issues give nse to germ cells  The first alterna
tive1s 1 harmony with the germ plasm hypothesis, the second 1s
the preferred view of the opponents of this hypothesis

Among ammals, as for example annelid worms, 1t 1s quite common
to find the germ cells aggregated i a few cegments of the body Ifa
part of the body 1n which there are no recogmzable germ cells be cut
off, 1t will, under proper conditions, regenerate the lost parts and
become a complete worm with functional germ cells The same
alternative explanations that were offered for the Begonsa case apply
equally well here  Numerous other cases of the same sort are well
koown to all zoblogists  To the advocate of the “ germ plasm™ theory
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they offer no difficulties because he can always fall back upon the
statement that, among the lower forms at least, there 1s reserve germ
plasm equally distributed over the whole body ready to differentiate
1nto defimite germ cells when needed This type of appeal 1s abhor
rent to the physiologist, and with some justification, for it really
begs the question by assuming that any cell that 1s capable of form
1ng germ cells belongs to the more or less sacred lineage of germ plasm
If we confine the apphication of the germ plasm 1dea to the higher
ammals such as vertebrates and msects we would obwiate these chief
objections, and the present wnter would take the view that 1t 1 only
among the upper ranges of lighly specialized ammals that the con
tinuity of the germ plasm concept holds soldly
Another chief objection to the germ plasm concept has to do with
the supposed 1nsulation or apartness of the term plasm  Physiolo-
gists have found that there 1s an extremely mtimate correlation
function between practically all parts of a living orgamsm Many
of the structures, such as the rudimentary pitmtary body, the thyrouds
the adrenal body, and varous other bodies whose function was long
unknown, have now been shown to evercise a profound effect on the
development of the whole body Since practically all tissues are
known to affect at least some other tissues, 1s tt likely, the physiologist
asks, that none of the other tissues affect the germunal tissues? The
orgamsm 1s to be viewed 1t 15 said, not as a collection of independently
functioning parts but as a smgle coherent umt On this view no
tissue can be thought of as beyond the mfluence of orgamie changes
The classic argument of the Weismanmnians was that ue can con-
cene of no mechanism by means of which somatic changes can be carned
back 1nto the germ cells, and therefore fhere 15 no such mechamism
Now the fallacy of this argument 1s obvious, even if we could con
cerve of no sttable mechanism for this purpose, this does not preclude
the of such a mech M 3 ding to Professor
Guyer, just such 2 mechanism actually exists, as will be brought out 10
the following quotation from one of his recent publications

A POSSIBLE MECHANISY POR THE TRANSMISSION OF
ACQUIRFD CHARACTYERS!
MICEAEL ¥ GUYER
Some selectionssts glibly assert that new characters anse as the
result of spontaneous changes n the germ  What 1s meant by this?

*From M F Guyer, * Immune Sera and Certain Buological Problems "
American Noturalist Vol LV {1o11)
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Just what'1s a spontaneous change? No one has ever succeeded m
telling us  And we may suspect, though perhaps 1t 1s heresy to do so,
that 1t 15 2 well sounding phrase that 1s the equivalent of the three
words, “I don’t know” Unwilhng toadmt of the modifying mfluence
of external agencies on the germ, such theorsts resort to the fiction
of a spontaneous change Coleridge somewhere has said, “What’s
gray with age becomes religion ”  We have toyed so long with this
1dea of gerrmnal contimuity and the mvulnerability of the germ, that st
has become for some of us wellnigh sacrosanct Living matter 15
living matter wherever 1t may be found, but when 1t happens to be in
the germ-cells, verily, *this corruptible has put on incorruption and
this mortal immortahty”’!

Now, no one to day, quahfied by his knowledge of embryology
and genetics to the night of an opinion would, I think, deny that the
new organism 1s 1n the man the expression of what was mn the germ
line, rather than of what 1t got directly from the body of 1ts parents,
but does this fact necessanly carry with 1t the implication that the
germ 15 insusceptible to modification from without ?  Is not the serum
of organisms with blood or lymph an excellent medium through which
external mfluences may operate upon 1t? IS it not more reasonable
to postulate the ongination of germinal changes through some such
mechanism as this than to attrihute 1t to mysterious “spontaneous
changes ?

With such thoughts m mind I and my research associate, Dr
E A Smuth, set about making varnous tests Without attempting
to tell you of our as yet unsuccessful attempts to secure cytolysins
which will operate m the developmental stages of such penodically
renewed structures as feathers, or to weary you wath the history of our
vanous other failures—of which there are an abundance—I wish to
speak bnefly about certain antenatal effects we secured in rabbits by
means of fowl serum sensttized against rabbat crystalline lens, and of
the fact that such induced defects may become hertable

The crystalline lens of the rabbit was selected as antigen, and fowls
as the source of the antibodies  The lenses of newly killed rabbits
were pulped thoroughly m a mortar and difuted with normal salme
solution  About four cubic centimeters of this emulsion was then
tmjected intraperitoneally or mtravenously mto each of several fowls,
Four or five weekly with such ) it were given
Then a week or ten days after the last 1njection the blood serum of
one or more of the fowls was used for mjection into pregnant rabbits
The rabluts had been so bred as to have the young advanced to about
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the tenth day of pregnancy, since from the tenth to the thirteenth day
seems to be a particulatly important period i the development of the
lens It 1s then growing rapidly and becomes surrounded by a rich
vascular networh that later disappears I'rom four to seven cubic
centimeters of the sensitized fow] serum were mjected mtravenously
wto the pregnant rabbits at mtervals of two or three days for from
ten days to two weeks  Several rabbits died from the treatment and
many young were killed 1n utero  Of sisty one surviving young from
mothers thus treated, four had one or both eyes conepicuously defect
we and five others had eyes which were clearly abnormal It 12
possible that still others were more or less affected, since we judged
only by obvious wisible effects We found later m some of the
descendants of these mdividuals that rabbits which passed for normal
during their earher months subsequently manifested traces of defects
in their Jenses or 1n other parts of the eye

The commonest abnormality seen 1 both the onginal subjects
and m therr descendants was partial or complete opacity of the lens
usually accompamed by reduction in size  Other defects were cleft
1is, persistent hyaloid artery, bluish or silvery color instead of the
charactenstic red of the 1lbmo eye, microphthalmia and even almost
complete disappearance of the eyeball Takmg mto account the
method of embryological development, however—the relation of lens
optic cup, and choroid fissure—the defects are probably all attributable
to the early mjury of the lens  In some cases, both among ongmals
and de i an eye phthalmic at birth may undergo fur
ther degeneration such as collapse of the ball and what appears tobe
resorption as if some solvent were operating upon it The eyes of the
mothers apparently remamed unaffected This 1s probably due to
the fact that the lens tissue of the adult rabbit 15 largely avasculr
and thercfore did pot come nto contact wath the injected antt
bodies

That the changes in the eyes of the fetuses resulted from the action
of lens antibadses 1s indicated by the fact that in not one of the forty
eight controls obtained from mothers which had been treated with
unsensitized fow! serum or with fow! serum sensitized to rabbit tissu¢
other than lens, was there evidence of eye defects, and T may add
that among the hundred or more young obtamed later from mothers
which were being experimented upon with various types of sera OF
protein extracts, for other purposes, not & single case of eye-defect
has appeared
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As already stated, once the anomaly 1s secured it may be trans
mtted to subsequent generations through breeding  So far we have
succeeded 1n passing 1t to the erghth generation without any other than
the ongwal treatment, The tmperfection, indeed, tends to become
worse 1n succeeding generations and also to occur 1 a proportionately
greater number of young  Though not analyzed completely as to its
exact mode of mhertance, it bas i general, the characteristicsof a
Mendelan recessive  Like such anomalies as brachydactyly or poly
dactyly 1n man, the transmisston 1s not mifrequently of an wregular
untlateral type, sometimes only the night, at others only the left eye
showmng the defect In the later generations, probably m some
measure as the result of selectr e breeding, there 1s an increasing num
ber of young which have both eyes affected

To determme whether the reappearance of the defect was due
merely to the passing on of antibodtes or hindred substances from the
blood stream of the mother, or to true mherttance, we mated defective-
eyed males to normal females from stramns of rabbits unrelated to our
defective eyed stock The first generations produced i this way
were mvariably normal eyed, but when females of this generation
were mated to defective eyed males again, we secured defective-eyed
young after the manner of an extracted Mendehan recessive It s
obvious that m such cases the abnormality could only have been
conveyed through the germ cells of the male, and that 1t 1s therefore
anexample of true mhentance  Subsequent matings have shown that
these young transmit the eye anomahes as effectively as do ndividuals
of the ongmal hnes A new stram of defective-eyed young estab
lished about the time our onigmal paper went to press, 1s also flourish
ing and, as regards transmission of the defect, seems to differ 1 no
way from the earlier stock

But now let us mquire as to where all this leads  Without enter
mg mto a discussion of just what, serologically, 1s talung place m the
body or i the germ of fetuses borne by the lens treated mothers, the
powt I wish to emphasize 15 that a certain specific effect has been pro-
duced, and, what 1s of greater moment, once the condition 1s estab-
lLshed 1t may be not merely transmitted, but mnherited  Whether the
fens of the uterme young 1s first changed and then m turn induces a
change i the lens producing antecedents 1n the germ-cells of these
young, or whether the specific antibody stmultanecusly affects the
eyes and the germ cells of the young 1s not clear In any event 1t
15 evident that there 1s some constitutional dentity between the
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substance of the mature organ n question and the materal ante-
cedents of such an organ as 1t exists . the germ
Biologically considered, the most significant fact 15 that specific
antibodres can mduce specific modifications in the germ cell.  Whether
these antibodies are transmitted from the mothers blood or engen
dered 1 that of the young would seem to be of secondary importance
1t stands to reason that antibodies onginated m an ammal s own blood
will modify germmal factors if corresponding antibodies mtroduced
from wthout can accomphsh this
The whole question as to how important such a fact may be
contributing to an understanding of the causes of the germmnal changes
1n orgamisms tn general which lead to vanation and evolution hinges
on the question of whether changes m an ammal s tissue will induce
the formation of antibodies or hindred active substances m its own
body We have been steadily accumulating evidence that such
reactions do occur
In our own laboratory, for example, after many attempts we have
succeeded n secunng a defective-eyed young rabbit from 2 mother
of normal stock by mjecting her repeatedly with pulped rabbit lens
before and duning pregnancy  Since the young rabbit 1n question has
both eyes badly affected there can be no question that a rabbit can
build antibodies against rabbit tissue which are as effective as those
engendered 1n a foreign species such as the fow! We have likewise
found 1t relztively easy to secure spermatovuns by directly mjecting
rabbits, both male and female with rabbit spermatozoa  Moreover,
a given male will develop antibodies agamst us own spermatozoa if he
15 mjected mtravenously with the latter
We are also securing evidence that serologic reactions induced m
the fetus through operations on the mother are not mere passive trans-
rmissions, but may become actively participated n by the tissues of the
fetus.  For example, female rabbits sensitized with typhoid vaccme
followed by lving typhoid germs may transmut to their young and
even to their grand descendants the ability to agglutnate typhoid
baalli 1n serum diluted from 60 to 160 ttmes From the standpomnt
of heredity we have no reason so far for mamtaming that this 15
anything but placental transmission, though we are gomng to practice
immunization generation after generation for a number of generations
to determune if a truly hereditary immumity will be established  How-
ever, facts have come to hght which show that there 15 more concerned
n the operation than a mere transfer of antibodies from mother to
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fetus  For mstance, the blood of young shortly after birth may show
a lugher titer than that of the mother Agam, after two or three
months of development the young of certain of the sensitized mothers
have shown a rather sudden nise m titer, much above that of the
mothers  In such cases 1t would seem that some mechamsm in the
young rabbit 1tself 1s constructing antsbodies which supplement those
passively denived from the mother  Possibly m the process of develop-
ment some organ important m such reactions just came 1nto function-
mg  If this s true further experiments may throw some light on the
perplexing question of the source or sources of the antibodies m an
ammal  After a few weeks, 1n such cases, the titer drops back agan
In still another set of expeniments we found that young from a sen
sitized mother, when nursed by a normal untreated mother, retamed a
faurly lugh titer for several months and even showed the rise of titer
mentioned  On the other hand, young of an untreated mother when
nursed by a sensitized mother acquired a farly high uter from the
milk of the foster mother but lost 1t rapidly after weaning time  Thus
there are evidently constitutional factors operative 1n the young which
have acquired their mmunty through the placenta which are absent
1n the young whose antibodies were conveyed through food

That changes m the blood serum may be caused by changed con
ditions 1n the tissues 1s further attested by many facts For example,
n pregrancy, the newly formmg placenta may set free cells or cell-
products which, sometimes at least, cause changes mn the blood serum
of the mother, though the exact nature of these changes 1s 1 dispute
Romer, usmg the complement fixation techmque, found that the
serum of adult human beings may possess anuhodxes ior their own lens
protems  Bradley and Sansum, employmmg anaphylactic
found that gunea pigs injected with gumea pig tissue-proterns (liver,
heart, muscle, testicle, kidney) develop immumty reactrons Again
during the late war, the type of toxic action to which anaphylactic
shock conforms was found to exst after extensive myury of the soft
tissues It resulted ly from the ab of
substances of tissue ongin into the creulation, In fact, vanous cells
and tissues when njured hiberate such poisons, and even blood 1n clot-
ting 1s known to acquire 2 transient tomaty of this type

With facts such as these before us, 15 1t not a rational hypothesis
o assume that changes i vamnous parts of a body may on occasion
influence the representatives of such parts in the germ-cells borne by
that body? This appears all the more probable when we recall the
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facts learned from a study of precipstins and of anaphylaxis that each
species of animal has a thread of fundamental symlznity underlymg
the proteins of all 1ts tissues  There 15 no reason to suppose that germi
nal tissue forms an exception. The further fact that homglogous
tissues, though existing n different speczes of animals possess Smilar
chemical charactenstics shows that to get an efiect there need not
be absolute chemical 1dentity between the substance of such 2 tissue
as the lens and the germmal constituents of which 1t 15 the expres
sion. And of this s true for lens why not for other tissues?

The blood serum of any orgamsm with blood thus affords a means
of conveyng the effects of changes m 2 parental organ to the germ
cell which contains the antecedent of such an organ ~ As long as there
15 little change 1n the somatic element 1ts germunal correlative would
presumably remamn constant, but any alternations of the soma which
give nse to the formation of ant:1 bodies or other active agents par
ticularly if long continued, might mduce changes in thegerm  Sucha
hypothesis would seem to be plamsible 2t least m accountmg for
degenerative changes such as the deterioration of eyes n such forms
as the mole, or m fact, m the formation of vestizial organs in general

On the other hand, there 15 no reason to infer that changes mduced
m the blood serum may not also be mstrumental 1 leading to pro-
gressive as well as regressive evolutton  If we may, have germually
destructive constituents engendered in the blood there 1s no vahd
reason for supposing that we may not also have constructive ones
When we learn more about what mnitiates and promotes growth inapart
through exercise, or what causes hypertmphy of aa organ, we may

Iikewnse find how p ts of that part
may be enhanced.  Unul such time we shall probably remam m the
dark ding the meck of prog e germinal changes  As

already mdxmted 1 the hormoms and chalones we have 2 wonderfu]
sertes of secretions normally crculating n the blood and mamtanng
general physiological equitbrium That reaprocal stmulations of
vanous organs occut by this means 1s 2 well-established fact. Hyper
trophy or atrophy of an endoctne gland may produce pronounced
effects in the furthermost reaches of the body ~ Agam we may inquire,
131t reasonable to suppose that the germinal tissues will be mviolate
to all this ebb and flow of chemucal influence?  Should we not expect
speafic reactions or selections here no less surely than in other tissues ?
Destruction of the pars bucealis of the hypophysis in the frog tadpole
will cause 1 m other end organs such as the
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adrenals and thyroids, will retard the growth rate, render the entire
organism albmous, 2nd produce m the mdividual pigment cells a con
dition of sustamed contraction  Shall we conclude that such a far
reaching mfluence as this, particularly 1n a developng orgamsm, will
pass the germ cells by unscathed ?

Sinularly, growth 1n man 1s known to be controlled by a prtuitary
secretion that 1s carnied by the blood to the various organs The
normal development of secondary sexual characters 15 determined by
products from the testes or ovanes, and the activities of the generative
organs the lves are ly d with the functioning of the
adrenal and other glands  The penods of ovulation are mhibited by
secretions from the corpus luteum, lactation 1s ncited by products of
the corpus luteum, the mvoluting uterus and the placenta, the car
bohydrate metabolism i the hiver and even wm the most distant
muscles 1s profoundly infl d by formed 1 the pan
creas, the pancreas, liver, and intestinal glands are set to secreting
through the stunulus of a product formed m the duodenal and jejunal
mucosae  And still others of such remarkable mterrelations can
be ated

Truly one may pronounce that social complex of reciprocating
ndividuals termed cells which make up an orgamsm, ‘members one
of another ” And with all of these co operative activities of the
various parts of the body 1t 15 inconcervable to me, at least, that the
germ-cells, bathed mn the same flid, nounshed with the same food
stand wholly apart

May we not surmise then that as regards inhentance and evolu
tion, Lamarck was not wholly 1n error when he stressed the unportance
of use and disuse of a part, or of mod 10ns due to
change, mn altering the course of the hereditary stream, particularly
1f we conceive of these influences as bemg prolonged, possibly over
many generations? Have we not 1n the serological mechanism of the
body of antmals an adequate means for the ncitement of the germinal
changes which underly certain aspects of evolution?

RECENT EXPERTMENTS BELIEVED TO FAVOR
TRE LAMARCKIAN THEORY

Guyer and South, 1n continuation of their earher program repont
that they have mduced hereditary changes 1n the eyes of fetuses by a
much suupler method than that descnbed above By simply destroy
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g the lens of the living female rabbit by “needling” 7 sefu, ant1 lens
serum has been produced m the blood of these ammals ~ This matenal
was as effective in preventing the development of lenses in some of the
fetuses of these mothers as was the matenal produced by more elabo-
rate serological methods  Also the effects seem to be mherited mn the
same Way 25 in the former expenments It should be noted that
Guyer 18 very cautious in his statements and makes no clam that kus
work demonstrates the inheritance of acquired characters  He realizes
that the same specific matenal that 15 supposed to mnhibit the develop-
ment of eye structures m the young fetus might readily at the <ame
time exert a specific influence upon the genes or factors for eye struc
tures 1n the primordial germ cells that Live contemporaneousty with
the somatic structures Thus two generations mght be affected
simultaneously—a case of paralle] ;nduction
Every important experiment jn science becomes the target of
attack, and the experiments of Guyer and Smuth are no exception
Bagg and Hanson and Little have performed some very mteresting
experiments on the effects of radjum emanations and of X rays on
mamrmahan germ cells and Stockard has used alcohol 1n the same way
All of these workers show that eye defects, especially lens defects, are
found most commonly, occurring sometimes 1n the entire absence of
other observable defects It would seem, then, that eye defects are
fer from being specific, and they may not be specific mn the experiments
of Guyer and Smuth  There 15 no question but that the eye 1s the most
susceptible part of the organism and that eye defects can be iduced 1o
vertebrates by almost any kind of inhibiting agent It was only when
Guyer used the lens material, however, that he got leas defects, for
when he used sera developed from other tissues no effect upon the lens
was noted  But 1o eflect upon any other tissue was noted, seemung
to show that no effective antigens of any sort were formed It 15 1
possible at the present writing to predict what will be the final beating
of Guyer’s and Smith s very sigmficant experiments upon the problem
of the inhenitance of acquired characters
Gnffith and Detlefson have recently reported some expenments

upon muce that at first seemed almost crucial for our problem  Rats
were reared for several months m cages placed upon rotating tables
They became adapted to the rotating condition to such an extent that
when the rotation was stopped they seemed upset, shomng signs of
oystagmus (dizziness) and other symptoms of a changed physxol%"m]
conditton  Some of the young born outside the cages showed uregularnt
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ties 1 their gait and other signs of nystagmus  Moreover, the young
of parents rotated to the left showed different effects from those of
parents rotated to the nght The condition 1s said to have been
mhented for several generations  Detlefson, however, noted that the
whirled rats and their offspring showed frequent pathological sequelae
such as discharges from the ears, and 1s now inchned to wonder
‘ whether Gnffith has not merely presented us with numerous spect
mens of some vertebral disease ” The implcation 15 that the disease
once started might be passed on to future generations by nfection It
15 generally understood that Detlefson has been repeating these expert
ments upon the Wistar Institute standard whte rats, and that his
results are so far negatwve

And thus stands the problem today It 1s no more settled than
1t was filty years ago but most of us are growing to be a httle pessi
mustic about the whole matter



CHAPTI R \\\(I
OTHI R I0SSIBIT GUIDING FACTORS

Orthogenests  Genetiasts as a rule fec] that natural selection 15
the only guiding factor needed to account for the adaptive fertures of
evolution  They re inchined to be sheptrcal about the defimteness of
the pathways of change that have been <o strongly emphasized by
purcontologists ind others T 11 \Morgan at one tme expres.ed the
view that most of the beautifully precise orthogenetic ped grees such
as that of the horse fapuly for example might be made up by selecting
only those fossil forms that fitted well into the progressive <cnes and
ignonng those that did not fit <o well He showed that one could
make out a very pretty phylogeny of the <pear heads disphyed in
museums n which each type leads to another tvpe and all are eapable
of arrangement nto a few  orthogenetic <eries  Since such a series
1> merely an artificial arrangement without phylogenetic sigmificance
the same might al<o to some extent be true for the orthogenetic series
of the palzeontolygist  Some geneticists are inclined to think that the
evolution of the horse fanuly for example had been much less defimite-
1y directed than 1t 1s commonly supposed to be  In each pened there
existed numerous less progressive types and many aberrant species s
well as those that seem to follow the more direct lines leading to the
modern horses  In other words much of the definitencss of durection
15 the result of focusing attention upon 1 few of the types that make 2
good series and 1gnoning the ones that are not in ne  This eniticsm
15 possibly too1conoclastic  There surely 15 1n the horse pedigree some
definiteness of trend amidst a flux of indefimteness  Hence the prob-
lem of explaining this residual definsteness stsll remains

Inrecent y ears one of the staunch supporters of the reality of ortho-
genests has been 27 T Osborn  His most stuking matenal perhaps
consists of the fossil pedigrees of the Tstanotheres a group of extinct
ungulates somewhat resembling the modern rhmoceros They ap-
peared relati ely early m the evolution of mammals, and attamed glant
propottions great abundance 1nd wide distribution before becormag
extinct at the close of the Oligocene pertod  Though the titanotheres
started as small creaturcs about the size of terniers they reached atmost
the dimensions of elephants near the close of their career One of
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therr outstanding pecularities consists of a umgque type of horn on the
tip of the nose, a horn branchuing at the base and diverging laterally
mto two flat prongs Qsborn distinguishes at least four divergent
lines of evolution among these mammals Limne I retained the front
teeth (ancisors) and remained heavy bodied Line I lost the masors
and became longer Limbed, Iighter bodied, speedier, and went 1n for
grazing  Innerther of these hnes did the horns grow very large  Line
III, the first of the large-horned lines, lost the mcisors and remamed
relatively small bodied Line IV, to which the glant Bro fothersum
belongs, retamned the incisors, grew extremely bulky, and went mn for
slow, leisurely browsing
In all these four lines that are known to have separatcd early and
to have 1l d d th 5 therr careers,
the evolution of the horns has run parallel courses Al four lines
started hornless, each developed horns independently, and the steps
1n horn evolution ran the same course 1n all the four lnes, gomng some-
what farther in the larger types than in the smaller In the last sur
viving representatives of all four lines the horns had reached the same
characterstic form, being attached to the same bones of the skull and
having a shape quite unlike that known for any other group of mam
mals
The 1nferences that have been drawn from this situation are as
follows  The original ancestral titanotheres must have had something
m the germ plasm that was predestined to vary along certam definite
Lines and to produce certamn definite structures, 1n spite of any differ
ences 1n environment or habits of the different hines of descendants
The horns were compelled to appear at a certain stage 1n the evolution
of each of the four ines, though they may have had httle or no adap
tve value  Osborn has no very satisfactory theory as to the mechan
1sm mvolved m this remarkable orthogenesis, but Juban Huxley has
offered a purely physiological explanation of horn evelution 1n titano
theres, an explanation that may apply equally well to many other cases
He has discovered that i horned ammals tn genera), the larger the
mdividual 15, the larger are the horns m proportion to the body size
Now, as s true of most phylogenetic serzes, there was a steady increase
m size 1 all four lines of trtanotheres  Thus the earliest titanotheres
were too small to have horns at all, the first horned types were of
moderate size, the most elaborately horned types were the giant end
products of each of the four lines, and especially was this the case for
the great Bronlotherium
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1f, then, as scems to be the case om evolution s rerely 3 <econd
ary and purely tnaidental consequence of Increase in <ize, we may well
ash why increasein size goes on <o steadily  Is this not an orthogeretic
procussatseli’  Butincrea<e in size ray be gpuided by natural eelection
without the aiul of other factors for 1ncrease 1 size corfers a personal
advantage upon the indnidual thotgh it may 1n the end be damagieg
to the race  Thus a larger bull in a berd will be strorger and win
more mates thus ten hing to pass on the genes for larger <ize to de-
scen lants

Darwin woull have caled the case of horns in titanotheres an
example of correlated vanation  and would bave <ud that bere we
have an instanee of sure adaptine charactenstic <uch as body sue
carrying along with it a vaml 'e character that mav have hittle or no
adaptive value  Thus this clac © case of orthegeness would be ex
planed sats factonty ax the result of correlated vanation and natural
selection without dragging 1n any mner gudirg pnneaple

In view of the~e and mam other facts 1t scems advisable, for the
pre<ent at least to <@y nothing furtber about orthogeness.  No vert
good case of orthegencsis has been presented that cannot be explaned
as well by natural selection as in any other way that has been sug
gested  So hittle do genenaists as a group think of orthogeness as a
possible gwiding factor i evclution that most textbooks of genetics do
not mention the nord even tn the index  Orthogenesis 15 ot present
a concept that belongs rather to the philo~ophy of evolution than to
the science of genetics

Vitalisie theones —\ll theonies of evolution based on lmown
mechamt ms are considered as mechannstic and belong o the realm of
science but there are some theories hnown as “vatalistic” that belong
more to the realm of philosophy than to that of saence  Several of
these theones deal with some hand of immatenal force or forces that
are beheved to guide the cource of evolution  Bergson’s &an witul, of
vital urge, 15 one of these immatenal forces.  This force 15 believed to
be practically synonymous with hfe stself Tt 1s that property of hie
that gives to it a dnve forward, a tendency to grow, multply, and
adaptitself  Ina<emse,1t1 a sort of marticulate purpose reading 1
the lving substancetself  This protoplismic purpose continually ex
presses atself m adaptine development and adaptne behavior It
realizes atself most completely as mind, purpose and reason in bighet
orgamsms, but its essence 1s present in even the lowest organsms and
mn the youngest stages of the mndividual It guides the cource of 10
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dwvidual development, each step of which seems to be in preparation
for the next, as though taken 1 antictpation of 1t

‘The reader may well revolt agamst the introduction of speculations
of this sort mto a treatment of the mechamsm of evolution, but if
such a concept as élan vral does nothing more than to serve as a con
trast with the more tangible and verifiable mechanisms of evolution
we have previously dealt wath, 1t will have justified the space given
toit



CHAPTIR XXXIII
DIVIDING 1 A\CTORS ISOLATION

Introductory — As h1s <o often been pomnted out, one of the most
conepicuous features of ammal and plant Lfe 1s thar subdivasion into
a multphaty of taxonomic divistons such as phyla classes, ovders
famulies genera spectes and vanctes  Inany one particular environ
ment onc finds large numbers of representatives of numerous groups
a fact that =eems to imply that the environment alone 1s an insefficient
cause of multiplienty of forms, for if 1t were, a single ensironment
<hould produce only one type and the <ame environment should alnavs
produce the <ame tvpe  Also, 1t 15 very frequently true that differ
ences distinguishing two alhed <pecies are not obyviously adapted to
the diffcrences in the environment but are rather tnivial characters
such s color markings proportions of parts, ete. IHence we cannot
explain the multipherty of types on purels enviropmental grounds

Our studies of geographic distnbution as evidences of evolution
have emphasized the fact that n ere geogriphic 1solition, apart from
chimatic diffcrences 1nvolved, are tinvimbly accompanted by varous
degrees of dis crgence betw cen the 1solated members of the same group
the divergence sometimes being <o great as to constitute farmly dis~
unctions more frequently generic, and very commonly specifc of
vanietal  The degree of disergence parallels closely the degree of
completeness of 1solation and the extent of time duning which 1olation
has been operative

Opinions among authonties differ 1s to whether mutations and
sclection alone are sufficient to account for the multipaty of forms
and therr distnbution 1 space  Some of the more extreme neo-
Darwinians on the one hand, are mclined to believ e that natural selec
tion 1 sufficient unto itself to explatn all of the obser ed facts  Extreme
advocates of the 1solation theory, on the other hand, look upon 1sola
tion as an absolutely essential mechamusm for species formation nearly
as important as natural selection itself  The wnter believes that 1so-
lation 1s an absolutely essential part of any complete explanation of
evolution but that 1t 15 a subsidiary factor often working wn such 1ott
mate relation with natural selection and Mendclian beredity as to be
almost inseprable from them

430
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“Isolation” used m the broadest sense —The term “1solation’ 1s
a somewhat unfortunate one to use for the type of factor we are here
deahing with It imphes physical separation m the geographical sense
whereas there are very many types of 1solation not at all based upon
spatsal separation  In the broadest sense any factor may be said to
play an isolating role if 1t mterferes with free interbreeding among all
the members of & species Completely free terbreeding withimn the
entire range of 2 species would result sooner or later i an equal dis
tnbution among the individuals of the species of all viable hereditasy
changes  Unless something were to mterfere with free interbreeding
within the species 1t would remain indefimtely one evolving umit and
would not subdvnde

But there are a great many ways i which free mterbreeding may
be nterfered with Among the most important 1solating agents are
the following (e) geographic 1solation imvolving the setting up of
geographuc barriers between subdivisions of the species () sheer dis
tance apart of extreme sections of a Species covenng a large ternitory,
not mvolving any other 1solation agencies (¢) chmatic differences
within the range of the species (d) physical differences i the environ
ment, such as differences i water soil sunbght elevation of land,
etc, (e} botic differences m the environment 1nvolving the presence
of varous other amimals and plants within the range of the species 1
question  (f) reprod e duff 2mong mndivid due to genet
1 changes that alter the developmental thythm or the copulatory
apparatus, bringing about assortative mating  and (g) psychic differ
ences that result m what 15 known as clannishness among human
beings accordng to which changed forms tend to mate with their own
kind more readily than with others

All these and doubtless other agencies promote 1solation of small
or large groups within the species and tend to spht the species up into
a number of more or less <eparately breeding groups

Isolation and ibreeding —One of the imevitable consequences of
the ssolation of & relatively small group from the mam body of the
spectes 15 imbreeding more or less close In extreme cases of geographic
ssolation a new race may be denved from ope parr of mdividuals
The offspring of such a pair, if they breed at all must breed together,
and for successive generations there will be much close mbreeding
Geneticists have demonstrated that continuous inbreedmg results n a
decrease of heterozygous and an weIease I humozygous mdividuals
Now, even 1f no new mutations occurred nor any selectron of types due
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to changed environmental requirements took place, such an 1solated
group would already have 1 good start toward becoming a separate
race or species beeause of the effeets of inbreeding

Isolation and selection Dinerpence may also be promoted by
selection  When an tsolated group of a <pecies finds atself 1n a different
cnvironment from that of the prent stock,, selection may tend to pre
serve 1ndividuals with esther the dominant or the recessive of any umt
character or any combination of these that may happen to be more
advantageous thin others under the changed contitions of e In this
way some genes may be entirely climinated from a stock, thus increas-
ing the genetie differcnces between the parent speetes and their isolated
denvatives If for example a small <ection of 2 species were to become
1solated 1n a region where the nailable food w1s quite different from
that 1 the main ringe of the species <ome of the individuals, because
of favorable combinatims of umt characters might immediately find
themselves better equipped to cope with the new food conditions
than others  Ihcse adapted to the new food conditrons would hve
and breed together and would tend to become homozygous for the
vanous characters that favored their survival under the new condy
tions

TIF Y ARIOUS CATFGORIFS OF ISOLATION

a) Geographic isolation —Taxonomusts who have studied and
plotted the distrsbution of spectes of animals and plnts are most
familiar with the effects of geographic 1solttion  They consder that
one of the most certan facts of nature 1s that 1solation 15 alwavs ac

panued by marked diff betwcen the isolated branches of 3
spectes  The late Dacid Starr Jordan,! a leading student of geographic
isolation in Amenca  discusses the subject 1 a very illummating
fashion

‘It 15 now nearly forty years since Montz Wagner (1868) first
made 1t clear that phic 1solation (s 1 g) nasa
factor or condition 1n the formation of every species, race or tnbe of
ammal or plant we Lrow on the face of the earth This conclusion
1s accepted as almost self evident by every competent student of
spectes or of the geographical distnibution of spectes  But to those
who approach the subject of evolution from some other side the
princtples set forth by Wagner seem less clear  They have never been
confuted, scarcely ever attacked, so far as the present wnter remem

*Science NS Vol XXII {1000
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bers, but 1n the hterature of evolution of the present day they hive
been almost universally ignored Nowadays much of our discussion
turns on the question of whether or not minute favorable vanations
would enable their possessors little by hittle to gamn on the parent stock,
50 that a new race would be established side by side with the old or on
whether a wide fluctuation or mutation would give rise to a new species
which would hold 1ts own i competition with the parent  In theory,
etther of these conditions mght exsst 1In fact, both of them are
virtually unknown  In nature a closely related distinct species 1s not
often quite s:de by side with the old It 1s simply next to 1t geo
graphically or geologically speaking and the degree of distinction
almost always bears a relation to the importance or the permanence
of the barnier separating the supposed new stock from the parent
stock

“A flood of Light may be thrown on the theoretcal problem of the
ongin of species by the study of the probable actual ongin of species
with which we are familiar or of which the actual history or the actual
ramifications may in some degsee be traced

‘ In tegions hroken by few barners, migration and wterbreedmg
beng allowed, we find widely distributed species homogeneous in therr
character, the members showing indnidual fluctuation and chmatic
effects, but remmmng umform mn most regards all representatives
slowly changing together m the process of adaptation by natural
selection  In regions broken by barners which 1solate groups of mdi
viduals we find a great number of related species though in most cases
the same region contams a smaller number of genera or families In
other words the new species will be formed conditioned on 1solation,
though these same barriers may shut out altogether forms of hfe which
would mnvade the open district

“Given any species 1n any region, the nearest related species 1s not
Likely to be found in the same region nor m 2 remote regron, but 1n a
neighboring distnict separated from the first by a barrer of some sort

‘ Doubtless wide fluctuations or mutations i every species are
more common than we suppose With free access to the mass of
the species, these are lost through mterbreeding  Isolate them as in
a garden or an enclosure or on an 1sland, and these may be con
tinued and intensified to form new species or races  Any horticul
tunist will tllustrate this

“In all these and m similar cases we may confidently affirm The
adaptive characters a species may present are due to natural selection
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or are developed 1n connection vith the demands of competition
The characters non adaptine which chiefly distinguish <pecies do not
result from natural sclection but from some form of geegraphical
solation and the segregation of indnadunls resulting from it *

J T Gulick another exponent of the efficacy of geographic sola
tion 10 species f rming hs flered in evidence of his views facts about
the distriibuticn «f Haw 1 lind snuls  In the ishind of Oshu, for
example the volcinie 1 iges have been eroded out into a <enes of 1so-
Iated valevs i the bottoms of which grows abundant vegetation
while on the highlands there 1s ittle but barren rock The chmatic
conditions of all the numerous valleys are the <ame, but, remarkably
enough cxch vanety of snail 1s contined not only to one 15land, but to
a defimite valley on an land  The degree of difference, moreover,
betwcen vaneties 1s i pre porton to the distance that <eparates them
Gulich claimed that he was able to estimate the degree of divergence
betwcen the snails of any two valleys by measunng the number of
miles that lay between them Gulick s Gindings have been extensnely
corroborated by recent explurations on the snaibs of other oceanic
wlands by Cramj ton

An mteresting type of 1sol1tion that hardly can be termed geo-
graphic yet 15 essentially equi ilent to the latter mats effects 15 found
in connection with the extensive group of hice (Mallophaga) that Ine
their nhole hves buned among the feathers of birds or the baw of
mimmals  These animals cannot fly and are quite effectively 1solated
for hfe upon a particular bird  They do however, durmng the mntimate
pertod of nesting pass from parent to offspring, so that they m1y be
smd to be wolated upon defimte genetic hnes In the case, espeasally,
of birds hike the eagle a lurd of long life and monogamous habits, the
parasite becomes as isolated as mught be 1 race on a small island  The
result 15 that sometimes the lLice of a single bird and 1ts offspring are
of quite a distnct vanety, which has become fived by mbreeding until
a high degree of umformity has been attaned Such an 1solated
variety may be almost as distinct as a true species  Obiously 1n this
case as in others isolation must have had a real effect upon species
forming quite apart from natural selection, except n so far as the unfit
vanants have not survived

Populations of lakes and ponds—Just as slands of land m s€as
of water serve to wolate terrestnial forms, o 1slands of water 1n s€as
of land 1f we may be pardoned the expression, just as effectively wsolate
aquahic orgamsms  ‘Thus 1solated ponds and lakes commonty hatbor
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species of fishes and other aquatic types different from those found
anywhere else i the world  Asa young naturabst Ibecame interested
m the fauna of Lake Maxinkuckee in Indiana a spring fed lake that
1s practically cut off from communication with other bodes of water
While T was there Evermann and Clark were making a very exhaustiye
brolog cal survey of this lake and discovered a surprnising number of
species pecul ar to this one body of water  Hundreds of stmular sitga
tions doubtless exist all over the world

Populations of mountains —Certamn types of plants charactensuic
of high mountains are commonly solated from others of their kind
by valleys and by discontinwities in mountam chains  Patches of
lowland thus 1solate patches of mountans and the result 15 as one
m ght expect that each 1solated high mountain chan has 1ts own local
races or sub species of plants

b) Isolation due to sheer distance apart —If a species ranges all
over a wide extent of terr tory which 1s unbroken by barners there
may be solation because of the great distances between extreme out
Iying sections of the range Students of the evolution of great groups
of mammals for example consider that very large continental bodies
must have been the mam theaters of evolution because smaller land
bodtes would not permit of diversification of types through isolation
Thus the body of land known as Holarctica embodying Northern
Asia Northem Europe 2nd Northern Amenca 1s beheved to have
been the prinupal theater of mammahan evolution In this great
area there was plenty of room for groups to become spatially 1solated
even without positive barners and i this area 3t 15 believed that all
the onginal divergences occurred that gave or gin to the princple sub
divisions of mammals  Migration along many southern routes has
subsequently more completely 1solated and fixed the various mam
mallan faunas of Southern Asia Australasiz Afrtca and South
America

The ongmnal divergences resuluing from mere ¢patial 1solation
would be the result of the mability of the most widely separated sec
t10ns of & species to mnterbreed If they failed to nterbreed mutations
occurring 1n one secttont would remamn i that section and those oc
curring tn another section would likewise remain m that section  Thus
two independent evolutions would go on and local races or varieties
would result that i time would become separate species especially of
they subseq iently nugrated along different paths to different 1solated
regions
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A good example of geogriphic rees or sub-species anisirg 10 an
extensive area unbrohen by effcctive barriers 15 <cen i the cace of the
wrens of South Amenca  Wrens are found pracucally all over that
continent, but those in one region diffcr from those 1n others 1a color
pitterns, size proportions and habits  In the abeence of barners alt
these local races grade into cach other  In certun regions however,
that happen to be mere than usually s '1ted as when a high mountain
range 1natersenes transitional forms are mi sing  The pont 15, how
cver, that whether barners are pre ent or not, sheer distance apart
tends to produce luca! races

€} Climatic 1solation —Therc often occur distinct and more or less
abrupt chimatic differences within the range of a species which may act
as barrters to migration or snvolve different adaptus e changes on the
part of mndividuals hving under these different climatic conditons
Thus without the presence of any guographic barriers, a species may
split up mnto a northern and a southern race or sub-specics that are
genetically distinet netther thrving in the territory occupred by the
other  Simularly 1n the ocetns there cust rather abrupt differences
n temperatures that act as effective barners  The waters north wnd
sauth of Cape Cod for evample have almost enturely different faunis
The season for ths 1s that the shore-hne north of Cape Cod 15 made
cold by the Labrador Current 1nd that south of the Cape 1s more
influenced by the warm Gulf Stream  Species north of the Cape and
south of the Cape are almost as distinet as1f they belonged to different
oceans

d) Biotic asolation ~—The territory occupied by any species of ant
mal or plant 1s always occupied by many other species  Some of
these assoriated species may occupy one part, some another part of
the range of the species in question  Now each species affects all the
other species with which 1t 15 spatially associated, each spectes 15 2
part of the biotic environment of all the others  If, then, the biotic
environment vanes within the range of the species, the pressure of
selection will vary also certamn characters or combinations of char
acters being more fas orable for one brotic environment than another
This bemng; the case, groups i different biotic environments wil tend
to be 1solated from one another and will diverge in both adaptive and
non adaptive directions

€) Reproductive isolation —The simplest type of reproductive1so-
lation 15 one that 1nvolves changes due to mutations in the copulatory
organs  In some msects for cxample, the copulatpry organs are con
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structed on the lock and key principle, only a certain pattern of key
fitting a certain pattern of lock  Any change in the pattern of these
organs prevents the members of the changed type from breeding with
the unchanged mdividuals and forces them to breed only wath those
that have changed in appropnate fashion Fortunately, when a
change occurs, 1t usually affects both seves in such 2 manner that males
and females of the changed type can mate No actual observations
of new races ansing 1n this way have been observed but there are
numerous cases of closely allied species that are iterstenle because of
slight differences 1n the pattern of their copulatory organs

One of the most effective means of bringing about reproductive
1solation 15 a change in the developmental thythm of a section of a
species  If, for example, some plants of a spectes flower earher or later
m the season than others they are able to interbreed only with those
having the same developmental rate  If such a difference in develop-
mental rate be genetic a real 1solation of these different races will be
effected and further divergence will follow A simlar situation also
occurs among ammals  The genus Ceceda, commonly called locusts,”
has probably split up mto numerous species as the result of genetic
modifications 1n the lengths of their life cycles Whereas there are
only slight morphological differences among the species of Cicada,
there are pronounced duifferences in the lengths of the larval periods
In the “seventeen year locusts,” for example, the larval hfe under
ground 1s over sixteen years  Asa result of this, only once n seventeen
years do the adult broods appear above ground They must, there
fore, mate only with members of their own brood in the same ternitory
Sumtlarly, there are fourteen year, eleven year, mne year, and seven
year species, etc, each of which 15 reproductively isolated mn any
terntory from all others, for rarely do two species reach matunty
any regwon dunng the same season  Even in one spectes scattered
over a wide expanse of terntory different broods appear one or two
seasons apart, and this tends to 1solate secttons of the present species
from one another and will doubtless produce further sphtting up of
species as tune goes ont  Doubtless many other situations similar to
these, but less extreme, eust among both animals and plants That
changes mn developmental rate do exist within a species and have a
genetic basis, 15 attested by the fact that many early and late fruting
varieties of domestic plants have been isolated, some of which are
more sutable for a long southern growing season and others for the
relatively short northern season
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) Psychic 1solation —A synonym for psychic 1solation 18 “clan
mishness  Exen among lower ammals there appears to be a well
defined tendency for Lke to mate with bke  * Assortatine mating
1s another term commonly used to denote this tendency In man
comventional mating 1s highly assortatine  Sporadie sex umons be-
tneen members of radically difierent races not uncommonly occur,
but formal marnages are rare betneen members of distinct races.
Ths tends to presene a residue of racial sepirateness that sould long
ago have disappeared except for clanm hness

Examples of this sort of thing 1 the amumal world are not far to
sech  Deebe aites the interesting case of two color phases of gannets
occupying an old volcanic erater together but heeping absolutely
separate 1n ther breeding actnities  The mamn gannet population
consisted of white birds but out toward the center of the crater there
was asmll compact and unnixed clump of sooty birds which could
doubtless have readily nterbred with whites but never did so prefer
nng their own hind

It was Darwin Ibehieve who described the case of droves of wild
horses of the Caucasus region that nere all of one color n a drove
One drove would be all bays another all blacks another all chest
nuts  Apparently these droves consisted of closely related mdividuals
that preferred to mate only with their own hind  Long-continued
reproductive 1solation of this sort might readily bning about the ongmn
of separate races and in time separate species

“Most of the types of 1solation brefly discussed above are <omewhat
hypothetical 1n that they are denved from oleervations of nature

after the event st were  Very httle real expenmental work has
been done 1o this field except 1n connection with inbreeding and se-
lection In animal and plant breeding man merely 1solates a pair of
mdividuals usually beginming with a brother and sister, and begins
an mbred line selecting usually the most promsing mdividuals fot
further mbreeding In this way excellent homozygous Stramns are
produced that have peculiar charactenstics of their own unlike those
of any other strun  Hence artificial mbreeding and selection 15 &
Lind of reproductive 1solation having the same effects as has extreme
solation m nature  There can be no doubt, then, that the vanoos
types of 1solation hav e the effects attributed to them namely, those of
spliting up species and of preserving maiprent races from being
swamped out by back-crossing with the parent stoch
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CHAPTER XXXIV
INTRODUCTION TO EUGENICS

Defistions of eugenics —*Eugenics” 1s a term comed by Sir
Franas Galton i 1883, and was defined by him as the “study of
agencies under socral control that may mmprove ar mparr the racial
quahties of future generations, either physically or mentally ¥ More
specifically, eugenics 1s that science which deals with human vanatton
and heredity and attempts to 1mprove the human stock by selective
breeding according to the known laws of genetics In still dufferent
words, eugencs may be defined as the application of genetics to man
with the hope that man ought control his own evolution and save him
self from racial degeneration

Eugemsts feel that many of the ills of the world mght be cured by
an application of eugemc measures ‘¢ We must endeavor,” says a
president of the American Eugemc Society, “to show that eugemics
supplies the most effective and permanent solution to the problems
that have been so meffectively dealt wrth lutherto by physicians, pub

Thus rather 15 echoed n hat different
words by ]enmngs “The troubles of the world, and the remedy of
these troubles Lie fundamentally 1n the diverse hereditary constitutions
of human bemgs Some men are strong, healthy, wise, virtuous
Others are weak, foolsh, diseased 1mmoral, crimmal, and 1t 15 these
that cause the trouhles of the world Laws, customs, education, ma-
tenal surroundings, are the creations of men and reflect thewr funda
mental nature  To attempt to correct these things 15 merely to treat
superfiaal symptoms To go to the root of the troubles a better
breed of men must be produced, one that shall not contamn the inferior
types  When a better breed has talen over the business of the world
laws, customs, education, matenal conditions will take care of them
selves  Good men, wise men, Will make a good world

In a somewhat roundabout way we have thus defined eugenics by
stating the views of some of the leading advocates of eugemcs

441
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The scope of eugenics —The range of subjects usually considered
within the realm of interest of students of cugcmcs may well be stated
by quottng from the prosp blished 1n c with the Sec
ond International Congn:ss of Eugcms that met 1n New York
September, 192z The Congress met 1 four sections each of which
devoted aitself to one of the major ficlds of eugeies  The four sectians
are descnbed as follows

“1, In the first section of the Congress will be presented, on the
one hand the results of research m the domam of pure genetics m
ammals and plants and on the other studics of human Feredity
The application to man of the laws of heredity and the physiology of
reproduction as worhed out on some of the lower amimals will also be
presented

“II  The second section will consider factors which influence the
human family, and their control, the relation of {ecundity of dufferent
stramns and fanulies and the question of social and legal control of
such fecundity, also the differential mortality of the eugenically supe
nor and infenior stochs and the influence upon such mortality of spectal
factors, such as war and epidemic and endemic diseases,  Furst inim
portance among the agencies for the improiement of the race 1s the
marnage relation with its antecedent mate selection  Such selection
should be influenced by natural sentiment and by a knowledge of the
significant family trasts of the proposed consorts and of the method of
mhentance of these trats  In this connection will be brought for
ward facts of improved and of unimproved famihes and of the persist
ence, generation after generation, of the best as well as the worst
characteristics .

