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INTRODUCTORY REMARKS

By Albert S Gordon

Deparlmml of Biology Craduate School of 1rts and Scrence
York Cmversity Mew Fork 3

When steroxd hormones were first bemng 1solated and characterized some
mestigators mmpressed with the remarkable actions of these substances
were mchned to regard them as possessed of the hghest order of activity
upon which man could not further improve  However the ingenuity of the
synthetic chemist working 1n concert with the endocrinologist has convinc
ingly refuted this attitude  Thus we have seen the advent of an era marked
with striking success n the synthesis of steroidal dertvatives not only more
potent 1n some respects than the naturally occurring compounds but skill
fully devised to retain the favorable actions desired with a mimmum of
contramdicatory effects

These substances have included the anabolic steroids with potent nitro
gen retaining myotrophic actnaty and lesser androgemc quahties and the
A! demvatives of the 11 oxysteroids which exert more potent benefictal
actions on nflammatory states in man with a dampening of the undesirable
effects on water and electroly te metabolism

In this h another festation of this trend 1s considered—the
newly synthesized steroids with progestational activity  We look formard
with nterest to the unfolding of mformation concerming their nature bio
logical activities and their increasing apphications to chimcal states 1 man




INTRODUCTION

By Abraham E Raloff
Jeflerson Medical College Philaddphia Pa

It 15 of interest to recall that evidence for the existence of a corpus luteum
hormone dates back more than 50 years  In 1903 Frankel! showed that the
removal of the corpora lutea of rabbits in the first few days of pregnancy
mvanably caused the embryos to disappear and 1n 1907 Loeb? discovered
that the corpus luteum specifically alters the uterus of the guinea pig so that
wmplantation becomes possible In 1910 Boum and Ancel® described the
progestational prol. tion 1 the end rium of the rabbit under the
mfluence of corpora lutea It wasnotuntil 1929 ‘however that the hormone
of the corpus luteum resp ble for the progestational proliferation was
shown by Correr and Allen to be present in lipoid extracts of the corpus
luteun  Potent crystalline preparations were prepared in 1931 by Fels and
Slotta® and m 1932 by Allen® and by Tevold and Hisaw ?

The 1solation of pure progesterone was announced almost simultaneously
1 1934 by a number of workers mcluding Butenandt * Slotta Ruschig and
Fels ® Allen and Winterstemner ' and Hartmann and Wettstem 1t

The synthesis from stigmasterol and from pregnandiol and the establish
ment of the structural formula of progesterone was also achieved mn that

ear
Y Although much was expected from the therapeutic use of progesterone 1n
various gynecologic and obstetric dysfunctions the small amount available
and the expense of the preparatton delayed the recognition of the true value
of this hormone i those conditions until the availabihity of higher dosage
preparations  The gynecologist now recogmzes progesterone as the thera
peutic agent of choice 1 the treatment of many ovanan and menstrual
disorders and most obstetricians give progesterone with or wrthout estrogen
as part of therr routine therapy 1n the management of threatened abortion
or 1n the prophj laxis of habitual abortion although the Council on Pharmacy
and Chemustry of the American Medical Association Chicago IlI  mamntains
that there 1s insufficient satisfactory evidence to esttblish its effectiveness for
these conditions

It has been recogmzed also that progesterone has certain practical hmita
tions as a therapeutic agent among which may be hsted its relative nef
fectiveness by the oral route its hmited solubility tn oily vehicles and ats
tendency to gnve painful local reactions on injection of crystalline suspensions
or sometimes with larger dosesn aily solution  Preparations of progesterone
for buccal or vaginal absorption were mtroduced to asoud frequent intra
muscular injection although the relatne potency by these routes was

dimimshed and admimistration by these routes often \\as‘nut convement
‘The ntroduction of anhy drohy drotyprogesteronc or et provided
the first compound for therapeutic use that exerted a considerable pr%'csliﬂ’
onelike action when guen orally as shown by Inhoffen and Hohlweg!? 1y
48
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1938 ¢nd Courmier and Jost' 1 1939  Although its potency was only one
fifth to one tenth that of progesterone given by mjection as demonstrated
by Miescher and Gasche' n 1943 and by Greenblatt!in 1944 1t represented
an important advance in cons entence of administration

In the last several years there has been a remarhable renewal of mterest
1 compounds Wath progesterone activity in the discovery of new preparations
wnth high progestational activity  These however have excited much mter
est not only because they possess properties that represent therapeutic
advantages such as prolonged duration or mgh oral potency but also
because they possess properties that differ from progesterone and from each
other i their biologic actions m man and 1n various animal species and also
1 therr metabolism and excretion products

“Many investigators 1n the Umted States and elsewhere both m the labo
ratory and 1n the chnic are currently devoting much time and effort to the
study of these new progestational agents This monograph was proposed
because of the obvious need for the first hand exchange of information on
the various aspects and problems mvolved m these new developments
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PartI Biological Activaty in Ammals

SOME BIOLOGICAL ACTIVITIES OI' CERTAIN PROGESTOGENS
I 17« HY DRO\YPROGESTLRONE
17 » CAPROATE

By Woodrow B Kessler and Aleck Borman
The Squsbb Instuiute for Medical Research Vew Brunsaick N J

17a Hydroxyprogesterone caproate (HPC)* has been found to be an
active | tional agent p a markedly prolonged duration of
action ! * The low order of activity of unesterified 17a hy droxy progesterone
(HP)? makes the biological efficacy of HPC all the more unusual ~ Although
tnereases 1n potency are noted upon estenfication of certain androgenic and
estrogenic steroids the magmfication of potency following estenification of
HP 1s umquely high

The qualitative and quantitative differences i biological effects noted
following alteration in steroxdal structure* made 1t of nterest to exammne a
spectrum of endocrine responses Thus 1n addition to the progestattonal
actnaty of HPC androgeme glucocorticord  mmneralocorticord and antt
uterotrophic properties were assessed

Progestational Studies

Immature virgin female Flemish rabbits were ingected for 6 days with
5 ug of estradiol 1n 0 5 m! of sesame oul and then treated with 4 daily doses
of progesterone HPC or HP Dunng the 4 day treatment period the
daily estrogen dosage was lowered to 05 ug  Segments of utent were taken
on the hifth day for histological evaluation by the method of McPhall # A
summary of the results 1s recorded in TABLE 1 and the structure activity
relationships are presented 1 FIGURE 1  The decrease in progestational
efficacy of prog following 17a hydroxylation 1s letely reversed
by subsequent estenfication with caproic acid and thi> also leads to a
potentiation of progesterone

Admmstration of single subcutaneous doses of HPC in an cthyl lactate
castor o1l vehicle to rabbits subsequently autopsied at various intervals con
firmed Junkmanns report! that this material possessed a depot action
(F1URE 2)  The delay in onset of actssity as compared with progesterone
(FIGURE 2) was overcome by changing the vehicle to benzy | benzoate sesame
ol (FIGURF 3) The earlier peak response noted had no discermble effect
on the duration of activity which was seen to persist for nearly three wechs

tndrogenic and Glucocorticord Studies
HI HIC, and testosterone were admimistered daily for twenty
aeous route to immature castrated male rats  The
d on the twenty first day and organ weights wer

Doses of
dayvs by the subcuta
ammals were autopsie

Delaluin—F R Squibb & Sons \ew}qor! N
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TasLx 1
Lrrrers OF MoDIFICATION OF L ROGESTERONE o Biotocicar
Porency 1y Fenmate Rassits

‘Number of | Total dase Degree of progestational
Compound rabbits | (mg) proliferation
t 8 10 44 4 42 4 43 44
Progesterone H e nohhnhon
6 025 +2 410 +1 +1 +1
17a hydroxy 4 500 +20 +2 +t
progesterone 4 250 (0000 .
17a hydrovy progester 6 10 43 44 44 4t 4 4
one caproate 6 05 +4 44 43 4+ +3
4 025 +3 +2 +3 42
5 0125 |41 +1 +2 0 +1
4 006 0+100
By the method of Mcl hatl b
?"3 oy
{=0 c=0
CH; CHy
3 Y on
Shy iy
! Vioo
[3
PROGESTERONE (T HYDROXYPROCESTERONE
CHy
=0 0
CHy| [l
0~ C—(CHzly—CHy
o]
z
[

176 HYDROXYFROGESTERONE, 17 1 GAPROATE
F160RE | Progestational activities of structacally modifie { progesterones 1n rabbits
tecorded (raBLE 2) Although the higher doses of testosterone proved
thymolytic neither HP nor HPC showed such actiy ity In contrast
admnistration of both HP and HPC tended to mcrease adrenal weights
A well defined prostatic hypertrophy was eyident following admumstration
of HP hut no androgemec activity was noted with comparable doses of HPC
(TABLE 2)

The fack of glucocorticord actity mdicated by the absence of thymoly sis
following admunistration of HP ar HPC 1s botme out w lwer glycogen studes
carnied out by the method of Pabst et af (TABLE 3)¢% Thus HP and HPC
have httle or no glucocorticord activity
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Weneralocorticord Studies

‘easurements of urmary sodium excretion were made i intact and
adrenalectomized male rats by a modification of Dorfmans procedure?’
In bref, the method consisted of administering a sodium load contaiming

L3¢ osesreen ¢

M7« o osrcor: o o wr )

€ ee st

s
vieew o w o

Froure 2 Comparative effect of a single subcutaneous injection of HPC and pro-
gesterone in ethy! Jactate-castor ol on progestational changes in the rabbit uterus The
values are averages for 4 ammals

Na ? collecting unne for 5 hours and then measuning the labeled sodium
excreted dunng this period  Some adrenalectomized rats were given sub
cutaneous injections of steroidal matenal 1 hour prior to the administration
of the sodium load on the fourth day following surgery  In another group
of adrenalectomzed ammals steroid administration was begun on the day

B e " .

Fruze 3 Comparative effect of a sngle subcutaneous wyection of HpC
)

and pro
gesterone 10 benzyl benz ol on changes o the mgyand o7
The values are averages for 4 ammals

of adrenalectomy and carried on for 2 subsequ(;:nt fa)qi on the fourth day
following adrenalectomy these ammals recenlc only de sodium load con
taming Na?  Both types of studies were also carnel out m 1ntact rats
The herghtened sodm excretion of adrcnaleclomxz(el( m}:s after a sodium
load was approumated m intact male rats pretreate “f“ HPC for 3 dayg
(rapie 4) Moreover ammals treated with 03 mg of progesterone daily
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TasLe 3
LivEr Grveooen DEposTion 1v Rars FOLLOWING IDMINISTRATION OF
17 HYDROXYPROGFSTERONF AND 17a HYDROYYPROGESTERONE CAPROATE

umber Per cent
Compound emEE | Dose (g ) o cent
Twenty five per cent Tueen 10 — 009
E tcetate 4 200 045
4 280 052
4 400 110
4 560 134
17a Hy droxy progesterone caproate 4 400 012
4 560 011
4 800 009
4 1170 008
4 1600 on
17a Hydrovy progesterone 4 400 o1
4 560 008
4 800 0 08
4 1120 012
4 1600 010

The vehucle used for all groups was 25 per cent Tween 80

Tapte 4
EFFECT OF PRETREATMENT WITH 17« HYDROXYPROGESTFRONE (APROATE
ON THE SODITM EXCRETION OF INTALT ML Rars

Na*! excretion

Number n § bours after
Treatment of rats Do sodium load Range
(cpm)

drenalectom: 5 17 684 12073-20 03t

ﬁ'ltl:cnl’ e s 10 469 301419 710
ntact + 17a hydrotyproges

! te:one caproate (3 days) 5 0 5 mg,day 14536 12 224-17 856
oges

Intact + 172 bydroxyprog: s 20 mg day . T 1tts 710

terone caproate (3 days)

t + 17a hydroxyproges
T e G oy 5 {somg/dsy| 18001 | 11502

Tody merght of rats 200 to 250 gm tnput 290250 cpm/ras/0 S ml carmer 01 gog

NaCl/gm body weight
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TABLE §

EFFECT OF PRETREATMENT WITH PROGESTERONE AND 17a HIYDROXYPROGESTEROVE
CAPROATE ON Sopluar EXcRETION OF INTACT VMALE Rats

Na excretion

Tewment  [NUTRS| pose | MSBOMAMT | g
(cpm)

Intact untreated 5 - 9102 38/6-12 149
Intact sesame a1l (3 days) 5 10 25ml/day 10 382 6835-14938
Intact 17a hydroxyproges

terone caproate (3 days) 5 | 03mg/day 11066 4886-15 979
Intact 17e hydroxyproges

terone caproate (3 days) S | 16mg/day 10643 215718 319
Intact 1/e hydroxyproges

terone caproate (3 days) 4 18 3mg/day 1816/ 16 331-19 322
Intact progesterone (3days} | 5 | 0 3 mg /day 27783 14 689-30 162
Intact progesterone (3days) | 5 | I 6 mg /day 19132 5075-33 029
Intact progesterone (3days) | 5 | 8 3 mg /day 10432 4614-14 461
Adrenalectormzed untreated |  § 19110 15 493-24 276

Body weight of rats 27> to 250 gm

NaCl/gm body weight

input 307 650 cpm /rat/0 S ml

TABLE 6

cartier 01 mg

ErrecT OF PROGESTERONE PRETREATMENT OV THE URiNary EXCRETION OF Sobrom
1N ADREVALECTOMIZED MALE RATS FOLLOWING ADMINISTRATION
OF 9 CHLOROHYDROCORTISONE ACETATE

Na*? excretion

Treatment Number|  Dose | Shoewmater | ponge
{epm}

— 4 — 17800 15 400-22 600
9 Chloro F acetate 4 105, 5300 176011 900
9a Chloro F acetate 4 |25 3290 1540~ 5450
Pro,esterone (3 days) 4 |300ug/dav| 12000 1000016 400
Progesterone (3 days) 4 |300 g /day | 11500 5000-17 500
9a Chloro F acetate 05ug
Progesterone (3 days) 4 1300 g /day 8500 6900-15 700
9a Chloro F acetate 25 g
Progesterone (1 hr prior) 4 [10mg 10800 8 100-14 300
Proge terone (1 b prior) 4 |1omg 11600 933013 900
9a Chloro F acetate 05pug
Progesterone (1 hr prior) 4 |10mg 3110 1660~ 56/0
9a Chloro F acetate 25.g

Body weight of rats 120 to 150 gm

NaCl/gm b dy weight

mput 386470 cpm/rat/0 S ml carner 01 mg
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for 3 days excreted more sodium than rats given comparable doscs of HPC
Indeed 83 mg of HPC per day for 3 days was required to obtamn the Jevel
of sodium excretion seen with 0 3 mg of progesterone (TABLE 5)

Pretreatment with progesterone for 3 days or admumstration 1 hour prior
to the sodm load resulted 1n sodm retention in adrenalectomized rats
In spite of this effect pretreatment with progesterone was capable of partrally
reversing a sodium retention due to admmstration of 9« chlorohydro
cortisone acetate (TABLE 6) It 1s noteworthy that no reversal of 2 5 ug of
9« chlorohydrocortisone acetate was observed i ammals treated acutely
with progesterone  The activities of HP and HPC as anti sodium retaming
agents are under myestigation 1n adrenalectomtzed rats

Anti Esirogen Studies

A substantial reduction mn progestational potency mn rabluts 1s noted fol
lowing the ntroduction of 9a halogen and 118 hydroxy! groups into pro
gesterone ® However Huggins® has shown that 9a fluoro 118 hydrovypro
gesterone (FHP) 1s considerably more active than progesterone as an estrogen
antagomst It nas of interest to determine the effects of 17 hydrov; lation
and estenfication on the ant1 estrogenic activity of progesterone

Combnnations of estradiol with progesterone FHP HP or HPC were
administered to mmmature female mice as 3 daly mtramuscular doses 1n

TaBLE ¢
(OMPARISON OF ANTI ESTROGENIC ACTNITIES OF SOME PROGESTAGFNS

Utenne weight Per cent
oy (mg) mhibition
Compound Total dose | ot
&) | wet | bry | wer Dry
Sesame il — w0s | 92| 19 | — _
Eessttndml 0015ug | 106 253 13 — -
Estradol 005 pg| 175 ) 304 | s | _ -
Fstradiol 006 g | 117 | 486 | 68 | _ -
FHI +003 g estradiol | 100 wg | 119 | 248 | 43 w o
50 w| 121 | 247 | a6 s ¥
25 w1230 315 | 51 H #
05 50 | _
17a hydroxy progesterone 16045 | 1 a8
e AL - R A
estradiol Mg 3 e
17a hydrovyprogesterone + !gg i 3 ; g; : z g Z? 7
diol #g _
003 ug estradiol 0w | 112 | 408 | 64 | 2 iy
003 50 ug 123 3 58
P’:f;:‘é.flm Howe Toug | 137 | 329 | 56 3 3
e _evperymental — control _ ¢ ,m]
Percentage of inhibition = 100 — [003 ‘o estradiol — contral
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01 ml sesame ol with autopsy on the fourth day The uterotroplic
responses of mice 10 estrogenic materials have been descnbed by Rubtefal
and the nhibition of this response has <erved as our end point of ant1 estro
gemc actiaty FHP proved a more potent antagonst of estradiol n the
mouse than did progesterone n confirmation of Huggins rat data ®  More
over neither HP nor HPC shoned much activity as ant1 uterotrophic agents
Indeed HPC was shghtly stmulatory in these studies (Tapte 7) Thus
both ant1 uterotrophic and progestational activities are virtually abohshed
when progesterone 15 hydronlated 1n the 17« posiion  While progesta
tional activaty in the rabbit returns with subsequent esterification anti utero
trophic activity 10 the mouse remains absent from this modified progestagen
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SOMT BIOLOGICAL ACTIVITIES OF CERTAIN PROGESTOGENS
II 9 AND 12 HALO 11 ONYGENATED PROGI'STERONES

By Josef Fried Woodrow B Ressler and Aleck Borman
The Squibh Instinte for Medical Research New Brunsutck v J

Lnhancement of biological activity by 9a halogenation of the cortical
hormones was the subject of a paper published 1n a monograph of The New
York Academy of Sciences less than two years ago ! The emphasts at that
time was on the adrenocorticod properties of the 9« halogenated denvatives
of the more highly hydroxylated hormones particularly hydrocortisone It
was shown that mawimum activity was exhibited by the fluorinated com
pounds and that there was a progressne decrease n potency when the
heavier halogens were substituted for fluorine  The high degree of potenti
ation achieved by this structural modification made 1t posstble for the first
time to replace the hydroxylated side chams of hydrocortisone and of corts
costerone—beheved to be essential for corticoid activity—by the simple
acety] side chamn of progesterone and still retam appreciable corticod
actinity  More recent biologrcal studies of the resulting 9« halo 11 oty gen
ated progesterones and of therr 12a halogenated analogues? outside of the
corticod area have resulted 1n the discovery of their anty uterotrophic and
progestational properties which form the subject of this paper

TaBLE 1 represents a more complete record than was available i 19551 of
the activities of the 9a and 12« halo 118 hydroxy and 11 Letoprogesterones
in the rat Iiver glycogen? and sodium retention assays ®  These data clearly
show the gradual mcrease glycogenic activity with decreasing atomic
weight of the halogen atom In the case of the sodium retention assay
only the fluorinated dernvatives show pronounced activity the activity of
the remainng members of the series bemg negligible The remarkable
almost quantitative parallelism of the activities of the 9a and 12« halo
dernvatives? has served to support the hypothesws that the activity enhancing
properties of the halogen atorm are a function of the latter s electronegativity
that 1s of the varyimng faciity of the individurl hrlogens withdraning
electrons from the neighboning 118 hydroxyl group and thereby increasing
the acidic character of the latter *  Such a hypothesss 1s especially attractive
since 1t visualizes a transfer of the effect of the halogen onto the 118 hydroxy!
group, which 1s considered vital for corticoid activity It may be concluded
from the above considerations that structure potency relationships of the
type hitherto discussed should apply only to those activittes for which the
presence of the 118 hydrovyl group s essential  As we shall see later the
effects of the varous halogens on progestahional and anty uterotrophic

actnvity ate of quite a different nature

Huggmns and Jensen” were the first :o show :h:}t 9a halogenation of 11
oxygenated steroids could enhance p% ency oui Slhe of llhc corticord area
These worhers while studymg the ml uenccdo iv: crglcah structure on the
ant1 ute[au‘nphlc activity of Vanm;:*sterm s found that i contrast to
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progesterone which was a potent inhibitor of the uterotrophic activity of
estrone 1 the hypophysectomuzed rat 118 hydroxy progesterone possessed
considerably lower activity  On the other hand 118 hydroxyprogesterone
was more potent than progesterone n mhibtting the uterotrophic activity of
testosterone 10 the hypophysectormzed rat {TaBie 2) 9u Fluoro U8
bydroxyprogesterone was found to be considerably more potent than 118
hydroxyprogest n the uterotrophtc effects of both estrone

TasLe 1
ADRENDCORTICOID ACTIVITY OF 9a AND 12 HALOPROGESTFROMES

CH;

cortisone acetate = 1

NN
Liver glvcogen rat Sodium retention rat
DCA=1

YAVAVE
[
9o of 12a
Halo en Y Ya 12 9a 12«
Br B OH 008 0 40 <0 02 <00
(002029 (0250 6§)
Br Keto 003 <01 <0 02 <0 02
Ct 80H 035 047 <0 07 01
{0 27-0 4) | (0 330 59)

[} Reto 015 <015 - -
(0 09-0 21)

F 8 0H 085 070 11 06

@601 09| (04510

Reto

110 0 60 28 -
(0 87-1 38) | (D 38-0 95)

The figures m parenthe es represent the 95 per cent confidence mtervals calculated by
the method of C T Blss

and testosterone  Thus 9 fluormation has agam enhanced the biological
activity of the parent substance TABLE 2 also shows data for the more
highly hydroxylated products 9« fluoro 118 17a dihy droxyprogesterone and
9a fluorchy drocortisone which particularly m the normal amimal indicate
reduced potency as a result of side cham hydroxylauon Huggns and
Jensen noted tht the histological changes in the vaginal eprthelium follow mg
admmstration of 9« fluore 118 hyd erong were o
the changes with progesterone itself  Hertz and Tullner ® using the Clauberg
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TaBLE 2
InnmITIoN OF GROWTR OF THE UTERLS BY
9a FLLORINATED STFROIDS?

Istrone 05 ug | Intact immature { Testosterone

hypox rat rat 1 mg hypox rat
Steroid
Dose | Per cent | Dose | Per cent | Dose | Per cent
(ug) | inhibition | (ug) | nhibitron (ug) | nhibition
Progesterone 2%0 36 200 24 1000 5
118 My droxyprogesterone 1000 22 200 21 1000 32
9a Tluoro-118 hy droxy
progesterone 250 51 100 +H 100 3
9a Fluoro 118 17a dihy drovy
progesterone — — 100 24 250 38
9a Fluorohydrocortisone 250 51 100 18 250 36
technique were indeed able to d rate classic p lihe actraty

for this halogenated steroid Their results are summarnzed In TABLE 3
Companson of the figures for 118 hydroxy progesterone with those for 1ts
9« fluoro denative shows an increase m actnrty due to halogenation by a
factor of 5 to 10 Similar enhancement 1s seen with 9« fluorohy drocortisone
and 9« chlorehydrocortisone which possess low yet sigmficantly higher
activity than hydrocortisone
In an eflort to ascertain the effects of the different halogens on ant1

uterotrophic and progestational actiity we have extended the studies cited
above to mclude all the 9« and 12« halo 118 hydroxy progesterones and
11 hetoprogesterones  The test employed for the evaluation of ant1 utero

trophic potency has been described i the preceding paper and the results

‘ABLE 3
PROGESTATIONAL ACTIVITY OF 9 Haro STEROIDS
IN THE CLAUBERG Assay

Steroid 1
(progesterone = 1)
B I R

Progesterone L o0
118 Hydrosyprogesterone o
9 Fluoro-118 hydroty progesterone HH LI
9 Fluoro-118 17a diby drov; progesterone Sogt
9e Fluorohy drocortisone 5o
9 Chlorobydrocortisone o
9a Fluoro 1 dehy drohy drocortisone <0 o
Hy drocortisone o001

Data from Hertz and Tullper *
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obtamned are summarized in TaBLe 4 The potencies of the different com
pounds are expressed mn terms of the dosage required for 2> per cent mhi
bition of the uterine response to 003 pg of estradiol Increase m dosage
leads to increased mhibition which however 1n no case exceeds 80 per cent
In comparing the potencies of the vamous dervatives 1t 1s at once evident
that the structure activity relationships established for corticord activity

Taste 4
ANT! UTEROTROPHIC ACTOVITY OF 9a AND 12 HALOPROGESTLRONES
IN THE DMMATURE MoOUSE

CH,
c=0
oo
A Dose required for 25 per cent
SN intubition® of the uterotrophic
. response elicited by 003 pg
estradiol
SN
’ (ug)
NN\
[+
9 or %a
Halgon % % 12a
1 s OH 0510 5-25
1 Reto — 25-125
Br 80OH 15-30 10
Br Keto 5 0-10 >420
cl 8 OH 20 2550
a Eeto 10 450
F 80H 50100 20
r Keto 50100 <50
Progesteronc 210 —_

(halosteroid + estradiol) — control

Per cent mhibiion = 1060 — [
estradiol — contro}

X 100]

no longer obtan n this case  The activities of all the 9« halo dernvatives
lie in the same range which 1s approuimately equal to that found for pro
gesterone  This 15 true also for the 12« halo series with the exception that
the 12« bromoketone 15 mnactive and that the chloroketones and 1odo
Letones possess considerably lower activities than therr hydroxy analogues
This latter phenomenon which ncidentally 1s also observed with these
compounds n the Iner glycogen and Clauberg assays 1s believed to be due
to the reduced rate of conversion of the mactive Letones to the active 118
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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 thinkers on the subject of orgamc evolution
The earlier writers were greatly mmpressed with the sublimity of the
1dea and found 1t 1n full accord with their religious faith  The later
wniters are less awed by the vastness of the process and hence adopt
a more completely materiahstic attitude It 15 not necessary how
ever to discard ones religious beliefs in order to adopt a screntific
attitude toward the problems of orgamc evolution  These pomnts of
view are well expressed 1n the following quotations

‘The world has been evolved not created 1t has arsen little by
little from a small begnning and has mcreased through the activity
of the elemental forces embodied in 1tself and so hasrather grown than
suddenly come mto bemng at an almighty word  VWhat 2 sublme 1dea
of the nfinite might of the great Architect! the Cause of all causes
the Father of all fathers the Ens entium! For if 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
mit 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 indefimte period of the past and to continue for ages to
come all i accommodation to the changes which must continue in the
mammate and habitable earth the 1dea struck me as the grandest
which I had ever conceived so far as regards the attributes of the
Presidmg 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 Organsc Evolution (The Macmillan Company ~Reprinted
by permission)

3



4 EVOLUTION GENETICS AND EUGENICS

It 13 mterestmg to contemplate a tangled bank, clothed with
many plants of many kinds with buds singing on the bushes, with
various wsects fiittmg about and with worms crawhng through the
damp eatth, and to reflect that these elaborately constructed forms,
sodifferent from each other and dependent upon each otherin so com
plex 2 manmer have all been produced by laws acting around us
These laws tzhen in the largest sense bemng Growth with Reproduc
tion Inheritanee which 1s almost impbed by reproduction, Vanabihty
from the wdirect and direct action of the condition of fe and
from useand disuse  a Ratio of Increase so high as tolead toa struggle
for Lafe and as 3 consequence to Natural Selection, entailing Drver
gence of Character and the Extinction of less improved forms  Thus
from the war of pature from farmine and death, the most exalted
object whick we are capable of e ing nawely the prod of
the lugher ammals directly follows  There 1s 2 grandeur m this view
of hfe withits several powers, having been onminally breathed by the
Creator nto a few forms or into one and that while thus planet has
gone eycling on accordmg to the fixed law of gravity, from so simplea
begmuing endless forms most beautiful 2nd most wonderful have been
and are beng evolved —Charles Darwin Oragin of Specres conclud
g paragraph

Speakimg broadly we find as a fact that transmutation of species
through the geologic ages has heen accompanied by wcreasing dever
gence of type by the increased specialization of certamn forms and by
the closer and closer adaptation to ¢onditions of hie on the part of the
forms most highly specialized the more perfect adaptation and the
wore elaborate specialization bting assocated with the greatest
varety or varation m the environment Accepting for this process
the name orgame evolution Herbert Spencer has deduced from 1t the
general law that as Iie endures generation after generation 1ts
character as shown w structure and function, undergoes constant
differentiation and specialzation. In this view, the transmutation
of species 15 not merely an observed process but a primitive necessity
wvolved m the very organization of hfe itself —D § Jerdan and
V 1. Kellogg, Evolution and Ansma? Life (1008) p 4

The Doctrne of Evolution 1s a body of principles and facts con
cerming the present condation and past hustory of the iving and Wfeless
things that make up the universe It teaches that natural 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 Etolu
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 Inorgame 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 ntelligent 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 intenseand 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 consistently arranged and properly
classfied  The di cussion which followed the pubhication of Darwin's
Ongun of Species lasted for nearly a generation but 1t 15 now practi

cally closed so far as any attempt to discredit evolution as a true
scientific generali ation 18 concerned  Scientists are no longer ques-
tromng the fact of evolution ~ they are busied rather with the attempt
1 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 evolution —Afaynard M Metealf, An
Outline of the Theory of Organsc Evolution (1911) pp X=X

Buologists turned aside from general theones of evolution and
therr deductive application to special problems of descent mn 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
Agsociation 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 ving 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 proclaim what glortous
progress we have made  otherwise in saientific 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 comprel of lvmg nature, indeed 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 compelled to accept this deduction, but as to almost all
the essential featurcs whether of cause or of mode by which specific
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duversity has becore what we perceive 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 n 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 Leep clear the distinction that evolution 1s a law while
Darwmnism 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 mysterous 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 Lamarchk, of Darwin of Weismann figure
prommently as leaders of different schools of opimion  while there are
others hke myself, who for various reasons belong to no school and
are as agnostic about Lamarckism, as they are about Darwinism or
Weismanmism or the more recent form of Darwimism termed Muta
tion by De Vries

In truth from the period of the earlier 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 reasoning which began with the French natural philosopher
Buffon one hundred and fifty years ago ends n 1916 with the general
feeling that our search for causes far from bemng near completion ba
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 ohe 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 Tertiry  We know not only those
Lurger chams of decent, but many of the mmute details of these
tren formations. Ve do not hnow therr mternal causes for none of
the explanations which have 1n turn been oered dunng the last hun
ared years satnfies the demands of ob~emvation, of expenment, of
reaon. It best frankly to acknowledse that the cluef cavses of the
orderly evolation of the germ are still entwely enknovn and that our
search mus take an enturely fresh start. —HL F Osborn, T# Origs
ord Etclution of Life (Charles Scribne- s Sons), 1918 pp vir-x-

WHAT ORGANIC EVOLUTION IS \OT

1t The evolution doctrme 13 not a creed to be accepted o2 fad
«s are relqous faiths or creeds. It appeals enturely to the logicl
f.culties vot to the spintal, and 15 not to be accepted wntil proved:

2 It doss not teach that man 1s a direct descendant of the 2pes
2nd monkevs bat that both man and the modern apes and mozkevs
tave been denved from some as vet unlnown gemerali ed prum €
anees.cr possessing the common attributes aps and
Ldang ther spreLrations, of el thres groses

3 Itseo svoonvmous with Darwiarm, for the latter 15 merely
02 I s attempt to expluin kow evolution has occurred.

. rs Ccit'mry 102 verv wdespread 1dea, evolution s by no means
x_m;-:pzh., “wthre.gon. Witzess the Lt that the early Christia
th“-e‘u;:.z\ Acgz tme 20d Thomas Aquinas, were evolatonssts aad
the majonty of thonshtfol theolomans of all creeds are todzy &
z.u:‘txd wih e ev0"z00m 1dez, many of them even applymg the po-
CO?\E—‘:W:: s:::i.s of relmon for relijons 1deas and rdeab, ke
Em;__‘x :_:’_'u::s, Lave evolved from cude begmnmgs 2ad ar2

T
oo dm s not degrading Qe the contrary” 1T
e0tEng 25 15 well bronatt ost by the d.us.Qc statement of B;‘TD
mp:"tf.mﬂbvx_"nchyd],came3
o 'f?—.f'i:‘.‘.::dot:x:edosno teach that man ts the goal of
. Y o, bt that man 1y mendly the preseat €4
rodnet e pertienl | senes of evo'atonary changes The goal
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of evolution 1n general 1s perfection of adaptation to the conditions of
life as they happen to be at any particular ime  Many 2 highly
perfected creature has reached the goal of 1ts evolutionary course
only to perish because it was too highly perfected for a parucular
environment and could not withstand the hardships mcident to rad:
cally changed world-conditions “any evolutions therefore have
been completed while others are still awaiting the opportumty to
speed up townard a new goal

7 Evolution 1s therefore not entirely a thing of the past Obwa
ously some spectes tncludmg Man perhaps are nearlv at the end
of thewr physical evolution but there are always certam generalized
plastic types awaiting the next great opportunity for adaptive speciali
zatton



CHAPTER O

HISTORICAL ACCOUNT OF THE DLVELOPMENT OF THF
EVOI UTION THEORY

+
The chief sources of matenal for the present chapters are Osborns
From the Greeks o Darwtn and Judd s The Comn, of Erolution
Professor Osborn studzes the evolution of the evolution 1dea as a
biologist would investigate the evolution of a group of species usmng
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 fossuls of the evolution :dea 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 thimkers 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 it 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 1s unques-
tionably closely bound up with the latter
‘The evolution theory 15 a 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 pos.ible 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 fairly well understood

I F Osborn From bae Greeks fo Daricon (The Macmillan Company 1908)
Jobn W Judd The Comng of Exolution (Cambnd, e Uniersty Press 1913
w©
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much palaeontological discovery had been made, before 1t was found
that the facts from these sources all pownted to one general principle
and only one that master prinaiple ¢ organic evolution

‘We shall now trace the development of the evolution 1dea from
1ts mception among the Greeks to its present status and shall first
give 2 brief account of Greel. evolution

EVOLUTION AMONG THE GREEKS

The early Greek thinkers were sea people  *Along the shores and
i the waters of the blue Aegean,’ says Osborn * teeming with what
we now hnow to be the earliest and simplest forms of ammals and
plants they founded their hypotheses as to the ongmn and succession
of Ife The spint of the Greeks was vigorous and hopeful
Not pausing to test their theores by research they did not suffer the
disappomntments and delays which come from one s own efforts to
wrest truths from Nature

The Greeks were anticipators of Nature  Thewr speculations out
stpped the facts 1n fact were usually made with  eyes closed to the
facts  Their theories were mestricably bound up with current
mythology were naive, vague and from our modern potnt of view
ndiculous  yet they contamed many grams of truth and were the
germs out of whuch grew the saner 1deas of subsequent thinkers

Thales (624~548 B c ) was the first of the Greeks to theonze about
the ongin of hife He looked upon the great expanse of mother ocean
and declared water to be the mother from which all things arose and
out of which they exist  This idea aaticipates the modern 1dea of
theaquatic or marme onigin of ife, and also the present 1dea as to the
ndispensablity of water in all vital processes

Anaximander (611547 BC) has been called the prophet of
Lamarck and of Darwin ~ While hus theones were highly mythical i
character, he conceived the 1dea of a gradual evolution from a formless
or chaotic condition to one of organic coherence  He saw vaguely the
wdea of fransformation of aquatic spectes anto terresirial even derving
man from aquatsc fishlike men (mythical mermen) who were able ta
emerge from the water only after they had undergone the necessary
changes required for land hie  This 1dea snvolves that of adaplation
one of the cornerstones of the modern evolutionary structure

Anazimenes (588~524 8¢ ) a pupil of Anaxumander, found m air
the cause of all things  Aur, takung the form of soul mparts hie
moton and thought to ammals *  Itis questionable whether thisisa
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prophecy of the importance of oxygen and oudation in vital processes
Anaumenes also mtroduced the 1dea of abiogeness (spontaneous
generation of iving sub tance) s idea bemng that ammals and plants
arose out of a premordual ferrestrial slume wakened mto Lfe by thesun s
heat This primordial terrestrial sme 1s perhaps a prophecy of
Ohens Urschlem or of protoplasm

Xenophanes (576-480 BC) probably another pupil of Anau
mander agreed with lus master so far as to trace the origin 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 B¢ ) 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 nto 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 (495-435B C) tooh 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 animal 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 orgamization 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 1s 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 ammals
third, that forms were gradually replaced (not ded,
by perfect forms fourth that the natural cause of the production of
perfect forms was the extinction of the imperfect
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Democrttus (b 450 8¢) said to have been the first comparative
anatomist, contributed to the substructure of evolution the 1dea of the
¢ adaptation of single structures and organs to certamn purposes

Anoxagoras (500-428 B C ) was the first of the Greeks  to attribute
the adaptations of Nature to Inteligent Design, and was thus the
founder of Teleology * an 1dea that has played a retarding function 1n
the hustory of evolution

With Arastotle (384-322 B ¢ ) we enter a new world, says Oshorn
He towered above his predecessors and by the force of hus genius
created Natural History *  The evolution 1dea took a great step
fornard with Anstotle and reached a stage beyond which it did not
go for many centuries He covered nearly the whole field touching
upon most of the foundation stones of the eomplex problem His
1deas like those of all the Greeks were often vague and 1n the hight
of present knowledg ) but, d the meager factual
background wmith wlnch ke had to work he had a surprising grasp of
the whole situation  Some of hus principal 1deas were

1 He had a clear 1dea of laws of Nature ( Necessity ) and
attributed all evolutionary changes to natural causes

2 He opposed the 1deas of Empedacles as to the fortntous 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 substantially the modern conception of the Evolution
of Uife from a primordsal soft mass of iving matter

s He had an idez of a lmear phylogenetic series begmning
with plants then plant animals such as sponges and sea anemones
then animals wath sensibility and thence by graded stages up to
Man

6 He percerved the umity of type m certam classes of anunals
and considered rudimentary organs as tohens whereby Nature sustains

this umty

7 Heanticipated Harvey s doctrine of Epigenesis m embryonic
development

8  Hefully percerved the forces of hereditary transmussion of the
prepotency of one parent or tock, and of Atavism and Reversion

9 He s the father of that ancient fallacy called prenatal influ
ences * and believed m the mheritance of acquired characters as 15

shown mn the following passage
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¢ Children resemble their parents not only 1 congemtal characters,
but in those acquired later in bfe  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 1s 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 idea 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

Lucretius (99-35 B C) appears to have been chiefly a follower of
Empedocles 1 50 far as hus 1deas as to the ongn of animals are con
cemed He 1gnored Anstotle and s much more advanced pht
losophy of Nature finding the earhier, more mythical conceptions
better swited to poetic expression  He was not truly an evolutiomst
for he beheved that all ammals and plants arose fully formed from the
earth Lucretws 1s of mmportance chefly as a retarding factor for
hisideas were accepted and admired even up to the eighteenth century
witness Milton s immortal verse

The Earth obey d, 2nd straight
Op ning her fertile womb teem databirth
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 learming m the Middle Ages  The cluef inibating
factor was the church, which favored traditional knowledge and the
special-creation 1dea i 1ts most hteral form  Yet the early theo-
logians such as Gregory Augustine and Thomas Aquinas were open
mnded about the evolution 1dea and attempted to reconcile it with
the scriptural account of creation

‘Gregory of Nyssa (331-396 AD) taught,” says Osborn  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 matenal !
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Augushine (353-430 AD) concerved the 1dea, now so generally
adopted by theologians, that the biblical account of creation s alle-
gorcal  In explamnmng the passage ‘In the begmning God created
heaven and the earth ’ he says

¢ In the beginning 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 m 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 Aguinas (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 lind—a view favoured by the superficial
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 mn those first days
God made ereation primarily or causaliter and then rested from His
work,

THE REVIVAL OF SCIENCE

During the long centuries until the awakenmng of science m the
Middle Ages the evolution 1dea smouldered along m the minds of a
few thmkers but it 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 Leib
mtz and Kant are the most famous

Francss Bacon (1561-1626) did much to revive the vogue of Ans-
totelian 1deas  He also zdded some new ideas () that the muta
bility of species was the result of the accumulation of vanations (2)
that vaniations of an extreme hind equivalent to  mutations, some-
times qccur  (3) that new species mught 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



16 EVOLUTION GENETICS AND EUGENICS

general 1deas of evolution were comprehensive and summed up the
best features of all preceding writers but he did not contribute any
thing new to the pressing problem of the causes of evolutton

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

Bonnet (1720-93) was an evolutionist only m the sense that he
belteved that the adult organism 1s present 1n the egg and evolves from
1t 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 described m Genesis may be only a resurrection of ammals
previously existing This theory admits of no progress and 1s
scarcely worthy of the name evolution

Oken (1776-1851) 15 known chiefly for luis  Urschletm  doctrime
and his 1deas of cells as vesicular umits of Iife  According to him
¢ Every organic thing has ansen out of shme and 1s nothing but .htme
m vartous forms This primitive shme origmated 1n the sea from
morganic 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 penod
those of Lmnaeus Buffon and Erasmus Darwin

Lannaeus (1707—78) was the father of taxonomy  He contnibuted
facts rather than theonies  he mvented our present system of binomial
nomenclature of both animals and plants and a great many of hus
generic and speafic names stll persist  Unfortunately he was an
ardent advocate of the special-creation 1dez holding that all of the
true species were created as they are known today evcept that new
combmations may have arsen through hybndization or through
degeneration  His influence was great but was reactionary and proved
a sentous hindrance to the progress of the evolution 1dea

Buffon (1707-88) bom the same year as Linnaeus has been
recognized as the father of the modern applied form of the evolution
1dea  He attempted to explamn lar cases on an evol

24
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bamis. Helived ata time when 1t was dangerous to express views that
mght 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 modifi
catrons through heredity Thus seems to wumply that he believed
the mhentance of acqured characters He expressed himself as
beheving that chmate has had a direct effect 1 the production of
varnous races of man that new varieties of ammals have been formed
through buman mtervention (wn 1dea 1mplying artificial selection)
that simlar results are produced by geographic migration and through
iolatton  He expressed the view that there 1s a great struggle for
existence among anunals and plants to prevent overcrowding and
to maintam 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 his time,
tus specaal applications are open to serious entiosm  He reasons
for example that the pig 25 1t exsts at present could not have been
formed on any onginal complete and perfect plan but seems to have
been formed as a compound from other anumals It has useless parts
which could hardly have been a part of a perfect plan as onigmally
concerved He thought that the ass 1 a degenerate horse and the
ape a degenerate man

On the whole Buffon was not 2 strong advocate of evolution and
his mfluence was far from bemg as important as some recent writers
appear to believe

Erasmus Daruen (1731-1802), grandfather of Charles Darmin
was 2 physician, a paturalist and 2 munor poet Undoubtedly he
transmitted to his grandson his thoughtful habit and love of science
and was mfluential m shapmg s 1deas on evolution The elder
Darwins theories as to the causes of evolution closely paralleled
those of Lamarcl. his distinguished contemporary m France but it
1s now very generally conceded that the 1deas of the two men were
mdependently derned from symilar materials  Erasmus Darwin lnd
little emphass on the direct action of the environment which had been
Buffon s maim dependence and dwelt on the internal ongm of adap-
tive characters * All apumals ’ he saxd  undergo transformations
which are m part produced by thew own exertions i response to
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pleasures and pamns and many of these acquired forms or propensities
are transmutted to their posterity  One could ask for no clearer
statement of the 1dea that acquired characters are inherited

The fierceness of the struggle for existence was clearly recognized
byDr Darwin He considers that th, struggle 1s beneficial to Nature
as 2 whole because 1t checks the too rapid increase of ife  One step
farther m the argument and he would have arnved at the idea of the
survival of the fittest but he never took that step  He agreed with
the early Chnistian fathers in hus belsef that the powers of development
were implanted within the first orgamsms by the Creator and that
subsequent evolution of adaptive characters went on without further
divine mtervention The power of improvement rests within the
creature s own orgamzations 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 millons of years have been required for the processes of orgamc
evolution and that all life arose from one primordinl protoplasmic
mass He wntes as follows

From thus meditating upon the minute portion of time 1 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 hustory of
mankind, that all warm blooded ammals bave ansen from one hiving
filament which the first great Cause imbued with amimality, with the
power of acquinng new parts attended with new propensities directed
by rntations vohtions and and thus possess-
ing the faculty of continuing to improve by its own mherent activity
and of delvening down these unprovements by generation to pos-
tenty world without end ?

LAMARCK

Tamarck (1744-1829) the greatest of French evolutionists, 1s now
locked upon 2s  the founder of the complete modern Theory of
Descent  Osborn hum  themostp figure between
Anstotle and Darwin  One cannot compare his Phelosophie sodlogsque
with all previous and contemporary contributions to the evolution
theory or learn the extraordinary difficulties under which he laboured
and that hus work was put forth only a few years after he had turned
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from Botany to Zoology 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 m this tone) long placed
him 1n the Iight of a purely extravagant speculative thinker Yet
as a fresh mstance of the certainty with which men of science finally
obtain recogmition 1t 13 gratifying to note the admiration which has
been accorded to him 1n Germany by Haeckel and others by s
countrymen and by a large school of American and English wnters
of the present day tonote further that hus theory was finally taken
up and defended by Charles Darwin himself and that it forms the
very heart of the system of Herbert Spencer ’

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

I ILife 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 in 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 rise to and mamtamns

TIL The development of organs and their powers of action are
constantly in ratio to the employment of these organs

IV Everything which has been acquired mpressed upon or
changed in the organization of individuals duning the course of their
lfe 15 preserved by generation and transmitted to new mdividuals
which have descended from those which have undergone these
chan,es

Itisabout the last * law that the controversy rages forit upholds
the 1dea that acquired characters are wnhersted now known as the

Lamarckan doctnne

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

1 Favorable circumstances attending changes of environment
soil food, temperature etc supposed to act directly n the case of
plants mdirectly m the case of ammals and man

2 Needs new physical wants or necessities induced by the
changed conditions of bfe Lamarck believed that change of habits
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may lead to the ongmation or modification of organs that changes
of fanction also modify or create new organs By changes of environ
ment ammals become subjected to new surroundings involving new
wavs and means of bving  Thus certamland bird  dmven by neces
sty to obtam thewr food in the water gradually assumed characters
adaptmg them for smmmmg wading or for searching for food n the
Jhallow water as m the case of the long neched kinds

3 Useanddiae Tousean organis to developit mnot to use
1t 1s to eventually lose 1t The antenor limbs of birds became capable
of sustained fight through use the hind Limbs of whales are lost
through disuse etc

4. Competition MNature takes precautions not to overcrowd
the earth  The stronger and larger Inng things destroy the smaller
and weaker The smaller multiply very rapidly the larger slowly
A physiol 1 balance 15 d

§ Thet of acquired ch The ad
gamed by every mdividual as the result of the structural changes
resulting from use or disuse are handed down to 1ts descendants who
begm where the parent Jeaves off and so are able to continue the pro-
gres.ion or retrogres.ion of the character

6 ¢ Crossbreedimg  If when any pecularity of form or any
defects whatsoever are acquired the mdpaduals in this case always
pamnng they will produce the same peculiarities and 1f for successine
generations confined to such unwons a special distinct race will then
be formed But perpetual crosses between individuals which have
not the same peculianties of form result in the disappearance of all
the peculianities acquured by the particular eircumstances

7 Isolation  VWere not man separated by distances of habita
tion the muxtures resulung from crossng would obliterate the general
characters which distingwsh different nations  This thought 1s
expressed m hus account of the origin of men from apes and 1s rot
applied to hving things in general

In addition to hus theorues as to the causes of evolution Lamarck
was the first to pre<ent the 1dea of the tree of Iife or phy logenetic tree
as 2 mode of representing anmal relationships Al previous classifi
cations had been ba.ed on the 1dea of a single Imear phylogenetic
series each lower group bewng suppo edly ancestral to a higher group
and all n 2 single chain

We may best sum up Lamarck s work and influence m the words
of Osborn
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¢ Lamarck asa paturalist, exfubited exceptional powers of defim
tion and description while n fus philosophical writings upon Evolu
tion, his speculation far outran Ius 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 acquited new organs sumply by wishing for them  His really
sound speculation m Zoology was also imjured by his earher thoroughly
worthless speculation m Cherustry and other branches of saence
Another marhed defect was that Lamarck was completely carmed
awzy with the belef that hus theory of the transmussion of acquired
characters was adequate to explam all the phenomena  He did not
like his contemporanes, Erasmus Darwin and Goethe, perceive and
pomt out that certam problems m the ongin of adaptations were still
left wholly untouched and un<olved His arguments are 1n
most cases, not mductive, but deductive and are frequently found not
to support hus law but to postulate 1t

‘It 15 now 2 question whether Lamarck s factor 15 a factor m
Evolution at all! If it prove to be no factor Lamarck will sik
gradually mto obscurity as one great figure 1n the hustory of opimon
If 1t prove to be a real factor he will nise nto a more emment position
than he now holds —1nto 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 3ll an opponent of Lamarck and second of evolution
m general  He ranged himself with Linnaeus as a special creationst
and advocated the 1dea of fixity of speczes  All the beings  said he

belonging to one of these forms (perpetual since the begimning of all
things that 15 the Creation) constitute what we call species * So
able was Cuvier and so much m favor at the French court that he
succeeded m throwing Lamarch s views mto disrepute and thus
greatly retarded the progress of evolution He was brilliant as a
¢ and pal and will long be known for
‘s discovenie 1n these fields

E Geoffroy St Hilawre (1772-1844) did lus best to defeat the
retarding influence of Cuvier The two engaged m a long and batter
controversy over the evolution idea While not a supporter of
Lamarclism proper he was 2 thoroughgomg 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 Vnies
i that he believed that new species mught be formed by transmutation
or sudden large variations occurring in one generation  ‘“Hence the
underlying causes of transformations he sad  were profound
changes mduced 1z the egg by external iflusnce., 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 1dea 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 evoluson The prevailing theortes as to historreal
geology durmg the Middle Ages involved therdeaof catastrophism
According to this view all important changes mn the earth s crust
represented sudden radical transf son: Iving earthquak
voleame outbursts floods sudden upliftings of submerged areas or
equally Ludden submergence of Jand bodies  From these 1deas natu
rally grew the related idea of great world wide destructsons of animals
and plants followed by re creation of new faunas and floras  Cuvier
for example mterpreted the more of less distincet fossil strata as beng
the result of a senes of tremendous cataclysms the last of which had
been the great d=luge of Scripture 1 which Noah figured prommently
He thought that at each cataclysm great flagds of water had covered
the earth that the existmg antmals had been burted 12 mud and thus
preserved as fossils and that a new creation follosed each cataclysm
The great strength of this conception was that 1t appeared to gne
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 eghteenth century combated the
sdea of catastrophism by advocating the doctrne of umiformatan
amsm, a view mvohnng the 1dea that past changes on the earth

wese the result of the same Sort of gradual change as are observed
to be tal ing place today—~in brief that there has been a strict uas
forouty of change throughout the entire persod of geologie hstory
There may have been according to this view local catastrophes,




HISTORICAL ACCOUNT OF EVOLUTION THEORY 23

such as volcame outbursts, earthquakes and floods but the mam
trend of change has been slow and constant due largely to erosion
and allied phenomena This view had practically no influence
on the deas of the time and for a long period the 1dea of catas-
troplusm triumphed over the more truly evolutionary view of um
formitarianism, thus the evolution 1dea was destined to ke dormant
till revived by Charles Darwin

THE REAWAKENING OF THE EVOLUTION IDEA

A number of 1mportant influences paved the way for the rehabili
tation of the evolution 1dea at the hands of the younger Darwin
Which of these was the most mmportant 1t 1s difficult to say Prob
ably Charles Lyell s Princsples of Geology and Malthus On Population
were the most suggestive works that Darwin encountered He was
also doubtless influenced by Robert Chambers Vestiges of Natural
History of Creation which appeared m 1844

Charles Lyell (1797-1875) s0 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 1dea of
orgame evolution  Charles Darwin as a very young man took Lyell s
Pranciples of Geology with hum on his voyage on the  Beagle and read
1t with the greatest devotion as 1s evidenced by his dedication of the
Journal of hus 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 studyimng the
well known admurable Princeples of Geology

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

Fifteen months after this systematic mquiry began [referring
1o Darwm s exhaustive working over of his notes taken durmng s
voyage on the Beagle ], Darwin happened to read the celebrated
work of Malthus On Populatron for amusement and this served asa
spark falling on a long prepared train of thought The 1dea that as
amumals and plants multiply 1 geometrical progression while the
supphes of food and space to be occupied remam nearly constant
and that this must lead 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 sace so strikmgly presented by Malthus brought the
whole question with such vividness before um that the idea of
Natural Selection flashed upon Darwin s mnd

CHARLES DaRWIN (1809-83)

Chorles Darwsn 15 wathout question the foremost figure i the
denvelopment of the evolution wdea and probably m the development
of science m gemeral ‘The publicatson of s bool The Origin of
Spectes 1m 1850 was the mast important event tn bhrological ustory
As bas been already shown Darwin s chuef ideas had been anticipated
not by one but by several of hus predecessoss Nevertheless be
was the frst to furnish a really adequate proof of the fact of evolution
and his causa mechanscal theory to explatn the method of evolution
was supported by a mass of systematically arranged data such as has
been paralieled pesther before nor sinee  Darwin was the first evoln
‘aomst effectively to employ the mnductive methed that of everywhere
seeking facts first and then devisng theomes to fit the facts He
never allowed speculation to outstrp ebservation a3 nearly allof hus
predecessors bad done but made theory await the amassing 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
due to lus establishment of the factual basss of evolution ius selection
theory was relatwely of minor sigmificance 1n so far as 33 value mn the
development of the evolution 1dea was concerned Vet tius Iatter
theory gamed the wadest acceptance among the scientifically mchined
during the entwe post Darwinton period It has been wicrously
assaded on all mdes and has tottered repeatedly under the attacks
of well trained adversaries Some of the weaher clements of the
theory have given way under stress and the whole selection factor
as a prumary causal factor 15 evolution has been senously called mto
question  byptsince Darwin s tume ¢he foc? of evolution bas heen almost
amversally accepted

‘The story of Darmn s hfeis almost 2 romance  Bomnmn 1809
says Lull  this emantipator of human mads from the shackies of
slavery to tradition saw the hight of day upon the very day that
ushered m the hife of Abraham 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  Hislove

Ruchard Smann Lull Orgame Esolution (The Maemuitan Company 1917)
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of Nature however dominated all other interests and shortly after
graduation an opportunity came to Join the ship Beagle® asnaturalist
tn a 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 theW orld resulted
mtheaccumulation of the first of Darwin s great series of observations,
the final decision to devote hus Lfe to zoological research and the
bepinmng of that 1illness which made him a life long 1avalid  This
last factor necessitated a retired hie and thus proved of indirect bene-
fit as it 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 § THEORIES

Since two subsequent chapters are to be devoted to Darwinism
only an outhne of Darwin s theortes need be presented 1n the present
historical aceount

Although Darwin was an all round biologist and gave attention
to practically every phase of evolutionary biology he is known espe
cially for hus selection theories  There are three of these the theory
of artificial selection the theory of natural selectson, 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 in a more
bighly perfected condition others m a less The ones that vary
favorably are agam selected for breeding stoch and the same process
1s carried on until the desired character has been perfected

Although we now Lnow 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 1dea 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 Al 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 All members of a species vary in many if not all direetions

4 Those that vary in the more faxoratile disections, 50 28 batter
to fit them to meet the condstrons of bife survive m Jarger numbers than
those vary ing i less favorable directions  Thisis Spencer s survival
of the fittest

§ Thesurvivors of one generation become the parents of thenext
and theref the moare favorable ch ase passed on more
largely than the less favorable

6 ‘Thereis m each generation 2 stow but definite approach toward
complete adaptation to fe conditions

7 Varatiens nesther useful nor harmful weuld not be affected by
nafural seleehon and would be left either as fluctuating vanatins or
as polymorphic characters

€} Sexual selection —~This theary was offered to supplement that
of natural selection becavse Darnin considered the latter as made
quate to explun the facts of sexual dimorphism or secondary sexual
chazacters The theory i as follows Thete 15 always & contest
among males fo possession of females m which the inferror males are
elymmated erther Lecause they are on the one hand less courageous
or weaker or Jess well equipped with weapons of combat, or because
on the other band the more attractive males whether on account
of colors oders phosphorescence behavior ete. would succeed
winning mat -5 (rom those Jess endowed  Thus would be enhanced the
sexual dimo Thism watl 1t Teaches extremes w many cases that are
truly rema sable

The nurre of Alfred Russelt W allace (1821-1913) will always be
associated wich that of Charles Darwin as ¢o author of the theory of
vaturalselectron  VWallace at the age of tweaty sixwent on 2 natural
iste expedstion pramantly for collecting specimens from new regions
He covered almost the same ground as did Darwm in s voyage
an the Beagle  Wallace had read Lyells Principles of Geology
Malthus On Population Chambers Vestges of Creation  While m
Sarawsk he tells us I was quite alone wath one Malay bay as cook
and dunng the evenings and wet days T had nothing $o do but to ook
oves my books and ponder aves the problem which was rarely absent
frommy thoughts  While thus engaged the idea of natural selection
came 10 fum as though by a sudden flash of msight When the 1dea
was still 1 process of formation he wrote a1t out on thin paper and
maied 1t to Darwn statmg that he considered the sdea new and
asking Darwin 10 show 1t to Lyell, who had expressed mterest m a
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former paper of Wallace The 1deas were expressed under the title
On the Tendency of Vareties to Depart Indefinvtely from the Orsginal
Type, and 1t proved to be an unusually concise and luaid statement of
the mamn pomts of the natural selection theory Darwmn at once
wrote to Lyell as follows

¢ I never saw 2 more striking comaidence if Wallace had my
MS sketch wmtten 1n 1842, he could not have made a better short
abstract! Even hus terms now stand asheads of m/ chapters  Please
return to me the MS which he does not say he wishes me to publish
but I shall, of course, at once wnite and offer to send 1t to anv 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 detenorated
asall the labour consists in the application of the theory  Ihope 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 thus course was carried out
Darwin's generosity was equaled by that of Wallace who wrote 1
1870

1 have 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 Ortgin of Species 1 have long
sinee measured my own strength and know well that 1t would be quite
unequal to the task ’

Stll 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 nobility of character of both men
but there can be no serious competition between the two for the honor
of being called the originator of the natural selection theory

CONTEMPORARY OPINION REGARDING THE VALIDITY OF DARWIN S VIEWS

At first Darwm was mchined to behieve 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 his earher 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 therr advocacy of the all sufficiency
of natural selection as would not have met with Darwin s approval
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“The fiest effect of Darsins works  says McFarland,* “was to
carry the world of scence by storm but at the same time to arouse
mtense hostlity on the part of the theologians who found the theory
of descent meompatible mith the doctrmes of Creation In
thus conflict Darwn took no part but was champroned by Huxley,
winle Bishop Wilberforce led the oppositon  The battle was long
w«nd bitter there was much acnimonious wniting on both mides but
the theory of descent—the doctrine of e olution—was found to be
invulnerable and at present the theoly : fves have accepted
it and even make use of 1t 1w their own work

But as the years flew by the Darwinian dectnines began to meet
with assaults from the scientists themselves who having endeavored
te prove thewr vahdity began to find them inadequate to the require
ments of expanding knowledge The Question was ashed *What 1s
theongn of the fittest?  Given the fittest we easily understand how
1t 18 perpetuated but how does 1t anse? In the stnking phrase of
someone  Natural selection might explan the surviral of the fittest
but fasls to account for the arrsal of the fittest!

Darwi s matn supporters durmg the most trying tontroversial
penod were Herbert Spencer and Thomas H Huxley

Herbert Spencer {1820-1503) was an extremely able supporter of
the general theory of esolution but was more defimtely an advocate
of Lemarckism than of naturat selection s rle was that of a
champion of the whole philesophy of evolution as opposed to specal
creation and it was largely due to s Jorceful wrrtings that Darwnsm
won the battle against dogmatism Spencer tned to explun the

of protopl ving sub on a ph ) }
banis  He thought of the structural units of protoplasm as compa
rable with the molecules of chenueal compounds each local Tegion

of the protoplasm 1 the Organism being made up of different kinds of
umits which he called  physiological umts Thus conception. of the
rhysical basis of orgame structure had a considerable mftuence 1
shaping Darwin s ideas and was probably the basis of the latters
provisional theory of pangenesss This theary was probably the
first consistently worked out theory of the mechamics of heredity

Tt was thought that every past of the body 15 continually giving off ats
pasticular kind of unsts ¢ gemmules ) into the blood These gem

mules are transported by the blood stream to all parts of the body and

wm! AcFatland, Bislory Geneead and Medeal {The Macmillan Company
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collect 1n the germ cells  Thx v gy 5
that from the germ cell will dovr 2 =, ~
vartous details  Ifapartof e~ wp 4~
tionng or through changed em v e F
gemmules, which m tum, w037 22 2¢ 1.0 g, &
the modification to the next gem=z re, =
factory even to Darminand snovem_ ¢ .., _

Spencer 15 best known i the us orv ¢ . o
ardent neo-Lamarckian  He states uyr o oo
function produces change of structi ey » o
changes of structure so produced 2 ¢ yn e &
until 1t was cast down by Welsmam.

Thomas Henry Huxley (1825-95) ou » . .
cal thinkers of the nineteenth century ns -
doctrine of evolution agamnst Bishop W ol er,,
an able mvestigator i the fields of com,are
ology At the British Association 2t (e

after an American professor had o o,
fortmtous concourse of atoms? 23 a comus
Dr Samuel Wilberforce the Bishop of Or..»
flippant attack on the Orsgin by enquining of
as Darwmn’s champion 1f 1t ‘was throu hhes _
mother that he clasmed s descent from 2 £ ~

‘Huxley made the famous and well-des
and I repeat—that a man has no reason to ,,
ape for hus grandfather If there were or .
feel ashamed of recalling 1t would rather ix . »
and versatile mtellect—who not content w; &
of activity plunges into scientific questions «,
acquaintance, only to obscure them by avi .«
the attention of hus hearers from the reaf g
digressions and shilled appeals to religiow, 5 ¢

Huxley himself accepted the theory of
not without some important reservationy—w
prevent hum from becoming 1ts most ardezs ,

L

-
Darwin used to acl nowledge Huxley s grea . c o

taking the defense of the theory—a defense . /:
controversy and state of health made hum o
by laughingly calling him my general agers . ,/' —

teplymg to the critics declared he was Dz
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Ernst Haeckel (1834-191g) was one of the earbest and most
nfluenial followers of Darwin 1 Germany In hus Generelie Mor
phalogte published 1 1866 seven years after the Orsgsn of Spectes
first appeared he applied the doctrine of evolutton and especually
the theory of natural selection to the whole field of vertebrate mor
phology ~ Beyond question Haeche! overapplied the theory and m a
sense weakened 1ts mfluence by his rather uncntical use of matenals
His wntings have been translated into most languages and ¢ are
popularly believed to represent the best scientifie thought en the
matter  Buologists today however, are apt to Jooh askance at
Haeclel s works and to consider that they did more harm than good
to Darwimusm

August Wesmann (1834-1914) was the first really ongmal
evalutionst after Darwn  Like other thinkers of hus tune, be reabized
that further progress 11 the hnow ledge of the causal basis of evolution
lay wm further nvestigation of the causes of vaniation and the physical
basts of heredity Weismann has been classed as 2 neo-Lrarwinian
because he was a strong advocate of some fotm of selection but hus
‘selection was pot the selection of Darvin  Realizing that the
greatest weakness of the natural selection theory lay 1 its madequacy
as an ongnator of variations he proposed the L-selection
theory He ded that all heritahl have their ong
in the germ cell and therefore that a new type of orgatustm anses only
from a changed type of germ cell The germinal selectson theary
stands out w stihmg contrast with Darwins  paneness  theary
The former s centrifugal the latter centnipetal  Deterrmners  of
new characters according to Wenmann anse m the germ plasm and
work outward to all parts of the developmg body while the ‘gem
mules  Dars ns equivalent of determmers ongmate w the bodv
tissues and are carried to the germ cells i each generation  Accord
ing to Wewsmann there 1s a struggle among the determuners for the
available food and favorable positions m the germ cell and those that
recenve the most food and the best positions garm an il advantage
50 that they are able to nitiate the development of larger or more
perfectly adapted organs  The descendants through cell diviion of
these favored determimers are m a position to compete with other
determers on 2 more fas orable footing i each succeeding generation,
50 that the character represented by them steadily increases in 2 himear
of defimtely directed fashion unts) it reaches the state of complete
adaptation or fitness  Such a character may even continue its direct
line of advance bevond the pomt of maximum fitness and result 18
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what are known as overspecializations  The theory therefore would,
if well founded account nat only for the mitial stages of new adaptive
characters, but also for ov lizations, two ph that
natural selection was unable to account for Not only were pro-
gressne evolutionary changes explamed by germinal selection but
regressive changes seemed to be even more readily accounted for oz
this basis In the struggle among determuners 1 the germ cell
some of the less favored units would be handicapped at the outset by
insufficient 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 1n compehition until they were weaklings among
determuners and would be able to mitiate only degenerate or vestigial
structures or else would die out and lose their place altogether thus
accounting for total losses of structures

This theory does not exclude natural selection but ratherincreases
1ts smportance, for every structure that anses 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 1n which the successful determiners reside

A shightly different explanation of degenerating structures
volves the pnnciple of panmimia  According to this idea, changing
environmental conditions may render certan adaptive organs of
lessened value or of no value as would be the case 1 the eyes of cave
anmals  In different mdividuals the eye determmners would vary n
therr success 1 competition with other determmers and since natural
selectron would no longer put a premmum on perfect eyes, all grades of
eyes would be equally inhented and gradually the poorer or degenerate
eyes would become more numerous, till finally there would be no
goodeyesmn therace Thusit will be seen that the germunal selection
theory was auxiliary 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 s purely
hypothetical and cannot be put to an expermmental test Every
time an objection to the theory was ramsed an auxiliary hypothesis
was added to explamn away the dificulty till finally st fell to the ground
through sheer top-heaviness unable further to support its intncate
structure of interrelated hypotheses

A much more valuable and lasting contnbution of Weismann was
tus theory of ¢ germmal continuity and of the ¢ apartness of the germ
plasm  The whole theory has come to be known as the * germ plasm
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theory ” which forms the framework of nearly alf of our modem
genetics  According to this wiew the germ plasm s smmortal i
that 1t 15 perpetuated from generatson to generation through the
strumentality of mitotic cell division each germ cell bemg the prod
uet of the drviion of a previous gesm cell back to the first germ el
that arose at the dawn of ife  Thus a germ cell cannot be & product
of the soma but the soma 15 the product of germ cells  The soma foses
its generalzed characters and speciaszes 1n various ways  Once
speciahized <omy cells are befieved to have lost their capacity to play
a germonal rile  Speciahzation means mortaty  Thus the relatson
ship between parent and ofspring 1ot that the parent gres nise to
the offsprng but that the same germ plasm gives nse to both parent
and offspring

The logical conclusion to winch this ine of reasoning leads s that
the changes m the coma 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 som cells Consequently Wewseann
led the assault aganst Lamarchism and won the day so conclustvely
that even 1 these modern times few biolagrsts have the tementy to
express aloud any definite behef 1 the nhertance of acqiared charae
ters  Wewmann s germ plasm 1dea 15 the cornerstone of modem
geneties thoughthere are some fornard looking biologsts who looking
at things with a physiologicat bias cannot make themselves beheve in
the total mdependence of anv tssue—even the sacred germ plasm

Wessmann s influence was very great especially durng the fast
decade of the nineteenth cextury and his theones gave mse to an

unmense amount of research chyefly of a cytological and embryo-
logieal character

ISOLATION THEORIES

Among the theorses subsudiary to natural selection as an md to
speaes formung are the vanoos wolation theones  One of the weak
pesses inherent m watural selection bad to do with the probable
swamping out of new types by promuscuous breeding with the more
pumerous indrnduals of the older types  Anyttung  says Melealf

which dondes 2 species mte groups whuch do nat freely mterbreed,
1ssd to segregate (isolate) the members of the speaies mto thee sub-
divisions,
Some Amencan wnters especially Jorden and Kelloge Gulick and

Crampton have dealt with the 1solation factor m evolution and bebieve
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/ that 1t 1s a major factor of as great importance i species forming or
aearly so asnatural selection  But the prevailing opinion seems to be
that 1solation 18 really a kind of selection, more Like artificial selection
than anything else, which separates out certamn pure lines and prevents
promu.cuous mtetbreeding  Vanous agents are known to produce
1solation by erecting bamers to interbreeding between groups of
mdividuals within a speaies These segregnhve factors may be

1 climatic, 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 a1ds 1n the preservation of types when once formed Were
there not spontaneous vanatiops among amumals and plants, there
would be nothmg to isolate Therefore 1solation plays only an
aunliary rble helping to preserve new races once they are formed

ORTEOGENESIS THEQRIES

¥ The orthogenetic evolution theonies of vartous authors based
upon the assumed occurrence of varations m determinate lines or
dwrections (a restricted and determinate vanation as compared with
the nearly mfinite, fortuitous, and indetermmate variation assumed
m the selection theories) are of several types The mention of two
will reveal pretty well the more mmportant characters of 2l Not a
few brologists have always believed i the existence of a sort of mystic
speaial vitalistic force or prmciple by vartue of which determination
and general progress m evolution 1s chuefly fixed Such a capaaty,
nherent m hiving matter seems to mclude at once possthilty of pro-
gressive of truly evolutionary change Mot all evolution 15 m 2 single
direct e tobe sure ascent 1s not up a .ingle ladder or along a smgle
geological branch but these branches are few (as indeed we actuallv
Lnow them to be however the restnction 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 more 1deal hife stages and conditions
Other naturalists also seerung to see this source of determmate
or orthogenetic evolutton but not mchned to surrender ther dis-
beltef m watalism, 1 forces over and beyond the familiar ones of the
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physicochemucal world bave tried to adduce 2 Qefinste causomechan
cal explanation of orthogenesis  The best and most comprehensive
types of thus explanation are those essentially Lamarchian penerple,
m which the direct tof of 1 cond the direct
reactions of the hie stuff to sumuls and wBuences {rom the world
outgde are the cavsal factors m such an erplanation  But while
every naturahst will grant that such factors do change and control
1n a considerable degree the hfe of the mndividual most see no mechan
15m ot means of extending this contral directly to the specres
The zbove quoted paragraphs from Jordan and Kellage® wall
senve 1o place before the siader the general 1deas mvolved m the
orthogenesis conception A bnef account of the vanous specal
theortes of orthogenesis follows
Carl von Négels s 1deas of orthogenesis mvolve a belief 1w & sort of
mystical pancple of p deve) E3 I quite
meangble that extsts m arganie nature which causes each orgamsm
to strive for or at least make for specsahization or perfect adaptation
This sdea of an mner driving and direcung Sorce rermmds one of the
entelechy of Dnesch or Bergsons  ereative evolution  Nagelt
believed that ammals and plants would have developed essentrally
as they have without any struggle for eustence or natural selection
This form of orthogenesis theory then 15 altermative to natural
selection
Theedore Exmer s theory of orthogeness 1s more screntific and les
mystical than Nageh s He hebieved that bines of evolution were not
muscellaneous and haphazard Lut were confined to a few defimte
directions determined at the mitial stages not by natural sefection
but by the laws of organse groweh arded by the mhentance of acquired
characters A new character makes a beginnng ss would the first
step in 8 slow chemical change or senes of such changes, and 3§ must
ga through toa fived end wnder gwven conditions just as surely as does
the themieal process  Only when 2 given chasacter or hine of evolu
non results m the production of a vesy posittve advantage or dis-
advantage to the speaes does natural selectron s ep 1n to mterfere
with erthogenesss  The causes of orthogeneqisare said to he an the
effects of external influences chrnate, mstrition or the gwen constitu
tion of the organism.
Actusl speces-formmng or the breakung up mto spectfic umts o
the orthogenetic hmes of change depends according to Famer upon
Jordan and Kelloge Evolution and Ammal Lsfe (D Appleton and Cowmpany)
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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 hmdmnce or difficulty of reproduction (the type of thing that
d as physiol 1 1solation ten years later)

Eimer ilustrated his theones by the evolution of color patterns i
hzards and those on the wings of butterflies  In both he beheved that
longitudinal stripes were pnmutive, that rows of dots followed these
which were m turn followed by crossbands, reticular patterns and
finally by solid eoloration This hypothetical phylogenetic order 1s
more or less closely paralleled by the ontogenetic order, m the
lizards at least

It will be noted that Eimer s theory places natural selection In a
subordinate position but does not disnuss 1t altogether as1s dove by
Nagel: It aids natural selection in explaming adaptations i that it
furmushes for natural selection various characters of selective value
which may be either perp d or el ding to ther
ity

E D Cope a leading Amencan palacontologist of the past cen
tury, had an orthogenetic theory mvolving hus tdeas of bathmism®
(growth force), Linetogenesis’ (direct effect of use and disuse and
eavironmental influence) and  archaesthetsm’ {mfluence of prim
tive consciousness) It may be said that s 1deas were Lamarckian
throughout In common with the majonty of palacontologsts of
later date~—Osborn Walliston Hyatt, Smith and others—Cope felt
the need of some factor other than natural selection to explamn the
apparent steady progress of characters 1 definitely directed hines as
seenin the fossils It 1s natural therefore that palaeontologssts almost
uniyersally lay hold of both Lamarchian and orthogenesi 1deas

Charles Otis Whitman who until lus death over twenty years ago
was considered the leading American zoologist had strong leanungs
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 reconcibiation 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 earher penod in the lustory of these plants? Secondly,
1f species can spring mnto existence at a smgle leap without the as.st
ance of cumulative varations may they not also ongmate with such
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assistance? ‘That variation does isstic a new species and that natural
selection 1s a factor, though not the oly factor in determining results
1s, In my opmon, as certain as that grass grows although we cannot
seeitgrow Furthermore X beheve I have found indubtable evadence
of species-forming vaniation advarcing i a defimte direction {ortho
genests) and hhewise of vamations m various cirections (ampht
genests)  If T am not mistaken m this, the reconciliation for natural
selection and orthogene 1s 18 at hand

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

THE MUTATION THEORY OF DE VRIES

The theory of mutations 1s assocated wath the name of Hugo
De Vries the well known Dutch botamst  that of “heterogenesis
with the name of H Korchinsky a Russian

Though Korchinsky antiapated De Vnies by several years his
work was not supported by the large amount of expenimental data
that charactenzed that of the great Dutch worker The relative
clamms 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 Darwm and De Vres held back their theo-
nes until they appeared 1o be adequately supported by personally
collected facts

There 1s 2 stnking parallehsm between the 1deas and conclusions
of De Vries and those of Korchunsky and since this 1s true a résumé of
De Vries s better Lnown work will serve to give the essentials of the
whole conception

De Vnes began lus genetic experments by a study of the vanations
of plants i the field After learming therr normal vanability in
nature he transferred them to the evpenmental garden and there
attempted toimprove them by selection  He found that the improved
lving conditions due to better soil and cultivation mduced a wider
range of vanability in si.e luxuniance and fecundity  Such vanations
were plus or munus i therr character fluctuating about a mean or
average Tt was evactly this type of vanability that Darwn empha
sized as the raw matenal of evolution but De Ves found by expen
ment that selection had no permanent hereditary effect when based
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to fluctuating vanations smce 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 loolked far and wide among species of wald plants for a speces
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 Vnes found several ndividuals growmg among the typical
mdividuals which differed not merely m degree but mn kind  These
were as different as distinct vaneties and when the sceds 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 ongin must have been 1n the
germ cell and not m the soma C ly they were b d
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 ving
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
seleckson theory —1It will be recalled that the raw material 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 germunal vanations  The
essential feature of mutations 1s that they are germual 1n orgin and
therefore come forth full fledged 1n the first generation ansing from
the changed germ  Darwin recogmzed “saltatory vanations’ or
tsports wihuch are mutations, but did not consider them of suff
cently frequent occurrence to furmsh an adequate matenal for
selection

De Vries, on hus side, did not discard the prmaple of selection,
but showed that .election acted as between mutants, serving to elim
nate those which are unfit and allowng 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 1l suited to explam the ongmn 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 it may be sud 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 pninciple, gmding mutations
toward adaptiveness

THC RISE AND VOGUE OF BIOMETRY

No histonical account of the development of the evolution :dea
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 mamn 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 mumute
structure of the germ cells)

Str Francis Galton @ 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



HISTORICAL ACCOUNT OF EVOLUTION THEORY 39

resulting from hus computations of parental generations with those of
offsprng he amnved at two laws of heredity the law of filial regres-
ston and that of ancestral shares of inhentance  The essence of the
first was that the offspnng of excepttonal parents tend to regress
toward mediocnty 1 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 it was the pulldown of a miscel
laneous ancestry that made for regression toward mediocnty It
appeared that half of the hereditary mﬂuencc could be assigned to
parents balf of the der to half of the
remamnder to great grandparents, and 50 on down the e

Karl Pearson a pupil and follower of Galton, has carred 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 m physics and 1n 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 in which great accuracy
1s demanded. Frequently, however, the methods are far too refined
for the matenal and much time 1s wasted mn handling crude data
by means of highly refined instruments of measurement and ultra
accurate mathematical methods

Oun the whole the contnbutions of biometry to our understanding
of the causes of evol are rather disapp About the only
clean-cut findimg has been the discovery that some vanations are
continuous and others discontinuous  The former are capable of beng
expressed 1n a single curve with a single mode while the latter are
expressed 1 bimodal or polymodal curves If matemal 13 homo-
geneous to start with 1t 1s hikely to give monomodal curves butif 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 in its setting as one step in the
advance of the evolution 1dea

EXPERIMENTAL BREEDING

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

W E Castle Genetscs and Eugenes (Harvard University Press 1930) p 82
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Rhumself, both befo ¢ and since has seemed to regard 1t as of mmor
mmportance  He called thy the low of splitting of kybrids  The same
Low 1t 1 clammed was mdependently discovered about the same tume
by two other botamsts Correns m Germany and Tschermak i
Austna  Further historical mvestigations made by De Vnies showed
that the same law had been dicovered and clearly stated many years
previously by an obscure naturabst of Brinn Austria named Gre,or
Mende! and we have now come to call this law by uis name Mendel s
Zou  Mendel was so httle hnown when his discovery was published
that 1t attracted hittle attent on from scientists and was soon forgotten,
only to be unearthed and culy honored years after the death of its
author Had Vendel Ined forty years Iater than he did, he would
doubtless h..ve been a devotee of biometry , for he had 2 mathematica)
type of mind and his discovery of a law of hybndization was due to the
fact that he applied to his biological studies methods of numencal
exactness which he had learned from algebra and physies  In biology
he was anamateur beinga teacher of the physical and natural saences
in a monastic chool at Brunn Later he became head of the
manastery 2nd gave up scientific work, partly because of other duties,
partly because of failing eyesight

There had been plant hybridiers before Mendel but therr lack
of exactness 1n techmque had prevented them from discovenng the
law of segregation or sphttmz of hybnds

Josepk Gottlieb Kolreuter (1733-1806) who really belonged to the
period of Lamarck barely mussed maling the discovery that was
afterward made by Mende! The salent features of hus work are
according to Castle

¢ 1 Ralreut blished the

of sexual reproduction 1
plants by showing that hybnd offspring mbent equally from the
pollen plant and the seed plant
‘2 He howed that hybnds are commonly ntermediate between

their parents i pearly all characters observed such for example as
size and shape of parts

3 Many hybnds are partially or wholly stenle especually when
the parents are very dissumilar (belong to widely distinct species)
Such bybnds often exceed esther parent m size and vigor of growth

4_Kolreuter did not observe the regular splitting of hybnds
which Mendel and De Vnies record but some of hus successors did
patticularly Thomas Knight {1799) and John Goss {1822) 1 England

0p ar,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 § LAWS

The carhiest expenmental mmestigations 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
Brunn 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 hybrid 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 fertihized produced
yellow and green seeds 1n the ratio of three to one

¢ Subseq breedings gave an ding senes of results stmilar
to those obtamned wath the first fibal generation,

Willum A Locy The Main Currents of Zoslogy (Henry Holt & Company
1918) Pp 37-30
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“Thys great prinople of alternative 1mhentance was exhibyted
throughout the extenstve expertments of Mendel, and 1t 1s pow receg
nized as one of the great bilogical discoveries of the mueteenth
century

The essential feature of Vendel s discovery was not the phenome
fton of derinance for relattvely few mnstances of pure domunance have
been discovered but it was the phenomenon of segregalion By
segregation 15 meant that although determners for opposed heredi
tary characters denved from diverse parental sources may umitein a
common germ plasm for one generation, they segregate out pure or
unmodified by their assonation together, 1 the next and subsequent
generations  This Jaw of segregation depends on the idea that the
germ cell 15 composed of bundles of separately mhentable umt charac
ters which may be parred or groupe 1, shufled and redealt Iihe cards,
50 as to grve an nfinite number of permutations and combinations
without affecting the umt determuners themselves

From the evol 34 d 1t 15 supposed that new untl
characters anse by mutatons and are fully hereditarv They cannot
be swamped out by wterbreeding unless they ate recessive for they
will dominate the old ¢} Even h could be
perpetuated by segregation or by the umon of two mdividuals possess
ing the determmner m the recesstve condstion as well as the dommant
Thus a knowledge of the behavior of umt churacters 1o hereditv
reveals past of the mechamsm for conserving new charactersaf they ase
advantageous or even sufficiently fit to survive

New types or species mught anse through processes of hybndiza
tion and the survnal of mdirduat the most favorabl
combinations of characters

¢ Evolution from thus point of view,' says Morgan,* ¢ has conswsted
largely 1w mtroducing (by mutations) new factors that influence
characters already present m the ammal or plant

! Such 2 view gives us a somewhat different picture of evolution
from the old sdea of a ferotious struggle between the mndividuals of a
spectes with the survival of the fittest and the annhation of the less
fit  Evolution assumes a more peaceful aspect  New advantageous

h survive by porating themselves wmto the race wmprov
g 1t and opening to 1t new opportunities In other words the
erphasis may be placed less on the competition between the wdt

T ¥ Morgin 4 Cridsgue of the Theory of Erolution (Prncetan, University
Press, 1916) pp 87 33
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viduals of 2 species (because the destruction of the less fit does not
snstself lead toanythung that 1s 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 Mendels
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 claum and
attempt to prove that umt characters are fixed and that the only
source of variation 1s hybnid, or Biol 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 creatiomst, admutted the possibility
of the ongm of new species by hybndization

NEO-MENDELIAN DEVELOPMENTS

Since the rediscovery of Mendel s paper by De Vres 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
tnbuted most largely to an understanding of the mtricacies 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 hypothesis 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
stopsarelost new things emerge  Living matter has changed only m
that 1t becomes simpler 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 Lnown expression of opison Bateson 1s the
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anthor of a large amount of fine work 1n geneties #nd will rank high
n the history of the subject

T H Morgan our leading Amencan genetiast 18 best known for
Tus hes into the meck of Mendehan mh Through
the statistacal study of ratiosand Linkages of characters in the frut fly
Drosophula 1t has been possible to chart the focalities of the deter
miners or genes of at Jeast 406 mutant characters  He has shown that
four hinked groups of genes enst corresponding to the four kands of
chromosomes of the germ cells one of these groups ts sex linked and
15 therefare to be assigned to the X-chromosome of the mutant male
Two other large groups are to be located 1 the two large autosomes
and one very small group 1s assiumed to be located n the microsome
Not only heve characters or therr determmers been assigned to given
chromo.omes, but they have been located 1n a hnear series on a given
chromosome  So accurately have these loc been determuned 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 a theory must be founded on facts
Morgan and hus collaborators 1n genetics are now convinced that they
have discovered the actual mechamsm of beredity 1n the bebavior of
the chromosomes 1 maturation and fertiization and that 1t 1s unex
pectedly smple  Chewr views have aroused considerable opposiion
but they have apparently met successfully all attacks up to the precent
If 1t be true that the actual machmery of vanation and hetedity has
oeen discovered we are farther along m our understanding of the

h 1 basis of evol than we could have hoped to be
at so early a date

HEREDITY AND SEX

Smce Darwin s theory of sexual selection sex has been a comph
cating factor m evolutionary theones and one of the chef advances
of the present century has beenn connection wath the factors con
trolling sex determunation and sex dufferentiation  The evolution of
sex has also been a subject for considerable research

1t now appears that sex 1s an mhented Mendehan chasacter, the
determiner of which 13 camed m 2 defimte chromosome or group
of chromosomes  Cytological examunation of germ cells under the
able Jeadership of I B Wilson has now made 1t certam that sex, i
not directly the re.ult of the presence or absence of speafic chromo-
somes at least 15 absolute} lated with such o It
appears bowever that the sex which 18 setiled by the chromasome
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mechamsm at the time of fertilization may or may not realize its
normal somatic differentiation, depending upon the presence or
absence of the proper environment  Cases are on record i which an
dividual germinally determmed as a 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 within 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 hugh 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 accard
and the study of their heredity does not throw much Light on the prob
lem of therr ongain 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 strilung success m the artificial wduction of
mutations has been obtaned by H F Muller using as his material 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 m various ammals
and plants  The ability to produce such large numbers of mutants at
will furnishes abundant material for genetic nvestigation 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 organism  Some progress has been made 1 this
direction

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

prneiple of evolution by certamn individuals and religious bodues 15
bardly to be considered as forming a part of the hustory of the science,
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but 1t 1s sigificant as an nfluence that may serve either greatly to
accelerate or to retard the progress of our science  The wnter s own
experience 1s that the controversy has greatly enhanced popular mter
est i this subject, as evidenced by the growing demand for books on
evolution and athed subjecis and the marked mcrease m the numbers
of students 1n the colleges who wish to elect courses along these Lines

CONCLLDING REMARRS

Now that we have triced the evolution of the science of orgamc
evolutton from 1ts crude be,inmings among the Greehs up to the
present we are in a position to go back and make a systematic study
of some of the more important phases of evolubtonary stience
Charles Darwin found 1t necessary to prove the fact of organic evolu
tion before attempting to di cover tts couses  Flis method of proof
was to marshal 1 great array of facts which agree wuith the tdea of
descent with moditicttion  and we shall follow Darwin s methed in
the subsequent chapters dealing with the evidences of evolution

Nor ~In the first half of the present histonical accouat many short passages
are presented in quotation marks with ut mentinning the ssurce of the quotation
In all suck cases 1t will be understood that these prssages are from . F Q horn s
book From t} Greeks to Darwin {The Macoullan Company)
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CHAPTER 111
1S ORGANIC EVOLUTION AN ESTABLISHED PRINCIPIE?

1 Ts there definite proof of organic evolution?

2 Ifso what s the nature of the proof ?

3 What are the evidences of evolution and in what ways do these
Liear witness that evolution has occurred and 1s still occurning ?

Before presenting mn any detail the several bodues 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 admt that there 15 no absolute proof of orgamc
evolution  But, for that matter thete 15 no absolute proof of any
thing that depends on records of past events  We have no absolute
proof that Caesar or Napoleon once Ived or fought or conquered
All we have are the accounts left by the historians which we accept
without question because they are the products of human thought 2nd
mmagination  There is no absolute proof for either of the more or less
directly opposed theortes of the origin of the matenial universe the

nebular hypothesis  of Laplace and the planetesimal hypothesis

of Chamberlin and Moulton Both of these theones rest upon
exactly the same types of evidences as does the theory of organic evolu
tion viz, the amassing of facts which appear to be exphcable on the
assumption that the one or the other theory 1s true  Ifall of the facts
are m 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 2 proved theory  As yet 1t 1s mmpossible to say that
either of these theories as to the ongm of the universe has been proved
Yet there 1s much less popular opposition to the acceptance of these
theortes as facts than there 15 to the general theory of organic evolu
tion  Similarly, there are certam widely accepted theones of the
onigm of the present conditions of the earth s crust and 1ts hquid and
gaseous envelopes  The accepted theory as given us by Hutton and
especially by I yell 1s 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 orgunic evolution  The ba 15 of the accepted theory of geolageeal
evolution 15 the  uniformitanan doctrine  of Lyell, which assumes
that the hey to the past bes in the preseat, that the changes that are
going on today are of the same orde and kind as those of the past,
nd finally that there 1s verther beginnmg wor end to the earths
evnlutionary history Lut that a slow and orderly development bas
¢one on and will conunue mdefinitely  The proof of this conception
comsists of an asray of facts ferned from 2 study of the earth s erust
includm,, ats stratified structure of traces of ammal and plant bfe
preserved n the rochs of ohserved changes m contizental contours
gomy, on today of erosion go ng on n coasts and streams, and of &
con rderahle 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 today although its foundations are no more
securely ha ed 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 ¢an e an atom 4o 10n, of a1
electron  Chemical and physical facts are rationabized by assuming
the exsstence of these umts with their vanous properties  The only
evidences of the existence of atoms tons and electrans appear w the
facts that on the assumption that they exi t, the whole array of
observed chenucal and physical phenomena are rationalized and
bound together mto a coherent consistent, and mielligible system
In other words with the atomic omuc, and electron theones chemistry
and physics are highly rational sciences wathout the e thearies the
phenomena of physics and chemustry would be a hopeless hodgepodye
Vet who would <av that these fund. ] theones are absolutel
proved?

The only type of proof of phenomena that cannot be directly
observed or that pertain to the remote past 3 circumsfontial prool
By analogy we conclude that ce tamn changes took place thus and s¢
1 the past betause we observe sunilar changes gomg on today  Every
past event has left a trace and 1t 1s the task of the historiam, ant
quanan, ot evolutionsst to discover and to nterpret the e 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 vaneties and races 1n the homologies that
eust m general structure and 1 particular organs between different
groups of ammals and plants 1 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 n the geologic strata
n the present geographical distribution of the vanous groups of
animals and plants i 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 worhing hypothesis
1t has been possible to rationalize and render mtelligible a vast array
of observed phenomena the rcal facts upon which evolution rests
Tbus Jassifi [¢ 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  Ihere 1s no other generalization
known to man which 15 of the least value mn 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 15 now so great that it overcomes all mtelligent
opposition by 1ts sheer mass  There are no mval hypotheses except
the outworn and completely refuted idea of specal creation now
retamed only by the ignorant the dogmatic and the prejudiced

3 Inanswerto 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 their witness-beanng will be
discussed

Some of the evidences are more durect and freer from purely inter
pretauve construction than others ~ Some evidences are pnmary and

1 some are 1 th Ives rather mconclusive but serve
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to confirm other facts, and, when remnforced by other evidences, are
themselves strongly substantiated Perhaps the crownimng evidence
of the truth of evolution 1s that all of these diverse bodses or phenomena
mvanably support one another and all pomnt mn the same direction and
to the same conclusion, viz , that orgamc evolutton 1s a fact

In the former edition of this book the evidences of evolution were
presented 1n a somewhat arbitrary order the evidences that seemed to
furnish the most direct proof beng, for pedagogical reasons presented
first and the more controversial evidences Iast  Expentence, however,
has shown that for an appreciation of the data from paleontology and
from geographlc d!smbuuon lhe student must have a knowledge of
the of morp y (@ ve ) and of classifica
tion Ve have therefore changed the order of presentation of the
evidences to one that has the authonty of precedent The order of
treatment will be as follows

1 The fund ! derl: all the emdences

I Comparatwe anatomy (hnmologm and vestrgaal structures) the
evidence of the fact that structures in unlike orgamsms have a com
mon plan and mode of ongin that changes have occurred that are in
some way related to changes m habit or environment

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

IV Serology (blood precipstotion lests) the evidence that the
chemical specificity of the blood parallels taxonomic specificity

V' Embryology (the doctrine of recapitulation) the evidences that
the embryome development of the individual follows the mam out
lines of the evol ary history of 1ts

VI Palesntology the evidences afiorded by a study of the distrt
bution 1 time (vertical distnibution 1n the earth s strata) of the fossil
Temains of extinct animals and plants

VI Geogrophc distribution  the evidences afforded by present
(also to some extent past) horizontal distribution of contemporaneous
ammals and plants

VI Genetics (expersmental evolution) evidences that henitable
vanations have occurred under observation 1n 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 map and to 2
large extent controlled by him




CHAPTLR IV

THE FUNDAMENTAL POSTULATE UNDERLYING
ALL EVIDENCES O 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 fammliar fact that hke produces
lke 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 15 the plam duty of one who attempts ta
Justfy the evolutionary prinaiple to avoid taking any steps that are
open to the least bit of valid enticsm  If we cannot rely upon this
postulate which may be called the principle of homology we can
make no sure progress i any attempt to establish the vahdity of
the prinaiple of evolution

The postulate we are now toan a.ﬂirma
tron of the fact of heredity We rely upon thxs fact 1n our everyday hfe
When we plant a certamn Lind of seed we expect to get a certan hind
of plant when we breed a certam kind of dog we expect offspnng
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of the same breed It ould be g frea} of nature were we to discover
am marhed exception to the Jass of heredity Furthermore our
ordwnary daiy contact s nh ather members of our own species have
taught us that as a rulc the more clselv alde people are the more
closely are they related  We rey jgmize that children of the same fam

s are more alihe 1n their per-onal charactensstics than are members
of the same race nat 2 clusehs refated  Whenever we see two people
whose re emblance 1 \ery great 1 & assume a relatively close fanship
Thus evenvine bu hal the expernience of meetng two people o
stabingby gbihe thity  abmo t unpos 1ble to distnguish them apart

and of wnme 3 atehy as sming that uch persons are wdentrcal or duph

eate tmins  N\us the in etestang thing about such twins is that they
are vastly more clo ely related than are ordinary brothers and sisters

or even than are fraternal twans who are only brothers and ssters
that happen to have been concenved and born smuktaneously as the
result of the fertilization of tr o egg cells  For dupheate twins are the
products of the early diveion mto two equvalent parts of a single
embryo dertved from one fertilized ez No closer hanshap can well be
smagined than this for the two individuals bear the same relationshup
to each other as do the Dilateral balves of one sndwidual.