“II1  The third section will concern utself with the topic of human
ractal differences with the sharp distinetion between racial character
istics and the unnatural associations often created by political and
natonal boundaries  In this connection will be considered the facts
of the migrations of races the infl of racal ¢h 18 On
human history, the teachings of the past with bearings on the policies
of the future  Certamn prejudices directed toward existing races will
be removed when allowance 15 made for the influence of their socialand
educational and therr fund lly sound and strong
racial charactenstics are brought to ight  On the other hand lmmts
to development of certamn races and the inalterability through educs
ton and environment of the fundamental charactenstics of certan
stocks will be dered  Fially the ad ges and d
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of the minghing of races, of unmons which have proved to be fateful to
social progress, should be discussed  In this section will be presented
the results of researches upon racial mixtures in relation to human
lustory  Also the topics of racial differences 1n disease and psy chology
will be taken up  The hustory of race migrations and their influence
on the fate of nations, especially modern immigration should be set
forth

“IV  The fourth section will discuss eugemics in relation to the
state, to soctety and to education It will include studies on certam
practical applications of eugemc research and on the value of such
findings to morals, to education, to history, and to the various social
problems and movements of the day  In this section will be considered
the beanng of genetical discoveries upon the question of human differ
ences and upon the desrability of adjusting the educational program
to such differences  Here will be considered the mportance of farmly
lustory studies for the better understanding and treatment of vanous
types of hospital cases and those requinng custodal care  The bear
1ngs of genetics on sociology, economcs and the fate of nations may
be conssdered m this section ”

This outhime of the program of the Eugenics Congress shows clearly
that eugemcs 1s a broadly concerved subject It is not merely a
branch of genetics, but has mmtimate relations with sociology, econom
1cs, legal science, pohitical suence, the scientific study of cnme and
dehinquency, medical science, and education

The auxns and ideals of eugenics —The hopes and tdeals of eugen
1sts are well exp i m the closing p: h of the address of the
president of the last Internattonal Congress of Eugenics, Major
Leonard Parwin, an llustnous grandson of Charles Darwin

“Eugenics aums at mncreasing the rate of multiphcation of stocks
above the average m hentable qualities, and at decreasing that rate
i the case of stocks below that average But if the banner under
which we are to fight should only have mscribed on 1t some such an
and defimtion of policy as this, our defeat would be certam We
must prove that we are under the gmdance of a noble 1deal  We of

4R o manevat an ava racnane hla fav oha asad moae £l

gemcadeal. The behef that man has been slowly developed from some
ape-like progemtor came toward the close of the last century tobe near
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1y universally held by thoughtful persons this behief gave nise to a new
hope that this upward march of mankind might be conunued in the
future, and out of thus new hope sprang the cugemic ideal  This grow

ing understanding of the past history of the world has led us to see
that, if we are to umtate Nature 1n her methods, we must be content
to advance by a long succession of small steps, just as ramn falling n
drops on the carth has slowly carved out mghty valleys in the hardest
rocks  Without constructing wild Utopuas, we must be content if
some hittle rcial progress can be ensured as each generation sueceeds
another, for to work m this spint 13 to work m harmony with the
knowledge which gave tarth to the eugenie ideal  Progress on eugenic
lines will make mankind conunually nobler, happier, and healthuer,
whlst those who imagine that our sole aim 1s to make man a stronger
ammal or a better best of burden are utterly ignorant of the meaning
of the eugeme 1deal  But scicnce, whilst giving us good grounds for
hope, also 1ssues a grave warning concerning the danger of national
deteriortion resulting from the uncheched muluphcation of wienor
types In the past many nations of the first rank, when apparently
advancing without chech on the path of prospenty, have begun to
decay from unscen causes, and have in tume so fallen from thewr high
estate as to ccase to count as factors making for progress A deter

mmation that such a downfall shall not be the fate of hus natton 152
sentiment felt by every man who 1s animated by the cugemc 1deal

an 1deal to be followed like a flag 1n battle without thought of per

sonal gain’

Methods of research in eugenics —The programs of research in
the field of cugenics, as broadly stated 1n the four piragraphs outhning
the four sections of the Congress cover so many interests and 1mpinge
upon so many fields of rescarch that have Lttle, 1f any, bearing on the
subject matter of the present course that ne shall limit our discusston
of methods to those applicable to the study of human heredity The
chief methods of discovenng the facts about human heredity are as
follows

@) The pedigree method —According to this method, a study ts made
of the lustory of human matings, mcluding all generations simultane
ously hwing and the records of those recently deceased The method
of the expenmental breeder cannot be used, but each fertile human
mating 1s looked upon as an experiment m genetics, the results of
which we may record and from which we may draw conclusions
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b) The statsstical met] od —A great deal can be learned about the
heredity of fluctuating and graduated differences such as those of
height weight, longevity, etc, by determining the degree of correla
tion that exists between a large group of parents and a large group of
offspng  Galton and hus successor Karl Pearson are the chief ex
ponents of this method

€} The fwwn method —This method 1s quite distinct from exther of
those just bsted though it may use statistical methods  Many facts
may be determined by the use of one egg (monozygotic) and two-egg
(dizygotic) twins about what 1s mherntted 1n man and what characters
are commonly modified by the environment

A separate chapter will be devoted to a discussion of each of these
methods and the contnbutions to our knowledge of human heredity
that have accrued from their use



CHAPILR XXXV

HUMAN HI RI DITY AS RIVIATID BY PIDIGRFLS

Wealknesses of the pedigree method —The older type of pedigree
study nvolved the collecting of pedi,rees made out by persons tn
tramned 1n genetis and dealing wath individuals m their own famthy
connections  Questronnatres were sent out to hirge numbers of indt
viduals ashing them to give data s to charictenstics of their ancestors
and other relatnes  Much of the matenal thus collected depended
upon the vague memores of mdividuals about the charactensues of
long dead ancestors or of rehuves 1n collatera ines  The low degree
of relability of such data males conclusions therefrom almost uscless
Considerably more reliible data were obtained by field worhers who
actually observed indiniduals belongng to four, 1n extreme cases five
generitions all lnmng simultancously  The relnbility of such data
depends upon the training and scientific aptitude of the field worker
Fortunately, there has developed 1n recent years 1 new profession,
that of eugemc field worher and there are not a few very cipable per
sons belonging to this profession  Anaother weakness of the pedigree
method 15 that 1t afiords no check on the actual parentage of offspring
The mother 15 usually not m doubt, but there 15 often some question
as to the actual father  Thus 1s principally true 1n connection with
the study of pedigrees of fecble minded and delinquent stocks and of
prmitive peoples with morl codes somewhat less nigid than our own
In other words, the genetic data acquired by this method are not scen
tifically controlled  Still another weakness of thus method 15 that it is
not always possible to distinguish between conditions that are heredt
tary and those due to disease or poor environment  In spite of these
weahnesses the pedigree method has brought to hight a great deal of
valuable information about human heredity ~ So long as one retans a
properly cntical atutude toward data and conclusions, no harm and
much good may accrue from a reverw of the principal results of this
method of research

Two postulates underlying the study of the heredity of human
traits may be set down as follows (1) When characters are hented
according to the laws of Mendel that 1s when one of a pair of charac
ters 1s domunant, or partly so, and the other recessive, and they segre

446
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gate ;n Mendelan ratios 1n subsequent generations, such character
differences are determmed by genes (2) Allelomorphic differences
have anisen through the process of gene mutation, a process so well es-
tabhished for lower orgamisms ~ These postulates are justified, for 1t 15
hardly Iikely that so universal a method of heredity as the Mendehan
method operates for the rest of the orgamc world and not for man
Also, the method of gene mutation 1s the only method by means of
which allelomorphic differences are yet known to arise, and 1t 1s hardly
likely that man 1s an exception to the rule

The rate of mutation for man has been worked out for vanous races
of mankind ‘The number 1s almost the same 1n the vartous races
For every 115 normal genes m the Russian race there are about 5 more
mutant genes than in the Negro race “If 6 oco generations ' says
Danforth, “represents anywhere nearly the time since these two
groups aleng with others, diverged from 2 common ancestor, these
additional mutant genes must have been acquired n this length of
time These figures indicate that in the course of 6 000 genera
tions at least 5 1n every 115 gene hnes which have persisted underwent
mutation m this one direction ~ Since there 1s no evidence of selectton,
this may be presumed to be the rate of mutation i this particular
germplasm, from which 1t follows that there has been on the average,
one mutation 1n every generation for each 138 coo genes  If, as some
nught be mnchined to think the two germplasms have passed through
more than 6 coo generations since they separated the rate of mutation
has been less than this

Thus we see that mutations, though mfrequent, continue to appear
at a slow and steady rate Like the mutations m Drosophila and
those of other animals studied the majonty of mutations m man are
poor, many are indifferent, and very few are good It has evidently
taken a long time for man to acquuire the better hereditary traits he
now possesses  In the past, natural selection has tended to elimmate
most of the undesirable mutants, especially the dommant ones, but
under avilized conditions mankind has done much to nulltfy the good
work of natural selection by dong everythuing in lus power to preserve
the poorer mutants and help them to muluply

SOME HEREDITARY TRAITS IN MAN

Studies of nearly 200 human traits have been made In the ma-
Jority of cases they can be classified as dominants, ordinary recessives,
and sex limked recessives  The latter are the easiest to detect, for
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they follow the famihar mode of heredity described for sex hinked
ck wn Drosoplila D may faily readily be distin
guished by the fact that at least one of the parents, one grandparent,
one great grandparent, etc. exhubat the character, 2 dominant charac
ter appears 1n every gencratton  Ordinary autosomie, or non sex
linked, recessives are charactenized by the irregulanty of ther in
adence m pedigrees  They may ship one or seseral generations and
only apperr 1t all when the same recessive gene 15 present 1 the germ
plasm of two mating individuals 1n which case 1t will appear m the
following ratios according to the gencuc make-up of the parents (g}
If both are heteruzvgous three out of four offspring will show the domt
nant and one the recessnve character, (5) if one 18 a heterozy gote and
onea recessine the offspring will be half heterozy gous dommants and
half recessives  Thus we see that recessive characters may be ludden
for a long ume awaiting 1 favorable mating to gne them expression

Most of the best pedigrees of human characters deal with relaunely
rare and atypreal or abnormal dracters, in fact, most of them deal
with what we ordiminily call freaks or pathological vonditions  The
reason for thus 1s thit rire and unusual conditions are much more
easily detected and recogmzed  Ordinary, common differences are
hard to detect and hard to distinguish, and therefore difficult to follow
n pedigrees

It 15 not our mtention 1n this chapter to attempt an exhaustive
treatment of the facts of heredity ascertaned by the pedigree method
We shall merely list some of the commonest cases of hereditary char
acters and give a few pedigrees illustrating them

The follonang 15 & hst of human umt characters classed 2s dom!
a1nts, ordindry recessives and sex linked recessives

A DOMINANT CITARACTERS
Skin and Ha r

Dark shin Domnant over blond or albno
(probably due to two or more
pairs of genes)

Spotted with white Dommant over uniformly colored

Tylosis and xchtl yosis Thickened or scaly shia

Epidermolysis Txcessive blsters of shin

Brown or black hair Dormnant over red and flaxen (prob-
ably due to more than one
gene)

Red hair Dom nant aver flaxen

Beaded haxr Sungle hayrs are not uniform i dum

eter
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White forelock
Hypotrychosis

Pattern batdness
Eyes
Front of ins pigmented (eyes black
brown hazel etc)

Hereditary cataract

Night blindness whennot
sex linked

Displaced lens

Glaucoma

Coloboma

Pigmentary degeneration of retina
Skeletons and Muscles

Brachydactyly

Polydactyly

Syndactyly

Symphalangy

Sphit hand

Lobster claw

Exostoses

Bnttle bones

Absence of palmans longus muscle

Muscular atrophy
Body Build
Achondroplasy

Short stature
Obesity not due to glandalar
defects

Nersous System and Kudneys
Huntington s chorea
Disbetes msipidus
Duabetes mellitus

419

Whte patch of hair m front
Haurlessness associated with lack of

teeth
Partly sex houted

Dominant over lack of pigment
front of > (blue eyes)
Opaaty of lens.

Inability to see 10 dum 1 ght

Causing defective vision

Swelling of eyeball due to nternal
pressure

Open suture of the ins

Causing blindness

Digits lacking one joint

Extra dints

Tused or webbed digits

Fused jonts of digits sl fingers

Palm cleft to the wnst

o dinits but thumb

Abnormal outgrowths of long bones

Bones very fragile

Lack of a certain muscle 1n palm of
haad

Partully domnant

Dwarfs wmth short, stout lmbs nor
‘mal body and head
Partly dommnant over tallness

Partially domunant
A type of 5t Vitus dance

Partally dommant
Partially dommnant

B AUTOSOMIC RESESSIVE CHARACTERS

Albioism

Cretinism

Lack 1 pigment 1 skin and har—
sometimes pink eyes

Trae dwack body small with parts
1 normal proportions

Drwarfism due to bereditary thyrod
deficiency
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Alkaptomina Unie dark after ot lation

Otoschicrosis Thickening of evr-deym

Left handedness Lrotally recessive

Ten tency to twinmn,, Probal ly recessive

Susceptib Lty to tubercul » 3 Trot atly recessne

Thomsen s d sease Lack of muscular tone

Menier s dicense Inizz ness an ] roanng 1o ears

Deaf mutism Congenital deafaess

Tredenck s  scase Degeneration of the upper part of
the sp n1l ecord

Multpleschl r s D fuse degencration of nersous
tistue

Chotea OrYnary St Vitus dance

Here L tarv f cble mon ledness Trobatly recessive

Here | tary epilepsy 1 robably recessinve

Manic depres 1vemsan ty 1 robat ly recessive

Dementia g raccox Probably recessine

€ CUARACTERS DUE TO CLMULATIVE PACTORS

It1s suspected that a good many of the characters Listed as ncompletely dom
nant miy be due to cumuhitive factors producing the cond tion usually called
Heninz b rehtary  These that almost certanly belong to this category are
stature body wc ght (excent certain types of obesity) shin color, shape of head and
Pproportions of features

D SCX LINKED RFCESSIVES

Color bl ndness Lack of discrmunation between red
and green

Nig) t U ndness One form of this defect which in
volves imability to sce 1 dim
night

Iemophil a T'ree bleeding

Gower s d sease Muscular atrophy

Neuntis optica Progressine atrophy of the optic
nerve

Some pedigrees of dommant characters —Perhaps the best ex
ample of a dommnant trait that has been thoroughly worked out 1s
brachydactyly, a type of hand 1 which one jomnt 1 laching i each digit
In the normal hand the thumb has one less Jomnt than the fingers
Hence in a brachy dactylous person all the fingers are thumbs and the
thumb s a subthumb  Such 2 type of hand 1s broad thick, and clum
sy Ttis not at all a well adapted character, but 1t 1s not so bad but
that 1t can survive  Drinkwater has studied a number of brachydac
tylous pedigrees one of which 1s shown 1n Figure 81 Males 1 this
chart are shown by & and females by ¢ , sohd aircles indicate affected
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Notice that the character

appears mn at least one parent i each generation, which 1s characteris

and open circles unaffected mdivaduals
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ber of individuals affected 1s about what one would expect in the case

of a domnant character
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The question anses with reference to this, as well as to many
other, dominant characters 13 to why, Leing dominant, the character
does not become more prevalent rather than remaming relatsvely rare
The answer that seems most probible 1s that the brachy dacty lous hand
1s very poorly adapted to humtn uses and those indisiduals possessing
1t are scriously handicapped  Henee there may be mamage selection
aganst 1t If 1t were more advantageous than the normal, doubtless
the mcidence of the character would increase and 1t might in time be
come the typical condition for the species The same explanation
would apply equally wel to all other cases of dominant abnormal
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Tc 82— Inhentance of one form of cataract  Modified from Nettleship s
chart  The duagram rea ls thus - A man with catarzact marnied a normal woman
of their exght chil lren si¢ were effected with the disease  One of these marned
anunaffected man  three of the chil {ren of this union were normal sex unsecorded,
tvo defectne  This same man married a second wife who was pormal, thew
etght children were all unaffected  So continue reading through five generations
(From Downing )

Mendeban traits It might also be ashed why all the offspnng of a
dominant parent do not show the charicter The retson should be
obvious, namely, that most indisiduals are heterozy gous for the char
acter A heterozy gote mating with a recessive 1s expected to produce
one half beterozy gotes and one half recessies, which 1s about what the
accompanyng pedigree shows

Another case of a dommant character not so definitely analyzed
as the Inst 1s a type of kereditary cataract (I'g 82) This condition 15
duc to an opaque region 1n the lens of the eye, which, when well ad
vanced, may cause blindness  “In the particular form of the disease
here considered,” says Downung, “It does not develop until mddle Life
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Clarence Loeb m a study of hereditary blindness tabulated the results
of 304 fammilies 1n which such blindness occurs  There were 1,012 chil
dren, of whom 58 per cent were afflicted, which 1s about the percentage
expected when hybnd defectives mate with normal individuals and the
defect 15 a dominant character
A typical pedigree of a recessive character.—A good example of
the mode of inhentance of an uncommon recessive character 1s shown
in Figure 83, the pedigree of a family Line showmng outcropping of
albinmism, lack of pigment 1 hair, shin, and eyes It 15 noteworthy
that the appearance of the character 1s relatively rare, only 1g out of
158 individuals 1n the pedigree bemng albimos or partial albinos, that
albmo offspring are produced by two phenotypically normal (pig
mented) parents, and that i generation VII, where several of the chul
dren are albmos the two parents are descended from common ances-
tors a few generations back, and are undoubtedly both heterozygous
In this pedigree there are no cases of the mating of two albmos  If
such matings had occutred, the expectation, of course, would be that
all oﬁsprmg would be albmos  Since we shall have to present further
of ped of recessive ch m with the
account of the heredity of mental characters, we need give no further
examples here
It 13 also unnecessary to repeat m this place the descnptwn of such
sex linked human ch as color blind etc
The accompanymg chart (Fig 84), which represents an mvestigation
of a Texas famuly connection made by the wnter 1 1910, 15 typical
for sex hnked characters  The exsstence of sex Linked heredity in man
goes far to support the contention of eugemsts that heredity 1n man
follows the same rules as have been found to hold for the Iower animals
As an example of human characters probably determuned by cumu
lative factors, we may cite the case of skin color  Whole races of man
are dark skinned, others light skinned  Some 1dea as to the mode of
hereduty of skin color 13 obtamed by studies of crosses between negro
and white mdivaduals  “In a cross between a negro 2nd a white
person,” says Castle, “children are produced that are of an mtermeds-
ate, but frequently vanable skm color, and are known as mulattoes
Mulattoes mating inter se produce an F, generation of lughly varable
skin color but rarely pure white Davenport has concluded that two
independent Mendehan factors affecting skan colorare mvolved  This
explanation would lead us to expect one 1n sixteen of the F, mulatto
offspring to have skin as white as an European, even though his negro
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ancestry might show 1n ether charactensues sech as curdy haur, broad
nose thich bps ete  Its diflicult to get any whotly satsfactary
evadence exther for or agunst this explanatir Fhat published by
Darenport can searcely be considere | eunclusive for the data studsed
are demved from a populatson in whuh illestimacy by Davenports
own statement 1545 lugh 1s 72 pereent 1 the whole, 1t seems prob-
able that segregation of shan pigmentation m mulattoes 1s ether w
complete or rarely complete because muluple or modifsing factors
are involied ™

Having gnen examples « £ ped grees of physical characters exhibst
ing all of the prin el modes of Mondeliin beredity fet us now passto
2 conmderat an of the facts atout the hure ity of rmental truts
man as revealed by pe b ree studies

WIRITEEY OF MENTAL TRAITS 1N MAN

The studies of the herehity of menwl tr s 1n man conmst prin
cipally of thise of v eptmal gemus and uof detmite mental defects
and absormal tus  Very bl effurt has been espended upon the
heredity of normal axerage mtell gence such as the great majonty of
1S Possess

Longago m 1809 url ranus Galton published a fasamating booh
on T¥e Ueredity of Gemus 3 which he presented  large number of
pedigrees of families show g definite and special types of gemus, such
1s musical genius gemrus for astronom)y and mathematics, gemus for
science ete  Among those describod m some detad are the Bach
fanuly of great musicians i Germany  the Herschell family of great
astronomers 1 Ingland and he mght have added his onn pedigree
compased of the interrelated famthes of Dirvins Galtons, and Veedge
woods the present generation of which consists of many outstanding
and influential persons (Fig 85)  No family today shows more plun
Iy than this one what can be done m the way of racial improvement
thsough a certan amount of concentration of good gersn plasm by

d breeding (coustn ) when the mbreeding stocks
are strong and sound  Charles Darwin the most enunent member of
this family connectron was the son of an enunent physician a member
of the Royal Somety One of Darv's grandiathers was the welt
known Lrasmus Darwm referred to in the Hislory of Lrolution (chap
#)  The other grandfather was Josiah Wedgenood 'R 8, faunder
of the Wedgewood pottenses  Chatles Darvin masned hus own cousin
Emma Wedgenood  Four of Darwin's sons are emment members of
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458 EVOLUTION GLNLTICS, AND EUGENICS

the Royal Socicty, one of them being Major Leonard Darwin, president
of the Second International Congress of Eugenics, from whose speech
we quoted a paragraph 1 the previous chapter Darwin’s aunt
marned into the famous Galton family and her son was the late Sir
Franas Galton, the engmator of the term “eugemcs,” whose work
we have just referred to Thus 18 perhaps the greatest eugenic family
on record

The Bach family of musicians 1s another outstanding example of
the heredity of gemus  The best known member of the family 1s the
famous Johann Scbastian Bach In six generations of Bachs there
were 47 musicians of note, 29 of whom ranked high in musical circles
Johann Sebastian Bach was marrned twice and both himes to a relatne
beanng the name of Bach s father marned an aunt.  There was
a great deal of rather close intermarnage 1n the famly, which seems to
by e helped to concentrite and preses e the high quilities of the stock

Most of the work done on the heredity of mental truts has been
expended on the study of defective and abnormal heredity, wcluding
fecble mindedness and the various se-called * insamities ”

‘The heredity of Feebl: d —Teeble led, as de-
fined by Goddard 15 “a state of mental defect exsting from burth or
from an early age and due to lete or at 1 devel

n consequence of which the person affected 1s tncapable of pcrfomun"
Tis dutics as a member of society mn the position of hife to which he s
born ' This ts not a very exact defimtion, for, according to the state
ment, a normal indsvidual born 1mto a community of gentuses might be
classed as feeble minded  More speaific are the folloning definitions
of various types of mental defectives  An 1diot 1s one who, when adult,
has no greater capaaty to learn than a child of two years or less
An imbecile 1s one Who rates mentally between two and seven years
A moton 1s oie who rates mentally from seven to twelve years  Usual
ly the so called feeble minded ’ individual 1s erther an imbecile or 2
moron and much more often the latter than the former Obviously,
then, there are many linds and degrees of feeble mindedness, and 1t
will often be difficult to draw the line between the high grade moron
types and the lower levels of normal mdiviuals ¢ This classifica
tion  says East, 1sarbitrary, but 1t serves a useful purpose when deal
g with feeble mindedness as a social problem  Medically and genett
cally 1t means nothing—at present  If this 1s true, and we beheve
1t at least largely so attempts to deal wath feeble mindedness as 2
simple Mendelan recessive are likely to be only partially successful
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‘We must, therefore, take all genetic studies of feeble mindedness with
a gram of salt

H H Godderd, probably the most distingwished of the students of
feeble-mindedness, has studied many pedigrees and compiled statistics
concermng 3oo of the best of these  Of the cases of feeble mmdedness
diagnosed as such by hum, 164 (54 per cent) are considered unquestton
ably hereditary, 71 (23 per cent) probably hereditary, and the rest
probably non hereditary  Goddard seems to be convinced that feeble-
mindedness 15 due to a single recessive gene He cites 42 cases m
which heterozygous, phenotypically normal mothers (NF), when
mated with feeble-mmded fathers (FF) produced 71 feeble-mimnded
and 73 normal offspring out of a total of 144  This 15 almost too close
an approxumation to the expected Mendelian ratio of 1 to x  From
26 matings of apparently heterozygous fathers and mothers (presum
ably NF) there were produced 122 known children, 83 of whom were
normal and 39 feeble minded suggesting the expected Mendelian ratio
of 3401 Of 476 children of parents both of whom were feeble minded
(FF},only 6 were normal in mtell and these 4 of being
tlegitimate  In Figures 86 and 87 are presented two typical pedigrees
of feehle-minded famulies stucied by Goddard  The first of these pedi
grees (Fig 86) shows the dire effects resulting from the 1nterbreeding of
fecble-minded parents The children are all feeble-muinded except the
considerable number that died in wfancy, presumably because of
neglect and 1gnorance of the parents The second pedigree (Fig 87)
Hlustrates what a led scientific for
one woman was married twice, once to 2 norrmal man and once to a
feeble nunded man, and had several children by eack  All of the off
spring from the normal father are normal (but evidently heterozy
gotes), while all those of the feeble-minded father were feeble minded
and otherwise abnormal

It 15 mteresting to note that a very large proportion of juvemle
cnmunals and prostitutes when given the Bmet test, rank as feeble-
minded Tests of Juvemle criminals in vanous states show the fol
lowing facts In New Jersey 46 per cent of juvemle cimimals are feeble
munded, m Ohio, 70 per cent, m Virgima, 79 per cent, and in Illnots,
89 per cent It would seem to be a conservative estimate that fully
half of juvemle ciminals are feeble minded

It bas also been shown that the great majonty of prostitutes and
guls who have been placed i reformatones for sex delinquency are
feeble minded  Tests of large numbers of girls m an Ilknoss reforma
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tory show that o7 per cent are feeble minded  In Massachusetts a
prominent commission reports that of 300 immoral women under de
tention 1n that state 57 per cent were feeble minded while the rest
rated from mine to twelve years 1n ment1l aige  On the basis of data

O 0

Tie 86 —Ped gree of a fam Iy w tha b gh proport on of fecble munded persons
(F) Squares males creles females d tf dedininfancy  (Erom Duvenport

after Goddard )
ol o) "]
®]i o] ga_lfﬁ' ¢

l

HGO06HEL L guEGI

Tic 87 —Ped gree of a famuly in wh ch the feeble-minded grandmother mar
ned twce by a normal husband she had normal ch Idren but by an aleohol ¢
sev-offend ng (Sx) doubtless feet le-runded hust and she had only feeble m nded
chideen  (Froms Daver port after Goddard )

such as these Goddard and others maintain that there is a very inti
mate relation between cnime vice and feeble mindedness  Wipe out
the feeble-mindedness say they, and you wipe out most of the vice
and crime

Tecble mindedness has come to be the most pressing of all eugenic
problems—one that should at once be recognized and solved if possible
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Statisties seem to indicate that this defect 1s on the increase, certainly
1t1s far too common to be ignored  Records show 178,000 mental de-
fectives m Great Britam and Ireland 1n 1921, and these include only
the very positive cases It has been estimated by one expert that in
the Umted States one person in every 294 1s feeble-minded, by another
expert, onenevery 138 In Indiana it 1s claimed that over 2 per cent
of the population of ten unselected counties are mental defectives
If the meidence 15 the same 1n the whole state, there are 56,000 defec
tives i Indtana alone, and Indiana 1s m no way exceptional ~ Calcula
tions 1ndicate that m the United States as a whole there are not less
than half 2 milhon feeble minded 1ndividuals, and several times that
many wmdividuals phenotyprcally normal but carrymng the gene or
genes for feeble mindedness A large proportton of these individuals
are charges of the vanious states and cost the public many millions of
dollars annually without contnbuting anything of value to the com
munty

Insamty and heredity —A great deal of careful work has been done
on the heredity of insamity  For example, Daovwid Heron m Scotland
has studied 331 famly histories exhibiting msamty  There are sev
eral distinct and different conditions included under the blanket term
‘insamty ” Tt 15 obvious that they could not all be determined by
the same gene or genes  Heron’s data on msamty are summed up mn
the following table

HLRON § DATA ON THL HERLDITY
Or INSANITY

Orrserive
Pasexts ervertn
Insane Sane ol Toe
Both sane 314 1179 P
One insane 3 299 24
Both nsane 4 4 s

These figures are not at all read:ly fitted mto any simple Mendelian
ratic  Doubtless the vanous msamties are not due to single Mendelian
umts, but are complex cases That they are to some extent and 1n
some manner hereditary, seems beyond question

Rosanoff and Orr, two A psych seem
somewhat more sanguine about fitting the 1nsamties into the Mendel
1an system  Theur data are given here 1a tabular form
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ROSANOTT AND ORR (DATA ON INHERITANCE OF INSANITY)
(NwN\ormal I=Insane)

Cononrx
Paxzsty AMarives
Neurora he| Dormat | phedean
Both tnsane {I7) 17 54 10* Allinsane
Only one insane (VIXIT 03 100 230
Only one insane (NN XI1) 1 a5 All insane
Tioth normal (1% NT) 62 107 213 13
Both norma! one heterozy gous
ONANXN 20 77 Al sane

*Egh baveno pasced hesgeof n 4 nce

These data might rea Iy be taken to prove that nsamity 1s 1 imple
“Mendelian recessive but 4 serutiny of the methods of colecting datr
mhe geneticists somewhat sheptical  Thedata  says Castle have
the scientific value of gossip consicting of answers mide by nform
ants to leading questions designed to bring out any weakness 1 the
ped gree  Like inquiries made concerning ny indiadual in the com
muntty would show him an unmstakable vicum of 1nsamty
Three fourths of ther persons msane for pedigree purp ses would be
classed as fully normal 1f they occurred 1n famihies free from imsane
patients  Such classification has hitle scenuifc value  This state-
ment may be severe but 1t scems justified by the fact that persons
who are described as  a crank easily exated nenvous temperd
ment  very nervous  erratic exatable  nervous hitle things
bothered her wornied a great deal  are classed as insane  Doubtless
many of us who think we are normal might be classed n some of these
categories by our acquuntances

As yet 1t would be quite unsafe to classify any of the msamties as
simple Mendehan umt characters  The subject 15 a very complexand
difficult one and genetic results will continue to be unsatisfactory
until the psy are able more 1y to duag) and classily
the insanities

Pedigrees of royal families —Vembers of royal families have been
used as data for the study of human heredity ~ Records of these imdt
viduals and their traits are preseryed in the archives and should furnish
good matenal for genetic study The well hnown writer Fredench
Adams Woods has made an exhaustive study of the pedigrees of Eu
topean royal famihes and has published the results of these studies
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It happens that rather complete data about the members of royal
famlies are to be found in biographical dictionaries From these
sources 1t 15 usually possible to form 2 fairly accurate estimate of the
capacities of these persons In addition the portraits of most members
of royal families are preserved 1o art galleries  The following summary
of F A Woods’ findings ts quoted from Pro‘essor E R Downing
“Early modern European history centers about the doings of a
few great men and women  Peter the Great of Russia, Ferdinand and
TIsabella and Charles V of Spam, Fredenick the Great of Prussta, Gusta
vus Adolphus and Charles XII of Sweden, are among the most brtliant
of these potent mndividuals that shaped the destimes of Curope during
this peiod It 1s interesting to note how their characters are deter
muned (and through them national destinies are apparently deaded
m no small measure) by the hereditary concentration of ability due
to lucky royal matings and how their genius 1s dissipated by unwise
matings
“‘Peter the Great of Russia came as a brillant type from a good
stock though with a very evident tamnt of epilepsy and feeble
mindedness He himself was an epileptic  His father, grandfather,
and great grandfather had been men of large ability  They had marnied
peasant gurls, as was the custom of the czars  Peter s own brothers
and sisters were 1n no way remarkable His half sister Sophia was 2
woman of marked abulity, although two of her brothers were imbeciles
one also an epileptic  As will be seen from the pedigree the epilepsy
mmbecibty, and mediocrity appear m both Peter s children and grand
children, as well as n those of lus imbecile half brother, Ivan It 15
nteresting to note from the pedigree that the feeble mindedness and
epilepsy seem to chng to the males quite persistently The females
of the family are much more apt to be bnllant and virtuous  Peter
the Great’s own son Alexis was a poor dissolute speczmen, and although
he marned Charlotte, the angelic daughter of a great hne the house
of Brunswick, the son of this mating was Peter IT, of unstable mind,
while the daughter Nataha was as sweet as she was energetic
‘ Isabell2 and Ferdinand were both descendants from lines of very
great individuals, although m each case there 1s mnsamty 1n the fanuly
Tsabella herself comes from an msane mother and an imbecile father,
but her d and great d were well balanced and
able The data for the charts of these royal families were taken
largely from F A Woodss Mental and Moral Heredily 1n Royalty
supplemented with information from other sources He grades the
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individuals on a scale of 10 Ten represents very high ability, as
determined by the comparative amount of space and laudation given
to the individual in such standard worhs as I ippincott’s Biographscal
Dictionary  Tive out of eight of Isabella s great grandparents ranl.
veryhigh  John the Great of Portugal, twice her great grandfather,
has a grade of 10 John of Gault twice her great grandfather, hasa
grade of 8, as does also John of Castule, while Henry IIT of Castile, one
of her grandparents, 1s designated the model hing  Ferdmand ¥ of
Aragon, the grandfather of Ferdinand, 15 a brother of this same
Henry III of Castile and 15 also an exceedingly able hing  Of the
children of Ferdinand and Isabella, most were medioere or distinctly
inferior Joannawasinsane In the next generation, however, appears
Charles V whose reign marked the acme of Spain s greatness, partially
due to his own ability, partally due to the momentum of those move-
ments that were mstituted by his dlustnous grandparents ~ Charles V
married his own coustn, as dud alse John IIL  Children of these two
matings marned, and Don Carlos child of this latter marnage, was
madly depraved and cruel

“When msamty and brillancy are found 1n the ancestry 1t seems
merely a matter of chance as to whether the determiners for greatness
will be thrown together in the umion of sperm and egg or those for
insamity  We can predict with some certainty,that, 1n a large number
of offspnng alnlity will reappear and tnsamty wall reappear, but just
what mdividual each will stnke 1t 15 impossible to prophesy without
knowing much more definitely the nature of the germ plasm imolved
One may say that the convergence of a number of lines of descent from
great ancestors toward one mdrvidual makes 1t probable that he will
be exceptionally able

“This1s nowhere better llustrated than in the family tree of
Frederich the Great of the Prussian house of Hohenzollern, as wil be
scen from the chart on page 467 Of his great grandparents, three
scale 10, one g, one 8, two 7, andone 6 Not one 1s below mediocnty,
and the majonty are of very ligh grade  Of his fourteen ancestors
back three generations, only one1s distinctly inferior  Of s brothers
and ststers four are distinctly great, three mediocre, and one 1nferior

“Tt 15 mteresting to trace the effect of the mating of such splendid
stock with another brillant hne that of the Swedish royal house
Gustavus I, or Gustavus Vasa, 1s another mstance of the bnlhant
mutant, with some tamt of neurosis He married a gentle and tactful
princess  theur son Charles TX was a very able man, although of thewt



467

HUMAN HERLDITY AS REVLCALED BY PEDIGREES

puwSug jo
:m% 4 Esmﬂc
2 99G) pusumig
BEED uepang jo WIY J0 ssapnd Tvaan IEL ﬁ
S2410 ¥ @) voraTy) VIBIOS (@ YITINY VANY @ TIomvE)  ® AR\l @ ] RICIE] @ SMOT PRI [ = Tsainy
L { I 1 | 1
| ® HOVas\Y IO
® 1 woyy yuapsiy =@ wIoIoq erydoy 11 981035 = uﬁefw
N — |
Oy @ @y vos JOE . e
IO |
} \ IUYRTE YD FRASERIFE FECNY
9} ‘WA[OZUSYOF]  JO SN J0 303330 @ gsamEige | 9P Puwsuug jo
@normA @ TNCT=@ WITH Soraeaa] | @ vineos =0 stisndng W BowTI]  m (D WELRY AR
L |
uneed 10399T
® A Puspary
o |
o ndesia
@ KNI Yo IaT] ® M_;a_h
L

oyqnday gag SN
70 13puna; sno SSRIIT
@ osmor] anopey) =@ INTIS FLL NVITII

LVENO FHL JOIMAaIdl 40 JTYIAId  VISSOdd 40 S\WITIOZNIHOH THL



EVOLUTION, GENETICS, AND LUGLNICS

468

® 111 saavisns
| s joanagopy
Q10109 usio]p u_o Pupa1f Yd(opy e varu1n viniog

13550 ] JO PIUIPI m D) E.ESJ g ® I1¥ sa1EvE)

®~Amﬁx<_5| ®§Ju S:S
@ vausan) (DN n_::.._U (D Yreuwa( o 1Y FOUIPAIL
smydiof v @ J1 51avisan [0] u_.:uﬁaUl_S_u:.s.zBN Jo Jnuise) wyof

rlpJ_.|_ npreatng suway Feeu syzaomsey

[OAN} m_w:.s_u s_ﬁ_zu 2&5 _:__&.
[
v mynnesg 9 jmly
@ vSTAR] saAvISND =@ ojnyuoly FateiEly

NIQINS JO (1IN IVIYD JIIL SITIVHD




HUMAN HEREDITY AS REVEALED BY PEDIGREES 469

three other children one was insane and two weak The cluldren of
Charles IX were both remarhably able The daughter Catherme
becomes the mother of z later succession of htngs ~ Her son Charles X
and hus son Charles X1 were rather mediocre  but Charles XI wth
this fine stock behind him, marmed Ulnca Eleanor (7), granddaughter
of Chnistran IV of Denmark, the most brilhant of all Danish sovereigns,
and Charles X1I, therr son, 15 pronounced by Voltawre the most
remarkable man who ever eusted Charles \II had no chldren
the succession passed to his sister’s son, Adolph Frederich of Holstem-
Gottorp, who marned Lowsa Ulnica, sister of Frederich the Great
of Prussiz  The result of this union of two great lines of hereditary
ability was Gustavus IT1, a fit successor of Gustavus Vasa, Gustavus
Adolphus, and Charles XTI, he was ‘a prodigy of talents,” statesman
poet, dramatist.”