The writer bhas had on exceptional opportumty of determumng the
exact degree of re emblance exisung between separate ofisprng de-
rived from a single egy It so bappens that a peculiar species of
mammal the nie banded armadillo of Texas always gives buth to
four young at a time  These quadruplets are wvanably all of the
same sex 1 2 htter and are nearly identical even i thexr finest ana
tomeal details such as the numbers and arrangements of the plates
and seales w the armor and the numbers of hars m 5 given area of
the shin. A detailed study of the embryome lustory of this species has
proved beyond any question that 1n ey ery case the four young i 2
laiter result from a very early division of 2 single embry o der ed from
a single ferubzed egg (see Fig ,2) Large numbers of sets of quadru
plets were studied statisucally to determune the exact degres of thewr
resemblance to one another A companison of over twe hundred sets
revealed the somenhat startlng fact that on the aserage they were
over 93 per cent wdentical {more technically they showed a coefficient
of correlation of over g3} The semarkable closeness of this degree
of resemblance may be fully appreciated when 1t 15 realized that the
only structural resemblance belonging to this order of closeness 15 that
exsting between the night and left antimenc halves of 2 sungle mds
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vidual, such as the nght and left sides of your own face or your two
hands and that the next degree of clo eness of resemblance 15 that
between sibhings (brothers and sisters) who are only 5o per cent ident
cal (baving a coefficient of correlation of only §) while cousins of
vanous grades have proportionately lower and lower degrees of re
semblance 1n exact ratio with therr grades of hinship

Ths, then 1s a crucial test of the validity of the postulate that
closeness of resemblance 1s 1 proportion to closeness of Lanship 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 15 an exact proportion between all other known
grades of kmship and their relative degree of resemblance

Employing the pnnciple of homology m a somewhat broader way
and m 2 way that 1s hardly Lkely to be questioned even by the most
captious we account for the common possession of certan structural
peculanties by all members of a given kind or species of ammal or
plant by saymg that such characters have been dertved from a com
mon ancestor It 1s only a short step n logic to conclude that two
similar hinds or species of animal have been derived one from the other
or both from 2 common ancestral species Once having taken this
step we are on the road that leads mewitably to an evolutionary m
terpretation of natural groups  If the principle of heredity holds for
siblings {offspring of the same parents) for races for species where
are we to draw the line? It does not seem reasonable to admut 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 same sort among the
species of 2 genus or among the genera of a family have a simular
hereditary basis It 1s logically mpossible to draw the line at any
level of orgamc 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 its necessary 1mplications constitute
the only postulate that 15 necessary for the evolutiomst to make
order to go ahead on a sound basis with a presentation of the evidences
of evolution  Give hum this one pownt and he ashs no further con
cesstons  And this 1s not so much of a concession as 1t might seem
at first blush for the special creatiomst assumes more potency for
heredity than does the evolutionist since he believes m descent with
out modification a sort of stereotyped heredity slavishly duplicating
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forever a fired set of structuzaf Ppatterns without vamation or 1mprove
ment  Since then hoth specul creatiomst and evolutiomst find st
equally necessary to as ume the principle of heredity there should be
Dttle argument on this score Byt let the reader beware at this pount
0 the discussion for if he admats the postulates already presented—
and how <an he help but admst them?~he cannot avord the mevit
able conclusion that the theory of descent with modyication 13 the only
reasonable explanation of orgamc resem! bances and differences

BOMOLOGY VERSUS AMALOGY
Much dufficulty 1 connection with the study of resemblances and
cifferences in ammal and phants s occasioned by a farlure to under
stand the fact that there are twg hinds of resemblances and differences

be more or less Superficially abike m form or i function usually
hoth though anatemcally quite different As an example of analo-

a reptile and the third o mammal mgh
abserver to be all fishes of different kinds  All have the same fusiform
body with lnes best adapted for swift locomotion 1 the water all
have medn parred and caudal figs all swum 1n about the same way

t be mystaken by the casual

face the one 1s all fish the second alt zeptle and the third all mawmmat
The structures that Joal ahle and funcuon alike are from the stand
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pont of anatomscal relations and embryonic denvation entirely differ
ent. The resemblances which are so obvious superficially are examples
of analogy, not of homology, and are the result of molding unhke
tmatenials mnto a semblance of Lleness m adaptation to a common en
vironment, Analogous structures while not considered as evidences
of kinship are strong evidences of descent with modification, for thewr
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 point, call to nund that both the ichythyosaur and the
porpolse (Flg 8o, B and C) belong to groups that are fundamentally

vertek , and that wh they have that
13 fishhike mu.st be imterpreted as adaptwc modifications for aquatic
hfe Ths 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 2 chapter that for a generation has been considered a
classic. A few of the statements 1n this chapter would 1t all probabil
1ty, be somewhat altered 1f 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

EVIDENCES FROM MORPHOLOGY
(LOMPAL ATIVE ANATOMY )

I RGEL JOHN RUNANES

The theory of evolut; pp that heseditary ct
admut of being slo Iy modified wherever thete modification will render
an orgamsm better Luted to a change n tts conditions of e  Let
us then observe the evidence which we have of such adaptive modft
cations of structure m cases where the need of such modification 1
apparent  We may begin by agam taking the ca.c of the whales and
porpoises  The theory of evolatian nfers, from the whale structure
of these ammals that their progenttors must have been terrestral
gquadrupeds of some kmd whieh gradually became more and more
aquatic i thewr habuts  Now the change it the condtions of ther
Iife thus brought about would have rendered deirable great modifica
tons of structure  These changes would have begun by affecting the
least typical—that 13, the least strongly mhented—structures, such
as the slan, claws and teeth  But as time went on, the adaptations
would have extended to more typieal structures, until the shape of
the body would have become affected bv the bones and muscles
required for terrestrial locomotion becoming better adapted for
aquatic locomation and the whole outhine of the anumat more fish ke
m shape  This 15 the stage which we 2ctually ohserve 1 the seals,
where the hind legs although retaining all their typical bones have
become shortened up almost to rudiments, and directed backwards,
so 25 to be of no use for walkung while serving to camplete the fish ke
taper of the body (Fig 1)  But i the whales the modification has
goue further than thus sa that the huad legs have ceased to be apparent
externallv and are only represented wternally—and even this only
m some $p by 50 rud; y that 1t 13 difficult to
make out with certauaty the homologies of the bones, moreaver the
head and the whole body have become completely fish like m shape
{Fig 13) But profound as are these al , they affect only

From G J Rowsnes Darwin and afier Daswn {copysight x8g2) Used by
tpecaal permission of the publishers The Open Court Publishing Compzay
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those parts of the osginssm which 1t was for the benefit of the organism
w0 have altend sa that w might he adapted to an aquatic mode of
existence  Thus the arm which s used asa fin stilt retuns 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 swimming (Fig  3)  Sinularly, the head
although wt so tlusely resembles the head of 2 fish iy shape still retawns
the biones of the mammahian shull in thor proper anatomucal relstions
to ope another but modihed m form so as to offer the least possible
resistance to the water  In short it may be sud that 1ll the modi§
catians have been effected with the least possible divergence from the
typreal mammahian type which s compatible with secunng so perfect
an adaptation 1o 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 modsfication 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 wr not only 18 the hmb
modified n the whale for swimmmg but in another mammal—~the
bat—t 15 modified for fymg by having the fingers enormonslv

4 d and overspread with a b web

Inbirds agam the arm 15 modified for faght m 2 wholly different
way—the fingers here beng very short and all run together while the
chiel expanse of the wing 15 composed of the shoulder and forearm
In frogs and bizards agam we find hands more like our own  but 1o
an extinct species of flving 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 altogether

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

log: the 1 el remam but are profoundly
modified 50 a3 to perform wholly dufferent functions On the other
band we meet with struetuxes which are perfectly analogous and
yet 1 no way homologous totally dufferent structures are modized
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to perform the same functions  How then are we to explam these
thimgs? By design mamifested 1 speaal creation or by descent with
adaptive modification? ¥ 1t 15 sad by design mamfested 1 special
creation we mwst suppose that the Deity formed an archetypal
plan of certam structyscs and that he determuned to adhere to ths
plan through a}l the modifications w hich those structuresexubit  But,
£ so why 553t that some 5 Tuctures are selected as typrcal and not
others®  Why should the virtenral sheleton for instance be tortured

Fio 3 -~Paddle of hale compared Sithhand of man  (From Romanes )

1o every concersable variety of mohfication m order to subserve as
grertaranety of functions

whde another structure such as the eye
3 made i diferent sub kingdoms on fundamentally diffevent plans
s throughout to perform the same fun.
tom? Wil any one have the hardihood to assert that 1a the case of
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same typical structure to the performance of widely &fferent func~
t v cases of homology wathout anak gy-—-are cases which come
wathin the lmits of the same natural group of plants and animals and
therefore adnut of bemng equally well explamed by descent from &
common ancestry, while all cases of widely dufferent structures per
forming the same function-—or cases of analogy without tomology
are to be found m different groups of plants or anupals, and are
therefore suggestive of wdependent vanations ansmg wm the different
Imes of hereditary descent

To take a spensfic dlustration The cctopus, or devl fish belongs
to 2 widely different clags of ammals fram = true fish and yetitseye
© general appearance looks vouderfully ke the eye of & true fish
Now, Mr Mivart pomted to thys fact s a great difficulty i the way
of the theory of evohition by natural selection because 1t must easly
be 2 most improbaty thing that so ot da structure as the eye
af a fish shoyld happen to be amved at through each of two totally
dhfferent Lnes of descent  And this difficulty would, mdeed be 2
fornudable one to the theory of evolution 3f the sumfanty were nat
enly analogical but homol nical  Unfo, ty for the oby
however Darvin clearly showeel 1 hus reply that n no one anatomcal
or homologous feature do the two structures resetable one another
50 that i pomt of fact the two 0rgans da not resembl ene another
nany particular further than st 15 necessary that they should, if both
ave 10 be analogous ar 1o serve the same function as argans of sght
But now suppose that thi had not been the case and that the twa
structures bestdes presenting the Becessary superficial or analogical

b had also cal or logous resem

been urged,~—~your hypo-
th progresive modyication bemng here
excluded by the fact that the atumals compared belong to two widely
dufferent branches of the tre¢ of ife how are we to explamn the identity
of type mansfested by these twyp compheated organs of vison?  The
only hypothesis open to ys 15 witelligent adherence to an ideal plan or
mechansm  But as this eannot wag be urged m any comparable
case throughout the whole OTEANIC world we may on the other hand
present it as 3 most sirnificant fact that whilc within the lumits of the
same large branch of the tree of Lfe we constantly find the same
typical structures modified 6 as to perform very different functions
we never find any of these Particular types of structure in other large
branches of the tree  Thap 18 t 53y, we never find typical structures

lance, p d an
blance with what force might at have then
thesis of hereditary descent wy
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appearing except n cases where their presence may be explamed by
the hypothes:s of hereditary descent while in thousands of such cases
we find these structures undergomg every conceivable 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 occurring 1 one type to appear m any of the others We
answer —Undoubtedly such may have been the case but,if so 1t 1s
2 most unfortunate thing for your theory, because the fact imphes
that the Deuty has planned his types in such a way as to suggest the
counter theory of descent  For mstance 1t would seem most capr
crous on the part of the Deity to have made the eyes of an innumerable
number of fish on exactly the same 1deal type and then to have made
the eye of the octopus so exactly like these other eyes m superficial
appearance as to decenve so accomphished a naturalist as Mr Mivart
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 hus own gwidance 1n creation and
then let us see to what the assumption leads  If the Deity formed a
certamn number of 1deal types and determined that on no account
should he allow any part of one type to appear in any part of another
surely we should expect that within the lmmits of the same type the
same typical structures should always be present. Thus remember
what efforts so to speak have been made to mamtam the uruformuty
of type in the case of the fore imb as previously explamed, and should
we not expect that m other and simlar cases a stmilar method should
bave been followed?  Yet we repeatedly find that thus 1s not the case
Even m the whale as we have seen the hind limbs are ether alta.
gether absent or dwindled almost to nothing  and 1t 15 imposible to see
m what respects the hmd hmbs are of any less 1deal value than the
fore imbs—whuch are carefully preserved n all vertebrated animals
except the snake and the extinct Dinormis where agamn we meet 1n
this particular with a sudden and sublme mdifference to the mam
tenance of a typical structure (Fig 5} Now I say that if the theory
of 1deal types 15 true we have in these facts evidence of a most unrea
sonable mconsistency But the theory of descent with continued
adaptive modification fully explams all the known cases  for m every
case the degree of divergence from the typical structure which an
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organmism presents corresponds 2 general way with the length of
tme during which the divergence has been going an  Thus we
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F16 g —Sheloton of Dinarts goay,s % it size Drana from nature
(Brtish Ay eum) As separate cuts on a larger seale are shown {1} the sternum
33 this appers 1n mounted specumens apqd {3} the same tn profile with sts
Soypothetical) scapulo coraond atached  (From Romg res )

searcely ever meet wyh any great departure from the typical form
With respect 10 one of the organs without some of the other organs
bewz so far modified as of themselves 1o mdicate on the subposition
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of descent with modification that the anumal or plant must have been
subject to the modifying mfluences for an enormously long series of
generatrons  And this combined testimony of a number of organs n
the same orgamism 1s what the theory of descent would lead us to
expect while the rival theary of design 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 keep 1t company by doing likewse

Asanllustration both of this and of other pomnts which have been
mentioned I may draw attention to what seems to me a particularly
suggestive case  So-called soldier or hermit-crabs are crabs which
have adopted the habit of approprating the empty shells of mollusks
In assocation with this pecular habit the structure of these ammals
differs very greatly from that of all other crabs In particular the
tunder part of the body which occupies the mollusk shell and which
therefore has ceased to require any hard covering of 1ts own, has been
suffered to lose 1ts caleareous integument and presents a soft fleshy
character quite unlike that of the most exposed parts of the ammal
Moreover this soft fleshy part of the creature 15 especially adapted to
the particular requirements of the creature by having 1ts lateral
appendages—1 e appendages which in other crustacea perform the
function of legs— modufied s as to act as claspers to the mside of the
mollusk shell, while the tail end of the part m question 18 twisted
wto the form of 2 spiral which fits into the spiral of the mollusk shell
Now 1n Keeling Island there 1s 2 large kind of crab called Birgus lotro
which hives upon land and there feeds upon cocoa nuts  The whole
structure of this crab 1t seems to me unmustakably resembles the
structure of a hermit-crab (Fig 6} Vet this crab neither ives m
the shell of a mollusk nor 1s the hinder part of its body m the soft and
fleshy condition Just described  on the contrary 1t 1s covered with a
hard integument like all the other parts of theammal  Consequently
I think we may infer that the ancestors of Birgus were hermut crabs
Lving in mollusk shells but that their descendants gradually reln
quished this habit as they gradually became more and more terrestrial,
while concurrently with these changes m habit the ongmally soft
posterior parts acquired a hard protective covenng to take the place
of that which was formerly supplied by a mollusk shell. So that if
s0 we now have within the hmts of 2 single orgamsm evidence of
2 whole series of morphological changes m the past hstory of ats
spectes  Fust there must have been the great change from an
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ordunary erab to 2 hermut-crab mn all the respects previously pomnted
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. From an evolutionary pomt of view
therefore we appear to have i 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 spectal creation 1t
15 nexplicable why tins Jand-crab should have been formed on the
pattern of 2 hermit-crab when 1t never has need to enter the shell of
amollusk Tn other words 1ts pecultar structure 1s not espectally 1
keeping mith its present hahits although so cunously atlied to the
sunilar structure of certamn other crabs of totally different habits m
relation to which the peculiarities are of plain and obvious sigmficance

Iwll devote the remamder of this chapter to considering another
branch of the argument from morphology to which the case of Birgu.
serves as a switable introduction 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
i other and alhed kinds of animals 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 thus ammal retans 1 a similarly 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 in
arr, as Hunter long ago remarked ¢ 1s constructed upon the same
prnaple as' 1n the quadruped , yet as Owen says the outer open
ing and passage leading therefrom to the tympanum can rarely be
affected by of the pt and mndeed they
are reduced or have degenerated to a degree which makes 1t difficult
to concewve how such vibrations can be propagated to the ear drum
during the brief moments m which the openiag 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, indeed, a considerable number How then, are they to be
accounted for? Of course the theory of descent with adaptive mod
fication has a1 simple answer to supply—namely that when from
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changed conditions of bfe an organ which was Previously uvsefu)
becomes useless il be uffered to dwindle awdy 1n successive
BenCratons under the miluence of certain natural caggse, which we
shall have to consider 1n futyre chaptery  On the other hand the
theory of specyal £reation can onl, mamtun that these rudiments are
formed for the sake of adherng (o gn Weal type  Now here agan
the formey theory appears to be triumphant oyep the Iatter for
without WBUNE 10 1 pute the Wasdom of ‘making dwarfed and useless
structures merely, for the w humgyea) motive assigned surely if such o
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should expect that i con
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s revsonable expectation,
¢ have already seen that i

the hind himpg (Fig 2)  Now IS 5t 2 worthy conception of Degty
that whyje Reglecting to maingay bis unity of ieat ut the case of
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nearly all the numerous species of snakes he should have added a tiny
rudiment 1 the case of the Python—and even m that case should
have d his 1deal very meffi ly h as only two
hmbs 1nstead of four, are represented? How much more reasonable
1s the naturalistic mterpretation  for here the very irregulanty of
their appearance mn different spectes, which constitutes rudimentary
structures one of the crownmng difficulties to the theory of special
design furnishes the best possible evidence 1n favour of hereditary

Fio 8—Apteryx australis  Dravm from Lfe 1 the Zoolomical Gardens
$nat size  The external ning 15 drawn to a scale 1n the upper part of the cut
The surroundings are supphied from the most recent descnptions (I'rom
Romanes )

descent, seeing that this wregulanty then becomes what may be
termed the anticipated expression of progressive dwindling due to
mutihty Thus for example to retum to the case of wings we have
already seen that in an extinct genus of bird Dinorsus 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 n all the species  And here 15 another well known case of
another genus of still evisting bird which as was the case with
Dinormis, occurs only m New Zealand (Fig 8) Upon this island
there are no four footed enemies—either existing or extinct—to escape
from which the wings of birds would be of any service Conse
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Limestone caverns under nearly the same chimate 1n the two continents
of Amenca and Europe so that m accordance with the theory of
speaal creation very close sunllarity i the orgamzations of the two
sets of faunas mught have been etpected  But instead of ths the
affinities of these two sets of faunas are wuth those of thesr respective
continents—as of course they aught to be on the theory of evelution
Agamn what would have been the sense of creating the useless foot
stalks for the mmaginary Suppert of absent eyes not to mention alf the
other vanous grades of degeneration i other cases? So that upon
the whole of we agree with the Iate Professor Agassiz in regarding
these cxve ammals as furnishing a crucal test between the nval
theontes of creatton and ey ohinun we must further conclude that the
whole body of evidence which they now furmsh 15 weighing on the
side of evalution

So much then for & fow special mstances of what Darwin called
rudimentary steuctures but what mav be more deseriptavely desig
uated~mn accordance with the theory of descent—obsolescent or

Teserving for the nexy chapter those x huch occuring transitory manner
dunng earhier penods of bis Bfe  But even as thus restricted the
number of chsolescent Strictures which we alf present m our own
Person is so remarkable that they cozubuned testamony to aur descent
fram 2 quadrumanaus ADCESITY appears to me m atself conclusive
Imean that even if these Structures stood alone or apart from any
more general evidences of our family relationships they would be
sufficent to PIove qur parentage Nesvertheless 1t 15 deswrable to
rematk that of course these Specal evidences which I am about to
detall do not stang alone  Not only 15 there the pensral analogy
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furrished by the general proof of evolution el ewhere, but there 15
likewise the more special correspondence between the whole of our
anatomy and tbat of our nearest zoological allies  Now the force of
this latter consideration 1s so enormous that no one who has not
studred human anatomy can be tn a position to appreciate 1t For
without special study 1t 15 impossible to form any adequate 1dea of the
mincacy of structure which 1s presented by the human form  Yet it
15 found that this enormously mtncate organisation is repeated 1n all
1ts details 1n the bodues of the hugher apes  There 1s 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 th 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 anatomical copy of that
which we find 1n the ape

My object then here 15 to imit attention to those features of our
corporeal structure which having become useless on account of our
change m attitude and habits are in the process of becoming obsolete
and therefore occur as mese vestigial records of a former state of
things For example throughout the vertebrated senes, from fish
to mammals there occurs 1 the mner comer of the eye a semu
transparent eye hd which 1s called the mctitating membrane The
object of this structure 15 to sweep rapidly, every now and then
over the external surface of the eye apparently n order to Leep the
surface clean  But although the membrane occurs 1 2ll classes of
the sub kingdom 1t 15 more prevalent 1 some than 1n others~eg,
n birds than in mammals Even, however where 1t does not accur
of a s1ze and mobility to be of any use 1t 15 usually represented, o
ammals above fishes by a functionless rudiment as here depicted m
the case of man (Fig ¢}

Now the orgamsation of man presents so many vestigial structures
thus referring to vamious stages of lus long ancestral hustory, that it
would be tedious so much as to enumerate them Therefore I will
yet further inmt the list of vestigial structures to be gtven as examples
by not only restricting these to cases whch occur n our own orgamsa
tion  but of them I shall mention only such as refer us to the very
last stage of our ancestral history—wviz - structures which have become
obsolescent since the trme when our distinctively human branch of
the famuly tree diverged from that of our ummediate forefathers the
Quadrumana
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Fic 9—! of the brane m the vanous ammals
named drawn from nature The letter % indicates the membrane 1n each case
Inmanatas called the §/ ca semilunarss and s represente 11n the twa lower drawin,s
under this name In the case of the shark (Galeus) the muscular membrane 1
shown as dissected  (Irom Romanes )
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1 Muscles of the external ear —These which are of large size
and functional use 1n quadrupeds we retam i a dwindled and useless
condition (Fig 10} This 15 Ikewse the case 1 anthropoid apes
but 1n not a few other Quadrumana (e g , baboons macacus, magots,
etc) degeneration has mot proceeded so far and the ears are
voluntarily movable

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

2 Panmculus carnosis —A large number of the mammalia 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
sucling 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 and elsewhere —or more
correctly 1t 15 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
smalf percentage of human bengs but which when they do occur
present unmsstahable homologes with normal muscles @ some of
the Quadrumana and still los er ammals

3 Feet —It 15 observable that m the infant the feet have a
strang reflection mmards so that the soles i considerable measure
tace one another  This pecullanty which 15 even more marked mn
the embrvo than m the infant and which becomes gradually less and

Ti6 21 ~Portrut ot a young gonlla  {From Romanes after Rartmann )

less conspicuous even before the ehold begms to walk. appears to me
a highly suggestne pecohanty  For it planly refers to the condition
of things in the Quadrumana seeing that m all these animals the feet
are simularly cuned mwards to facihtate the grasping of branches
‘nd even when walhing on the ground apes and monheys employ to
a great evient the outside edges of thesr feet 2s does also 2 child when
learmng to walth  The feet of a young child are also extraordinarly
mobile m all directions as are those of apes  In order to show these
pomts 1 here miroduce comparatne drawings of a young ape and the
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lower extremities of a still younger child  Thesc drawings moreoner,
serve at the same time to illustrate 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 lke character
of this organ m the Quadrumana  As in the case of the mcurved
posttion of the legs and feet so i this case of the lateral extensibility
of the great toe the peculianty 1s even more marked 1 embryomc

F1e 12 —Lower extrenuties of 2 young cmld  Drawn from hfe when the
mobile feet were for 2 short time at rest m a position of extreme nflection  (From
Pomanes )

than mn 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 instead of bemng parallel to them 1
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 1s perhaps the most
characteristy. pecultarity 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 power of the whole human hand 15 so surpnisingly great at
Dbirth, and durmg the first few weehs of mfancy, as to be far 1n excess
of present requrements on the part of a young child Hence he con
cludes that 1t refers us to our quadrumanous ancestry—the young of
anthropod apes bemng endowed with similar powers of grasping
order to hold on to the harr of the mother when she1s using her arms for
the purposes of locomotion  Th 1nference appears to me justifiable,
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FIC 13 —An imnfant three weeks ol ] supporting 1ts own weight for over two

mnutes  The xttitude of the lower limbs feet tocs 15 stnkingly suman  Repro~

duced from an 1nstantaneous photograph kindly given for the purpose by Dr L
Robinson  (From Romanes } v v putpose by B

masmuch as no other explanation can be given of the comparatively
mordinate muscular force of an nfants gnp For experiments
showed that very young babies are able to support their own werght
by holding on to a honizontal bar, for a period varying from one
half to more than two minutes  With b hind perrmssion I here
reproduce one of Dr Robmnson s instantaneous and hitherto unpub-
lished photographs of a very young nfant This photograph was
taken after the above paragraph (3) was wntten and I introduceit
here because 1t serves to show incidentally—and perhaps even better
than the preceding figure—the pomts there mentioned with regard
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to the feet and great toes Apgam as Dr Robmson observes the
attitude and the disproportionately large development of the arms
as compared with the legs give all the photographs a stnking re em
blance to a picture of the clhimpanzee ¢ Sally at the Zoological
Gardens For mvanably the thighs are bent nearly at night angles
to the body and i 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 1s evinced and no cry uttered until the grasp
begms to gne way

GORILLA

FI6 14 —Sacrum of gonlla compared with that of man showing rudimentary
tail bones of each  Drawn from nature  (From Romanes )

5 Tail —The absence of a tail 1n man 1s popularly supposed to
constitute a difficulty agamst 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 seemng that
the nearest allies of man mn the quadrumanous series are likewse
destitute of an external tail Far then from this deficiency 1n man
constituting any didfficulty to be accounted for 1f the case were not
so—1e 1f 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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pord apes continue to present the rudimentary vestiges of 2 tail m a

few taudal vertebrae below the integuments we might well expect to
find a similar state of matters m the case of man  And this 15 just

Fi6 15 —Dugtammatic outlme of the human embryo when about seven
weeks old sho ving the relations of the imbs and tail to the trunk  (1fter Allen
Thompson} r the radual and # the ulnar border of the hand and forearm
4 the tibial and f the fibular border of the foot and lower leg @u ear u spimnal
cord % umbilical cord b bronchual gl shts ¢ tail  (From Romanes )

Suprg spylbus Lic

W Utgrnge cole N ff Perssdosucent
CLRATORE cncgﬂﬂ@: Cockyx

Ie 16 —Front and back view of a lult human sacrum showing abnormal
persistence of vestigal tul muscles  (From Romases )

what we do find as a glance at these two comparative illustrations
will show (Fig 14) Morcover durnng embryomc lfe both of the
anthropowd 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
Tigher representatnies of the group have descended  Forata cestain
stage of embryomnic hfe the tail both of apes and of human beings 15

Ftc 17 —Appendix vermiformus 1n orang and m man I dhum Co colon
C coccum T% a window cut in the wall of the coecum zzx the appendix  (From
Romanes )

F16 18 —The same showing varation 1n the orang  {(I'rom Romanes )

actually longer than the legs (see Fig 15) And at this stage of
development also the tal admits of bemng moved by muscles which
later on dwindle away  Occasionally however these muscles persist
and are then described by anatomusts as abnormalities  The allustra
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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 lasye size and
functional we m the process of digestion among many herbivorous
ammal  vhie s man 1t 15 not only too small to serve any such
purpose but 1s even a saurce ot danger to hife—many percons dyng
every year from iofl ton set up by the lod; 1 this bhind
tube of frmit stones etc

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

Like the vestimal structures in general however this one 15
lghly varable  Thus Figure 18 serves to show that it may some
times be almost as short m the orang as 1t normally 1s 12 man~both
the buman subjeets of this Mustration having been normal

7 Ear—\[r Darnw writes

The celebrated scu'ptor Mr Woolner, informs me of one hutle

pecubanty in the external ear which he has often ob.erved 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
Mey er, more frequently in man than i woman
Mr Woolner made an exact model of one such
case and sent me the accompanying draw
ing [Fig xg] The helix obviously con
sists of the extreme margm of the ear folded
wnwards and the foldmg appears to be n
some manner connected with the wholc external
ear bemng permanently pressed bachwards  In
man) 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  Ifo xg~Human ear
mwards but if the margn were to be thus modeled and deawn by
folded a shght powmt would necessartly pro- Mr Woclner g the pro-
Ject toward  the contre In Frure 20 i:::::fmm (From Bo-
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 different the pomted outline of the car 1s
at this penod from ats adult condition when 1t bears a close general
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resemblance to that of man (including even the occasional appear
ance of the projecting pomnt shown n the preceding woodeut) Itis
ewvident that the folding over
of the tip of such an ear
unless 1t 15 changed greatly
durmg 1ts further develop-
ment, would gie nse to a
pomnt projecting inwards *

The woodcut on page 86
(Fig 21)servesstill further to
show vestigial resemblances
between the human ear and
that of apes The last two
figures 1llustrate the general
resemblance between the nor
mal ear of foetal man and the

Fic 20 —Foetus of an oramg Evact €T of an adult orangoutang
copy of a photograph showng the form of 'Lhe other two figures on the
ear at this early stage  (From Romanes ) lower line are intended to

exhibit occasional modifica

tions of the adult human ear which approumate siman characters
somewhat more closely than does thenormal type It will beobserved
that 1n therr 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 margmn of the other follows those
of the chimpanzee and orang  Of course 1t would be easy to select
indrvidual 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 hhewse shows the close stmilanty of hair tracts and the
direction of growth on the part of the harr itself m cases where the
human hair happens to be of an abnormally hirsute character But
this particular mstance (which I do not think has been previously
noticed) introduces us to the subject of haw and harr growth
general

8 Hair —Adult man presents rudimentary hairs over most parts
of the bodv ~ Wallace has sought to draw a refined distinction between
this vestigial coating and the useful coatng of quadrumanous
anmals 1n the absence of the former from the humanback  But even

Descent of Man ( ded) pp 15-16
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this refined distinction does not hold On the one band the com
paratively hawless chimpanzee which died last year n the Zoological
Gardens (' calous) was remarhably 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 also on their backs and shoul
ders  Again, 1n all men the rudimentary hair on the upper and lower
arm 18 directed towards the elbow—a peculianty which occurs nowhere
else 1n the ammal kingdom, with the exceptton of the anthropoid apes
and a few Amenican monkeys, where 1t presumably has to do with
arboreal habits  For, when sittingin 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 o turning the ram  Agan I find that m all
species of apes, monkeys, and baboons which I have examined (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 1 tnvarably
absent on the termunal 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 m no case have I been able to find any
on the termmmal row  In all cases these peculiarities are congenital,
and the total absence or partial presence of hair on the second pha
langes 15 constant 1n different species of Quadrumana  For mstance
1t 1s entirely absent m zll the chimpanzees which I have exarmned
while scantily present i all the orangs As n man 1t occurs m a
patch midway between the jomts

Besides showing these two features with regard to disposition of hair
on the human arm and hand the woodcut on page 88 (Fig 22} illustrates
athird By loo} mng closely at thearmof the very hairy man from whom
the drawing was taken 1t could be seen that there wasa strong tendency
towards a whorled arrangement of the hatrs on the backs of the wrsts
Ths 1s hikewise as a general rule a marked feature n the arrangement
of hair on the same places 1 the gorilla orang and chimpanzee In
the specimen of the latter however from which the drawing was taken
thus charactenstic was pot well marked The downward direction of
the har on the backs of the hands 1s exactly the same 1n man as 1t 13
m all the anthropoid apes Agan with regard to harr Darwmn
1o ices that occasionally there appears m man a few hairs m the eye
beows much longer than the others and that they seem to be
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F16 22 —Flarr tracts on the amms and hands of man 2s compared with those
of the cumpanzee  Dsawn from Ule  (From Romaen £
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representative of simlarly tong and scattered haurs which occur
m the clumpanzee, macacus, and baboons
Lastly, 1t may be here more conveniently observed than in the
next chapter on Embryology, that at about 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 hkewise bare 1 all quadrumanous ammals  This covening whch
18 called the lanugo and sometimes extends even to the whole fore
head ears, and face 13 shed before birth  So that 1t appears to be
useless for any purpose other than that of emphatically declanng man
2 chuld of the monkey
9 Teeth —Darwin wrtes
“ It appears 2s if the posterior 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 as1s hkewsse the case
with the corresp. g teeth in the ch and orang and they
have only two separate fangs They are also much more hable
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 furmshed with three separate fangs and are
usually sound (1 ¢ not specially hable to decay) they also duffer from
the other molars in size, less than m the Caucasian races
Now 1 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 1n this respect it would
scem that even m the anthropoid apes there 1s the beginning of a
tendency to degeneration of the molar teeth from behund forwards
For if we compare the three molars 1n 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 m the chunp there are only four of them on
the third molar  Now 1 man 1t 1s only the first of these three teeth
which normally presents five cusps both the others presenting only
four  So that, comparing all these genera together 1t appears that
the number of cusps 1s bemng reduced from behind fornards the
clumpanzee having lost one of them from the third molar while man
has not only lost this but also one from the second molar,—and it
may be added hkewnse partially (or even totally) from the first molar
asa frequent vanation among avilized races  But on the other hand
vanations are often met with 1 the opposite direction where the
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second or the thied molar of man presents five cusps—in the one case
Jollowing the chunpanzee 1 the other the gorila  These latter vana
tons therefore may fauly be regarded as reversionary  For these
facts I am indebted to the handness of Mr € S Tomes

10 Perf of the b ~The pecut which we
hase {0 notice under this heading are tuo i pumber Fust, the
supra condy lord foramen 19 2 normal frawre 1w some of the lower
Quadrumana (Fig 24} nhere 1t gnes passage to the great nerve of

Hwm, 3
X R
Res A >
23 GORILA yar anx ORANG Panet

Fro 23 ~\folar tecth of lower jaw in gontla otang sed man  Drawe fram
natuse mat sze  {F on Roman )

the forearm and often also to the great artery In man hawener
125 mot & normal feature  Yet 1 occurs m a small percentage of
cases—viz according to Sir W Twrner 1 aboat one per cent, and
therefore ss regarded by Darwin as a vesugul caracter  Secondly,
there 1s inter-condy losd foramen whach 1s ajso situsted near the lower
end of the humerus but more 1 the mddle of the bone  This occurs
but not constantly i apes and also 1 the buman speaes  From
the fact that 1t does so much more frequently m the bones of ancient
~—and also of some savage—races of mankind (v1z 1n 20 to 30 per cent
of cases) Parnin 1s disposed to regacd 1t abo as a vestigal featare
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On the other hand Prof Tlower tells me that 1a his opimion 1t 1s but
an expression of impovenshed nutrition during the growth of the bone

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

SAKI A
JAVAY LORIS

MAp GAPVGHIY

FIG 24, —Derforations of the humerus (supra condyloid foramen) in three
sTecies of Quadrumana where 3t normaily occurs and i man where 1t doe 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 13 i associatton with these
ape like human tibuae that perforated humert of man are founl in
greatest abundance

On the other hand however there 15 reason to doubt whether
this form of tibia 1n man 1s really a survival from his quadrumanous
ancestry Tor as Boyd Dawkins and Hartmann have pomted out
the degree of flattening presented by some of these ancient human
bones 15 greater than that which occurs m any ewusting 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 15 now observable n any of the existing species  Never
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theless as some doubt attaches to this particular case Ido not press
w—and ndeed only mention it at all in order that the doubt may be
cxpressed

larly, I s}t lude by Yuang that several other mstances
of the survival of vestigial structares i man have been alleged which
are of a still more doubtinl character Of such {or example, ave the
supposed absence of the gerual tubercle m the case of a very ancient
jaw bone of man and the disposstion of valies 1 human vems
From the former 12 was argued that the possesser of thus very ancient
18w bone was probably speechless inasmuch as the tubercle in euisting
man gives attachment to muscles of the tongue  From the latter it
has been zrgued that all the valves m the vewmns of the human body
have refl m ther dis to the incidence of blood pressure
when the athtude of the bodv 1s horzontal or quadrupedal  Now
the former case has atready broken down and I find that the latter
does not hold  But we can well afford to lose such doubtful and
spunious cases 1 view of ali the foregong unquestionable and genwme
eases of vesugaal structures which are to be met with even withm the
fimsts of our own organization—and even when these hrats are still
further humited by selecting only those mstances which refer to the
wvery latest chapter of our long ancestral lustory




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 prevails on the condition that 1t was published and

d by an adeq description, deft or ndication, and

that the author has applied the les of b 1 1
This 15 the so-called law of preorsty  The tenth edition of the Sytema
Noturae of Lmnaeus 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 definition indication or description and his name m full
or abbreviated 1s given with the name thus Bascanian anthony
Steyneger In catations the genenc name of an animal 1s wntten with
a capital letter, the speaific and subspecific name wthout mtal
capital letter The name of the author follows the specific name
{or subspeaific name 1f there 15 one) without intervening punctuation
1f a spectes 15 transferred to a genus other than the one under which
1t was first described or if the name of 2 genus 1s changed the author s
name 1s mcluded m parentheses For example Bascanion anthonys
Stejneger should now be wntten Coluber anthonyt (Stejneger) the ge-
nencnrame of this snake having been changed  One species constitutes
the fype of the genus that 1s 1t 15 formally designated as typical of
the genus  One genus constitutes the type of the subfamily (when a
subfamly exists) and one genus forms the type of the family The
type 15 mdicated by the describer or if not indicated by hm 18 fixed
by another author The name of 2 subfamuly 15 formed by adding
the ending -snae and the name of a family by addmg «dae to the root
of the name of the type genus ~ For example Colubrinae and Colubn
dae are the subfamuly and famuly of snakes of which Coluber 1s the
type genus

The basis of —Early largely employ
superficial characters to differentiate and classify animals and their

From A, F Shull Princples of Amimal Brology {copyright 1020)  Used by
special permussion of The McGraw Hill Book Campany

o3
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classtfications were thus largely aruificral and served prmespally a
convensent methods of arrangement description and catalogng
Since the time of the development of the theory of descent with
modifications by Lamarch (18cg) and Darwm (1859) there has been
35 attempt to base the clsnfication on telatianshups  Very neatly
related amimals are put mto the same spectes They are related
becavse they descend from a common ancestry and that common
ancestry could not n most cases have been very ancient otherwise
evalution within the group would have occurred and the species would
have been sphit mto two or more species  Specres that are much
alike are weluded 10 one genus  hemng thus marhed off from the species
of another genus  The simatanity of the species of a genus s held to
mdicate kinship but since there 35 greater diersity among the ind:
viduals of a genus than among the members of a spectes the common
stock fram which the spectes of a genus have sprung must have existed
atan easher ime 10 order that evolution could bring about the degree
of dyvergence now observed  ¥n ke manner a famuly is made up of
geners and their Libeness s agam 2 sign of a.ﬁ‘mxty But to account
{or the greater diff between the ext to
a famly evolution must have had more time that 13 the common
source of the members of a family must have antedated the common
source of the ndividvals of 2 genus  Orders classes and phyla are
stmtlarly regarded as having sprung from successively more remote
ancestors the time differences being necessary to allow for the differ
ences 1n the amount of evolution  Thus statement 1s 1n general correct
However since evoh has probably ot ded o4 the same rate
at all periods nor n all brauches of the ammal kingdom at any one
time the tme refations of the groups of ugh or Jow rank must not be
toongdly assigned  Thuscertam genera m which ev alution has been
slow are probably much older than some famudies 1n which evolution
basbeen vrspid It 15 not improbable atso that soms genera are quite
as old as the families which inchude them  but 1 no case can they be
alder Turthermore different groups aze clasuified by tavonomusts of
duferent temperaments so that groups of a given nowunal tank may
be much more mclusne (and hence older) i one branch of the anmal
kngdom than mm anather  Ou the whole nevertheless the groups of
hugher rank have sprung from ancestry more remote than that of the
groups of lower rank

The means of recogmzing the Junshp mphed 1 clssification
permit some differences of opiuon It 1¢ recognized that hheness m
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struetural characters 1s the chief clue to affimties. However, the
evdential value of similanty 1n one or several structures unaccom
pamed by the similanty of all parts 1s to be distrusted, since ammals
widely d and d lar m most ct may have certam
other features in common Thus the coots phalaropes and grebes
among birds have lobate feet but as mdicated by other features they
are not closely related, and there are certain hzards (Amphisbaemdae)
whch closely resemble certam snakes (Typholopidae) n being blind
limbless and having a short ta)l  The early systematists were very
hable to bring together in their classification analogous forms that is
tho e which are functionally similar or ammals 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 13 considered an mdication of actual relationship  Since
a genetic cla sification must take mto consideration the entire ammal
the search for affinities becomes an attempt to evaluate the results
of all morphological knowledge and 1t 1s also becoming evident that
other things besides structure may throw light upon relationships
The fossil records geographical dustribution, ecology and expen
mental breeding may all assist in establishing affimties

The method of taronomy —It 1s evident that before the relation
ships of ammals 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 m a genetic system  For these
reasons an important part of systematic work 1s the de cuption of
forms and an analysis of therr differences After the Limnaean
system was adopted zoologists attacked this virgin field and for many
years species makmg predommated Even at the present time
when other aspects of zoology have come to receive relatively more
attention it 1s an mteresting fact that the analytical method prevails
in systematic studies, and taxonomy suffers from and i 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

lubon  Many 1sts however that the ultimate
purpose of taxonomic worh ts to discover the relationships as well as
the differences between the described forms in order that the course of
evolution may be determmed  In other words 1t 15 appreciated that
while analytical studies are necessary they are only prelumnary and
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that upon their results must be built synthetic studies if taxonomy
15 to fulfil ats purpose

THE METHOD OF CLASSIFICATION

CHARLES DARWIN'

Naturahsts as we have seen try to arrange the species, genera,
and families in 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
ahke and forseparating those which are most unlike, or asan artificial
method of enuneiating, as briefly as possible, general propositions —
that 1s by one sentence to give the characters common for mstance
toall mammals by another those common to all carivora 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 mgenuity
and utility 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 in time or space or both or what else 1s meant by the
plan of the Creator 1t seems to me that nothing 13 thus added to our
hnowledge 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 amply that some deeper bond 1s mcluded 1n our classifica
tions than mere resemblance I beheve that this 1s the case, and that
communmty of descent—the one known cause of close sumlanty n
organic bengs—is the bond which, though observed by vanous
degrees of modification, 1s partially revealed to us by our classtfications

Let us now consider the rules followed 1 classification and the
difficulties which are encountered on the view that classification exther
gives some unknown plan of creation or is simply a scheme for
enunciating general propositions and of placing together the forms
most Iike each other It might have been thought (and was in ancient
tunes thought) that those parts of the structure which determmned the
habuts of e, and the general place of each being in the economy of
nature would be of very hugh importance n classifieation  Nothing
can be more false  No one regards the external similanty of a mouse
to a shrew, of a dugong to a whale of a whale to a fish as of any

From Thke Origin of Specsr
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These bl though so Ty d
with the whole bfe of the bemg are ranked as merely adaptive or
analogical characters  but to the deration of these it}
weshallrecur It may even be given as a general rule that the less
any part of the organisation 1s concerned with special habits the more
mportant 1t becomes for classification  As an instance Owen 1n
speaking of the dugong says The generative organs bemng those
which are most remotely related to the habits and food of an ammal
I have always regarded as affording very clear mndications of its true
affiities  We are least likely i 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 thewr
nutntion and hfe depend are of Lttle sigmfication  whereas the
organs of reproduction with their product the seed and embryo 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 thesr 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 1s each set of forms which
n the changes of the ages has diverged tangibly from its 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 defiution  The scienttfic 1dea of
species does not differ matermally from the popular notion A and of
tree or bird or squurrel 1s & species  Those indniduals which agree
very closely 1n structure and function belong to the same species
There 1s no absolute test other than the common judgment of men
competent to dende Naturalists recognize certain formal rules as
assisting 1 such a deaison A series of fully mtergrading forms
however varied at the extremes 1s usually regarded as forming a single
speczes  There are certain recognized effects of cimate of clmatic
solation and of the 1solation of domestication  These do not u ually
make 1t necessary to regard as distinct species the extreme forms of
2 series concerned

From D S Jordanand V L Rellogg Ev lution and An mal Life
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The term spectes was thus defined by the celebrated hotamist
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 such 3 manner that we may from
analogy suppose them all to have sprung from one single mdividuat
And the zoologist Swainson gives a somewhat similar definition A
species 1 the usual acceptation of the term 15 an aniral which 1o
a state of nature 1s distingmshed by certain peculiznities of form, size
colour or other circumstances from another amumal It propagates
afterats hind individuals perfectly resembling the parent 1ts pecu
hanties therefore are permanent

As will have become apparent the sigmficint assumption
underlying classification 15 that the closest fundamenti) simlartties
betneen animals (or plants) are found m the forms most closels
related and that the greatest differences are found m those forms which
are unrelated or at best very distantly related The assumption
implies the 1dea of descent math modification which 15 no more nor
less than evolution Using this evolutionary basis we can arnive at
an extremely satwfactory classification both of hiving and of extmet
forms and there 15 no other bass of classification that works

The question mught well be asked whether 1t 1s possible to test the
vahdity of the a sumption 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
ndividuals that have been dernved by the dividing of a single egg
Armadillo quadruplets have been shown to be thus derived and
detailed studies of the closcness 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 grve birth to
several young, but in which each young 1s derived from a separate egg
If we use the index of correlation to indicate the degree of similanty
between ndividuals se find that ordinary brothers or sisters are only
about 5o per cent alde while armadillo quadruplets are over go per
centalihe Identical or duphicate twins i human beings zre believed
to have an ongin from one egg after the fashion of the armadillo

From A R Wallace Darwimsm

See T H Newman The Biology of Tunns (1017) University of Chicago
Press
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though the proof has not been forthcommg Everyone 1s familiar
with the remarhable stmilanty amounting almost to 1dentity 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 bl 18 between b of the same fammly
brothers isters, cousms etc. and we do not hesitate to explamn this
resemblance as due to blood relationship  In this we merely accept
the known principles 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 mn connection with blood precipitation tests  This ew1
dence, as presented by Professor Scott forms the substance of the next
chapter
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ohtamed with the bloods of Simudae (1e, Man hike Ape~) closely
resemble those obtained with human blood the bloods of Cercopithe
adae (0ld World Monkeys) came next followed by those of Cebidae
and Hapahdae (New World Monkeys and Marmosets) which gave
but shght reactions with anti human serum, whilst the blood of
Lemuroidea gave no indication of blood retanionship® A perusal
of the pages relating to the tests made upon the many bloods I have
exammed by means of precipitating ant sera will very clearly show
that this method of myestipation 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 which 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
sllomed, 2 relationship between the bloods of all mammals 1 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 m the sense of descriptive zoology ’

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 with 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 mndicate that there 1s 2 close relationship
between lizards and snakes on the one hand turtles and crocodes
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
o trich 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 conclusions

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 Leep 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
skull or the feet The human body 1s fortunately for us of rather
3 pnmtive hind while the development of the bramn 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 bach m time, there has
been hittle change, save 1n size 1n the structure of the body or hmbs
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 lkelv to find until experimental zoology and botany shall have
been improved and perfected far beyond their present state



CHAPTER VIII
EVIDENCES FROM EMBRYOLOGY

THE PACTS OF REPRODUCTION AND DEVELOPMENT

It 15 now defimitely known that all iving creatures are mortal, at
least as individuals but they all have the capaaty of continuing therr
Ife by the reproduction of offspung This physical immortahty 1s
based upon an actual transmission from parent to offspring of some
matenal substance which 15 s0 orgamzed chemucally as to be fully
representative of the race or stoch to which the parent belongs

Reproduction may be asexua? or sexual In asezual development
a new mdividual may be produced by a process of fisston (dviding the
parent nto two or more parts each of which has the capzaty to
develop mto 2 whole new mdwidual) by budding (the production of
new indmiduals by means of outgrowths of the parent body) or by
gving off spores or eggs capable of develapment without fertiiza
tion (parth ) In sexual rep two kinds of parent
mdmduals 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 chiefly concern us here and, for present purposes we
may omit any further mention of the vanous asexual methods

An ovum may be concerved of as an mdindual of some defimite
species 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 (118 40)
Further details 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 appeatrances In mammals the ovum 13 a relatively
large sphencal cell, just visible to the naked eye

From Sewall Wright Princsples of Levestock Breeding Umted States Depart
ment of Agriculture Bulletin No gos
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“Jp birds the yolk of an egg 1s really a smgle ovum, distended to
an enormous size by food matenal The sperm cell 15 very much
smaller and can be seen well only with a fngh power mcroscope  It1s
something like 2 tadpole in shape, having a small cell body, contammg
a httle nucleus and attached to this a long whiplibe process which
beats rapidly while the cell 18 alive, enabling 1t to seek out and unte
wth the large passive egg in the act of fertdization  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 in the latter which prevents the entrance
of others

The sperm activates certain formesly mert substances i the egg
and the new combination cell {the zygote) starts almost at once to
produce a new mdmdual

ODTLINE OF ANIMAL DEVELOPME JT'
D S JORDAN AND V 1 EELLOGG

The embryonuc development 1s {rom the t up to a certam
pomt 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 pre.ent m the
development of all many celled amumals  The first stage or phenome
non of development 1s the simple fi cion of the germ cell mnto halves
(Fig 25 b) Theee two daughter cells next divide so that there are
four cells {¢) each of these divides and this division 1s repeated untid
a greater ot lesser number (varying with the vanious species or groups
of animals) of cells1s produced  These cells mav not all be of the same
size but i many cases they are no structural differentiation whatever
being apparent among them

The phenomenon of repeated diasion of the germ cell 15 called
cieavage and this cleavage 15 the first stage of development 1 the
case of all many-celled animals  The germ or embryo in some animals
consists now of a mass of few or manv undifferentiated primutive cells
Iying together and usually forming a sphere (Fig 25 ¢} or perhaps
separated and scattered through the food volk of the egg  ‘The next
stage of development 15 thus  the clenvage cells arrange themselves so
23 to form a usually hollow sphere or ball, the cells lying side by side to

*From D S Jordanand V L Kellogg Esolution and Ansmat [1fe (copynight
soo7)  Used by speonat 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 o blastodersm stage of development, and the embryo
stself 15 called the blastula or blastoderm  This stage also 1s common
toall themany celled ammals  The next stage in embry ome develop

ment 1s formed by the bending inward of a part of the blastoderm cell
fayer, as shown 1n (g) (or the sphtting off mwardly of cell> from a
special part of the blastula cell layer) This bending 1n may produce
2 mall depresston or groove, but whatever the shape or extent of the
sunken m part of the blastod it results i chst 3 the
blastoderm layer 1nto two parts a sunhen m or mner portion called

D@
, .
NS

f

Fie 25 ~Fist stag s 1n the embryonic development of the pond snail
Lymnaens o egg cell b first cleavage ¢ second cleavage d third cleavage
¢ after numerous cleavaces f blastuli—n section g gastrula yust formng—

v; ;rl:c)‘!mn k gastrula completed—in section  (From Jordon ond Kellogg ofter
&

the endoblast and the other unmodified portion called the ectoblast
Endo means within and the cells of the endoblast aften push so far
nto the ongial blastoderm cavity as to come 1nto contact with the
cells of the ectoblast and thus obliterate this cavity (5) Thus third
well marLed stage in the embry omec development 15 called the gostrula
stage, and 1t also occurs m the development of all or nearly all many
celled ammals

In the ca e of a few of the simple many celled anmals the embryo
hatches—that 15 1ssues from the egg at the time of or very soon after
reaching the gastrulastage  In the higher ammals howen er, develop
ment goes on within the egg or wathin the body of the mother until
the embryo becomes a complex body composed of many vamous
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tissues and 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 it a fully
developed mature amimal  This 1s the case with the birds, a chicken
just hatched has most of the tissues and organs of 2 full grown fow!
and s simply a little 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 crab or bee Thus
the development of some animals 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
embryomc, or larval development, as 1t 15 often called There 13 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 in the cleavage stage and
blastoderm stage and even in the gastrula stage are apparently all
similar  there s little or no differentiation shown among them But
from the gastrula stage on development ncludes three important
things the gradual differentiation of cells mto vanous 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 into the special condition charactersstic
of the species of ammal to which the developing mdividual belongs
From the primtive 1ated cells of the bl: derm, 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 n 1ts
early stages development leads to the specialized condition of the
body of the adult animal Development 1s from the general to the
special as 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 1 their
beginming-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 simular undifferentiated cells
But soon 1n the course of development the embryos begm to differ and
a3 the young ammals get further and further along m the course of
therr development they become more and more different until each
finally reaches 1ts fully developed mature form showing all the great
structural differences between the starfish and the dove the beetle and
the horse  That 15, all ammals begin development apparently alihe
but gradually diverge from each other during the course of develop
ment
There are some extremely interesting and significant things about
this divergence to which attention should be gnen  While all animals
are apparently alike structurally at the beginning of development so
faraswecan see they donot all differ noticeably at the tume of the first
divergence n development  The first divergence n development 1s to
be noted between two Linds of ammals which belong to different great
groupsorclasses  But two anumals of different kinds both belonging
to some one great group do not show drfferences until later in thew
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 insects There are many
different hinds of mnsects and these kinds can be arranged 1o 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 m one great
class—the Insecta  Another great group of animals 15 known as the
Vertebrata or backboned anmals  The class Vertebrata mcludes the
fishes the batrachwans the reptiles the birds and the mammals each
b group butallck 1zed by the p
ofa backbone or more accurately speaking of a notochm'd 2 back
bonelike structure Now, an msect and a vertebrate diverge very
soon m their development from each other but two insects suchasa
beetle and a honeybee or any two vertebrates such as a frogand a
pigeon do not diverge from each other sosoon  That s all vertebrate
ammals diverge 1n one direction from the other great groups but all
the members of the great group Leep together for some tume longer
Then the subordinate groups of the Vertebrata such as the fishes the
buds and the others, diverge and still later the different kinds of
anumals i each of these groups diverge from each other