CHAPILR AXXVI

THE STATISTICAL STUDY 0! HEREDITY
IN MAN

Introduction -—A good evample of this method 1s afforded by
Popenoe and Johnsons studies of the heredity of longevity (chap
weax) Other examples are found in Heron s and 1n Orr and Rosenoff s
studies of the heredity of insamity presented in the last chapter
The proof of a given character being hereditary 15 believed to be at
taned when 1t 13 shown that affected parents hue a significantly
lrger proportion of affccted offspring than have non affected parents

The statement that twinning 1s hereditary 1s based on the fact that
twins are far more common n certam strams than in the general popu
latton A twin birth occurs in about 1 out of every 88 confinements
C H Danforth found that in the case of 5o newborn twins there were
171 single brothers and sisters and 10 pairs of twin brothers and sisters,
a ratio of about 1 to 18, as compared with that n the general popula
tion, 1 ta 88  Moreover, with respect to the mothers of these twins,
their brothers and sisters numbered 318 singles to 10 pars of twins,
a ratio of 1 to 32 With respect to the fathers of these twins, there
were 219 brothers and sisters born singly and § parrs of twn brothers
and sisters 2 ratio of 1 to 37 A number of stmlar studies grve com
parable results showing that twinming has a hereditary basis, but
dicating nothing as to the exact mode of heredity

The strength of heredity between different groups of relatives
has been determined for a Jarge number of human characters by de-
termming the coefficient of correlation (see chap xlm) existing be-
tween selected groups Complete correlation 15 represented by the
umt, 1 If correlation 15 1, heredity 1s perfect, and vanous grades of
imperfect heredity are represented by decimals, such aso g 06,025
etc It has been shown that for most characters the correlation of
offspnng to fathers 15 about o 4, the same to mothers The correla
tron between sibs (brothers and sisters) 1s about o 5, that between cous-
ms about o 23, that between one-egg (identical) twins o g4  These
mdices of correlation Tun strictly parallel with degrees of closeness of
genetic relationship

470
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GALTON § STATISTICAL STUDIES OF HERLDITY IN MAN

Galton was the first to mahe extensive use of the statistical method
of studymg the degree of heredity existing between parents and off
spring and between sibs

H s first investigation concerned itself with the heredity of stature
2 highly vanable character n man  He tnied to find just how nearly
parents and offspring are correlated as to adult stature  Certam &if
ficulties were met at the outset First there 1s a pronounced sexual
dimorphism in stature males bemng constderably taller on the average
than females To get nd of this difficulty he first determined that
males are on the average about 1 mch to the foot taller than females
and then transmuted all female statures nto equivalent male statures
by adding an inch to the foot to the stature of each female  Second
there are always two parents and they may be of very different stat
ures even after the mother s stature 1s transmuted nto the male
equivalent To overcome this difficulty he averaged the statures of
each parr of parents and called 1t the mid parent stature  The stat
ures of the mid parents were grouped nto mine classes ranging from
64 to 73 inches each class having a range of aninck  Thus one class
consisted of those mid parents falung between 72 and 73 inches the
next class from 71 to 72 mches and so on down to the shortest class
from 64 to 65 inches The followmng schematic diagram (Fig 88)
shows the extent to which offspring inhent stature differences from the
parents  If heredity were perfect parent and offspring statures would
comaide on the diagonal 1ne but they do not comade Average
parents have nearly average offspnng but very tall and very short
parents have offspring decidedly less tall or less short respectively
than therr parents  In the chart the arrow heads mdicate the points
where the average statures of offspring of each of the md parent classes
fall  Note that nud parents which average a ittle over 6.4 mches have
offspring averaging about 65} mches and that md parents which
have an average stature of 71} inches have offspring averaging 70
inches  Ttis clear that on the average the more exceptional the mid
parentsare the more the offspring regress toward the mean stature of
the group or toward mediocrity  This 1s true of all but the estreme
tall group where there 15 only a balf inch of regression 1n the offspring
The reason for this 1s probably associated with the fact that very tall
persons are homozygous {(double recessives) shortness of stature bewng
incompletely domunant over tallness

Galton calculated that with regard to stature the offspring of
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evceptional parents tend to be on the average, one third less exception
al than the parents  Thus he called the Laz. of ihal Regresston
Sinular results wege obtained wuth several other types of human
ifferences that were capable of being graded quantitatively and ar
tanged In classes  Thus when eye colors were graded on the basis
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Fro 8% ~Diagram tollustrate Caltons  Law of Fihal Regression as shownt
15 the stature of parents and cb ldren  The mean he ght of all parents 15 shown
by the dotted ! ne between 68 and 69 mches  The circles through which the diag
onal Line runs represcnt the heights of graded groups of parents and the arrow
heads indicate the average he ghts of their chuldren  The offspring of undersized
parents are taller and of overs zed parents are shorter than their respective parents
(From Conllin after Tealter)

of the amount of pigment 1n the 1n1s and arranged 1n mne or ten classes
1t was found that there was practically the same amount of filil re

gression as there was in the case of stature  This was true for all ex

cept the pute blue eyed parents, with no pigment m the front of the
ms where no regression 1n the offspring was noted  Blue-eyed mdt

viduals are of course, homozygous, if they are really blue-eyed 1 the
genetic sense



THE STATISTICAL STUDY OF HEREDITY IN MAN 473

The same law was shown to hold also for mental characters, or
grades of mental ability  “The more bountifully a parent 1s gifted by
nature,” says Galton, “the more rare will be his good fortune if he
begets a son as nichly endowed as himself ”  Galton considered that
afy law that applied to such diverse characters as stature, eye color,
and mental ability must be a unversal law of heredity

The problem then arose 2s to the reason why heredity between
parents and offspring 1s so imperfect  Let us remember that Galton
did 211 hus work long before the rediscovery of Mendel’s publications
Had he known about Mendel’s laws, about the difference hetween
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Fic 89 —Diagram to illustrate Galton s “Law of Ancestral Shares i Inhers
tance” The whole heritage 1s represented by the entire rectangle that denved
from each progenitor by the smaller squares, the number of the latter doubles 1
each ascending generation while 1ts area 1s halved. (From Conklin, after Thomson )

phenotypic and genotypic conditions, and that recessive characters
concealed for some generations crop out when two recessive genes meet,
he would have understood 2t once why offspring are not always as ex
ceptional as parents  Without any of this background, Galton had to
solve the problem of imperfect heredity m his own way

He arrived at a conclusion not unlike that of Weismann, that
whertance does not come from the bodies of parents but from a racial
“stirp,” which 15 about the same as Weismann’s “germ plasm ** The
reasan assigned for fibal regression was that offspring do not get all
their hereditary characters from their tmmediate parents, but some of
1t comes from the four grandparents, some from the exght great grand-
parents, and some from more remote ancestors  Just how much each
of the different grades of ancestors contnibute to the total hentage of



474 EVOLUTION GENETICS AND EUGENICS

an mdividual was worked out by statistical methods, and the result
was Galton’s Law of Ancestral Shares sn Inhersiance (Dig 89)

According to this law, the two parents contnbute between them
on the average about one half of cach inhented character, each parent
contnbuting a quarter of the whole  The four grandparents combined
contribute one-half of the remamder or one-fourth of the whole, each
of them one sixteenth  The eight great grandparents contnbute half
of the remaining one quarter or one-eighth of the whole, each con
tnbuting one sixty fourth  The remainng ancestors contnbute the
remaning eighth  The total hentage wonld be 1 This 1s an mfimite
mathematical series whose principal property 1s that each temm 13
equal to the sum of all those which follow thus } = }4-F+y+se ek
etc  Noaccounts taken of the prep 1es of particular —
and there 1s no question that such prepotencies exist—but all indiad
ual peculianties are averaged up  The results are mass results, 1
applicable to any particular individual or pedigree

The evact shares of various grades of ancestors, as stated by
salton, have been questioned by Pearson who, after careful study,
has revised Galton s figures toread  parents 3, grandparents $, great
grandparents § ete

Cnticism of Galton's work.—The scheme used by Galton assumes
that the number of ancestors 1s far greater than 15 actually the case
‘ Theoretically,” says Conklin, “the number of ancestors doubles with
each ascending generation, there are two parents, four grandparents
eight great grandparents, et If this continued to be true indefinitely
the number of ancestors 1n any ascendmg generation would be (2)%
mn which # represents the number of gencrations There have been
§7 generations since the begmning of the Christian Era and of this rule
held true indefimtely, each of us would have had since the tume of the
buth of Chnst a number of ancestors represented by (2)%, or about
120 quadnihons—a number far greater than the entire human popula
tion of the globe since that ime  As a matter of fact, owing to mter
marriage of cousins of vanous degrees, the actual number of ancestors
1s much smaller than the theoretical number For example, Plate
says that the late emperor of Germany had only 162 ancestors i the
tenth ascending generation, mnstead of 512, the theoretical number

“Davenport concludes that no people of English descent are more
distantly related than 3oth cousms, while most people are much more
closely related than that  1f we allow three generations to the century,
and calculate that the degree of cousmship 15 determined by the num
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ber of generations less two, since first cousins appear only n the third
generation, the first being that of the parents and the second that of
the sons and daughters we find that 3oth cousins at the present time
would have had a common ancestor about one thousand years ago or
approximately at the time of Wilham the Conqueror  As a matter of
fact most persons of the same race are much more closely related than
this and certainly we need not go back to Adam or even Shem, Ham,
or Japheth to find our common ancestor *

Galton’s data 1n the Light of genetics —The two mam laws of Gal
ton seem to us, in the Iight of our present knowledge of genetics to be
pecubarly barren  The laws are true enough, but throw lttle or no
light upon the mechamsm of heredity ~ They and the laws of Mendel
are not contradictory in fact each type of laws could be transmuted
nto terms of the other The main differences between Galton’s and
Mendel s laws of heredity are (a) that Galton’s laws do not distmguish
between genotypic and phenotypic differences, () character differ
ences are often not capable of being arranged 1n graded series ag al'
but are qualitatively different and without intergrades, thus bemg
unsuitable for statistical study (c) the statistical method often loses
sight of the exceptional cases, which are usually the most interesting
and nstructive

On the whole, 1t may be said that Galton s work 1s now considered
as chiefly of historical value It served a useful purpose mamly 1n
that 1t definitely called attention to the fact of heredity in man, a fact
that was at the time hardly d 1n political ], and
saciologreal circles




CHAPTLR XXXVII
TWINS AND HERLDITY
I THE DIOLOGY OF TWINS

Twins have always been a source of interest and amusement to
other people  There 1s something inherently comic 1n the exstence
of two 1ndividuals so sumilar that their identsties are Likely to be con
fused Stones and plays have been wntten, the chief plot of which
involves the mistaken identity of two brothers, two sisters or a brother
and sister  Quite recently I came to hnow an attractine lady who told
me an nteresting story of her girlhood—a story from real fe that bears
out those of drama and ficion  This young woman had a sister so
much like herself that her best friends could not tell themapart  Itso
happened that a young man became attracted to one of the twins and
called practically every night to pay huis court  This assiduous wooing
soon became burdensome, and, to reheve herself, the young lady had
her twm sister substitute for her on some of the evenings In the
course of time the young man approached a proposal of marnage but
unfortunately selected an evenung for popping the question when the
substitute twin was on duty  He told her that, though some claumed
to see no dufference between her and her sister, he humself thought
there was a great difference and allin her favor  He said he could not
see why other people thought them so much alike The subsutute
was forced to confess the deception, but in spite of this, the y oung man
msisted that she was the one he wanted, and suspected her of merely
testing hus fidelity In the resultant confusion the young man made
such an ass of himself that netther twin had any further use for him

This 15, however not to be a romance about twins, but a sertous
discussion about the scientific value of twins, so let us get on with 1t

Various kinds of twins —Several different hinds of human twns
are recognized among which the most sigmficant are identical (dupl
cate) twis, ‘ Siamese twins,” and fraternal twins Duplicate twins
are, as the name implies, extremely similar in their personal charac
tenstics (Fig g1} They are always of the same sex m & pair, have
the same or very sumlar temperaments, dispositions, and mental ca
pacities  They are believed to be dertved from the division of a single
zygote  There 1s no such reality 1o nature as that useful and romantic

476
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type of twin 1n which brother and sister are so much alike that one
may take the place of the other  Such twins are purely hteraty sig
mificance and justified only for dramatic and fictional purposes
Siamese twins are of the same onigin as dupheate twmns They
are the product of the division of a single mndindual into two but 1n
their case the division has been incomplete Sometimes they are
double m the head region and single back of that sometimes they
are double 1n the lower trunk region and smngle anterior to that and

F16 go—A pa r of typical fratemal twins showing diferences 1 €ye color
features body build etc

sometimes they are double in the head and leg regions and umted
only n a small area at the hips or sides  Cases of Siamese twins that
survive are exceedingly rare the number recorded bemng so small that
they could be counted on one s fingers ~ Yet 1t has been my privilege
to have examined within recent years two of these cases

Fraternal twins are quite cifferent n ongin ~ They anse from the
simultaneous fertihzation of two eggs and except that they develop
together in the same uterus, they have no closer hinship than ordinary
brothers and sisters  They may be of the same sex or of opposite
sexes m just the same way that familtes of two children may be both
boys, both girls or a boy and a gul  Fraternal twins are therefore,
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only about as similar as ordnary brothers or sisters A typical par
of fraternal twins 1s shown i Figure go

The ongw of identical twins —While there 1s no doubt 1n the minds
of bologtsts that human sdentical twins are derved from the division
of a single egg or embryo, it has never been possible to demonstrate
this directly  Early stages in the development even of ordinary single
human embryos are exceedingly rare, and there are no spectmens

F16 g1 ~A pair of typical identcal twins, showmng no genetic dufferences.

Lnown that are young enough to show the beginnings of normal twin
ning  Hence our belef that identical twins come from a single egg
15 based on a mass of indirect, but none the less conclustve, evidence

In the first place, 1t so happens that the entire devclopmental
Iistory has been worked out for another mammal, the nine-banded
armadillo, an ammal which bears one-egg identical qurdruplets at
nearly every birth (see Tig 52) The pecubanties of both egg and
uterus are very similar to those of man  The known steps of embry
alogy of the two species accord so closely that 1t 1s believed that the
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process of twinning 1 man must be essentially the same as m the
armadille  New, in the armadillo, every step w. the double twinning
process has heen observed, and we have some sather well supported
theorses as to why the egg drvides mto four individuals wnstead of
developing woto but one  There 15 m the armaddio a welldefined
huteh m the process of the attachment of the young embryo o the
membranes of the uterus  For 3 month or more after the embryo
descends the egg tube into the uterus 1t hes free i the uterine cavity,
whereas 1t should norreally have attached itself immeduately to the
maternal tissues so as to receive food and oxygen from the maternal
blood Dunng tlus perod the young embryo 13 completely stopped
down and 15 unable to develop at all  Its vitahty becomes so lowered
that, when finally the mechanism of attachment does nght itself and
the embryo 1s aflorded the chance to feed and respire, the fires of hfe
have burned so low that the embryo cannot mamtain its unity, but
starts to develop first at two regions and then at four  These four
growmg pomts develop mto the four separate embryos

That a lowering of the rate of vital acuvity during early develop-
ment 1s able to induce twintung has been demonstrated expenmentally
1 several species of animals, notably certamn fishes and echmoderms
Apparently some embryos cannot mantam therr singleness under
condittons that Jower vitality  On this acceunt nght and left hand
sides cease to co-operate to form & mingle mdividuzd, and each kalf
grows independently mto a whole embryo  In armadillo quadruplets,
some hundreds of which have been examuned, there are frequent cases
of mrror imaging, that 15, pecubianiies found 1 the nght side of one
twin occur on the feft side of the other  Agawn, 1t has been found that
armaddlo quadruplets are about go per cent 1dentical on the average,
and are always all of the same sex m o hitter

Applying these known facts to the case of buman twins, we find
the following correspondences  Identical twins in man average about
90 per cent identical, they are abways of the same sex 1n a paw, they
show frequent wmstances of mrror magiwg  Thus, in about one thed
of the cases one twin s nght handed, the other left handed, also 1
about one third of the cases the whish of hair at the crown 15 clockwise
in one twin counter-clockwise i the other  Minor pecubianties of
features—shan, teeth finper prints and palm patterns—are commonly
on oppasite sides of the two mdmiduals. In addition to these evi
dences for the one-egg ongm of human sdentical twing, s should be
said that many prenatal human twins have been observed by obste-
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tricians and these show pecuhanties in embry omie membranes sumlar
to those of armadillo quadruplets  Thusit will be seen that the human
twinning situation rests largely on the armadillo quadruplet situation

As to the causes of human one egg twinning, we have no positive
Lnowledge It scems probable, howeser, that the cause 1s somewhat
symilar to that descnibed for the armadillo  Some early hutch in the
normal correlation of embryonic and maternal physiological relations,
mvolving a delay m placentation, 1s believed to be responsible for
twinning 1 man  Technical studies of tubal pregnancies strongly
support this view, but lack of space forbids the mntroduction of this
testimony

In concluding the discussion of the causes of human twins, it must
be admutted that as y et we do not know enough to enable us to control
or to permut the production of twins  So we can give no practical
adwice to those sho desire to have twins or to avord them

T THT TWIN METHOD OF STUDYING NEREDITY IN MAN

In recent years there has grown up a new method of studying
fieredity in man by malung use of twins, and especiaily of 1dentical
twins A number of European worhers, notably Siemens and von
Verscheur, have wntten extensively on this method and have con
tnbuted many new facts about the heredity of pathological conditions
and normal peculianities 1n man

The validity of the method rests on the ability of experienced
students of twins to diagnose twins accurately as to whether they are
1dentical (monozygotic) or fraternal (dizygotic) Both Siemens and
von Verscheur are confident of thetr ability to do this, and I fully agree
with them, having had no real difficulties in making this dizgnosis 10
considerably more than a hundred cases

Assuming that the two types of twins can be accurately separated
by experts how can twins be used 1n determining what characters are
hereditary? The working hypothes:s 15 that those characters that are
the same 1n all cases of 1dentical twins, but are usually different 1n
fraternal twms, are hereditary, and that those characters that are
different m jdentical twins, or that occur i one such twmn and not m
the other, are nonhereditary Now there 1s one weakness of this
hypothesis, namely, that some undoubtedly heredtary ct ac

tually do express themselves differently m the twa mdividuals of 2

monozygotze pair  This 1s niot surprising, for often wa a single mdivid
ual a hereditary character may express itself on one side of the body
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and not on the other or else it may express itself much more exten
sively on one side than on the other  For example there are certamn
finger print and palm print patterns that may occur on the rght hand
of an mdividual and not on the left or may be present i one form on
one hand and 1 another form on the other hand Now if identical
twns are denived from the separated night and left halves of an em
bryo that typically would produce a single individual such twins may
be expected to be only as similar as are the two sides of a single ind1
widual  In view of this circumstance we would be 1nchned to modify
the working hypothesis of Siemens to the extent of saying that charac
ters which are always the same m both indrviduals of a pair of 1dentical
twins are undoubtedly hereditary but that the failure of certam
characters to be the same 10 both members of a pair does not prove
that such characters are non hereditary  That this pont 1s well taken
1s demonstrated by a study of armadillo quadruplets which are un
questionably monozygotic In these ammals 1t frequently happens
that a well defined peculianty such as a local doubling of a band 1n
the armor of the back a rare anomaly known to be mhented from
the mother does not appear 1o all four offspring from a single zygote
One of the four may have 1t on the right side another on the left side
a third on both sides and a fourth may fail to show any sign of 1t
Yet 1t would be foolish to claum that because the character fa led to
appear 1 one out of the four quadruplets such a character 15 non
hereditary

Using the working hypothesis however in 1ts origmal form Sie
mens has been able to show that a large number of pathological condi
ttons are hereditary He has specialized on birthmarks (naevs) and
bas shown that vanous types of naev constantly appear in both twins
if they appear at all  He has shown that even moles and freckles are
hereditary

Bonnevie Wilder and I working independently have shown that
vanous peculianities of finger prints and palm patterns are hereditary
Thus has been done by the method of determunng the coefficients of
correlation between nght and left sides of the same ndiidual ~ Com
pansons of the extent of correlation 1 1dentical twins 15 made with
those 1n fraternal twins sibs and unrelated persons  For example
Thave studied statistically the numbers of ndges 10 the finger patterns
of fifty pairs of 1dentical and of fifty paurs of fraternal twins and the
coefficients of correlation obtamed are as follows
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COEITICIENTS OF CORRTLATION BETWLEN TOTAL
RIDGL COUNTS O TIVL TINGERS
OF EACH IIAND

Correlation between nght and left hands of same

ndtviduat =0 9330 OT
Correlation between nght plus Ieft hinds of identical

twims r=0 95ko0 o1
Correlation between nght plus Teft hands of fraternal

twins r=0 460 o3
Correlation between nght plus left hands of 30 pairs

of brothers and sisters (Bonnevie) r=0 59to0 03
Corrclation between nght plus left hands of 30 un

related individuals (Bonnevie) r=o0 27%0 12

It will be scen that identical twins are even more alike 1n total
ridge counts of finger patterns than are the two sides of the bodies of
single mdividuals  This 15 10 atself strong proof of the hereditary
character of finger patterns  Fraternal twins are no more alihe (in this
sentes not as much alihe) as are ordinary sibs  The extremely close
resemblance between identical twins should be contrasted with the
very low correlation in unrelated individutls — The shght positive cor
relation n unrelated individuals may be taken as a residuum of racrtl
heredity

In contrast with finger patterns, which everyone knows are fixed
4t birth and do not change throughout Iife—a fact that makes them
valuable as An a1d 1n personal identification—1let us exanune the degree
of correlation 1n mental qualities as e<hibited by groups of vaning
grades of relationship  Taking the Intelligence Quotient (IQ) asa
measure of mental eapacity, the folloning table nas worked out by
Tohn, a capable German student of twins

COLTTICIENTS OF CORRELATION BE-

TWETN INTLLLIGENCE
QUOTIENTS (1Q)

Tdentical twins o g0
Traternal twins o 59
Sibs o 50
Sisters o 47
Brothers o 46

It 15 highly sigmficant that mental differences show substantrally
the same grades of correlation as do the finger patterns, which are
generally admitted to be purely hereditary  Various other authors,
including out own local investigators, have found essentially the same
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situation  Moreover we have found that 1n1dentical twins the more
alike they are physically, the more alike they are mentally These
studies tend to show one thing most clearly, that there 1s no distinction
as to heredity between physical and mental characters

A great many reports have come mn from chnics all over the world
concerning cases of identical twms m which both show rare and
peculiar physical anomalies  Only a few examples can be given out of
a large number that he before me

Bruce and Daugherty report seven cases of identical twins both
afflicted with the same form of dribetes mellitus  heelly Hale reports a
pair of twins both afflicted with congenital dislocation of the hips
one with left hup dislocated and nght eye crossed the other with night
ip dislocated and left eye crossed This 15 a case of pronounced
mirror imaging and shows an unusual assoctation of characters
Mewerowski reports a striking case of 1dentical twins both with un
lateral strabismus one with night eye badly crossed and the other with
left eye shightly Iess crossed ~ Croon reports a case of a pair of identical
twins who began menstruation on the same day were normal until
thirty, then suffered alike from menstrual difficulttes Both had
menopause at fifty and three years later both developed the same type
of carcinoma of the uterus  Von Verscheur reports a striking crse of
inguinal herma (rupture) in a pair of elderly twin men 0 which the
rupture appears on the right side of one and the left side of the other
Goldstemn and Schenck report an unusual case of dwarfism in twins
The smaller of the twins was smaller 1n alt organs on one half of the
hody, a case of hemihypertrophy  Ahfeld reports seven cases of twins
i which similar bodily malformations were present 1n both members
of a pur D Outrepont reports a case of twins of wiuch both had
spina bafida and both had six fingers or six toes on each imb  Leb
mann reports cases of twms both afflicted with cerebral hernias and
hypospidias  Dawis reports six cases of hare hip and cleft palate pres
ent 1n both members of the twin pairs  Parker reports two cases of
twins both of whom developed dementia praccox at nearly the same
age Bradley reports several cases of twins both afflicted with similar
forms of manic depressive psychoses  Gesell reports twins who both
showed ectraordinary precosity, who sat up at si< months walke land
talked at eleven months lcarned French at three years and were 1n
the seventh grade at the age of nune

No one has ever taken the trouble to get together all the data re
ported by observers of twins  1f we had all this information together
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1n available form, 1t would doubtless constitute a most valuable con
tribution to the study of human heredity  The twin method 1s 2 new
one and not yet so well established as the others, but 1t 15 growmg 1n
favor every year
T CRIME AND DLSTINY

One of the most remarkable uses of the twin method in the study
of heredity has to do with the problem of the heredity of cimmal
tendencies  Professor Johannes Lange, of Munich, has recently re
ported the results of many years of work on the cnminal records of
twins one or both of whom had been m Bavanan prisons or reforma
tories  This work was a part of the program of research of the Ba
vanan Institute for Cnminal Brology, and 1s held 1n hugh esteem by
leaders in the field  Lange s book entitled Crime and Destiny reports
mn some detail the criminal records of thirteen paurs of identical twins
and seventeen pawrs of fraternal twins, one or both members of a parr
being 1n every case a confirmed and inveterate cnisunal  But what
about the other twin in the two groups® The answer to this question
1sastonishing  Of the thirteen pairs of 1dentical twins, there were ten
cases in which the other twin of the pair was also an equally confismed
cnimnal  Not merely this, but the twin cnmmals of each pair ex
hibited the same types of criminality both were swindlers, both
thieves both sex offenders both drunken ne'er-do wells, etc, though
m no case were the two members of 2 par associated 1 thewr crimes
Of the three paurs of 1dentical twins i which only one was a crimnal
there were two cases :n which one member of the pair had suffered 2
senous head mjury at birth or 10 infancy, which might well have been
responstble for huis crimal tend while in the case one
twin suffered severely from a gorter which mught have profoundly
allected hus conduct  From Lange’s description of the last case, how
ever, 1t seems highly probable to me that this case 15 mcorrectly
diagnosed as identical, but Lange leans over backward 1n hus attempt
to werght the evidence agamnst the conclusion that cniminal tendencies
are hereditary .,

In contrast with this impressive study of identscal twins, 15 that
of the seventeen cases of fraternal twins, of which there were only
two cases 1 which both members of a patr were cnmmal and these
exhibited relatively mild forms of crimmality, such as mght not have
appeared at all in a more favorable environment

In one of the cases of 1dentical twins, both of whom were cnmnal,
one twin, after a long ¢nmunal record, married a good woman of strong
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I” TS AND THE BXIATIVE FOZENCY OF HEREDTY
AND ENVIRONMENT

Trosstse factes are mmvotved i the dxved prent of an tdovid
2l 2.4 doub less the same two sets of Facters are resporsible fo. racial
Crelorment, o- evolation. Qe caterors of facto™s & mtrse ad
sezrs to depend tpo~ the phvs.cal orgrmzation of the gernunsl pato-
P12 ot Tpon the mechar g that are mmvolved 1 cell multipacation
2.d doeretation 3l such factors are kere meluded under the term
“Eered.tv 7 The otber category of factors 1 extna. ¢ and scems to
wvolve both environment and traming  these factors are nsaalhy m
clded together under the term  environment,  The controversy as
1o the relatyve importance of these two sets of factos 15 <0 old as to be
bmelonored. In the case of man especally the question as to what
characters are due to nature and what to nurture has long been an
active msue,

Before the e and growth of democracy the oprruon was very cor-
mozly keld that man was born rob eorba~e withhn h qualiiesarlo
accordmg as ke came from good or bad stoch.  The virtous well-defined
straty of socrety were believed to bave a basss m blood  Blue biwd
was the ententon of nobraty or of high character  Wnth the nse of
democracy Lowever the view has come to prevad that  all men are
created equal and that mequahties anse only as the result of wequ th
ble distribution of environmental and educational advantages. Tihs
bas been until recently the prevaling opmien ta educational <oa lo
cal and pobtical ardes. Thus View 1gnonng hereditany differences
and gveremphasizimg of the potency of environment has caued the
pendulum to swing to the opposite extreme

The present century has seen such a swrpn ng 11 nce in our
knowledge of the laws and the mechanim of hered 1y that it 1s no
wonder that hiologists have come to feel that hered ty 1 far and a =y
the chief factor 1n human development and that environment and
traumung are only mnor modidymng factors.
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In one sense the controversy about the relative importance of
heredity and environment s rather silly and futile for both heredits
and environment are absolutely essentral for development to take place
at all  The real controversy hinges on this question ¥ uh respect
1o any given character do the actually existing differences wn heredily have
a greater or a less effect 1 determinng the differences four d an the adult
than do 8] ¢ actually existing differences in the environment?

Now some characters such 1s eve-color hatr color shape and ar
rangement of teeth finger and palm patterns features body buld
and a long kst of others are evidently not much altered by eusting
differences 1n the environment and may therefore be called purely
hereditary—and by this we do not mean that the environment has
nothing to do with the r determunation  Other characters such as
body weight muscular development shills of vanious kunds extent of
tanmng of the sk certun tvpes of eye defects effects due to the
ravages of discace and many others scem to bevery largely influenced
by custing differences 1n the environment and may be called environ
mental Large numbers of characters fall in between these extremes
characters that are surely predetermined withm lumits by heredity
but are also much modified by actually existing differences 1n the en
vironment  Among the most significant types of human difference
that are both hereditary and environmental in the sense yust discussed
are differences in mental capacity (as determined by intelhigence tests)
and differences m temperamental and emotional make up (as deter
mined by psychological tests)

Identical twins have furmshed some highly significant data on
this point  As a preliminary step 1t was necessary to determune the
average differences in mental capacity and in temperament for fifty
pawrs of identical twins reared together and far the same number of
same seved fraternal twins reared together Since the heredity was
the same and also the environment essentially the same for 1dentical
twms reared together the observed differences must be due largely to
the workings of the asymmetry mechamsm the same mechamsm that
makes the two halves of 1 single individual different  In order to test
the effect of differences 1n environment, therefore we must compare

the differences found in identical twins reated together with those
of 1dentical twins reared apart In both those reared together and
those reared apart the asymmetry mechamsm works in the same Way
therefore greater differences 1n separated twins than mn those reared
together may faurly be attributed to differences mn environment
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Now scientists cannot cold bloodedly separate 1dentical twins in
wfancy and rear the two under radically different environments, but
fortunately this very thing has sometumes been done for them without
therr knowledge When by a stroke of good fortune we are able to
locate such cases, we have before us a scientific experiment completed
and only needing to be studied During the last few years we have
completed the study of five such cases A brief account of these five
cases, (one studied by Muller and five by Newman) may interest the
reader*

Muller studied a pair of twin sisters, left orphans and separated
at two weeks They did not meet until they were erghteen years old
They lrved under somewhat similar social conditions mn northwestern
mmng and ranch country, but there were marked differences in their
educational and social expeniences  Physically, although entirely sep-
arated from wnfancy to adulthood, they were as identical as are iden
tical twins reared together Their heights, weights, features, teeth
and finger nails, eye color, hair color, glove size, blood group etc,
were indistingwishably sumilar  In addition both were left handed
both had the same peculiar prominences on the ankles, and both had a
droop of the mouth on the left ssde  Both had had two or three at
tacks of tuberculosis almost i usly 11 tests showed
them to be both very bright, and their scores were as similar as those
commonly made by the same mndividual taling the tests twice over
In the temperament and emotiona) tests, on the other hand, they
showed a very wide divergence, as great or greater than those be
tween two individuals taken at random In this case the environ
mental dxﬁerences had left the physncal and intellectual characters

dified, but had produced a p d effect on the emotional
nature of the twins

Newman’s first case consisted of 4 pair of twin sisters separated at
eighteen months One was taken to Ontario, and the other remamed
1n London, England, where they were born  After seventeen years of
complete separation, the English twin jomned her sister in Canada
where they now live in a pleasant medium sized town Their environ-~
ments were very different duning the pertod of separation, as different
as one 1s ever likely to find 1n cases of separated 1dentical twins
One was reared i a congested district of London and passed the tryiy
penod of the war there, the other lived under good circumstances 1 2
suburban town in Ontano, and did not feel the pressure of war cor.
ditons  Their educational careers were equal 1 amount and } 2
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Tests showed honever, that they were very different in mental capac
ity the Canadian twim besng decidedly the brighter of the two  The
ifference was three times as great as the average difference of fifty
pawrs of :dentical twins reared together, and even somewhat greater
than the average dhfferences of fifty paurs of fratemal twns reared
together  Physically, the Canadian twin was much supertor, weigh
g 102 pounds as compared with 92 for the English twin, a great
difference for such small persons They were stnlangly sumilar i
height, buld, features hair and cye color, and finger and palm pat-
terns  Also, they showed great stmilanty in their will temperament
qualittes and 1n emotional reactions  Thus the differences 1n environ
ment had caused marked divergence mn the physical cordition of the
body and in mental capacity, but had left the emotional nature un
modified In every respect thus case 1s the direct opposite of Mauller's
case

Newman s second case consisted of two twin sisters, who never
heard of each other until they were about twenty-one years of age, but
came together through the lucky acaident of an acquaintance of one
accosting the other by nustahe They were separated at eighteen
months, adopted by two different families, reared 1 much the same
stratum of society, but one had only grade school education, while
the other went through secondary and normal schools and taught
gradeschool  These twins were physically almost complete duphicates
when ezatmined, as similar as the most similar 1dentical twins reared
together  The mental tests shoned that the more hughly educated
twin ranks far above her less educated sister, the difference bemng more
than three times as great as the average difference of fifty paws of
1dentical twins reared together and even greater than the average dif
ference of fifty paws of fraternal twins reared together In contrast
with this stands the fact that 1 all tests of emotional traits and of
temperament, the twins give the impression of being remarkably and
unusually sinilar  To summarize, these twins show a profound effect
upon mental capacity due to vastly different educational careers, but
physically and temperamentally they are nearly dentical

Newman s third case consists of two young men, one of whom lived
wn farly large caties and the other m small country towns and villages
They had been separated at two months and had never met untll
they were about twenty two years old, when one discovered that be
had o twin brother while looking over some old papers By a lntle
detective work he located im  Their educational experiences were
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nearly the same, the aty twin having perhaps shghtly better trammng
When examined, they were very stmilar mn all genetic characters, but
the aity boy was in much better physical condition, weighing over 1o
pounds more than his brother, though they were both small persons
Iz mental capacity the aty boy was, on the basis of most of the tests
guwen, definitely superior, though they were nearly equal on the Stan
ford Bunet test Tn will temperament and emotional tests they were
very far apart, as far apart as were Muller’s twins m this respect
In summary, this pair shows marked differences pbysically, mentally,
and temperamentally, but more pronounced differences in tempera
ment than in esther of the others

Newman's fourth case concerns itself with a pur of young women,
now twenty mine years of age, separated at five months and reared
m different families 1n the same part of Ohio  One was reared entirely
on a farm, while the other lived mostly an mdoor hfe n a town  The
town girl had grade school and high school education, the farm girl
only country grade school traming ~ They were almost 1dentical phys-
1cally until about twelve years ago, but now the farm gurl 1s i far
better physical condition, weighing 138 pounds as compared with 130
pounds for the town girl, and being very much stronger and more
vigorous  The town gir] had a mental rating much higher than her
sister, the difference bemg over three times as great as the average
difference of fifty pairs of identical twins reared together and consid
erably greater than the average differences of fifty pawrs of fraternal
twins reared together In will temperament and emotional reactions
they are extremely different, as far apart as were Muller’s twins or
ewman’s third case  In summary, these twins were about equally
different 1 physical mental and temperamental charactenstics

A fifth case 15 bemng studied Just as this revised edition goes to
press It concerns itself with a pair of twin women now thirty exght
years old separated at three months They did not know of each
other’s existence till they were Sixteen years old A prelimunary
study of the data shows rather close sumilanty mentally and tempera
mentally, but a great difference 1n physical condition

It 1s stll too early to attempt to draw general conclusions on the
basis of these six cases, but some facts confront us that cannot be
dodged  Perhaps the most disconcerting fact revealed by the data s
that fraternal tunns reared logether are on the aterage somewlkat more
Stmalar wn mental rating, as judged by tntelligence lesis, than are wdentical
tusns reared apart  This seerns to mean that when heredity 15 different
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and the environment the same, twins tend to become more similar
than when the environment 1s different and the heredity 15 the same
Extreme environmentalists may sec 1n this situation evidence that en
vironmental differences are more powerful in determining mental ca
pacity than are hereditary differences I do not believe that this s
true, and for several reasons  In the first place, if environment were
more powerful than heredity, sdentical twins reared together should
not he twice as simular as fraternal twins reared together, yet this s
the case  In the second place, all the tests used to determne mental
ability, except possibly the International test, measure largely the ef
fects of trammg  This tends to mask or cover up hereditary resem
blances and diff the d 1n cases where educa
tional experiences are widely divergent and decteasing the differences
(in fraternal twins reared together) where educational experiences are
alike Thus the tests used tend to exaggerate the potency of environ
mental differences and to mimmze the potency of hereditary duffer
ences

In spite of these weaknesses in method however, the data at least
warrant the concl that both hereditary d and environ
mental dufferences play important réles in determiming mental charac-
tenistics  In so far as a person’s mental status is measurable in terms
of ability to perform well or pootly on intelligence tests, 1t seems fair
to conclude from our data that differences 1n heredity and differences
m environment are about equally responsible for the mental status of
anindividual  On the other hand, smce a large part of what 1s meas
ured by intelligence tests 1s merely achievement and not real mental
capacity, some will say we aTe not really measuring mental status atall
There 15 doubtless some justification m this cnticsm of intellgence
tests, yet I cannot help but believe that one’s mdividual mund, his
mental rating 15 at any time the product of lus hereditary make-up
and his traimng  If thus be true, 1t 1s only fair to rate him according to
this product

In spite of all this apparent evidence that hereditary differences
and environmental differences are of about equal potency m determun
ng mental status, T have a deep seated conviction, which T am unable
completely to justify at this tume, that differences 1n heredity are con
siderably more influentsal, perhaps twice as mfluential, i determumng
one’s mental status, as are differences in environment




CHAPTLR XXXVIIL
DOES HEREDITY OR ENVIRONMENT MAKE MEN?>

ALRERT EDWARD WIGGAM

Allmen are born unequal ~ When the Declaration of Independence
made its pronunciarnento, 1t was merely to serve notice upon King
George that the Amernican colonists were equal in therr social, political
and human nghts to the atizens of England It was not meant as a.
scientific formula from some laboratoty of psychology which bad tested
several thousand human beings and found them all exactly equal  In
all the common nghts of man, the nght to ke, hiberty and the pursuit
of happiness, the world now concedes that one man 1s as good as
another

But, when we study not men’s nights, but men’s natures and capa
ciies, nothing 15 more obvious than that all men are unequal, they
are born unequal, they will always be unequal, mature mtended them
to be unequal, and 0o system of government, social control or educa
tion has yet been devised or ever will be devised, that will make them
equal  Indeed, the astomshing and delightful discovery of modern
psychology and biology 1s that the more you educate men the more
unequal you make them The more you equalize opportumty, the
more you unequalize men  The more nearly you treat men abke, the
more unlike they become It was Henry van Dyke, I think, who said
that there 1s one thung in which all men are exactly alike, and that 1s
that they are all different And the more you educate and develop
these differences, the more they grow mto larger differences

As a matter of fact, that 13 what educauon and good environment
are for, to draw out and develop each man s mdividual and particular
capacities and powers The old Romans mvented the word ‘ educa.
tion”—educo—a leading out of what was 1t a man, and not a pouring
m of some magic fire from Heaven to melt and mold his soul mto a
likeness to other men  You can teach three boys the same knowledge
of kistory  You can inform them of exactly the same facts of the past
But 1 do not beheve any school teacher m the world would mamtain

hat e had filled them with the same spint and viewpomt  One boy
* Reprinted from The Frust of the Fomsly Tree Copynght 1924 by the Bobbs-

Meril] Company pr
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will be 1mspired by these facts to wnte hustoneal novels and dramas,
another will find them helpful 1n shaping economic and social legusla
tion, while the third may remain aimost wholly unaffected and devote
s Iife to keeping a country grocery or to inventing a new method of
making soap  They all had the same facts the same teacher, the same
school room  But they all reacted differently, each according to his
own abihity and temperament—that is, his inborn make up

So an unalterable fact of human nature 1s that men are duferent
The whole question at issue o this world-old heredity-eavironment
debate 15, what causes these differences?

All medern biology and psychology support the view that heredity
plays a great part, and probably a preponderant part, m shaping 2
man’s actions and reactions, his goings and comings, ks health and
happtness n this world ~ We found 1n the chapters on twins and on the
royal families that this 1s true  But at may be of interest to present
here some of the mam arguments on both sides of this question, with
these saientific discovertes as their background

It 1s commonly said that 1t 15 impossible to separate heredity from
environment  This 15 probably trie when we consider merely one
mdividual I doubt 1f we shall ever be able to determine whether 2
particular act by a particular individual, say whether he takes a dnnk
of alcobol on some particular occasion or whether he commuts a erime,
15 due to hus heredity or to lus eavironment. The causes are so hope-
lessly intertwined that no one so far as 1 am aware has presented the
shightest hope of measuring the relative influence of the two forees
within the indydual - As 1 have already pointed out m a foot pote to
aprevious chapter, the Beh 15ts—a school of psychol founded
by Doctor John B Watson—assert (at least some of the leading ex
ponents of this school assert) that “mnety per cent, of 2 man’s behavior
15 due to his environment "

This may be entirely true, but so far 1t seems to me 1t has not been
removed from the realm of assertion mto the realm of exact measure-
ment. No one doubts that a man s early education 1s of great wnfl
ence 1 determining his character and behavior in later bfe, but exactly
how great—whether ninety per cent or twenty per cent.—has not as
yet so far a5 J am aware beep measured  And I do not beheve we can
speak of percentages until we have measurements Environment 55
mportant in determuung behavior, but precssely how smportant 1 doubt
very much if we have any means at present for determning, when 1t
comes to one mdividual, whether we consider one particular act o1 the
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sum total of hus character Indeed, 1t seems to me it would be pretty
difficult to determine what one hundred per cent of 2 man s character
really 15, and when we had measured either ten per cent or minety
per cent of its total

T am inchined to beheve from what Thorndike and his students
espectally Doctor Paul F Voelker, have proved as to the enormous tn
fluence of moral education and as to how much more we can mfluence
the moral character than we can develop the purely intellectual traits,
that by proper education and environment we could prevent nearly
all individuals from commutting actual crimes  Crnime s not 1tself in
hented, because crime 15 2 particular act by a particular mdividual
And whether he commuts that act, no doubt depends very greatly upon
previous education, habits, the particular stiumulus before tum and all
the forces of his environment. For all we know a man may commit a
particular crume or take a particular drink entirely from environment
And 1t may be that he can be prevented from these particular acts
entirely by environment We know that moral tdeas tend to diffuse
themselves very widely over the mental hfe—or as the psychologists
say, there 1s a very large “transfer of learning * from one set of bran
centers to others No doubt moral 1deals set up wider transfers of
learning and thus influence larger areas of behavior than the cultiva
tion of particular mental abilities or aptitudes  For this reason teach-
ing a boy trustworthiness, as Voelher has proved, mfluences his conduct
far more widely than teaching him algebra umproves s proficiency
evel n algebra  All of this 15 granted

What we know of heredity, therefore should not in the least dis-
courage us (indeed, when deeply considered 1t ought to encourage us)
from throwing every possible good mfluence about our youth The
very stability of society depends on our dowg this  But when it
comes to the question as to which one of two sndividuals 15 the more
likely to commit crime at some tume m his Lfe or to take to excessive
dniok, we are 1n reality dealing with a different set of scientific prob-
lems.  And when we come to the question as to which famdy 1s likely
to have more members who, 1n any one age of the world, will be unable
to adjust themselves to sound social bebavior or who will easily be
filled with asprrations for building a worthy character and mamtaining
the social and political order, we are 1 & feld where we cam meastre
the factors involved by faurly exact methods and predict results with
considerable confidence

Doctor Charles F Gonng, of the Galton Eugemics Laboratory of
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Tondon has shown 1n the most exact and elaborate study ever made
of the influence of heredity upon the cnminal tendencies of men—or
what more technically 1s called the “eticlogy of enme”—that heredaty
1s by all means the more important factor 1 the problem  Some
famltes easily react, naturally, to high social 1deals, and some lach
the foresight and the power to develop that true synthetic wisdom of
life which we call in a general way self-control Education and en
vironment will alter the weight and influence of these factors within
each mdividual but I am pot aware of sufficient evidence to prove
that they will much alter the central tendencies erther of such indi-
viduals or of such families

Perhaps Woods s illustration will llumnate this problem  As he
pointed out In 1912 at the First Cugenics Congress in London (the first
time, I think this distinction had been made), it 15 only when we
come to measure the differences between one or two groups of mdi
viduals, that we can really separate heredity from environment
When we consider as Woods suggests, what causes a white man to be
white or a negro to be black, or one person to have brown eyes and one
blue, 1t 15 evdent that these charactenstics are the resultant of 21l the
combined forces of heredity and We can not, theref
by any means now known, separate the two sets of forces withm any
one mdinidual  But that the differences in pigmentation between the
white and black races are almost wholly due to the differences in thesr
germ plasm, no one can very well doubt True, a tropical sun will
develop all the skin pigment a white man has the power to produce,
and reanng a negro in 2 northern climate will reduce his prgmentation,
but when placed 1 the same cimate their differences are almost wholly
due to heredaty

Therefore we can not consider the heredity environment problem
with much assurance of success, erther 1n method or logic, unless we
consider it as the problem of the differences among men  And since
as Thorndike powted out long ago 1n tus Educatronal Psychology, the
puizes of hfe, whether of health or wealth or social position are nearly
all relative matters, the result s that heredity 15 the most umportant
factor 1n determmng who shall secure these prizes and who shall not
If the 1deal of human health were 2n mdividual who could barely
hobble about, then to attan this mmmum of energy would be our
highest ambition  The healthiest man would be one who was almost
helpless  Health would still be, as 1t 1s now, a relative matter  Just
50 wealth and influence are relative matters  Among our ancestors &
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man with a few shells or arrow heads was nch  The fact, as Thorn
dike suggests, that Croesus and Rackefeller were the two nchest men
m the world 15 due almost wholly ta their superior natural powers over
those of other men to acquire wealth  But the fact that Croesus ac-
cumulated only a few thousands, or at most a few millions, while
Rockefeller has accumulated perhaps a billion, 15 almost wholly 2
matter of the differences 1n environment between the ancient and
modern world

The differences among men, therefore, as 1 trust we have shown
throughout this book, are almost entuely due to their differences m
natural powers and aptitudes  But none of this repiotely discourages
us from stmulating and educating those powers and aptitudes, nor
should 1t d ge the mndividual from developmng ks own yaner
natural capacities and tendencies to the utmost To do this 15 the
only way to attamn ks prize m bfe  And whether he starts with one
talent, two, five or a bundred, makes very bittle resl difference We
all regret that we do not have greater natures than we bave  Ishould
really like to be such a2 man in mtellect, as was Plato or Pericles I
should like especially to have the musical appreciation of Fritz Kreisler
and the power to play the piano like Josef Hofmann ~But as Willlam
James pointed out, we can not be everything And to want to be
everything 1s as foolish and as much a waste of good energy as 1t 18 for
a dog to bay at the moon  If we had everything we would probably
lose that romense mcentive of ambition and rnivalry which, just be-
cause men are different, probably leads them to make nearly all the
practical achi and moral cong of lfe

In lus wonderful bittle book, Talks fo Teackers and Students, James
relates a story that goes to the heart of the problem  He says that one
day he had an old carpenter ma.kmg some repars on Ius house at Cam

[
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,
Josh Billings saxd, when a man starts down hill i this world, 1t seems
that all creation 1s greased for the occasion  However, the old carpen
ter finally made a remark which James states was one of the most pro-
found observations ypon human Iife he had ever heard or read i all the
philosophies of men  “There 15 very Lttle difference,” said the car-
penter, “between one man and another, but, what httle there 15, 15
very important ”

Have we not here the crux of the whole matter? I suppose, if,
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when a baby Abraham Lincoln had been placed by the side of all the
other bal 1es m the world of that tume the best baby show judges on
earth could have found very Iittle difference between bim and the thou
sands of others  And I am sure that if all the germ-cells from which
these babres were torn had been weighed and measured and analvzed
and peered 1t through ticroscopes by all the biologists on earth thev
could not have told which one would produce Abraham Lincoln Yet
existing somewhere somehow within this tiny microscapic cell which
had been handed down to his parents and which represented his com
bined ancestry were mighty and resy forces which ordaied 1n
advance that the child born from 1t would be one of the greatest human
beings 10 all the tide of ime

But 1t will be saud that the Civil War gave Lincoln his oppor
tumty  Certamly 1t gave lum this particular opportumty No
man could ask for a greater chance to serve manhind and enter aong
the buman immortals  But the same opportunity exsted for the four
or five million other men who were born and grew up about the same
ume The Civil War discovered Lincoln but Lincoln also discoered
the Cd Tiar  Fyen the men 1n his Cabmet who had the stunulus of
Iis overwhelming personality did not become Lincolns  Vllions of
men since then have tahen hum as their example and strisen to be
lhe um

Of course we are all better because of the example of Lamncoln.
Thet 15 the value of a rich environment full of high ideals Iama
better man and so are you because this great soul Ined and blessed
the world  And I do not doubt that Lincoln hunself was stunulsted
by Tus studies m the firelight of the lives of the men of the great g2
erations gone 1 do not doubt he tned to emulate them  Just m pro-
portion to his own greatness does a man try to be like other great men
He does not try to copy them he tries to expand his own powers i the
Light of their radiant examples  And I have noticed that the greater
men are In real character the more they have blessed the world with
beauty and truth and happiness men such as Lincoln and W ashing
ton and Foch and Wilham the Silent and Gustavus Adolphus and
Faraday and Huxley and Darwin and Pasteur and Wilkam James the
more nearly do they approach in their ves and personal characters to
the Supreme Teacher—that other Carpenter who two thousand yes™
20 also uttercd some sayings that have changed the whole course of
buman history  Huxley a th 1 agnostic m philosophy was
almost fierce n ns admiration of the character of Tesus.
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As Professor Thorndike has pomted out, when 1t comes to the
absolute aclievements of men, the outward performance to whch they *
can attain, environment 1s well mgh all powerful ~ But when 1t comes
to determuning which mdividuals m that cvilization will profit the
most by 1t and contribute the most nichly to its expansion and con-
tinuance the all important thing 15 each individual s heredity A
man gives to his environment and recerves from 1t just i proportton
to the nchness of his own nature  Was any great environment ever
built by a race of fools? No  Was any truly small and mean environ
ment ever built by a race teeming with gemus? No  Where there 15
10 vision, 0o gemus, the people perish

As another example, I walked down the street 2 while 2go upon a
pavement which took all the combined physics, chemustry, soctal,
political and economic orgamzation of a great industrial age to con
struct  Thad nothing todowithit It wasa part of my environment.
But I was able to walk faster and reach my Journey’s end earher—that
15, make a greater absolute achievement—because of it By my side
walked a laboring man with a basket of grocenes for his family  Now,
1t may be that this man has a son 1 college who will some day write a
much better book on heredity and eugentcs than this one  But 1t cer
tamnly would surprise me to find that all the students m colleges and
all wniters of books were laboring men’s sons, and all the sons of the
abler and more successful classes should to-morrow be handling the
picks and shovels of our civilization

The whole point of this 1s that the things which men can do'depend
upon the tools that are at hand in the forms of environment, ma
chinery, social orgamzation, 1deals and systems of education—in short,
what we call the socal heritage  But the relative performances of
one man as compared with another, that 1s, what each man does with
these tools—this social hentage, depends almost entixely upon his m
dindual, mborn henitage  Consequently, 1t 1s the duty of all men to
mprove the general social heritage because this furmshes multiphed
opportunities for each man to develop and express his personal
hentage

Let us see if, 1n a rough way, we can not measure this  The other
day I motored through the western part of the state of New York,
where I had learned the Ines and histories of the farmers in consider
able detax] I was being driven by a man who knew them afl mti-
mately Ve passed a farm which a few years ago had been one of the
model farms of western New York At the death of the owner, whom
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we shall call John Crosby, tts broad acres were divided into three equal
shares for his sons  Within three years the appearance of two of the
farms had changed The fences were run down the stock was run
dawn, the buildings were run down, while the weeds and underbrush
had run up  But on the third farm which fell to the youngest son
the conditions were better than when the father died This son
Joseph was rapudly acquining the lands of his two brothers, Witham
and Alexander  The parts which he acquired promptly became models
of successful tillage I have no doubt that, as the neighbors proph
esied within a short time William and Alexander will be working as
hired laborers for Joseph

Now here 15 a clear case where the environment rematned un
changed, while the heredity did change and had 2 chance to reveal its
overwhelming power Al the sumulus was there for each one of the
sons Dut only one reacted to it Any brologist would say m the
Iight of hus own studies, that Joseph was the only son who mhented
hus father s vigor and decision of character  However they came by 1t
no one could talh with the three brothers without discerning that they
were radically different men

But let us dnve on and see a hke phenomenon on agother farm
We passed down the read and stopped in front of a large, handsome
frame house Two different men had been on this farm within the
last twenty years and “couldn t make 1t pay * It had grown up 0
thickets and underbrush, the buildings had become dilapidated, the
fruit trees were wind broken and worm eaten, until finally a poor ymmi
grant named Conrad from Switzerland had bought 1t for & song
Within ten years he had developed 1t into one of the finest daury farms
in theremion  And when I looked at his five-thousand dollar Holstein
bull and his prize cows giving from ten to fifteen thousand pounds of
mulk a year, I thought on the one hand of what glorious achievements
Amencan environment permits men to make, and on the other of what
a small percentage of the millions of job hunting nmmgrants America
bas admitted 1n the past forty years could do as well as Conrad  Had
we hiad the wit to select and admit only the Conrads and the Joseph
Crosbys, what a glortous future for our country! What wonderful
cows, what splendid hogs, what brdhant poets, pamnters, mventors
politicians and statesmen would fill this country for all the generations
to come!

It always straghtens out this whole tangle of heredity and environ
ment for me to think of two boys I knew in & western state~let us
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call them George and James. There was no great outward difference
mthemasboys Their parents tried their utmost to treat them exact
Iy alike, but the more they treated them alike, the more amazmgly
unlike they grew  When their mother sent them on an errand James
would always loiter and show up an hour Iate, while George was on
tume. George was always devisig new ways of downg the farm work,
while James was content to get by 1n any old way or not get by at all.
When they went to school the teacher saw o great dufference be-
tween them, but soon discovered that while James was two years
older, still, George could da hus class work better and within a year was
one grade ahead of his brother  In spite of expending very httle effort
on George and every possible effort on James, 1t was impossible to make
them progress alike. Of course two or three hundred years ago James
and perhaps George also, might have been mere 1gnorant Jouts about
the village Quite possibly both might have been bandits and
cnminals according to the 1deas of cnme m that day But if so,
George would have been the leader and James the follower ~Conse
quently the absolute mental and moral achievements of both were
enormously increased by the wonderful modern environment. But
their ach and d relatively the same
However, the y saw no ding diff between
these twoboys  They were both good, well bebaved lads  But let us
look thirty years later  George was 1n the United States Senate, one
of the great orators, one of the great polittcal and economic thinkers
of our tume, one of the keenest and most graceful wnters of the day
and, had he not made a polttical blunder, would probably have been
president of the United States, while James was keepmng a fourth
class pie counter m western Ilimos
Now this world 1s made up of Jameses and Georges  And 1 the
careers of these men and these famlies, the Crosbys, and the Conrads,
the Jameses and Georges, are exhibited 1n sunple relief the vast forces
that male and unmake emptres, that create and separate social classes,
that evolve great cultures and intellectual disciphnes and overthrow
them—in short, the forces that make our ives, and make history and
avilzaton what they are. T might add that George marnied 1nto one
of the great famuhies of the world and his two children show pronuse of
helpiog to glonfy the age  James marned 2 woman of bus own type
and bis two children show every promuse of continung 1n pre-counter
channels. Now 1t s necessary to have pie counters as well as Senates
And T have httle doubt that James blames his sttuation on hus enaviron-
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ment or upon “bad luck,” or complamns that “things went agamst
him” Ve all blame our misfortunes upon something or somebody
else and lay our successes to ourselves
The mspiring thing about all this to me 1s that 1t gves us such an
exalting view of lfe It proves, not that we are slaves, but that weare
masters of our environment Look back at your own schoolboy or
schaolgil friends  Have they nat all canved out thewr awn fortunes
mn the mam?  Have they not all developed about as you would expect
from your own mtimate knowledge of their natures, their heredity?
The pomt 15, have they not selected chosen and built their own en
vironraents? There are seeming exceptions  but 1s not thys the general
rule? It would fill me with despair if I thought that enviroment was
the man shapiog nfluence of my hie It has some mfluence on my
character, and immense influence on tmy outward career, but if it had
the overwhelming power that many people ascribe to 1it, the power to
change my fundamental character then I should not have the shghtest
1dea what sort of man I would be twenty years from now I have not
the shghtest fear of the future because I know that my environment
and above all my own inner character are mamly in my own hands
1 mght be thrown to-morrow among enminals 1 have not the shght
est doubt that if T were I would begin at once to try to reform them,
probably without great results But if I am the mere vichm of my
environment I have precisely the same mathematical chance as any
crimnal has, of commutting murder and being hanged within the year
Do you suppose that your grandchildren are going to be the victums
of ther environment as far as thexr inner characters and mental ca
pacities are concerned?  Wars may disrupt the nation  Crnilization
may go to preces  But if you marry the nght mate and endow your
children with your own royal nature and your marked abihihes you
may be sure they will nse amud 1ts ashes and bwild a great and heroic
hfe
T have no doubt that there were great men among the cave men
But they hived a poor and meanhfe  In a poor envaronment men must
Iive a poor life, as we look at 1t, although men always find excitement
interest and adventure under any set of carcumstances  We sce that
1n the case of our Puritan forefathers Compared to the great buld
ings, laboratories and libranes of Yale, Harvard or Columbra their
Little log academy looks poor mdeed Vet I doubt seriously if the men
within this Lttle structure Lived & Lie of less mental exaitement or of
less true inner glory
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cess-pool dirt m the lowest sectsons of New York. The “settn’~
room ' was properly named, for they secmed to do nothing but just
“get.”

Now honestly, my uphifting environmental fniend, what can you
do for such people? They had plenty of money and ample oppor
tumty They went to picture shows, and their children attended, or
rather were forced to attend, school “The old man” got three to ten
dollars a day  The farmers about the town were crying for tenants,
and willmg, practically, to set 2 man and his family up 1n busiess 1f
they would only properly till the land  But thewr poverty was pure
biological poverty, nborn, ineradicable  Their real poverty was poor
heredity And do you suppose that if those people dnited mto the
larger cihes they would build residences on the avente, or would they
smply fall naturally into the slums? Many a strong man goes nto
the slums, under the wicked crush of modern industriaism  But such
stock does not long remain there  Many of the children or the grand
children fight their way out. The vast slums of the world are in the
main whabited by breeds that have been there for centunes  Sydney,
Australiz, has probably the largest stums relative to its size of any aty
m Anglo-Saxon countries The beltef of Doctor Charles B Daven
port who wvestigated 1it, 1s that this 1s largely due to the fact that
Sydney was ongmally settled chiefly by cnminals and lower stocks
deported from England one hundred and fifty years ago Anyone
who will read the account of the character of these shipments of slums
stocks which England sent for many years to Sydney m ship loads,
as given n the Encyclopedsa Britannsca, will, I think, be impressed with
the high probability of the truth of Doctor Davenport’s conclusion

We have seen then that heredity 1s the preponderant factor i the
relative character of men, and almost the whole factor in mental ca
paaty, and that our success as compared with that of our fellows 1s
largely a matter of our natural endowments  But the real lessons that
emerge for us all are, first, that you “can’t make a silk purse out of a
sow’s ear”, and second, that human success and human happiness are
largely relative things “We are not trymg to get ahead m this
world,” as Professor Thorndike says, “but to get ahead of somebody '
To be the most beautiful girl m the county 15 beauty enough The
most beautuful gurl in Podunk feels no envy of Agnes Soret, long the
reigning beauty of France I suppose President Wilson and Theodore
Roosevelt were eager to get ahead of each other  But you and I never
gave a thought about getting ahead of etther one of them  The third
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conclusion 15 that environment does not much change the relative
situations and achievements and characters of men But 2 nch en-
vironment gives gff men the chance for greater achievements and a
wider hfe  If Roosevelt had been born n Africa he would not have
been the Roosevelt he was  But even m Africa he would have been
the “Buanna Tumbo”—the big hunter as the natives called him, the
mighty man with the big stick with the power to move things and men
And he would have had a * perfectly corking time *

You should remember always that by the hereditanan view you
are not mastered by fate, but you are the masters of fate  You make
your environment fo a far greater extent than it mahes you Life 1s
self expression, self realization  Every one should study lus heredity,
and the lives of his immediate ancestors  He should choose hus voca
ton with a view of avoiding therr farlures and imitating their successes
If they drank to excess, 1t should be a special warmng  If they had

talents, these should be emul: ‘You probably bave some
orall of them Let your natural, mborn light shine, to be seen of all
men  You are always gomng to Live with yourself  Then make y our-
self a good person to hive with  You probably have a great deal of
good heredity gong to waste Explore yourself and find out  You
can not express anybody else’s heredity  You must express your own
For there 13 no antagomism between heredity and environment
Heredity has furmshed you with untold powers and no one ever
develops 2ll of them as much as he could and ought It 1s your duty
to use those powers m building an environment anud which and with
which both you and your descendants may make the noblest possible
practical achievements

It seems to me that this view of life, far from being fatalistic, as
the extreme environmental view surely 1s, 15 filled with the most mspar
ing optimism A boy may never hear the chance sermon, or read the
mspring book which our environmental friends often point out as
beng the “cause’ of lus fine career m Lfe If such things are the
“‘causes” of the success or failure of men, then we are mere pawns upon
the chess-boatd of emnvironment, mere marionettes upon the stage
whose wires are pulled by this mysterious and awful hand of doom
In 2 bad environment a boy would be bound to turn out to be bad,
and 1n a good environment he would be bound to tumn out to be good
Whatever the optumsm or pessimusm of such a view may be, we see
sumply that this 1s not true  Good boys constantly come up out of
bad environment, and boys turn out badly amd the best environment

that human wisdom can devise,




504 LVOLUTION GTNETICS AND FUGENICS

But the thing to reflect upon 1s that every chuld who 1s not posi-
tively 1diotic has within nm those glorious powers by which he can
seek out the mepiring man who will preach to him the inspinng sermon,
he has the power to sech out the good book and read 1t, he has the
power to choose his compantons, his teachers, the way he spends hes
time and money, and n the long run build his own surroundings

Obviously, however, even here environment plays a very strong
hand, for the more choices that are opened before a chuld, the more 1t is
encouraged to make thus choice instead of that, the more surely will it
be enabled n the end to form those right kabuts of choosing the good
mstead of the bad, and also have those nght objects and courses before
1t to choose which lead to self-mastery and success  And self-mastery
1s merely success 1n the utilzation of one’s heredity ~ For success itself
by and by becomes a habit, ingrammed 1n the very motor patterns of
the nerve system 1tseli Lvery child should be guarded agamst, and
should guard itself aganst the habit of fallure  As James says, you
may forget the fine resolution you made and fadled to carry out, but
the nerve cells do not forget Down in the very depths of our bodily
organization, each tiny nerve cell 1s registering every act and thought,
and laying 1t up 1n store for some future occasion, exther for or agaunst
you ‘“Make your mervous system,” he says, “your ally instead of
your enemy *  This contains almost the whole basis of moral educa-
tion  And one should always remember with old Spinoza, the German
philosopher, that “4f you can keep from domng a thing because 1t 13
bad, you can keep from dong the same thing because something else
15g00d”  This 1s the whole difference between Living the positive znd
the negative ife  One can not build a successful and happy life unless
he has filled hus mind and tuned his nerves to be up and alive with the
things he must do, instead of always holding them bach with the chechs,
inhibitions and prohibitions of the things he must not do  The theo-
logical hell which 1s pictured for lost souls m the future, says James,
can be no worse than the hell which many of us buld for ourselves 1o
this world by continually fash our nervous systes wills—
n the wrong way ~ And, granted that there 1s 1n us a power of choos
ng at all, granted that thinking has any purpose in 1t, then the oppor
tunity to build daly more stately mansions for our souls 1 this world
at least, 1s every morning opened anew to us all

Thus, notwithstanding our bekef, and I think our demonstration
that @ man’s inborn nature 15 the chief cause of his being different from
other men, the cause of his making different chorces, bullding a differ
ent “personality picture” of humself and his ife, from the personality
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picture of other men, our enthusiasm for environment continues as
great as ever The poorest soil will 1ncrease its yeld somewhat if
fertiized but the same stimulus given to nch soil will mcrease its
yield manyfold The one-talent man will mprove 2 great deal by
education, but the five-talent man ‘will improve enormously Thus
should be the chiefest source of comfort to the environmentalist him
self—that the better the heredity upon which he expends hus efforts the
ncher will be his rewards It takes all the skill of teachers trained m
the best pedagogy 1n the world to teach some children to read and
write, while other children practically teach themselves By doubling
our educational efforts we would hikely quadruple men’s achievements,
their generosity, integnty, courage, determination, and thus quadruple
what Woodrow Wilson called “the world's fitness for affairs”, but if
we could double men’s hereditary powers, their mborn virtue and excel
lence, the range and delicacy of their imaginations, the sweetness and
charm of therr personalities, and the exaltation of their natural desires,
the b that would It d what 15 cavil for except
for a larger and finer humanism—would be beyond our power to fore
see  And this difference between the two alternatives that are always
before mankind—the alternative of building exther a better heredity or
devoting all therr efforts to building a better environment—is not 2 fan
ciful difference  for we see always before us that some men have many
tumes—Galton thought thirty times—as great natural endowments as
have others Some men have in some directions a thousand or a
mitlion tunes greater powers than have other men

The millennium  therefore, wall be hastened by better education
but 1t will be vastly more 2ccelerated by better men  And after all,
18 1ot this the final answer to the whole tangle of heredity and environ
ment? Better social machinery will make better men and better men
will enormously echance the efficiency of the social machinery Our
enthusiasm for environment will increase as we see more clearly
through the improved education the modern world has given us how
a well born race would use education for still mare exalted ends

Instead, therefore, of being antagomstic, heredity and environ
ment are reciprocal agencies, both placed at last by science withun the
grasp of man, by which he can Lit his species out of the bloody sea

F et 1 “3r L. v e 3.

toit  Itisan arduous highway, butits hardships need not be those,
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as i the past, of the red tooth and claw of nature, but the stnving
passions of men to realize 1n richer cultures higher values for which to
ive

A nghtly directed environment, not by brute death selection but
by the happier method of birth selection, will improve man’s heredity
and 1o tumn this better heredity wall enrich the socal hentage  Ten
stil the “wll to believe” 1 a humanity naturally better than ours 1s
as necessary an amm for education as to instil merely, as education
does now, the will to believe 1n better conditions amud which humanity
shalilive  Education will be doubly effective when 1t learns ths great
lesson

The ancrent Greeks pictured ambition as a beautiful goddess rollng
golden apples down the pathway of pursumg youth., Like these
flecting prizes the Eden of eugemics can never be attained  But science
and progress has at least stamped the picture of that Eden upon the
mmagtnation of manhind  the Eden of a perfect humamty dwelling
an environment of paradise  And, while 1t 15 unattamnable ¢ 15 nof 2
marage It 15 merely the great dream of human destiny and possi-
bility which men began to dream back 1n that mystenous time when
they started their organic journey from the jungle to their present hugh
estate  Only science and progress have drawn 1t for us 1 clearer out
Lines, drawn 1t nearer, and made 1t the conscious goal of the world s
desire  And while 1t can not be attamed any more than Heaven can
be here on earth attaned, yet the passion for it, the gong toward it
the behef 1 1t, the training and education of men for 1t, constitute that
“‘new tehon” of & better humanity which Galton said would “sweep
the world” The goddess of humamty’s amhitions ean never be
captured nor embraced, but as Thackeray sad of the woman that a
nan loves, on that last noble page of Henry Esmond, “To think of her
1s to prawse God !

Nore —The reader must understand that what 13 handed from one genera
tion to the next 1s merely these Lttle packets or genes m the germ-cell and not
the compleled character such as tallness or black color Neither the tall character
nor black cofor nor any other feature will develop unless proper environment is
supplied, 2nd if there should be a radical change i the environment 1t might be
some other color than black would develop If exther the bereditary matenal 1n
the germ-cell 1s changed ever so shghtly or the enviropment changed some otber
character develops than the one which we commonly speak of as mhented ~ The
reader must ROt gain the 1dea that these deternuners will develop mto some certai

of the Professor Herbert S Jeammngs of
The Johns Hoplans Universty, has brillantly and profoundly argued this whole
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matter In an article m The Scsent fic Monthly for September 1924 entitled Heredsty
and Environment As Professor Jenmngs puts 1t Cleatly 1t 15 not necessary to
have a charactenstic merely because one mhents it Or more properly character
1stics are mot mhented at all what one mhents is certain matenal that under certain
conditiens will produce & particular charactenstic 1f those conditions are not
supphed some other charactenstic 1s producsd

In ths sense 2 man s knowledge of Latin grammar 18 just as much an whented
character as 1 lus bald head  Both developed because eertamn packets of chemicals
called factors were m the germcell from which he was bom and these factors
under the condstions that he met m hfe developed Into these charactenstics  Had
he met different condations he would have developed other charactenstics 1n their
stearl. It is not true that a man s pxedeterxmmd 1 or by the germcell and that

man wth f 13 going to grow up willy

mlly However because of merely praciical dificulises we can not very radieally
alter men by education and environment, partly becanse we do not as yet have the
proper techmcal means and partly because the enviropment 1s farty umiform for
all human beings dunng the first nine months of their hves and they come into the
world as quite far advanced organisms  But 1n frogs and frurt flies and other am
mals where the egg itself and the early embryo can be radically interfered wath
changes can easily be produced which make the adult ammal strikingly different
froma what 1t would have been in the usually expected environment  We predict
a certan kind of man by studying hus ancestry merely because we expect for bun
2 certamn type of general environment not profoundly different from that of hus
ancestors It 1s the expected environment which leads us to count pretty strongly
on heredity and not that the heredity m the germ package predetermunes all he shall
de F A Woods pomted ﬂm out nearly fifteen years ago  Of course there are
Lt ¢ by but they are far from bemg reached
as yet with buman bemgs  None of this alters the fact that very moderate ¢aviron
mental measures such as education and moral suasion expended on rick hereditary
matenal yicld far greater results than when expended on poor material Other
measures might produce a5 marked results with poor matenal but 1 society s
a practical matter there 1s neither the time nor money as yet to try to make mubeciles
10t genuses when by proper marnages they can be produced free of charge  The
differences among men are I think largely due to differences m the ongtnal hered:
tary packets m the 1ls beca much of the fmen
to them all. I can not reproduce all of Professor Jenmngs fine presentation and
can only urge the thoughtful to study it with care as the most penetratmg dis-
cussion of the heredity-environment problem that has been made from the stand-
pount of a genetiast and embryologst.




CHAPTER XIXIX
EUGENICS AND EUTHENICS®

PAUL POPENOEZ AND ROSFELL I JOHNSON

Emphass has been given, 1n several of the foregomg chapters, to
the desirability of ihenting & good constitution and a high degree
of vigor and disease resistance It has been asserted that no measures
of hygene and sanitation ¢an take the place of such inhentance It
15 now desirable to ascertain the limuts within which good inhentance
1s effective, and this may be conveniently done by a study of the hves
of 2 group of people who mhented exceptionally strong phystcal con
stitutions

The people referred to are taken from a collection of histones of

long hfe made by the Genealogical Record Office of Washington
One hundred individuals were piched out at random, each of whom had
died at the age of mnety or more and with the record of each mdi
vidual were placed those of all his brothers and sisters  Any famly
was rejected in which there was a record of wholly acadental death
(e g , families of which a member had been killed 11 the Cival War)
The roo families, or more cotrectly fratertties or sibships, were
classified by the number of children per fratermty, as follows

N u‘;m‘hu c);a:n:kr of Total );!lumbﬂ
Frate tis Frtmts i Growp.
I 2 2
b 3 33
8 4 32
17 H s
13 6 78
" 7 o8
° ] 7
1 [ [
0 10 00
3 1 k4
2 32 24
T 13 13
00 669
*From P Popense and R H Joson Appl ed F igem cs (copynight 1918}
Used by specaal of the The Company

508



EUGENICS AND LUTHENICS 509

The average at death of these 669 persons was 64 7 years The
child mortality (first 4 years of hie) was 7 5 per cent of the total
mortality, 69 families showing no deaths of that kind The group
15 as a whole, therefore, long ltved

The problem was to measure the resemblance between brothers and
sisters i respect of longevity—to find whether knowledge of the age
at which one died would justify a prediction as to the age at death of
the others—or technically 1t was to measure the fratemal correlation
of longevity A zero coeffictent here would show that there is no
assoctation  that from the age at which one dies nothing whatever
can be predicted as to the age at which the others will die  Sincettis
known that heredity 1s a large factor 1n longevity, such a finding would
mean that all deaths were due to some accident which made the
mhentance of no account.

In an ordinary population 1t has been found that the age at death
of brothers and sisters furmshes a coefficient of correlation of the order
of 3 which shows that heredity does determine the age at which one
shall die to considerable extent but not absolutely ¢

The index of correlation® between the lengths of Lfe withn the
fratermity 1n these 100 selected families furnished a coefficient of
— o163 o672 practically zero  In other words if the age 1s known
at which a member of one of these families died whether 1t be one
month or 100 years nothing whatever can be predicted about the age
at which his brothers and sisters died

+ Mary Beeton and Karl Pearson B omeirtke I p 6o  The actual correlation
vanes with the age and <ex  the following are the results

COLLATERAL NRERITANCE

Elder adult brother and younger adult brother 2200 0194
Adult brother and adult brother 2853~ o196
Minor brother and minor brother 1026 0204
Adult brother and minor brother — 02622 0246
Elder adult sister and younger adult sister 3464 o183
Adult sister and adult sister 3322 o185
Minor sister and mnor sister 1748+ ogoy
Adult s ster and minor sister — ofox o191
Adult brother and adult sister 2319% or4§
Minor brother and mnor s ster 1435 o251
Adult brother and mnor sister — oofizm o349
Adult sister and wmrnor brother “ o274% 0138

*The method used 15 the ingenous one devised by ] Arthur Hams
(Biometr ks TX p 461) The probable error is based on =100
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Remembenng that longevity 15 m general inhented, and that it 1s
found in the famibies of all the people of this study (since one 1n each
fraternity lived to be go or over) how 15 one to interpret this zero
coefficient? Evidently 1t means that although these people had
inhented a high degree of longevity, their deaths were brought about
by causes which prevented the heredity from getting full expression
As far as hereditary potentialities are concerned, 1t can be saxd that all
their deaths were due to accident, using that word 1o a broad sense to
include all non selective deaths by disease  If they had all been able
to get the full benefit of their heredity, 1t would appear that each of
these persons mught have lived to go or More, as did the one 1n each
farmly who was recorded by the Genealogical Record Office  Genets
cally, these other deaths may be spoken of as premature

In an ordmary population, the age of death 15 determined to the
extent of probably so per cent by heredity In this selected long
Tived population heredity appears not to be responsible in any meas
urable degree whatsoever for the differences in age at death

The result may be expressed m another, and perhaps more striking
way Of the 669 mdividuals studied a hundred—namely, one chid
1n each family—lived beyond 9o, and there were a few others who did
But some 550 of the group though they had inherited the potentiality
of reaching the average age of go, actually died somewhere around 6o,
they faled by at least one third to Live up to the promise of therr
mhentance  If we were to generalize from this single case, we would
have to say that five sixths of the population does not make the most
of 1ts physical inhentance

This 15 certainly a fact that discourages fatalistic optumsm  The
man who tells himself that because of his magmficent inhenited
constitution, he can safely take any risk 15 pretty sure to talke to0
many nsks and meet with a non selective—r ¢, genetically, a pre-
mature—death when he might 1n the nature of things have lLived
almost a generation longer

It should be remarked that most of the members of this group
seem to have hved m a hard environment  They appear to belong
predominantly to the lower strata of soctety, many of them are immi-
grants and only 2 very few of them, to Judge by a cursory mspection
of the records possessed more than moderate means This necessi<
tated a frugal and industrious hfe which w many ways was favorable
to longevity but which may often have led to overexposure overtwork,
lack of proper medical treatment, ar other causes of a non sclective
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death. We would not push the concluston too far, but we can not
doubt that this investigation shows the folly of ignoring the environ
ment—shows that the best inhented constitutton must have a far
chance  And what has here been found for a physical character,
would probably hold good 1n even greater degree for a mental charac
ter  All that man mhents 1s the capacity to develop along a certam
hne under the influence of proper stumuli, food and exeraise  The
object of eugemes 1s to see that the mherent capacity 1s there  Given
that, the educational system 15 next needed to furnish the stumuli
The consistent eugenist 1s therefore an ardent eutherust  He not only
works for a better human stock but, because he does not want o see
Ius efforts wasted he always works to provide the best possible envi
ronment for this better stock

In so far, then as euthentcs 13 actually providing man with more

bl dmgs—~not with bly more f: ble sur

roundings which 1n reality, are unfavorable—there can be no antago-
sm between 1t and eugenies  Eugemues 1s m fact 2 prerequisite of
euthemes for 1t 15 only the capable and altruistic man who can con
tribute to social progress and such a man can only be produced
through eugemes

Eugenic fatalism a blind faith 1n the ommpotence of heredity
regardless of the surroundings n which 1t 15 placed has been shown
by the study of long Lived famultes to be unyustified It was found
that even those who inhented exceptional longewity usually did not
live as long as their mheritance gave them the night to expect  If they
bad had more euthenucs, they should have lived longer

But this illustration certamly gives no ground for & behef that
euthenics 1s sufficient to prolong one’s hfe beyond the mhented Lt
A study of these long lived families from another pomt of view wall
reveal that heredity 15 the primary factor and that good environment,
euthenics, 15 the secondary one

For this purpose we augment the 100 families of the preceding
section by the addition of 240 more families like them and we examine
each family hustory to find how many of the children died before com
pleting the fourth year of hfe  The data 2re summanzed m the table
on page 512

The addition of the new families (which were not subjected to any
different selection than the first 100) has brought down the child
mortality rate  For the first 100 1t was found to be 7 5 per cent.  If
m the above table the number of child deaths, 119 be divided by the
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total number of children represented, 2,259, the child mortality rate
for this population 1s found to be 5 27 per cent or 53 per 1,000

‘The smallness of this figure may be seen by companson with the
statistics of the registration area U'S Census of 1880, when the child
mortality (o4 years) was 400 per thousand, as ealeulated by Alexan
der Graham Bell A mortality of g3 for the first four years of hfe s
smaller than any district known n the United States, even to-day, can
show for the first year of Lfe alone  If any arty could bring the deaths
of babies during their first twelve months down to 53 per 1,000, 1t
would think 1t had achieved the smpossible, but here 13 2 population

CHILD MORTALITY IN FAMILICS OF LONG-LIVED STOCK,
GUNEALOGICAL RECORD OFFICE DATA

Size Namber of NumberofFamica Total Number
Show ne Deaths
Famly tavestiated  ander Five Years Duu-'

¥ child 6 o o
2 children 6 o e
3 38 4 H
4 40 L3 ¥
I 38 4 4
6 “ 12 18
T 34 8 I
8 45 13 18
9 3 14 20
10 27 14 "
11 13 6 [
12 3 9 16
13 1 °o °
14 2 o o
7 1 T £l
340 or s19

m whuch §3 per 1,000 covers the deaths, not only of the fatal first 12
months, but of the followng three years mn addition

Now this population with an unprecedentedly low rate of child
mortahty 15 not one which had had the benefit of any Baby Saving
Campaign nor even the knowledge of modern science  Its mothers
were mostly poor, many of them ignorant, they hved frequently
under conditions of hardship, they were peasants and proneers  Therr
babies grew up without doctors, without pasteunzed mulk, without ice,
without many santary precautions usually on rough food ~But they
had one advantage which no amount of applied science can give after
buth—namely, good heredity They had inhented exceptionally
good constitutions
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1t 15 not by accident that iherited longewity 1 a famly 13 assoct
ated with low mortality of 1ts children  The connection between the
two facts was first discovered by Mary Beeton and Karl Pearson m
their pioneer work on the inhentance of duration of hfe  They found
that hugh infant mortality was associated with early death of parents
while the offspring of long hved parents showed few deaths m child
hood  The ¢orrelation of the two facts was quite regular as will be
evident from a glance at the following tables prepared by A Ploetz
LENGTH OF LIFL OF MOTHERS AND CHILD MORTALITY OF THEIR

DAUGHTERS (ENGLISH QUAKER FAMILIES DATA OF
BEETON AND PEARSON ARRANGED BY PLOETZ)

Yeas or Lve v Wr cm Moreres Drxo | 40
A
Aczs

to58 | 5053 | sa08 | 69 83 | e up

Number of daughters 2 04 666 | 247 1846
Number of them who d ed m fst ive] > | 0| 3%

years xa2] wxg| 18| wi| 6| 5o
Pereentofdsughterswhodied | 521 375 299 197 t05{ 277

LENGTH OF LIFE OF FATHERS AND CHILD MORTALITY OF
THEIR DAUGHTERS

Year of Lirz o Wa cw Farseas Dren

At
A

to38 | aess | 5468 | 685 | 84 up | A

Number of daughters ro5 | 284 585 707§ 236 f300g

Number of them who d ed n first five|

years st| o8 16| 17| 40| s22
Percentofdaughterswhoded | 486 | 345 267 223 | 170 | 260

To save space we do not show the relation between parent and
son 1t1s similar to that of parent and daughter whichis shown in the
precedimg tables In making companison with the 340 famlies from
the Genealogical Record Office above studied it must be noted that
Dr Ploetz s tables include one year longer m the pertod of cluld mor
tality bemg computed for the first five years of hife instead of the first
four His would th be hat lower if com
puted on the basis used in the Amencan work

These vanous data demonstrate the eustence of a considerable
correlation between short life (brechybroly Karl Pearson calls 1t) m
parent and short hfe m offspring  Not only 1s the tendency to hve
long inhented but the tendency nof to hive long 1s likewise inherited
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But perhaps the reader may think they show nothing of the sort
He may fancy that the early death of 2 parent Jeft the child without
sufficient care, and that neglect, poverty, or some other factor of
euthenics brought about the child’s death Perhaps 1t lached a
mother’s loving attention, or perhaps the father's death removed the
wage-eamer of the family and the child thenceforth lacked the
necessities of life.