That the course of development of any ammal from 1ts begmnmng

to fully developed adult form 1s—in all 1ts essentials—fixed and certam
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15 readily seen  All rabbits develop in the same way every grass
bopper goes through the same developmental changes from single egg
cell to the full grown active 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 Al many celled animals begn lfe as a
simgle cell the fertilized egg cell  each anumal goes through a certain
orderly series of developmental changes which, accompanied by growth
teads the ammal to change from a single cell to the many celied com
plex form charactent tic of the pectes to which the anmmal belongs
this development s from sunple to complex structural condition, the
development 1s the same for all mdividuals of one species  While all
anmmals begin development similarly the course of development m
the different groups soon dwverges, the divergence bemg of the nature
of 2 branchin,, lke that shown 1n the growth of a tree  In the free
tips of the smallest branches we hase represented the vartous spectes
of antmals m therr fully developed condition all standing more or less
clearly apart from each other  But m tracing bach the development
of any hind of animal we soon come to a pomnt where 1t very much
re embles or becomes apparently identical with the development of
some other kind of ammal and 1 addition 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 animal at any
stage m its existence dffers absolutely from any other hind of ammal
n that 1t ean develop mnto only its own kind of ammal  There 13
something inherent i each developing amimal that gives it an dentity
of 1ts own  Although m 1ts young stages 1t may be bardly distin
guishable from some other hind of animal m sumlar stages 1t is sure
to come out when fully developed an mdividual of the same kind 2
its parents were or are A very young fish and a very young sala
mander are almost indistinguishably alike but one 1s sure to develop
mto 3 fish and the other mto a salamander This certamty of an
embry o to become an mdividual of a certamn kind 15 called the law of
heredity  Viewed 1n the light of development there must be as great
2 dufference between one egg and another as between one ammal and
another for the greater difference 1s tncluded 1 the less
The fi of the devel: 1ph 152 matter about
which naturalists have yet very much to learn It 1s believed how
ever by practically all naturabists that many of the varous stages in
the development of an ammal correspond to or repeat m ma
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fundamental features at least the structural condition of the animal s
ancestors Naturalists beheve that all backboned or vertebrate

c
Fro 6 —Stages m the development of the prawn Penens potimirium A
Nauphus latva B first zoea stage C second zowa stage (From Jordan and
Kell gg ofter Frst Aluller}

Fic 27 —Tater stages 1n the development of the prawn Penexs pot mirium
D Mywsstage E adultstage (From Jordan and Kellogg)
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ammals are refated to each other through bemg descended from a
comrmon ancestor, the first or oldest bacl boned arumal  In fact, it 1s
because all these backboned ammals—the fishes, the batracnans the
Teptiles, 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
gene ations branched off bittle by httle from the ongmnal type untd
there came to exist verv real and obvious differences among the back
boned animals—differences which among the Jiving backboned animals
ate famihar to alt of us  The course of deelopment of en indimdnal
animal 5 believed to be ¢ terv rapid and evedently much condensed and
charged recapituluton of He listory
ulnch the species or kind of ammal to
which the developing mdunidual belongs
kas passed through o the course of s
descent through o fong sertes of gradually
changsng ancestors  If th.s1s true then
we can readidy understand why a fish
and a salamander a tortoise,a bird and
2 rabbit, are all much alike, as they
really are, in their earhier stages of
development and gradually come to
differ more and more as they pass
through later and later developmental
stages A crab hasa tai 1n one of its
developrental stages, o that at that
ume 1t Jooks hike and realfy 1¢ hike the  Fir 28 —Metamorphosis of &
mature stage of some tailed crustacean bemacle Lepas alanva b adulte
hkeacrayfish Abarnacle whichlaaks \F7om Jordan and Kelloge}
Little Tike a crayfish or crab in its ma
ture stage, 18 hardly to be di tinguihed 1 1ts immature hie from a
young crab or lobster  Sacculina which 15 a sull more degenerate
crustacean 1s only a sort of feeding sac with rootlet like processes
projecung anto the body of the ho t crab on which 1t hves as a
parasite, but the young free v imming Saceubina 1s essentially ke 2
barnacle, crayfi h, or crab in 1ts 3 oung stage

Horvever, 1t 13 abvious that this recapitulation or repetition of
ancestral stages 15 never perfect, and it 1s often so obscuted and modi
fied bv interpolated adaptive stages and characters that but bttle of an
animal s ancestry can be learned from a scrutiy of 1ts development
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The fasanating biogenetic law of Miiller and Haeckel summed up
m the phrase, ‘onfogeny 15 @ recopitulation of phylogeny " must pot
be too heavily leaned on 2s a support for any speculations as to the
phyletic affimtties of any speces or group of species of organisms
¢ Embryology 1s an ancient manuscript with many of the sheets lost
others displaced, and with spurious passages mterpolated by a later
hand



CHAPTER IX
CRITIQUE OF THE RECAPITULATION THEORY*

% B scotT

Embryology 15 the study of the development of the individual
organism from 1ts begainning 1n the egg to the attanment of the adult
condstion  This mdividual 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  iround tfus problem many controverstes have raged contro-
verstes which have by no means arnved at a defiste solution even
to-day Thurty years ago the “recapitulation theory’ was well mgh
umversally accepted according te which the individual development,
or ontogeny was regarded as an abbreviated repetition of the ances-
112l hustory of the species or phylogeny  Haeckel called this 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 authontues 15 altogether
demed  However even those who take this extreme position con
cerning the recapitulation theory see in the facts of embryology one
of the strongest supports of the doctrine of evolution

It was very eatly d that the recapitul theory could
not be appled with hiteral exactness, but was subject to certmn
important exceptions and quabfications

1 That the history must have been enormously abbreviated
After three weeks of incubation the tiny speck of protoplasm, which
forms a arcular mark on the yolk of a hen s egg 13 developed mto a
fully formed chuck, ready for hatehing and able 1n large degree to take
care of usclf  On the other hand the evolution of birds from their
mvertebrate ancestors through the fishes amplubians, and reptiles
the separation of the galiimaceous stock from other burds and the
dufferentiation of thus particular species were extremely slow processes
extending through unnumbered mulltons of years Admtting reca
pitulation to the fullest extent 1t 13 evidently & physical mpossibility

‘From W B Scott The Theory of Evolulion (copynght 1917) Used by
of the pubhshers, The llan Company

tpecial
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that 1t should be a perfect repetttion of phylogeny, very much of the
long story must of necessity be omtted

2 Through all the stages of development the embryo must be
rendered able to Ive and grow and thrnve throygh adaptation to its
surroundings and changes i 1ts environment In some animals
development takes place within the body of the mother, in others the
embryo 18 protected by the hard egg shell as 1n birds, while the eggs
of certamn fishes and many invertebrates float freely in the sea and are
almost without protection  Such differences 1n environment necessi
tate differences in the mode of development while the presence or
absence of 2 large amount of 1nert food matenal, or yolk evertsa great
wfluence 1n d g the steps of

3 Many ammals pass through a larval stage of development 1
which the immature young leads an independent and self sustammg
exstence durng which 1t 1s very different m appearance and structure
from 1ts adult parents Famihar 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 their environ
ment and to changes m that environment evactly as do adults if they
are to survive In this way many changes are mtroduced mto the
ontogeny which can have no phylogenetic significance It 15 found
several known mstances, that nearly alhed 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 spectes of marmne worms for example which inhabits
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 meazning of embryological
facts 1t 1s thus necessary to distinguish sharply between those features
which are derived from a long nhentance and are therefore called
palingenetsc from those which have been secondarly introduced 1
response to the changing needs of embryomc or larval bfe  These
secondary features are termed cenagenetic

/ If we are compelled to admt that cenogenetic characters are
mtermingled with palingenetic, then we cannot regard ontogeny as a
pure source of evidence regarding phyletic relationships  Ontogeny
accordingly becomes a field 1n which an active imagmation has full
scope for 1ts dangerous play but m which positive results are by ne
means everywhere to be obtamed  To attam such results the paln
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genetic and cenogenetic phenomena must be sifted apart, an operation
whith required more than one entical gram of salt  On what grounds
shall this cntique be based?  Assuredly not by way of a vicious arcle
on the agam forf 1c are present 1 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, 1n 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
confu ton 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 15 open to entiasm 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
has solved many a perpleung problem that without its aid might have
remaned a standing nddle to the pure anatomist  But winle fully
recogmzing the real and substantial fruits of that theorv, we should not
close our eyes to the undenable fact that it, hke many another fruit
ful theory, has been pushed beyond its lepitimate lymts It 1s largely
to an overweerung confidence 1 the vahdity of the embryological
evdence that we owe the vast number of the elaborate hypoth=tical
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 1 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 convincing ev1
dence 1n 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 mdwidual develop
ment, the observer witnesses the formation of something new, not
merely the enlargement and unfolding of a pre existing organism
though the theory of preformation which was widely accepted m the
eighteenth century, looked upon ontogeny precisely in that way as
the growth of 2 germ which was the mmature of the parent. Sucha
theory was possible only before the development of microscopic
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 undifierentiated cells though 1t may be enormously
enlarged by the presence of food yoll  In the hen s egg thus food yolk
13 quite mert and the activity of development 1s confined to the minute
dise of protoplasm on the outside of the yoli while in the frog s egg
the yolk 15 disseminated though not umformly throughout the egg
and 1n the mammahan egg which 1s microscopic m size there 1s no
yolk  Itisa very remarhable fact that all of the vertebrated animals
fishes amphibians, reptiles birds and mammals however different
their habits and modes of hfe have a mode of ontogeny which 13 of
even more ch 1eally and takably the same plan than 15
the type of their adult structure which was desgribed m the last
chapter The egg or the active portion of 1t divides m a defimte and
regular manner mto a very large number of cells which arrange them
selves mn definite layers an outer and an mner and wathm these layers
cell aggregates form mcipient 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 which are permanent mn lower forms appear in 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 orareso 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
gill pouches hke a fish the sheletal supports of the gill pouches the
artenes and vewns which supply them with blood the structure of the
heart 1n short the entire plan of the circulatory system 1s fish ke
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At alater sta, e most of the gill pouches have been obliterated, but one
15 retamed and comverted into the Custachian canal which connects
the throat with the middle ear mside of the ear drum  Similarly the
embryological evdence shows that the lungs of aur breathers have been
derned from the swim bladder of fishes a conclusion which had
already been reached by comparative anatom) for 1n a remarkable

A B ¢

Tto 29 —Embryos 1n corresponding stage of deselopment of shath {A4)
fowl (B) and man (C) g gllshts  (From Scott)

group hnown as the Dipnot or lung fi hes the air bladder 15 utilized
for purposes of respiration
Tt has been objected that while embryology may prove relation

ship within a single type 1t fals to demomstrate any connection
betncen different types, but this 15 not altogether true  The Tunt
cata a curious group of manne anumals once referred to the Mollusca,
are shown by their ontogeny to Le refated to the vertebrates and the
same 1» true of certan 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 (Amplhioxus) the tunicates and Balanoglossus this scheme
1s founded upon the embryological evidence Among the iverte
brates even more remarkable examples have been observed Such
radically different types as the segmented worms and the shell
fish (Mollusca) are brought mnto relationship by their ontogeny and
their closely sumilar 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 affintties, ongnally referred to the Crustacea largely
because of 1ts marine hahits of hfe embryology makes much more
probable 1ts relationshup to the arr breathung scorpions and spiders a
result which has been exammed previously from another point of view
1n connection with blood tests

Even before the publication of Darwins Orsgin of Specres one
of the great stumbling blocks 1n the way of the theory of special crea
tion was the exustence in a great many ammals of rudimentary organs
or such as are so far reduced and atrophied as to be of no service to
their possessors An analogy employed by my lamented friena
Mr Richard Lydekker may be advantageously repeated here Let us
suppose that a screw steamer with longitudimal shaft Jeading aft from
the engine room to the stern where 1t carnes the propeller should on
close examunation reveal many signs that 1t has ongmally been a

side wheeler or paddle boat Recognizable remnants of paddle

boxes of bearings for a transverse shaft and the like are found what
would be the mevitable conclusion? No one would mamtamn that a
naval architect 1n possession of his senses mn constructing a screw
steamer would delberately mtroduce features which are useful and
appropriate only m a paddle boat The only reasonable explanation
would be that the vessel had ongmally been bwilt as a paddle-boat and
bad subsequently been converted mto a screw steamer and mn the
conversion it had not been found necessary completely to eradicate ali
traces of the original construction Obwviously the same reasoning
applies to rudimentary organs  The only satisfactory explanation of
such useless remnants 15 that their possessors are descendants of
ancestors in which those organs were fully functional It seems quite
absurd to assume that m a separately and specially created ammal
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 special creation by saying that apparently useless organs
may nevertheless have functions which are still unknown to us and
may be revealed by future discovery In certamn cases like that of the
thyroid gland 1m theneck this contention has been justified but there
are many others to which 1t doesnot apply  For example n the great
and varied whale tribe (order Cetacea) which mncludes the right, or
whalebone, whales the sperm whales the porpoises dolphuns, etc
the forelumbs have been converted into swimming paddles but the
hind Limbs appear to have vamshed completely leaving no externally
visible trace  Internally however recognizable remnantsof the hind
Limb bones may be found in vanious stages of reduction which differ
n the different members of the order  In the Greenland Right Whale
the hup-bone thigh bone and shin bone are indicated 1n the Fnwhale
only the hip bones and a minute rudiment of the thigh bone are tobe
found m the toothed whales only an almost unrecognizable remnant
of the hip bone 15 left and in one of the dolphins even that has dis
appeared  Sumlarly, the snakes have lost their limbs completely so
far as external appearance 13 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 kmbs 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 if 1t were admitted that all rudimentary organs and struc
tures found sn theadult have a certain unknown use and value, no one
could mawntam this with regard o the countless istances of structures
which are developed 1 the embryo but disappear entirely before
birth It s possible to mention but a very few of such wmstances out
of the great number that have already been observed and recorded
but these few will suffice to illustrate the principle 1nvolved

‘ Examples of this may be aited from the most widely different
groups 1o 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 nto
mouth parts those on the thorax are farther developed mn their joint
mgand musculature to be locomotive legs those on the abdomen are

agamn resorbed  In many fresh water worms the eggs of which are
laid m a cocoon, from which they are hatched as a finished mmute,
cravling worm larval organs are nevertheless formed which recall
those of the Trochophore the larva of the arigmal worms which swums
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freely in the sea However these larval organs are never
properly functional sincenoactuallyfree swimming larva s developed
but the embryo merely floats m the albuminous fluid of the cocoon

¢ A particularly beautiful example 1s offered by the whales in their
embryological development which has been thoroughly studied by
Kukenthal In the adult condition they show only the antenor
extremties, but i the embryo the posterior parr with thewr sheletal
parts are formed,but are afterwards completely atrophied AlthOUgh
they are ls, ;n the adult d they have absol no
covering of hair since i their aquatic hfe another and more effective
protection against 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
rovering of hair 1s formed which 15 later transformed 1n a peculiar
manner and atrophied  Further, a series of whales have no teeth in
the adult condition but only the well known eel trap-like, horny
plates from which whale bone 15 produced Nevertheless i the
embryo there 1s a dentition of numerous teeth which are however
tesorbed without ever piercing the gum

Throughout the great group of the rummants which ineludes the
oxen buffaloes bison sheep goats antelopes deer and giraffes 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 exammation shall have been made but its
demonstrated presence m the foetal sheep 1s sufficiently striing  In
the igher mammals the number of teeth was onginally 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 certain teeth We
have every rea on to believe that the ancestors of the forms with
reduced dentition possessed teeth o full numbers and that there has
actually been a loss of teeth in the course of descent  This conclusion
15 abundantly confirmed by the facts of embryology Take for
example the great group of the gnawing mammals or Rodentia m
whch the front teeth or meisors above and below are reduced to one
oneachside except in the rabbits  The incisors are chisel shaped and
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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 hifetsme of the ammal
Between the chisel like mcisors and the grinding teeth there 1s a long
toothless gap which we assume was in the ancestors of the rodents
occupied by the second and third incisors the canine and two or more
gonders  This conclusion 1s justified by the facts of embryology
for 1nstance 1 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 lhat birds are
descended from reptiles a 1 which 1s 11 h
by the facts of palaeontology and will be exammed more at length
m the following lecture Such a descent explains many otherwise
puzzling features in the ontogeny of birds m which reptihan charac
tenistics appear 1n transitory fashion and are either modified so as to
take on typically bird ke character or are suppressed altogether A
remarkable example of this 1s the formation of rudimentary teeth in
certamn embryonic birds followed by their resorption and disappear
ance before hatching

It can hardly be ded that these rud: ry 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 thes
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 i 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 mvarably ap
advance from lower and sumpler to higher and more complet types
but may be by way of degeneration and degradation The adoption
of a parasiue 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 uted 15 that of
Sacculina, 2 nondescript creature that 1s parasitic on certan species
of crabs  The parastte 1s attached to the body of 1ts vicum under
neath the tail by means of root like fibres which penetrate and ramfy
throughout the mterior of thecrab  The root like fibres absorb nutn
ment and convey 1t to the body of the parasite whch 1s reduced to 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
tave Juices which are convey ed to 1t by the root like filiments from the
body of 1ts host and the power of reproduction and 1t must have some
respiratory and excretory capacity though there are nesther gills nor
glands  From an exammation of the adult parasite alone 1t would be
quite impossible to classify 1t and determune the type and class to
which1t should be referred but embryology solves the problem  From
the egg 15 hatched 2 free swimming larva which has jomted append
3ge5, nervous, muscular and digestive systems and 1n short clearly
belongs to that group of the Crustacea which imncludes the barnacles
This 13 degeneration carried nearly to the utmost possible extreme and
yet the mdividual development shows the derrvation of this otherwise
problematical parasite and the steps through which 1t passed m 1ts
detenoration

It was stated above that several distnguished 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 1n form or structure must anse 1n the germ
plasm at the very begmming of ontogeny there 15 no reason why such
changes might not my olve the whole course of embryological develop-
ment  To my mind this a prion objection to the recapitulation theory
1s quite without force m view of the great body of observed facts, but
there 1s no time to enter upon a discussion of such an abstract and
difficult problem  For our present purpose however 1t 1s important
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
lfe. Practically, it 1s the study of the fossil remains of extinct ammals
and plants including any traces of their existence such as footpnnts,
impressions 1 slate, clay, or coal The evidence from the fossils has
defimte elements of strength i that 1t deals with actual orgamsms that
formerly mhabited the earth s surface Many of these spectes must
have left descendants, some of which are doubtless living 10 2 modufied
concition today Palzeontology 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 fossis lies in the fact that extremely
few samples of the lving forms that have eusted 1 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 scientists
Many types of anumals and plants moreover, are soft and capable
of preservation only under such exceptional comditions 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 Lilely 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 remarns are fragmentary or preserved
very wcompletely, so that only the bard parts have come down
tous There are, of course many important exceptions to this rule
and these are our chief reliance 1n interpreting anctent hfe

‘That Darwin fully reahzed the vulnerable pomts 1 the pal
logieal record 1s shown by the following quotatson from the Orsgen of
Specses

‘I look at the geological record as a history of the world imper
fectly kept and written n a changung dualect, of this history we possess

124
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the last volume alone, relating only to two or three countrnes Of
this volume only here and there a short chapter has been preserved
and of each page only here and there a few lmes  Each word of the
slowly changing fanguage, more or less different 1n the successive
chapters, may represent the forms of lfe 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
furnished only by pal logy The ! record, so soon as
1t approaches completeness, must, when properly questioned yeld
either an affirmative or 2 negative answer 1f Evolution has taken
place there will 1ts mark be left, if 1t has not taken place there will
Lie ats refutation "—~T H Huxley

! The geologica] record is nat sa haopelessly incomplete as Daswin
believedat to be  Smce The Orsgin of Specres was wntten our know!
edge of that record has been enormously extended 2ud we now possess
no complete volumes, 1t 13 true but some remarkably full and ilfum:
nating chapters ‘The mam significance of the whole lies m the fact
that, yust sn proportson tothe completeness of the record 15 the unequivocel
character of «ts lestumony fo the iruth of the evolutionary theory’—
W B Scott

* On the other hand, matters have greatly mmproved since Darwin
wrote hus oft-cited Chapter X, many lands then geologically unknown
bave been explored and many of the missing chapters and paragraphs
1 the hstory of life have been brought to hight The most ancent
biologically intelhgible period of the earths history 1s called the
Cambnan and, compared with the succeeding penads, the Cambrian
has always been poor 1 fossils great areas and thicknesses of rocks
bemg enturely barren No one could doubt that our knowledge of
Cambnan hfe was most incomplete and inadequate A few years ago
Dr C D Waleott, Secretary of the Smuthsoman Institution dis-
covered 1n the Canadian Rockies a most marvelous senes of Cambrian
fossils of an ncredible deicacy and beauty of preservation which
have thrown a flood of new and unexpected light into very dark places
1t 13 clear that the Cambran seas swarmed with 2 great vanety and
profusion of hife but that i only a few places so far known to us



126 EVOLUTION GENETICS AND EUGENICS

were conditions such that these dehcate creatures could be preserved
1t 18 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 astomshing fact 15 that
so much has been preserved rather than that the story 1s so mcom
plete  Notmithstanding all the difficulties, the palaeontological
method remains one of the most valuable means of testing the theory
of evolution because certamn chapters 1 the hustory of hfe have been
recorded with a mnuteness that 1s really very swrpnsing —
W B Scott Theory of Erolution (The Macmullan Company Re-
printed by permission)

WHAT FOSSILS ARE AND HOW THEY HAVE BEEN PRESERVED

¢ Fossuls are only animals 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 10 soil or rocks or else and more commonly parts of anumals
which have been turned mto stone or of which stony casts have been
made Al such remaimns buried by natural causes are called fossils ' —
Jordan and Kellogg

FOSSILS CLASSIFIED

Class1  The actual remamns 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
remams have undergone httle or no change of the ongmal orgame
matter into morgamc. Thus we find the complete bodies of great
hairy mammoths frozen 1n the arcticice  These are so well preserved
that dogs have fed upon their flesh Nearly a thousand species of
extinct insects 1ncluding many ants have been obtained practically
mntact from amber, 2 form of petnfied resin  Innumerable mollusk
shells teeth of sharks pieces of buned logs bones of ammals buned
m asphalt lakes and bogs have been found in a well preserved
condition

Class 2 Petnfied fossils —The process of petnfication mvolves
the replacement paruicle for particle of the organic matter of a dead
ammal or plant by mmeral matter So completely 1s the finer
structure preserved that microscopic sections of preserved tissues
espeaally of plants have practically the same appearance as sections
made from lving orgamsms  Vanous mineral matenals have been
employed in petnification such as quartz lLimestone 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 impress 1n the plastic material  Sub-
sequently the entire orgamsm has decayed and been dissolved away
2nd 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
ammals have been left upon formung slate or coal that are almost as
accurate 1n detail as 2 hthograph

Perhaps the most remarkable fossils known are those found by
Professor Charles D Walcott 1 the marmne oily shales of British
Columbia A large number of soft bodied mnvertebrates 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 mtegu
ment

Some authonties include among fossils such traces of extmet Iife
as footprints utensis and tools of extinct man and even the
vestiges of archaic sea beaches Perhaps this 1s stretching the
defimition of the term fossil  too far

ON THE CONDITIONS NECESSARY POR FOSSILIZATION

Exammation and study of the rocks of the earth reveal the fact
that fossils or the remaimns of ammals and plants are found m certam
kmds of rocks only They are not found m lava because lava
comes from volcances and mifts in the earths crust as a red hot
wiscous biquid which cools to form a hard rock  No amimal or plant
caught m 2 lava stream will Jeave any trace Furthermore fossils
are not found 1n gramte nor 1 ores of metals nor m certamn other of
the common rocks Many rocks are ke lava of igneous ongin
others, ke gramte although not origmnally 1 the melted condition
have been so heated subsequent to their formation that any traces of
anmal or plant remams m them have been obliterated  Fossils are
found almost exclusively 1 rocks which have been formed by the slow
deposition m water of sand clay, mud orlime The sediment which
15 carned mto a lake or ocean by the streams opening mto 1t simks
slowly to the bottom of the lake or ocean and forms there a layer
which gradually hardens under pressure to becomerock Thisis called
sedimentary roch or stratified rock because 1t 1s composed of sed:
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ment and sediment always arranges itself i layers or strata  In
sedunentary or suratified rocks fossils are found ‘The commonest
rocks of this sort are limestone sandstone and shales  Limestone 1s
formed clnefly of cartbonate of hme  sandstone 15 cemented sand, and
shales, or slaty rocks, are formed chiefly of clay

¢ The formation of sedimentary rocks has been gong on since fand
first rose from the level of the sea  for water has always been weanng
away rock and carrying 1t as sediment mto rivers and rivers have
always been carrying the worn-off Itme and sand and clay downwasd
to lakes and oceans at the bottoms of which the particles have been
piled up 1 layers and have formed new rock strata  But geologists
have shown that m the course of the earth’s history there have been
great changes in the position and extent of land and sea  Sea bottoms
have been folded or upheaved to form dry Jand whtle regtons once
tand bave sunk and been covered by lakesand seas  Agaun, through
great foldings i the coobng crust of the earth which resulted 1n
depression at one pamt and elevation at another, land has become
ocean and ocean land  And 1n the almost ummaginable persod of
tme which has passed smce the earth first shrank from 1ts hypo-
thetieal condition of nebulous vapor to be 2 ball of Jand covered with
water such changes have occurred over and over agam  They have
however mostly taken place slowly and gradually The prmeapal
seat of great change 13 i the regions of mountamn chaws, which, 1
most cases are sunply the remamns of old folds or wrmkles 1 the
crust of the earth

¢ When an aquatic anmmal dres 1t sinks to the bottom of the lake
or ocean unless of course, s flesh s eaten by some other anumal
Even then its hard parts will probably find their way to the bottom
Thete the remamns will soon be covered by the always dropping sedt
ment.  They are on the way to become fossils  Some Jand ammals
also might after death, get carned by a mver to the lake or acean
and find thewr way 1o the bottom where they too, will become fosstls
or they may die on the banks of the lake or ocean and their bodies
may get burted in the soft mud of the shores Or agam they are
often trodden in the mure shout salt springs or submerged in quick
sand It 15 obvious that aquatic antmals are far more likely to be
preserved as fossils than land ammals. This inference 1 steikingly
proved by fossl remams  Of all the thousauds and thousauds of
Linds of extinct msects mostly Jand anumals, comparsatively few spect
mens are known #s fossils  On the other hand the shell beanng
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\
mollushs and crustaceans are represented m almost all rock deposits
which contain any hind of fossil remains —Jordan and Kellogg

The study of geology teaches us that the earth s outer zones have
undergone within the penod of vertebrate history numerous profound
changes which 1n general we may term climatic changes  There have
been penods of contimental subsidence, accompanied by ocean floar
elevations durmg which great continental plams have heen covered
with comparatively shallow seas  The marine faunas of the seas have
mgrated mnto these shallows and representatives of them have been
buried 1n sediment. When the reverse change has occurred and the
continental plamn has been agamn elevated the sedimentation of the
shallow sea peniod forms a great rocky stratum laden with manmne
fossils  Between perods of subsidence millions of years elapsed and
therefore a break m the continuity of the entombed fossils 15 to be
expected  Discontinuity between the fossit faunas in adjacent strata
1s the invarable rule  Were 1t not for this periodicity of subsidence
and elevation there would be no boundanes between consecutne
geologic strata

TIn addition to the methods of fossihization mentioned a few others
deservenotice  Many ammals of the anid plains have been fossilized
by becommg ymbedded m dust or sand dnfts 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 internal structures such as the brams or the viscera of verte
brates have been found m such a perfectly natural shape that the
comparatry e anatomy could be worked out with confidence

On the whole then we must conclude that the earlier pessimism
dmng the imnad and -y of fossil data s giving way
before a steadily mereasing optumism due to the very ripid advance
1o techmque and the surprisigly abundant discoveries of the modern
palacontologist The more enthusiastic of the new school of fossil
hunters do not despair of ulttmately bringing to hight all of the really
essential hinks 1n the chain of evadence necessary o place the evolution
theory beyond the reach of controversy

From D § Jorden and V L Kellogg Evolution and Ammal Life (copy
right 1007) Used by specul pergussion of the publishers D Appleton & Company
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ON THE LAPSE OF TIME DURING WHICH EVOLUTION IS BELIEVED
TO HAVE TAREY PLACE

Independently of our not finding fossil remamns of such mfimitely
numerous connectng hinks {referrng to the objection that all steps i
the evolution of modem types should be revealed m the fossils] n
may be objected that tsme cannot have sufficed for so grear an amount
of orgame change all changes having been effected slowly It s
hardly pessible for me to recall to the veader who 15 not a practical
geologist the facts leadwng the mind feebly to comprehend the lapse
of ttme  He who has read Sw Charles Lyell s grand work on the
Princsples of Geology which the future histonan will recognize as
having preduced a revolution m natural science and yet dees not
admst how vast have been the past persods of ime may at once close
this volume  Not that it suffices to study the Principles of Geology
or to read special treatises by different observers on separate forma
tions and to mark how each author attempts to give an madequate
wdez of the duration of each formation or even of each stratums Ve
a1 1 est g un some 1dea of past tume by knowing the agencies at work
and learmng how degply the surface of the land has been denuded
and bow much sediment has been deposited  As Lyell has well
cemarked the extent and thichness of our sedimentary formations are
the result and the measure of the denudation which the earth s crust
has elsewhere undergone  Therefore a man should examne for him
self the great piles of superimposed strata and watch the nvulets
brnging down the mud and the waves weanmg away the sea-chfs 1
order to comprehend somethung about the duration of past tune, the
monuments of which we see all around us ~Charles Darmn Orsgin
of Specres

In 1862  says Schuchert® the physiast Lord heban
held that as our planet was continually losing energy 1o the form of
heat the globe was a molten mass somewhere between 20 coo oco and
400 000 oo years ago with 2 probability of thus state occurning about
98000 cooyearsage  Fumally m 1897 ke concurred 1 Clarence hing s
conclusion that the globewasa molten mass about 24 ove coo years ago
Bath of these conclusions however were wrought out under the Lap
iacian hypothesis and now many geologists hold that the earth never
was molten  While geologists have not been able to fit thewr evidence
10t 50 short 2 tme they have ever since been trymg to keep therr

€. Schuck 1t Test-Eo b of Geology Part 11 Historscal Geology {s915)



131

TVIDENCFS FPOM PALAFONTOLOGY

(4040450 434fo P 2\, wi04])

5129 € 000 000 00§ 1 32 PIIEWRSH [T W JLe0[033 [EIOL—oF 01T

1
° ve

an s 4 noos o seer o a
B .
P & u oem -
R 2
¥ -
. 2] L
v H ols x ° “
: R s 2 s 5
o v 3 < -
s in oo | s om | a0 | T
121020933 DIOZOSIN 210Z0aYIVd
MK 2 z
t, N N 2 " H R
el o “o o o \Om
. 2 . e
[ suvaa 000 000 0ir « vax oo 000 sza_ MviNaWYoT <
0 v H g
H] ®
B H] £ §




132 EVOLUTION GENETICS AND EUGENICS

estymates withi the bounds of Lord Kelvin s older caleulations  fal
zott 1 1893 on the basis of the stratigraphic record and the known
discharge of sedument by mvers concluded that jo 000 000 years had
elapsed since sedimentanon began mn the Archeozoi  Sir Archibald
Gielue places the time at 100 000 000 years and most gealogrsts have
tried although with difficulty to fit the record withun these estimates

Sice the di covery of radmm 2l of the calenlations previousty
made bave been set aside by the sew school of physicsts and now
the geologasts are told they can have 2 coo 000 000 or more years as
the tume since the earth artamed s present diameter Even
o foally st shall turn out that the physicssts have to reduce ther
estumates as to the age of certam mmerals and rocks geologists
nevertheless appear Lo be on safer ground in actepting thair estumates
than those based exther on sedimentation chemical denudation or loss
of heat by the eacth

The last decade has seen the demise of the outwom dbjection to
evolution based on the 1dea that there bas not been time enough for
the great changes that are behieved hy evolutronsts to have oecureed
Ginen 100 000 600 0F 1 000 000 000 years since Ufe began we can then
alfow 1 ooo ceo years for each ymportant change to avise and establish
aself  We can also understand why 1t 15 that so little change can be
noted 1 the majonity of nild ammals and plants withun the histonc
period % thousand years 1w the development of the race 15 e 3
second m the development of an mdvidual and though no one can
notice any change i a growing creature 1 a second o5 3 mmate Very
sadicalchanges can benotedmanbowroraday orayear  Whecamnot
see any movement w an hour hand of a clock  but it maves with
certamiv around the dial i 2 relatively short time  There 1s there
fore no shortage of tme  Evolution may have been mimtely stow
but ume has been ifimtely long  The accompanywg tme scale
shows the lapse of ume and the distribution m tune of the man
groups of ammals (Fig )

QN MIE PRIVCIPAL GEWERAL PACTS REVEALED BY A
STUDY OF THE FPOSSILS

1 Done of the animals or plants of the past are ;dentical with
those of the present  The nearest relationship s between a few species

of the past and some living spectes which have been placed m the same
genera,
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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) eolo,. ¢ strata
are most Itke those of the present and help to nk the present with
the past

5 Theress 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 Itis 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 ANOWN 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 1s a rather general consensus of tpimon as to the
lustory as a whole It appears practically certamn that the horse
family (Equidae) arose from a group of prumtive five toed ungulates
or hoofed mammals called Condylarthra that Ined m Eocene times
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No particular member of this extinet group has been found that fulfils
ali the requirements of a pnoutrve horse ancestor so the chances are
that the real ancestral condy larthran has not been discovered

The course of thew [Equidae} evolution says Dendy has
evidently been determmed by the development of extensne dry
grass-covered open plams on the Amencan contment In adap-
tation to bfe on such areas structural modification has proceeded
shiefly in two dwectims  The hmbs have become greatly elongated
und the foot uphfted from the ground and thus adapted for rapid
fhght from pursuing enemies while the mddle digit has become more
and more important 3nd the others together with the ulna and the
fibula have gradually disappeared or become reduced to mere vestiges
At the same tume the grazin, mect has been gradually perfected
The neck and head have become elongated so that the amumal 1s able
to reach the ground without bending s legs and the cheek teeth have
acquired complex gnnding surfaces and have greatly mcreased m
length to compensate for the mereased rate of wear Asin 5o many
other groups the evolution of these specal characters has been
aceompamied by gradual increase 1 size Thus Eoksppus of Lower
Focene imes appears to have been not more than eleven mches high
at the shoulder while €xsting horses measure about sixty four mches
and the numerous intenediate genera for the most part show a
regular progress m ths Tespect

All these changes have taken place gradually and a beautul
sertes of intermeduate forms indicating the different s.ages from Eoksp
Pus to the modern horse [Equus) have heen duscavered The sequence
of these stages 1 geological time exactly fits 1w with the theory that
exch one has been derrved from the one next below st by more perfect
adaptation to the conditions of be  Numerous genera have been
descnibed but it 15 not Decessary to mention wore than a few

“The first wdisputably horselike apimal appears to have been
Hyracothessum  of the Lower Focene of Europe  Another Lower
Locene form 15 Enlappus which ved m North America probably
having migrated across from Asa by the Alaskan Jand connection
which was 10 evistence at that tme  Tn Eolsppus the fore foot had
four completely des eloped Boafed digts ang 4 thumb  reduced to
asplnt bone 1 the hand foot the great toe had entirely disappeared
and the little toe 1s represcated by 2 vestigial structure or sphnt bone

G)Axthur Dendy Outlines of Loolutionary Bulsgy (D Appletan & Company
0t
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Then came 1n succe ston Orohsppus of the Upper Eocene Mesohippus
of the Lower Miocene lelnﬁpus of the Upper Phocene and ﬁna.lly
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Fic 31 —Feet and teeth 1n fossit pedigree of the horse  (Aft Marsh)
a Bones of the fore foot 5 bones of the lunlfoot ¢ radwsandulna d fbula
andtibia ¢ tootsof a tooth fand g crowns of upper and lower teeth
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Equus of the Quaternary and Recent  Other genera mght be men
tioned but the history of this senes has Leen pictured in a classic
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Were there time enough to do so we might trace the development
of this family bachward, step by step through all the many stages
hetween the Pleistocene and the Upper Eocenen 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
scparate as1salso 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 muddle 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 Iived side branches which
should be mentioned One ending in 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 termunated 1 the Upper Miocene these
were browsers and display an mcreasing stature espectally m the
length of the neck and fore ltmbs They adapted themaelves 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 hke 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 Mastedon from the Phocene and Pleistocene of

From A F Shull Principl s of An mil Brology (copynt ht 1920)  Used by
special permission of the publishers The McGraw Hill Book Company
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North Amenca Lurope and Asia Stegodor from the Plocene of
southern Asz and Llcphas from the Plestocene of the Amerncas
Lurope,and Asia as well as the living clephants of Asia and Africa

D

F

164 —Lvolution of head an! molar teeth of mastodons and elcphants.
A L Eephas ei tocene B Stegodon Phocene C € Mastodon Plosstocene
D D Triophodon Miocene I £ Palacomostodon Olgocene F F Moes
rathersum Locene  (Prom Lull )
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A study of Figure 34 1n connection with the following account will dis-
close the more stnhmng steps of evolution  These forms differed from
one another m 2 number of features but the differences between any
member of the _eries and the one that precedes or that which follows
were so mall that the series s obviously a continuous one  Moersthe
rium was very different from the modern elephant but the nter
mediate forms completely brnidged the gap The senes exhibits an
enormous Increase mn size of body changes m the form and size of
the teeth a reduction i the number of teeth zn alteration mn the
method of tooth succession the enlargement of certan teeth to
become tusks the elonration and subsequent shortening of the
lower jaw the development of the upper lip and no e mto a proboscis
and an mcrease m the height of the skull through the development
of large cavities 1n the substance of the bone These features are
described 1n the several forms seratim

Moentherium.—The earliest ammal recogmzed as belonging to
the elephant series oerulierium by name was recovered from the
late Eocene and early Olgocene deposits of northern 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 thatis bone contaimng
upen spaces the elongation of the second pair of mctsors m each jaw
to form short tusks the indication of transverse ridges on the molar
teeth (Fig 34 F) and the position of the nasal openings some distance
back of the tip of the upper jaw mdicatmg probably a prehenstle
upper hp  There were 24 teeth and the neck was long enough to
enable the ammal to put its head to the ground It probably fed
upon tender shoots and swamp vegetation

Palaeomastodon —This form also lived n Egypt but has recently
been found m India It dates mrom early Oligocene time Palaeo
mastodon was of somewhat larger size than the preceding form, the
postenior part of the skull was distinctly higher (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 enamel] on thetr front surfaces  The lower
second 1ncisors were present but not enlarged  All other incisors and
the canines had 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 openmgs had receded until they were just In front of the eyes
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which 15 believed to mdicate the eustence of a short probosct
extending at Jeast to the tips of the tusks

Trlophodon -—Trilophodon a great migrant and consequently
wide spread over several continents as stated above ethibited m
several respects a stn}mg advance over Palgeomastoden but this
advance was 1 the mam 1n the same direction a5 was mdicated by
the change from Moertthersum to Palasomostodon  Trilophodon wasa
huge ammal neasly as large as modern Indian elephants  The tushs
were consderablv longer (Fig 34, D) and still bore a 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 elonzated so that 1t projected as far
forward as the tushs  The great sexght of the lower jaw and tusks

was d with a derable devel t of cancellate bone
i the skull to which the supporting mu cles 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 i their mciprent 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 about the size of the Indian elephant The tusks (C7) were
much elonzated (g feet or more) but the lower jaw was preatly short
ened and the fow er mcisor teeth were reduced or wanting  The molar
teeth (Fig 34 C) wWere 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
mdeed remains of such objects have been found i the regon of the
stomach of the fossil mastodons

Stegodon —This animal 15 of mterest cluefly because the molar
teeth hore five or s1x well defined transverse ndges (Fig 34 B) These
nidges were due to plates of enamel extending up through the tooth
and melosing a substance Lnown as dentine  Over the enamel m 8n
unworn tooth was a thin coat of a third substance called cement, but
there was not much of this substance between the ndges In the
latter respect, Steyodon difered s 1s pomted out below {rom the
elephants and mamuoths  On the whole Stegodon was mtermediate
between the mastodons 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 (Tig 34 47) The height 15 due chuefly to the development
of cancellate bone, not to the enlargement of the brain which 15 still
quite 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 (Fiv 34 4) Each tooth
bears a number of transverse ndges ahout ten m the African elephant
and two dozen or more 1 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 hke 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 i 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 tushs 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:

Rucragp Swany Lotn
QRIGIN OF PRIMATES

Stock —There 1s but ittle doubt that two important orders of
modern mammals the Carmvora and the Pnmates had a common
onigin diverging mainly along Lines determned by a dietary contrast
as the former have become more strictly 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 lughly speciabzed
along diverse hnes but generalized insectivores possessing because
of their primutiveness a wider range of potential adaptation  Mat
thew1s 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 in their tastes hving among and partly m the trees
with sharp nose bright eyes and a shrewd hittle brain behind them
looking out 1f you will from a perch among the branches upon 2
world that was to be simgularly kind to them and their descendants
Thus we can define the stock as a relatively large bramed arboreal
msectivore of pnmutive but adaptable dentition and especially of
progressive mentality

Time —The time of primate origin 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 simultaneous appearance of the primate mn the
0ld World and the New gives nise to the same conclusions as to their
place of onigin and their migrations thence as with other modernized
mammals It suffices now to say that therr ancestral home was
boreal Holarctica probably withmn the Limits of the present contmnent
of Asa whence thev migrated southward along the three great
contmental rady  The impelbng cause of this mugration was the
increasing northern cold before which the boreal imitations of the
tropical forests retreated carrying with them the primates which, m

From R. § Lull Orginic Evolution (copynght sory) Used by speaal
permassion of the publishers The Macoullan Company
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general are utterly dependent upon such an environment for ther
sustenance

Geologic retord.—Primates are found 1 the North American
sediments from Lower to Upper Eocene tume, when they became
extinct Thus, while ther remams 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 i Europe in
the Lower Miocene at the time of the proboscidean mugration 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 1 southern Asia Afnca and South Amenca the evolution of
primates seems to have been continuous since the first great southward
migration  The evidence however 1s not so much the historical
documents as the presence of primates m those places at the present
time the fossil record 15 not entirely laching although hghly mcom
plete  The South American monkeys may have had thewr ongin 1n
the ancient North Amenican pnmates, or more doubtfully the stock
may have come by way of Afnca Scott inclines 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 hig bramed anthropoid retated most neatly to the
chimpanzee gorilla group an assumption based upon anatomical
evidences 10 spite of wide differences n habitus and consequent
adaptation

Place —Evidences pomt to central Asia as the place of descent
from the trees of the human precursor the reasons for this behef bemg
several Furst, 1t was central for migrations elsewhere Europe on
the other hand where the most conclusive in fact almost the exclusive
evidence for fos 11 man 1s found 1s too small an area for the diverg ut
evolution of the several human species Second Asia 15 contiguous
to the oldest known human remains which as we shall see were found,
mJava Thrd it was the seat of the oldest avihzations not only of
the existing nations which hke the Chinese trace their 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 15 the source of almost
all of our domestic 2mmals, 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  Thisis not due to the fact that man
first reached civilization 1o Asia but rather that he chose for fus com
panons the lghest and best of their several evolutionary hines and
Asia was the place of all others upon earth where the evolution
general of organic Life reached 1ts ighest development 1n late Cenozoic
tume (Williston)  Fifth climatic 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 —VWe look for a geologic cause back of this most
momentous cnsts 1n the evolution of humamty and we find 1t 1n conts
nental el and q andity of climate, espe-
aally tothe northward of the Himalayas  With thisincreased andity
and tempenng of tropical heat came the dwindling of the forested
areas suitable to pnmate occupancy  Barrell has suggested that this
dirunution left residual forests comparable to the dimmshing lakes
and ponds of the Devonian which upon final desiccation compelled
thewr denizens to become terrestnal or pensh  The dwindhing of the
residual forests would have an effect upon the tree-dwellers which may
be expressed in precisely the same words.  Once upon the ground the
effect upon even a conservative type—and the primates in general
where constant conditions prevail are slow of change—would be the
rapid acquisition of such adaptations as were necessary to msure sur
vival under the new conditions ‘The other man like apes had,
unforturately for their further evolution, reached a region where
tropical forests contmued to be available and hencs have retamned 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 their common ancestry with mankind the gibbons seem
to have detertorated less while terrestnal man has nsen to the summt
of pnmate evolution

Tune —The tune of the descent 13 not later than early Pliocene
nor earlier than Miocene tume, when the terrestnial ape man became
what we would call human was perhaps later, but certainly durnng 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
mind (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, espeaally during the long winters  (5) freedom from
chimatic restrict: an 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  Pnmates are at best greganous
submutting asin 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 ncrease 1n shull
capacity, diminution of brow ndges dumnution 1n strength of zygo
matic or temporal arch 1ncrease in size and complexity of bramn
especially frontal lobes, development of articulate speech

FOSSIL MAN

Fossil remains of man are found under two conditions 1 river
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 contam only the
remams of the Jater races as the caverns according to Penck did not
become available 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 dryng or of rapid oudation both
of which are prolututive of fossihization  If man lived and died wn the
forests the chances for his fossihzation 1 common with other forest
creatures was very remote for the remams of such are almost mvant
ably destroyed by other ammals by dampness or by fungi 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 it the fact remains that relics of anctent 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 aumals which are now extinct while very rare has been
reported 1n at least two lughly authentic mnstances  The first of these
was at Attica New Yorh and 15 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 ches below this 1 undisturbed clay peces
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 sheleton,
embedded i the matrix but touching the bone atself The skeleton
was lying upon the right side The bone bed when cleared off

contaned 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 winter  There was no possibility of the accidental
mtrusion of the arrow head in the place where found It must
have been within the body of the anumal at the time of death, or have
been lymng on the surface 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 Ths find which has been reported by
State Geologist Se lards was made at Vero eastern Flonda 1o 1913
The fossil human bones are from two incomplete skeletons and are
found m strata which also contain remams of the following extinct
speaes  Llephas columbs Equus lerdyr afox,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
Auwres 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 O1d 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 Afnca a human skeleton of
undoubted antiquty It 1s described however as bemng nether 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  Itis possible that within the next decade one or more of the
Tertiary ancestors of man may be discovered in northern Indiz among
the foothdls 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 anthroperd 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 Eurcpe 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 stag s 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 from the greater
continent

Nevertheless the European record has enabled us to name and
define a number of distnct human species and here the record of the
cultural evolution of man 15 abo unusmally complete  Hence Euro
pean chronology 1s taken as a standard m describing discoveries from
any portion of the norld

CHRONOLOGICAL TABLE
(Adapted from Osborn 1915)

PosTGLACIAL TriE 5 000 years
‘Upper Palaechthic culture
Cré-Magnon man
Foura GLACIAL STAGE (Wurm Wisconsin) 50 000 years

Close of Lower Palacohthic culture
Neanderthal man
TyIed INTERCLACIAL STAGE 150000 years
Begnning of Lower Palaeolithic culture
Piltdonn and pre Neanderthaloid men