Dr Ploetz has pointed out that this objection 13 not valid, because
the influence of the parent’s death 15 seen to hold good even to the
pownt where the child was too old to require any assistance  If the
facts apphed only to cases of early death, the supposed objection
might be weighty, but the correlation exists from one end of the age-
scaletotheother Itisnot credible that 2 child 1s gotng to be depmved
of any necessary maternal care when its mother dies at the age of 69
the cinid herself was probably marned long before the death of the
mother  Nor 15 1t credible that the death of the father takes bread
from the child s mouth, leaving 1t to starve to death i the absence of 2
pension for mdowed mothers, if the father died at 83 when the chuld”
herself was getting to be an old woman  The early death of a parent
may occasionally bring about the child s death for a reason wholly
unconnected with heredity, but the facts just pomnted out show that
such cases are exceptional  The steady association of the chuld death
rate and parent death rate af ol gges demonstrates that heredity 152
common cause

But the reader may suspect another fallacy The cause of this
association 1s really environmental, he may think, and the same
poverty or squalor which causes the chuld to die early may cause the
parent to die early They may both be of healthy, long lived stock,
but forced to hive in a pestiferous slum which cuts both of them
off prematurely and thereby creates a spunous correlation in the
statistics

We can dispose of this cbjection most effectively by bnnging m
vew evidence It will probably be admitted that in the royal famihes
of Europe, the environment 1s as good as knowledge and wealth can
makeit  No child dies for lack of plenty of food and the best medical
case even if bus father or mother died young  And the members of
this caste are not exposed to any such unsamitary conditions 0r such
economuc pressure as could possibly cause both parent and child to die
prematurely If the association between longevity of parent and
child mortality holds for the royal famikies of Europe and thewr princely
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relatives, 1t can hardly be regarded as anything but the effect of
heredity—of the inheritance of a certamn type of constitution

Dr Ploetz studied the deaths of 3,210 children mEuropean royalty
from this viewpomt. The following table shows the relation between
father and child

LENGTH OF LIFE OF FATHERS AND CHILD MORTALITY OF

THEIR CHILDREN IN ROYAL AND PRINCELY
FAMILIES (PLOETZ DATA)

sla-25[30 4sias-ss|s 75116-85]85 u]
Number of children 23] o] 367 sas| 725} 983| 444
Number who died 1n first five years | 12] 29| 115| 71} 200 254! tog
Per cent who died 5230322 313|314 276 258 23 6| 3

Allowing for the smallness of some of the groups, st is evident that the
amount of correlation 15 about the same here as among the Enghsh
Quakers of the Beeton Pearson mvestigation whose mortahty was
shown 1 the two preceding tables  In the healthsest group from the
royal families—the cases m which the father hived to old age—the
amount of child mortahty 1s about the same as that of the Hyde famidy
m America, which Alezander Graham Bell has studied—namely
somewhere around 250 per 1,000 One may mnfer that the royal
famlies are rather below par m soundness of constttution

ALl these studies agree perfectly m showng that the amount of
chuld mortahty 1s determmed primanly by the physical constitution
of the parents, as measured by their longevity In the Iight of these
facts, the nature of the extraordinanly low child mortality shown m
the 340 famlies from the Genealogical Record Office wath which we
began the study of this pomnt, can hardly be misunderstood These
familes have the best inhented constitution possible and the other
studies aited would make us certamn of finding a Jow child mortality
among them, even 1f we bad not directly mvestigated the facts

If the mterpretation which we have given 1s correct, the conclusion
15 mevitable that child mortahty 15 primanly a problem of eugenics,
and that all other factors are secondary There 1s found to be no
warrant for the statement so often repeated mn one form or another,
that ¢ the fund: 1 cause of the rate of infant mortality
m nds 15 poverty, mnad ncomes, and low
standards of hving ” Royalty and its princely relatives are not
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characterized by a low standard of living and yet the child mortality
among them is very ligh—<omewhere around 400 per 1 000 1n cases
where a parent dted young  If poverty 1s responsible m the one case
1t must be 1n the other—whichisabsurd  Or else the logical absurdity
15 involved of mventing one cause to evplan an effect today and 8
wholly different cause to explamn the same effect tomorrow  This1s
unjustifiable in any case and 1t 1s particularly so when the single cause
that explains both cases 1s so evident  If weak heredity causes ngh
mortahity m the royal famhes why simlarly cannot weah heredity
cause high infant mortality i the industial communities? Ve
believe 1t does account for much of 1t and that the ipadequate mecome
and low standard of kving are largely the consequence of inferior
heredity mental as well as physical ~ The parents in the Genealogical
Record Off ce files had many of them 1nadequate mcomes and low
standards of Living under frontier conditions but thexr children grew
up while those of the royal famlies were dymg n spite of every
attention that nealth could command and science could furmish

If the infant mortality problem 1s to be solyed on the basis of
knowledge and reason 1t must be recognized that santation and
hygiene cannot take the place of eugemics any more than eugenscs
can dispense with sanitation and hygiene It must be recognized that
the death rate in childhood 1s largely sclected and that the most
effective way to cut it dovn 15 to endow the children with better
constitutions  This cannot be done solely by any eutheme cam
pagn 1t cannot be done by swatting the fly abolishing the md wife
steribzing the milk nor by any of the other panaceas sometimes
proposed

But 1t may be objected this discussion 1gnores the actual facts
Statistics show that infant mortahty campaigns have consistently
produced reductions in the death rate  The figures for New York
which could be matched m dozens of other cities show that the num
ber of deaths per 1 coo births 1n the first year of hfe has steadily
declined since a determined campaign to Save the Bables was
started

1902 181 1999 129
1903 1371 1910 115
1904 0 10u ma
1905 159 1912 10§
1006 153 1013 103
1907 144 1014 95

1008 128
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‘To one who cannot see beyond the immediate consequences ot au
action, such figures as the above indeed give quite a different 1dea of
the effects of an infant mortality campaign, than that which we have
Just tried to create  And 1t 1s a great msfortune that euthenics so
often fails to look beyond the immediate effect fails to see what
may happen next year, or 10 years from now or in the next generation

We admt that 1t 15 possible to Leep a lot of chuldren alive who
would otherwise have died in the first few months of ife It 1s being
done, as the New York figures, and pages of others that could be
cited, prove  The ultimate result 15 twofold

1 Some of those who are doomed by heredity to a selective death
but are kept alive through the first year die in the second or third or
fourth year  They must dre sooner or later, they have not mherited
sufficient resistance to survive more than a hmited time  If they are
by a great effort carmed through the first year, 1t 1s only to die m the
next This 1s a statement which we have nowhere observed 1n the
propaganda of the infant mortality movement, and 1t 1s perhaps a
disconcerting one It can only be proved by refined statistical
methods, but several mdependent determinations by the English
bometricians leave no doubt as to the fact This work of Karl
Pearson, E C Snow, and Ethel M Elderton, was cited 1n our chapter
on natural selection, the reader will recall how they showed that
nature 1s weeding out the weaklings and in proportton to the strm-
gency with which she weeds them out at the start, there are fewer
weaklings Jeft to die in succeeding years

To put the facts in the form of a truism part of the children born
wn any district 1n a given year are doomed by heredity to an early
death, and if they die 1 one year they will not be alive to die 1n the
succeeding year, and vice verss  Of course there are i addition
nfant deaths which are not selective and which if prevented would
leave the infant with as good chance as any to live

In the light of these researches, we are forced to conclude that
baby saving campaigns accomplish less than 1s thought, that the
supposed gain 1s to some extent temporary and 1lusory

2 There 15 still another consequence If the gam 1s by great
exertions made more than temporary, if the baby who would other
wise have died 1n the first months 15 brought to adult ife and repro
duction, 1t means 1 many cases the dissemunation of another stran
of weak heredity, which natural selection would have cut off ruthlessly
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in the mterests of race betterment. In so far, then, as the infant
mortality movement 1s not futile 1t 13, from a stnct bological view-
pomt, often detnimental to the future of the race

Do we then discourage all attempts to save the babies? Do we
leave them all to natural selection? Do we adopt the “better dead *
gospel ?

Unqualifiedly, no! The saenfice of the finer human feelings,
which would accompany any such course, would be a greater loss to
the race than 15 the eugenic loss from the perpetuation of weah strains
of heredity  The abohtion of altrystic and humamtarian sentunent
for the purpose of race betterment would ultimately defeatats ovmend

by maling race betterment impossible

But race betterment will also be impossible unless a clear distine
uon 1s made between measures that really mean race betterment of 2

d 1 2nd p mature, and which do net.

Wehave chosen the Infant Menahty Movement {or analysis in this
chapter Lecause 1t Is an excellent example of the kind of social better-
ment wluch 15 taken for grauted by most of 1ts proponents, to be a

1 prece of race b but which, as a fact, often
means race umpairment No matter how abundant and urgent are
the reasans for continwing to reduce infant nortality wherever pos
sible, 1t 15 dangerous to close the eyes to the fact that the gaim from 1t
15 0f a kind that must be paid for 1n other ways, that to carry on the
movement without adding eugenics to 1t will be a short sighted policy,
which increases the present happiness of the world at the cost of
dimimshing the happiness of posterity through the perpetuation of
wfenor strams

While some euth are lly evils, even

necessary ones, 1t must not be inferred that all euthenic measures are
dysgemc, I\Iany of them, such as the economuc and social changes we
have d i eather ch , A5€ &1 ImMp part of eugemes
Every euthemc measure should be scruumzed from the evolutionary
standpomt, if 1t 15 eugenic as well as eutheuc, 1t should be whole-
heartedly favored, if 1t 1s dysgemic but euthemic 1t should be con~
demned ar adopted, according to whether or not the gam m alf ways
from 1ts operation will exceed the damage

In general, euthenics, when not accompanied by some form of
selection (1 e, eugencs) ultimately defeatsitsownend  If1t1saccom
pamed by ﬂ.uonal selection, 1t can usually bewdorsed. Eugemcs,
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on the other hand, 15 hkewise madequate unless accompamed by
constant 1mp m the surround and 1ts ad must
demand eut} asan of sel m order that the
opportumty for getting a fair selection may be as free as possible  If
the euthemst Likewise takes pains not to 1gnore the existence of the
racial factor, then the two schools are standing on the same ground,
and 1t 1s merely a matter of taste or opportunity, whether one empha
sizes one side or the other Each of the two factions sometimes
thought to be opposing, will be seen to be getting the same end result,
namely, human progress

Not only are the two schools working for the same end, but each
must depend m still another way upon the other, 1m order to make
beadway The eugenist cannot see his measures put into effect except
through changes 1n law and custom—1 e , euthenic changes, He must
2nd does appeal to euthenics to secure action  The social reformer, on
the other hand, cannot see any umpi made mn
except through the discoveries and mventions of some citizens who are
mherently superior m ability He mn turn must depend on eugenics
for every advance that 1s made

It may make Lhc sxtuauon clearer to state it m the customary
terms of brol 1 1 does not ly result
in progresstve evolutton It merely brings about the adaptation of
2 species or a group to a given environment  The tapeworm 1s the
stock example  In human evolution, the nature of this environment
will determine whether adaptation to 1t means progress or retro-
gression whether 1t leaves a race happier and more productive, or the
reverse  All racal progress, or eugenics, therefore, depends on the
creation of a good environment and the fitting of the race to that

Every p n the should bring
about a t The two factors m
evolution must go side by sxde, of the race 15 to progress in what the
buman mind ders the of In this sense,

euthencs and eugenics bear the same relation to human progress as
2 man's two legs do to his locomotion

Social workers 1n purely euthenc fields have frequently failed to
remember this progress of adaptation, in their efforts to change the
environment  Eugemsts in centering therr attention on adaptauon,
bave sometimes paxd too luttle to the kind of
which the race was bemg adapted The present book holds that l.he
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second factor 15 Just as mportant as the first for racial progress that
one leg 1s Just as important as the other 1o a pedestrian  Itsonly con
fsct with euthenics appertawms to such euthenic measures as umpair the
adaptability of the race to the better environment they are trying to
make

Some supposedly euthemc measures opposed by eugenics are not
truly euthemic as for stance the hmitation of a supenor famly 1
order that all may get a college education For these spurious
euthenic measures something truly eutheme should be substituted

Measures which show a real conflict may be typified by the nfant
mortality movement  There can be no doubt but that samtation and
hygiene prenatal tare and intelkigent treatment of mothers and babies
are truly euthemec and desirable At the same time as has been
<hown these euthenic measures result m the survival of mferior
children who directly or through their postenty will be a drag on the
tace Euthemic measures of this type should be accompamed by
counterbalancing measures of a more eugenic character

Barnng these two types euthenics forms a necessary concomstant
of the eugemc program and as we have tried to emphasize eugenics
13 likewise necessary to the complete success of every euthenic program
How foolish then 1s antagomsm between the two forces! Both are
working toward the same end of human betterment, and neither can
succeed without the other When either attempts to ehmmate the
other from 1ts work 1t ceases to advance toward its goal In which
camp one works is largely 2 matter of taste  If on a road there1sa
gradient to be leveled 1t will be brought down most quickly by two
parties of workmen one cutting away at the top and the other fillng
n the bottom  For the two parties to ndulge mn mutual scorn and
recnmnation would be no mote absurd than for eugenics and euthenics
tobeputinopposition to each other  The only reason they have been
1n oppos tion 1s because some of the workers did not clearly understand
the nature of thetr work  With the dissermination of a knowledge of
biology thus ground of antagomsm will disappear



CHAPTER XL
HUMAN CONSERVATION®

'HERBERT F. WALTER
I HOW MANKIND MAY BE IMPROVED
There are two fundamental ways to brng about human better
ment, namely, by mmp: g the mdividual and by 1mp: g the race
The first method consists m making the best of whatever hentage
has been recetved by placing the mdividual m the most favorable
environment and developing his capacties to the utmost through
education The second method consists 1n seeking a better hentage
with which to begin the Ife of the ndividual  The first method 15
immediate and urgent for the present generation  The second method
1s concerned with deals for the future, and consequently does not
usually present so strong an appeal to the wdividual
The first 15 the method of exthenics, or the scence of learmng to
hvewell Thesecond s eugenscs, which Galton defines as ¢ the science
of being well born
These two aspects of human betterment, however, are mnseparable
Any hereditary characteristic must be regarded not as an independent
entity, but as a resction belueen the germplasm and s environment
The biologist who dusregards the fields of educational endeavor and
environmental mfluence, 1s equally at fault with the sociologist who
fails sufficiently to realize the fundamental mmportance of the germ
plasm
Without euthenic opportunity the best of hentages would never
fully come to its own Without the eugenic foundation the best
y fails of a The euthenic point of view
however, must not distract the attention now, for the present chapter
1s particularly concerned with the program of eugenics

2 MORE FACTS NEEDED

Since the pownt of attack i human heredity must be largely
statistical, 1t 15 of the first mmportance to collect more facts  Our
actual knowledge 15 confused with 2 mass of tradition and opinion

1From B E Walter Genetics (copynght 19t3) Used by special permussion
of the publishers ‘The Macmllan Company

521
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much of which rests upon questionable foundations The great
present need 1s to learn more facts  to sift the truth from error 1n what
1s alteady known  and to reduce all these data to worhable scientific
form  Much progress 1s bemg made 1n this direction, owing to the
impetus given by the revival of Mendel s lluminating work, but as yet
the science of eugentcs 1s 1n its infancy

The most systematic and effective attempt 1n this country to
collect relable data concerning heredity m man has been imtiated by
the Eugenics Section of the American Breeders’ Association under the
secretaryship of Dr C B Davenport. In 1910 the Eugenes Record
Office, with 2 staff of expert field and office workess and an adequate
equipment of fire-proof vaults, etc., for the preservation of records
was opened at Cold Spring Harbor, Long Island, New York, with
Mr H H Laughln as superintendent “The mamn work of this
offite 13 investization into the laws of inhentance of traits mn human
bemgs and their application to eugemics It proffers ats servaces free
of charge to persons seehing advice as to the consequences of pro-
posed marnage matings In a word, 1t 1s devoted to the advance-
ment of the science and practice of eugenics”  The publication of
results from the Eugenies Record Office has already been begun

The Volta Bureau founded about twenty five years ago im
Washington by Dr Alexander Graham Bell, 1s collecting data with
reference to deafness and has now systematically arranged particu
lars concerning the history of over 20 oco mndividuals  In England,
also, the Galton Laboratory for Eugenics, founded 1 1g0s, 15 system-
atically collecting facts about human pedigrees and publishing the
results n a compendious “Treasury of Human Inhenitance ’

Besides these special bureaus of mvestigation, innumerable facts
about the mhenitance of particular traits are being mcidentally brought
together and made available 1n various nstitutions and asylums
throughout the world which are mmmediately concerned with the care
of defectives of different types It 1s 1n connection with such mstitu
tions for defectives that much of the most successful “field work”* of
the Eugenics Section of the Amerncan Breeders’ Associatton 15 bemg
accomplished 1n the United States,

3 TFURTHER APPLICATION OF WHAT WE KNQW NECESSARY

Human performance always lags behind human knowledge
Many persons who are fully aware of the night procedure do not put
theur knowledge nto practice It follows thexcfore, that any pro-
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gram of eugenics which does not gnp the imagmation of the common
Ppeople mn such a way as to become an effective part of their very lives
15 bound to remain largely an academic affair for utopians to quarrel
and theonze over

It 15 not enough to collect facts and work out an analysis and
mterpretation of them for important as this prelummnary step 1s, 1t
must be followed by a c of ed

The hves of the unborn do not force themselves upon the average
man or woman with the same msistency as the hves already begun
In the mudst of the overwhelming demands of the present the appeal
of postenty for better blood 1s vague and remote  If every mndividual
regarded the germplasm he carries as a sacred trust then 1t would be
the part of an awakened eugenic conscience to restrain that germplasm
when 1t 1s known to be defective or, when 1t 1s not defectsve to hand
1t on to posterity with at least as much foresight as 1s exercised
breeding domestic amimals and cultivated plants

The eugenic 1s m need of devel, and 1t 15 only
when this becomes thoroughly aroused m the rank and file of society
as well as among the leaders that a permanent and mereasing better
ment of mankind can be expected

4 THE RESTRICIION OF UNDESIRABLE GERMPLASM

A negative way to bring about better blood n the world 1s to
follow the clarion call of Davenport, and dry up the streams that
feed the torrent of defective and degenerate protoplasm * This may
be partially accomplshed, at least mn Amenca by employmng the
following agencies control of more
marnage laws a kened eugenic sexual of
defectives and finally, drastic measures of asexualzation or steriliza
tion when necessary

4) CONTROL OF IMMIGERATIOR

The enforcement of immigration laws tends to debar from the
United States not only many undesirable individuals, but also et
dentally to keep out much potentially bad germplasm that, 1f admitted
mught play havoc with future generations

For example, during the year of 1908, 651d ots 121 feeble-mmded
184 wnsane, 3,741 paupers, 2,900 mdividuals having contagious dis
eases 53 tuh ls, 136 fs and 124 p
were caught in the sieve at Ells Island alone and turned back from
thus country by the immigration officials. These 7000 and more
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individuals probably were the bearers of very little germplasm that
we are nationally not better off without.

Eugenically, the weak pomnt m the present application of 1mmi-
gration laws 1s that entena for exclusion are phenotypic 1n nature
rather than genotypic and consequently much bad germplasm comes
through our gates lidden from the view of nspectors because the
bearers are heterozygous, weanng a cloak of desirability over undesir
able traits

Tt 15 not enough to kit the eyeld of a prospective parent of Amen
can citizens to discover whether he has some kind of an eye-disease or
to count the contents of his purse to see 1f he can pay lus own way
The official ought to know 1f eye-d runsn the grant’s family
and whether he comes from a race of people which, through chrome
shiftlessness or lack of mmtiative, have always carried light purses

In selecting horses for a stock farm an expert horseman might rely
to a considerable extent upon hs judgment of horseflesh based upon
mspection alone, but the wise breeder does more than take the chances
of an ordinary horse trader He wants to be assured of the pedigrez
of his prospective stock It 1s to be hoped that the time will come
when we, as a nation, will nse above the hazardous methods of the
horse trader n selecting from the foreign applicants who knock at our
portals, and that we will exercise a more fundamental discrimmation
than such a haphazard method affords, by demandmg a knowledge of
the germplasm of these candidates for aitizenshup, as displayed
their pedigrees

This may possibly be accomphished by having tramed mspectors
located abroad 1n the communities from which our immigrants come
whose duty 1t shall be to look up the ancestry of prospective applicants
and to stamp deswrable ones with approval The national expense
of such a program of genealogical inspection would be far less than
the mamtenance of mtroduced defectives, mn fact 1t would greatly
decrease the number of defectives i the country At the present
tume this country 15 spending over one hundred million dollars a year
on defectives alone and each year sees this amount mcreased

The United States Department of Agriculture already has field
agents scouring every land for deswrable animals and plants to ntro-
duce mto this country, as well as stringent laws to prevent the importa
tion of d weeds and of vanous hinds
Is the mspection 2nd supervision of human blood less tmportant ?
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8) MORE DISCRIMINATING MARRIAGE LAWS

Every people, mcluding even the more pnmitive races, make
customs or laws that tend to regulate marnage Of these the laws
which relate to the eugentc aspect of marriage are the only ones that
concern us 1 this connection  ‘ Marnage,' says Davenport “can
be looked at from many ponts of view In novels as the chmax of
human courtship, 1 law largely as two lmes of property descent, mn
society, as fixing a certain status, but in eugenics which considers its
hiological aspect, marnage 1s an experiment 1 breeding

Certam of the United States have laws forbiddwg the marriage
of epileptics the mnsane, habitual drunkards, paupers 1diots, feeble
minded, and those afflicted with venereal diseases It would be well
of such laws were not only more uniform and widespread, but also more
ngidly enforced

It 1s quite true that marriage laws in themselves do not necessanly
control human reproduction for illegitimacy 1s 2 factor that must
always be reckoned with, nevertheless such laws do have animportant
influence m regulating marnage and consequent reproduction

Marnage laws may however, sometimes brmg about a deplor
able result eugenically, as i the case of forced marriage of sexual
offenders 1 order to legalize the offense and save the womans
honor *  To compel, under the guise of legality, two defecti¢ streams
of germplasm to combune repeatedly and thereby result in defective
offspring Just because the unfortunate event happened once illegit
mately, 1s fundamentally a mistake Darwin says ‘ Except i the
case of man himself hardly any one 1s so ignorant as to allow his worst
an mals to breed ”

€) AN EDUCATED SENTIMENT

A far more effective means of restricting bad germplasm than
placing elaborate marnage laws upon our statute boohs 1s to educate
pubke sentiment and to foster a popular eugenic conscience, m the
absence of which the safeguards of the law must forever be largely
without avail

Such a sentiment already generally exists to a large extent with
Tespect to ncest, and the marnage of persons as noticeably defective
as 1diots or those afflicted with msamty, and also i Amenca with
Tespect to miscegenation but a cantious and mtelligent exammation
of the more obscure defective traits, exhubited in the somatoplasms of
the vanous members of farmlies i question, 1s largely an ideal of the
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future  Under eustimg cond g 3 such
aswealth somal position, etc., often enter into the preltminary negotia-
tions of a marnage alliance, but an equally unromantic caution with
reference to the physical moral and mental characters that make up
the biological heritage of contracting parties 1s less usual

The scientific attitude 1s not necessanly opposed to the romantic
way of looking at things Science 18 simple “organized common
sense, ' and romance, that dispenses with this balance-wheel, although
it may be entertaming and always exciting at first, 18 sure to be dis-
appomnting in the end Marmiages may be “made 1o heaven,” but,
as a matter of fact children are born and have to be brought up on
earth It follows without saying that 1t will be much easier to stamp
out bad germplasm when an educated sentiment becomes common
among all people everywhere

d} BEGREGATION OF DErrCTIVES

Persons mith hereditary defects, such as epileptics, idiots, and
certan criminals, who become wards of the state, should be segregated
5o that their germplasm may not escape to furmsh additional burdens
tosociety  ““We have become so used to crime, disease and degener
acy that we take them for necessary evils  That they were 1 the
world’s ignorance, 1s granted  That they must remain so, 1s dented”
(Davenport)

*“The great horde of defectives once in the world have the nght to
live and enjoy as best they may whatever freedom 13 compatible with
thelives and freedom of other members of society,” says Kellicott, but
soctety had a nght to protect 1tself agamnst repetitions of hereditary
blunders

There 13 one grave danger connected with the admmstration of
our humane and commendable philanthropies toward the unfortunate,
for 1t frequently happens that defectves are kept mn wstitutions untd
they are sexually mature or are partly self supporting, when they are
liberated enly toadd to the burden of society by reproducing therr like

Furthermore, 1f defectives of the same sort are collected together
m the same mstitutions, unless sexual segregation 1s strictly mam-
tamed, they may by the very cwcumstance of provimity tend to
reproduce their kind just as defectives 1u any isolated community tend
to multiply

Dawid Starr Jordan cites the mteresting case of crefmssm which
accurs 1n the valley of Aosta m northern Ttaly, to prove the wisdow
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of the sexual sevrcgauon of defecum Cretinism is an hereditary
defect d with an ab )f of the thyroid gland
whch results ina pecultar form of 1dtocy usually associated with goitre

“In the aty of Aosta the gottrous crefsn has been for centuries an
object of chanty  The 1diot has recerved generous support, while the
poor farmer or lal orer with brains and no goitre has had the severest
of struggles In the competition of Lfe 2 premium has thus been
placed on imbecihity and disease  The crefsn has mated wth cretin,
the gotre with goitre and chanty and religion have presided over
theunion  The result 1s thatidiocy1s multiphed and mtensified  The
cretin of Aosta has been developed as a new species of man  In farr
weather the roads about the ity are lined with these awful paupers—
human bemgs with less intelligence than a goose, with less decency
than the pig

Whymper, wnting m 1880, further observes “It 1s strange that
self nterest does not lead the natives of Aosta to place their crefins
under such restrictions as would prevent their illicit intercourse, and
1t1s still more surpnising to find the Catholic Church actually legalizing
their marnage  There 1s something hornbly grotesque in the 1dea of
solemmizing the umon of a brace of 1diots, and since 1t 15 well known
that the disease)s hereditary and develops m successtve generations the
fact that such are dalous and 1nf: "

Since 1800 the crefins have been ﬁexua.]ly segregated, and m 1910
Jordan reportud that they were nearly all gone.

) DRASTIC MEASVRES

A fifth method of restricting undesirable germplasm 1n the case of
diots mb and rapists may be mentioned,

namely the extreme t of exther or
‘The Jatter 1s 2 munor operation confined to the male which occupies
only a few moments and requires at most only the application of a
local 2naesthetic <uch as cocame  There are no disturbing or even
nconvensent after effects from thisoperation It consists i removing
a small section of each sperm duct and 1s enturely effectual m prevent-
mg subsequent parenthood

In the female the correspondmmg operation which consists m
removing a portion of each Fallopian tube, 1s much more severe, but
not impracticable or dangerous

Eight states already have stenlization laws providmg for certam
cases and “could such a law be enforced m the whole United States,
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less than four gencrations would eliminate nme tenths of the cnime,
imsanity and sickness of the present generation m our land  Asylums
prisons and hospitals would decrease and the problems of the unem
ployed the indigent old and the hopelessly degencrate would cease to
trouble civilization

§ THL CONSERVATION OF DESTRABLF GERMPLASM

Not only negatively by the restnction of undesirable germplasm
but also positively by the conservation of desirable germplasm may
the eugenic 1deal be approached

It 1s possible that if some of the philanthropic endeavor now
directed toward alleviating the condition of the unfit should be directed
to enlarging the opportumity of the fit greater good would result in the
end Inbreeding animals and plants the most notable advances have
been made by molating and developmg the best, rather than by
attempting to raise the standard of mediocnity through the elimmation
of the worst

One leader 1s worth a score of followers 1 any commumty, and the
saence of genetics surely gives to educators the hmt that it 13 wiser
to cultivate the exceptional pupil who 1s often left to take care of um
self than to expend all the energies of the structor in forang the
mdifferent or ordinary one up to a passing standard  The campaign
for human betterment 1n the long run must do more than orosd ms
takes It must become aggressive and take advantage of those human
mutations or combnations of traits which appear in the exceptionally
endowed

‘There are various ways m which this improvement of society may
be brought about

6) BY SUBSIDIZING THE FIT
The foll d chipping b the

4 pap
pomt of what 1s meant by subsidizing the fit so far a5 certam physical
charactenstics are concerned ¢ Berhn Dec 11,1911 The Emperor
15 reported to be interested m a plan proposed by Professor Otto
Hauser for the propagation of a fixed German type of humanity—
a type which will be as fixed as the Jewish m 1ts charactenstics if the
suggestions of the professor can ever be carried out  The frved type
15 to be produced as follows*—Only ‘typical’ couples are to be allowed
tomate The man s to benot more than thirty years old the woran
not over twenty eight and each havea perfect health certificate  The
man should be at least five feet seven mches tall - the woman not under
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fivefeet sixinches  Netther the man nor the woman should have dark
harr  Its tint may range from blonde to auburn  The eyes of the
par should be pure blue without any tmt of brown  The complexion
should be fair to ruddy without any suggestion of heaviness or beefi
ness’ The nose ought to be strong and narrow the chun square and
powerful and the skull well developed at the back  The man and the
womsan must be of German descent and must bear a German name and
speak the language of Germany These mated couples are to get
2 wedding gift of $225 and an additional grant for each child born
The couples may settle in the United States if they prefer  This
reported attempt to establish a Prussian type of ¢ Hauser blondes at
least pomts the way to one sort of a positive eugenic method that
mught possibly be employed with respect to certam physical charac
tenstics

It should be remembered however, that the eugenic 1deal 1s not
by any means confined to physical traits alone

B) BY ENLARGING INDIVIDUAL OPPORTUNITY

Much good human germplasm goes to waste through effective-
ness on account of unfavorable environment or lack of a suitable
oppottumty to develop

Everyagency which toward the
of the individual to attan to a better development of lns Ia.tcnt
possibilities 1s i harmony with a thoroughly positive eugenic practice
Thus better schools, better homes better hving conditions m short
all euthentc endeavor directly serves the eugenic ideal by making the
best out of whatever germinal equipment s present i man

€) BY PREVENTING GERMINAL WASTE

Much good protoplasm fails to find expression m the form of off
spring because one or the other of possible parents 1s cut off esther by
preventable death or by social hindrances  To avoud such calamities
15 a part of the positive program of eugenics

1 Preventable death —War from the eugenic pomnt of view, 1s the
height of folly, since presumably the brave and the physically fit
march away to fight while i general the unqualified stay at home to
reproduce the next generation  When a soldier dies on the battlefield
orm the hosputal, 1t 1s ot alone a brave man who 1s cut off, butat s
the termimnation of a probably desirable stramn of germplasm. The
Thirty Years’ War in Germany cost 6 000 000 lives while Napoleon
tn hus campaigns drained the best blood of France
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Dawid Starr Jordan has presented the matter very clearly He
poimts out that the ¢ man with a hoe” among the European peasantry
15 ot the result of centunes of oppression, as he has been pictured, but
rather the dull progeny resulng from generations of the unfit who
were left behind when the fit went off to war never to return.

Benjamin Franklin, with charactenstic wisdom, sums up the
situation in the following epigram ‘ Wars are pot paid for 1 war
tume, the bill comes later’

2 Soctal kindrances —There are many conditions of modern
society whuch act non-eugemcally

For instance, the d ds of profe ! Ife prolong
the period necessary for preparation, which, with the “cost of lugh
lving, tends toward late marnage In this way much of the best
germplasm 15 very often w thheld from erculation until 1t 15 too late
to be effective m providing for the succeeding generation.

Certamn occupations such as school teachng and nursmg by
women are filled by the best blood obtainable, yet this blood 1s dewsed
adirect part 1n molding postenty, since marnage 1s erther forbidden or
regarded as a serious handicap in such Lines of work ~ Advertisements
concerning “umincumbered help” and “childless apartments” tell
their own deplorable tale

One of the darhest features of the dark ages from a eugeme stand
point was the enforced celibacy of the priesthood, since thus resulted,
asamle n withd g Into 1es and much of the
best blood of the times, and this uneugenic custom still obtams 10
many quarters today

6 WRO SHALL SIT IN JUDGMENT?

In the practical apphcation of a program of eugenics there are
many difficulties, for who 15 qualified to sit 1n judgment and separate
the fit from the unfit?

There are certam strongly marked charzctenstics m mankind
which are plamly good or bad, but the prinaple of the mdependence
of umt characters demonstrates that no person 1s wholly good of
wholly bad ~ Shall we then throw away the whole bundle of sticks
because 1t contains a few poor or crooked ones?

The Lst of weakling babies for mstance who were apparently
physically unfit and bardly worth raising upon first judgment but who
afterwards became powerful factors in the world s progress, ts a notable
one and weludes the names of Calvin, Newton Hemme Voltare
Herbert Spencer and Robert Lows Stevenson
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Or, take another example ~ ELzabeth Tuttle, the grandmother of
Jonathan Edwards whose remarkable progeny was referred to m a
preceding chapter, 1s described as a ¢ woman of great beauty, of tall
and commanding appearance, striking carriage, of strong will, extreme
mtellectual vigor and mental grasp akin to rapaaty ” but with an
exiraordinary deficiency 1n moral sense  She was divorced from her
husband “on the ground of adultery and other immoralities
The evil trait was i the blood, for one of her sisters murdered her
own son and a brother murdered his own sister ” That Jonathan
Edwards owed his remarkable qualities largely to his grandmother
rather than to his grandfather 15 shown by the fact that Richard
Edwards, the grandfather, marmned agam after his divorce and had
five sons and one daughter, but none of their numerous progeny “rose
above mediocnity, and their d d gamed no abiding reputa-
tion”  As shown by subsequent events, 1t would have been a great
eugemc mistahe to have depnived the world of Llzabeth Tuttle's
germplasm, although 1t would have been easy to find judges to con
demn her.

Dr C V Chapin recently said with reference to the eugenic
regylation of marriage by physician’s certificate  “The causes of
heredity are many and very conflicting  The subject 1s a difficult one,
and I for one would hesitate tosay 1n a great many cases where L have
a pretty good knowledge of the family, where marriage would, or
would not, be desirable **

Desirabihity and undesirability must always be regarded as rela
tave terms more or less indefinable  In attempting to define them, 1t
makes a great difference whether the mterested party holds to a
puntan or a cavaler standard To show how far human judgment
may err as well as how radically human opinion changes, there were in
England, as recently as 1819 233 cnmes punshable by death accord
mg to law

One needs only to recall the days of the Spanush Inquisition or of
the Salem witcheraft persecution to realze what fearful blunders
human judgment 15 capable of, but 1t 1s unlikely that the world wll
ever see another great religious inquisition, or that m applyng to man
the newly found laws of heredity there will ever be undertaken an
¢qually deplorable eugemc inquisition.

It 13 qute apparent, finally, that although great caution and
broadness of vision must be exercised 1n bringing about the fulfilment
of the highest eugenic 1deals, nevertheless in this direction lies the
future path of human achievement.




CHAPTER XLI

THE PROMISE OF RACE CULTURE*
CALER WILLIAMS BALEERY
The dest 83 yet bo be
In its form of what we have called negative eugenics, the practice
of our principle would ily reduce to an ncalculable extent the
amount of human defect, mental and physical, which each generation
now exhibits  Tlus alone, as has been sud, would be far more than
sufficient to Justify us A world without hereditary disease of mind
and body would alone warrant the hunt of Rushin that postenty may
some day look back upon us with incredulous disdamn *  Yet, assum

g that this could be phshed, as 1t will be acd lished, what
more 1s to be hoped for?  Must race culture cease merely when it has
raised the average of the y by red toa the

propartion of those wha are thus grossly defective 1n mind or body?
Such disease apart are we to be content, must we be content, stk
the present level of medtocrity 1n respect of intelligence and temper
and moral sentiment? Can we anticipate a London i which the
present ratio of musical comedy to great opera will be reversed 1
which the works of Mr George Meredith will sell 1 hundreds of
thousands whilst sorae of our popular navelists will have to find other
means of earning & living? Can we make for a critical democracy
which no political party can fool and which wll choose its best to
governit? Yet more, can we undertake, now or hereafter, to provide
every generation with 1ts own Shakespeare and Beethoven and
Tintoretto and Newton? What, 1n 2 word, 15 the promse of posthize
eugenics? It 1s to this aspect of the question that Mr Galton has
mamly directed humself  Indeed he was led to formulate the prma
ples and 1deals of the new science by his study of hereditary gemus
some four decades ago  Let us now attempt to answer some of these
questions

The production of genlus —~And first as to the production of
genmus  Itis this perhaps that has been the mam butt of the jesters
who pass for philosophers wath some of us today It may be sad

*FromC W Saleeby, Parenthood and Race Culture (copynght 1909)  Used by
special permuss on of the pubt shers Moffat Yard and Cowpany
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at once that neither Mr Galton nor any other responsible percon has
ever asserted that we can produce gentus at will  The difficulties 1
the way of such a project—at present—are almost mnumerable
One or two may be cited

In the first place there 1s the cardinal-—but by no means umver
sal‘—ddﬁculty that the genius 15 too commonly so occupied with the

and exp of lus own individuahty that he has httle
time or energy for the purposes of the race This of course 13 an
example of Spencers great L as to the or

mverse ratio between indivaduation and genesis

Agam  there 15 the generalization of heredity formulated by
Mr Galton and named by lum thelow of regression touards mediocrity
Itasserts that the chuldren of those who are above or below the mean of
arace tend to return towards that mean  The children of the bom
criminal will be probably hat less ermimal i tendency than he
though more criminal than the average aitizen The chuldren of the
man of genus, if he has any wll probably be nearer mediocrity than
he though on the average possessing greater talent than the average
atizen. Itis thus not i the nature of sheer gemus to reproduce on ts
ownlevel. Itisonly the enitics who are totally ignorant of the elemen
tary facts of heredity that attribute to the eugenist an expectation of
which 1o one knows the absurdity so well as he does

On the other hand 1t 13 smpossible to question that the hereditary
transmussion of genius or great talent does occur  One may cite at
tandom such cases as that of the Bach family Thomas and Matthew
Amold James and John Stuart Mill and the reader who 1s mnclined
to believe that there 13 no law or likehhood in this matter must
certamly make hmself acquamnted with Mr Galtons Heredutary
Genzus and with such a paper as that which he printed m Socologscal
Papers 1904 furmshing an  index to achievements of near kmnsfolk
of some of the Fellows of the Royal Society ~ There s of course the
obvious fallacy mvolved 1n the poss bility that not heredity but

was really ible for many of these cases It must

bave been a great thing to have such a father as James Mill. Butat
would be equally 1dle to 1imagmne that the evidence can be dismissed
with thisctiticism A Matthew Arnold a John Stuart Mill could not
be manufactured out of any chance matenal by an 1deal education
continued for a thousand years.

The transmussion of genus —One single nstance of the trans-
mussion of gemus or great talentin a famly may b cited  We shall
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take the family which produced Charles Darwin, the discoverer of the
fundamental prineiple of eugenics, and hus first cousin, Francis Galton
Darwins grandfather was Erasmus Darwin, physician, poet and

hilosopher, and independ pounder of the doctrine of orgamc
evolution Darwin s father was a distingwished physician, descnibed
by hus son as “the wisest man I ever hnew ” Darwin's maternal
grandfather was Josiah Wedgwood, the famous founder of the pottery
works  Amongst hus first cousing 15 Mr Trancts Galton  He has five
Iving sons each a man of great distinction, mncluding Mr Franas
Darwin and Sir George Darwin, both of them enginal thinkers
honored by the presidency of the British Assomation No one will
put such 2 case as this down to pure chance ar to the influence of
environment alone  This 1s evidently, hike many othets a greatly
distinguished stock  The worth of such families to a nation 15 wholly
heyond any one s powers of estimation What 1f Erasmus Darwm
had never marned!

No student of human heredity can doubt that, however lmited
our immediate hopes, facts such as those alluded to furmsh promise
of great things for the future But let us tum now from gemwus to
what we usually call talent

The production of talent —There can be no question that amongst
the promuses of race-culture 1s the possibility of breeding such things
as talent and the mental energy upon which talent so largely depends
In the Ingusries snto Human Foculty Mr Galton shows the remark
able extent to which energy or the eapacity for labor underlies intellec-
tual achievement  He says, of energy

¢ It 15 consistent with all the robust wirtues, and makes a large
practice of them possible  It1s the measure of fullness of bfe themere
energy the more abundance of 1t, Do energy at all s death, 1diots are
feeble and listless  In theeng I made on the dents of men
of science no pornts came out more strongly than that the leaders of
saientific thought were generally gifted with remarkable energy, and
that they had iherited the gift of 1t from thei parents and grand
parents Tt maybe objected that if the race were too healthyand
energetic there would be insufficient call for the exercise of the pityng
and self denying virtues, and the character of men would grow harder
m consequence  But 1t does not seem reasonable to preserve sichly
breeds for the sole purpose of tending them as the breed of foxes 15
preserved solely for sport and 1its attendant advantages There 18
kttle fear that musery will ever cease from the land or that the
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compassionate will fail to find objects for their compassion but at
present the supply vastly exceeds the demand  the Jand 15 over-stocked
and over-burdened with the hstless and themcapable Inanyscheme
of eugenics, energy 1s the most important quality to favor, 1t1s aswe
have seen, the basis of living action and 1t 1s emmnently transmissible
by descent ”

Need 1t be pointed out that any political system which ceases to
favor or actively disfavors energy, makung 1t as profitable to be lazy as
to be active, 15 antieugenic, and must mevitably lead to disaster?
That, however, by the way Our present pomnt 1s that engemes can
reasonably promise, when 1ts principles are recogmzed, to multiply
the human and diminish the vegetable type m the commumty Inso
domg, 1t will greatly further the production of talent, and therefore
of that traditional or acquired progress which men of talent and
genus create  Such a result will also further, though mdirectly, the
production of genusitself  For,as Mr Galton pomntsout, * menofan
order of ability which 15 now very rare, would become more frequent
because the level out of which they rose would atself have nsen ™

This 1s by no means the only fashion 1n which an effective and
practicable race culture would serve gemus, and I shall not be blamed
for considering this matter further by any reader who realizes, however
faintly, what the man of genws 1s worth to the world  If1t were shown
possible to establish such social conditions that gemwus could mever
fower m them, we should realze that thewr establishment would
mean the putting of an end to progress and the blasting of all the
tighest hopes of the highest of all ages

The immediate need of this age, as of all ages, 13 perhaps not so
much the birth of babies capable of developing mto men and women of
gemwus as the full exploitation of the possibilities of genius with which,
as I fancy, every generation on the average is about as well endowed as
any other There 1s, of course, the popular doctrime that there are no
mute mglorious Miltons, that “genius will out,” and that therefore
if 1t does not appear, 1t 13 not there toappear  In expressing the com-
pelling power of gemus n many cases this doctrine 15 not without
truth Vet hustory abounds m 1nstances where genus has been de-
stroyed by environment—and we can only guess how many more
nstances there are of which history has norecord  To take the single
case of musical gemus, 1t 1s 2 lamentable thought that there may be
those now Iiving whose natura] endowments, 1n a favorable environ.
ment, would have enabled them to wnte symphomies fit to place
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beside Beethoven's, but whom some environmental {actors—conven
tional, economic, educational, or what not—have silenced, or worse
have persuaded to wrte such stenle nullities as need not here be
instanced There 15 surely no waste 1n all this wasteful world so
lamentable as this waste of genius.
If, then, anyone could devise for us a means by which the genus
potentually existing at any time, were reahzed, he would have per
formed 1n effect a service equivalent to that of which engencs repuds-
ates the present possibiity—the actual creation of genwus  Butaf we
consider what the conditions are which cause the waste of genius, we
realize at once that they mamly inhere m the leve] of the human
environment of the priceless potentiality 1n question. As we noted
elsewhere, m an age like that of Pencles gemus springs up on all hands
It 1s encouraged and welcomed because the average level of the human
environment tn which 1t finds 1tself 1s so high  But if eugemcs can
rawse the average level of ntelligence, 1n so domg not merely does st
render more likely as Mr Galton pomts out, the production of men of
the highest abikity, but 1t provides those conditions 1n which men of
genius, now swamped canswim W e could not undertake to produce
a Shak , but we might bly hope to produce a generation
which would not destroy its Shakespeares  And even if men of gemus
still found 1t necessary, as men of gemus have found 1t necessary, te
play to the gallery,” they would play, as Mr Galton says of the
demagogue 1 a eugenic age, ‘ to a more sensible gallery than at
present.’
Darwin somewhere pomnts out that 1t 18 not the scientific, but the
unscientific man who dewmes future possibitties Thus though an
dvocate of eug may be applauded for bis jud; 1f he declares
that the creation of gemus will forever be impossible, yet I should not
care to assert that the ultumate hmitations of eugenics can thus be
deficed  We have yet to hear the last of Mendelism
Eugenies and unemployment.—Let us look now at another aspect
of the promise of race-culture When the time comes that quabty
rather than quantity 1s the 1deal of those who concern themselves with
the population question, 1t 15 quite evident that not a few of the socal
problems which we now find utterly wsoluble will disappear In
thus brief outline, we can only allude to one or two pomts  Take, for
wnstance, the question of unemployment. We know that some by no
weans small proportion of the unemployed were really destined to be
unemployable from the first, as for mstance by reason of hereditary
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disease It were better for them and for us that they had never been
born. Many more of the unemployed have been made unemployable
by the influence of over-crowding, to which they were subjected i thetr
years of development.  Is there, can there be, any real and permanent
remedy for overcrowding, but the erection of parenthood mto an act
of personal and provident responsibility ?

Eugemcs and woman —Take, 2gain, the woman question No
one will deny that m many of 1ts gravest forms, especrally m 1ts
econonuce form, and the question of the employment of women, wisely
or hornbly, this depends (to a degree which few, I thunk reahze) upon
the fact that there are now (1gog), for mstance, 1,300,000 women 1n
excess n this country  Js 1t then proposed, the reader will say, by
means of race-culture to exterminate the superfluous woman? Indeed,
no  But s the reader aware that Nature 1s not responsible for the
exsstence of the superfiuous woman? There are more boys than girls
bornin the ratio of about 103 or 164 to 100, and Nature means them all
tolive, boys and girls alike  If they did so hive, we should have merely
the problem of the superfluous man, which would not be an econanue
problematall. But we destroy hosts of all the children that are born,
and since male organsms are I general less resistant than female

we destroy a disp number of boys, so that the
natural balance of the sexes 15 mverted  Unlihe ancent societies we
largely practice male infanticide  Can the reader believe that there
Is any permanent and final means of arresting this wastage of child-
Iife, with 1ts singular and far-reachung consequences other than the
elevation of parenthood, wholly apart from the question of the selec-
tion of parents? We shall not succeed in keeping all the chuldren alive
(with a trivial number of exceptions), thereby abohshing the super-
fluous woman by keeping ahve the boy who skould have grown up to
be her partner, until we greatly reduce the burth rate, as it must and
will be reduced when the 1deal of race-culture 13 realized, and no cinld
comes mto the world that 1s not already loved and desired 1 2ntic1
pation

Eugenics and cruelty to children.—This 1deal, also, offers us 1
stsrealization the only complete remedy for the present ghastly cruelty
under which so many children suffer even m Great Britam, even 1n the
twentieth century Is the reader aware that the National Soqety
for the Prevention of Cruelty to Children mquired imto the ill treat
ment or cruel neglect of 115,000 children n the year beginming Apnl

15t, 19067 It has been reasonably and carefully estimated that “over
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half a million children are mvolved in the total of the wastage of cluld
life and the torture and neglect of chuld bfe n 2 single year  Surely
Mr G R Sims to whom I would offer 2 hearty tribute for hus recent
services to childhood 1s justified in saying ¢ Against the guilt of race
suicide our men of science are everywhere preaching their sermons
to-day It 1s agamst the guilt of race murder that the cry of the
chuldren should nng through the land  As regards race swade and
the men of science Iam otsosureastotheassertion  But the truth
of the second sentence quoted 15 as indisputable as 1t 1s hornble

Now no leguslation concervable will wholly cure this evil nor avert
its consequences At bottom 1t depends upon human nature and
you can cure 1t only by curing the defect of human nature  This 1
peneral 1s of course beyond the immediate powers of man but ev1
dently we should gain the same end 1f only we could confine the advent
of children to those parents who desired them—-that 1s to say, those ;m
whom human nature displayed the first 1f not indeed almost the only
requisite for the happiness of childhood To this most heneficent
and wholly moral end we shall come notwithstanding the blind and
pitiable guidance of most of our accredited moral teachers today By
0o other means than the realtzation of the ideal defined that every
new haby shall be loved and desired in anticipation—an ideal which1s
petfectly practicable—can the black stain of chyld murder and child
torture and child neglect be removed from our avilization

Ruslkun and race culture —The name of Ruskin perhaps would
not occur to the reader as bikely to afford support to the fair hopes of
the eugemist  Consider then these words from Tsme and Tide

You leave your marriages to be settled by supply and demand

mstead of wholesome law  And thus among your youths and maid
ens the imptovident incontmnent selfish and foolish ones marry
whether you will or not and beget familes of cluldren necessanly
mheritors 1 a great degree of these parental disposttions and for
whom supposing they had the best dispositions mn the world you have
thus provided by way of ed the foolishest fathers and mothers
you could find  (the only rational sentence mn their letters usually s
the invaniable one 1n which they declare themselves meapable of
providing for their children s education )  On the other hand who-
soever 1s wise patient unselfish and pure among your youth you
keep mad or bachelor wasting their best days of natural Iife m pamn
fulsacnfice forbidding them theur best help and best reward and care-
fully excluding therr prud and tend; from any offices of
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parentalduty  Isnot this a beatsfic and beautifully sagacious system
for a Celestial Empire, such as that of these Bnush Isles?”

Apart from the point as to wholesome law rather than the educa
tion of opinion as the eugenic means, the foregoing passage must win
the assent and respect of every eugemst. It mdicates the promuse of
race-culture as 1t appeared to John Rushin  The passage has been
quoted 1n full, not for the benefit of the ordinary thoughtful reader but
for that of the professional literary man who, n this remarkable age,
so far 25 I can judge, reads nothing but what he wntes, and thus qual
fies humself for dismussing Spencer or Darwin or Galton by any casual
phrase

Race-culture and human variety —Now let us turn to another
question  Let 1t be asserted most emphatically that, if there 15 any
thing 1n the world which eugenics or race-culture does ot promise or
desire, 1t 15 the production of a uniform type of man  This delusion
for which there has never been any warrant at all, possesses many of
the cnities of eugemcs, and they have made pretty play with at, just
2s they do with their other delusions  Let us nate one or two facts
whuch bear upon this most undestrable 1deal

In the first place, 1t 1s unattamable because of the eustence of
what we call vanation Ne apparatus conceivable would suffice to
~hmimnate from every generation those who vaned from the accepted
type

In the second place this 18 1 desirable from
the purely evolutionary pomnt of view, because 1ts attamment would
mean the arrest of all progress  All organic evolution, as we know,
depends upon the struggle between creatures possessing various vana
tions and the consequent selection of those vanations which con-
stitute their possessors best adapted or fitted to the particular environ-
ment I there 1s no vanation there can be no evolution  To aim at

the suppression of variation, therefore, on supposed eugenic grounds
(which would be mnvolved i aimmg at any uniform type of mankind)
would be to aim at destroymng the necessary condition of all racial
progress The mere fact that all the entics of race-culture attribute
to evolutionists of all people, the desire to suppress vanation, 1s a
pathognomonic symptom of their cntical quahty

And, of course, quite independently of the evolutionary function of
varation—though this 1s cardmal and must never be forgotten by the
politician of any school, since what we call individuality 1s vanation
on the buman plane—the value of vanation i ordnary lfe 1s wholly
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mealeulable It 1s not merely that, as Mr Galton says, “Therearea
vast number of conflicting ideals, of alternative characters, of meom
patible avilizations, but they are wanted to give fullness and mterest
tohfe Socety would be very dullif every man resembled the lughly
esumable Marcus Aurehus or Adam Bede” The question 15 not
merely as to the interest of bfe Much more important 1s the fact
that 1t takes all sorts to make 2 world  What is the development of
society but the result of the psychological division of labor 1n the socual
organism?  And how could such division of labor be carmed out if
we had not varous types of laborers? What would be the good of
science 1f there were no poetry or mustc to Ine for? How would
poetry and mustc help us if we had not men of science to protect our
shores from plague? Obwiously the existence of men of most vanous
types 152 necessity for any highly orgamized society  Evenf eugentcs
were capable—as 1t 1s not—of producing a lete and balanced
type, fit up to a point to tum out a satisfactory poem, = satisfactory
symphony or & satisfactory sofa, the utmost could not be expected of
such a man in any of these directions  In a word, as long as their
activities are not antisocial, men cannot be of too vanous types. Ve
require mystic and mathematician, poet and pathologist. Only, we
want good specmens of each “The am of eugemcs,” savs
Mr Galton, ‘ 1s to represent each class or sect by its best speaumens,
that done, to leave them to worl. out their common aivilization m thetr
own way Special aptitudes would be assessed highly by those
who possessed them, as the artistic faculties by artists, fearlesspess
of inquiry and veracity by scientists, religious absorption by mystics,
and so on. There would be self sacrificers, self tormentors, and
other exceptional 1dealists” But at least 1t 1s better to have good
rather than bad specimens of any kind, whatever that hind may be
Mr Galton thinks that all except cranks would agree as to includime
health, energy ability, manhmess, and courteous disposition amongst
qualities umformly desirable—alhe 1 poet and pathologist. We
should desire also umformty as to the absence of the antisocsl
prochvities of the bomn criminal.  So much umformuty bemg granted
let us have with 1t the utmost concenvable vanety—more, wdeed
than most of us can concerve

‘Thus pomnt, of course, 15 cardinal from the pownt of view of practice.
Nao progress could be made with eugemcs, 1t would be impossible even
to form 2 Evgemes Education Society, if each of us were to regard
the particular type he belongs to as the 1deal and were to seek merely
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to obtain the best specimens of that type  The doctrine that 1t takes
all sorts to make a world—a doctrine very hard for youth to leam, yet
unconscrously learnt by all who are capable of learnng at all-—must
be regarded as cardmal truth for the eugemst  All he asks for, all he
13 wise m seebing, 15 g0od Specimens rather thanbad  Poets certainly
but not poetasters, jesters certainly, but not clever fools

Time and its treasure —Taking the modern estimates of the
physicists we are assured that the total pertod of past human existence
s very brief compared wth what may reasonably be predicted
Granted, then, practically unlimted tume, what inherent Imuts are
there to the upward development of man as 2 moral and ntellectual
beng? Shall we answer this question by a study of the nature of
matter? Plamly not  Shall we answer it by a study of the nature
of mind? Surely not, for the study of the mind cannot inform us as
to what mind mght be  One source of guidance alone we have, and
this 15 the amazing contrast which ewsts between the mind of man at
Us bughest, and pund w its kumblest ammal fotms, or shall we say
even between the lughest and lowest mamfestations of mimnd withw
the human species? The measureless hexght of the ascent thus mdi
cated offers us no warrant for the conclusion that, as we stand on the
heights of our life, our “glmpse of a height that 13 gher” 1s only a
ballucmation  On the contrary

There 15 no warrant whatever for supposing that the forces which
have brought us thus far are yet exhausted they have their ongm in
the mexhaustible Who, gazing on the earth of a hundred million
Years ago, could bave predicted hfe—could have recognized, m the
forces then at work and the matter n which they were displayed, the
Promuse and potency of all terrestnal life? Who, contemplating ife
at a much later stage, even later mammalian, could have seen m the
Stmuan the prophecy of man? Who, examining the earliest nervous
gangha, could have foreseen the human cerebrum?  The fact that we
c2nimagmne nothing gher than ourselves, that we make even our gods
1n our own 1mage, offers no warrant for supposing that nothing agher
will ever be  What ape could have predicted man, what reptile the
burd, what amoeba the bee  *There are many events m the womb of
tune which will be delivered " and the fairest of her sons and daughters
are yet to be

But even grant, for the sale of the argument, that the intelligence
of a Newton, the mustcal faculty of a Back, the moral nature of any
good mother anywhere, represent the utmost Lmuts of which the



542 EVOLUTION, GENETICS, AND EUGENICS

evolution of the psychucal 1s capable  There is every rcason to deny
this, but let us for the moment assume 3t true  There still remamns
the thought of Wordsworth, “What one 15, why may not rallions
be?”—a thought to which Spencer has also gnen utterance  What
15 shown possible for human nature here and there, he says, 1s con
cewvable for human nature atlarge It 1s possible for a human being
whilst still remaming human, to be a Shakespeare or a St. Francis,
these things are thus demonstrably within the possibilities of human
nature It s therefore 2t the least concevable that, i the course of
almost infimite time (even assuming, say, that intelligence must ever
be limited, as even Newton's intelligence was himited)—some such
capacities as his may be common property amongst men of the
scientific type and so with other types We may answer Words
worth that there 15 no bar thrown by Nature in the way of such a hope
What 15 possible —This of course 15 speculation and of po
immediate vajue I would merely remind the reader that the doctrine
of optimism  as regards the future of mankhind, winch the principles of
race-culture assume and which they desire to justify, was defimtely
shared by the great pioneers to whom we owe our understandmng
of those principles  Notwithstanding grave nervous disorder, such
as makes pessimists of most men, both Darwin and Spencer were
compelled by their study of Nature to ths rational optinmsm as
regards manss future  The doctrine of orgame evolution and of the
age long ascent of man through the selection of the fittest (who have,
on the whole, been the best) for parenthood, 15 one not of despair but
ofhope  Exactly half a century ago it struck horror into the minds of
our predecessors Man then 1s only an erected ape, they thought—
asif any hustorical doctrine however true, could shorten the dizzy
distance to which man has chmbed since he was siman, and man
being an ape they thought Ins tugh dreams palpably vair  But the
measure of the accomplished hunts at the measure of the possible, and
the value of the historical facts kes not m themselves, all facts 35
such being as dead as are the individua) atoms of the living body, but
1 the principles which grow out of them Tt 15 of no importance a8
such that man has simian ancestors 1t 15 of immeasurable importance
that he should learn by what processes he has become human, and by
what, indeed they became simian—which would have been a proud
adjective for its own day  The principles of orgamic progress matter
for us because they are the printiples of race culture the only sure
means of human progress  Our looking backwards does not turn u$
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1nto pillars of salt, but teaches us that the best 1s yet to be, and how
alone 1t 15 to be attained

Elsewhere the optimistic argument of Wordsworth 15 quoted
Here also John Ruskin

“There 15 as yet no ascertained imit to the nobleness of person
and mind which the human creature may attam, by persevening
observance of the laws of God respecting its birth and traming

And Herbert Spencer

“What now characterizes the exceptionally high may be expected
eventually to characterize all  For that which the best human nature
1s capable of, 1s within the reach of buman nature at large

And Franas Galton

! There 15 nothing either 1n the history of domestic anmmals or n
that of evolution to make us doubt that a race of sane men may be
formed, who shall be as much superior, mentally and morally, to the
modern European, as the modern European 1s to the lowest of the
Negro races

Tt 1s earnestly to be hoped that mquiries will be mcreasingly

directed nto historical facts, with the view of estimating the possible
effects of reasonable political action m the future, 1 gradually rasing
the present muserably low standard of the human race to one m which
the Utopras in the dreamland of phulanthropists may become practical
possibalities

Concluston—eugenics and rebiglon —In an early chapter 1t was
attempted to show that eugemics 15 not merely moral, but 1s of the
very heart of morality ~We saw that 1t mvolves tahing no bie, that
rather 1t desires to make philanthrophy more philanthropic, that, at
any rate so far as this eugenst 15 concerned, 1t recognizes and bows
to the supreme law of love and claims to serve that law, and the
1deal of soc1al morality which 1s the making of human worth  Eugen
1¢5 may or may not be practicable, 1t may or may not be based upon
natural truth but 1t 1s assuredly moral though L, for one would pro
claim eternal war between this real morality and the damnable sham,
which approves the unbndled transmussion of the most hideous
diseases, rotting body and soul, mn the interests of good

And 1f religion, whatever 1its ongin and the more questionable
chapters m 1ts past, be now “morahty touched with emotion,”
I clum that eugenics 1s religious 1s and will ever bea religion  Else-
where T have attempted to show that religton has survived and will
survive because of 1ts survival value—its services to the life of the
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societies wherem 1t flounshes  The rebgon of the future, 1t was
sought to argue, wll be that which “best serves Nature’s unswerving
desire—fullness of ife ”  The Founder of the Chnstian rehgion said
¢ I am come that ye might have hife, and that ye might have 1t more
abundantly ” It 1s higher and more abundant life thatis Lhc eugenic
1deal  Progress I define as the and
ofmind  Of progress thus concened,man {s the highest fru\t lutherto
He 18 also 1ts appointed agent and eugenics 13 his instrument

To this end he must use all the powers which have blossomed i
him from the dust He must claim Art and indeed i Wagner's
great music drama at the moment when the prophetic Brunnhilde
tells Sieglinde who has just lost her mate that she, the expectant
mother, may look for the resurrection of the dead and the life of the
world to come in the chuld Siegfried, and when the heroic theme 1s
pronounced for the first time and followed by that whick sigmfies
redemption by love then, I think, the eugenist may thnll not merely
to the music, nor the humamty of the story, but to the spinitual and
scientific truth which 1t symbolizes

X the struggle towards indivadual perfection be rehguous, so
assuredly, s the struggle, less egoistic indeed towards racial perfection
If the historic meaning and purport of religion are as I coneenve them
and if 1ts future evolution may thence be inferred, there can be no
doubt 1n the prophecy that in ages to come those hugh aspirations and
spintual visions which astronomy has dishoused from amongst the
stars,and which at their best, were ever selfish, mail find a place on this
human earth of ours  If we have transferred our hopes from heaven
to earth and from ourselves to our children, they are not less rehigious
And they that shall be of us shall bwld up the old waste places, for we
shall raise up the foundations of many generations

“We feel the ligh tradition of the world
And leave our spinits on our children’s breasts
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CHAPTELR XLII

THE RELATION OF EVOLUTION TO MATERIALISM*
Joseen L Covte

It 15 seen 10 the sketch given 1n the previous chapter that, after
every struggle between theology and science, there has been a read
Justment of some beliefs, a giving up of some notions which really had
nothing to do with relgion 1n a proper sense, but which had become
$0 associated with religious belief as to be confounded with the latter—
a giving up of some hne of defense which ought never to have been
held because not within the nghtful domam of theology at all  Unti)
the present the whole difficulty has been the result of misconception,
and Chnistiamty has emerged from every struggle only strengthened
and punfied, by casting off an obstructing shell which hindered 1ts
Zowth  But the present struggle seems to many an entirely different
and far more senous matter ‘To many It seems no longer 2 struggle
of theology, but of essential rehgion itseli—a deadly Lfe and-death
struggle between religion and matenalism  To many, both skeptics
and Chnstians, evolution seems to be synonymous with blank mate-
niahism, and therefore cuts up by the roots every form of rehgion by
denying the existence of God and the fact of immortahty That the
enemes of religion, if there be any such, should assume and insist on
this identity, and thus carry over the who!e accumulated evidence of
evolytion as a < of Ithough wholly uawar
ranted, is not sa surprising, but what shall we say of the mcredible
folly of her fniends m admttg the szme identity!

A hitle reflection will explain this  There can be no doubt that
there 15 at present a strong and to many an overwhelmung tend
ency toward materalism The amazing achievements of modern
science, the absorption of ntellectual energy m the investigation of
external nature and the laws of matter have created 2 current 1o that
direction 50 strong that of those who feel its influence—of those who
do nat stay at home, shet up 1 the creeds, but walk ahroad 1 the
Iight of modern thought—it sweeps away and bears on its bosom all

*From J Le Conte Evolutton (copyfight 1838} Used by special permussion

f the publishers D Appleton & Company
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but the strongest and most reflective munds  Matertahism has thus
become a fashion of thought, and, like all fashtons, must be guarded
against. This tendency has been created and 1s now guded by
saence  Just at this ime it 15 strongest 1n the department of biology
and espeaially 1s evolution its stronghold  This theory 15 supposed by
many to be snply demonstrative of matenahsm, Once 1t was the
theory of gravitation which seemed demonstrative of materialism
The sustentation of the universe by law seemed to 1mply that Nature
operates itself and needs no God. That time 18 passed  Now 1t 15
evolution and creation bylaw  Thiswillalso pass The theory seems
to many the most materialistic of all scientific doctrines only because
1t 15 the Jast which 1s claumed by materalism, and the absurdity of the
clatm 15 ot yet made clear to many

The truth 15, there 15 no such necessary connection between evo-
lution and matenalism as 15 imagined by some There 1s no dif
ference 1n this respect between evolution and any other law of Nature.
In evolution, 1t 15 true, the last barner 15 broken down, and the
whole domamn of Nature 15 now subject to law, but 1t 15 only ke
{ast, the march of science has been in the same direction all the time
Ina word evolution 15 not only not 1dentical with matenahsm, but,
to the deep thiker, 1t has not added a feather's neight to 1ts proba
bility or reasonableness Evolution 15 one thing and matenalism
quite another  The one 1s an established Jaw of Nature, the otheran
unwarranted and hasty inference from that law  Let no one mmagine
as he 15 conducted by the matenalistic scientist m the paths of evo-
tutton from the tnorganic to the organse, from the orgamic to the
ammate from the aumate to the rauonal and tmoral, unta! he lands
as 1t seems to lum, logically and mevitably, m umversal matenal
1sm—Jet no such one magme that he has walked all the way 1o
the domamn of suence He has stepped across the boundary mtc
the domain of philosophy  But, on account of the strong tendency
to matenzlism and the skilful guidance of lus leaders there seems
to be no such boundary, he does not distinguish between the mduc
tions of science and the inferences of a shallow philosophy, the
whole 15 accredited to science, and the final conclusion seems to
carry with it all the certamty which belongs to scentific restlts
The fact that these matenalistic conclustons are reached by some of
the foremost sctentists of the present day adds nothing to thex
probability  In a question of science, viz,, the law of evolution thex
authonty 15 deservedly high, but 10 2 question of phulosophy, viz;
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malcmhsm n 18 far otherwise If the pure saientists smile when

losop} ed with the methods of suence
undertake to dogmatize on the subject of evolution, they must
pardon the philosophers 1if they also smile when the pure scientists
imagme that they can at once solve questions m philosophy which
have agitated the human mnd from the earhiest tumes I am anxious
to show the absurdity of this matenalistic conclusion, but I shall try
to do 50, not by any labored argument, but by a few sumple llustra
tions,

1 Tt 1s cunous to observe how, when the question 1s concerning a
work of Nature, we no sooner find out how a thing 1s made than we
unmediately exclum ¢ It 1s not made at all, 1t became so of itself!
So long as we knew not how worlds were made we of course con
cluded they must have been created, but so soon as science showed
how 1t was probably done, unmediately we say we were mustaken—
they were not made at all So also, as long as we could not
imagme how new organtc forms onginated, we were willing to beheve
they were created, but, so soon as we find that they ongnated by
evolution, many at once say “We were mistaken no creator 1s
necessary at all”  Is this so when the question 1 concerning a work
of man? Yes, of one kind—viz, the work of the magiuan Here
mdeed, we believe n hum, and are delighted with hus work, until we
know how 1t 1s done, and then all our faith and wonder cease But
1o any honest work 1t 1s not 50, but on the contrary, when we under
stand how 1t 1s done, stupid wonder 15 changed mto ntellectual
debight Does 1t not seem, then that to most people God 15 a mere
wonder worker, a chief magician? But the nussion of science 1s to
show us how things are done  Is 1t any wonder, then, that to such
persons stence 1s constantly destroymg their superstitious illusions ?
But 1f God 15 an honest worker, according to reason—t e , according
to law—ought not science rather to change gaping wonder mto
mtelligent dehght, superstition mto rational worship ?

2 Agam, 1t 15 cunous to observe how an old {ruth, if 1t come only
0 & new form, often strihes us as something unheard of and even as
paradoxical and almost mmpossible A Little over thuty years ago a

hittle phil 1 toy, the g was and became

Te L

eight inches long, 1s set rotating rapidly, and then the free end of the
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axis 1s supported by a sttng or othermse The wheel remamns
suspended 1n the air while slowly gyrating  What mystenous force
sustains the wheel when 1ts only pomnt of support 1s at the end of the
axle sixor eight inchesaway?  Saentific and popular hiterature were
flooded with explanations of this seemung paradox  And yet 1t was
nothing new  The boy s top, that spums and leans and will not fall,
although solicated by gravity, so long as it spins, which we have seen
all our hives without special wonder, 18 precisely the same thing

Now, evolution 13 no new thing, but an old famibar truth, but,
coming now in a new and questionable shape, 1o how 1t startles us out
of our proprietyl  Ongn of forms by evelution 1s gomng on exerywhere
ahout us, both 1 the morganic and the organic world  In 1ts more
farmliar forms, 1t had never occurred to most of us that 1t was a
scientific refutation of the exstence of God, that 1t was a demonstra
tion of matenialism  But now 1t 15 pushed one step farther m the
direction it has always been gomng—it 15 made to mclude also the ongn
of species—only a little change i 1ts form, and lo, how westartl To
the deep thinker, now and always, there 1s and has been the alterna
tive—materialsm or thetsm God operates Nature or Nature
operates itself but evolution puts no new phase on this old question
Tor example, the ongin of the mdividual by evolution  Everybody
knows that every one of us individually became what we now are by a
slow process of evolution from a pic spherule of protopl
and yet this did not interfere with the 1dea of God as our mdvidual
maker Why, then, should the discovery that the species (or first
mdividuals of each kind) ongmated by evolution destroy our belief
m God as the creator of species ?

3 It 15 curous and very interesting to observe the manner In
which vexed questions are always finally settled, if settled at all
All vexed questions—i e » questions which have taxed the powers of
the greatest minds age after age—are such only because there 15 a real
truth on both sides  Pure, unmixed error does not live to plague us
long  Error, when 1t contiues to live, does so by virtue of a germ of
truth contaned  Great questions, therefore, continue to be argued
pro and con from age to age, because each side 15 in a sense—i€
from 1ts own pomt of view—true, but wrong 1n excluding the other
pomnt of view, and a true solution, a true rational philosophy, will
always be found m a view which combmes and reconciles the two
partial mutually excluding views showing m what they are true and
w what they are fal o thetr d by d
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them  This 18 50 universal and far reaching a principle that Iamsure
Iwll be pardoned for tllustrating 1t in the homeliest and tritest fashion
T'will do so by means of the shield with the diverse sides, giving the
story and construing it, however, in my own way  There 1, appar-
ently, no himit to the amount of rich marrow of truth that may be
extracted from these dry bones of popular proverbs and fables by
patient turning and gnawing
We all remember, then, the famous dispute concerning the sheld,
with 1ts sides of different colors, which we shall here call white and
black  We all remember how, afier vam attempts to discover the
truth by dispute, 1t was agreed to try the scientific method of mnvestr
gation  We all remember the surpnising result  Both parties to the
dispute were right and both were wrong Each was night from his
pomt of view, but wrong i excluding the other pomt of view  Each
was nght m what he asserted, and each wrong m what he demed
And the complete truth was the combmation of the partial truthsand
the ehmination of the partial errors  But we must nat make the mis-
take of supposmg that truth consists m compromsse There 15 an old
adage that truth les m the middle between antagomstic extremes
But 1t seems to us that this 1s the place of safety, ot of truth  This s
the favorite adage, therefore, of the timid man, the time-server, the
fence man, not the truth secher Suppose there had been on the
occasion mentioned ahove one of these fence philosophers  He would
have said “These disputants are equally mtelligent and equally
valiant  One side says the shield 1s white, the other that 1t 1s black )
00w truth lies n the middle, therefore, I conclude the shield 1s gray or
neutral tt, or a sort of pepper and salt * Do we not see that he {3
the only man who has no truth m him? No truth 1s no heterg
geneous maxture of opposite extremes, but 2 stereoscopic combina ko
of two surface views into one solid reahity
Now, the same 1s true of all vexed questions and Ubave given ) f
trte fable agaw only to apply 1t to the case in hand
There are three possible views concernmg the ongin of pryess
forms whether mdividual or specific. Two of these ure Bprria
and mutually escluding, the third combinmg and reconcilisy 4,
example, take the individual There are three theories 2V
the ongn of the indivndual  The first 15 that of the ployg o o
. . Lot
"y
1oL h e ot R I
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Christians—1 ¢ , that we were made by a process of evolution  Observe
that this latter combines and reconciles the other two, and 1s thus the
more rational and philosopical  Now, there are also three evactly
corresponding theones concerning the ongm of species  The first 15
that of many prous persons and many intelligent clergymen, nho say
that species were made at once by the Divine hand withowt natural
process  The second 1s that of the materialists, who say that species
were not made at all they were derived ¢ they growed ™ The thurd
1s that of the theistic evolutionists, who think that they were created
by a process of evolution—who believe that malang 1s not incon
sistent with growingy  The one asserts the divine agency, but
dentes natural process, the sccond asserts the natural process, but
dentes divine agency  the third asserts dirine agency by natural process
Of the first tno observe, both are night and both wrong, each view 1s
tight 10 what 1t asserts, and wrong m what 1t denies—each 1s nght
from 1ts own pomt of view, but wrong m excluding the other pomt
of view  The thurd 1s theonly true rational solution, for it meludes
combines and reconciles the other two, showing wherein each 1s night
and wherem wrong It 15 the combination of the two partial truths,
and the elmination of the partial errors  But let us not fail to do
perfect justice The first two views of ongin, whether of the md:
vidual or of the species, are indeed both partly wrong as well as
partly nght but the view of the prous chuld and of the Christian con
tans by far the more essential truth  OF the tno sides of the shield,
thewrs 15 at least the whiter and more beautiful

But, alas! the great bar to a speedy settlement of this guestion and
the adoption of a 1auional philosophy 15 not in the head, but 1n the
heart~1s not 1n the reason, but i pride of opmion, self concelt
dogmatism  The rarest of all gifts 1s a truly tolerant, rational spint
In all our gettings let us strive to get thus, for 1 alone 18 true wisdom
But we must not magme that all the dogmatism 1s on one side, and
that the theological Many scem to think that theology has a’ pre
emptwersght * to dogmatism X so, then modern matenialistic sciencs
has “sumped the clorm ®  Dogmatism has 1ts roots deep-bedded 12 the
humanheart It showed itse)f first in the domain of theology, because
there was the seat of power  In modern times 1t has gone over to the
side of science, because here now 1s the place of power and fashion
There are o dogmatasms, both equally opposed to the true rattonal
spint, vz , the old theologscal and the new scientific. ‘The old chngs
fondly to old thines_nnlv hecaue they are old, the new grasps eagerlv
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after new things only because they are new  True wisdom and true
philosophy, on the contrary, tries all things both old and new, and
holds fast only to that which is good and true  The new dogmatism
taunts the old for credulity and superstition  the old reproaches the
new for levity and skeptiism  But true wisdom perceves that they
are both equally credulous and equally skeptical  The old1s credulous
of old 1deas and skeptical of new the new 15 skeptical of old 1deas and
credulous of new Both deserve the unsparing rebuke of all nght
minded men The appropriate rebuke for the old dogmatism has
been already put 1n the mouth of Job i the form of 2 bitter sneer

No doubt ye are the people and wisdom shall die with you’ The
appropriate rebuke for the new dogmatism though not put imte
the mouth of any ancient prophet ought to be uttered—I will under
take to utter 1t here I would say to these modern matenahsts
* No doubt ye are the men, and wisdom and true philosophy were
born wth you *

Let 1t be observed that we are not here touching the general ques
tion of the personal agency of God m operating Nature  This we shall
takeup hereafter  All that we wish to mnsist on now 1s that the process
and the law of evolution does not differ 1n 1ts relation to materiahsm
from all other processes and laws of Nature If the sustentation of
the umverse by the law of gravitation does not disturb our belref 1
God as the sustainer of the umverse there 15 no reason why the ongm
of the umverse by the law of evolution should disturb our faith 1n God
as the creator of the umverse If the law of gravitation be regarded
as the Divine mode of sustentation, there 1s no reason why we should
not regard the law of evolution as the Divine process of creatron It
1s evident that if evolution be materiahsm, then 18 gravitation also
materalism, then 1s every law of Nature and all science matenalism
If there beany difference atall 1t consistsonly i this  that, as already
said, here 1s the last line of defense of the supporters of supernatural
1sm m the realm of Nature But being the last ine of defense—
the last ditch—it 1s evadent that a yielding here mmphes not a mere
shifting of line, but a change of base, not a readjustment of details
only, but a reconstruction of Christian theology  Thus, I beheve, 15
mdeed necessary There can be Lttle doubt 1n the mind of the
thoughtful ohserver that we are even now on the eve of the greatest
change i traditional views that has taken place since the burth of
Chnstiamity  But let no one be greatly disturbed thereby For
then, so now, change comes not to destroy but to fulfil all our dearest
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bopes and aspirations, as then, so now, the germ of hving truth has,
1 the course of ages, become so encrusted with meaningless traditions
which stifle 1ts growth that 1t 15 necessary to break the shell to set 1t
free, as then, so now, 1t has become necessary to purge religous belief
of dross in the form of triviahities and superstitions  ‘This has ever been
and ever will be the function of science  The essentials of rehgious
faith 1t does not, 1t cannot, touch, but 1t punfies and ennobles our
conceptions of Deity, and thus elevates the whole plane of religious
thought.



CHAPTER XLIII
THLC STATISTICAL STUDY OF VARIATION
STATISTICAL METHODS

The pioneer workers m the application of statistical methods to
biological study were Sir Francis Galton and his leading discaple, Karl
Pearson  The use to which Galton and Pearson put their statistical
methods appears Jater i this chapter  For present purposes we may
Lt our study of biometry to that part of 1t which has to do with
wriation  We have already discussed fluctuating vamations, the
small plus and munus differences that ewst between the dufferent mem-
bers of the same spectes or variety Thus was the type of variation
that Darwin considered the mam raw material of evolution  Exam
ples of fluctnating variations are not far to seek  Pearson eites as an
ilustration of fluctuating varation the number of vemns m two sets of
beech leaves, each set from a different tree

Nuraber of veins 13| za 15|16 7] 18] 19 20
Number of feaves

st tree 14| 7] o) 4] x)ab
Second tree 3| 4| of 8] 2 26

Total 3| alrojrz] 9| of 4} 1

It will be noted that though there were 16 vemed leaves on both
trees, as well as 13- and 17 vened, the general distnbution 13 quite
different 1n the two trees  In the first tree the most frequently occur
ng type 1s the 18 vemned leaf, and the other types may be said to
fluctuate about this (the “mode’) In the second tree the mode 1s
the 15 vemed type and the other types fluctuate aboutat. It wall be
seen also at a glance that the types that differ most from the mode are
the least frequent and that those nearest the mode are the most fre
quent,

Some years ago the wniter had occasion to study the heredity of
scale numbers 1n the banded region of the nine-banded armadillo
As a preliminary to ths study 1t was necessary to know the degree and

555
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extent of vanability present mn the species  Consequently 508 di
viduals were taken at random and their scale or scute number counted
It was found that the total number of scutes 1n the mne bands ranged
from 517 t0 625 and that the commonest number was about 557 In
order to get a definite 1dea of the distnibution of the different types
172
1o

100,

R I I Ear e e e
& 2 § 8§ % 2 £ 8 8 B 8 8 % 8§
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§ 8 R 3 8 &8 g B & &8 & 8§ 88

FIo g2 =~Polygon of vanation for the total number of scutes i the mine
bands of the armadillo (Dasypus noremcanctus) as determned by the senation of
508 mdividuals  Class Tange~8 scutes. The solid hne represents the observa
tional and the broken bine the theoretical normal cunve  The absaissae refer to
the number of scutes and the ordinates to the number of mdmiduals. (From
Fewman )

they were arranged 1n a vanation poly gon as shown m Figure 9z On
the abscissa are arranged groups includmg mdwiduals between 517
aud 524 Scutes inclusive, those between g25 and §32, those between
533 and 540, 08 up t0 a group of those from 621 to 625 All of these
except the last included a small class with a range of 8 scutes This
armanging 1n classes was essentual, for without 1t there would have been
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113 classes and a very uregular and meanmgless distribution  On the
ordinate we find by tens the numbers of ndivaduals 1n each class It
will be noted that the sohd line 1s one connecting the powts of mter
section between the class of scute numbers and the number of indx
viduals mn these classes The dotted hne represents an 1deal fluctuat-
mg vanation curve, which 1s practically a mathematical curve of
chance The closeness of fit between the actual and the theoretrcal
curve 1s very good  The mode 1s the class mcluding mdividuals with
ascute count of 55764, and there 15 a faurly even balance of mdividuals
m the plus and the mmnus directions It seems fauly evident from
exammation of the curve that the individuals with 613 scutes and
over are beyond the lmnts of the theoretical distnbution A further
study of these exceptional individuals shows that they are mutations,
mn which a sphtting up of single scutes into paired and twinned scutes
has taken place to such an extent as greatly to mcrease the total num
ber of scutes -

From the data used in constructing this vaniation polygon several
significant comstonts may be obtamned The ‘ arithmetical mean”
(average number of scutes mn the entire 508 mdividuals) 13 558 2
The “median ’ or halfway pomt between the extremes 1s 558 The
* mode” or most frequently occurrng single type s 557 (the theoreti-
cal value bemng 557 6)

1f we wished to compare a large group of parents with a large group
of offspring, or 1f 1t were necessary to compare the armadillos of Texas
with those of Mextco or Brazil, we could compare them as to mean,
median, and mode, and also as to the shape of the polygon of vanation
This would give us a very good idea as to whether or not the old species
present in these three regions is tending to evolve in different directions
under different conditions of Life

Instead of having to depend on the visual comparison between the
vanation polygon of two or more different populations, we can reduce
the facts about the distnbution of the different types about the mean
or mode to a simple anthmetical constant, called the “standard
deviation,” whuch 15 usually given the symbol ¢  This constant 1s

computed as follows
\[x(z- N
PPN A LN
n
In this formula x represents the deviation of each class from the

anthmetical mean, f, the number of ndviduals m each separate class
2, the sum of all the classes, and n, the total number of individuals
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By the use of this formula we have calculated the standard devia
tion (o) of the mdividuals represented m Figure 92 to be 1489
o031 scutes  This means that the average deviation from the mean
15 about 14 89 scutes

The =0 31 scutes 15 called the “probable error” and means that
the figure 14 89 15 maccurate to the extent of being o 31 scutes too
high or too low The probable error 1s an essential feature of such
computations as, without 1t, we would not be able torely on the sigrfi
cance of small differences  Suppose, for example, we should find that
the armadillos of Brazil had a standard deviation of 15 432=0.44 scutes,
we mught conclude that the varabihity of the Brazilian individuals was
© §4 scutes greater than that of the Texas individuals  In view of the
fact however, that the probable error mn one case 13==0 31 scutes and
in the other=o0 44 scutes we would have to conclude that there was no
significant difference  In actual practice 1t bas been decided that
unless the actual difference between two constants 15 about 4 6 tunes
s great as the probable error, the diff 15 not signifi

‘The method of determining the probable error of any calculated
constant s difficult to understand, but easy to put mto practice  For
example the formula for calculatig the probable error of the standard
deviation 1s as follows

=0 67459
o= Vo
where E 15 the probable error, and » the number of indwduals It
will be seen that the probability of error dimunshes steachly with the
increase 1 number of dividuals studied  With very large numbers
the error due to what 15 known as “random samplng” practically
disappears
BIMODAL AND MULTIMODAL CURVES
f we confine our biometrical studies to homogeneous populations

we get only fairly simple monomodal curves that resemble the normal
curve of vanation, which 15 a curve of chance, but when we study
ordmary wild populations, we frequently find that we are dealing with
2 complex of several races, each of which has 1ts own mode 2nd stand

ard deviation  Bateson has given us a classic example of this type
of phenomenon  In studymng the length of pinchers in the common
earwig (Forficulala aurteularsa), he found that he got a two-humped
or brmodal curve as shown in Figure 93 It then became evident that
there were two distinct vaneties as figured above  Such studes have
frequently revealed the heterogeneity of supposedly homogeneous



‘THE STATISTICAL STUDY O VARIATIQN 559

populations  Opmion differs as to the sigmficance of these findings
The more optimustic evolutionists look upon such instances as that of
Bateson's earwigs 2s visual demonstrations of 2 species actually sphit-
ting up mto two or more species It seems quite Likely that one of
these types 1s a successful mutant type that has not fully segregated
itself as a true species from the parent type  Another view of the
significance of bimodal curves s that the condition results from hy brudi
zation and that the bimodality ts the result of the segregation of
domnant and recesstve types

8 4 5 6 7 8 9

FI6 93 —Bumodal polygon plotted from data on the earwig  Mean types
(X1)indicated above corresponding modes  Numbers below the base ine ndicate
length of pincers 1n millimeters  (From Bateson and Jokannsen )

THE COEFFICIENT OF CORRELATION
Only one more biometrical constant need be mentioned here the
“coeffictent of correlation’ It 1s often necessary to discover the
exact relation that exists between two sets of vanables in order to
discover whether they are totally independent or partially correlated
with each other For example, we have found that there 1s a close
correlation between stature and head length 1m man, also between
color of hair and color of eyes, but 1t 1s very important to be able to
reduce the degree of correlatron to 2 sumple anthmetical constant
This 15 called the “coefficient of correlation” (commonly expressed
asr,, where x1s one vanable and y the other)  The formula for com-
puting r., 1s as follows

o (242) (1),
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where d represents the actual deviation and Z the sum, » the number
of individuals o the standard deviation

¢ Correlation tables show graphically whether or not there 1s
correlation  If, as m Digure g4, we want to find out what 1s the rela
tronshup between total yield of oats and number of culms to the plant,
we may make a table with subject classes arranged perpendicularly,
and the relative classes, honizontally  If the indiwiduals tend to group
themselves about a diagonal rangmg from upper left- to lower nght
hand corners the amount of correlation is quite marked Complete
correlation would be represented by & single hine of pomts along this
diagonal  No correlation would be shown by random distribution

2 3 4 5 ] 7
0-1 3 3
12 28 19 3 50
2-3| 18 66 20 1 1 {106
a4l 1 42 5 7 1 109
4-5 7 5 11 3 80
56| 26 14 2 42
67| 4 3 7
7 8 1 1 J 2
89 1 1

50 13t 167 38 1 1 400

F16 94 —Correlation table of 400 plants of Sixty Day oats  Total yield of
plant1a grams subject Number of culms per plant relauve 1gro  Coeffictent
of correlation=0 7120017  (From Love and Leighty 1914)

aver the whole rectangle Inverse correlation would tend to give a
grouping about a diagonal ranguag from the upper nght to lower
left hand corners

In the particular correlation table used for 1llustration, the coeffi
cient of correlation (r5,) turns out to be o 712:0 o17  Since com
plete correlttion would be 1, the degree of positive correlation 1s very
high as we might expect The correlation table was used quite
effectively by Galten aswe have already shown in chupter xxevt



CHAPTER XLIV
THE PHYSICAL BASIS OF MENDELISM*

ERNEST B BABCOCE AND ROY E CLAUSEN

Recent ipvestigations in heredity have focused attention upon the

chromosome mechanism as the physical basis for the segregation and

b of the umts of Mendel b The tmp

of cytological phenomena to students of genetics 1s admurably summed
upby E B Wilson in the bnef statement that “heredity 1s a conse

quence of the genetic contintuty of cells by division, and the germ cells
form the vehicle of transmission from one generation to another ¥ It
isappropriate, therefore, to introduce the subject of Mendelism witha
formal and bnef treatment of the chromosome mechamism and its
made of operation, on the ane hand, m the budding up of the body
from the smgle cell wath which the individual begins its existence, and,
on the other hand, in the production of germ cells when the individual
reaches the reproductive period of 1ts hife cycle It 1s the purpose of
this chapter merely to deal with the fundamental facts of cytology
whuch are necessary to an understanding of the connection between
cell behavior and Mendel Details 1 to such
an understanding, however well established cytologically, wall not be
dealt with 1n thus treatment to the end that the cardinal points may be
Presented as simply and s clearly as possible

The ch —With few the number of chromo-
somes 1n the cells of any ndividual 1s constant and charactenstic of
the species to which the mdividual belongs  Thus 1t 15 charactenstic
of Drosophula ampelophsls that the cells contamn eight chromosomes
In mayze the cells contam twenty chromosomes, in wheat sixteen, and
i man forty eight, and so on through the entire plant and ammal
kingdoms.