TemD Gractar Stace (Riss IThnosan) 175 000 years

SzCOND INTERGLACIAL STAGE 375 000 yEATS
Hexdelberg man

Seconp Graciar Stace (Mindel Ransas) 400 000 year

T1rsT INTERGLACIAL STAGE 475 000 years
Puthecanthropus ape man

Frrst GracraL Stace (Gunz Nebrashan) 500 000 years

Puthecanthropus —The Java ape man  Pitheconthropus erecius
{Fig 35) was discovered m Trml on the Solo or Bengawan
River m central Java m
1804 The type consists of
a cabvarum or shull cap a
left thigh bone, and two
upper molar teeth The
shull 15 charactenzed by 1ts
himated capanity about two-
thirds that of man and by
the low flat forehead and
beetling brows  Hence not
onty was the bram himited
n its total sze but this  F6 35 —Shull of Java ape man Puthecan
was especially true of the Hopes ercctus  (From Ll ofter e sars)
frontal lobes which as we have seen are the scat of the higher mtel
lectual faculties  Thus as Osbomn says, 2lthough touch, taste and
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vision were well developed there was a Limuted faculty for profiting
by expenience and accumulated tradition  The femur associated with

Fic 36 —Jaws leit outer aspect of 4
chumpanzee Pon sp B fossil chimpanzee
Pan vetus found m association wath Pilt
down man C Hedelberg man Homo
herdelbergensss D modern man II saprens
Al eran Forl? mdtos TT wn.

the shull 15 remarkable for its
length and shght curvature as
compared with the primitive
Neanderthal race of Europe
and indicates a creature fully
aserectand nearly as tallas the
average European of today
the height being estimated at §
feet 7 mches as compared with
5 feet 3 mches for the Nean
derthals and 5 feet 8 mches
the average height of modern
males The erect posture of
course imphes the hberation
of the hands from any part in
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 acqured Certam
authorities have tried to prove
that Pithecanthropusis nothing
but a large gibbon, but the
weight of authonty considers
1t prehuman though not mn
the line of direct development
mtohumanity  Itisneverthe
less a highly important transi
tional form

Associated with the Prthe
canthropus remamns are those
of a number of the contem
porary ammals which fix the
dateaseither of the Upper Plio
cene or lowermost Plenstocene
period which bemng rendered
n terms of years grves an estt
mated ace of about coo ool
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Herdelverg man— Homo herdelbergensss the Heidelberg man
cepresents the oldest recorded European race, geologically speaking
The type was discovered 1 1907 1 niver sands, 79 feet below the
surface, at Mauer near Heidelberg, South Germany The relic
consists of a perfect lower jaw with the dentiion (Fig 36,C) The
desenption by the discoverer, Doctor Schoetensach follows (from
Osborn)

The mandible shows a combination of features never before
found 1n any fossil or recent man  The protrusion of the lower jaw
yust below the front teeth (the chin prommence) which grves shape to
the human chin 13 entirely Jackmg  Had the teeth been absent 1t
would have been impossible to diagnose stashuman  From a fragment
of the symphysis of the jaw 1t might well have been classed as some
gorlla hke antbropoid while the ling ramus bles that of
some large vaniety 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 pnmitine i form show no trace of beng mntermediate
between man and the anthropoid apes but rather of being dernived from
some older common ancestor The tecth 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 not 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 point of separation between man and the
anthropoid apes In compari on with the Jaws of the Neanderthal
races we may consider the Heidelberg jaw as pre-Neander
thaloid 1t1s 1 fact a generalized type

Associated with the Heidelberg jaw 1s an extensn e warm-climate
fauna  straight tushed elephant (E anfigras) Ltruscun rhinoceros
primutive horse bison wild cattle (urus) bear lion and so om, all of
which a1d 1n establishing the date of the jaw as Second Interglacial
anditsage conservatively estimated at from 300,000 to 375 000 years
The cultural evolution of Herdelberg man 15 indicated by the presence
of eoliths flint implements of the crudest worhmanship 1f ndeed their
apparent fashioning 15 not merely the result of use

Neanderthal man.~The ongmnal speamen of the Neanderthal
man, Homo neanderthalensis ot primi,emus (Figs 37,38 30) was dis
covered 1o 1856 not far from Disseldorf n Rhemsh Prussia  Here
the valley of the Dissel forms the deep Neanderthal ravine whose
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hmestone walls are penetrated by caverns m one of which the remams
were found  What was doubtless a perfect sheleton at the time of 1ts

A Pitheconth opus evectus

the ape man of Java B Homo neanderthalensts the Neanderthal man of Curope C Homo sepicns the Cré-

(From Lull bycourtesy of Professor McGregor )

Fru 37 —Pestorationt of prelustortc men after models by ] H McGre,or

Magnon man of Europe

discovery was so inyured by ats finders that only a portion of it which
1snow preserved in the Provincial Museum at Bonn wassaved  This
prophet of an unknown race was for a tune utterly without honor
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though of course the subject of a most heated controversy bemg con
sidered as non human or as Virchow beleved, owmng its distinctive
characters to disease  The sagacity of Huxley threw true light upon
_he problem, though 1t was not until the mute testtmony 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 Hudey s descrip
tion of the Neanderthal
types classic  He says

¢ The anatormcal char
acters of the sheletons bear
out conclusions which are
not flattermg to the appear
ance of the owners They
were short of stature but
powerfully built with
strong currously curved
thigh bones the lower ends
of which are so fashioned Fic 38 —Neanderthalord shull of La
that they must have walked  Chapelle aux damts (Homo neanderthalen 15)
with a bend at the knees (From Luk oft  boute)
Theur long depressed skulls had very strong brow ndges  their lower
Jaws of brutal depth and sohdity <loped away from the teeth down
wards and backwards in consequence of the absence of that especially
characten tic feature of the higher typeof man the chun prominence

Subsequently several more specimens haye come to light at Spy
m Belgium at Rrapina n Croatia atLe Moustier La Chapelle aux
Samts and La Ferrasste m France, and at Gabraltar, which, while
differing m vartous details effectually serve ta establish the race who e
mam charactert ics are Heavy oy erhanging brows retreating fore
head, lon,, upper hp jaw less powerful than that of the Hexdelberg
man but very thick and ma sive chin generally strongly receding but
m process of formmg  dentition ettraordinarily massive mt the La
Chapelle specimen whereas 1n those of Spy the teeth are small  The
shull i many charactenstics 15 nearer to the anthropoids than to
modern man

The brain 15 Jarge and 1ts volume 15 surely human, but the pro-
portions are agan less hike those of recent man than Like the anthro-
pods. The chest 15 large and robust, the shoulders broad, and
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the hand large but the fingers are relatrvely short the thumb lackmg
the range of movement seen m modern man  The Lnee was some
what bent the leg powerful with a short shm and clumsy foot clearly
not of cursonal adaptation The
curve of the bent Jeg was correlated
with 2 sumlar curvature of the
spme so that the man could not
stand fully erect as he lacked the
fourth or cenvical cunvature of
Homosapiens Theaveragestature
was 5 feet 3 inches with a range
from 4 feet 103 mches to 5 feet
52 mches partly sex differences
Neanderthal mn hved m Eu
rope from the Third Interglacial
stage through the Fourth Glacial
a duration of thousands of years
and then became extinct, from
twenty to twenty five millenmums
ago He scems to have been an
actual hmeal successor of the man
of Heidelberg but was throughout
his long career an unprogressne
static race One of the most
s Fie J%I*Skdemn of Neanderthal  remarhable features 1 connection
Pnrl:d "i,lh“:’;;;”z;d:ﬁl::éﬁn:f:‘ o with ths race, however was the
Au traban B Homo sapreny thelatter very Teverent way m which the
the lowest easting race (I'rom Ltll. dead were buried with an abun
ofir B aoduord ) dance of ornaments and finely
worked flints  This can have but one interpretation the awakemng
within this ancient type of the mstinctive belief in immortality!
Pyltdown man —In rg9r vas announced the discovery of a very
ancient man from the Thames gravels at Pidtdown Sussex England
Here again the skull was injured and partly lost so that the question
of 1ts proper restoration has been the subject of considerable contro
versy The matenial consists of portions of the cranal walls nasal
bones a canine tooth and part of a lower jaw  The brain case in this
mstance 1s typically buman except for the remarkably thich cramal
walls The forehead 1s high and lacks the superorbital ndges of
Neanderthal man and Pithecanthropns  While the skull 1s of com
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paratively igh buman type the associated jaw and canme tooth
dearly 2 e not and some dufficulty was met m explaining their evolu

tionary & ‘That has app 1y been answered, however,
by the condusxon that the association of the matenal 15 purelv aca

dental and that the jaw not only does not belong with the skull, but
that 1t 15 not even human but 15 that of a fossil chumpanzee That
bemng the case there seems to be no reason for the exclusion of the
Piltdown man who has been named Eoanthropus dawson: from the
direct line of buman ancestry  The specimen 1s not, perhaps, so surcly
dated as are those of the other European races, but 1t 1s associated with
a warm-chmate fauna and 13 generally considered to beloung to the
Third Interglacial stage—from 100000 to 150000 years old end
hence vastly more ancient than the more primitive Homo neander

thalensis  (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
hight 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 Cr0-Magnon France was the raceestablished These individuals
an old man two young men, a woman and a child are thus the
types of the race  This race 15 thus ck

Skull farge but narrow, with a broad face hence disharmome.
Faaal angle equalling the highest type of Homo sapiens  Jaw thick
and strong with a narrow but very prommnent chin  Forehead high
and orbital ndges reduced  Brain uot only of high tvpe 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 5 inches a great dis
panty The lower segments of the imbs were long 1n contrast with
the Neanderthal type hence the men of Crd-Magnon were swilt
footed while those of Neanderthal were slow  Oshorn says ‘ The
wide, short face, the extremely promment cheekhones the spread of
the palate and a tendency of the upper cutting teeth and 1nG1sors 0
project forward and the narrow, pownted chin recall 2 facal tvpe
which 13 best seen to-day 1n tribes biving 10 Asia to the north and to
the south of the Himalayas  Asregards their stature the Cro-Magnon
race recall the SIkhs iving to the south of the Fumalayas In the
disharmonic proportions of the face that 1s the combmation of
broad cheekbones and parrow 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 burnal 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 11 Dordogne at Landes near
the Garonne m Southern France and at Lannion in Bnttany  Osborn
says

Tke dechne of the Cré Magnons with therr artistic culture,

may have been partly due to environmental causes and the abandon

ment of their vigorous nomadic mode of hife 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 realin 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
vanation 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 n some mstances striking bkenesses of the
present day Egyptians

Uwmversal distribution 15, 1n ammals another mark of antiquity
n man, 1t 13 probably less so because of huis greater mtelhgence
And yet before transportation had become a science man's spread
over land and sea was extremely slow

High mtelligence as compared with that of the anthropexds 15 also
a mark of antiquuty for the bramn especally the type of bram found
n the higher human races must have been very slow of development
Our study of fossil man shows this

Communal Ufe, division of labor and all of the comphcated
Interacttons which 1t brings about and the development of law and
religions all have taken ime  When we realize that Babylonan texts
twice as remote as the patniarch Abraham, give evidence of ghly
perfect laws and of a covilization which must have antedated their
production by centuries we gawn 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 his mtelhgence and communal ¢o operation man 18 00
longer subject to the laws which govern the adaptation of anmals
to their environment  Osborn s law of adaptive radiation which as
we have seen, applies equally well to the msects reptiles and mam
mals fails n ats application to mantind and yet man has become s
thoroughly adapted to speed, fiight to the fossomal and aquatic as
they but his adaptation 1s artifictal and to a very small extent only
affects his physical frame while theirs 1s natural and the stamp of
environment 1s deeply impressed upon the organism

Man s physical evolution has vartually ceased but mn so far as any
change 13 being effected, 1t 15 largely retrogressive  Such changes are
Reduction of hasr and teeth, and of hand slall and dulling of the
senses of sight smell and hearmg upon which active creatures depend
50 Jargely for safety 'That sort of chanty which fosters the phys!
cally, mentally, and morally feeble and is thus contrary to the law of
natural selection must also i the long run have an adverse effect upon
the race
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Man 13 hardly as yet subject to Malthus law for while he 15
imereasmg 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 ntellr
gence save hum from the apphcation of the law A single new dis-
covery such as that of electnnaaty may inerease s food supply and
other life necesstties several fold His future evolution 1 so far as
1t 1 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 discavery has come to hight during the last few
years and deserves to be added to the foregoing account by Professor
Lull the discovery of Pelan man Sinanthropus pekinensis Next to
Puthecanthropus 1n the fossil senes of pnmuitive man and only a stage
more advanced 15 this newly discovered genus A few years ago Pro-
fessor Davidson Blach found some fossil teeth pear Peln China
which though distinctively human were different enough from any
others known to be assigned to a new genus of man  Search for further
femams 1 the same neighborhood brought to hght two lower jaws
contaming the kind of teeth discovered by Black The nvestigation
was cimaxed a httle Iater when the Chinese anthropologist W C Per
unearthed in the same neighborhood a complete cramum At last
reports collectors had brought i 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
tenally to bridge the gap between Pitkecanthropus and the higher
buman genera At this wniting further details about this new genus
would be nappropnate smce mvestigatrons upon 1t are still n progress



CHAPTER X1I
EVIDENCES FROM GEOGRAPHIC DISTRIBUTION
FRINCIPLES OF GEQGRAPHIC DISTRIBUTION

Just as palacontology may be sud to be a study of the vertical
distribution (dstabution 1 tume) of arganisms so geographic distriby
tion may be zalled 2 study of the honzontal dustribution of organsms
on the earth ssurface at 20Y grien tiume (spatial distribution)  We are
chiefly to be concerned with the Presens spatial distribution of anumal
and plant speaes hut equally wnteresung studies have been and still
may be made of the h I or e P of
extinct forms  Much new knowledge has been gamed by combmmng
the data of palacontology with those of geographic distribution.  In
fact peither field can be studied profitably without recourse to the
other  This fact was clearly percesved by ] A Thomson i Ius Iittle
manual o6 Erofutton when he combined the two types of evidence sn
one chapter under the utle Evidences of Evolttion from Explorer
and Palaeontologist

It was a consideration of the Present and of the past distnbution
of Edentates that led Charles Darwin to hss first clear concept of
descent with modification  In hys voyage ob the Beagle ke found
that present day Edent { dillos sloths , 3 very
peculiar group of archaic mammals are practically confined to South
Amenca When he also found that the only fossi] Edentates resem
bhng but also differing from the existing types are also confined to
South Amenca ke easily amved at the only inference 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 quve the reader a clear 1des of the ways m which the general facts
of geographic distribution bear Witness to the teuth of the evolutionary
panaple

The theory  says Wallace s which we may now take as estab-
bshed-—that all the existing forms of life have been denved from ather
forms by a natural process of descent with modification and that this
sume process has been m action dunng past geologial time~should

From A R Wallsce Darprm Used by specut 1on of the
patliskers The Macaian Compuny "0 ¥ specsl permiss

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

“In the absence of any exact knowledge of the facts of d
a student of the theory of evolution mught naturally anticipate that all
groups of allied organisms would be found 1n the same region and that
as he travelled farther and farther from any given centre, the forms
of ife would differ more and more from those which prevailed at th~
starting pomt till 1n 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
antiapate that diversities of climate would always be associated witha
corresponding diversity in the forms of Lfe

¢ Now these ant: are to a derable extent justified
Remoteness on the earth s surface 1s usually an indication of diversity
m the fauna and flora while strongly contrasted clunates are always
accompamnied by a considerable contrast in the forms of lfe But
this correspondence 1s by no means exact or proportionate and the
comverse propositions are often quite untrue  Countnes which are
near to each other often differ radically 1n their amimal and vegetable
pmdumons while similanty of chmate together with moderate

, are often d by marked diversy

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

“As examples of extreme diversity, notwithstanding geographical
prounmity, we may adduce Madagascar and Afnica whose animal and
vegetable productions are far less alike than are those of Great Bntain
and Japan at the remotest extremuties of the great northern contment
while an equal or perhaps even a still greater diversity exists between
Austraha 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 countnies of Europe  As a proof that similanty of cimate
and general adaptability have had but a small part 1o determining the
forms of hife in each country we have the fact of the ecormous increase
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of sabbits and pigs in Australia and New Zealand, of herse~ and cattle
1 South America and of the commaon sparrow mn 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 oppo ite sdes of the
globe 1 tropical Amertca and the Malayan Isiands the camels of
the Asiatic deserts whose nearest alhes are the lNamas and alpacas
of the Andes and the mamupsals only found mn Australa 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 wanting 1n New Zealand, and
1n a considerable number of ather 1shn Is which are nevertheless per
fecthy able to support them when mtroduced

Now most of these difficulties can be solved by means of well
hnown geographical and geologieal facts  \When the productions of
remote countnes resemble each other there 1s almost always confr
nutty of land with eimlanty of clunate between them ¥ hen 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 wde oceans it 1s found that m past geological
umes the same group was much more widely distributed and may
have reached the countries 1t habits from an intermediate re,ion
s which 1t 13 now extinct  We know also, that countries now umted
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
b, a broad expanse of sea were formerly umted and formed a singleland
arca There 1s also another important factor to be taken account of
in considering hosz ammals and plants have acquured ther present
peculantie of distnbutton —changes of chimate We know that
qurte recently a glactal epoch extended over much of what are now the
temperate regions of the northern henusphere and that con equently
the orgamsms winch mbabst those parts must be comparatively
speaking recent mmmigrants from more southern lands  But 1t 15 @
yet more mmportant fact that down to middle Tertiary fimes at all
events an equable temperate cimate with a lusurnant vegetation
extended to far within the Arctic circle over what are now barren
wastes covered for ten months of the year with snov and e The
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Arctic zone has therefore, been 1n past times eapable 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 orgamisms hetween the old and new
continents,

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

“Accepting evolution along with the other factors which can be

recognized the method of distnb s 1y c 1to beas
follows The ancestral form tends to spread 1n all directions In
directions 1t 1s hmted by unf: ble conditions erther through

out its Lfe or for some tume, In other directions 1t extends 1ts range
Anywhere within 1ts range new types of mdividuals may anse through
the process of evolution These new types may be fitted to occupy
new regions and if they are formed near the lumts of the range they
may find opportumty to spread into areas whch are maccessible to
the unaltered members of the species  Thus may anse recognizably
distinet forms comadent 1w range with tertamn environmental conds
twons  If particular forms or the individuals of a single form are
acadentally (or possibly by sporadic mugration) transferred across
barners the distnbution of the group becomes discontimuous If
these processes have been gomg on for a long tune that 1s if the
common ancestors of a group of forms exnsted long 2go the range may
have had time to become very extensive or its i contwawty very
marked If contranwise the ancestors were comparatively recent
the range 1s likely to be much smaller  For thus reason groups that
have diverged far enough to have attained the ranh of farmbes are on
the whole more widespread than those so neatly alh d as to be con
sidered genera Should the environment become altered within a
given range, the occupying form might be dnven from 1t or destroyed

From A F Shull Prisciples of dmamal Biology (capynght 1920)  Used by
specaal permussion of the publishers, The McGraw Hill Book Company
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I the m 2 region ad; g a range should change 1n 2
favourable manner the range nught be extended at that pomt without
any alteration on the part of the ammals

The distribution of anmals 1 inferred to be barmony with this
wethod which mvolves 1t will be noted the factors of rugration
evolution  phystol ! and morphological depend upon the
environment the diversity and changeableness of the earth ¢ surface
and extinction and 1 this manger are explained the differences m

hical position dif m size of range, differences m the
continnty of range and the fact that ranges are at first continuous,
differences 1 physical and bral 1 d: which ¢h

the ranges of different forms and the geographical proxumuty of
apparently related forms

SOME OF THE MORE SIGNIFICANT FACTS ABOUT THE
DISTRIBUTION OF ANTMALS
THY FADNA OF QCEANIC ISLANDS
CEORGE JOUN EOMANES
Tumning now from aquatic organisms to terrestnial the body of
facts from whach to draw 15 s0 large that ¥ think the space at my dis
posal may be best uthzed by confining attention to a swmgle division
of them—that namely which 1s furmshed by the zoological study of
aceanic slands
In the comp 1y hmated~—but 1n stself fass of
facts thus presented we have a particularly fair and cogent test as
between the altermative theones of evolution and creation For
where we meet with a voleanic wsland bundreds of miles from any
ather land and nsmg abru ptly from an ocean of enormous depth we
may be quite sure that such an 1sland can never have formed part of a
oow submerged contiment I other words we may be quite sure that
italways has been what it now 1s—an oceanic peak separated from all
other land by bundreds of miles of sex and therefore an area supplied
by nature for the PUIPOSE 25 1t were of testing the rival theones of
creation and evolutron  For let us ask upon these tiny insular
specks of land what kind of Lfe should ne expect to find? Ta this
Question the theories of specal creation and of gradual evolution
would agree 1n gving the same answer up to 2 certan poiat  For
both theanes would agree 1n supposing that these islands would at all
From G § Romaes Darssn and after Darmn {copyuight s8gs)  Used by
special permission of The Opert Coust Publishing Company
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cvents i large part demnve their inhabitants from acaidental or ocea
stonal armivals of wind blown or water floated orgamisms from other
countnes—especially of course from the countriesleast remote  But
after agreemg upon this pownt, the two theories must part company 1n
their anticipations  The special creation theory can have no reason
to suppose that a small volcamc 1sland 1n the mudst 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 peculiar species  For 1t 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 evola
tionary lustory  Protected from 1ntercrossing with any members of
their parent species elsewhere, and exposed to considerable changes in
thewr condittons of hife 1t would 1ndeed be fatal to the general theory
of evolution 1f these descendants duning 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
mmported by ships upon some of these islands and even already 1t 18
cbserved that their descendants have undergone a shght change of
appearance so as to constitute them what naturabsts call local
varteties The change of cour e 15 but shght because the tume
allowed for 1t 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 oceanic 1sland 18 of very ancient formation the evolution theory
would expect to encounter a great wealth of peculiar species  On the
other hand as I have just observed the specral creation theory can
have no rea on to suppose that there should be any correlation
between the age of an oceanic 1sland and the number of p culiar species
which 1t may be found to contam

Therefore having d the les of hical distnn
bution from the widest or most general pont of view we shall pass to
the opposite extreme and con ider exhaustively or in the utmost
possible detaal the facts of such \v where the d are
best suited to this purpose—that is as I have already sad upon
cceamic 1slands which may be metzphon1lv regarded as having been
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formed by nature for the partieslar purpose of supplying naturalists
#ith a crucial test between the theorses of creation and evolution

those oceanic 1slands which are most widely separated from mam
lands and which therefore, fumish the most unquestionable of
test cases as between the theartes of special creation and genetic
descent

Azores —A group of voleanuc islands mae 1 sumber about goo
aules from the coast of Portugal and surrounded by ocean depths of
¥ 800 to 2 500 fathoms There 13 geologrcal evidence that the ongm
of the group dates back at Jeast ae far as Muocene times  There 3a

bat, 5 few Spectes of butterfiies moths and hymenoptera, with 73
species of mdigenous beetles Al these amumals are unmodified
European speaies with the €xception of one bird and many of the
bectles  Of the 54 mdigenous species of the latter 36 are not found
i Enrope but 39 8re natives of Madesra or the Cananes, and 3 are
American doubtless transplanted by dnft wood ‘The rematmog 14
Species oceur stowhere else i the world though for the most part
they are alled to other European Spectes  There are 6g known
speaes of land shells of whick 37 are European and 32 pecular
though all allied to European forms Lastly there are 480 known
spectes of plants of which 40 are peahar though allied to Evuropean
species

Bermudaa~—A smal}f voleanse group of sslands 700 mles from
North Carolina, Athough there are about 100 1slands 1n the group
therr total area does pot &xceed 50 square mules  The group 1s sur
rounded by water varying an depth from 2 50010 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 asm 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 manvellous 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 7oo 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 speafic 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 Al these cor

relations Isay 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 oceanic 1.lands so that
10 the Azores alone we find no less than 32 of the one and 14 of the
other? And in 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 speczes though they are nearly all related to
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orncluded under the same genera as beetles on the neighhoring conty
pent  Now as we have previously seen no less than 200 of these
species have lost the use of thesr wings  Evolutionssts explan this
remarkable fact by their general laws of degeneration under disuse
and the operation of natusal selection as will be shown fateron hut

Madeira all allied 1o beetles on the nearest contient, and nearly ali
deprived of the use of therr wings  And suatdarly of course wath all
the peculiar species of the Bermudas and the Azores  For who will

from 2600 to 3000 fathoms aor more Ths group 15 of pecular
interest from the fact that 1t was the study of tts fauna which first

relations of this particular fauna

Here almost every product of the land and of the water bears the
untmstakable stamp of the Amertcan continent There are twenty six
land burds  of these twenty one or perhaps twenty three are ranked
as distinet species and wauld commonly be assumed to have been here
created  yet the close affinsty of most of these birds to Amencan
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more restricted range and therefore the least Wkely to have found
their way to the 1slands wnth any frequency

The wnsect fawuna of the Galapagos Istands 1s scanty and chiefly
composed of beetles These number 35 species which are neatly all

considerably more remote from the nearest contuents This differ
ence which at first sight appears to make agamnst the evolutionary
@terpretation really tends to confirm it For the Galapagos Islands
are situated 1n a ealm region of the globe unvisited by those perodhe
storms and hurrcanes which s ceporer the North Atlantic and which
every year convey some Stragghng birds snsects seeds etc to the
Azores and Bermudas thvmhszandmg thets somewhat greater
solation geagraphically  therefore the Azores and Bermudas are

Qtion with the islands

St. Helena —p small voleanc islang ten mles long by eght
wnde sithated mid-ocean 1 100 miiles from Africa and 1,800 from
South Amenca Ip Is very mountamous and ruzged bounded for the
most part by precipices fising from ocean depths of 17 ooo feet, to ¢
height above the sen Ievel of nearly 3 oo When first discovered 1t
was nichly clothed with forests  but thege were all destroyed by human
agency duning the r6th 17th and 18th centurtes  The records of cvih
2at0n present no more lamentable instance of this kind of destructson
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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 saentific
pount of view the loss 13 mncalculable  These forests served to harbour
countless forms of Ife which extended at Jeast from the Miocene age
and which having 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 archaic species of all classes the mterest of which we can
now only surmise from the few remnants 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 alhed to one m South Africa  but 1t 1s 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 genencisolation and
for the altogether exceptional proportion n which the great divisions of
the order are represented  The species belong to 39 genera of which
10 less than 25 are peculiar to thesland  and many of these are such
wolated 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 mmsect fauna has been m large part evolved from ancestor
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 remaming third 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 Heleromer form two groups “Now each of
these types may well be descended from a single species which ongy
nally reached the 1sland from some other land, and the great vanety
of generic and sp.cific forms nto which some of them have diverged
1s an ndication and to Some extent a measure, of the remoteness of
therongin {Viallace] But on the counter supposition that all these
128 peculiar species were separately created to occupy this particular
wland, 3t 15 surely unatcountable 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 worhed out we next find that there are only 20 species of

d land shells—which 15 not surprising when we ber 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 go1n number besides 26 ferns I orty
of the former and ten of the latter are peculiar to the sland and as
Sir Joseph I ooher tellsus  cannot be regarded as very close specific
alliesof any other plantsatall ~ Seventeen of them belong to peculiar
genera and the others all differ so markedly as species from themr
congeners that not one comes under the category of bemg an msular
form of a continental species  So that wath respect to 1ts plants 1o
less than with respect to 1ts amumals we find that the island of
St Helena constitutes a hittle world of umique species allted among
themselves but diverging so much from all other known forms that
1n many cases they constitute unique genera

Sandwich Islands —These are an extenstve group of islands
larger than any we have htherto considered—the largest of the group
being about the size of Devonshire  The entire archipelago 15 vol
canic with mountams nising to a height of nearly t4 ooo feet The
group 1s situated mn the middle of the North Paafic at a distance of
consyderably over 2 ooo pules from any other land and surrounded by
enormous ocean depths The only terrestrial vertebrite are two
bzards, one of which constitutes a peculiar genus  [There are 24
aquatic burds five of which are pecultar four birds of prey twe
of which are pecubar and 16 land birds all of which are peculiar
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Moreover these 16 land buds constitute no less than 1o pecubar
genera and even one pecuhar famly of five genera  Thisisanamount
of pecuhbanty far exceeding that of any other islands 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 peculiar while
about three-quarters of them go to tonshtute pecuhar genera
Agam of the plants 620 species are believed to be endemmuc  and of
these 377 are peculiar, yrelding no less thar 39 pecubar gepera

THE FAUNA OF CONTINENTAL ISLAND>—MADAGASCAR AND MEW ZEALAND'

A B WALLACE

The two exceptions just referred to are Madagasear and New
Zealand and all the evadence goes to show that n these cases the land
connection with the nearest continental area was very remote i time
Th dinary wolation of the prod of Mad: almost
all the most charactenstic forms of mammaha birds and reptiles of
Africa being absent from 1t—renders 1t certain that it must have been
separated from that continent very early i the Tertiary if not as far
back as the latter past of the Secondary pemod  and this extreme
antiquity 1s mdicated by a 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 mam
Iand  Madaga car 15 the only island on the globe with a fauly nch
mammahan fauna which 1s separated from a continent by a depth
greater than a thousand fathoms and no other island presents so
many pecularities 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 1ts geolomcal structure 1s perfectly contr
nental There 15 also much evidence that 1t does possess one mammat
although no specimens have been yet obtamed  Its reptiles and birds
are highly pecubar and more numerous than m any truly oceanic
sland  Now the sea which directly separates New Zealand from
Austraha 1s more than 2 ooo fathoms deep but m a north west direc

From A R Wallace Dar n sm (copynght x82g)  Used by special perous-
20n of the pubbshers The Macmullan Company
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tion there 1s an extensive bank under 1 oo fathoms, extending to and
including Lord Howes Island while north of thus are other banks
of the same depth approachmg towards a submarme extension of
Queensland on the one hand and New Caledonia on the other, and
altogether suggestive of a land umon with Austraha at some very
remote pertiod  Now the peculiar relations of the New Zealand fauna
and flora with those of Australia and of the tropical Pacific Islands to
the northward mdicate such a connection probably during the Cre-
taceous period  and here agam, we have the exceptional depth of the
dividing sea and the form of the ocean bottom according well with the
altogether exceptional isolation of New Zealand an 1solation which has
been held by some naturalists to be great enough to justify its claim
to be one of the primary Zoological Regtons

THE DISTRIBUTION OF MARSUPIALS
A B WALLACE

Thus simgular and lowly organised type of mammals constitutes
almost the sole representative of the chiss m Austraha and New
Gumez while it 1> entirely unknown i Asia, Afnca or Europe It
re2ppears 1n 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 mn order to account for this curious
fact of distribution.  When however we look to what 15 known of the
geological history of the marsupials the difficulty vamshes In the
Upper Eocene deposits of Western Furope the rem.ms of several
ammals closely allied to the American opossums have been found
and as at this pertod a very mild climate prevailed far up mto the
arctic regions there 15 no difficulty 1n supposing that the ancestors of
the group entered America from Europe or Northern Asia during eatly
Tertiary times

But we must go much further back for the origin of the Australan
marsupials  All the chief types of the higher mammaha were m
eustence i the Eocene if not in the preceding Cretaceous penod
and as we find none of these 1n Australia that country must have been
finally separated from the Asiatic contment duning the Secondary or
Mesoroic period  Now durmg that period m the Upper and the
Lower Oalite and 1 the stll older Trias the jaw bones of pumerous
small mammalia have been found formmg eight distinet genera which

From A R. Walace Darwiniym (copymght 188¢) Used by specul per
mwsinn of the publishers, The Macmullan Company
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are believed to have been either marsupials or some allied lowly forms
In North Amenca also mn beds of the Jurassic and Triassic formations
the remams of an equally great vanety of these small mammalia have
been discovered and from the examination of more than sixty spect
mens, belonging 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 shich 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 mhabited by no other mammala 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 Austraha where they have since remained almost com
pletelv isolated and beng 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 msectivora and the carmvora—white still preserving the
essential ct 1stics and lowly of the
At a much later period—probably in late Tertiary tumes—the ances
tors of the various species of rats and mice which now abound n
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 approumation to an Asiatic
island had occurred 1n recent times 1s sufficiently proved by the fact
that nosquurel pig avet or other widespread mammal of the Eastern
hemisphere has been able to reach the Australian contment

THE DI TRISUTION OF BIRD>
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 Wallice Darusn sm (copyrght 181) Used by speaal per
issi0n of the publishers The Macmillan Company
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can continue long on the wing fly swmitly and have, besides the
power of resting safely on the surface of the water These would
hardly be Limated 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 a wide distnt
bution across the oceans  while wader: 1y plovers
smipes, and herons—are equally ipol travelling along the
coasts of all the continents and across the narrow seas which separate
them  Many of these birds seem unaffected by cimate and as the
orgamsms on Which they feed are e pecially abundant on arctic tem
perate and tropical shores there 1s hardly any lumt to the range even
of some of the species
Land birds are much more restricted m theyr range owing to thew
usually Lizited possers of flight, thewr mnability to rest on the surface
of the sea or to obtamn food from 1t and thewr greater specuahsation
which renders them less able to maintam themselves m the new coun
tries they may occasionally reach  Many of them are adapted to ive
only 15 woods or 19 marshes or in deserts, they need particular hinds
of food or a hmited range of temperature and they are adapted to
cope only with the special enemes or the particular group of compets
torsamong which they have been developed  Such birds as these may
bas again and agan 10 a new country but are never able to estabhsh
themsehees m 1t and 1t 15 this orgamc barnier as 1t 1s termed rather
than any physical barner, which, 1 many cases, determnes the
presence of a species in one area and 1ts absence from another We
raust always ber therefore, that although the presence of 3
Species 1n a remote oceamsc 1sland clearly proves that its ancestors
must at one time have found their way there the absence of a species
docs not prove the contrary since 1t also may have reached the island
but have been unable to mamtain steelf owing to the morgame or
orgame conditions not beng switable to 1t Thu, general prncple
applies to all classes of orgamsms and there are many strilang lus-
trations of it In the Azores there are exghteen species 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
beenable to establish themselyes  In Bermuda the facts are still more
stnking since there are only ten speaies of resident birds, while no less
than twenty other species of land burds and more than a bundred
species of waders and aquatics are frequent wisitors often in great
numbers but are never able to establish themselves

4
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STUMMARY OF MAMMALIAN DISPERSAL
HANS GADOW

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 continent, South America This had three chances or
epochs of bemng stoct ed 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
aborigmal to South America when this was still contmuous 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  Thes
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 i the eastern Asiatic half was sure to turn up n 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 viciss:
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 carmivores monkeys we do not know
Not much 1s ikely to have onginated m Europe the elephants rhinos
hippos Lons and hyaenas were migrants rather from than to Afnca
rarely across some VMediterranean bridge usually by Asia Mmor

‘The more domunant forms of our present fauna have origiated to
use an expression of Darwins  m the Jarger areas and more efficient

From Haus Gadow ¥ andersngs of Ansmals (1913) Cambrdge Umiversity Press.
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watkshops of the north,” and the balance 1s 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 vamishing of whole faunas from evtenstve countries, whuch
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 their day and are
now on the dechine whilst others are floursshng now are even In the
merease and seem to have a future before them Such favoured
assemblies are the toads and frogs lizards and snakes, Passerme hirds
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 mfluence of man who only within most recent
times has become the most potent and destructsve factor to the ancient
faunas of the world

SUMMARY OF THE ARGUMENT FOR EVOLUTION AS BASED ON
GEOGRAPIIIC DISTRIBUTION

On the hypothesis of spectal creation or on any other hypothesis
except evolution that bas even been suggested the extremely intricate
patchwork of ammal and plant distributton remams an unsolvable
picture puzzle without thymeorreason  When this puzzles attached
nith the aid of the evolutionary 1dea the Ley to the whole maze 1s
furmished and the difficulties clear up with remarkable ease The
whole hodgepodge males sense and we can understand many pre-
viously irreconailable facts  In no field does the working hypothesis
of evolution work to such advantage as in 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 1 detail?

1 Cosmopolitan groups those with the widest distribution, are
those to whom no barners are sufficient to chech migration eg,
strong fliers Man earthworms carned 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
mhabitants of the two bodies evolved separately

5 The faunas and floras of oceamc slands are ke 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 carried on floating
debns

6 The conclusions arrived 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 evnrdence presented in 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 1s one thing to know that evolution has occurred and has fol
lowed certamn courses but quite another thing to understand what
forces underly the process A gong 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 orgame
evolution

Our method of study 1s one that depends on the validity of the
doctrine of unformitanianism  Exactly as m the science of geology
the method of mvestigation 1s that of studying m detail the changes
going on today of assuming that present changes are of the same na
ture as changes n the past and that the past may be interpreted m
terms of what we discover about the present Thus long seres of
generations of rapidly breeding amimals and plants are studied in
ten wvely over peniods of years some species having been bred for over
twenty five years or for at least seven hundred generations a period
equivalent in number of generations to 25000 years of human Lfe
Hundreds of milhons of indrviduals have been passed in review before
the keenly trained eyes of an army of competent mnvestigators all on
the lookout for the shghtest change from the normal ~ Any observed
change 15 then followed through subsequent generations to determme
whether 1t 1s hereditary and how 1t affects the success of individuals
possessing it Studies of this sort together with exammations of the
germ cells to see whether or not correlated changes have occurred in
therr matenals and mathematical calculations of the relative fre
quencies with which different characters occur mn combmation with
one another have led to an understanding of the mechanism of evolu
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 15 the province of that branch of evolutionary
biology known as Genetics

Three princpal methods of attack upon the problems of genetics
are as follows ‘

2) Experimental breeding —This method first carned out system
atically by Mendel consists of breeding together two mdividuals dif
fering 1 certam well defined characters and of determining the ratios
i which the contrasting parental characters reappear 1n successive
generations of descendants Mendel s method has been extremely
frustful and in 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 1volves the microscopic study of the
germ celle especally during the pertod of reproduction The ob
served changes that go on 1n connection w1th sexual reproduction have
heen found to constitute 3 mechamsm adequate to explain the peculiar
hereditary regulanties constituting Mendel s lawns of heredity  Also
1t has been found that most aberrattons 1n heredity are associated with
correfated aberrations m the mechamsm of reproduction Ixpen
mental breeding and cytology have been most mtimate and successful
collaborators

<) Statistical analysis —While expennmental breeding and cytology
lay stress upon the type of change or the mode of beredity m
dividuals statistical methods deal chiefly with group changes and with
the characteristics of populations  Often evolutionary trends or group
changes quite undetectable 1n separate mdividuals can be detected
by statistical methods Al o 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
analysts are as 2 rule too difficult for any but the expert they are be
coming 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 1n nature equvalent to those
observed 1 the Iaboratory and there 15 now considerable evadence
favoring the concluston that laboratory observations are rehable et
tena of what takes place 1n nature

PREREQUISITES FOR THE STUDY OF CENETICS

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  In addition, 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 Tugh degree of dnversity 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 beganming of the present century very little was known about
the actual mechanism of evoluton  We had Darwn s theory of nat
ural selection Weismanns theory of germmal contmuity and a
statistical hnowledge 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

electiononceheld rather thereare many causes eachacting uponand
mco-ordmation withall theothers  The mechamsm of evolution1shke
an intricate piece 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 matenals others with assembling and shaping up
the vanous parts mto something useful and with discarding defective
and useless parts and still others with sorting out the different Linds
of products and keeping them m separate lots
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No man made mechanism 1s so intricate as 1 the mechansm of
evolution, for all man made machines are designed to turn out uniform
products while the evolution machine 15 especially adapted to turn
out highly diverse products

Although we recogntze that none of the causal factors of evolution
are independent 1t makes for clearness of exposition to subdivide the
complet machme mto five separate factors, each 1 itself complex
enough for further subdivision

THE MATN CAUSAL FACTORS OF EVOLUTION

I Persistence factors —Under this head are included all agents
that make for persistence of type 1n organisms resulting 1 relative
constancy of form and function over long periods of time When
characters persist unchanged from generation to generatton, they are
said to be hereditary It 1s part of our plan to find out what parts of
the mechanism 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

) The relative constancy of bundles of genes the ckromosomes

) The relative constancy and perfection of operation of the mech
anism of mulotsc cell dwtsion a mechanism that aids 1n mamtam
g the constancy of {8) and (b)

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

I Duversity factors — Diversity may be defined as variety with
out the mtroduction of anything defimtely new It mnvolves first the
kalerdoscopic recombmation of all the various hereditarv untt charac
ters without any change 1n the umit characters them elves and sec
ond the almost equally vaned expression of characters under the 1
fluence of a highly vanable and diversified environment

The chuef agent m promotmg diversity of combrnations 1s sexual
or gametic reproduction  And the spectfic mechamsms wvolved are
the mechanisms of mewosss and fertilszation, which are later to be de
seribed 1n detail

The \; of umt ct while apparently random
1 mdividual cases, give constant statistical ratios that are known as
¢ Mendelan ratios  Mendels Laws of heredity m peneral are 1
fact the laws of the random assortment and recombnation of untt

5 through the st ity of meiosis and ferttlization
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Much of the endless dnersity of living beings 1s however not
hereditary at all but 15 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 drversity 1nvolves
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 prece 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) () 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
Iy especially m 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 edapfue Most changes have been appropriate to changes in
the environment

‘The chief gmding factor commonly held responsible for both ortho-
genesis and adaptation 1s natural selection a causal factor of great im
portance that will be discussed crtically in 1ts proper place

Vanous mystical guding factors such as Drieschs enfelecke and
Bergsons elen 1stal  have been posited to account for the apparent
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purpostveness of evolution but there 1s hittle evidence for the existence
of such factors

Lamarck’s theory of the wnkeritance of auquired characters was also
designed to explamn the adaptrve character of evolutionary change but
there are many reasons for doubting the vahdity of this theory

V Dwding factors —One of the most stuiking features of Living
orgamsms 15 thewr multiphaty of different hinds  phyla classes orders,
famihes genera species and vaneties Lvolution has involved the
subdtviding of old types mto numbers of new ones  The whole proress
has been one of the branching out 1nto numerous diverging lines of
descent  All those agencies that promote the splitting of all old spectes
1nto two or more new ones are classed as 1solation factors  There are
many means of 1solating portions of a species from other porttons of
the same species  These may for convenience be called

@) Geographic 1solation

) Reproductive 1solation

¢) Psychic 1solation

d) Lnvironmental isolation

In general any agent thit prevents a particular variant of a species
from breeding with the more typical members of that species tends to
help to establish the variint type and aids m the production of a dis
tinct new varnety species or genus depending ont the degree of com
pleteness of 1solation and the length of time mnvolved

All of these factors are pecessary agents 1n bringing about the kand
of evolution that we hnow 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 evactly like their parents and no evolution would
bepossible  The diversity and change factors without the conserving
factor heredity would produce nothing but chaos Two succe sie
generations would be vtterly unrelated offspring would be nothmg
like therr parents and change would merely run ot~ Wath the hered
ity dnersity and change mechanisms operating as they are known to
do but without any guding factor hving things would he httle more
than a chaotic collection of monstro ities unfit and dlassorted  With
all the other factors operating as they are known to do but with no
dividing factor evolution would proceed along but one front hne of
advance There would be no multiplieity 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
indviduals comprising the race mu t 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 2 whole Itis well
then to remember that true evolutionary changes are mass changes
mvolving whole populations through successive generations A race
or a species 1 to be looked upon as a vast umt continuous 1n time and
space The members of a race are all descended from common an
cestors and are mterbreeding 1n all sorts of ways  If one should work
out a 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 sohd mass of interlacing knes  An antricately mnter
connected group of individuals constituting a race 1s then a true evolu
tiopary untt  Just as cells are the structural units of hife so races are
the ewolutionary umits of ife  Let us now briefly examne the constt
tution of a race

At any given penod 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 athers as coustas of varying grades and all
doubtless trace back to some eommon ancestors a score of generations
1go  The individuals 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 a whole

It 15 our problem to determune 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 indniduals ~ More
spectfically we must study the make up of the indinidual and learn
how replacements are made when mndividuals wear out

THE CELLULAR MAKL UP OF INDIVIDUALS

All lving things except possibly the filterable viruses and bac
tenophages are made up of vital units known as cefls  Many of the
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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 nsect consists of millions
of cells  Each cell bears a Iife of 1ts own but 1s dependent for 1ts
supplies of food and oxygen upon other cells and in turn performs
some function that 1s of value to the organism as a whole The div1
sion of labor and depend of the ble cells of the cell
republic the orgamsm 1s reflected in the fact that groups of cells of a.
particular sort constitute tissues that vanous combinations of tissues
form organs, and that various combinations 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 Iife 1 about the same sense
that atoms are the fundamental umts of matter itself Also cells
possess certain mechanisms which are the principal agents both n
preserving constancy of form and function (heredity) and in promoting
dwversity and change (variation) 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 in spite of their numerous specializations they have
many features in common  The diagram of a cell shown m Figure 40
15 not meant to represent any particular kind of cell butis a composite
of many linds of cells Of course no one kind of cell contams 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 1n form and separated most of the time from the cytosome
by a nuclear membrane Withmn the nucleus 1s a charactenstic matenal
known as chromafin which at times condenses mto definite bodies
known as ch each ch of a bundle of
genes or hereditary units

The cytosome consists 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 nucler 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 orgamsm may be utterly difierent i general form and
function but the nucle: of both are thesame  Since the specific hered:
tary materials of the indvidual are possessed equally by all of the cells
of that ndividual 1t follows that the differences 1n cells and tissues
must be solely cytopl How these diffe anse 1> a problem

Central bodiea

Flasmasome of the
b ucteoiss

Oxy hromati
=z W
Baryomme orch o-
‘mana-cactsclas

F16 40 ~Duagram of a typrcalcell  Its cytoplasmuc basis 1s shown as a granu
Isr meshwork. or f k10 which vanous d granules
fabnllae and other formed components  (From E B 1 dlson )

of individual dex elopment rather than one of racial evolution  Many
of the slow and steady trends m evolution however, are beheved by
some authonties to be the result of general hereditary changes 1n the
cytopla.m but there 15 a great deal of evidence favoring the conclusion
!hi'x]t the nucleus 1s the chief organ of heredity and of vanation m the
cel

Details of the nucleus —The nucleus except during the process of
rutotsc cell divasion 15 ded by a defimte b the nuclear
membrane which separates the clear nuclear sap from the ¢y toplasm
outside the nuclens Dunng the resting stage between two cell divt
sions there 15 2 network of Jomn fibers running throughout the nucleus
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Upon this hinin netwoxk are strung numerous granules of a deeply
stammg sub b called ck grenules  Other
nuclear bodies known as nucleols plasmosomes and karyosomes are
found 1n some nucler but they may be 1ignored so far as our knowledge
of their réle mn evolution 15 concerned

Chromosomes —Far more important for our purposes than any
other cellular are the ¢k b, 'y to the
process of mitosis the diffusely scattered granules of chromatin con
dense 1nto sem1 solid masses sometimes spherical or ovold sometime
rodlike, sometimes \/ shaped etc Theseare the chromosomes Each
species of organism possesses 1n all 1ts cells a certain defimte number
and land of chromosomes ~ Man has 48 Drosophila melanogaster has 8
Oenothera lamarckiona has 14, Ascarss megalocephala has 4 m one varie
ty and 2 1n another, some crustaceans and some roses have over a
hundred chromosomes Careful studies of the chromosomes of nu
merous spectes of both amimals and plants have revealed the significant
fact that exceptin the males of some species the numbers of chromo-
somes are erer  Furthermore 1t 1s possible to match them up m pairs
according to therr sizes and shapes  The sigmficance of this becomes
clear when we remember the fact that an mdividual starts out from a
ygote (fertilized egg) which 1s a composite cell to which each parent has
contributed one full set of chromosomes

Genes —At this tume 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) ~Certan genes lie
m certamn chromosomes and all the genes 1n a particular chromosome
are probably arranged in linear order like beads on a strng  Since
the orderly arrangement of genes 1 bundles (chromosomes) and their
specific arrangement within a given bundle are both important m
heredity 1t 1s essential that this speaific organization be mamntained
during development and reproduction It 1s also essential for per
sistence of type from generatron to generation that the complete or
ganization not only of nucleus but of the cytosome, be mamtamed
This 15 accomplished by that heredity mechanism par excellence the
mechamsm of mitosis

The central body —Imbedded 1 the cytoplasm usually 1n close
proumity 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 1n most plant cells The central body 1s pni
marnly associated with cell division as will be seen later
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CELL DIVISION-—MITOSIS

Each cell duning periods of growth and development grows to a
definite size and then divides 1nto two daughter cells Repeated cell
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 dint
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 hmm  one fiber leading to one
pole of the spindle, the other fiber to
the other pole (Fig 4 ) Usually even
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

F16 41 —Diagramofthe early gene 1n each chromosome 1s 2 double
phises of mitosis 1n fscaris 1 or twingene The chromosomes no®
reetatnenucleus B fine pireme ooy lane at nght
C coarse spiteme D late prophase ge themselves in a plane at g
with chromosomes spindles form  &081eS to the long axts of the spindle
g (FrmI B Wilson) 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 mitosss the equlibrium phase
being the metaphase (Fig 42 L)
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Now the real separation phase of division begirs  The twin com
ponents of each 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
pomnt the cell v all constricts at the equa
tor and soon drvides the single cell mto
twin daughter cells (Fig 43 1) Not
only are the chromosomes divided me-
ticulously into equal lots but all the
cytopla mic parts of the cell are so
drvided that each daughter cell comes to
have exactly the same detatled organiza
tion as had the mother cell from which
they were derned The period durng
which chromosome halves migrate to the
poles of the spindle 15 called the anaphase
while that durtng v hach the chromosomes
Iose their density and reform the chroma
tin network with which we started »
called the felophase

By means of this elaborate routine
of drvision the exact specific orgamzation
of the cell 1 maintained at least m the
germ track  In this process of nutosis
wehavea view of the mechanucs of hered
1ty which 1f uninterrupted would man
tamn perfect constancy of type forall time
unless a new order of environment were

to alter the expression of a fixed hered Fre 4 —Digram of the
muddlepha esof mitosis I met
tary complex or some other mechanism aphae F G earlier and later
Promoting diversity were to intervene anaphies (From(bds n)
DIFFERENTISTION

Not merely do cells multiply m the process of embry omc develop-
ment but at every step differentiation of cell for the performance of
different specialized functions s goingon  The mechanism of differen
tiation 15 at present very incompletely understood and what we do
know 15 of a technical nature and difficult to present without a back
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ground of embryological lore  In very brief, 1t must suffice for present
purposes to state that differentiation is accomplished partially by un
equal cell division, m which the tno daughter cells come to possess
different cy toplasmic contents partially by the differences 1 position
of cells with respect to the environment partially by differences i
the relations of certain 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 parually by the fact that cer
tam genes are effective only ata
given time 1n deyelopment or when
cells are 1o a certawn physiologcal
K state  Allcells m an orgamsm are
believed to possess the same genes
but particular genes become effec
trve only under special 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 geneti
7 ast cannot avoid all responsibility
for the olution of these wsistent
Frc —Diagram
phases of n‘ustosls g;‘heﬁfkg:::m;n‘i problems he may with some ap-
constricuon of the cell membrane 7  Propriateness delegate them for
the completeddivision (FromTielson)  the present at least, to the expert
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 famuliar to genett
cists and more apphicable to their problems

——

E =
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THE OURIGIN OF NEW INDIVIDUALS
WNODES OF REPRODLCTION
Since individuals the temporary components of the race or species
are continually runming their cources and dying off replacements are
necessary if the racess to persist  The replacement of old individuals
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
somatogensc and cylogensc S duction 15
without the mstrumentality of sex and mv olves 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
ductien mvolves the division of the one

celled body 1nto two or more cells each capable of growing into a {ull
sized individual, 1n multscellul. the d of division
are multrcellutar f) Cytogenic d 1 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 a
Ppart of an orgamized system 1t exercises 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 13 perhaps to be expected 1n view of the fact that

each cell the hereditary 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  Transterse 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 intact—this being 1n contrast with
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fission processes 1n which the entire parent body 1s distributed among
the progeny ~ Gemmulation 1s a peculiar form of somatogenic repro
duction found among sponges involving the gathenng together of
samples of all the various kinds of cells nto compact little balls called
gemmudes which survive the dead parent and escape to form new
sponges when the parent body disintegtrates

Artifictal propagation of both plants and anumals 1s made possible
through the ability of many organisims to regenerate a whole new 1m
dividual from a small part of a parent orgamssm  Thus sponges may
be cut up into minute fragments and distributed Ithe seeds upon a slab
of concrete each fragment growing up Into a sponge of the parental
type Everyone 1s famiiar with the fact that gardeners propagate
many plants by planting cuttings and that potato tubers (enlar,ed
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 like
the parental tuber

All the cells 1nvolved 1n somatogenic reproduction are the product
of ordmary mitotic division which mamtamns so pamstakingly the
hereditary orgamization of the species 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 nherited there 15 nothing about somatogenic reproduction
to favor diversity or change If one desires to study pure heredity
uncomplicated by sex and its diversifyin, effects one should study
successive generations produced by somatogenic reproduction

Varieties of cytogemc reproduction —All those forms of reproduc
tion 1 which single cells become separated from parent bodues to give
nise to new mdividuals fall into this category  The first and simplest
form of cytogenic reproduction 1s spore formation ~Among plants
reproduction by spores is well mgh unnersal 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
furmshed with flagella by means of which they travel through the
water others bemg so Iight as to be wind borne  To reproduce a new
organism a spore after 2 period of rest, merely divides and redrvides
and thus forms a new multicellular body

In some of the lower plants motile spores all visibly sumilar, swim
about actively 1n swarms and then parr off two by two and fuce to
form ~3gofes from which new plants dey elop These mating cells are
called gameles  This 15 the most primitive expression of ex in plants
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Further specralization 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 individuals males and
females

At this pomnt 1t 1s 1mportant to emphasize the fact that sex al
though 1t appears to be so mtimately associated with reproduction 1s
1n no way essential to reproduction  In fact 1t 15 a hindrance rather
than 2 help to the mere multiplication of ndnviduals — Sex 1s a mechan
1sm that has been supertmposed upon reproduction and has a function
only remotely associated with the latter  Inaword sexis the duersily
meckanism with which we shall deal fully at the proper time

The female gamete or egg 1s always relatnely 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 tissue
cell while the eggs of birds and sharks are thousands of times bulkiey
than mammalian eggs  This great wncrease 1n the size of eggs 15 due
largely to the accumulatton of food material (yolk) that serves to sus
tan the embryo and give 1t a good start in hfe  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 highly vanable m shape and are rela
tively extremely smalland active  Most of the cytoplasm of the sperm
1s spectalized for locomotor purposes Some sperms have one long
tail Iike 2 snake (Fig 47 /) uthers have two or several tails and still
others have processes bling the
thorns of a sand burr  In general a sperm gives the impression of
being a 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 guded at least
1 some cases by a specific chermucal substance given off by the egg,
When egg and sperm meet the latter penetrates the former more or
less completely (Fig 5o a) Sometimes the whole sperm enters the
egg sometimes only the head of the sperm containung the nucleus and
a minute amount of cytoplasm  On entening the egg cytoplasm the
sperm nucleus grows at the expense of the latter and becomes nearly or
quite as large as the egg nucleus (Fig 50 ¢ d ¢) Theunion of egg ana
sperm 1s called fertsls afzon and the product of the union 1> 2 Lygote
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The term “zvgote ts also sometimes used to designate the organism
that develops from the umted gametes

Gametic reproduction 15 very frequently evaded in both ammals
and plants by the use of a process known as parthenogenesis 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 biologv 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 setless 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 1 others mating oceurs
m which 2 mutual exchange of sperms takes place In the latter
stances the advantages of sex m enhanang diversity are retawed 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 Tt s possible therefore to produce from such self fertilz
g monoecious species pure lies i 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
(chap xv)

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 10 the hgher ammals and possibly m 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 mn ontogeny (the develoy of the individual) and localized
m sev glands or gonads  In plants the germ track 1s believed to be
mamtamed m the menstematic cells of growing pomnts but germ cells
are not so definitely localized as in most ammals

¥16 44 —The germ track 1 Ascarss Sta,es 1n early cleavage showing the
chromatin diminution proces 1n all cells except the stem cell (S} (From Bo ers
189 )

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
megalocephale and the fly Mzastor americana

In the variety of 4scares known as uni alens which possesses only
two chromosomes to each cell (incidentally the lowest number known)
the developmental stages are as follons at the first divisson of the
zygote two cells are formed 1n the usual vay 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 ch and the d ration mto small chromatin
granules of the middle portions The large ends of the chromosomes
are discarded nto the cytoplasm and absorbud, while the smaller
granules are all that the descendants of ths cell have for chremosomes
It 35 sigmificant that the progeny of such cells form only body cells
thus case shan and nerve cells (Fig 44 4)  Theother cell remans just
Ihe the ongimal zygote and 112 stem cell or germeell  This cell then

blood vessels and conuective tissues (Fig 44 D) From this pount
on the germ cells are defi tely set apart and contubute no further to
the soma They give nise to nothing but germ cells and ultumately to

cells carry the so called germ plosm The rest of the embryo consts
tutes the soma or somatoplasm  The relation of body to germ plasm
15 well shown 1 the accompany ing diagrany (F; 17 45)

A second evamgle of o well defined germ track 15 found i Mastor
(T1g 46 4) i which sngle definite germ celf {ppc)issetandeat
the very first division of the zygote  The other cell divides repeatedly,
wasting out parts of the chromosomes as 1n Ascarts, and ultmately
gng nise 1o all the somg. Evenina fauly advanced embryo (Fig
46 B) the large germ cells are clearly seen m 3 small group (oog,)
These give nse ultimately to the gametes

While m vertebrates the germ trach 15 1}l defined and dufficult to
follow there seems to be no doubt that it exists Some mvestigntors
boweser clum thay the ongmal primordud germ cells disintegrate and
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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 (oiaries and festes) pass through a pertod of
comparatrve mactivity until sexual matunty arnves At the dawn

o ?To\\

F16 45 —Duagram of the germ track mn Ascans E egg P P P stem
(germunal) cells P, pnmord:al germ cell Circles represent somatic cells shile the
four black dots outside of the circles represent the masses of chromatin that are
ebmunated  (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 hus-
tory of the production of gametes differs somewhat in the two sexes
That of the male called spermatogenesis 1s a httle simpler than that
of the female called oogenesis and will be described first
Spermatogenesis —The first sign of renewed activity of the male
germ cells 1s evidenced by a succession of rapid cell divisions the
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mecham m of mitosis being used  After many thousands of germ
cells have been produced multiplication 15 stopped and growth sets in,
the growth m the male cells being very shght as compared with that of
female cells During the period of growth the chromosomes not only
sphit to form twin ck as though 1n 1on for mito-
s1s, but whole homologous chromosomes umte i pairs, a process hnown

Fi6 46 —The germ track n Migstor americana A germ-cell {p g ¢ ) set2part
1n the eightcelled stage of cleavage . (After Hogner) Toe walls o(f'lhe rematning
seven somatic cells have not yet formed though the resting o the dividing (M #)
nucles may be seen € K chromatin fragments cast off from the somate cells B
section lengthwise of a later embryo of Mfastor the pnimordual egg-cells {oogs) a7
conspicuous  (From Guyer ofter Megner )

assynapsis  Theresultisthat mnstead of the set of single chromosomes
charactenistic of the zygote there are groups of four (fefrads) each
tetrad compo.ed of two pairs of twmn chromosomes bound together
There are just half as many tetrads as there are chromosomes 1 the
zygote  Now follow two pecial cell dvistons known as merosts, with
out any further change 1n the chromosomes The result 1s that one
chromosome of each tetrad goes to each of the four matured sperm
cells  In one of these divisions the so-called reduction dimsion both
twins of an ongmally single chromosome pass together to one cell



THE BIOLOGICAL BACKGROQUND OF GENETICS 205

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

11. 47 —Dhagram to llustrate spermatogenests @ showing the diploid num

Ler of chromo omes (six 1s arbitranily chosen) as they occur 11 divisions of ordinary

cells and spermato,onta b the painng (synapsis) of corre pondin,, mates 1p the

primary spermatocyte preparatory to reduction ¢ each secondary spermatocyte

recenves three the haplosd number of chromosomes d divt ton of the secondary

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

number as diplord or zn and the gametic number as kaplowd 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

Oogenesis —The period of multiphcation 1s essentially the same as
n spermatogenests except that fewer and larger cells are produied
The period of growth 1s very marked for 1t 1s during ths period that
the egg accumulates the yolh 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 ammal pole are not in 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 tny cell
called the first polar body The second maturation division results
a second polar body and the mature female gamete or unfertilized egg
Sometrmes the first polar body divides again, sometumes not  ‘Typt
cally however, four female gametes are produced, corresponding in

PO
OOC

FI6 48 —Diagram to tHlustrate oogenesis o showmng the diplord number of
chromosomes (six 15 atbitranly chasen) as they occur 1 ordinary cells and 1n
oogonta b the painng of corresponding mates preparatory to reduction ¢ d the
reduction division giving off the first polar body ¢ egg preparmg to gve of the
second polar body first polar body ready for division f second polar body ready
fordwi son g second polar body gven off division of first polar body completed
The egg nucleus now known as the female pronuclens and each polar body contam
the reduced or haplod number of chromosomes  (From Guyer )

number to male gametes stmularly produced but three out of every
four eggs namely the polar bodies are abortrve and die becatise of
deficiency of cytoplasm leaving only the one large well nounshed egg
as the progeny of each primordial germ cell that completed the pertod
of growth  Synapsis and the reduction division are the same m
©Oogenesis as i spermatogenesis {Fig 49)

Now dunng both spermatogenests and oogenesis the umted pairs
of homalogous chromosomes one derived from the father and one from
the mother of the previous generation arrange themselves during the
reduction division quite ndependently 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 maternals constitutes one of
the principal means of increasing diversity 1 orgamsms and therefore
one of the most important mechamsms of evolution A relatively

opermatogenests Qe neus

2
R Oy 0 @am

Gavnre o
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F16 49—Diarram showing the parallel between matutation of the sperm
cell and maturation of the ovum  {From Guyer }

simple case of the assortment of different chromosomes to gametes 15
shown m Fygure go
THE UNION OF GAMETES—-FERTILIZATION

Once the gametes are mature they are ready for the fertilization
process (Fig 50) It seems to be 2 matter of pure chance that any
particular sperm finds and enters any particular egg  Since there are
usually hundreds of different kands of eggs and equally large numbers
of different hinds of sperms the number of possible kinds of zygotes
produced 1» 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)t, or 1o 4 different gametes n each sex  And since each
fand of egg 15 as likely to be fertiized by one kind of sperm as another
there might be produced (1024) or 1048 576 different zygotes
Hence melosis and fertshization together constttute an extremely effec

g

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

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

Thus abbreviated account of biological processes 15 all that 1s needed
for our purpose and should we believe emable the student to follow
mtelhgently the accounts of heredity varaton selection and 1sola
tion that are to follow A more detailed account of the processes of
mutosis, meiosis and fertibization may be found n chapter xhv The
Mechanism of Mendehan Hereditv *



CHAPTER 1V

INTRODUCTION TO THE STUDY OF
PERSISTENCE FACTORS

As was pointed out 1n chapter xit the principal agents that make
for or p of type from g to generation are
(c) the relative stability of the umits of heredity genes (3) the rela
tive stability of the bundles of genes chromosomes () the relative
precision and perfection m operation of mutosis (d) the relative con
stancy of the environment over long pertods

Laborious studies of gene changes especially i the frut fly
Drosophila have shown that genes are exceedingly stable  Muller
and Altenberg have discovered that a large proportion of the genes of
Drosophila 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 bundreds possibly
thousands, of genes n each cell the chances of some gene change being
ob erved duning any given penod will depend upon the numbers of
genes present and the number of mdividuals examned

Chromosomes are probably almost equally stable except for cross
ing over a phenomenon that cannot be discussed here Changes n
numbers and composition of chromosomes do occur as rare accidents
of mitosis or meiosts and these changes breal. up the constancy of
cellular organization, but the relative constancy of chromosomal num
bers and of their genic content constitutes one of the most mportant
agents in maintamng persistence of types

Vanous kinds of uregulanties m the charactenstically constant
and nearly perfect mechanism of mitosis are responsible for rare
changes m chromosome numbers and for redistnbution of genes
chromosomes but these events are so rare that they only very shghtly
affect the constancy of the species of ammals and plants 1 which they
occur

Another factor influencing persistence that 1s likely to be neglected
15 that of the relative constancy of the environment it any given geo-
graphic region It 15 well hnown that apart from seasonal fluctua

tions the general climatic conditions 10 @ given Tegion reman un
changed over long penods of tme  The mean annual temperature

209
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the mean annual ramnfall and the general character and dtrection of air
movements remain essentially the same for very long periods  Such
con tancy of environment could hardly fail to exercise a standardizing
effect upon animal and plant communities and thus mid tn mantaining
'y 1n the exp of racial ch

Py and d y h d -1t 15 custom
ary 1n courses 1n genetics to introduce the study of heredity by present
ing an outhne of Mendelian heredity This seems to us a mistake, for
Mendeltan heredity 1s really not essentially a persistence factor but
rather a most effective diversity factor It breaks up constancy of
combimations of umt characters and promotes multipharty of recom
binations 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 lines mn which the persistence mechamsm 1s free to operate
without being complicated by the diversity mechamsm  Smce bio-
metric methods are necessary for the study of variation and heredity
1n pure limes 1t 15 necessary to ntroduce a brief statement about these
methods

A short lesson 1n biometry —When character differences are either
qualitative or are sharply defined they are easily handled by Mendels
an methods  If for example all individuals are either black or white,
tall or short heavy or light and no gradations cccur between the two
alternatives, 1t 1s easy to follow the distinct types through successive
generations  If on the other hand there occur all gradations betneen
black and white all gradations between tall and short and all grada
tions between heavy and ight 1t 15 no longer possible to classify each
ndividual in some particular category  When thia 1s the case the only
possible method of finding out how much 1s inhented and how much
1s not 1s to study whole generations of progeny as umits and to deter
nune what 15 the charactenstic of one whole generation as compared
with the next whole generation  Such a companson requires statistical
methods

Suppose for example we want to find out whether the stze of bean
seeds 15 hereditary or merely environmental we shall have to measure
the seeds of the parent and compare them with those of the ofisprng
There would be nothing gamed by companing a selected seed of the
parent with one of the offspring  We must compare the total of one
with the total of the other Tt1s necessary then, to find a method or
methods of companng the parent condition as a whole with the off
sprng 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 perpendicular hre (the ord: the fi of ind1
viduals 1 the varying size classes A line connecting high pomnts 1n
each of the size classes will form a tartalion curre which will be charac
terstic of the group  Such a curve has a 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 genetres 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 rmnfall and the general character and direction of ait
moyvements remamn essentially the same for very long periods  Such
constancy of enyironment could hardly fail to exercise a standardumng
effect upon anrmal and plant commumties and thus a1d in mamtaimng
constancy n the expression of racial characters

Persistence and diversity mechamsms contrasted —It 1s custom
ary 1n cour s i genetics to mtroduce the study of heredity by present
g an outhne of Mendelian heredity ~ This seems to us a mistake for
Mendehan heredity 15 really not essentially & persistence factor, but
rather a most effective diversity factor It breaks up constancy of
combinations of umt characters and promotes multiplicity 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
wn pure lres 1 which the persistence mechanism s free to operate
without bemg complhicated by the diversity mechanism ~ Stce bio-
metrc 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 lessont 1n biometry —~When character differences are etther
qualitative or are sharply defined they are easily handled by Mendelt
anmethods 1 for example all indtvaduals are exther black or white,
tall or short heavy or Iight and o 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 betneen
black and white, all gradations between tall and short and ali grada
tions between heavy and light 1t 15 no longer possible to classify each
wmdrvidual in some particular category  When this 1s the case the only
possible method of finding out how much 15 mhented and how much
1snot 18 to study whole generations of pro,eny as units and to deter
mine what 15 the charactenstic of one whole generation as compared
with the next whole generation  Such a comparnson requires statistical
methods

Suppose for example we nant to find out whether the size of bean
seeds 1> 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 companing the parent condition as 2 whole wth the off
sprng condition as 2 whole  Some sumple method must be dev 15e8
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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
qute 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 1n the manner described i 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 derived 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 as n 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 whick we may call Pure Line II was started
from another parent plant chosen because the average size of beans
%25 distinetly Jess than that of the first pure e 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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TureLime I The snape of the curve the mode and average size were
different  Agan selection for six generatons of first the largest beans
for seed and second the smallest beans for seed did not affect the
vamation curve mode or average Once agam selection withm a
puire ine was quite meffective

The same results were obtamed 1n all the rest of the mmeteen ong
inal pure hnes wath which Jobanasen expenimented

A somewhat more concrete idea of the results obtamed may be
secured through the perusat of the following tadle which myes m tesms

RESULTS OF SCLECTION IN PURE LINE §

Mz wWr B or Setecrip Me - Wrwr
F xent Seen 02 v
Hazvest Yeax

Moa P Fomdhuas | ¥ ol
902 b 7 63 15 64 3y
1303 ss & 75 19 o 88
1904 30 3 54 50 56 63
1905 43 73 43 55 63 64
1996 46 &1 74 38 3
1907 56 81 6y 07 63 66

of average bean newht the results of selectng plus and minus parents
fox six gencrations 1 Pure Line 1 the plus parents being largest beans
and minus parents bewng smallest beans

It walf be seen that in the last year of this selection expenment
(x907) the smallest beans averagng 56 cg w weight produced a prog
eny weighing on the average G907cg while the largest beans of the
same year avergmg 81 ¢g produced progeny of practically the same
average weight 25 did the smallest beans namely 6y 66 ¢ Thedf
ference 15 not statssticatly sigmificant  The influence of the environ
ment m bean wesght 15 clearly shown 1n the data for the year 1904
which was a bad year for growth  In this year the average weight of
progeny from both large and smal beans was greatly reduced bewng
respectively 5668 cg and 3¢ $9¢g  That ths foss 1 werght was not
mhented 15 shown by the resqlts m subsequent years wm which the
Average tetuened to that seen 1n the first year of selecion ¥t s 2lso
interesting to note that mn the years 1903 1906 and 9oy the hghter
parents produced a heavier progeny than did the heavier parents

Fram these evperiments Jahannsen came to the conclusion that
plus and munus fuctuations about the mode nere due to diferences 1n
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the environment and were not inhented, and that what was really in
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 inhented  Selection
therefore has no effect unless thefe are hereditary differences among
the mndividuals selected

All the members of a given pure hne are 1dentical genetically that
15 there are no differences in their genes  Johannsen called a group of
indrviduals that are alike in their genes a genolype and spoke of all
such ndiiduals whether alike 1n seed size or not as gemolypically
dentical  Hence mdividuals that breed althe whether they look alike
or not, are members of the same genotype  On the other hand each
of the nuneteen pure lmes 1s 2 different genotype though some beans
m each pure lime may be exactly of the same size as some beans i
others  Johannsen designated ndividuals that look alihe and have
the same somatic charactenstics whether they are genotypically
alihe or not members of the same phenofype m other words they may
be phenotypically 1dentical though genoty prcaily different  Phenotypic
differences unless also associated with genotypic differences are not
hereditary  This conclusion ts a highly mmportant one for all our fur
ther study of herecaty

Another significant conclusiont may be reached from these expen
ments namely that Iy produced diff if they are
merely phenotypic 1n character play no important part m eyvolution
except m 50 far as they may favor the survival of certain ndividuals

g genotypic diff Hence 11 duced

differences in the soma have only an 1ndurect influence on v_be course of
evolution

OTHER EXAMPLLS OF PURE LINES

T L Touer i along series of expeniments on the potato beetle
Leptinotarsa decemiineata came to sumilar conclusions  He produced a
pure hine not by making use of a self fertilizing species but by closely
inbreeding a bisexual famly for a long time  This stock was tested
and found to be gemotypically pure yet there was a considerable
amount of vanability m the shade of color m the calor patterns and
m other ways  For twelve generations he selected and bred from the
darkest specimens and from the lighte t spectmens keeping the two
series separate (Fig §51) The result was that mstead of getting
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darker specimens predominating 1 one seres and ighter specumens in
the other he obtaned a final generation of ;mdividuals showing practs
cally the same range of varabilty w both serwes, and 1 nesther senes

was there any consistent
change from the condition
present at the begmmng
of the expenment

More recently Sewall
Wright, working in conpet
ton with the Bureau of
Antmal Industry, has pro-
duced a considerable num
her of pure hines by long
continued brother and 21
ter mating i guinea pigs
Sixteen famulies have been
established by over thirty
generations of the closest
possible mbreeding  No
selection was practiced
The result was that most
of the pure hines showed
marked reduction 1w fer
tility and m wgor as
compared with the control
ctoss bred stock  Each
Line, however, differed
{rom all the athers m these

Fie 51—~Duoram to ¥
lustrate the results of selection
n pure lges  Inefectiveness
of sclection througn twehe
generations withm a haroozy
gous stram 1 the case of the
Colorado potato-beetle (Lephs
notarsa) Yo each generston
extreme dark specunens were

selected as the parents of the
but the
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progeny always swung back to
the type  { ifter Tower}
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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 mdrvidual vanabihty 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 worhed with 2 number of
differing clones (pure lines produced asevually) of P: , & com
mon ciliate protozoan  Each selected Paramecium was 1solated m a
separate culture vessel where 1t was alloned to mmultiply for several
generations  Size differences 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 individual
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 bramn no
mstincts  All 1t possesses 13 a very defimte nuclear and cytoplasmic
organization which under an appropriate environment has the po-
tentiality of prod 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 IT1n 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
LineII Butif the environment of Pure Line II were better than that
of Pure Line I 1t might readily produce larger beans that the latter
But this 11y induced diff would not be inherited
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Exactly what then isinhented? A certam complex of genes and
a certamn cvtoplasmic organuzation are all that can be said ta be
herited  These heritages are to be coneewved of a5 potentahities cap-
able of workwg with the enviranment to preduce mdwaduals with
certain particular charcters  Indunduals will differ from one anather
partly because the matenals constituting the zygate are dilferent and
partly because thewr enswonwments ace dxfferenl Ta what extent
heredity and env determine wdind we must
not attempt to decide at present  We shall be m a much better post
tion to deal with this problem after we have discussed the ather factors
of the evolution mechamsta




CHAPTER \VII
SEX DETERMINATION AND SEX DIFFERENTIATION

Introductory statement —In chapter xtv we have spoken of sexual
reproduction as one of the modes of cytogenic reproduction  We have
also referred several tumes to the ways 1 which sexual reproduction
constitutes the mam mechamsm of diversity Two questions with
regard to sex however have not yet been broached (2) What de
termines the sex of the individual? (5) How do the secondary sexual
characters of individuals develop? These two questions will be an
swered 1n the present chapter

SEX DETERMINATION

‘The question as to what determunes whether an amimal shall bea
male or a female 15 a very ancient oxe and 1t 1s only during the present
Century that we have solved the puzzle

A great many theories of sex d
some of whuch are as follows

8) Hippocrates and some subsequent theonists beheved that the
sex of the offspring depended on the relative vigor of the parents the
1nore 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 fertilization

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

d) The nutrstion theory —The egg1s a much more highly nounished
cell than the spermatozoon and the idea seems natural that high
degrees of nourishment of the mother produce female offspring and
lower degrees of nourishment male ofispring  Professor Schenk of
Vienna gained a huge reputation by controlling the diet of certain
toyal prospective mothers and predicting the sex of the offspring
accordmgly He was correct mn lus predictions several tumes, but his
success was short ived His early predictions were merely lucky
Just as one might be who could guess heads or tails correctly several
times in  uccession

Some color 1s lent to the nutntion hypothesis by the fact fit1sa
fact that after war or famime when the nutnition of mothers has been

bave been p

a9
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low, more mals than fumales we born  This 13 probably = case of
differentinl prenatal mortality By that we mean that more females
die unborn than mules because the Intter are hardier and stand pre
natal mlnutnition better

€) Sex 15 deternned at the tune of fertils ation —Perhaps the best
wvidence that sev 1s d 1at the very beg. of develor
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It6 52 —An armadillo egg shout 51¢ weeks nfter fertihzation showing the
quadruplet fetuses derived from the single tgg, and all destined to be of the same
sex (1 rom Newman)

13 derived from one egg twins and quadruplets  In the nine banded
armadiflo pricucally every femule grves birth to quadruplets, four
essentaally wlentical young bung produced i each htter Allina
given set of quadruplets are imvanally of the same sex either four
males or four females  Newman and Patterson have shown that each
st of quadruplets comes from a single cgg, which at 2 very early stage
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divides into four parts to form four fetuses (Tig §2)  The conclusion
15 that sex was determined before the separation took place  Human
wentical twins also always of the same sex in a par, furmish further
evidence 1 favor of very early sex determination These and nu
merous other simlar facts justify the conclusion that sex 15 deter
mumed at the time of fertilization

THE CHROM JSOMAL MECHANISM OF SEX DETERMINATION

In two previous chapters (chaps xv and xv1) descriptions of the
typical modes of chromosomal sex determination have been gtven  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 Drosoph l
already described and figured (Fig 53) by Babcock and Clausen In
this msect 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 accompanymng figure The chromosomes are readily dis-
tinguishable by bemng of medium size and straight  The male body
cells and unmaturated germ cells (top of night column) are just like
those of the female except that there 13 substituted for one of the
X-chy a hook like ch known as 2 Y chromosome
Now 1 the process of maturation of the germ cells which results in
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 alihe m their chromosome content, 1n
cluding the sex chromosome The case 15 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 1 exactly
equal numbers as one of each 15 produced at every reduction division
Each egg must be fertilized by one or the other of these two kinds of
sperms and in the long run s many eggs will recetve an %~chromosome
aswillreceivea ¥ chromosome Those that receive an X-chromosome
will be characterzed by having two “-chromosomes which 1s the
typical female condition and thus a new female imdividual 1s started
m bfe  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 nse to males  The female sex may thus be designated
as XX and the male sex as XY We have shown for Drosophsla Lhe
exact mechanism that operates m d whether an mdivid
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shall be a male or a female and 1n addition we have explaned why

equal numbers of both sexes are continuously produced
How general 1s the ch 1 of
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Fi6 53 —Diz mm Fowing chromosome refations 1n the determunation of <<
m Drosophla amp ook & {(From Babcock ard Cla sen)

tion>~ Tos hatextent .avsL B Wilon  sex may be determuned
by an automaucally opcrating nuclear mechamsm such as has been
here descnibed 1 uninown  but 2 mechanism that exwsts mn the .ame
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general form m orgamsms as diverse as bryophytes nematodes echs
noderms arthropods and vertebrates 1s beyond a doubt of far reaching
sigmificance, and may be as widely distributed as Mendelian heredity
geverally  While the same general scheme holds for all forms that
have been investigated there exist many nteresting differences o the
details of operation of the sex determuming machine Some of the
sumpler variations of the process are as follows

a) Varwations of the V-chromosome —Beginning with a condition
such as that described for Drosophila 1 which the % chromosome 15
larger than the X chromosome there 15 a long series of species n
which the ¥ chromosome becomes smaller and smaller unttl 1t dwindles
away to nothing and the male chromosome condition becomes XO 1
steadof XY In the females of such species the condition remains XX

8) Varations of the X chromosome—In a number of species of
anmals the X-~chromosome may be represented by from two to nine
components, each of which at times has the appearance of a separate
chromosome  In a spectes of roundworms Ascarss canss, for example
the diploid chromosome number of the female 15 thirty six and that of
the male 1s thurty the difference being due to the fact that there are
two sets of six 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
kimds of gametes are produced one with eighteen chromosomes and
the other with twelve chromosomes All the female gametes have
exghteen chromosomes  Apart from the fact that the X chromosome
1510 six pleces 1nstead of but one  the mechamsm of sex determimation
15 the same as 1t 18 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 dunng the
entire chromosome cycle Apart from this apparently secondary
umon with an autosome, the behavior of the X chromosome 15 the same
as i the X0 cases described above Hence the mode of sex deter
Iunation 1s m ive with the types already discussed

8) Female digamety —In this mode of sex determization two differ
ent kinds of eggs are produced while the sperms are allalike  In other
words there 15 sumply an exchange between the sexes of the nuclear
differences charactenzing males and females  Thus o the Lepidoptera
(butterflies and moths) the females have erther the \Y 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 determrmation 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 mechamsm remams the same

Sex in k —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
determmnation It 1s interesting to hnow 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 division 15 not the reduction division  hence
each egg retans the diplord number of chromosomes wcluding two
N-chromosomes (XX) The result 1s that all eggs that behave in 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  Examunation reveals the fact that male-producing eggs have
after maturation two less ch than the female-prod
e,gs  This was explaned by the observation that when the first
maturation takes place two chromosomes (obviously consisting of @
double % 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
\-chromosomes while the female has four  This 1s really the equiv
alent of 3T\ for the female and XO for the male In gamete forma
tion the males produce two hinds of gametes one with the double
~clement and the other with no X clement Only the former of
these 1s viable, and this accounts for the fact that all fertshized eggs
produce females for both gametes supply double X-elements This
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whole rather intricate story 13 thus seen to be merely a vanant upon
the typrcal scheme of chromosomal sex determination
5} Haplowd parthenogenesss —This hind of parthenogenesis 1s now
known to occur m rotifers i several orders of msects and 1 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
Inhaplod parthenogenests the egg develops after having undergone the
reduction divasion 1t therefore has only balf the somatic number of chro-
mosomes including but one X chromosome Invaniably the progeny
from haploid parthenogeness are males which we mght expect from
the fact that they have but one X-chromoseme  In the bees the queen
seems to be able to determine whether an 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 1s produced, but if an egg
shps past the semunal receptacle without bemng fertilized the result 15
amale (drone) Now these drones are the mates of the future queens
and must supply the spermatozoa for the next generationof eggs  They
already possess the reduced number of chromosomes so they cannot
well undergo the reduction division in forming gametes It 1s inter
esting to note, however that a sort of vestigial reduction division takes
place resulting 1n the formation of a tiny l:ell wxdmut any nucleus and
a larger cell with all the ¢ one \-ch
charactenstic of males of the species A second maturation davision ch
vides chromosomes lengthwise  Stace all gametes both male and fe
male contamanX chromosome fertilization always results n a fernale
Thus once more the general sex determmation formula 1s confirmed
Sex ch in and gy -

Hermaphrodutes are indiduals which are functionally both male and
female that produce both eggs and sperms m the same body Her
maphroditism 18 common in snails flatworms earthworms nematodes
tunicates, and m several other phyla of ammals  We have unfortu
nately very little information about the chromosome situations in
these forms  In one species of de (4 iy

bowever 1t 1s known that there1san altema,uon of generations between
2 parasitic hermaphroditic generation and a free lving dioecious gen
eration (with separate males and females) In the dioecious genera
tion males and females are about equally numerous All fertilized
eggs of this generation produce parasitic hermaphrodites  These pro
duce from their gonads first cogonia and later spermatogonia the form
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er producing egys and the latter spermatozoa It 1s known that all
¢pgs of the hermaphrodite generation have six chromosornes, while 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 eems certamn that only one of the
two kinds of spermatozoa (that with six chromosomes) 15 viable, and

that the hermaphrod 1s chr 1y female How
can a female produce spermatozoa of two hunds, one with six and the
other with five ¢k This 1s explamed by the fact that m

the second maturation division one of the X-chromosomes remans
near the equator of the spindle, and does not become mcluded within
the daughter nucleus Thus one of the daughter cells 13 without an
X ch and 15 male prod! when fertilization takes place
Further ivestigation of the ch of her dites 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 postenor
female The chromosomal basis for these conditions 1s not entiely
clear, but Morgan and Bndges have shown that all of the pecubanties
of the bereditary 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 onme 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 heanng on sex determination —Bndges, dur
ing his exp with D, Tl d m certamn strains
anomalous imdividuals that were neither male nor ferale but snler
sexes  Oncytological examination these were found to havea changed
chromosome complex  One type for example, was found to have
three of one hind of autosomes (1nstead of the usual two) but only two
“\~chromosomes  The interesexual condition 1n this case mught be

lamed by the p that the bave a male produc

P!
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g tendency and that one set of extra autosomes 1s sufficient partially
to overcome the female tendency of two \chromosomes thus produc
mng mtersexes Agan individuals with three X-chromosomes but
only the usual supply of autosomes were super females soma 1cally
but unbalanced i ther physiology and non viable These results
show that in the words of E B Wilson the actual performance of
ke ygole thesefore 35 the common effect of the whole group and 1s turned
dhss way or that as the result of a quantitatie balance between X-chromo-
somes and gitosomes
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? Tve answer that the sex of an mdmdual ansing from a fertil
1zed egg (m the case of parthenogenesis an unfertilized egg) has been
settled. Now asa matter 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
and 2 female one that produces ova  Is it 1rrevocably 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 varieties of moth were crossed all of
the germ cells produced females with ova whereas half of the eggs
had the X\ 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 marhedly 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
tobring about unaided the dufferentiation 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 2 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 successfully grafted nto them ovaries 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 fe 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 interest to note that practically complete reyersal
of secondary sexual characters may be induced if young females are
entirely deprived of the ovary The condition 1s 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 famibar with their
listory they are regarded as unmustakable 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
assummg the mitiative 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 remuinds one very much of the young
male Just prior to matunty
‘ One set of expennments may be mentioned as an example Out
of the one Iot of fourteen females of the same hatch one was }ept 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 m appearance except perhaps for size and can not
be readily distingwished from her capon brothers by those not know
mg her lustory 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 indniduals which have assumed more or
less complete male characters as concerns head furnishings plumage
and spurs are revertmg toward the female type as shown bv the female
type of plumage reappeanng
Our results indicate that the female 1 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 apprommately fully after the complete removal of the
ovary at an eatly age’

A beautsful experiment conducted by nature herself helps to dnive
home the hormone theory of sex differenticion  In cattle as shown
recently by F R Lillie, twins occur m a small percentage of cases and
mvolve the simultaneous fertibzation of two eggs  These eggs ke as
a rule 1n opposite horns of the forhed uterus but owng to the growth
of thesr embryome membranes the two mdividuals conze to fuse cr
culations so that there 1s an admusture 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 ndividual 1s always stopped m its
female differentiation and becomes more or less completely trans
formed n a male direction It appears however, that at the time
when blood admixture occurs the female individual has already
differentiated so far with respect to the external gemtaha and m other
r&specfs that, even though subsequent development be entirely male
m the dividual 15 always a sterle creature
nerther fully 2 female nor a complete male  Such individuals have
long beenknownas freemartins  Asarare exception to the general
rule an oceasional case has appeated i which 2 male and a female pair
fall to undergo blood admixture In such cases both develop mto
normal animals It now appears that the reason why the female sex
1 the one to suffer 13 that the male gonads differentiate precociously
before the female and mhibit 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 in mammals though
chromosomes tend to determme 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 \VIII

MENDEL § LAWS OF HEREDITY
MENDEL § LIFE AND CHARACTER
] ARTHUR THOMSON

Gregor Johann Mendel was born 1 1822 the son of well to-do
peasants in Austrian Silesia  He became a priest in 1847, and studied
physics and natural scrence at Vienna from 1851 to 1853  Thence he
returned to his clowster and became a teacher 1n the Realschule at
Brunn It was his hobby to make hybndisation expeniments with
peas and other plants in 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, if small m quantity was large in quahty He diedm
1884

MENDEL S DISCOVERIES

In 1866 Gregor Johann Mendel Abbot of Brinn published what
some regard as one of the greatest of biologrcal discoveries  After
many years of patient expenmentmg chiefly with the edible pea, he
reached a very important conclusion m regard to the mbreeding of
hybnds which 1 often brefly referred to as  Mendels Law’®  Hus
publication was practically buned i the Proceedings of the Natural
History Society of Brunn  those who knew of 1t as Nagel for mstance
dud, farled to realise 1ts umportance 1n fact Mendel s epoch making
work was lost sight of amid the enthustasm and controversy which the
promulgation of Darwimsm (1858) had evoked, Mendel s Law seems
to have been rediscovered independently m 1900 by the botamsts
De Vnies Correns and Tschermak and to Mr Bateson we owe much
not only for lus recogmtion of the far reaching unportance of the
abbot s work but also for a notable senes of expertments 1n which he
has confirmed and extended 1t

From } Arthur Thomson Heredsty (copynght 1907) Used by specal
permssion of the publishers, Joba Musray Loadon.

232
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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 differentiating 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-
speaes of pea were selected which remamed constant dunng the eight
years of the experiments Whether they were called species, or sub
speacs or varieties 15 a matter of convenmence the names Pssum
g P % , P umbell , etc do1n any case repre-
sent groups of stmular individuals 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 which 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 wlite as in 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 nflated or con
stricted or wrinkled

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

6 The position of the floners whether axial or terrunal 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 pe of the angular sceded vanety the stamens of the
artificially pollinated flower bemng of course removed before they

were ripe  The same nas done all along the hine

What was the result mn the hybnd or cross-bred offspring? It was

found that they showed one of each pair of contrasted characters ta
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the total or almost total, excluston of the other No ntermedrate
forms appeared
Mendel called the ch: that p led d and the
h that was supp d or ly d recessive
And the first big result was that crosses 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 dommance which
Mendel observed has been shown m other cases to be the exception
rather than therule  Thusz cross betweena ¢ Chinese’ pnmula with
wavy crenated petals and 2 “star * pnmula with flat simply notched
petals 1s mtermediate between the two parents, and yet as the next
generation shows, the case 1s one of Mendelian inhentance
In many cases the hybrid while on the whole dommnant may show
some nfluence of the recessive character bt not nearly enough to
warrant us o speakmg of a blend Thus, when white (dorunant)
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 whate with a few ticks  The dommance 13 not
quite perfect
The Law of Sphitting or Segregation.—In the next generation the
eross-bred plants {productsof Dznd R or Rand D but all apparently
like D) were allowed to ferhlise themselves, with the result that their
offspring extibited 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 recessive dwarfs were allowed to tertilise themselves
they gave rise to recessives only for any number of generations The
recessive character bred true
When the dominants on the other hand were allowed to fertilise
Lhemselves, one third of them produced ‘ pure domunants which
gave nse to d only and two-thurds
of them produced once agam the ch mxture of d t
and recessies 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 dommnant
parent  They may be represented by the symbol D(R) for they
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D2 XRs or RexDs Parent forms (P7)
e
D(R) Hybnd-offsprng (F)
3D TR Generation of mbred hybnds (F)

1D + 2 D(R)
|
3‘{3 R I§ (F3)
1D + 2D(R)
|
1P R R (F)
] ]
D D R R R (F%)

carry with them the posstbility of baving offspring with the recesstv
character that 1s to say the recessive character remains latent u
the whentance

When these D(R)s are mbred (self fertiised 1n the case of peas
they have offspring (F ), some of which resemble the recessive parent
while other resemble the donunant parent and these occur mn thy
proportion of 1 3 When those resembling the recessive parent ar
inbred they breed true—ie they give nise to a Jute of pure recessives
Those | the parent are all app ly alike bu
therr subsequent history shows that they may be divided 1nto a se
which breed true to the dommant type and a set which behave like th
first generation of hybnds— e they go on sphtting up into domnant
like forms and pure recessives These two sets occur 1 the propor
tions of 1 2

A case of peas —Let us consider a concrete case Peas witl
rounded seeds were crossed with peas having angu]ar wrinkled seeds
In the offspring the c of dness was t the angula
winkled character had disappeared or receded It was not lost a
the next generation showed

‘The hybnd offspring all with rounded seeds, were 2llowed to self
fertilse  In therr progeny roundish seeds and angular wrinkled seed
occurred 1n the proportions of 3 1 Here were the recessives agamn
and when they were allowed to self fertilise they produced pure reces
sives only with angular wnnhled seeds
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The dommants however were not all pure domnants, for when
they were allowed to self fertilise they produced one-third pure dom:
nants and two thirds ‘ impure domunants, the latter bemng distin
guished by the fact that 1n their offspring recessives reappeared in the
proportion of one recessive to three dommants

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

Parental Yellow seeded pure Green seeded pure
Generation (Pr) plant ) plant (recessive)
|
Furst Filial (kybrsd) All the offspring were yellow seeded
Generation (F1} Self fertilised they yrelded
|
Second Filial (1nbred)  Yellows Ye]ltl)ws Greens
Generation (F2)  (pure type) (mpure type) (pure type)
|

1T
Third Filal (snbred)  Yellows  Yellows  Yellows Greens  Greens
Generation (F3)  (pure type)  (pure)  (impure) (pure)  (pure type)

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

A case of mice —Let us take a concrete case from among animals
A grey house mouse 1s crossed with a white mouse  the offspring are
allgrey  Greyness 1s dommant  albimism 1s 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
selves 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 and
whuch 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 8 Law —Folloming Mr
Punnett s suggestion, with shght modifications we may use the sym
bols P, 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 a
domnant with the recessive d but
present DD or RR means pure extractcd dominants or reces-
sives—1e those pure forms which are sifted out from the mbreed
mgof rmpure domunants

D 1} Ps—great-grandparental generation
}) 1|z P»—grandparental generation
lg R Pr—parental generation
DﬁR) F—first filial (hybnid) generation
1
1 DD 2 D(R) T RR Fi—gecond flial (mn
Ex}ncted pure  Tmpure dlammanu Pure recessives bred) generation
| |
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 S EXPLANATIONS
JOHN M COULTER AND MERLE C COULTER

Mendel s explanation of this behavior invohed three theses which
at that ime were new to biology ~ These theses must be kept distinct
from one another

T mdependenl umt chamcters —This means that an orgamsm
1th ting a morphol I and ph cal umty, from
the standpomt of heredity 15 2 complex of 2 large number of mdepend
ent henitable umts  Thus if one pea plant 1s tall and another one 1s
dwarf the behavior of the hybrid produced from them with reference
to thus character will be the same no matter what other characters
the parent plants may have had In other words, the characters
are wndependent units unaffected by other characters or umits  The
character of tallness from a tall plant with wnnlled seeds or purple
flowers will act yust the same as from 2 tall plant with smooth seeds
or white flowers  Tallness 1s a umt and its behawvior n hentance is
mdependent of all other units

2 Domunance —In the germ plasm there are certam determners
of umt ch which d dunng the d of the
body causine these characters to dommate over others and thus
become visible  The characters dominated over and thus not allowed
to express themselves are called recessive characters  These recesive
characters ate present m the germ plasm, but cannot express them
selves and become visible as long as the domenant characters are pres
ent. When a dommnant character 1s absent however 1ts rece sive
alternate 15 free to express itself and become visible

Tor erample 1n the case of tall and dwarf peas, tallness 15 a domt
nant character and dwariness 15 its alternative recessve  When a
dwarf appears therefore, there 15 present no dommant tallness to
suppressit  Inthe ¥, generation all the individuals were tall because
although they had all recerved the recessnve character of dwarfness
from one of the parents they had received the dommant character
of tallness from the other parent and so dwarfness did not appear m
any of them  Such paurs of alternative characters are now commonly
called gllelomorphs  Thus tallness and dwarfness are allelomorphs
m the pea one dommant over the other which 15 therefore recessive

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

" From Cotlter and Coulter Plant Genefscs (The Umversity of Chicago Pres.
copynght 1918}
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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 hybrid 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 literature on animal breeding one meets theones of pre
potency which were proposed agamn and agam before the discovery
of Mendels work m rgoo 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 smce been confirmed by cytology In the
mechamsm of cell division each chromosome 1s dnvaded nto 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 convemence 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 thatis 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 15 called by vanous names in the hiterature of genetics the
commonest one beng determiner  In our illustration, therefore two
of the four chromosomes carry the determmer for tallness At this
pomt two questions may be ashed

1 Why do just two of the four chromosomes carry the determer
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  It1 easy to answer, however, why the deter
mner 13 being carried by more than one chromosome ~ When gimetes
are formed the chromosome number 1s reduced one half  Since every
g,amete from a pure tall plant carries the determmer for tallness there

BEG®,

Tall Paemt

8 O Q. Q“’“Q

Dwa f Parent

T16 55 —Dizgram lustrating behavior of chromosomes in Men el s cross of
tall and dwarf peas Large rectangular figures nucle of zygotes or mature i
dividuals large circles gametes small curcles within zygotes and gametes chromo
somes letters on chromosomes deternuners (I tallness D dwarfness) (From
Coulter and Coulter )

must have been at least two chromosomes carrying the determiner
before the gametes were formed

2 Do these two chromosome carry any other determiner than
that for tallness? In a tentative way this question may be answered
in the affirmative but a fuller dxscussmn of the situation must be
deferred  There 15 much exp d that indicates that
more than one determuner 1s carned on a single chromosome  In some
cases also there are more Mendelan determuers than there are
chromosomes

The situation 13 repre ented in Figure 55 This shows a somatic
cell with the diploid or 22 number of chromosomes  In the formation
of gametes this number 13 reduced to the haplord or x number which
m this case 15 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 contam 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 —Diagram illustrating behavior of first hybnd generation (F ) when
inbred Illustrates meamng of segregation and punty of gametes and how
chance matings of F gametes result1n 3 1 ration F generation dwarf individual
produced only by zy gote n 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 1> the so-called monohybrid
raite which means the ratio when a single pair of allelomorphs 1s
considered

Before & the further 1 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 recelves 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 follows When two simlar gametes unmte
to form a zygote 1t 15 called a homo.ygole when the two pamng
gametes are different the zygote 15 called a hetero ygote  Using this
termmology 1t 15 evident that the 3 1 ratto of the F generation 15
really 2 1 2 1 ratio as follows 1 homozygote for the dommant
character z heterozygotes and 1 homozygote for the recesstve charac
ter The 1 2 1 ratio therefore 1s the significant one and appears as 2
3 1 ratio only because of dominance

In the expeniment represented m Figure 56 three tall 1ndivaduals
appear i the F generation  Superficially the mdividuals look alike
but 1t 15 reahzed that 1 differs from the other 2 m germmnal 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 termwmology ~Orgamisms which seem
to be alike regardless of their germmal constitution are said to be
phenoty preally alike or to belong to the same phenotype  On the
other hand organisms having tdentical germunal constitution are saud
to be genotyprcally alike or to belong to the same genolype From
the standpomnt of phenotypes only Mendels F generatton shows the
3 1 ratio but i genotypes are considered 1t shows the 1 2 1 ratio
Tn other words this group of forms contains two phenotypes but three
genotypes

Referting again to Nigure 56 several things may be mferred Itcan
be seen what will kappen n the F, generation when the F mdividuals
arenbred The dominant homozygote will produce only dommant
homozygotes 11 the F, generation and will continue to produce them
as long as 1t 13 inbred  The two heterozygotes will spht up 12 the
F, generation mthesame 1 2 1 ratio as did their hybnd parents of the
Fig The h ygote will produce oply recessive
homozygotes as long as 1t ts Lkept pure by bemng inbred

1t 15 mteresting to consider what will happen if a heterozygote
form 13 crossed with 2 homozygous recessive It should be obvious
that one half of the progeny would be pure recessives, while the other
aalf would be heterozygotes that 1s there would be a 1 1 ratio A
stmular result would be ob d by crossing a t with 2
domumnant homozygote although all the immediate progeny would
show the domnant character The real situation would be revealed,
however, when ths progeny was inbred, for one half would be homo-
zygous (pure breeders) and the other half would be heterozygout
{bybnd breeders)
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Thus far we have considered only what 13 called the monohybnd
ratio thatis the ratio obtained from one pair of contrasting charac
ters such as tallness and dwarfness  The next step 1s to consider the
dihybrid ratio  Mendel also used contrasting seed characters find
g for example that smoothness 1n sceds 1s domimnant to a wrunkled
conditton  Introducing this pair of contrasting characters into the
situation we have been considering the dihybrid ratio will be the
result Crossing a tall smooth seeded individual with a dwarf
wrinkled seeded ndividual 1t 1s evident that all of the F or first
hybrid generatson wall be tal) smooth seeded individuals since both of
these characters are dominant In the F generation however the
following ratio will appear ¢ tall smooth 3 dwarf smooth 3 tall
wnokled t dwarf wrinkled which1sa g 3 3 1 ratio This 1s the di
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 a simple monohybrid ratio except that the tall mdi
viduals would always be smooth seeded as well and dwarfs would be
always wrinkled sceded The possibility of one chromosome carrying
two different determiners will be considered later but at present we
shall assume that these determners 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 hybrid progeny wilt
be similar both genotypically and phenotypically that 1s with the
same germinal constitution and the same appearance By inbreeding
these ¥ individuals 1t will be seen that four kinds of gametes are
mvolved  Crossing these four kinds of gametes the resulting 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 mndnduals
Nos 11 12 15are dwarf Nos 6 8 14 are tall wnnkled No 161s
dwarf wninkled Thisistheg 3 3 1 ratio

Tt will be noticed that Nos 1 6 11 16 are homozygotes and there
fore wnll breed true but the rest are heterozygotes either for one pair
of characters or for both and these would sphit mto vanous types upon
further breeding

The next step 1s the trthybnd ratio  Mendel found yellow seeds
dominant aver green seeds and if this par of characters 1s included
with those used above the trihybnd result can be observed The
expeniment would consist 1 crossing tall smooth yellow individuals
with dwarf wrinkled green mdividuals 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 following
result 1n the F, generation 27 tall smooth yellow, ¢ tall smooth green,

3 8-®) RO

Tal Smooth Parent Gametes @ @
e
29 oo
B¥gome
(GB%%%%%%%%
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Fi6 57 —Dugrm dlustratmg dihybnd ratio Upper part shows how onginal
parents were erossed to give F hybnd lower part shows F hybnd producing
four hinds of gametes chance matings among these gametes when Fx 13 mbred
result as indicated 1n the large set of squares and explams the ¢ 3 3 1 Fation
the ¥ generation  (From Coulter and Coxller )

9 tall wrnkled yellow, 9 dwarf smooth yellow 3 tall wrinkled green,
3 dwarf smooth green, 3 dwarf wnnkled yellow 1 dwarf wrinhled
green The trhybnd ratio therefore 1s 27 999333 1 This
mvolves 64 individuals 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, maize and garden
stock) by Tschermak {on peas) by De Vies {on mawze etc), by
Bateson and his collaborators {on a large vanety of orgamisms) by
Darbishire {on muce), by Hurst {on rabbits) 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 phenorena 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
ite groups but their nature 13 obscure

In expenments with poultry, the phenomena of dommance and
recession were detected nterbreeding 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 1n certain cases disturbing aretobe

The general result, so far 1s that Mendel s law has recewved 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 Reces ive

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 J Arthur Thomson, Heredity (copymght sgoy) Used by specaal
Permission of the publisher John Murray London.
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Dominant Recesss ¢
Stocks Coloured Whate
‘Wheat and bazley Beardless Bearded
Later ipening Ruvett Early npenmng Polish
wheat wheat
Non immune to rust Immune to  rust
Maize Starch seed Sugar seed
Nettles (Urtica pilulifers and
U dodoriss) Serrate leaf margin Entre leaf margin
Birebibis galapa and 3 reses 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 smgle
burghs and Wyandottes  comb of Leghorns and
Andalusians
Cattle Hornlessness Horns
Snails Bandless shell Banded shell

Other instances 1n plants —As 1s well known, there are two almost
equally common forms of wild prumrose (A) thrum types with
short styles and with anthers at the top of the corolla tube, and (B)
pm 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 Chmese primrose (Premula sinensss) has a
palmate leaf About 1860 a sport arose (from seed) which had a
pmnateor fern leaf The palmate form is dormnant and the fern
leaf 1s recessive

The deformed “Snapdragon’ vanety of sweet pea behaves as a
recessive to the normal type

The 2 row barley has certain lateral flowers which are exclusively
stammate 1n 6 row barley all the flowers are staminate and pistillate
andall set seed Mr Biffen crossed these forms and found that the
more negative character was dominant  The offspring were 2 rowed

Maize —When the common or starchy round seeded maize Is
crossed with the wrinkled seeded sugar marze the round starchy char
acterdomnates  When an egg-cell of the wrinkled sugar maize stock
18 fertilised by a pollen cell of the round starchy stock the result 15 2
round seed with starchy endosperm I this seed 15 sown, 1t becomes
a plant which on self fertihsation forms a cob with a muxture of
round starchy and wnnkled sugary seeds n the ratio 3 ¥ The
wnnkled seeds yreld sugar maize the round seeds yreld two ¢ impure
rounds to one “pure round ” Correns has observed a very mlﬂ
esting case 1n which two pairs of are
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One vanety Zes moys 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 bemng domnant, and one character of each
parent beng recessive  The hybrds were 1nbred, and the progeny
(F) showed four combinations—smooth blue, smooth whlte, wrinkled
blue, and wrinkled white (the d are d)

In the next generation (F) the wnnkled white, mbred yelded
wrinkled white—a case of extracted recessives breeding true  The
smooth whites and wrnkled blues, inbred, yelded partly forms Like
themselves and partly wnnkled white The smooth blues inbred,
yelded the same combmations as 1 F,

A finer corroboration of Mendelian could hardly be wished.