Not only 13 the number of chromosomes in 2 particular spectes
Constant, but the chromosomes themselves possess a definite indi
viduality Man and tobacco have cells with the same number of
chromosomes 1t 15 needless to pomnt out that these chromosomes,

*From E B Babcock and R. E Clausen, Genetscs sn Relation fo Agrscullure

(copynght 1918) Used by specual permussion of the publshers The McGraw
10l Book Company
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however are qualitatively very diferent  Simularly within the spectes
the chromosomes are not all alike on the contrary espectally in
certain forms thes exhubit very marked differences 1n size and shape

This 15 pecubiarly well lustrated 1n Drosop/ 1la as shown 1n Fig 9

Here 1t 15 possible to recognze 1n the female two large pairs of curved
chromosomesyvery sumilar nsizeand shape  Thereasalsoavery small
pair of chromosomes and finally there 1s a pair of straight ones about
two-thirds as long as the large curved chromosomes  In the male the
same relations hold except that mstead of the pur of straight chromo-
somes there 15 a pair consisting of one strught and one someshat
larger hooked chromosome The significance of this difference m
chromosome content 1n the sexes w1ll be pomted out in a consideration

s

Fie 95 —Da,ram sho ng the charactenstic painng size relatons and
shapes of the ch omosomes of D s0p! 1z melanog ster  In the male an \ and a
¥ ch omosame corre pond to the } pa r of the female  On the bas s of 1 100 the
length of each lon,, autosome 150 of each smll autosome 12 and of § 112 of the
long nm; of ¥ 71 and of the shortamm of ¥ a1 (From Babcock and Clausen after
I e

of the inhenttance of sex  The pair of straight chromosomeswe call
the sex or X chromosomes the uncqual mate of the \. chromosome 1n
the male of thus species 15 called the Y chromosome The other
h are called aut when 1t 15 desired to distinguish
them as a class from the <cx chromosomes  Drosophila 15 not umque
n possessing chromosomes of such charactenstic shapes and sizes but
more and more as cytology advances 1t 1» becomtng possible to dis-
tmguish chromosomes and to recognuze them at every cell divsion
Moreover the charactenstic paired relations which exist among
the chromosomes of Drosophila are of general significance  When
mature germ cells are formed 1n an individual reductron divistons
occur by means of which the chromosome number 15 reduced m the
germ cells to one-half that charactenstic of the body cells Thus the
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germ cells of Drosop contain four ct as the result of a
reduction which takes place 1n such a manner that each germ cell con
tans one member of each parr of ¢k Asa q

the germ cell of Drosoplula contamns two large curved autosomes
representng the two paurs of these chromosomes, one small autosome
andone X or one Y-chromosome The same thing 1s true for other
spectes of plants and ammals—n the reduction divisions the
chromosomes are distributed 1 such 2 manner that each germ cell
recelves one member of each pair of chromosomes It follows from
this that 1 general a defimte number of pairs of chromosomes 1s
charactenstic of the body cells of mdividuals of a given species, and
taking the chromosomes by paurs, one member of each parr 1s denved
from one parent and the other from the other parent

From the standpoint of interpretation the chromosomes aire aggre-
gates of chromatin matenal which m itself 15 defimutely and highly
orgamzed  Our conceptions of this feature of cell orgamzation are
based on app es of the cytological p from certam of
the more favorable plants and animals and further wterpreted by
investigations on heredity ~Accordingly the enure chromatin con
tent of the nucleus 1s regarded as made up of a defimte number of 1ndi
vidual chromatin elements called chromomeres The number of
chromomeres in a cell of any species must run mto the thousands A
certamn defiute group of these elements make up each chromosome
and at every cell division this chromosome 1s reformed from the same
group of ch but the chr 15 det nitely d
with respect to the position or lacus occupred by each chromomere
At certan stages m the lustory of chromosomes, they are simply lines
of chromonmeres, very much hike smgle strings of beads with each bead
corresponding to 2 chromomere Now 1t appears probable that all
the chromomeres i a chromosome are different as though our strmg
of beads bad no duphcates throughout 1ts length  Moreover, each
chromomere has a definite place or locus i the particular chromosome
m which 1t belongs and 1t 1s always found at that particular locus
The chromomeres of this discussion areidentified with the factors of
Mendelan heredity, and how closely this conception of the nature of
chromatin and 1ts complex orgamzation corresponds to the modern
view of Mendelian phenomena will be pomnted out as each new phase
of Mendelism 1s taken up

Somatic cell diviston —The phenomena of cell division (called
tosis) are represented 1n outline 1 Fig 96 for a species having four
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chromosomes 1n 1ts body cell  Bearing in mund the description which
has just been given of the organization of the chromatin material we
may follow the steps mvohied in mutosis as they areouthnedin this
figure Inthe resting” cell at A the chromatin s scattered through
out the nucleus 1 clumps or knots loosely strung together to form an
wregular network  As the cell prepares for division the chromatin
elements appear i more definite form until at B the chromomeres have

D E F

I'16 96 —Duagram of mutosis M a species having four chromosomes 1 its
cells A the resting cell B formaton of the spireme thread € longitudmal
dwsion of the spireme thread and t. 1nto four ch
D separation of the daughter formed by 1 1 sphttng
of spireme thread  E beginnings of nuclear reconstruction and division of the celt
body F cell dvision complete and daughter nucler m the resting stage
(From Babcock and Clausen )

arranged themselves in a single row m a long contmuous spireme

thread  This spireme-thread may be considered to be made up of the
four chromosomes united end to end with the chromomeres arranged
mnalmear series  As mutosis progresses to the next stage represented
at C, each chromomere of the spireme thread divades into two so that
a double spireme-thread results from the longitudinal sphtting of the
onginal thread  Bothparts of the thread are quantitatively and qualt

tatively equal, for, by the splitting of all the chromomeres both of the
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threads come to possess all of the mdividual elements of the original
spreme thread  Followng the sphtting of the chromomeresand the
formation of & double spireme, the spireme thread contracts and seg
ments transversely forming four double chromosomes, the number
characterstic of the cells of this mndividual  This 15 the stage shown
at C where also 15 shown the ongmn of the spindle, a part of the mechan
1sm 1 mitosis The chromosomes now still further contract untl
they assume their charactenstic shapes and sizes  They next appear
n an equatorial position on the spindle as shown at D, where the two
pairs of double chromosomes, one larger and one smaller, are dia
grammed and the nucleolus, the large black body of the previous steps,
15 shown cast out and d mg  The daugt h of
each pair now separate from each other until at E they have moved
nearly to the opposite poles of the spindles and are beginning to fray
out and seemingly to lose their identity At this stage actual division
of the cell body has begun ~ Finally at F, the chromosomes have com
pletely lost all appearance of their identity, the chromatin material
15 distributed thruout the nucleus as 1n the onginal cell shown at 4,
and the nucleolus has been reformed 1n each nucleus  Division of the
cell body has resulted 1 two daughter cells each of which, so far as
chromomeres are concerned, contains exactly the same chromatin
elements as the ongmal cell

There are many vanations 1n this process particularly in the order
of occurrence of the steps, but these vanations m nowise modify the
essential fact of mutosis which 1s that the chromatin materal of the
cell 15 converted into a thread which sphts thruout its entire length
1to two halves so that the daughter nucle: recerve exactly equivalent
portions of chromatin material This preaise division of the chro-
matin 1s brought about by a dsvision of each chromomere so that pot
only do the daughter nucler recetve equivalent portions of chromatin
but these portions are also equivalent quahtatively to the entire
chromatm content of the mother cell By this method then each of
the cells of the body finally comnes to possess not only the whole num
ber of chromosomes contributed by the two pareats, but also the
entire set of chromatin elements which 1t received from them. The
extreme care with which the cell mechamism partitions the chromatin
materal m each successive cell division 1s m atself eloquent testimony
of the fundamental importance of this matenal.

The production of germ cells ——In the production of germ cells 2
different set of phenomena occur which result 1 a reduction of this
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number of chromosomes to one half that charactenstic of the somatic
cells  Preceding the actual reduction division the chromatim passes
through a complex senes of steps which may be ncluded under the
term synapsts  (This term 1s sametimes applied 1 & spectfic sense
to the pairing of homalogous chromosomes and sometimes to the con
traction of the chromatin threads m the conjugation stage) The
essential steps n the prereduction process are shown 1n outlne mn
Fig 97 At s dagrammed a “resting” nucleus at the completion of

Fic g7 —The reduction division as represented for a species whose diploid
number1s four A, restng nucleus of a primary germ cell, B, formation of

paired threads of ¢k c, of homol
(synapsis), D loosening of th ts E of

andd of the nuclear F, homol about
to pass to opposite poles thus giving each secondary germ cell 2 member of each
pair and one half the somatic number  (From Babcock and Claysen )

the multiphcation divistonsin the germ plasm  Asa result of theexact
type of mitosts which has been outlined aboy e 1t contamns the full num-
ber of chromosomes charactenstic of the species The chromatin of
the nucleus next becomes orgamzed imnto threads of chromomeres
which pair as shown at B In this diagram the paied threads are
talen to represent homolog h , and the opp chro-

of the two ch . The paired threads contract and
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fuse along their entire length giving the figure diagrammed at C m
which the two loops represent two pairs of homologous chromosomes
n the conjugation stage, the essential step 1n synapsis  Followmg
this stage the two d Toops of ck spht lengthwise and
unravel 1n somewhat the manner shown in D These filaments con
tract agawn formung the mtertwined paurs of chromosomes shown at E
and the nuclear t hereupon begins to disapp Further
contraction and the formation of a spindle results 1 the reduction
figure at P, the significant feature of which 15 the fact that each of the
daughter pucler resulting from this divasion recetves ouly twvo chromo-
somes mstead of the four which the ongmnal cell at A contamed. Since
the onginal cell contamed one pair of larger and one paxr of swaller
chromosames, the daughter cells which are formed each receive one
larger and one smaller chromosome

Cytological investigation 1s not yet i agreement as to the mter
pretation of synapsis especially as to the manner 1 which the phe-
nomena therenn d d with preceding mitotic div1
sons  Consdenng certain cytological mvestigations and the results
of research in heredity together, 1t appears that the threads which paus
m stage B paurs of with homol chromo-
meres occupyng corresponding positions along thewr entire length
Likewse the contraction stageat C 1s taken to represcnt a conjugation
of the bers of pairs of ct which later agam separate.
Other cytological evadence mdicates that 1n some forms the conjuga
tion of paws of homologous chromosormes 1s brought about in another
way However, the essential fact 13 the same 10 either case Yo the
reduction figure the mesmbers of each par of chromosomes are dis
tributed to the opposite poles of the spdle so that the daughter
nucles recerved only one member of each pair

The sigmficance of synaps:s hies 1 the conjugation of homologous
chromosomes  In the rutoses which have preceded thus particular
division, the chromosomes were each tume concerved to be reformed
from the jdentacal graup of chromomeres which they contamed ongy
vally Insynapais however,asshownat Bthereisa certain amount
of intertwining of the pawed threads and w the unravelng of the

"

after the stage there 13 hkewise & twisting
of the filaments about each other The imdications are, therefore,
that 1n synapsais there 13 a possibil of h of chi

N b

matenal hetween the bers of a pawr of b
Inall cases however, 1n order to uphold our conception of the definite
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organization of the chromosomes with respect to the chromomeres
which they contamn, this interchange of matertal must involye exactly
equivalent portions of the two ch The ch of
the reduction divs on shown at
F may not, therefore, be 1dent-
cal with the four originally
present 1n /1, but may represent
various combinations of portions
of both members of a particular
pair of chromosomes The re-
sultsof suchinterchange between
Fic 93 —Diagram of chromatin inter  members of homologous pairs of
change between homol membersofa oy 1>shownn Fig 98
par of chromosomes  (From Babcouk and At the left 15 shown a par of
Clayusen after Muller )
chromosomes, one 1n outlne, the
otherm full black  In the middle the steps i chromatin interchange
are diagremmed and finally at the nght this interchange results in
a pair of chromosomes each of which 1s made up of parts of both
members of the onginal pair of chromosomes  Various combinations
may result depending on the potnts at which interchange tahes place,
but 1n every case the exchange involves corresponding portions of
the two chromosomes
Independent distribution of chromospmes —In Fig g9 are ius-
trated diag 1cally the ch of Drosoptula, with particu-
lar reference to their size and form relations and to therr character-
1stic parmng 10 the cell  One member of each of these pairs of chro
mosomes was contributed by the female parent and one member by
the male parent  In the reduction divisions these chromosomes are
separated so that each germ cell contains one member of each patr of
chromosomes  The sumplest condition whuch could obtam 1s that of
mndependent distribution 1n each pair of chromosomes such that the
particular member of one pasr which nent to a given pole of the reduc
tion spindle would have no influence on the distribution of the mem
bers of any other parr  Such tndependent distnibution of chromo
somes appears to be actually the type folloned mn reduction As a
consequence the germ cells contt n virious combimations of chromro-
somes with respect to their onginal parental denvation  In INg 99
the types of combinations of maternal and paternal chromosomes and
their mode of dertvation 1n Drosophila are shown dizgrammatically
Pwo germ cells, one from the female wath the chromosomes i outhne,
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and the other from the male with the chromosomes in full black, unite
to form the female zygate shown 1n the nuddle of the figure ‘The
combmnations of maternal and paternal chromosomes which result
the production of germ cells i such an individual are shown diagram

Fi6 g9—Dugram showing of of

chromosomes 10 Drosophuls melanogaster  (From Babcock and Clausen )

matically in the lower portion of the figure  There are eight different
Ways 1 which the chromosomes may be grouped 1n the reduction
Sgures and on the hasis of chance any one of these types s as Iihely
10 occur as any other  As a result there are sixteen possihle combr

Dations of chromosomes 1n the germe cells sith respect to the orginal
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denvation of the chromosomes, whether from the female or from the
male parent. This of course represents only the total number of
possible binations of entire ct By exch of
chromatin matenal between homol 1 g the
formation of combination-chromosomes the number of actual com
bimations 1s greatly increased

The number of chromosome combinations resulting from inde-
pendent distnbution 1s that number possible when each parr of chro-
mosomes 1s considered ly, and every comt 10n has an equal
chance of occurrence  With a form having but two pawrs of chromo-
somes there would he only four possible combmnations three paurs
would give eight four paurs sixteen and m general the number of
possible combinations 1s given by the expression 2* 1 which # 1s the
number of pairs of ch 1 the individual 1 q In
tobacco which has 24 paurs of chromosomes the number of possible
combinations 1n the germ cells reaches the enormous total of 16,777,
216 This means that 1 the formation of zygotes 1n a self fertihzed
tobacco plant the actual parental binations, 1€, bination:
identical with those of the germ cells which umited to form the mdi
vidual 1n question, occur only twice 1n over sixteen million times, and
this proportion 15 still further lessened when the interchange of chro-
matin matertal between homologous chromosomes 1s taken mto
account The condition of independent distribution although simple
1ntself results in a rapid inerease m complexity with the increase mn the
number of pairs of chromosomes mvolved

Chromosomes and sex in Drosophila —The relation between

\ and the ch h 1s perhaps most sumply

displayed 1 the mhentance of sex in those antmal forms in which the
sexes occur mn approximately equal proportions  Thus i Drosophila
as indicated 1n Fig 100 there are three pairs of autosomes which are
alike 1n both the male and the female  The remaiming pair of chromo-
somes however, differ for the female possesses two X chromosomes
whereas 1 the male a single \ chromosome 1s paired witha ¥ chromo
some and these differences are charactenstic of all normal males and
females of this species The bearng of these differences on the
whertance of wex » shown 4 My m g e B
with the parents the diploid number 15 shown 1n the circles represent
ing the female and the male

In the female the three pairs of autosomes are outlmed and the
X chromosomes only are drawn m black to ndicate that they are
the ones primanly concerned in the determmation of sex  Sumlarly ;a
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the male the three pawrs of autosomes which are exactly hke those m the
female are outlined but the X ch and the Y ch are
drawn in black The reduction diviston 1 the female results 1z &

/\\~ /\\
TGB!
P
4( >0\7
g% ~J

FI6 100 —D agram showing chromosome Telations tn the inher tance of scx
m Drosophila melanogaster (From Babcock and Clausen )

separation of the members of each paxr of ¢b so that every
secondary germ cell (or egg) contams two large curved autosomes
a small autosome, and an X-chromosome Consequently as far as
chromosomme content goes the eggs are all exactly alike  In the male,
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however, the separation of the members of the chromoesome pairs
results 1n sperms half of which contamn an X chromosome and half a
Y-thromosome 1n addition to the three autosomes The reduction
division n the male msures an equality i numbers for the two kinds
of sperm cells and the chances that exther kind of sperm will fertilize
an egg cell are equal By this arrangement the numencal equality
of the sexes 1s maintaned  When, later, the egg cells of the female are
fertilized by the sperm cells of the male, as shown in the lower portion
of the figure, half of them being fertilized by sperm cells w huch contan
an X chromosome will give females, and half umting with sperm cells
which contain Y chromosomes will produce males The mhentance
of sex 1 Drosoplula provides a beautsful 1llustration of the parallel
behavior of the chromosome mechanism and a somatic difference, m
this case sex
To recapitulate the essential phenomena of cell behavior which fur
mish the mechamsm for the distnibution of hereditary factors are these
1 Every species s characterized by a defimtely orgamzed group
of ch The ch occur 1n pairs, 1 each of which
one member 1s derived from each parent  In ordinary somatic mutosts
the distnbution of chromatmn 1s such that each daughter cell recerves
a full complement of chromosomes which are equivalent quahtatively
to those of the mother cell
2 In germ cell formation the homologous chromosomes conjugate
during synapsis, then separate, and pass mto a division figure m which
entire homologous chromosomes are opposed to each other The
resulting reduction division gives daughter cells with half the number
of chromosomes charactenstic of the species the half number being
made up of one member of each pair of chromosomes  During synap
15 there 1s an opportunity for the bers of a pair of chr
to exchange chromatin material  When such interchange takes place
portions of cl both qualitatively and quantita
nvely are involved In the reduction division segregation withm one
parrof ch 15 entirely independent of that of any other pair
so that the bimations of parental ct m the germ cells
represent all those to be expected on the basis of chance distribution
The student should ta b thus con
ception of the distributing mechantsm of the chromatin matertal with
the Mendelian mterpretations of hereditary phemomena which will be
presented in what follows, to the end that he may obtamn a clear and
defimte 1dea of the nterrelations between the known facts of heredity
and cell behavior




CHAPTER XLV
NATURAL SELECTION

CHARLES DARWIN

InTRODUCTORY NoTE —This entire chapter is made up of earefully chosen
passages from Darwns Origin of Specrer So much has faleely been called
¢ Darmmsm™ that 1t 13 well for the reader to have a statement of Darwin’s views
m hus own words  Every student of evolution should read the whole of the Orsgsn

re. - S ard eam et o, -

polated, and then follow examples of the way 1 which adaptations are accounted
for by matural selection  Darwin s own statement of the most senous difficulties
and objections to the theory, and lus answers to these bring this chapter to a close
FOUNDATION STONES OF NATURAL SELECTION
DARWIN § OWN ESTIMATE AS TO THE ROLE OF NATURAL SELECFION IN EVOLUTION
No one ought to feel surprised at much remaming as yet unex-
p!amed m regard to the ongin of species and vareties, if he make due
for our p: 1n regard to the mutual relations
of the many bemgs which hive around us  Who can explain why one
species ranges widely and 1s very numerous, and why another allied
species has a narrow range and 1s rare?  Yet these relations are of the
highest importance, for they determne the present welfare and, as I
televe, the future success and modification of every mhabitant of this
world  Still less do we know of the mutual relations of the mnumer-
abie mhabitants of the world during the many past geological epochs
nats history  Although much remains obscure, and will long remain
obscure T can entertamn no doubt, after the most deliberate study
and dispassionate judgment of which I am capable, that the view
which most naturalists untul recently entertamned, and whch I for-
merly entertained—namely, that each species has been independently
created—is I am fully d that spectes are not
immutable, but that those belonging to what are called the same
genera are Lmneal descendants of some other and generally extinct
species, 1n the same manner as the acknowledged vaneties of any one
species are the descendants of that species  Furthermore, I am con-
vinced that Natural Selection has been the most important, but not
the exclusive, means of modification

513
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EFFECTS OF NARIT AND OY THE USE OR DISUSE OF PARTS CORRELATED
VARIATION INHERITANCE

Changed hahts produce an mherited effect as m the period of the
flowering of plants when transported from one chmate to another
With ammals the icreased use or disuse of parts has had a more
marhed mfluence thus I find m the domestic duch that the bones of
the wing weigh less and the bones of the leg more 1n proportion to the
whole skeleton than do the same bones 1n the wild-duck and this
change may be safely attnibuted to the domestic duck flyng much
less and walking more thanitswild parents The great and inhented
development of the udders m cows and goats n countries where
they are habitually milked 1n companson with these organs m other
countries 1s probably another instance of the effects of use. Not
one of our domestic anumals can be named which has not i some
country drooping ears and the view, which has been suggested that
the drooping s due to disuse of the muscles of the ear, from the
amumals being seldom much alarmed seems probable

Many laws regulate vanation some few of which can be dimly
seen and will hereafter be briefly discussed I will here only allude
to what may be called correlated vanation  Important changes in the
embryo or larva will probably ental changes m the mature animal
In monstrosities the correlations between quite distinct parts are
very curious and many instances are given in Isdore Geoffroy St
Hilawe s great work on this subject  Breeders believe that long limbs
arealmost always accompanied by an elongatedhead ~ Some mstances
of correlation are quite whimsical  thus cats which are entirely white
and have blue eyes are generally deaf but it has been lately stated by
Mr Tait that this 15 confined to the males  Color and constitutional
peculiarities go together of which many remarkable cases could be
given amongst amimals and plants  From facts collected by Heu
smger 1t appears that white sheep and pigs are mjured by certamn
plants whilst dark colored individuals escape  Professor Wyman has
recently commumcated to me a good illustration of this fact on ask
ng some farmers 1 Virginia how 1t was that all thewr pigs were blach
they mformed lum that the pigs ate the pamt root (Lachnanthes)
which colored their bones pink and which caused the hoofs of all but
the black varieties to drop off and one of the crackers (1e Virginia
squatters) added  we select the blach members of a litter for rasing
as they alone have a good chance of Lving  Haurless dogs have
umperfect teeth long hawred and coarse-hared anmals are apt to
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have, as 1s asserted, long or many horns, pigeons with feathered feet
have skin between their outer toes, pigeons with short beaks have
small feet, and those with long beaks large feet  Hence if man goes
on selecting, and thus augmenting, any pecubanty, he will almost
certamly modify unintentionally other parts of the structure, owing
to the mystenous laws of correlation

DARWIN S IDEA OF THE CAUSES RESPONSIBLE FOR THE ORIGIN OF DOMESTIC RACES
To sum up on the ongin of our domestic races of animals and
plants Changed conditions of Iife are of the lighest importance m
causing vanabihity, both by acting durectly on the organization, and
mdurectly by affecting the reproductive system It 1s not probable
that vanability 15 an mherent and necessary contingent, under all
arcumstances  The greater or less force of mherntance and reversion
determimne whether varations shall endure  Variabihit, 1s governed by
many unknown laws, of which correlated growth 1s probably the most
mportant  Something but how much we do not know, may be
attnbuted to the definite action of the conditions of hfe  Some, per-
haps a great, effect may be attributed to the mncreased use or disuse
of parts  The final result 1s thus rendered wfimtely complex In
some cases the itercrossing of aborigivally distinct species appears to
have played an inportant part 1 the origin of our breeds When
several breeds have once been formed in any country, their occasional
intercrossing, with the aid of selection, has, no doubt, largely aided ;n
the formation of new sub breeds, but the importance of crossing has
been much exaggerated, both 1n regard to amimals and to those plants
which are propagated by seed With plants which are temporarily
propagated by cuttings, buds, etc, Lhc unportancc of crossmg 15
immense, for the cull may b d the extreme
both of hybrds and of mongrels, and the sterikty of hybnds, but
plants not propagated by seed are of little importance to us, for their
endurance 15 only temporary  Over all these causes of Change, the
accumulative action of Selection, whether apphed methodically and
quickly, or unconsciously and slowly but more effictently, seems to
have been the predomimant Power

DARWIN § IDEA OF THE ORIGIN OF VARIETIES SPECIES AND GENERA [N NATURE
Finally, vaneties cannot be d 3 from s -except,

first, by the discovery of intermediate Inking forms, and, secondly,

by a certam indefinite amount of difference between !.hem, for two
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forms f differing very Little, are geuerally ranked as vaneties not
withstanding that they cannot be closely connected, but the amount
of difference considered necessary to give to any two forms the rank
of species cannot be defined  In genera having more than the average
number of species 1 any country, the species of these genera have
more than the average number of varieties  Inlarge genera the species
are apt to be closely but unequally, allied together, formmg lttle
clusters round other species Species very closely allied to other
spectes apparently have restricted ranges In all these respects the
species of large genera present a strong analogy with vaneties  And
we can clearly understand these analoges, 1f species once existed as
varieties and thus ongmmated whereas, these analogies are utterly
wexplicable if species are mndependent creations

We have also seen that 1t 15 the most flourtshing or domumant
species of the larger genera within each class which on an average yreld
the greatest number of varieties, and vaneties, as we shall hereafter
see tend to become converted into new and distinct species  Thus
the larger genera tend to become larger, and throughout nature the
forms of hfe which are now dominant tend to become still more doom
nant by leaving many modified and d d d But by
steps hereafter to be explamed the larger genera also tend to break up
into smaller genera  And thus, the forms of Life throughout the um
verse become divided mto groups subordinate to groups

THE TERM STRUGGLE FOR EXISTENCE USED IN A LARGE SENSE

I should premuse that T use this term n a large and metaphorical
sense including dependence of one being on another and including
(which 1s more important) not only the Lfe of the wwdividual but
success in leaving progeny  Two canine ammals 1n a time of dearth
may be truly said to struggle with each other which shall get food and
live But a plant on the edge of a desert 1s said to struggle for bfe
agamst the drought though more properly 1t should be sad to be
dependent on the mosture A plant which annually produces 2
thousand seeds of which only one of an average comes to matunty
may be more truly sad to st uggle with the plants of the same
and other kinds which already clothe the ground 'The mustletoe 1s
dependent on the apple and a few other trees but can only m a
far fetched sense be said to struggle with these trees for of too many
of these parasites grow on the same tree 1t langwishes and dies  But
several seedling mmistletoes growing close together on the same branch

e,
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sions and they are almost necessary for brewity So ag:mi it s
difficult to avoud personifying the word Nature  but I mean by Nature
only the aggregate action and product of many natural laws and by
laws the sequence of events as ascertamed by us ~ With a httle family
anty such superfical objections will be forgotten

Ve shall best understand the probable course of natural selection
by taling the case of a country undergomng some slizht physical change
for msla:u:e of cimate  The proportional numbers of 1ts inhatitants
will almost immediateh undergo a change and some species will prob-
ably become extinct e may conclude from what we have seen of
the mtimate and complex manner m which the mhabitants of each
country are bound together that anv change m the numencal pro-
portions of the mhabitants mdependently of the change of cimate
itself would seriously affect the others  If the country were open
an 1ts borders new forms would certainly immgrate and this would
ttkewnse seriously disturb the relations of some of the former mhabs
tants Let 1t be remembered how powerful the mfluence of a single
ntroduced tree or mammal has been shown to be  But 1n the case of
an 1sland or of a country partly surrounded by bamers mto which
new and better adapted forms could not freely enter we should then
have places m the economy of mature which would assuredly be
better filled up 1f some of the orimnal mhabitants were m some
manner modified for had thearea been open to mmgration these
same places would have been seized on by mtruders In such
cases shight modifications which in any way favored the mdviduals
of any species by better adapting them to their altered conditions
would tend to be presened  and natural selection would kave free
scope for the work of tmprovement.

12T amandren ~4 L

s
tv be favorable to natural selection by affording a better

ance of the occurrence of profitable vanations. Unless such oceur,
selection can do nothmg ~ Under the term of vanations it

st never be forgotten that mere individual differences are meloded

£ man can produce a great result with his domestie ammalsand plants
\addug Up m any given direction individual differences <o could
e <efection but far more easi from having meomparably lon, er
action  Nor do T beheve that any great phvsical change as

or any unusual degree of 1solation to chech mmigration
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forms 1f differing very little, are generally ranked as vartettes not
withstanding that they cannot be closely connected, but the amount
of difference considered necessary to give to any two forms the rank
of species cannot be defined  In genera having more than the average
number of species 1 any country, the species of these genera have
more than the average number of vaneties  Inlarge genera the species
are apt to be closely but unequally allied together, forming httle
clusters round other species Species very closely allied to other
species apparently have restricted ranges In all these respects the
species of large genera present a strong analogy with vaneties  And
we can clearly understand these analogtes, 1f spectes once existed as
vaneties and thus ongmated  whereas, these analoges are utterly
wmexplicable if species are independent creations

We have also seen that 1t 15 the most flounshing or dommant
species of the larger genera within each ¢lass which on an average yeld
the greatest number of varettes and varieties as we shall hereafter
see tend to become converted mnto new and distinct species  Thus
the larger genera tend to become larger, and throughout nature the
forms of hfe which are now dommant tend to become still more dom
nant by leaving many modified and d d d But by
steps hereafter to be explamed the larger genera also tend to break up
mto smaller genera  And thus the forms of Lfe throughout the umt
verse become divided nto groups subordinate to groups

THE TERM STRUGGLE FOR EXISTENCE USED IN A LARGE SENSE

I should premise that I use this term 1n a large and metaphorneal
sense including dependence of one bemg on another and including
(which 15 more important) not only the lfe of the mdivadual but
success n leaving progeny  Two camme ammals 1 a tume of dearth
may be truly saud to struggle with each other which shall get food and
live  But a plant on the edge of a desert 1s said to struggle for hfe
agamst the drought though more properly 1t should be smd to be
dependent on the mowsture A plant which annually produces 2
thousand seeds of which only one of an average comes to matunty
may be more truly said to struggle with the plants of the same
and other kinds which already clothe the ground The mstletoe is
dependent on the apple and a few other trees but can only ma
far fetched sense besaid to struggle with these trees for 1f too many
of these parasites grow on the same tree, 1t langwshes and dies  But
several seedling mistletoes growing close together on the same branch
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sions, and they are almost necessary for brevity So agam 1t 15
difficult to avaid personifying the word Nature, but I'mean by Nature
only the aggregate action and product of many natural laws, and by
laws the sequence of events as ascertammed by us ~ With a Iittle famih
anty such superficial objections will be forgotten
We shall best understand the probable course of natural selection
by taking the case of a country undergong some slight physical change,
for mstance, of cimate  The proportional numbers of 1ts ihabitants
will almost immediatelv undergo a change, and some species will prob
ably become extinct  We may conclude, from what we have seen of
the mtimate and complex manner ;n whch the mhabitants of each
country are bound together that any change i the numercal pro-
portions of the mhabitants, idependently of the change of chmate
1tself, would seriously affect the others If the country were open
an 1ts borders, new forms would certamly immigrate and this would
Iikewsse seriously disturb the relations of some of the former mhabi
tants  Let 1t be remembered how powerful the mfluence of a single
wmtroduced tree or mammal has been shown to be  But in the case of
an 1sland, or of a country partly surrounded by barners, mto which
new and better adapted forms could not freely enter, we should then
have places m the economy of nature which would assuredly be
better filled up, if some of the onginal inhabitants were in some
manner modified, for, had the area been open to immigration, these
same places would have been seized on by intruders In such
cases, shght modifications, which i any way favored the mdividuals
of any species by better adaptig them to their zltered conditions,
would tend to be preserved and natural selection would have free
scope for the work of mprovement
‘We have good reason to believe, as shown i the first chapter, that
changes n the conditions of life give a tendency to mereased variability
and 1n the foregomg cases the conditions have changed, and thudwould
manifestly be favorable to natural selection by affording a better
chance of the occurrence of profitable variations  Unless such oceur,
natural selection ean do notling  Under the term of “vanations,” it
must never be forgotten that mere individual differences are mcluded
As man can produce a great result with his domestic ammals and plants
by adding up mn any gwven direction mdvidual differences, <o could
natural selection, but far mote easily from having mcomparably longer
time for action  Nor do I believe that any great physical change, as
of climate, or any unusual degree of 1solation to check immigration,
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18 necessary m order that new and unoccupied places should be left,
for natural selection to fill up by improving some of the varying
wnhabitants  For as all the inhabitants of each country are struggling
together with nicely balanced forces, extremety shight modifications in
the structure or habits of one species would often give 1t an advantage
over others, and stil further modifications of the same kind would
often stul further increase the advantage, as long as the species con
tinued under the same conditions of life and profited by similar means
of subsistence and defense  No country can be named in which all the
unative mhabitants are now so perfectly adapted to each other and to
the physical conditions under which they live, that none of them could
be sull better adapted or 1mproved, for 1n all countries, the natives
have been so far conquered by naturalized productions, that they bave
allowed some f to take firm of the land Andas
foreigners have thus m every country beaten some of the natives, we
may safely conclude that the natives might have been modified with
advantage so as to have better resisted the intruders
As man can produce and certainly has produced, a great result by
his methodrcal and unconscrous means of selection, what may not
natural selection effect? Man can act only on external and visible
characters Nature, 1f T may be allowed to persomfy the natural pres-
ervation or survinal of the fittest, cares nothing for appearances
except in 5o far as they are useful to any bemng  She canact onevery
wnternal organ, on every shade of constitutional difference, on the
whole machinery of ife  Man selects only for tus own good Nature
only for that of the being which she tends Every selected charactet
1 fully exercised by her, as 1s implied by the fact of their selection
Man Leeps the natives of many chmates m the same country, he
seldom exereises each selected character i some peculiar and fittng
manner, hefeedsa long and a short beaked pigeon on the same f
he dos not exercise a long bached or long legged quadruped 1 a0y
pecubiar manner, he exposes sheep with long and short woal to the
same climate  He does not allow the most vigorous males to struggle
for the females  He does not ngudly destroy all mfenor animals, but
protects dunng each varymg season, as far as Les m his power, al
hisproductions  He often begms his selection by some half monstrots
form  or at least by some modification prominent enough to cateh the
eyeor to be planly useful to him ~ Under nature, the shightest difer
ences of structure or constitution may well turn the nicely balanced
scale m the strugele for Lfe and so be preserved How fleetingare the
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wishes and efforts of man! how short his time! and consequently how
poor will be s results, compared with thase tated by Nature
dunng whole geological periods! Can we wonder then, that Nature’s
productions should be far* truer m character than man’sproductions
that they should be infinitely better adapted to the most complex
conditions of Iife, and should plamly bear the stamp of far higher
workmanship ?

It may metaphoncally be said that natural selection 1s daily and
hourly scrutimzing, throughout the world the shghtest variations
rejectmg those that are bad, preserving and adding up all that are
good, silently and msensibly working whenever and wherever oppor
tumty offers, at the improvement of each organic hemng 1n relation to
1ts organic and morganc conditions of bfe  We see nothing of these
slow changes 1 progress until the hand of time has marked the lapse
of ages, and then so imperfect 15 our view mto long past geological
ages, that we see only that the forms of ife are now dufferent from what
they formerly were

In order that any great amount of modification should be effected
m a species a vanety when once formed must agam perhaps after a
long mterval of time, vary or present mdividual differences of the same
favorable nature as before and these must be agam preserved, and
so onwards step by step Seemng that mdividual differences of the
same kind perpetually recur, this can hardly be considered as an
unwarrantable assumption  But whethet 1t 18 true, we can judge only
by seemg how far the hypothes:s accords with and explams the general
phenomena of mature  On the other hand, the ordmary belef that
the amount of possible vanation 1s a strictly hmited quantaty 1s hike-
wise a simple assumption

Although natural selection ean act only through and for the good
of each bemng yet characters and structures, which we are apt to con

sider as of very tnflimg importance, may thus be acted on  When we
see leafeating msects green and bark feeders mottled gray, the
alpme ptarmigan white i winter, the red grouse the color of heather,
we must believe that these unts are of service to these buds and
imsects 1n preserving them from danger  Grouse, if not destroyed at
some perod of therr lives would merease m countless numbers, they
are known to suffer largely from burds of prey, and hawks are guided
by eyesight to thewr prey—so much so, that on parts of the Contment
persons are warned not ta keep white pigeons, as being the most lLusble
to destruction Hence natural selection might be effective in giving
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the proper color to each hind of grouse, and tn keeping that coler,
when once acquired true and constant  Nor ought we to think that
the occasional destruction of an ammal of any particular color would
produce httle effect we should remember how essential it 15 1n a flock
of white sheep to destroy a lamb with the faintest trace of black. We
have seen how the color of the hogs, which feed on the * pa nt root ’
m Virgina determines whether they shall live or die  In plants, the
down on the fruit and the color of the flesh are considered by botanists
as characters of the most tnfling importance yet we hear from an
excellent horticultunst, Downing, that i the United States smooth
skinned frmts suffer far more from a beetle, 2 Curculio than those with
down that purple plums suffer far more from a certamn disease than
yellow plums  whereas another disease attachs yellow fleshed peaches
far more than those with other colored flesh  If, wath all the aids of
art, these shoht differences make a great difference in cultivating the
several vareties, assuredly, in 2 state of nature, where the trees would
have to struggle with other trees and with a host of enemues, such dif
ferences would effectually settle which vanety, whether a smooth or
downy, 2 yellow or purple-fleshed fruit, should succeed

In looking at many small ponts of difference between spectes
which, as far as our 1gnorance permuts us to judge, seem quite unim
portant, we must not forget that chimate, food, etc., have no doubt
produced some direct effect. It 1s also necessary to bear in mind that
owmg to the law of correlation when one part varies, and the vana
tions are accumulated through natural celection, other modifications
often of the most unexpected nature will ensue

As we see that those vanations which under domestication appear
atany particular peniod of hfe tend to reappearn the offspring at the
same pentod, for instance, m the shape size, and flavor of the seeds
of the many vaneties of our culinary and agricultural plants, m the
caterpiilar and cocoon stages of the vameties of the silk worm, m
the eggs of poultry, and in the color of the down of their chickens, 1
the horns of our sheep and cattle when nearly adult, so m a state of
nature natural selection will be enabled to act on and modify organic
beings at any age by the accumulation of vanations profitable at that
age and by thewr mhentance at a corresponding age If at profit 2
plant to have its seeds more and more widely dissemunated by the
wind I can see no greater difficulty m this being effected through
natural selection, than m the cotton planter mcreasing and improving
by selection the down in the pods on hus cotton trees Natural
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selection may modify and adapt the larva of an msect to a score of
contingencies wholly different from those which concern the mature
msect, and these modifications may affect through correlation the
structure of theadult  So conversely, modifications 1 the adult may
affect the structure of the larva, but m all cases natural selection wll
ensure that they shall not be mjunous  for if they were so the species
would become extinct
Natural selection will modify the structure of the young 1n relation
to the parent and of the parent m relation to the young In socal
amimals 1t wall adapt the structure of each indrvidual for the benefit of
the whole commumity, 1f the community profits by the selected
change What natural selection cannot do 1s to modify the structure
of one species without giving 1t any advantage for the good of another
species, and though statements to this effect may be found i works
of natural lustory I cannot find one case which will bear mvestigation
A structure used only once 1n an ammal s hfe 1f of high importance
to1t might be modified to any extent by natural selection  for mstance
the great jaws possessed by certam insects used exclusively for open
mg the cocoon—or the hard tip to the beak of unhatched btrds, used
for breal ing the egg It has been asserted that of the best short
beaked tumbler pigeons a greater number pensh in the egg than are
able to get out of 1t 5o that fanciers assist 1n the act of hatching
Now if nature had to make the beak of a full grown pigeon very
short for the bird s own ad ge the process of mod 10n would
be very slow, and there would be simultaneously the most ngorous
selection of all the young birds within the egg which had the most
powerful and hardest beaks for all with weak beaks would mevitably
penish, or, more delicate and more easily broken sh lls might be
selected the thickness of the shell bemg known to vary Like every
other structure
It may be well here to remark that with all beings there must be
much fortutous destruction wiuch can have little or no nfluence on
the course of natural selection  For mnstance a vast number of eggs
or seeds are annually devoured and these could be madified through
natural selection only if they varied in some manner which protected
them from their enemies  Yet many of these eggs or seeds would
perhaps if not destroyed have yielded mdividuals better adapted to
thew conditions of Lfe than any of those which happened to survive
So agam a vast number of mature anumals and plants, whether or
uot they be the best adapted to therr conditions must be annually
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destroyed by accidental causes whach would not be in the least degree
mitigated by certamn changes of structure or constitution which would
m other ways be beneficial to the species  But let the destruction of
the adults be ever so heavy, if the number which can ewst i any
distnet be not wholly hept down by such causes, or agam let the
destruction of eggs or seeds be so great that only a hundredth or 2
thousandth part are developed, yet of those which do survive, the
best adapted individuals, supposing that there 1s any vanabihity ma
favorable direction, will tend to propagate their kind 1n larger numbers
than the less well adapted  If the numbers be wholly kept down by
the causes just indicated, as will often have been the case, natural
selection will be powerless i certam beneficial directions, but this 1s
no valid objection to 1ts efficiency at other times and in other ways
for we are far from having any reason to suppose that many species
ever undergo modification and improvement at the same time 1 the
same area
SEXUAL SELECTION