Nettles —Correns crossed two ‘ species of stinging nettle ” Urtica
pildifera L and U dodartss 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 21l dentate leaves Like the
male or the female parent as the casemay be  The dentate character
13 absolutely dommant The mbred (self fertilised) hybnds produce
offspring (F ) of two kinds with dentate and with entire margins onan
average in the Mendehan proportion, 3 1

‘ Immumnty to rust in wheat.—Some kinds of wheat are very
susceptible to the fungoid disease knownas rust’ others are immune
The quality of smmunity to rust 1s recesstve to the quality of predis-
Pposition to rust

When an immune and a non immune strain are crossed together
the resulting hybnds are all susceptible to ‘rust  On self fernhsation
such hybnds produce seed from which appear domunant rusts and
Tecessive immune plants in the expected ratio of 31  From this
simple expenment the phrase resistance to disease’ has acquired a
more precise signtficance and the wide field of research here opened
up 1 this connection promuses results of the utmost practical as well
as theoretical importance  To the quesion  Who ¢an 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 Swamese silkmoths with yellow or

with white cocoons the offspring produced only yellow cocoons
When the hybnds were tnbred  the result was two sets one producing
white cocoons, the other producing yellow cocoons and the proportion
was Mendelian—25 037 white and 74.96 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 agam
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 (1) 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
mntermediate  and (3) that in other cases the mdividuals showed no
fusion of characters but resembled one or other parent It 13 likely
that the di may be expl d as due to derable diversity
of ongm m the domesticated races of slkworm 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 toreara ¢ pure spotted race and a “pure” black
race  When spotted forms are paired they may produce only spotted
progeny—a case of extracted dominants In other cases however
they yield spotted and black forms (1 ozr spotted 345 black),1e, 1
the Mendehan proportion of 3 1—a case of dommnant recessives inbred

Snads —Lang pawred pure five banded forms of the common
or garden snal Helix hortensts, 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 —D breeding exp with poultsy have
been made by Bateson Bateson and Punnett 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 Lberate 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 15 for others fre
quently, or even always incomplete—1.e showing traces of the corre-
spondmg recessives

Dominant Characters Reces ive Characters

Rose comb Leaf comb single 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 broodiness

Davenport s copiously illustrated work 13 also of great mterest
He shows 1 case after case that the character domupant in the first
bybrids 1s more or less influenced by the recessive character Polsh
fowls with a large hermia of the bram on the top of the head were
pawred with Minorcas with normal heads The hybnds showed no
herma but most of them showed a frontal prorunence  When the
hybrids were mbred the hernia occurred m 23 5 per cent—a close
approximation to the theoretical 25 per cent.

Singlé combed black Mmorcas were crossed with white crested
black Polish fowls with a very small bifid comb  The hybnds had
combs single 1 front splt behind When the hybnids were mbred
there resulted 1n a total of 101 offspring 29 7 per cent with single
combs (ke Mmorcas) 46 5 per cent with Y-shaped combs and 23 8
per cent with no combs or only papillae (Iike the Pohsh forms) Here
agamn the result is mn a genera} way Mendeban but the Y hike comb
13 a comphlication

Pigeons —R  Staples-Browne crossed a web footed pigeon (an
occasional 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 mbred and 1n 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 Mendelizn
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 onginal
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ancestor the mild rock dove 1n 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 albino the hybnd
offspring are always grey When these are mbred they yield greys
and albines approumately m the proportion of 3 1 Thus Cuenot
obtamned 168 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 albmos 34 yellow, 20 black 16
grey the theoretical anbopation bemg —6 albmos 38 yellow 19
blach 19 grey This 1s an exceedingly strilng 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 whate ct pp on the average
one 1n four of therr offspring  These whites mated wih each other
produce only white offsprng 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 skon dark
eyes, and short yellow fur} The hybrds were pigmented like the

Belgan hares’ 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 parrs of contrasted characters are mvolved 1n the hybrid
mbreeding—namely, short bair versus long hair pigmented coat versus
albimos 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 Mendelan anticipation gzs 17§ Sumlarly as
regards pigmented coat versus albino the hybnds, when inbred
yrelded 132 pigmented and 39 albino forms—a close appronmation to
the Mendehian expectation, 129 43 znd soon

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 tortowseshell 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 tortoiseshell orange and black—which 18 what Mendelian
theory would lead us to expect

Man —Ewnd of Mendelian ph in man 1s as 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,
is dorunant over the normal  In five generations chromcled by Fara
bee about half of the oﬁspnng were of the abnormal type, though Lhe
marnages were app ly always with lated normal mdivid
Moreover no normal member of the ineage 1s known to have trans-
mutted the abnormahty Another good case has been recently dis-
cussed by Drinhwater

Of great interest also 1s Mr Nettleship s account of the descend
ants of one Jean Nougaret (born 1637) who was afilicted with ‘mght
blindness’ —a condition apparently due to loss of visual purple It
seems to behave hike a umt character Thereare records of over 2,000
individuals  and the night blindness 15 dominant over normal eye
sight  The notable point 1s that during two and & half centures no
normal member of the lineage who marned another normal, whether
related or not, ever transmutted the disease

Human eye colour affords another ilustration. It 1s largely
determuned by the presence or absence of two distinct layers of pig
ment In the true blue eye only one of these pigmentary lzyers s
visibly present, the postenor purple pigment of the choroid which
being 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, asin albinos In the ordinary brown eye
two layers of pigment are present, for m addition to the postenor
purple layer there 15 also an antertor brown layer, 1n front of the ins
Major C C Hurst found that the eye with two layers of visible pigment
(duplex) 15 dominant and the eye with one layer of visible pigment
(sumplex) recessive  Or, putting 1t 1n another way the presence of the
brown front layer1s domnant 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 illustrating in typical Caucastans the domuinance of dark to
fair shuns, thewr segregation in the same famly and the apparent
punty of the extracted fair individuals  Hurst also gives evidence
that fiery red bair behaves as a recessive to brown and that the
musical sense or temperament 1s 2lso tecessive It seems as if an
ndividual 1s non musical owing to the presence of an inhibatory factor

g the exp of musical p which 1s poten

ually Ppresent 1n everyone (Hurst 1912)

1t would be interesting to have precise information as to the pro-
geny of Eurasians who intermarry, for here the onginal hybrids 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 1 1ts stmple form
and have enlarged but httle upon Mendel s original statement  The
value of the law 13 Upon 1ts republication m 1900 1t was
taken up by biologists and numerous 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 the law
but as geneticists developed & better ption of the mech the
contradictory evidence was explained away  Almost every type of
wmhentance has now been explained according to Mendel slaw  Some
of the explanations are very complicated and cannot be 1 cluded in
this presentation A few of the more important cases however will
be presented

1 PRESENCE AND ABSENCL HYPOTHESIS

This may be regarded as a new method of Mendehan thought. It
was first suggested by Correns but later was worked out m detal by
other geneticists especially Hurst, Bateson Shull and East It s
merely a modification of the mechamsm mvolved For example in
the case of a hybnd obtained by crossing tall and dwarf parents the
result had 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
tuner for dwarfness In other words each one of a pair of allelo-
tmorphs 1s repre ented by a determmer two determiners thus being
bresent Dwarfness m this case would be the result of the interaction
of that determiner and its environment during the development of the
body and the ame for tallness When both were present however,
the conception of the situation was as follows The determuner for
dwarfness settmg up 1ts usual senies of reactions early became para
lyzed by the determmer for tallness or its products  This re ult was
called the dominance of the character for tallness It was as of the
d {or tallness completely p d the activity of the deter
miger for dwarf) This concep was ly barne out

From Coulterand Coulter Plant Genettcs (The University of Chicago Press.
copy night 1918)

253
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by the facts and was the explanation of the mechamism generally
accepted

According to the presence and ab ence hypothesis however the
_ituation 1s looked at from an entirely different point of view  Tall
ness 1s the result of a determiner but dwariness 15 merely the result
of the abeence of the determiner for tallness  The domnant character
15 produced by an nhentable determiner but the recessive character
appears only vhen the dominant determmer 1s lacking  This con
ception has some evident advantages and may modify the previous
Mendclian dsagram asshownn Figure 8 This appears to be a sumpler
mecham m to account for the phenomenon called dommance In the
2 e of the dwarf form there 15 a normal course of development, 1n the
case of the tall patent or hybnid however an additional determuner

3 8-B)(

Tal Parent

Duexd Pasr Gameles

F1o §3-Dia,ram thowin~ how the ongnal scheme mu t be modified to
-atisfy the prescrce 2n 1 abstoce hypethesis  (From € aticr and Coulter )

sumulates ccll gro—th or cell division or both It 15 a simpler and
more u.eful conception .olongasit fit. the facts  Some investigators
however claim that it cannot be apphed to all the situations that have
been discovered

{Tt shoul1 be emphasized here that thes ord  determmer as used
m the fo ezoing paragraphs 1s not svnony mous with the word gene
A recessive character 1snot due to the ab.ence of a gere but merely to
the absence of sorething that 1s present 1n the dommant gene In
this form the presence and ab ence 1dea 15 acceptable |

Additonal advantages of the presence and absence hypothesis will
appear 1 connection vith a con ideration of blending inhentance and
of cumulative factors in tnhentance  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 1n explamng
Mendelian inhentance  Assume that 7' 1s used to express the deter
mner for tallness 1ts same letter (f) 15 used to express the absence
For example 1nstead of using D for dwarfness £1s used for lack of
tallness (Fig s9) It 1sa matter of conventence to have a symbol
to represent the recessive the absence of something that 1s present 1n
another mndividual

In summary the essential difference between the presence and
absence hvpothesis and that of dominant and recessive 15 that 1n
the former case the recessive determuner has no ewstence at all
while m the Iatter case 1t eusts but 1s mn a latent condition when
associated with the dommant

S8 BBy
BEE

Fio 55—Diagram showmg how presence and ab ence scheme 1 actually
used with small letter representing  absence  (From Coulter and Conlter }

Dwaif Par ¢

1 BLENDS

Ths type of inhentance when first discovered was thought to be
in direct conflicttwith Mendel s law Tt 1s a case m which dommance
seems to fail for the two alternative characters both express them
selves and the result 1s an average between them  Tt1seasy toevplain
this situation 1n accordance with the presence and absence hypothesis
‘without any violation of Mendel s law

The classic example of blending mhernitance was presented by
Correns n breeding work upon Mirabilss Jalapa the common four
oclock  Correns crossed red and white varieties and all the hybnd
progeny had rose pink flowers This was a color blend distinctly
intermediate between the colors of the two parents The F genera
tion therefore seemed to contradict Mendel 3 law in that one color
character was not completely dominant over theother Therealsitua
tion however appeared m the F generation obtamed by mbreeding
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ndividuals of the F generation which showed the blend By m
breeding the pink hybnds Correns obtamed the perfect 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 takingy
place the only unusual thing bemng the appearance of the F ndr
widuals and that was espluned 1y as farlure of d

(see Fig 60)

The question this mtroduces therefore 15 that of 2 mechanism
which could account for such a result. The easiest explanation
ffered 15 that the red parent was 2 homozygote for redness (double
dose) and the hybrid 2 heterozy gote { ngle dose), the mference s that

@ ®-@0-0 0

Red Parent Whte Parent

o ®
F, @m&@

Fis 6o—Diagram il} blending mmh by Correns
wn Mrabslis galaps  {(From Coudter and Coulter )

a single dose produces pink while a double dose produces red A
theoretical explanation of this occasional diffcrence m the result of
double and single doses 15 as follows Imagme that the body cells
ofa plant have a certain capacity for expressing hereditary characters
Insucha case just asa gnen quantity of solvent can dissohe only a
gnenamountof solute o 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
dominance however asingle 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 dominance) and on the other hand that for cases of complete domt
nance

Another example of simple blending mnhentance 15 the case of
Adzuky beans desenbed by Blaheslee In this bean the mottling of
the seed coat 15 domnant to the Jack of mottlng In the hvbnd
condition however, the mottling 1s lighter than in the pure or homo-
zygous conditon  Heterozygou. plants therefore can be easily dis-
tingurhed from homozygous plants so that the r 2 1 ratio1s evident
on external mspection rather than the usual 3 1 ratio

Ul TRE PACTOR EYPOTHESIS

Mendel concluded that each plant character depends upon a smgle
determiner Inhenitance however has proved to be a much more
complex phenomenon than indicated by Mendel s peas  Ratios have
appeared that were puzzlng and genellas(s were forced to the conclu
sion that there may be a for a single ch
This conception 1s called the faclor kypothesss and the growing com
pleutty of genetics has developed 1n connection with this hypothesis
With the consideration of factors nstead of determiners one passes
from elementary to advanced genetics  Previously we have used the
word determiner 1mplymg Mendel s 1dea that a single determiner is

for the devel of a plant < and this
has been true of the examples of mhentance previously considered
Tt 15 understood now however that a character 1s frequently deter
mined by the mteraction of two or more separately hertable factors
and hence the factor hypothesis  The distinction between factors and
determuners should be made clear  In case only one factor is mvolved
in determining a character there 1s no distinction between factor and
determmer  and mn such a case the term factor should not be used

1 Complementary factors—Ths 15 the sumplest expression of
the factor hypothesis and 1t may be tllustrated by some of East s work
Crossing red gramed and white-gramed corn he obtamed all red n
the F generation This would suggest that the F generation would
show 3 red to r white but 1t showed g reds to 7 whites which did not
suggest Mendelian inheritance It 15 1 accord with Mendel s law
however if we consider that two complementary factors are necessary
to produce the red character and that each of these factors is inhented
separately  Such a situation would gave a dihybnd matio as indicated
mTig 61 It willbeseen that out of 16 progeny 9 willbered for they
alone contam the complementary factors the other 7 will be whte
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The situation 1s thus explamed by the dihybnd ratio, but although
only one character 15 mvolved that character depends upon two com
plementary factors

Another situation 1s worth noting  No 6 of the diagram 15 white
because 1t contains only one of the necessary factors, No 11 1s white
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Fro 61 —Diugram bebavior of y factors in cross

betuneen red gramed and white gramed ¢om R and € must both be present to
produce red-graned com  (From Coulter and Coulter )

F

for the same reason but its germinal constitution 13 Just the opposite
What would happen if these two are crossed? There 15 only one
possibility since each 15 a homazygote producing only one hind of
gamete  The result would be red and thus a cross between two whites
would produce only reds  What would happen from crossmg Nos 6
and 15 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 stnl g 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 pigments 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 oudiang enzymes or oudases
This 1s a sufficent mechamsm for the behavior of complementary
factors If one of East s white strams of corn contained a chromogen
capable of producing red but lacked the necessary oudase 1t would
remam colorless  If the other white stramn contained the oxidase 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 in such a way as to produce
a distmetly new character  Also two active substances mght neutral
1ze one another when brought together i a2 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 lthe mrung chemucals m 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 bewng 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 Lt all of the proposed types A simple
lustration of the better known types 1s as follows

a) A complementary factor 1 added to a dissumilar factor to pro
duce a particular character

) An anhsbitory factor prevents the action of some other factor

©) A supplementary factor 1s added to a dissimlar factor with the
tesult that the character 15 modified m some way

d) A cumulatie factor when added to another similar factor,
affects the degree of development of the character

Some examples of these types will make them clear, those for
complementary factors having been given previously
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F16 62 —Duagram dlustrating behavior of mibatory factor  (From Coulter
ond Couller )

2 Inhubitory 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 either factor was absent the
gram was white Later he crossed these strains with a new white
stran and the result was surpnising  The pure red stramn produced
gametes carryng 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 stram of white the pro-
geny were all white although the hybrids certamly contamed both
factors for red The explanation which first occurred to East and
which later expeniments confirmed, was that the new white stram con
tamned anhibitory 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
11,ure 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 possibibties for the ca es 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 1s as follows  We have assumed that red 1s

@ @ produced only when the enzyme 1s present to

oudize the ch Lnzymes are very senst

Fio 64 —(From tive their activities may be affected or com

Coulter and Corlter}  pletely checked by vanous 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 the result that a chasacter 18 modi
fied 1n some way
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In bus work upon red graned races of corn East found occasionally
a few purple grams  His conception of the situation 15 as follows
The pure red plant contans 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 beng 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 grans  (2) red appears only i the absence of P
(3) Palthough present will not develop any color 1 the absence of R
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Fic 65 —Diagram
Coulter and Coulter )

action of factor  (From

This 1s a typical case of a supplementary factor thatis 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 1s found that the purple pigment 1s produced
by the same substance as the red but represents a higher state of
oudation The conclusion 1s obvious € 15 oudized by R up to a
certamn pont where red 1s produced  but 1f P 1s also present 1t repre
sents an additional enzyme which attacks the red pigment and oudizes
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 ~ Asa consequence P without
R gives white gramns while R gives red grams only in the absence of P
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4 Cumulative factors —These will be considered under the next
heading, “Inhenitance of quantitative characters ’

In additon to the four types of factors given, the hiterature of
genetics also contams discussions on mtensifying factors diluting
factors distnibution factors ete These however, do not introduce
any new mechanisms

5 of h ~—This phase of the
factor hypothesis if true 15 of fundamenml unportance not only to
genetics but to general biology It 15 based upon the conception of
cumulative factors and as 1t 1s presented it will be realized that 1t
throws light not only upon numerous breeding experiments but also
upon variation m general which means evolution also A cumulative
factor was defined as one which when added to another similar factor,
affects the degree of development of the character

It will be recalled that Correns crossed red and white strams of
Miradihs and obtamed pmh hybnds  The suggested explanation of
thus result was that a single dose of the red determner gives pik while
a double dose gives red When Correns mbred these pik hybrids
he obtamed the result presented m Figure 60 that 1s 1 red, 2 pmh
1 white  Thss result 1s obvious and the mechamsm 1s plam

With this diagram in mund we shall consider some of the expen
ments of Nilsson Ehle at the Swedish Expenment Station He
crossed two strams of wheat with red and white kernels The F;
individuals had hght red kernels which of course suggests a repetition
of the situation shown by Mrrabilis m the experiment of Correns
The F, generation however showed a very different result  The reds
and whites appeared 1 the ratio of 15 1 but 1 addition to this
among the 15 reds there could be distnguished varymg degrees of
redness  Nilsson Ehle suspected that 15 1 meant a dibybnd ratio
16 induviduals being necessary to give the ratio so that he constructed
the tentative scheme shown in Figure 66

Thus shows a regular dihybrid ratio except that the two factors
mvolved are sumlar  Applying the single dose and double dose con
ception as used 1n the case of Corren s pink srabelss, we reach the
following conclusions No 1 only has four doses and therefore 1t only
1s deep red, Nos 2z 3,3, ¢ 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, 15have one dose and are very ight red, while No 16
alone has no dose and 15 the only pure white This accounts for
the 15 1 ratio and the different shades of red  This 1s entirely in
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accord with the conceptions that have been presented and only two
assumptions are necessary (1) that dommance 1s absent and two
doses have twice the effect of one (2) that the mndependent sumilar
factors are cumulative m their operation, and are pared with ther
absence m the hybnd This was Nilsson Ehle s conception and of
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Fro 66 —Dagram ilustratng Milsson Eble s evplanation of 15 1 ratio ob
tamed 1 F generation from cross between red-gramed and white grained wheat
(From Coulter and Coulter )

course he tested 1t by further experimental work the results consist
ently confirmmg 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 vanious degrees of redness m the
F 15 graphically recorded in Figure 67 each dot representing one dose
of the factors m question
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Continung these mvestigations Nilsson Eble next discovered 2
new strain of red gramned wheat which when crossed with the pure
white strain ylelded F; hybnds of mtermediate mtensity of red as
before The F, generation however showed a different situation
Reds and whites were obtamned m the proportion of 63 1 the 63 reds
as before falling naturally into different groups on the basis of degree
of redness Applymg the same conception as before Nilsson Ehle
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F1c 67 —Another method of visualuang Nilsson Eble s 15 1 ratio (see Fig 66)
(From Coulter and Coulter )

discovered that m this case he was dealing with a tuhy brid situation
Without constructing the usual Mendehan diagram which would have
to be extensive enough for 65 individuals the situation as it appe»“"d
n the F generation may be represented by Figure 68 If the graph 18
surmounted by a cunve we recognize the regular probability curve
exactly the kind of curve biometnicians use to represent the fluctuating
indnviduals about a specific type

This conception of cumulative factors therefore has far reachmg
significance  For 2 long tme biologists have
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vanation within the species  Darwin depended upon 1t as the basis of
lus theory of natural selection as the ongmn of species m fact, ever
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Frc 68 —Diagram illustrating Nilsson Ehle s 63 1 ratio  (From Couller and
Coulter )

since Darwin s Origin of Species individual vanation has been funda
mental mn our conceptions To account for this umversally recog
nized ph Darwn proposed his b hypothesis as
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a 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
saentific expeniments It isimaginative toa certamn extent of course
as 15 every other valuable theory, but unlike most such theones it has
a substantial foundation namely, Mendel s law



CHAPTER X
THE FACTOR HYPOTHESIS AS APPLIED TO ANIMALS

L diately after the by De Vries m 1900 of the
rediscovery of Mendel s paper zoologists i Europe and 1n America
began experiments m animal breeding with the 1dea of discovenng to
what extent Mendel s laws were apphmb\e It was socon found that
the les of unit ch segregation mono-
hybnd dihybnd and tnhybnd ratios were of practically universal
application A number of instances of Mendehan heredity i animals
have already been presented m the preceding chapter and no more
sumple Mendeltan cases need be described  For a considerable peniod
the ammal breeders proceeded no farther m thewr analysis of the
mechanism 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 Mendel This
new phase 1n the study of heredlty 15 1n the forefront of interest today
Neo-Mendelian heredity m plants has already been discussed It
remams for us to present the data on some phases of neo-Mendelism
m animals

ILLUSTRATIONS OF THE FACTOR UYPOTHESIS
THE FACTORIAL ANALYSIS OF COLOR IN MICE
Miss Durham after extensive breedmg experiments with numer
ous strams of differently cofored mice has been able to show that
the appearance of a particular color n an ndividual mouse 1s depend
ent upon the presence or absence of several mdependently mhberited
factors evidently represented by genes m as many different chromo-
somes It seems possible to classify these factors as follows
B=black prgment, which masks chocolate pigment
b=absence of B which gives chocolate
I =mtensity factor
+ =absence of mtensity or dilution factor
C =2 complementary color factor acting with P
P =a complementary pigment factor acting with C
It either C or P 13 absent, albino mice result no matter what other
color factors may be present
369
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The factorial make up of the vanous mice m Miss Durhams
expertments would then be represented as follows
BICP=black
BiCP =blue (dilute black)
bICP =chocolate (absence of black)
biCP =siver fawn (diute chocolate)

The followmg experiments indicate the mode of heredity on the
factonal basis
1 P Black (BICP)XSiver fawn (0:CP)
F 1co per cent Black (BICP y:1CP}
F Black (BICP) Blue (B:CP) Chocolate (bICP) Silver fawn
(8:CP)
9 3 3 I
2 P Blue (B:CP)XChocolate (bICP)
F: 100 per cent Black (B:CP bICP)
F, Black (BICP) Blue (BiCP) Chocolate (bICP) Silver fawn
®CcP)
9 3 3 I
3 P Blue (B:iCP)XSilver fawn (8:CP)
F 100 per cent Blue (B:CP b:CP)
¥, Blue (B:«CP) Silver fawn (b:CP)
3 I

DIFFERLCNT KINDS OF ALEINOS

Any one of the color types mentioned 1f lacking 1n the factor €
will be an albino though carrymg the other factors for color For
example there may be a Black albmo (BIcP) a Blue albuo (BiP)
a Chocolate albino (bIcP) or a Sulver fawn-albino (bicP)

That color factors are present In albinos may be shown by the
following experiment A albmo had appeared 1n a Blach stock and
was crossed with a Silver fawn thus
4 P Stherfawn (hCP)XAlbmo extracted from Black (BIcP)

Fe 100 per cent Black (3:CP BIcP)

Black Blue  Chocolate Albino Black  Silver fawn

(BICP) (BCP)  (ICP) (BIcP) (B:CP)
27 9 4 [ 3
Albuno Blue Albino Chocolate Albino-Sitver fawn

(BicP) (BIcP) (01c8)
3 3 3
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The ratios given are the theoretcal ratios for a trihybnd Mendel
12n experiment and the actual results have closely approvimated these
As a matter of fact sixteen albinos appeared and 1t 1s not possible
except by breeding to tell one hind from another Breedmg 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 (phenotypically identical) but that they are not
genotypically alike 1s clearly shown by mbreeding them  In expen
ment (1) we get only individuals of the four color types while mn
experiment (4) we get 1 addition to the four color types four albimo
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 Sull 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 bemg
as follows

SSTT =red
SSi=sandy
§sTT =sandy
sstt=whte

If this analysis be correct when the two different sandy genotypes
{SStt and ssTT) are nterbred the result would be as follons  All of
the F individuals would be red These when interbred give the fol
lowing F phenotypic ratio

9 ST=red

3 St=sandy

3 sI=sandy

1 st=white

The phenotypic ratio 1s therefore g red to 6 sandy to 1 white whichis
a rare modification of the 9 3 3 1 dihybnid ratio and 1s due to the
fact that the phenotype sandy, consists of two different genotypes in
equal numbers
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COAT COLORS IN GUINEA PIGS

In guinea pigs the wild type coloration 1s a kund of reddish gray
mixture called “agoutt  There are also black coat colors and whites
(albinos)

Agout: when crossed with some types of white gives all agoutr 1n
the F generation and 3 agout1 to 1 white 1n the I' generation A
black guinea pig crossed with agout: gives all agout1n the F and 3
agoutt to 1 black m the F generation Evidently both black and
white are recessives to agouti so agout: must be due to at least two
dommant color factors 4 and C

If we assume that 4 15 a dommant factor whose recessive allelo
morph a grves black color and that € 1s a dominant 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=albmo (of one kind)
2aCC=black

Then when black (¢aCC) 15 crossed with white (4 4¢c), all of the F
generation would be agout: and the F ratio would be as follows

9 AACC=agouts
3 4 lec=uhte
3 @aCC=Dblack

1 ascc=whte

‘This would give a phenotypic ratio of 9 agout to 3 blacks to 4 whites
another rather slight but unu ual medification of the faruharg 3 5 1
ratio due to the fact that the phenotype white conwsts of two geno-
types

Characters that seemed quite simple at first have been found by
methods sunilar 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
Tepay mvestigation  If we knew as much about these characters as
we do about some ammal characters the testumony of a geneticist n a
paternity case would be more valuable than 1t 1s at present



CHAPTER \XI
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 ’ 2nd that which ap
parently becomes latent 15 called recessive  The Iaw of domnance
has been shown to be far from universal in 1ts application  In fact
complete dommance 1s relatively rare and almost entire lack of dom
nance 1s not uncommon  Evidently then dominance 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 n 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 might
be called the discovery of Mendel for 1t 1s 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 law therefore 1s much more mmportant than the
first

Mendel 5 third law  the law of mndependent 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 hybnd umion 1s ndependent of the
other differences m the two ongmal parental stocks  This thud
Iaw 1s only discoverable when we try to follow the assortment and
recombination of at least two paurs of allelomorphs up to the second
hybnd generation (F) If each allelomorph be studied by tself 1t
will show nothing more than the facts indicated 1n the first two laws
but as soon as we try to follow the modes of nhentance of more than
one character simultaneously we find that we are merely dealing with
the mdependent shuffiing and assorting of two ormore genes Theway
in which we explam the thud law 1s that all genes that extubit inde
pendent assortment are located m different chromosomes 1f two
allelomorphs were 1 the same chromosome 1t 15 obvious that their
association with each other i 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 lan means that the constant characters which appear 1
the several vaneties of a group of plants {or ammals) may be obtamed
m all the assoctations which are possible according to the mathematical
laws of combimation  The genes carned by the chromosomes are
shuffled about like a pack of cards and dealt out 1n all pos 1ble combina
tions according to the laws of chance  The result of thus 15 that the
particular deal or hand that kappened to be possessed by the parent
1s likely not to be repeated 1 any of the offspring 1f the number of
differences involved s at all large  Of course if there 1s only one pount
of dufference between the two parents the character of the parent wil
be repeated 1n one out of each four ndivaduals of the F, generation I
there are two pawrs of allelomorphs concerned, there will be one 1
sixteen 1 the ' with the same combination as each ongmnal parent
of three paurs of allelomorphs, one 11 suxty four 1f four pairs one i two
hundred fifty six 1f ten or more pairs one 1n hundreds of thousands
or millions  Neasly all humen beings differ from onc another with
regard to hundreds of allelomorphs  Is 1t not remarkable then that
there 15 as much resemblance between two brothers as there sometimes
152 This condition wull be better understood when we come to discuss
the lmutations of the law of mdependent assortment which Mendel
failed to discover 2nd which 1s explained by the law of linkage

‘The concepts expressed m the above laws may be considered to
have onginated with Mende) It must be remembered however that
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Mendel had no knowledge of ct or of the ch 1
mechamsm of maturation which now seems to be the machine respon
sible for the regulanities seen mn the various Mendelian ratios and for
segregation i general It 1s remarkable therefore that Mendel fore
saw a mechamism within the genetic apparatus of plants that com
aides i principle wath that subsequently discovered  Among the great
discoveries that have resulted from the use of Mendehan methods
and procedures are the factor hypothesis the chromosome theory of
heredity and of sex determwmation Linhage and crossing over and the
finer 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 absent in the recessive It has been dis
covered however that this theory fauls to hold especially m cases of
multiple allelomorphs and probably does not hold at all As an ex
ample of multple allelomorphs we may aite the vanous eye-color
mutants of Drosophila (sce page 204) A whole semies of eye color con
dittons rangimg from red to white are all Lnown to be the result of mu
tationn] changes m the sume gene with red the wild type condition
being domunant over any of the mutant conditions  Now these van
ous colors such 4s vermilion pink salmon cream etc are all reces
sive to red but domiant over white  This shows that the gene for
eye color 15 present mn il these mutants but 15 merely modified 1n
Various w1ys or in varying degrees

The presence and absence hypothess therefore might then be
stated as follows There 1s some positive element present in the
domintnt gene that 1s absent in the recessive allelomorph which pre
vents the recessive gene from expressimgatself  In this form the theory
15 rather helpful and serves to rationalize the practice now umiversal
of representing any dominant gene by a capital letter suchas 4 and
the recessive gene by the equivilent small letter @

The factor hypothesis —Mendel believed that for exch character
there was a determmer that each determmer produced a character
unaided  According to the factor hypothesis as we have seen such
simple characters as colors i plants and ammals depend upon the
teraction of several genes which are called factors because they
are not single causes but merely co operative agents It 1s now com
ing to be beheved that each character of the orgraism s the product
of the interacting of many possibly all of the genes i the orgamsm
but that some of the genes affect a g en character more than do others
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It remams to be discovered to what extent each character s the result
of the mteraction of all the genes When once we learn that a single
character may depend upon the mteraction of two or more inde
pendently whented and segregating factors or genes 1t becomes pos-
sible to understand all sorts of puzzling and apparently non Mendelian
ratios  The adoption of the factor hypothes:s has yustified 1tself over
and over agam, for 1t has been the mstrument 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, blending and particulate All
three are now seen to be phases of alternative, or Mendehan heredity
Especnlly strihing 1s the way m which the 1dea of multiple factors (“cu
multative or “duplicate factors of some authors) has served to
rationalize and to bring mto lime with other Mendelian phenomena the
data about the inbentance of quantitative characters Another
service of the factor hypothesis comes out m connection with the dis
covery of lethal foctors  There 15 a large number of genes or factors
whose presence 1n the homozy gous condition 1 e when a given factor
15 present 1 both gametes that umite to form a zygote) leaves the mnd1
vidual denved from such a zygote lacking in something essential for
lfe  All such individuals 1n any breeding experiment wall fail to sur
vive, and their absence will be noted when the ratios of the vanous
combrnations are worked out  The failure of a certam expected com
bnation to appear in the F generation 15 attributed to the presence of
alethal factor i the stock It can readuly be proven that many of the
surviving indrviduals possess the lethal factor i a heterozy gous condt
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 substdiary hypothests of lethal
factors has had a far reaching imfluence upon some of the most ad
vanced phases of modern genetic practice



CHAPTER \XII
SEX LINKRED HEREDITY

Up to this point we have been dealing with Mendehan expertments
in which no more than one gene 1n any given chromosome was con
cerned The various Mendehan ratios including the modified ratios
presented 1 connection with the factor hypothesis depend upon each
of the dfferent allelomorphic factors involved being 1 a different parr
of chromosomes  If two or more genes were in the same chromosome
one wnould not expect them to follow the laws of random assortment
and random recombimation  The study of sex linked heredity opened
the way to the discovery that particular genes are n particular chromo
somes that they tend to remain together m heredity but that genes
m homologous chromosomes are frequently exchanged 1n a mutual
fashion This discovery has led to a knowledge of inkage and cross
g 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 explamed by Morgan Ve had
previously known of this hind of heredity in man as i the case of
color blindness free bleeding etc but 1ts mechamsm was not even
guessed at It had long been known that color blind individuals are
almost invanably males that such males marrying normal women
never have any color bhind offspring but that thewr daughters when
mated with normal men have some color blind sons but never color
blind daughters  ‘Thus color blindness shows a strong predilection for
males and s called a sex linked character  I'ree bleeding might blind
ness and several other human characters are known to be mherited in
the same fashion

The mechamcs of this form of heredity was worked out by Pro-
fessor T H Morgan as the result of his work on the classic fruit fly
Drosoplsla melanogaster In this valuable Lttle inscct the eyes are
typically bright 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 mutont appeaning suddenly without any prehmnary
steps  To test the henitability of this new character the white eyed

7
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male was mated to a normal red eyed female The offsprng of this
mating were all red eyed m appearance (phenotvpically), but the
females were cbviously all genotypically hybnd red and white eyed
for when mated with normal red eyed males half of their sons were
white eyed 2nd half red eyed but all daughters were red eyed  Sub
sequent experiments showed that half of the daughters were pure red
eyed and half hybnd red and white eyed Now what sort of mech
amism 11 the germ cells could account for this pecuhar but very uniform
type of hereditary behavior?

Professor Morgan explained the whole thing 1n a beautifully simple
way by assuming that the gene of the sex lmked character was situated
m the X chromosome of the mutant male for the male has but one
A chromosome along with a ¥ chromosome (see Fig 53} In the
reduction drvston of the germ cells of this mdividual two kinds of male
gametes (spermatozoa) are formed m equal numbers one carrymg the
\ chromosome with the white eyed gene and the other the ¥ chromo
somes Now whenever a female gamete (egg) of the normal red eyed
female u ed as a mate 1s fertihzed by a sperm with the \ chromosome
an 2X individual or female will result and all of these females wall
get the white eye gene along with the X chromosome from their
white eyed father  But whenever an egg 1s fertilized by a sperm with
the ¥ chromosome 2 male will be produced and all of these will be red
eyed because they get thexr X chromo ome from their mothers Why
are not these female offspring possessing the white eye factor white
eyed? Because they have also inherited an X chromosome contamn
g the red eyed factor from their mothers and red eye 15 dominant
over white eye  These red and white eyed hybrid daughters are now
bred to normal red eyed males whose X chromosome carnies the red
eye factor The females will produce two Linds of gametes mn equal
numbers one with the . chromosome carrying the red eye gene the
other with the . chromosome carrying the white eye gene, while the
male will produce two Linds of gametes one with an X chromosome
carrying the red eye gene and the other with only a Y chromosome
Each hind of male gamete will unite equally often with each kind
of female gamete and the result will be four kinds of zygotes in equal
numbers one m whick two red eyed X chromosomes come together
and produce a pure red eyed female one 1 which a red eyed and a
white eyed \.-chromosome come together and produrce a hybnd female
one 1 which a red eyed X ch and a Y ¢h unite
to produce a red ¢yed male and finally, one i which a white eyed
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\ chromosome and 1 Y chromo ome umte to produce a white eyed
male This 15 the detailed procedure followed by all sex Iimked char
acters of this sort and 1s shown diagrammatically i Iagure 69

We have seen that white eyes seem to be purely a male character
masmuch as 1t does not seem to express itself m females even when
pre ent 1n the germ plasm  Why 1s this not just a secondary sexual
character like the differences mn size and shape of the body that char
acterize the two sexes? ‘The answer to this query 1s that 1f we pcrform
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 white eyed male
The female 15 2 hybnd carrying the white eye gene in one of her
X chromosomes and the red eye gene mn the other X chromosome
She wll produce equal numbers of gametes with the two eye color
genes  The male will also have two Linds of gametes one witha white
eye bearing X chromosome and one with a Y chromo ome Random
pairng of the types of gametes of the two parents will produce four
classes of mdividuals i equal numbers one female with a red eyed
% and a white eyed X (phenotypically red eyed) one jemale with
two white eyed X chromosomes and therefore white eyed one male
witha red eyed X and therefore red eyed and one male witha whute
eyed X, and therefore white eyed It 1s clear then that the wlite
eye character 15 not lmited to ane sex but merely closely linked
to the male sex under normal breeding conditions All sex linked
characters are recessne for were they dommant they would express
themselves somatically when either one dose or two doses of the gene
are present  The reason why the character appears normally m males
only 15 that miles have only one \ chromosome a situation which
make 1t possible for any recessive gene located m the X chromosome
to express itself The female however has always two \ chromo
somes and unless she inhents the recessive gene from both parents
—a condition that would rarely occur m nature—she would always
have the corresponding dommant character m one \-chromosome
to mask or off et the recessive character in the other X chromosome
Inman 1t 15 also the unfortunate male that falls heir to all of the rather
detrimental sex linhed characters while the female though mheniting
the character more often than the male practically never shows the
effects of 1t

An 1nteresting vanant upon the usual type of sex linked breeding
experiment 15 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 hybnds will be
white eyed males and red eyed females the two eye colors simply
changing sexes  This s explamed by the fact that females almays in
hent an X chromosome from both father and mother while males al
ways get their % chromosome from their mothers  We speak of this

Flees Chromosomes
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Frc 69 —Sex linked inhentance of white and red eyes in Drosophils  Parents
white eyed male and red esed female F red-eyed males and females F red
eyed females and equal numbers of red-eyed and whiteseyed males A black X
ndicates an \-chromosome beaning the gene for red eye a white X bears white eye
Y 15 the Y<hromocome  (From Conklin ofter Morgan )

phenomenon as crisscross tnkeritance There are many evadences that,
1n general daughters mhert more largely from fathers and sons from
mothers and 1t 15 probable that the mechamsm of this condition 15
Ike that just descnbed  But to continue the reciprocal cross expert
ment to the F generation let us breed together the males and females
of F The result will be red eyed males and females 1 equal numbers
g 70)

The type of sex inkage which we have just described for Dro
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soplla and which also prevails 1 man has come to be called the
Drosoplula type of sex limkage There 1s however quite z different
type that 1s called the ponltry fype, which while stnkimgly like the
type already descibed differs from 1t 1 one important respect

i The poultry type of sex lunkage —In the Drosoplula tvpe the
female 15 the homozy gous sex (producing only one Lind of gamete each
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Fic 70—Reciprocal 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 1n
dividuals of both sexes The distribution of the ex chromosomes 1s shown at the
nght asin Fioure 69 (From Conkhn after Morgan}

with an \-chromosome) and the male 1s heterozygous (producing two
Linds of gametes one with an \ and one with 2 Y chromosome)

Now certamnly m moths and butterflies and probably i birds the male
15 homozygous and the female heterozygous It 15 the custom to
designate the sex chromosome conditron as WW for the male and W2
for the female though why we hould not use X\ and \.¥ 1t 1s difficult
tosay With this reversal of sex chromosome composition of the two
sexes we might expect that sex hinked heredity would work out just
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the reverse of that described for Drosoplile so far as the sexes are con
cerned, and this mterestingly enough, 1s exactly what we get

A typical instance of sex hnkage of this sort 15 seen when 2 barred
Plymouth Rock cock 15 mated with a Black Lanshan hen (Fig 71)
All offspring both males and females of the I'; generation are barred

I1c 71 —Sex inked inhentance of barred and unbarred (black) plumage i
poultry P parents barred male unbarred female [ barred males and females

1 males all barred females n equal numbers barred and unbarred { fter
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 1s hinked with the female sex  1f we cross a black female
withan F male ne can get equal numbers of barred and of black males
and females The reciprocal cross (Thg 72) illustrates crisscross 10
hentance  Starting with a black male and a barred female we get 10
T barred males and black females When the Fy individuals are 1n
terbred we get half barred and half black males and females
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While i the birds the chromosomal condition has never been
completels wotbed out on account of mherent techmeal duficulties
Ukely to be overcome any day the case of the currant math Abrosas
has been thoroughly aralyzed  The sex hobage follons the poultry
plan and the gameles of the male have been found to be alt alike ninle

Fto 2 —Reciprocal cross to that shown  Ngure 71 P parents urbarred
male barred femal T barred m los unburred lemales {cnisscrd 3 mbentance}

baceed and xabarsed binds equally nusserous 1n both sexes  (From Costle )
thosc of the femate are of tmo types aue contanung av \-chromosome
(W-chromosome) and the other 2 Y-chromosome (Z-chromosome)
The strking parallcism betr een the reversal in sex hinked heredity
and m the visible reversal of chromosome composition i these two
gvoups of ammals {Drosaphile and man on the one band and the
butterflies moths and yrds on the other) offers one of the most
cogent proofs of the vakidiy of the chromosome theory of heredaty
winch we bave alteady come to rely upon and shall have further occa
sion to make u.e of fater on
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To brng the facts of sex limhed 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 wnherstance—From this series of facts the
following rules governing the transmusston of sex linked characters
can be deduced

‘r When the komo.\gous sex transnuts the dominant factor all
of the offspring n the first generation exhibit the dommant character
and the second generation 1s composed of three dominants to one reces
snve the latter having the same sex as the recessive grandparent

2 When the homozrgous sex transmits the recess: e factor, both
dommant and recessive characters are exhibited 1n the first generation
but exclusively upon the opposite sexes, and tn the second generation
both sexes show the sex hnked characters in equal numbers



CHAPTER AAIIL

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 ai1d of the httle fly Drosophsla melanogaster this chapter
might be dedicated to the memory of this msect  Although like
Cinderella  Drosophila comes from the humble environment of the
garbage can  says Walter yet this fly has easily outstripped allats
sister competitors for genetical honors until today 1t stands probably
as the most famous experimental orgamsm in the whole world