Inasmuch as peculiatities often appear under domestication i one
sex and become hereditanily attached to that sex, so no doubt 1t will
be under nature  Thus 1t 15 rendered possible for the two sexes to be
modified through natural selection mn relation to different habits of
life, as 1s sometimes the case, or for one sex to be modified 1 relation
to the other sex, as commonly occurs  This leads me to say a few
words on what T have called Sexual Selection  This form of selection
depends, not on a struggle for exstence n relation to other orgamc
bemngs or to external conditions, but on a struggle between the imdi
viduals of one sex, generally the males, for the possession of the other
sex  The result 15 not death to the unsuccessful competitor, but few
or no offspring  Sexual selection 1s, therefore, less ngorous than
natural selection  Generally, the most vigorous males, those which
are best fitted for thewr places 1n nature, will leave most progeny
But 1n many cases, victory depends not so much on general vigor, as
on having special weapons, confined to the male sex. A homless
stag or spurless cock would have a poor chance of Jeaving numerous
offspnng  Sexval selection, by always allowmg the wictor to breed,
mght surely give mdomstable courage length to the spur, and strength
to the wing to strike in the spurred leg 1n nearly the same manner as
does the brutal cock fighter by the careful selection of his best cocks
‘How low 1n the scale of nature the law of battle descends, I know not,
male alligators have been described as fighting, bellowing, and whirl
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ing around, hke Indians 1n & war-dance, for the possession of the
females, male salmons have been observed fighting all day long, male
stag beetles sometimes bear wounds from the huge mandibles of other
males, the males of certain hymenopterous insects have been fre-
quently seen by that mumitable observer M Fabre, fighting for a
pasticular female who sits by, an appareatly unconcerned beholder
of the struggle, and then retires with the conqueror The war 1s
perhaps, severest between the males of polygamous animals, and
these seem oftenest provided with special weapons The males of
camnivorous ammals are already well armed, though to them and to
athers, special means of defense may be given through means of
sexual selection, as the mane of the hon, and the hooked jaw to the
male salmon, for the shield may be as important for victory as the
sword or spear
Amongst birds, the contest 13 often of 2 more peaceful character
All those who have attended to the subject beheve that there 1s the
severest rivalry between the males of many species to attract, by
singng, the females The rock-thrush of Guana, birds of paradise,
and some others, congregate, and successive males display with the
most elaborate care, and show off n the best manner, their gorgeous
plumage, they likewise perform strange antics before the females,
which, standing by as spectators, at last choose the most attractive
partner Those who have closely attended to birds i confinement
well know that they often take ndrvidual preferences and dislikes
thus Sir R Heron has described how a pied peacock was emunently
attractive toall lus hen birds I cannot here enter on the necessary
details, but if man can m a short time give beauty and an elegant
carriage to his bantams, according to his standard of beauty, I can
see no good reason to doubt that female birds by selecung, dunng
of the most melod or 1 males,
according to their standard of beauty, might produce a marked effect
Some well known Jaws, with respect to the plumage of male and
female birds, m comparison with the plumage of the young, can partly
be explamed through the action of sexual selection on vanations
occurning at different ages, and transmitted to the males alone or to
both sexes at corresponding ages, but I have not space here to enter
on this subject
Thus 1t 15, a8 I believe, that when the males and females of any
ammal have the same general habuts of life, but differ m structure,
color, or onament such differences have been mamly caused by sexual
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selection that 1s, by mdmvidual males having had, 1 successive gen
erations, some slight advantage over other males, in their weapons
means of defence, or charms, which they have transmutted to thewr
male offspnng alone  Yet, I would not wish to attnibute all sexual
differences to this agency for we see m our domestic ammals peculy
anties ansing and becoming attached to the male sex, which appar
ently have not been augmented through selection by man  The tuft
of hair on the breast of the wild turkey coch cannot be of any use, and
it 13 doubtful whether 1t can be ornamental 1 the eyes of the female
bird, indeed, had the tuft appeared under domestication, 1t would
havebeen called a monstrosity
ILLUSTRATIONS OF THE ACTION OP NATURAL SELECTION, OR THE
SURVIVAL QF TIE FITIEST

In order to make 1t clear how, as I believe, natural selection acts,
I must beg permission to give one or two imagimary illustrations  Let
us take the case of a wolf, which preys on various ammals, securing
some by craft, some by strength, and some by fleetness, and let us
suppose that the fleetest prey, a deer for mstance, had from any change
1 the country mcreased m numbers, or that other prey had decreased
1 numbers, during that season of the year when the wolf was hardest
pressed for food  Under such circumstances the swiftest and shmmest
wolves would have the best chance of surs iving and so be preserved or
selected, provided always that they retaned strength to master their
prey at this or some other period of the year, when they were compelled
to prey on other ammals T can see no more reason to doubt that this
would be the result, than that man should be able to improve the
fleetness of his greyhounds by careful and methodical selection, of
by that kind of unconscious selection which follows from each man
trying to Leep the best dogs without auy thought of modiymng the
breed I may 2dd, that, according to Mr Pierce, there are two
varieties of the wolf mhabiting the Catslall Mountains, m the United
States, one with a light greyhound like form, which pursues deer, and
the other more bulky, with shorter legs, which more frequently attacks
the shepherd’s flocks

Tt should be observed that, in the above illustration, I speak of the
shimmest mdividual wolves, and not of any simgle strongly mathed
variation having been preserved  In former editions of this work T
sometumes spoke as 1f this latter alternative had frequently occurred
1 saw the great importance of indrvidual differences, and this led me
fully to discuss the results of unconscious selection by man which
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depends on the preservation of all the more or less valuable individuals,
and on the destruction of the worst 1 saw, also, that the preservation
1n a state of nature of any occasional deviation of structure, such as a
monstrosity, would be a rare event, and that, if at first preserved, 1t
would lly be lost by q with ordinary
mdividuals  Nevertheless, until reading an able and valuable article
in the North British Remew (1367), I did not appreciate how rarely
smgle vanations, whether shght or strongly marhed, could be per

petuated  The author takes the case of a pawr of animals, producing
during therr hfetime two hundred offspring, of which, from various
causes of destriction, only two on an average survive to pro create
their lind  This 1s rather an extreme estimate for most of the higher
animals, but by no means so for many of the lower orgamsms He
then shows that if a smgle mdividual were born, which varied m some
manner, giving 1t twice as good 2 chance of Life as that of the other
diiduals, yet the chances would be strongly agamst its survaval

Supposing 1t to survive and to breed, and that half its young mherited
the favorable vamation, stll, as the Reviewer goes on to show, the
young would have only a shghtly better chance of surviving and breed

g, and this chance would go on decreasing in the succeedmg genera

tions The justice of these remarks cannot, I think, be disputed

Tf, for instance, a burd of some kind could procure its food more easily
by having its beak curved, 2nd if one were born with its beak strongly
curved, and which consequently floursshed, nevertheless there would
be a very poor chance of this one individual perpetuating its kind to
the exclusion of the common form, but thete can hardly be a doubt,

Judging by what we see tahing place under domestication, that this
result would follow {rom the preservation during many generations of
a large number of individuals with more or less strongly curved beaks,
and from the destruction of a still larger number with the straightest
beaks

SUMMARY OF CHAPTER ON NATURAL SELECTION

If under changing conditions of Lfe organic beings present mds-
vidual differences 1n almost every part of their structure, and this
cannot be disputed, if there be, owing to their geometnical rate of
mcrease, a severe struggle for life at some age season, or year, and
this certamly cannot be disputed, then, considening the infinite com
plenity of the relations of all organic beings to each other and to thewr
conditions of life, causing an infinite dnersity in structure, constitu-
tion, and habits, te be advantageous to them, 1t would be a most
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extraordinary fact 1f no variations had ever occurred useful to each
being s own welfare i the same manner as so many vanations have
oceurred useful to man  But if vanations useful to any orgame bemng
ever do occur assuredly individuals thus characterized will have the
best chance of bemng preserved 1n the struggle for hfe and from the
strong prinople of mhentance these will tend to produce offspring
similarly charactenzed  This principle of preservation or the survival
of the fittest I have called Natural Selection It leads to the m
provement of each creature i relation to 1ts organic and morgan ¢

d oflfe and quently, 1 most cases to what must be
regarded asanadvance in organzation  Nevertheless low and simple
forms will long endure 1f well f tted for thetr simple conditions of 1 fe

Natural selection on the prinoiple of qualities being mhented at
correspond ng ages can modify the ez seed or young as easly as
the adult  Amongst many ammals sexual selection will have given
its a1d to ordinary selection by assuring to the most vigorous and best
adapted males the greatest number of offspning ~ Sexualselection will
also give characters useful to the males alone 1 their struggles or
nivalry with other males and these characters will be transmitted to
one sex or to hoth sexes accordmg to the form of mheritance wiich
prevails

Whether natural selection has really thus acted n adapting the
vanious forms of Life to thewr several condittons and stations must be
Judged by the general tenor and balance of evidence given i the follow
g chapters  But we have already seen how 1t entails extinction  and
how largely extinction has acted i the world s tustory geology plamly
declares  Natural selection also leads to dvergence of character
for the more otgan ¢ bemngs diverge i structure habits and constitu
tion by so much the more can a large number be supported on the
area of which we see proof by lookmg to the mhabitants of any
smallspot and to the productions naturalizedin foreignlands  There
fore during the modification of the descendants of any one species
and during the incessant struggle of all species to ncrease 1 number
the more diversified the descendants become  the better will be their
chance of successn the battleforlfe  Thus the small dfferences di5-
tinguishing vaneties of the same species steadily tend to merease
they equal the greater differences between species of the same geots
or even of distinet genera

We have seen that 1t 15 the common the widely-diffused asd
widely ranging species belonging to the lurger genera withmn each

g Mt S
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class, which vary most, and these tend to transmit to their modified
offspring that supertority which now makes them dominant 1 their
own countries  Natural selection, as has just been remarked, leads
to divergence of character and to much extinction of the less improved
and mtermediate forms of life  On these prineiples, the nature of the
affinities, and the generally well defined distmctions between the
innumerable organie beings 1n each class throughout the world may
be explained It 1s a truly wonderful fact—the wonder of which we
are apt to overlook from famihianty—that all ammals and all plants
throughout all time and space should be related to each other m groups
subordinate to groups n the manner which we everywhere behold—
namely, vaneties of the same species most closely related species of
the same genus less closely and unequally related forming sections
and sub-genera, species of distmct genera much less closely related
and genera related in different degrees forming sub-familtes, familtes,
orders, sub-classes and classes  The several subordinate groups m any
class cannot be ranked 1n a single file, but seem clustered round points,
and these round other ponts, and so on i almost endless cycles  If
species had been mdependently created, no explanation would have
been possible of this kind of classification, but it 15 explained through
mhentance and the complex action of natural selection, entailing
extinction and divergence of character, as we have seen ilustrated
the diagram
The affinities of all the beings of the satme class have sometimes
been represented by a great tree I believe this simule largely speaks
the truth  The green and budding twigs may represent emsting
species, and those produced during former years may represent the
long succession of extinct spectes At each pentod of growth all the
growing twigs have tried to branch out on all sides, and to overtop and
kill the surrounding twigs and branches, mn the same manner as species
and groups of species have at all times overmastered other species m
the great battle for bfe The limbs divided 1nto great branches and
these into lesser and lesser branches, were themselves once, when the
tree was young budding twigs and this connection of the former and
present buds by ramfying branches may well represent the classifica
uon of all extinct and Living species m groups subordmate to groups
Of the many twigs which flourished when the tree was a mere bush,
only two or three, now grown 1nto great branches, yet survave and bear
the other branches, so with the species which Iived during long past
geologteal periods very few have left Living and modified descendants
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From the first growth of the tree, many a imb and branch has decayed
and dropped off, and these fallen branches of various sizes may repre

sent those whole orders, familics, and genera which have now no living
representatives, and which are known to us only m a fossil state  As
we here and there see a thin straggling branch sprmging from a fork
low down 1n a tree, and which by some chance has been favored and 1s
still alive on 1ts summit, so we occasionally see an ammal hke the
Ormithorhynchus ot Lepidosiren, which in some small degree connects
by 1ts affimities two large branches of life, and which has apparently
been saved from fatal competition by having mhabited a protected
station  As buds give rise by growth to fresh buds, and these, if
vigorous, branch out and overtop on all sides many a feebler branch

s0 by generation I believe 1t has been with the great Tree of Life, which
fills with 1ts dead and broken branches the crust of the earth, and
covers the surface with 1ts ever-branching and beautiful ramifications

DIFFICULTIES AND OBJECTIONS TO NATURAL SELECTION AS
SEEN BY DARWIN

Long before the reader has arrived at this part of my worl., & crowd
of difficulties will have occurred to lum  Some of them are so setious
that to this day I can hardly reflect on them without bemng in some
degree staggered but, to the best of my judgment, the greater number
are only apparent, and those that are real are not, I think, fatal to the
theory

‘These dufficulties and objections may be classed under the follow
ing heads First, why, if species have descended from other species
by fine gradations, do we not everywhere see mnumerable, transitional
forms? Why 1s not all nature 1n confusion, instead of the species
bewng, as we see them, well defined?

Secondly, 1s it possible that an ammal having, for mstance, the
structure and hahits of a hat, could have been formed by the modifica
tion of some other amimal mith widely different habats and structure?
Can we beheve that natural selection could produce, on the one hand,
an organ of tufling mmportance, such as the tail of a giraffe, which
serves as a fly flapper, and, on the other hand, an organ so wonderful
2s the gye?

Thirdly, can mstincts be acquired and modified through natural
selection?  What shall we say to the mstinct which leads the bee to
make cells, and which has practically anticipated che discoveries of
profound mathematicians ?
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Fourthly, how can we account for species, when crossed, beng
sterile and producng stertle offspring, whereas, when varieties are
crossed, their fertility 15 ummparred ?

ANSWER T0 THE TIRST DIFFICULTY

On the Absence or Rardy of Transiional Verieltes —As natural
selection acts solely by the preservation of profitable modifications,
each new form will tend 1n 2 fully stocked country to take the place of,
and finally to exterminate, 1ts own less improved parent form and
other less favosed forms with which it comes into competition  Thus
extinction and patural selection go hand m hand  Hence, if we Jook
at each species 2s descended from some unknown form, both the parmt
and all the ] vaneties wall g ly have been
by the very process of the formahon aud perfection of the new
form

But, as by th:s theory innumerable transitional forms must have
existed, why do we not find them embedded m countless num' ers m
the crust of the earth? It will be more convensent to discuss this
questron m the chapter on the Imperfection of the Geological Record,
and I will here only state that I believe the answer mainly ltes 1n the
record bemg mcomparably less perfect than 1s generally supposed
The crust of the earth 1s 2 vast museum, but the natural collections
have been imperfectly made, and only at long mtervals of time

ANSWER TO THE SECOVD DIFPICULTY ORGANS OF EXTREME
PERFECTION AND COMPLICATION

To suppose that the eye with all 1ts immitable contrivances jor
adjusting the focus to different distances, for admutting dufferent
amounts of hight, and for the correction of spherrcal and chromatic
aberration, could have been formed by natural selection, seems, 1
freely confess, absurd in the highest degree  When 1t was first said
that the sun stood still and the world turned round, the common sense
of mankind declared the doctrme false, but the old saying of Vox
populs, vox Des, as every philosopher knows, cannot be trusted
science  Reason tells me, that tf numerous gradations from 2 simple
and tmperfect eye to one complex and perfect can be shown to exist,
each grade bemg useful to 1ts possessor, as 15 certamly the case, of
further, the eye varies and the vanations be mhented, as 1s hkewse
certamly the case, and if such vanations should be useful to any an1
mal under changing conditions of Iife, then the difficulty of believing
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that a perfect and complex eye could be formed by natural selection
though msuperable by our imagination should not be considered as
subversive of the theory  How a nerve comes to be sensitive to hight,
hardly concerns us more than how hfe itself onginated but I may
remark that as some of the lowest organisms, m which nerves cannot
bedetected are capable of percerving light, 1t does not seem impossible
that certain sensitive elements in their sarcode should become aggre-
gated and developed mto nerves, endowed with this special senst
bility

In searching for the gradations through which an organ m any
species has been perfected we ought to look exclusively to its lneal
progenitors, but this 1s scarcely ever possible, and w  are forced to
look to other species and genera of the same group, that 1s to the
collatera] descendants from the same parent form, 1n order to see what
gradations are possible, and for the chance of some gradations hav
mg been transmutted 1n an unaltered or httle altered condiion  But
the state of the same organ 1n distinct classes may incidentally throw
light on the steps by which 1t has been perfected

‘The simplest organ which can be called an eye conssts of an optic
nerve, surrounded by pigment cells and covered by translucent skin,
but without any lens or other refractive body We may, however,
according to M Jourdam, descend even a step lower and find aggre
gates, of pigment-cells apparently serving as organs of vision, without
any nerves and resting merely on sarcodic tissue  Eyes of the above
simple nature are not capable of distinct vision, and serve only to dis
tingwsh light from darkness In certam star fishes, small depressions
i the layer of pigment which surrounds the perve are filled, as de-
scribed by the author just quoted, with transparent gelatinous matter
projecting with 3 convex surface, hke the cornean the hagher anumals
He suggests that this serves not to form an image, but only to con
centrate the lummous rays and render thenr perception more easy
In this concentration of the rays we gaimn the first and by far the most
important step towards the formation of a true picture formmg eye
for we have only to place the naked extrenuty of the optic nerve
which 1n some of the lower animals lies deeply buried m the body, and
1 some near the surface, at the nght distance from the concentrating
apoaratus, and an image will be formed on 1t

In the great class of the Articulata, we may start from an optic
nerve simply coated with pigment, the latter sometimes forming a sort
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of pupil, but destitute of a lens or other optical contrivance  With
msects 1t 1s now known that the numerous facets on the cornea of their
great compound eyes form true lenses, and that the cones include
curtously modified nervous filaments But these organs m the
Artrculata are so much diversified tnat Muller formerly made three
mamn classes with seven subdivisions, besides a fourth main class of
aggregated simple eyes.

‘When we reflect on these facts, here given much too briefly, with
respect to the wide, diversified, and graduated range of structure m the
eyes of the lower ammals and when we bear m mmnd how small the
number of all ving forms must be 1 comparison with those which
have become extinct, the difficulty ceases to be very great m beleving
that natural selection may have converted the simple apparatus of an
optic nerve, coated with pigment and tmvested by transparent mem-
brane, into an optical mstrument as perfect as 1s possessed by any
member of the Articulate Class

He who will go thus far, ought not to hesitate to go one step fur-
ther, if ke finds on fimshing this volume that Jarge bodies of facts,
otherwise mexplicable can be explaimed by the theory of modification
through natural selection, he ought to admut that a structure even as
perfect as an eagle s eye might thus be formed, although 1 this case
he does not know the transitional states It has been objected that
1n order to modify the eye and stifl preserve 1t as a perfect mstrument,
many changes would have to be effected simultancously, which, 1t 15
assumed, could not be done through natural selection, but as I have
attempted to show i my work on the variation of domestic ammals,
1t 18 not necessary to suppose that the modifications were all stmulta-
neous, if they were extremely shight and gradual Different kinds of
modification would, also, serve for the same general purpose as
Mr Wallace has remarked, “if a lens has too short or too long a
focus, 1t may be amended either by an alteration of curvature, or an
alteration of denstty, if the curvature be wrregular, and the rays do not
converge to a pont, then any increased regularity of curvature will be
an So the of the s and the muscular
movemmts of the eye are neither of them essential to vision, but
only improvements which might have been added and perfected atany
stage of the construction of the mstrument.” Within the highest
dunswon of the anumal Lingdon, namely, the Vertehrata, we can stant

from an eye so stmple, that 1t consists, as in the Iancelet, of & httle
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sack of transparent skin, furnished with a nerve and lmed with pig
ment, but destitute of any other apparatus  In fishes and reptiles
as Owen has remarked, “ the range of gradations of dioptric structures
1s very great » Tt 1s a sigmficant fact that even m man, atcordmg to
the high authonty of Virchow, the beautiful crystalline lens 1s formed
1n the embryo by an accumulation of epidermic cefls Iymg n a sach-
like fold of the skin, and the vitreous body 1s formed from embryonte
sub-cutaneous tissue To armve however, at a just conclusion
regarding the formation of the eye with all its marvellous yet not

heolutely perfect ch 1t 15 mdsp ble that the reason shoul |
conquer the imagmation, but I have felt the difficulty far too keenly
to be surprised at others hesitating to extend the prmaple of
natural selection to so starthng a length

It 15 scarcely possible to avoid companng the eye with a telescope

We know that this mstrument has been perfected by the long
contmued efforts of the nghest human mtellects, and we naturally
mfer that the eye has been formed by a somewhat analogous process
But may not this inference be presumptuous? Have we any nght to
assume that the Creator works by intellectual powers hike those of
man? If we must compare the eye to an optical instrument, we ought
m imagination to take a thick layer of transparent tissue, with spaces
filled with flmd, and with a nerve sensitive to light beneath, and then
suppose every part of this layer to be continually changmg slowly
density, so as to separate mto layers of different densities and thuck
nesses, placed at different distances from each other, and with the sur
faces of each layer slowly changing in form  Further we must suppose
that there 1s o power, represented by natural selection or the survival
of the fittest, always intently watching each slight alteration m the
transparent fayers and carefully preserving each which, under vaned
circumstances, n any way or in any degree, tends to produce a dis-
tincter image  We must suppose each new state of the mstrument to
be multiphied by the million, each to be preserved until a better one
13 produted, and then the old ones to be all destroyed In lving
bodies, vanation will cause the shght alterations, generation will
multiply them almost infimtely, and natural selection will pick out
with unerring skill each improvement Let this process go on for
millions of years and during each year on millions of ndviduals of
many kinds, and may we not believe that a living optical mstrument
mght thus be formed as superior to one of glass, as the works of tbe
Creator are to those of man?
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DARWIN § SUMMARY OF HIS ANSWER TO THE THIRD DIFFICULTY, THAT OF ACCOUNTING
FOR THE ACQUISITION AND MODIFICATION OF INSTINCTS
THROUCH NATURAL SELECTION
T have endeavored m this chapter briefly to show that the mental
quahities of our domestic amimals vary, and that the vanations are
mherited  Still more briefly T have attempted to show that mstincts
vary shghtly in a state of nature  No one will dispute that mstincts
are of the ghest mportance to each animal  Therefore there 1s no
real difficulty, under changing conditions of hfe, 1n natural selection
accumulating to any extent shght modifications of mstinct which are
in any way useful In many cases habit or use and disuse have prob-
ably come mto play I do not pretend that the facts given m this
chapter strengthen m any great degree my theory, but none of the
cases of difficulty, to the best of my judgment, anmhilate it On the
other hand, the fact that mstmcts are not always absolutely perfect
and are hable to mistakes  that no instinct can be shown to have been
produced for the good of other animals, though anumals take advantage
of the mstincts of others that the cafon in natural history, of
¢ Natura non facit saltum,’ 15 applicable to mstincts as well 2s to car
poreal structure, and 18 planly explicable on the foregong views, but
15 otherwise mexplicable, all tend to corroborate the theory of natural
selection
This theory 15 also strengthened by some few other facts in regard
to mstmets, as by that common case of closely allied, but distinct,
species, when habiting distant parts of the world and hving under
considerably different conditions of life, yet often retaining nearly the
same mstincts  For nstance, we can understand, on the principle of
wheritance, how 1t 1s that the thrush of tropreal South America lmes
its nest with mud, 1n the same pecubar manner as does our British
thrush, howitis that the Hornbills of Africa and India bave the same
extraordmary instinct of plastering up and imprisoning the fernales
m a hole m 2 tree, with only a small hole left m the plaster through
which the males feed them and their young when hatched, how 1t1s
that the male wrens (Troglodytes) of North America bwld “cock-
nests,” t0 roost 1n, lihe the males of our Katty wrens, a habit wholly
unlike that of any other known burd ~ Finally, 1t may not be a logical
deduction, but to my 1magination 1t 1s far more satisfactory to look
at such wnstincts as the young cuckoo ejecting 1ts foster brothers,
ants making slaves, the larvae of ichneumonidae feeding within the
live bodies of caterpillars, not as speaally endowed or created
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instincts, but as small consequences of one general law leading to the
advancement of all organic beings, namely, multiply, vary, let the
strongest live and the weahest die

DARWIN § SUMMARY OF RIS ANSWER TO TUE DIFFICULTY AS TO THE INABILITY OF
NATURAL SELECTION TO ACCOUNT FOR THE FACT TIAT SPECIES WHEN CROSSED
ARE STERILE OR FRODUCE STERILE OFPSPRING WHEREAS WHEN VARIETIES
ARE CROSSED THEIR FERTILITY IS UNIMPAIRED
First crosses between forms, sufficiently distinct to be ranked as

spectes, and therr hvbnds, are very generally, but not universally

sterile  The stertlity 1s of 2ll degrees, and 15 often so shight that the
most careful experimentalists have arnved at diametrically opposite
conclusions 1n ranking forms by this test  The sterility 1s mnately
variable m mdividuals of the same specics, and 15 emumently suscept-
1ble to the action of favorable and unfavorable conditions  The degree
of sterihity does not stretly follow systematic affimity, but 1s governed
by several curious and complex laws It 15 generally different, and
sometimes widely different m reciprocal crosses between the same two
species It 1s not always equal i degree m a first cross and m the
hybrids produced from this cross

In the same manner as 1n grafting trees, the capacity in one speﬂes
or variety to take on another, 1s inadental on duff

of an unknown nature, 1n their vegetative systems, so 1n crossmg, lhe

greater or less facility of one species to unite with another 1s incidental

on unknown differences m their reproductive systems There 1s no
more reason to think that species have been specially endowed with
various degrees of steriity to prevent their crossing and blending in
nature, than to think that trees have been specially endowed with
vanous and somewhat analogous degrees of difficulty 1 being grafted
together 1n order to prevent their marching in our forests

The sterihity of first crosses and of their hybnid progeny has not
peen acquired through natural selection  In the case of first crosses
it seems to depend on several , IR some in
chief part on the early death of the embryo In the case of hybnds
1t apparently depends on thewr whole orgamzation having been dis
turbed by bemg compounded from* two distinct forms the stenhity
bemng closely allied to that which so frequently affects pure species
when exposed to new and unnatural conditions of hfe He who will
explaim these latter cases wall be able to explai the stenlity of hybrids

This view 1s strongly supported by a parallelism of another kind

namely, that, firstly, sight changes in the conditions of hfeadd to the
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vigor and fertility of all organic beings, and secondly, that the cross-
1ng of forms, which have been exposed to shightly different conditions
of hife or which have varied, favors the stze, vigor and fertility of their
offspring  The facts grven on the sterthity of the illegtimate unions
of dimorphic and trimorphic plants and of thexr illegitimate progeny,
perhaps render 1t probable that some unknown bond 1n all cases con
nects the degree of fertility of first umions with that of their offspring
The consideration of these facts on dumorphism as well as of the results
of reciprocal crosses, clearly leads to the conclusion that the primary
cause of the sterulity of erossed species 15 confined to differences in ther
sexual elements But why 1 the case of distmet species, the sexual
elements should so generally have become more or less modified, lead
ing to thewr mutual fertihty we do not know, but it seems tostand in
some close relation to species having been exposed for long periods of
time to nearly umform conditions of Lfe

Tt 15 not surprising that the difficulty n crossing any two species,
and the stenlity of their hybrid offspring, should m most cases corre-
spond, even if due to distinct causes for both depend on the amount
of difference between the species which are crossed  Nor 1s 1t sur
prsing that the facility of effecting a first cross, and the fertility of the
hybrids thus produced, and the capacity of being grafted together—
though this latter capacity evidently depends on widely different cir
cumstances—should all run, to a certamn extent, parallel with the
systematic affinity of the forms subjected to experiment, for system
atic affinty mcludes resemblances of all kinds

Furst crosses between forms known to be vareties, or sufliciently
alike to be considered as vaneties, and their mongrel offspring, are
very generally, but not, as 1s so often stated, mvanably fertile Nor
1s this almost untversal and perfect fertility swpnsing when 1t 1s
rersembered how lLable we are to argue 1 a arcle with respect to
vaneties 1n a state of nature  and when we remember that the greater
number of vaneties have been produced under domestication by the
selection of mere external differences, and that they have not been
Jong exposed to uniform conditions of lfe It should also be espe-
aally kept mm mind that long-continued domestication tends to el
nate stenlity, and 1s therefore little hikely to induce this same quahty
Independently of the question of fertility, m all other respects there
1s the closest genmeral resemblance between hybnds and mongrels,
m their vanability, in their power of absorbing each other by repeated
crosses and m their imhentance of characters from both parent forms,
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Finally, then, although we are as ignorant of the precise cause of the
sterility of first crosses and of hybrids as we are why animals and
plants removed from their natural conditions become sterle, yet the
facts given in this chapter do not seem to me opposed to the belief that
species aboriginally existed as varieties.
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GLOSSARY

Acquired character —Any change 1n the body (soma} of an mdmduxl
due to change of function or change of Same as )

Adaptation —Any character structural or functional in an orgamsm
that helps to enhance the fitness of that oxgamsm

Agamic ~—See Asexual

Allelomorph —One of a pair of contrasted characters one of a patr of
genes (factors) the of such ch and be
lieved to occupy eq loct 1n homol h 2 Mendel
par

Analogous structures —Any two or more structures that subserve the
same function in the different kinds of ammals or plants but which anse
from different embryonic rtud: and have fund fly different
structural constitutions  Contrast with Homologous structures

Anthropmd -—Literally manlike refers especially to the manlike apes

Apogamy —A term used by botamsts synonymous with Partheno
genes:s,

Asexual reproduction —Any method of reproduction that does not 1n
volve the umon of gametes (Some auth consider
as a phase of asexual reproduction )

Atavism ~The cropping out of ancestral characters in an mdividual

Atrophy —The dwindling away of a structure i an indivadual or 1 2
race

Autosome —Any chromosome other than those that are recogmzed as
especially mvolved 1 the heredity of sex  See Sex chromosome

Biometry —That branch of biology that mvestigates arganic differences
by statistical methods.

Blastula —An early embryonic stage consisting typically of a hollow ball
of eells

Castration —The removal from an orgamsm of the gonads (testes or
ovaries)

Catastropusm —The 1dea held by Cuvier and otbers that the geologic
strata were sharply marked off from one another because great catastrophies
had brought each era to an end and that all hfe was destroyed m each
catastrophe  Contrast with Umformitanamsm

Cell —The smallest unit of living substance that can enpst i a free
state the umt out of which tissues are composed

Centrosome —An organ of a cell which seems to be a center of forces
that express themselves 1 mutotic cell division

Character —One of many structural or functional details that character
1ze an individual or a race

6oz
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Chromatin —The sub of which are largely com
posed, the chemical composition of which s not exactly known, supposed
to be Zhe hereditary substance, so called because it stains readily with certan
dyes and can be easily seen under the microscope

Chromosomes —The defintte masses of chromatin that have a char
actenstc number, size and shape m any given species

Combinations —New organic conditions due to a new assortment of old
factors already present in the germ plasm of parents

Commensaism.—The habitual living together of two or more different
spectes of animals or plants mvolving more or less mterdependence

Crossing-over —Exchange of genes (factors) between homologous chro-
mosomes, believed to occur dunng synapsis

Cytology —The detailed mucroscopic study of the structure of cells
especally of germ cells

Cytoplasm —All of the hving matenal of the cell outside of the nucleus

Determner —See Gene or Factor

Dihybnd ¢ross —A crossing of two parents diffenng from each other
m only two pairs of allelomorphs

Diplord —The manimur or full (duplex) number of chromosomes found
mn body cells and 1n the unmaturated germ cells twice the gametic or
bapleid number

Dominant—A term apphied to that member of an allelomorphic pair of
characters that has the capaaty of mamfestmg an effect wholly or partly
to the exclusion of the effect of the other member (the recessive)

Duplicate factors {genes) —Two or more factors located mn different
chromosomes, exther of which produces the same result

Egg —The fomale germ cell more preasely the female gamete

Environment.—The sum of 21l mfluences upon the orgamsm that have
their ongiz cutside of the body

Epigenesis —The doctnine that the germ cell 1s absolutely or relatively

structureless and that differentiation anses de novo through the nteraction
of the and the Contrast with P

F: generation —The first hybnd generation of a hybnd cross exhibats
only the dommnant characters of the two parents

F, generation —The offspring resulting from the mterbreeding of wndy

wviduals of the F; generation
F; generation —The offspring resulting from the interbreeding of md:
viduals of the F, generation
Factor —A unit of wnhentance situated at some particular locus of &
particular chromosome and transmitted zccording to the laws of Mendel
a determiner or gene

Faunas —Groups of ammals mhab a gven regod ut
geologic perniod
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Fertibization~—The unton of male and temz.le ga.mew and the conse
quent of d of a new

Floras —Groups of plants inhabiting a given geographie region or
geologic penod

Gamete.—A mature male or female reproductive cell, contaming the
haploid number of chromosomes, an egg or a spermatozodn

Gametic Reproduction —See Sexual reproduction,

Gastrula —A stage 1n the development of metazoan animals 1n which
the embryo consxs!.s of two germ layexs, ectoderm and endoderm,
umts imvolved 10 Darwin’s pro-

vimonal theory of pangcnesxs

Gene —See Factor

Genetics —The science which seeks to explan the resemblances and
differences 1n organism related by descent, the modern analytic and expen
mental study of vanation heredity, and sex

Genotype —A group of imndividuals all of which are alike in their genes
or factors. Contrast wmith Phenotype

Genotypic —Pertauning to the germnal or hereditary constitution of an
organism.  Contrast with Phenotypic

Genus —An arbitrary group in the systematic classification of ammals
or plants, ranking above the species and contumug one or more speaes
Ppossessing structural characters differing from those of other genera

Germ cell.—A cell specialized for sexnal reproduction. Matured germ
cells are bnown as gametes

Germ plasm.—That part o} the cell protoplasm which 15 believed to be
the matenal basis of heredity and 1s transferred from one generation to the
next. Contrast with Somotoplasm or Soma

Germunal continuity —The cnncept of an unbroken stream of germ plasm
from to back to the b of hife

Gonads —The organs {ovaries or testes) that contamn the reproductive
cells or germ cells and sometumes also contamn glandular tissue that fune-
tions 1n the differentiation of secondary sexual characters.

Gynandromorph —An animal in which one part extubits male characters
2nd another part female characters.

Habitat.—The complex of environmental factors making up the sur
roundings of any spectes or race

Haploid —The reduced (one-half) number of chromosores present only
wn gametes  See Diplord

hrodite —An

botk gvanes and

testes.

Heterogenesis —See BMutation

Heterozygote —An mndividual or a zygote resulting from the umon of
unlike gametes.
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Having the allel huc pawrs of d
elements, resulting in the production of more than one kind of gametes

Heterozygous sex —The sex i which the members of the chromosome
pair that determunes sex are unlike

-—Any two erther in the same or 1n

different individuals or species that anse from equivalent embryome rudi
ments and kave the same structural relations to other parts irrespective of
the function subserved  Contrast with Analogous structures

Homozygote —An mdividual or a zygote resulting from the union of ke
gametes

~—Having the allel h d of simular ele

ments, resulting 1 the production of only one kind of gamete

Homozygous sex.—The sex 1n which the members of the chromosome
pair that determmes sex are alike

Hormone —A substance secreted by one of the endocrine glands, that
affects the development of or the functioning of some other part or parts of
the body

Indigenous.—Living naturally 1n any country or chmate Contrast
with Introduced

Induction —Any change mn a germ cell or an embryo that persists for
only a few generations and then disappears  Contrast with Mutation

Introduced —Brought m from another country and living more or less
successfully under foreign candittons ~ Contrast with Indigenous

Isolation —The process of separating one section or strain of a species
from another section or from the mam body of the species believed to
faclitate the establishment of new species

Lamarckian —Pertammng to Lamarck’s doctrme of the mhentance of
acquired characters

Lamarclosm.~The theory of the wmheritance of acquired characters

Larva —A self supportng embryo, a developmental stage of an anumal
m which vanous adaptive structures for self support appear that may or
may not be for the of adult

Lethal—Producng death, d:strucuve ol hfe

Linin —An or that forms a net
work of threads 1n the nucleus

Linkage —The type of mhenmoe mn which gmzs (factors) tend to
reman together 1 {ro owmg to
their location 1n the same chromosome

Locus (¢! loca) —A definite pormt or region 1m a given chromosome at
whach 13 located a genetie factor or gene

Maturated germ cell —See Gamete

Maturation —~The process through which germ cells pass in preparation
for fertilization usually resuling in the formation of gametes

Mitosls —The normal process of ecll division mvolving the formation
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of spindle, chromosomes, etc, and resulting in longitudinal splitting of each
chromosome

Modification.—A change 1n the body or soma of an wndividual due to
functionimg or to use and disuse, same as Acquired character

Monohybrld cross ~—A cross between two individuals differing m only
one pair of allelomorphs

Morphological —Structural, opposed to physiological

Multipte u!lelomorphs —Dafferent factors or genes occupying the same
locus of komol thech 4 d by such factors

Multiple factors —Two or more factors usually alike in character, which
umte 1n varous numbers to produce different quantitative expressions of
one character  Same as Duplicate factors

Mutant.—An individual having a different genotyptc ¢onstitution from
1ts parents, as the result of a change 1n the germ plasm, and not as the result
of or 2 Some h mclude the type of
changes due to chromosomal aberrations under the head of mutants while
others limut mutants to thase resulting from factor changes

Mutation —The germunal change resuling m the production of a
mutant  The d of differs ding to duff of
opmion as to what should be included under the defimtion of a mutant
Contrast with Induction

Neo-Darwiman —A descriptive term apphed to theomes based on
Darwn’s theory of natural selection.

Nec-Lamarckian —A descriptive term applied to theonies based on
Lamarck’s theory of the mmhentance of acqured characters

Neo-mutationist —A modern adherent of the mutation theory, especial
ly one who 1s mterested chiefly in tracing the ongin of germunal changes that
are responsible for the appearance of mutants

Non-disjunction.—The failure of the two members of a pair of homolo-
gous chromosomes to separate in cell division, with the result that they both
pass 1nto one daughter—cell, making one too many chromosomes in one
gamete and one too few 1n the other

Nuclens —The body withun a cell that contams the chromatm

Ontogenetic —Pertamng to the hfe history of the indiidual Con
trast mith Phylogenetic.

Ontogeny —The developmental history of the individual, same as
development or somatogenesis  Contrast with Phylogeny

Orthogenesis —The apparent fact that races or groups of ammals or
plants vary progressively along defimite lines, each vanation formmng the
threshold of departure fur the next and the whole senes formmng a definite
sequence, definutely directed evolution

Ovute —The body that contains the egg of flowenng plants and becomes
the seed after ferhilization and maturation.

Ovum (9! ova) —The egg, the type of gamete produced by a female

Pangenesis,—A provistonal theory as to the mechanism of hereditary
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transmssion devised by Charles Darwin It implies the 1dea that the germ
cells are made up through the process of collecting from the blood stream
gemmules or representatives of all parts of the body In this way each
structure of the adult parent would be present m the germ cell and would be
transmutted to the offspring
Panminia.—An early theory of Weismann designed to account for the ru
d.lmcntauon of structures almost eq\uvalent to cessation of natural selection
—The p of an egg without fertiization
A process 1n ammals equivalent to Apogamy 1n plants
Peculiar —A term used techmcally to describe a species or higher group
of organmisms occurnng 1n one region and nowhere else
Pedigree —An ancestral hustory a genealogical tree
Phenotype —A group of individuals which are alke somatically and
look alike but which may differ germmally the sur- of the vis ble features
of an individual or a race  Contrast with Genotype
Phenotypic.—Perta mng to the somatic appearance of the mdividual
or group of indiduals.  Contrast with Genotypic
Phylogenetic —Pertaming to the ancestral history of a group Con
trast with Ontogenetic.
Phylogeny —The history of the evolution of a species or a group as
distingmshed from Ontogeny
Preformation —A theory that the individual s preformed in the egg
and needs only to grow or to unfold in order to reach its definitive state
Contrast with Epigenesis
Protoplasm —The Living substance of cells
Pure Lne —The descendants of a s ngle individual that have not under
gone any germmal change
Quadrumana —An old name for apes and monkeys 1mplying that their
hands and feet are both grasping appendages ke hands
Recessive —The opposite of dommant

—_—-— L

Segregation.—The separation mto separate gametes of the two members
of a parr of allelomorphs resulting in gametes pure for one or the other of 2.
parr of allelomorphic genes

Serology —That branch of expenimental biology or medicine that deals
wth the reactions of the blood to foreign materials and the production of
antibodies  the science of serums.

Sex chromosome —The particular chromosome (the X-chromosome for
erample) that scems to carry the factors for sex and through which sex s
nhented.

Sex linked.~—A term applied to characters located in the sex chromo-
somex.

Sex ratio.—The relative proportion of the two sexes 1n a population.
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Sexuat reproduction —That mode of reproduction that involves the
union of gametes to form a zygote  Same as Gametic reproduction.

Simian —Pertaining to apes

Soma,—The body of an orgamism as contrasted with the germ cells

Somatic —Pertaiung to the body  Contrast with Germunal

Somatoplasm —Same as Soma  Contrast with Germ plasm

Special creation —A popular doctnne holding that all species ansting
today were created by divine fiat within a few days and that they have not
matenally changed

Spectes —A group of varieties or a single vanety which, i botancal or
zoblogical characters and genetic refationship, can be differentiated from all
other groups or vaneties

Sperm —A short term for the male gamete

Spermatozobn —The longer techmcal term for the functional male
gamete

Sporadic —QOccurnng simgly, scatteringly, or apart from others of the
same kind

Symbnosxs —See Commensalism

or dist in the science of classification

Synapsis -—-Tl\e panng off and lying together of homologous chromo-
somes, prior to the maturation division

Taxonomy —The science of classification

Teleology —The doctnne that the processes of nature were ongmally
purposed or planned the doctrme of design

Tet; 1dy —That ch d where the germ cells in some
way acquire four times the haploid number of chromosomes, thus some so-
called plant mutants are tetraplord

Trihybnd cross —A hybndization expenment 1n which the parents differ
with regard to three pairs of allelomorphs

Triploidy —That chromosomal condition where the germ cells 1n some
way acqure three times the haploid number of chromasomes, some so called
plant mutants are tnploid

Unformitanamism ~—The theory that the changes of the past may be
mterpreted mn terms of the changes of the present and that most changes
are of a slow gradual kund  Contrast with Catastrophism

Vanety —A group of mdividuals within & spectes which resemble one
another but duffer o some respects from other members of the species

X-chromosome —The so-called sex chromosome

Y-chromosome —The chromosome that usually pawrs off with the X-
<hromosome 1m synapsis It does not seem to carry any genetic factors
except possibly that of fertiity

Zygote —A combination germ cell formed by the fusion of two gametes
the mndividual, with the diploid number of chromosomes that result from
the development of a fertiized egg

Zygotically —Pertamung to the zygote or feralzed egg
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