But too much credit for the genetic revelations denved 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
Drosophila may now be famous all over the world the one who made
1t famous 15 Professor T H 3organ who m collaboration with an un
usually able corps of assistants (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
vestigation The work done by the fly squad  as it has been affec
tionately called by fellow biologists 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 intncate fabric of conceptions that has been
woven The whole story of this brilhant discovery or sertes of dis-
Cavenies 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
Tequires Jong 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

285
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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
ts sex hnked and therefore must have 1ts gene m the . chromosome
As hime went on many new sex linl ed characters appeared as mutants
always noted in males and these cha acters 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 definite sex linked mu
tant genes with their allelomorphs have been found to be sex Linked
and therefore must have their loci 1n the X chromosome

Now during the twenty years of breeding millhions and mullions
of drosophilas and examiung 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 limhage 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 however <oon came to light namely that prac
tically all of these non sex hnked genes fall naturally mto two groups
of nearly equal size  The basts for this distribution of genes mto two
groups 1s this  that some of the characters appear together more often
than not whle other characters appear apart (1e 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 15 not possible to dis
tinguish between Ch 11 and C} 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 Drosophile and only two large
linkage groups besdes the sex linked group What more nataral




LINKAGE CROSSING-OVER AND THE GLRM PLASM 287

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
2l linked with any of the three groups and therefore could not be
assigned to any chromosome known at that time This seemed at
first like a staggermg blow to the hypothesis then entertamed but 1t
turned out to be one of the best demonstrations of 1ts validity A re
examunation was made of the germ cells of Drosopkila with the result
that a pair of iiny chromosomes was found to be always present which
because of their very small size had been gverloohed by the ongmal
students of this 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 clasely
linked with bent and therefore assigned 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 m so small a
body

Now 1f there 15 anythmg m the chromosome theory of heredity
and if the genes of mdmdual differences have their seat m the chmmo-
somes all of the ch m Drosophila mel no
matter how many are found must be 1 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 linked wath any of the known linkage groups for the discovery of
such a character would strike a severe blow against the theory of lnk
age and agamst the chromosome theory 1 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 linkage with one
of the four I nown groups Just to the extent that the finding of 2
fifth group of ch: would have weakened the ch theory
to that extent the failure to find any exceptions to the four nkage
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 bnstle characters
Ieg form and lethal characters It cannot then be said that any one

carries genes ch 1c of any one part of the body
mstead it seems that every chromosome carries genes that affect every
part of the body or 1n other words the whole organism
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Confirmatory evidence of the vahdity of the theory of linkage
comes from the comparative study of other species of Drosophila, some
of which have the same number of ch ashas D y
others of which have a larger number In one spectes that has four
paurs of chromosomes like the origmal species only four linkage group>
have been found while 1 other species m which an extra parr 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 stnbing parallehsm between the differ
ent species and a beautiful conformity between the numbers of chromo-
somes and the number of.hnkage groups  Also 1t should be sud that
the relative numbers of genes discovered 1s 1n 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 mntact and are
passed as wholes from parent to offsprng  We have spoken of the
process of parnng of homologous chromosomes 1 synaps:s as though
this painng were no more mtimate than o mere temporary embrace
We have spoken as if during the reductioy, chvision to form gametes
the homologous chromosomes merely part company and proceed mntact
to opposite poles of the dividing cell and enter separate gametes un
affected by having associated 1n the embrace of synapsis  That this
15 far from true has been revealed by an exact numercal study of the
vatymg degrees of inkage m the characters whose genes are supposed
to be located in a single member of a given chromosome pair  On the
basis that a chromosome 15 an inviolable body procceding as a 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 in the
same mdvidual  The fact that this result was not reahized led to
further advances in our understanding of the complex heredity ma
chine  Let us see just how hnkage works out with certamn genes m
the X-chromosome Remember that each of the characters was
located 1 the X-chromosome because each one by itself followed the
mode of heredity of a sex Linked character

The mode of hinkage of two sex hinked 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 Iet us a sume that by the proper breeding expenment we have a
yellow winged whate eyed female (call her sellow white for short)
Mate her with an ordinaty normal male with gray wing and red eyes
(calllim gray red ) All the daughters are gray red like the father
(each having inherited an X chromosome from him), but the sons are
yellow white ke the mother (having mhented her X chromosome)
The Y-chromosome does not affect the result at all The daughters
m addition to recetving 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 donunant over yellow and white

Now 1t 15 easy to test the composition of these hybnd females by
breeding them with double recessive (yellow white) males  The result
1s as follows 49 g per cent of offspring are yellow white 49 § 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 anticpated  If there
were no Linkage but entirely independent assortment as would be the
case were the two pairs of genes m different chromosomes we should
expect the dihybrid ratio of nine gray reds three gray whites three
yellow reds and one yellow white If on the other hand chromo
omes retan their integrity when they separate after synapsis we
would expect 5o per cent gray reds and 3o per cent yellow whites
Why do we find the anomalous ratios that we do? Obwiously the
chromosomes that parr i synapsis do not always part company with
out being affected by the chromosomal embrace but instead they seem
atleast occasionally to undergo a mutual exchange of equivalent genes
Thus 1n one case i a hundred the gray and yellow wing allelomorphic
genes are traded without also trading the red and white-eye genes
and in exactly the same number of cases the red and white genes are
traded between chromosomes without the yellow and gray bemg traded
along with them This mutual and perfectly equitable exchange of
genes between homologous chromosomes 1s called crossin oter and
the percentage of crossing over between any two allelomorphs 15 the
same each time the same breeding experument 15 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 pair
of sex linked genes

A female with white eyes and mmntature 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 1n F, 15 that all
females are red long and all males are white mmniature Inbreed the
mdividuals of F; and we get 1n F, 33 5 per cent white minatures,
33 § per cent red longs, 16 5 per cent white longs and 16 5 per cent red
mmatures  In other words the crossing over percentage 1s 33 If
the crossing over percentage were to equal or exceed 50 per cent, 1t
would mean that there 15 no hinhage at all for if the two llelomorphic
genes were n different pairs of chromosomes we should have even
chances of two independent characters comng together or staymg
apart  Thus we may say that in the first experiment the Iinkage (op
per cent) 1s very high and the crossover percentage 15 very low (1
per cent) while in the econd experment the linkage 1s relatively weal
(67 per cent or only 17 per cent stronger than no linkage at all) and
the crossover pereentage 15 relatively high (33 per cent)

The mechamsm of crossing over— If 1t be admtted,” say
Morgan, Sturtevant Muller and Bridges, 1n their volume The Mech
anssm of Mendelion Heredity, that Mendelian factors are carned by
chromosomes 1t can not be dened that mterchange between homolo
gous chromosomes must occur for sex linked factors cross over from
each other and yet are hnown to be 1n the same pair of chromosomes
since they all follow the \ chromosome n 1ts distnbution  The evi
dence allows na other wnterpretation  But why should crossing over
take place so rarely between certain factors and so often between
others? We can make use here of certain information 1n regard to
the chromosomes that gives a very sumple answer to the question  In
the early germ cells before the maturation pertod begms  the chromo-
sSomes appear to be scattered in the nucler and the homologous chro-
¥mosomes 1n many cases show no tendency to lie together, although in
some ammals ¢ g, tn many fies the members of a parr are often found
sideby side  In this early period the germ cells divide as do other cells
and thereby increase in numbers But at the termunation of this
peniod, the horologous chromosomes unite 1n pairs  There has been
much controversy as to how this unton takes place but in some cases
atleast the uniting chromosomes twist around each other as they come
together Thisisallustrated to the left in Tugure 73 Asa consequence
parts of one chromosome wil) come 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 80 to the .ame pole the end result wll be that shown
to the nght of Figure 73 Each chromosome has iterchanged a
part with 1ts mate  Llus process has been called crossing-over It1s
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of course alsa possible that the twisted chromosomes do not break
and reunite where they cro s andaf they donot then when they begin
toseparate they simply pullapart wrrespectn e of the side on which they
Yie  When this occurs each chromosome remams intact and no
crossing over takes place

‘The chance that suct a processof cro g aver willoccur betwecn
any two given ponts on the chromosome hould obviously be greater
the greater the distance between those pamts  If then the Mendelian
factors Lie along the chromosomes the amount of cro sing over be

. ” »
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T16 93~D and C ustrate Morgan s 1dca of the lnear arrangement of the
£enes in the chromosomes A and D sho v ho v the composition of the ch omn-
50mes 15 supvo cd to change as the resuit of the cros over  On the nght a par
of ctromosomes ¢ belore b durig and ¢ after a double Crossover  (Afler
Horgan)
tween anv tno of them will depend upon their distance apart  Should
two pomts hie near together a cros 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 ARRAT GEMFNT OF
MENDILIAN FACTORS OR GENL  IN THE CHROMOSOMLS
By mak ng use of the fertile 1dea explaned 1n the last paragraph
that the percentage of crossing over between any two factors indieates
theie reltive distances apart 1t was possible to map out the rela
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tave posttions of all hnown factors  The un:t of distance on the map
1s that between two genes that have a crossover value of 1 per
cent Haldane has proposed the term morgan for this umt of map
distance  These map units are only relative umts not absolute as
will Le shown later ‘The validity of the crossing over hvpothess and
of the chromosome maps may be tested in an almost infinite 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 either 644 (10) or 6 —4 (2) I on worlung 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 crossing over an of

between map di and P —This matter 15
best explamned by the use of a concrete mstance Let us take three

ex linked genes white miature 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 15 either 33422 (55) or 33—22 {11}

but the observed value 1s 44 per cent The proposed explanation of
this apparently senous discrepancy 13 given by the authors of the
theory as follows

“If we represent the percentages of crossing over as relative dis

tances along the chromosome the three points will lie as shown 1
Figure 73 @  If crossing over takes place between white and mma
ture and between nuntature and bar then 1t might be expected some
times to take place 1 both regions at once as shown m Figure 73 &
The result here 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
tam are white long bar and red mintature round  Since these two
classes of gametes are actually produced the results of the expennment
fulfill the theoretical expectation




LINKACE CROSSING-OVLCR A\D THE GERM PLASM g3

There 13 a corollary of importance to this conclusion  When a
0.8 15 made that mvolves only white and bar, the double crossing
over, that can be detected only when an 1ntermediate pomt 15 followed
must still be supposed to tahe place Whenever 1t does take place
white bar flies 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 (53) 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 distance, taken as z
whole give too little 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
thisidea whenever double cro.sing 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 a
given pont there cannot be further crossing over at the same tume at
nearby ponts  Now 1t has been actually demonstrated that this 1s
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 probabiity Thus 15 suppo ed to be a sort of snler
ference with free crossing over It may be supposed says Castle
that chromosomes are somewhat like sticks of candy ~ Break onen
two at one pomt and 1t 1s unhkely that a break will occur simulta
neously within a short distance of the first break. the stramn there being
alteady rebieved  The fact that what must be expected i this case
15 actually realized 1 every case goes far toward establishmg the
vahdity of the whole crossing over hypothesis and the use of ths
hypothesis n showmg the Lnear arrangement of the genes m the
chromosomes
In this chapter it 1s hardly feasible to present any further evidencein
support of the clamms of the Drosophda chool of geneticists that they
have actually discovered the mmost secrets about the finer details of
the mechamsm of Mendehan heredity  Suffice it to say that the evi
dence 15 voluminous and consistent. Not 2 single fact has come to
light which 15 mcompatible with the hypothesis and new facts are
contimnually comung to Light that agree with the hypothesis and lend 1t
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further support  The opponents of the hypothesis are yearly becom
g fewer and fewer, and the few remamning irreconcilables are having
less and less to say It should be said, then 1 all fairness that the
hypotheses discussed m this chapter have been most frutful m leading
to new discoveries and m last analysis this 1s the only fair test of a
hypothesis  If 1t 1s fruatful 1t 1 good

The crowning feat of the Drosophila workers 15 the making of the
chromosome maps of the species studied  While 1t 15 impossible to
obtam the latest version of the map for the reason that new loci are
continually being added the accompanying map (Fig 74} gives the
locations of the genes that have been determmed most carefully It
will be noted that not only have the genes m the X chromosome been
located but also those in the other three chromosome pawrs A few
additional situations that have ansen out of the studes nvolved m
mahing the map will now be discussed and then this somewhat diffi
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
tive heredity  Multiple factors are duplicate factors located in differ
ent chromosomes Quite defimitely 1n contrast with that situation 1»
one m which different factors or different forms of the same factors
occupy the same locus of the same chromosome For example red
eye n Drosophila 1s a single factor A change in the red-eye factor
gives white eye another change 1n red gives cherry, another gives
eosin  and several other definite mutant colors resulting from changes
in 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 2 cross 1s made between individuals
differtng wath respect to any two of these alternative colors of eye, one
will be domnant over the other in the F generation and there will be
three dommants to one recessive n the F generation  One of the
assumptions about allelomorphic genes 1s that they occupy equivalent
locations m homologous chromosomes  This can be put to a crucial test
No more than two members of a set of multsple allelomorphs can be
present m one individual 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 a cross only these
two eye colors come out of 1t when cherry and white go in only cherry
and white come out  when red and cherry go 10 only red 2nd cherry
come out  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 a very Interestng senes of the e for the grasshopper Hes
perotettrx Sewall Wright has descnibed a considerable number of such
ca es i guinea pigs and Bellamy has worked out an explanation of
a very mtricate piece of hereditary behavior i fish hybrids that in
volve the use of the multiple allelomorph scheme

Lethal factors agawn —A study of the chromosome map of Dross
philo melanogaster will show that many of the located factors are
lethal  Ths perhaps needs further explanation  Many of the factors
that we have previously dealt with in this 1nsect are more or less unim
partant to the bfe of the ammal ~ Such things as shght changes in eye
color body color, bnistle arrangement etc are not very 1mportant,
nor do they affect the viabihity of their possessors  Some factors on
the contrary, have been found to be so essential to the Lfe of the mdi
vidual that therr absence causes death The loss of or detrimenta)
change m a vital character 1s known as a lethal factor  Of course all
such factors are recessive otherwie they never could be wnhented
As 1t 15, an mdivaidual may have a lethal factor mn the heterozygous
condition, balanced by the normal domnant character When how
ever two such heterozygous individuals breed together one fourth of
therr offspring according to the simple Mendehan rule, will get the
letho] 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 individuals (phenotypically nor
mal) and that 15 all One of the best known cases of this kind of
hereditary behavior occurs m mice  Yellow mice 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 hitters of these mice average one fourth smaller
than other mice What becomes of the lost one fourth? An exam-
mation of the uten of yellow mice reveals a number of dead embryos
equal to the expected ratio of pure dommant yellows These con
stitute the missing class and prove the presence n yellow muce of the
recessive lethal factor associated with the yellow factor

LINKAGE IN OTHER ORGANISMS

Lest the reader leave thus chapter with the unpression that Linkage
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 bow
widespread 13 the occurrence of hnkage and crosstng-over 11 both the
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‘
Casrs or LrvRAGE v PLANTS O IN ANDMALS OrHER THAN DROSOPATLA

a
Swaes | L nked Characters St L kgt | Aworty
Sweetpea | 1 [ Purple flowers long pollen 11 or 52| 7678
1 Purp!e Howers erectstandard| o0 78 | 98¢
T g pollen erect standard 25 75 Bateson
2 Dnrk axl fertile anthers 62 | 876 o
2 { Dark axi! normal (not cretin) Punnett
lower ?
2 | Fertile anthers mormal (not]
cretin) Bowers 350 50
Primula 1 | Short style magenta corolla | 340 | 32
ssnensay 1 | Short style green stigma 06 | B8l Atenburg
x | Magenta corolla greenstigmal 116 | 768
1 { Tinged corolla green stima ? Gregory
1 | Palestem green stigma ?
Gardenpea | 1 | Round seeds tendnls on| Bateson and
leaves s | o7 Vilmonn
2 | Late flowernng eolored Sow
ers 12-16 | 6876 | Hoshmno
Astirrkintm] 1 | Red flower color  pictur
stum  pattern 00 | 6o Baur
Maxze 1 | Waxy endosperm, Alewrone €| 26 7 | 46 6 | Breggar
2 | Aleurone R Chlorophyl G | 390 | 622
2 | Alenrone R Chlorophyl L oo | 100 Lindstrom
a | Chlorophyl G ChlorophylL | 230 | 54
3 | Starchy endosperm, tumicate]
seed 83 83 4 Jones
Tomato 1 | Vine habit frut shape 0 | 6o
a | Green fohage 2 e truat ? | 100? } Jones
Beany 1 | Seed pattern vine habit o? | 100¥ Surface
Sikworm | 1 | Patten Q of larva yellow
sl 261 | 478 ‘Tanaka
Apotethiz | x| Patterns Gand M 4(n9)| o3
x | Patterns M and X 1(m?) | o8
1| Patterns Kand ¥ 6(ng} | 88
1 | Patterns Y and R 10 (%) | 8o Nabours
1 [ Patterns Yand T 12 (W9) | 75
1 | Patterns R and T o (m$) | o0
1 | Patterns Mand R 23 (m?; g
x | Patterns Y and Z 10{me) | 8o
Pigeon 1| Sex hnked factorsIand A 40 &) | 20 Cale and
Kelley
Rat 1 | Albmism red-eye 1o7| 982
1| Albmism pmiceye a0 | sg ] Cestlesnd
1 | Red eye pink eye 83 63 4 unn
Mouse 1| Albmism pink-eye 143 | 754 | Castleand
Dusn.
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ammal and the plant lingdom In all probability 1t 1s a umversal
phenomenon, and if so, takes place mman ~ There are 1n fact, strong
ndications 1 man that farr hair and blue eyes are hnked but they
show also considerable crossing over  Similarly, red hair and a certamn
type of disposition are popularly supposed to be inked 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



CHAPTER XXIV
CROSS BREEDING AND INBREEDING

Cross breeding 15 essentially the same as hybrdization and we
have already studied varous phases of hybnidization m connection
with Mendehan heredity There are however certamn other aspects
of cross breeding that have only a more or less remote connection with
Mendehan analysis

The role of hybridization mn evolution —*This  says R R Gates

15 a thorny subject on which different mvestigators have taken quite
different attitudes to thesamefacts  The extreme view that all floner
mg plants or even all sexual orgamsms are hybnds has been held
‘This has been accompanied 1n some cases (Lotsy) by the demial of any
true germinal change though why such labile substance as protoplasm
should be incapable of undergomg a permanent or germnal change 1s
difficult to understand  Jeffries and others appear to hold that poly
plody and other changes m which hybridization may be a factor have
nothing to do with evolution A more reasonable view would appear
to be that crossing has occurred 1n varous groups from ume to time
with more or less frequency and between sometimes more and some
tumes less closely related forms Crossing 15 therefore a condition
under which much evolution has taken place It by no means follons
that crossing any more than gravitation 1s & vera causa stil less the
vera cause of evolution, but 1t 1s a contnibuting condition  Polyploidy
frequently accompanied by hybridization appears to be a common oc
currence 2mong flowening 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 hybndization 1n the formation of new spectes 15
at present merely a matter for speculation but that many new races
have been the result of favorable combnations of the genetic factors
of different strains can scarcely be doubted  Ina sense 1t may be sad
that hybudization 15 the rule m all orgamsms that reproduce sexually
for no ) Is exst 1 such groups and
therefore there w111 always be a certam amount of factor segregation
n gamete formation and of recombination i the process of zygote for
mation  Also 1t must be admitted that there are all grades of ketero

39
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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, n fact a hybndizing mechansm
It seems probable therefore that hybndization as a factor m evelution
operates up to the hmut of the adaptive possihities inherent 1n 1its
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 formng in 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 interesting are animal hybrids produced by interbreed
g distinct species of domestic and wild amumals ~ Our brief account
will be confined to horse cattle, and fowl hybnids

Horse hybrids —These hybnids are all the product of crossing i
ferent species of the genus Equus  The commonest hybrid 1s that be
tween the mare of the horse proper Eguus caballus and the jack of the
species E hemionus  The result 15 the mule, a useful domestic animal
combimng some of the best features of the two species and supertor to
either 1 vigor, hardiness capaaity for work and resistance to disease
The rectprocal cross, made by mating a jennet to a stallion, 15 called a

hinny, ’ 2 sort of small mule Nether 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 13 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

e 1 the bers of ch n the two species the horse
having in the female 18 autosomes and 2 X chromosomes the male 18
and one X-ct the ass having in the female 32
and 2 X ch the male 32 and (accord

ing to Paynter) an \ and a Y-chromosome With thisgreat discrep- *
ancy 1 chromosomes 1t 15 hardly to be expected that meosis could
operate 50 as to give any sort of viable gametes or zygotes

’
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A number of other Equus hybnids have been produced  The horse
has been crossed with the now extunct quagga (E guagga) 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 1s designated Bos faurus primegenus  The now extinct wild
oxof Europe supposed to be the ancestor of European cattle 15 callea
Bos taurns  ‘The charactenstic humped cattle of India 1s known as
Bosndicus  The wild ox of Java 1s called Bibos sondorcus and hence
belongs to a different genus  The bison of Eurcpe and the closely
related American bison are called, respectively Bison bonasus and
Bisonbison  There are three species of buffalos belonging to the genus
Bubolus  Vanous hybnds both nterspecific and intergeneric have
been made by crossing these and other species of cattle like ammals
Hybndization of European and Brahman cattle or zebus {Bosindicus)
has been carried on very successfully 1n the southern states especially
n Texas and Lowsiana  The hybrids are vigorous and both sexes are
fertile The F; hybrids are predommantly of the European breed
with only the suggestion of the zebu hump and much less of the hang
mg dewlap than m pure zebus ~ When the F ndividuals are mterbred
thete 15 a great deal of vanation among the F offspring of which no
satisfactory analysts has yet been made The chief advantage de
nved from introducing the zebu stran 1mto American cattle 1s that
2ebus 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 beng between cattle cows and bison bulls ‘The
cross 15 successful only 1» 2 small percentage of cases and very fre
quently both dam and calf are lost The sex ratio of these hybnds 1s
very unequal the ratio bemg at one tune 33 females to 6 males
Usually the F; males are stenile but the females are fertile and may be
back-crossed to bison bulls or cattle bulls 2s desired and there 15 no
difficulty or danger of loss of life as 1 the Fy cross  Anumals that are
the product of varous grades of admixture of bison and cattle are
called cattalos It 1s expected that by selection a deswable hybnd
type may be fixed, combming the best features of both genera

Fowl hybrids —The domestrc fowl 13 commonly designated Gallus
domesticus and 15 believed to have been derved from one or more of
several wild species of the genus Gallus  Four wild species are recog
mzed G gollus the red jungle fowl of northern India Malay states
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and Sumatra, G lafayette the Ceylon jungle fowl G sonmerate the
gray jungle fowl of southern India and G warius the jungle fow] of
Java  These birds are rather wild and do not hybridize well 1n cap
tvity  Yet occasional uncontrolled hy brids 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 derved 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 otherspecies and some authors are mclined to believe that
domestic fowls of different breeds may have been derned from differ
ent wild species of Gallus  The evidence for the latter view however
15 less abundant than for Darwins 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 anmmals 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 heerosss 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 disadvantage or possibly advantage of being sterile 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 stramns It 1s 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 growng, an
more vigorous than the pure-bred young of either spees but the
bvbnds from the reaprocal cross showed much reduced viabiity
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Similatly he has shown that some of the hybnds produced by cross-
ing the eggs of the sea urchun Strom,3locentrotis purpuratus with the
sperm of S franciscanus Iived 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 therr success 1 vegetative propagation It 1s believed
that plants such as strawbernes brambles grasses etc that propa
gate so successfully by vegetative methods are the products of hybnd
zation  The veg method of reprod not only
a f b of genetic ch that could hardly be
repeated by gametic reproduction but mamtains therr hybnd wigor
as well
These and perhaps some other effects all of which are essentially
beneficial have been noted i both ammals and plants  The follow
mg explanation of hybnd vigor has been given by D F Jones
Explanatson of hybrid m,or —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 1s the basis for an understanding of
the vigor denved from crossng  There 15 a greater number of differ
ent hereditary factors 1n 2 hybrid individual than 1n exther pure pareat
Nearly all vanations that are recessive are less favorable to the de

lop of the than ther mates Since
crossmg brings out those qualities wmch help the indvidual 1s 1ts
growth and the ab and 1t

1s to be expected that hybnds will tend to be strong and vigorous
This will be true however, only if each parent 13 able to supply the
deficiency of the other and if the forms crossed are not so diverse
that their union 15 mcompatible 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 ustally increase
size and vigor and 1n fact may even result in the appearance of weak
nesses  Thus 1s clearly understandable from the operation of Mendel s
prncples of heredity

The question now arises 2s to whether hybndization 1n general 13
advantageous or the reverse Undoubtedly first generation hybnds
are generally an wmprovement upon either parent race especually 1f
the parents belong to races not too distantly related  If we could stop
bybndization after one generation, as Nature stops it in the case of the
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mule nothing but good would apparently come out of 1t, but m man
and among other ammals and plants where mating 1s more or less
indiscruminate cross breeding 1s sure to continue mto the F ¥y and
subsequent generations, entatling the production of all sorts of unfortu
nate bmations and the i of all sorts of unbalanced

recessive weaknesses  In view of these considerations 1t 1s practically
certam that hybndization unless accompanted by ngid selection and
the elimination from parentage of the less desirable combinations, 15
on the whole disadvantageous  In nature natural selection serves to
elumnate sooner or later the worst combinations resulting from con
timuous cross-breeding but in man httle 15 done to prevent the worst
racial admextures from predominating the result being that the popu
lations of some parts of the New World are made up mamly of a rather
hybnd type p httle more than the worst traits
of the vanous races that have contributed to the melting pot
By way of a general summary let us quote the following paragraphs
from D F Jones by whose book Genetics wn Plant and Aramal Im
protement this discussion has been largely suggested
Summary ~From the foregong 1t will be realized that if any
ndvidual 1s deficient or handicapped 1n 1ts hereditary make up there
1s a good chance that its needs will be supplied when 1t 15 crossed with
other individuals because all are not apt to be wanting 1n the same
things  What one lacks 1s furmished by the other and conversely, In
other words there 15 a pooling of hereditary resources with the result
that the combined effect 15 better than either could produce alone
‘It should now be clear that the beneficial effects of crossing follow
from the workings of the laws of heredity and not from any mystertous
stumulus from the act of crossing itself  If good qualittes exst mn the
parents, but not 1 sufficient amount or not 1n therr proper assotiation,
then there 18 a good epportumty for the offspring to bning together
the favorable factors from both and surpass their parents m develop
ment This 1s a temporary and tran tory effect however Themn
creased vigor 1s shown at 1ts best only in the first generation following
the eross and 13 quickly lost in later generations unless it can be
perpetuaied by some form of asewual reproduction !

B. INBREEDING
‘There 15 a widespread and decp-seated feeling among men that the

mating of close relatises 15 unnatural and hatmful  In most crvilized

countries there are laws both religiow and civic forbidding the mar
*Loc ext
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riage of close relatives  The aversion to the marnage of relatives has
sometrmes gone beyond the himits of genetic relationship and bas n
vaded the realm of merely legal or conventional relationships as 1
England whereit1s crat least once was tllegal 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 marmage of brother and
sister been sanctioned  The underlying reason i such cases was the
belef that the family 1n question constituted a superior 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 desire to conserve the supenor excellence believed to reside n cer
taim indvaduals  The same 1ons probably have led to the
oeccasional practice of inbreedmng m animal husbandry, viz , the desire
to conserve and perpetuate the superionty of particular individuals

It appears that Robert Bakewell a stock breeder of the eight
eenth century was the first to show the value of close mbreedng n
mantainmg a uniform type of sheep and cattle Balewell adopted
the plan of mating brother with sister or parent with offsprng much
to the horror of his hb, who d such a p; m
moral but their scruples were soon broken down by the obvious 1m
Provements obtamed and the greatly mcreased revenue that accrued
The practice of inbreeding has been 2 favonite one for a long time, and
many fine breeds of dard ch have been produced mainly in
this way

Opintons among breeders differ as to whether inbreeding 1f prac
ticed expertly 15 mjunous  Some beleve that mbreedung stself 1
volves no possible mjury others hold that 1t 1s always more or less
harmful  In order to settle this question geneticlsts have carmied out
extensive experiments under conditions of ngid control  Even these
do not agree 1 ther results One group of workers (Crampe and
Rutzema Bos) found after extensive mbreeding of rats that there was
a steady falling off 1n fertility and general health dunng the first six
generations of mbreeding  The material used however was a mixed
or hybnd stock to start with a fact that makes a satisfactory conclu
sion difficult. Weismann inbred a race of white mice for twenty nine
generations  In the first ten generations the average number of young
was6 1 1n the second ten generationsit was 56 and in the fast nine
generations 1t was 4 2 Again nothmng was known about the genetic
constitution of the origmal parents

Recent experiments carnied out by Dr Helen Dean Kimng 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 precise
manner with large numbers of individuals  The ongmal stock con
sisted of four rather undersized but otherwise normal albmo Nerway
rats Brothers and sisters were mated throughout the expertment
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 females from about a thousand
were selected for their supenor quahties  Erom this stock the result
of mbreedng for twenty five generations was very good Dr King
seems to have produced an essentially homozy gous race of white rats
that ate supenor 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 is highly normal and standard  Sewall Wnght under the
auspices of the Umted States Department of Agniculture, has carned
out & very extensive program of mnbreeding with gumea pigs  His
results are more m harmonv with those of earhier workers than with
those of Dr King  Ingeneral the result of brother and sister mating
svas A steady Joss of vigor both bodily and reproductive  Both prens
tal and postnatal mortality was increased Some famulies however
remaimed quite strong after long mbreeding  while other families de
clined so rapidly that 1t was impossible to perpetuate them after a few
generations  Some strange combinations of traits appeared 1p differ
ent stocks  One stock was characterized by very low witality, but
remamed normal 1n body size and n number of young produced
Another stock showed undimished vitality but greatly lowered te
productinity and reduced size  The chief difference 1 method used
i these two modern experiments seems to be that only the best were
bred in Dr King's experiments while in Dr Wnght s exper ments 80
such precautions were taken probably because he preferred to approxi
mate natural condition.

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
opimions are still at vanance as to the question ‘whether mbreeding 13
wnjunous per s D F Jones who eems to have gnen this malter
very careful consideration takes the position that ‘he onlv snyury bhat
comes from snbreedin, comes from the inherstance receved * 1f the s
widuals mbred possess many undesirable recessive characters nothing
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15 surer than that mbreeding will bring these to the surface  Cross
breeding might succeed 1n masking such recessive characters but they
remain m the germ plasm nevertheless All ibreedng does 15 to
reveal that which was masked behind dominant characters ~ Therefore
1t 15 not mbreeding itself that 1s to blame but a poor heredity In
breeding 15 a valuable instrument for detecting the unfavorable hered
tary characters 1n a race and grving the breeder a chance to cull out the
defective factors from his stock

Inbreeding should be followed by cross breeding inbred stocks —
Whatever loss of vigor or productiveness may be mcidental to the in
breeding method of standardizing stock may be entirely done awav
with by suitable cross breeding or outbreeding  No matter how good
an inbred stock may be great improvement can be brought about by
mtroducing new blood even from an apparently very similar stran
which 15 unrelated It 15 well known that when two pure breeds are
crossed there 1s an effect quite equivalent to that which we have called
hybrid vigor  The ammal breeder commonly practices close mbreed
ng o bullding up families of supenior excellence which he maintains as
pure-hne stock used for crossing with other stocks in order to produce
exceptional F, offspring Man of course cannot practice thys scheme
10 the present state of society but 1t seems obvious that there lie 10
this method almost untold possibilities for racial 1mp;




CHAPTER XXV
CHANGE FACTORS INTRODUCTION

Change has already been contrasted with diversity by citimg 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 certan statistical imitation to the number of possible
combinations of cards  After a time the whole series of posstble com
biations would be dealt out and the senies would go on repeating it
self and nothmng new would appear so long as the cards remamed un
changed Add a new card or a new series of cards, or merely change
some of the spots on a card, and at once the whole character of the
combmations produced would be altered  Dealing an unchanged deck
of cards 15 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 1s fke change mechanism

CHANGING VIEWS AS TO THE ORIGIN OF
NEW HEREDITARY CHARACTERS

Lamarck beleved that all evolutionary change was mttated i the
body (soma) darectly or indirectly i response to environmental stunuli,
causing mcreased or decreased functioning of parts  He had no theory
as to how such changes could be inherited but assumed that they were
Thus belef 15 embodied 1n lus theory of the mhentance of acquired
characters, known as the “Lamarckian theory

Charles Darunn slso behieved that all vanations that nre frequent
enough to serve as the raw matenal for selection ongmnated 1n the soma
1n response to differences m the environment or indirectly, to changes
n the amount of use to which a given part was put  To account for
such changes being hereditary he proposed a theory wath 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 orgamsm 1s con
tiually giving off mto the blood stream minute particles, ¢ pangenes
each of which 1s charactenstic 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, gach resulting from m

308
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creased functioning would give off pangenes reflecting muscle or eye
p ts  Smmlarly, a d ting organ or tissue of even a
d2maged 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 bebeved to be whented  But the difficulty with this theory 1s
that no such mechamsm exists
Wesmann 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 1ts corollary that
all hereditary changes anse 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 germumal 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 umt, umque mn composttion and capable of
reproducing the part in question i  new organism  These hereditary
umts are called determunants > Thus there 15 a different kind of
determinant for each muscle of the body, for each bone or for each
wndependently functioning 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
furnish 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 ate ;m competitton among themselves for the
avatable food supply Some may be more favorably placed than
others or may be more active chemically than others  [here will thus
anse a struggle withm the germ for a chance to grow and reproduce
theirkind which for these determmants might be as batter 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 actvity 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
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of this germ cell would continue the struggle among determumants, and
1t would be expected that the strong determinant would contmue to
gain further advantage until the structure 1t represents reached its
maximum efficiency Simtlarly, a determinant that was for some
reason depnved of its fair share of nutnment at any time would be
weakened and would produce m cell diviston weakened daughter
determunants  These 1 turn unless espectally favored would wage
a losing fight and continue to grow smaller and weaker Each 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  Finally certain determmants
mght starve entirely and the part for which they stood would dis

appear entirely from the ontogeny of the mdividual arsing from these
germ cells

In this way Weismann tried to explam the gradual dwindlmg
and the final elimnation of useless organs  So also he would explamn
d ly directed or orth vanatons, because germunal selec
tion, once started m a given direction, continues automatically till
the goal of adaptiveness 1s reached

‘The most potent objections to the theory of germumnal selection are
as follows

1 There should be according to this theory, certamn pronounced
tendencies 1n vanability m definte directions, whereas fluctuating
vaniations nearly always distribute themselves evenly about the mean
or mode and the same specific mean or mode 15 stationary 1n succes-
stve generations

2 The theory tmples too rapid and too general modsfication of
parts and therefore does not accord with the fact that species are
decidedly constant etcept for occasional mutations over long pertods
of tme To meet this objection Weismann proposes a new self
correcting mechamsm that checks too rapid a development of char
acters.

3 The over or undernounshment of deterrinants mght con
cevably induce size changes in characters already present but could
hardly be responsible for the ongin of qualitatively different characters

4 Actual experunents m over and underfeeding of ammals have
been carmed on by certamn expenmenters m order to test out the theory
of germunal selection  In the experiments of Kellogg, for example
involving feeding silkworm larvae only one eighth of the normal
amount of food the only result was that the mature mndividuals 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 determmants  for
on the theory of germnal selection only the stronger determynants
would have survived and the weaker ones would have been starved
out, Partial individuals moreover, lachmg certam organs and over
developed 1 others would have been produced mstead of mdividuals
nterely smaller i 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 hypothesis

on another as though he could save the mtegnty of the theory of
natural selection by adding new speculative matter to 1t The most
unfortunate feature 15 that the new speculation 1s shilfully removed
from the field of venfication and mvisible germs whose sole functions
are those which W eismann s imagimation bestows on them are brought
forward as though they could supply the deficiencies of Darwins
theory This 15 indeed the old method of the philosophuzers of
nature  An imagmary system has been mvented which attempts to
explam all difficultres and of 1t fails then new mventions are to be
thought of Thus we se¢ where the theory of selection of fluctuating
germs has led one of the most widely known disciples of the Darwin
12n theory

¢ The worst feature of the situation 1s not so much that Weismann
has advanced new hypotheses unsupported by experimental evidence
but that the speculation 1s of such a kind that 1t 1s from 1ts very
nature unverfiable and therefore useless Weismann 15 mustaken
when he assumes that many zoplogists object to s methods because
they are largely speculative  The real reason 1s that the speculation is
s0 often of 2 hind that cannot be tested by observation and experiment.

It seems almost ympossible that the same Professor Morgan who
wrote the foregoing paragraphs m 1903 should now be the leading
exponent of a theory of the mechamics of hereditary transmission
which depends upon hereditary umts almost 1dentical with Wers-
manns determumants for the genes or factors of Morgan are
mmnute corporeal bodies m the germ cells which determine the charac
ters of the adult mndividual

The difference 1s however thatthe genes of Morganare expen
mentally demonstrable and have behind them a vast amount of real
evidence for their exstence

From T H Morgan Evolution and Addaplation
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MUTATIONS ~

Mutations are by defimtron changes in the germmal substance
They may affect individual genes or whole bundles of genes (chromo-
somes) They may occur i the germ track or m the soma  If they
occur 1n the soma the resulting change 1s seen 1n a local 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 the soma  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 1n the following chapter



CHAPTER \XVI

THE MUTATION THEORY

Tt will be recalled that Darwin although depending upon the
ever present fluctuating vanations as the material for natural selection
to work upon recognized the occastoral occurrence of sports  or

saltatory vanations  These however seemed to hum to be so rare
1n nature 2 to offer no adequate basis for selection Dunng the latter
part of the nmeteenth century several mvestigators feeling the
nadequacy of fluctuating vanations to produce quahtatively new
characters decided to make 2 more careful evammation of ammals
and plants i nature in order to discover whether saltatory vanattons
mught not be of more frequent occurrence than Darwin had supposed

In England Wilham Bateson collected 2 Jarge number of mstances
of a type of vanation which he called discontinuous m contradistine
tion to the confinuous type which we have been calling fluctuations
Such vanations mstead of bemg 1 a closely graded series with the
typical vanations of a species were frequently quite sharply different
from the majorsty Although no etpermments were conducted
order to test the hereditabulity of these discontiruous vanations
it 1s probable that some of them were mutations in the sense of
De Vries

At about the same time Hugo De Vrtes 1n Holland  partially as
the result of hus rediscovery of Mendel s work and his confirmation of
the latter s laws of heredity, became convinced that nesy species anse
not by the accumulztion, through natural selection of mmnute fluc
tuating vanations but by the sudden appearance m one generation
of fully formed new elementary species He began a systematic
research for species of plants n nature that were giving rise to new
species  Many species were examined 1n their natural surroundings
and were then brought into the evpenimental garden for more careful
observation but for a long time the search for a species throwing off
new elementary species was unsuccessful Finally however, m a
field near Hilversum m the vianity of Amsterdam he found what
seemed to lum to be just the kind of plant ke had been lookmng for 1
the evening primrose (Oenothera lamarckiana)

any
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¢ Lamarck’s evemng pnmrose (Fig 75), says De lmes “isa
stately plant with a stout stem attaiming often a height of 1 6 meters
and more When not crowded the main stem 15 surrounded by a large

FI6 35 —Oenothera lamarckigna the onginal type used by De Vres in his
erpenments  This 15 the tock from Hilsersum from which arose 1 successie
generations a senes of mutants  (Irom De Vries)
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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 Vness 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 vicmty 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 di covery of thus locality was made 1n 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 Varselies (copynght rgog)  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 whuch are as strong as the parent spectes, and secondly a group
of weaker types, wpparently not destined to be successful ~Under
the fourth head I shall mclude some inconstant forms and under
the Iast head those that are organically mcomplete

Of vaneties with a negative attribute or real retrograde vareties
I have found three all of them m a flowering condition m the field
T have given them the names of lecwifolia bremstylis and nonnells

The lazutfoliz, or smaath leaved variety was one of the very first
deviating types found 1n the oniginal field  This was in the summer
of 1887 seventeen yearsago It formed a little group of plants grow
ing at some distance from the main body 1 the same field I found
some rosettes and some flowermg stems and sowed some seed 1 the
fall The vanety has been quite constantan the field neither increas
mg m number of ndividual plants nor changing 1ts place though now
closely surrounded by other lamarckisnes In my garden 1t has
proved to be constant from seed never reverting to the ongmal
l E provided was excluded

It 15 cheefly distingmished from Lamarch s eveming primrose by 1ts
smooth leaves as the name mdicates The leaves of the ongmal
form show numerous smuosities i therr blades not at the edge, but
anywhere between the vems  The blade shows numbers of convex
ties on either surface, the whole surface bemng undulated m this
manner 1t Jacks also the bnghtness of the ordinary evening prumrose
ot Oenathera brennts

These undulations are lacking or at least very rare on the leaves
of the new laewtfoltc  Ordinanly they are wholly wanting, but at
times single leaves with shight manifestations of this character may
make thewr appearance They warn us that the capacity for such
sinuosities 1s not wholly lost but only lies dormant in the new varnety
It 15 reduced to a latent state exactly as are the apparently lost
characters of so many ordmary horticultural varieties

Laching the undulations the Jae- tfolia-leaves are smooth and
boght  They are 2 httle narrower and more slender than those of
the lamarckians  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  This 1s considered by some writers
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to be of some utiity after shght showers but was ob erved to be 2
source of weakness duning wet weather m my garden preventmg the
leaves from drymng Whether the Joentfolic would do better under
such arrcumstances, I have however omutted to test

The flowers of the faevifolia are also 1 a shght degree different
from those of lamarckiana  The yellow color 1s paler and the petals
are smoother  Later i the fall on the weaker side branches these
differences merease  The faevifoha petals become smaller and are
devord of the emargination at the apex becomung ovate mstead of
obcordate  This shape 15 often the most easily recogmzed and most
stnking mark of the vanety In respect to the reproductive organs
the fertiity and abundance of good seed the laevtfolsa 1s by no means
nferior or superior to the orimnal species

O bremstylis, or the short styled evening primrose 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 cylindncal The pollen falls from the anthers
abundantly on them and germinates m the ordinary manner

The ovary which m lamarckiana and m all other new forms 18
wholly underneath the calyx tube 1shere only partially so  Thus tube
15 inserted at some distances under its summit  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 2
prolongation of the base of the style The lower part 15 also reduced
but m another manner At the time of flowering 1t 13 like the ovary
of lamarckiana neither smaller nor larger  But 1t 1s only reached by
very few pollen tubes and 1s therefore always very mcompletely
fertilzed It does not falt off after the fading away of the flower as
unfertihzed ovaries usually do nexther does 1t grow out nor assume
the upnght position of normal capsules It 15 checked 1n 1ts develop~
ment, and at the time of npening 1t 1s nearly of the same length as in
the beginning  Many of them contain no good seeds at all from
others T have succeeded i saving only a hundred seeds from thousands
of capsules

These seeds if purely polinated and with the exclusion of the
visits of maects reproduce the vanety entiely and without any
reversion to the lamaorckiana type

Correlated with the detailed structures 1s the form of the flower
tuds  They lack the high stigma placed above the anthers which 1
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thefamarckiana by the vigorous growth of the style extends the caly~
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 pnmrose we come now to the last of
our group of retrograde vaneties This 15 the O nannelle or the
dwarf and1sa most attractne Lttle plant It is 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 1z my garden
and were observed i the native locality and also grown from seed>
saved there Once produced they are absolutely constant. Ihave
tried many thousands of seeds from vanious 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
horticultural beltef varieties are as con tant as the best speaes if
Lept free from hybnd admixtures Thisisa general rule and the ex
teptions orca es of atavism areextremelyrare 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 2 way as to become apparently
sessile  The stalk 1s very brttle 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 remam short  The bases of the blades are frequently almost
cordate the laminae 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 strihing attribute of
the lamarckiana parent, but they are lacking, or almost so0 1| the
dwarfs  The stem 1 straight and short, and thus combied with the
large crown of bright flowers makes the dwarfs emnently suitable
for bed or border plants Unfortunately they are very sensitive
espectally to wet weather

Ocnothera grgas and O rubrinerms or the gant, and the red vemed
evening pnmroses are the names given to two robust and stout
species which seem to be equal m vigor to the parent plant while
diverging from 1t m striking characters  Both are true elementary
species differentiated from lemarckiana m nearly all thewr organs and
quahities but not showing any preponderating character of a retrograde
nature  Thewr differences may be compared with those of the elemen
tary species of other genera as for wstance of Draba, or of violets
as will be seen by their description

The giant evening primrose though not taller 1 stature than
O lamarckiana deserves its name because 1t 15 so much stouter 1 all
respects  The stems are robust, often with twice the diameter of
lamarckiane throughout The mternodes are shorter and the leaves
more numerous covering the stems with 2 denser foliage This
shortness of internodes extends 1tself to the spike and for this reason
the flowers and fruits grow closer together than on the parent plant.
Hence the crown of bright flowers opening each evening, 1s more dens¢
and more stnkingly brilliant so much the more 50 as the indrvidual
fowers are markedly larger than those of the parents In connectton
with these characters the flower buds are seen to be much stouter
than those of lamarckiana  The frutts attam only half the no
size, but are broader and contam fewer but larger seeds
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The rubrigertis 1s 1 many respects a counterpart to the gzgas but
U3 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 fruits 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 15 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
o8 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 1o ette-stage  Che 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 1t 15 pos 1ble to discern their characters o at least
before these characters have become reliable enough to enable us to
Judge of each n dvidual 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
surface  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 grgas  Perhaps this fact 1s accountable partly at least
for the more robust growth of the gant m the second year  Perhaps
also some relation exists between this difference n chermeal actvity
and the tendency to become annual or bienmial — The grgas asa rule
Produces far more and the rubrinervss far less bienmal plants than
the lamarckiana Annual culture for the one 15 as unreliable as




322 EVOLUTION GENETICS AND EUGENICS

bienmal culture for the other  Rubrinervts may be annual 1n appar
ently all specimens 1n 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 mteresting to obtamn a fuller msight
1mto 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 therr appearance I have cultivated them
from seed 1 large numbers, and they have never reverted to the
lamarckiana  From this they have inhented the mutabihity or the
capaaty of producing in therr turn new mutants  But they seem to
have done so incompletely changing i the direction of more absolute
constancy This was especially observed in the case of rubrinerms
whach 1s not of such rare occurrence as O gzgas and which 1t has been
possible to study in large numbers of ndividuals  So for instance
the red vemns have never produced any dwarfs, notwithstanding
they are produced very often by the parent type And m crossing
experiments the red veins gave proof of the absence of a mutative
capaaty for ther 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 1n nature Here we have 2 place for the action of
natural selection but operating with mutations mstead of with
fluctuating vanations These two mutants are “the whitish and the
oblong leaved evemng pnimroses or the Oenothera albida and oblonga’

All of the mutants so far mentioned are constant forms that breed
true totype  Certain other types were exther incapable of being bred
or else were decidedl Oenothera lata had only pistillate
flowers and therefore could not be fertihzed by pollen of the sume
mutant Oenothera scntillans and O ellspiica are fertile to thew own
poller but produce progeny only partly hke the parent, the rest
reverting to the onigmal type,Oenothera lamarckiana |

SUMMARY OF DE VRIES § MUTATION THEORY
THOMAS HUNT MORGAN
We may now proceed to examne the evidence from which De
Vries has been led to the general 1 mven 1n the preced
pages De Vnes found at Hilversum near Amsterdam a locality

T H Morgan_Evolution and Aduptation (1903)  Used by special permussion
of the publisbers The Mrcmiltan Compray
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where a number of plants of the evening pnimrose, Oenothera lamarck
wns grow n farge numbers Tlus plant 1s an Amenican form that
has been mmported into Europe It often escapes from cultivation
51 the case at Hilversum where for ten years it had bees growmg
wid. Its rapid increase m pumbcrs 1n the courwe of a few years may
be one of the causes that has led to the appearance of a mutation
period.  The escaped plants showed fluctuatin, vanations in nearly
all of their orgzns  They also had produced a number of abnormal
forms  Some of the plants came to matunty 1n one year others n
two or 1n rare cases, m three years

A yearafter the first finding of these plants De Vnes observed two
well-charactenized forms which he at once recognized as new elemen
«ary species  One of these was O bremstylis wlich occurred only as
fomale plants  The other new species was a smooth leafed form with
4 more beautiful foliage than O lamarckiana  This 15 O laewfolia
It was found that hoth of these new forms bred true from self
Tertilized seeds At first only @ few spectmens were found each form
ina particular part of the field which looks as though each might have
come from the seeds of a single 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
families of elementary species that De Vies bas studied In hus
garden other new forms also arose from those that had been brought
under cultivation  ‘The largest group and the most wmportant one
1 that from the ongmal 0 keana form  The
table shows the mutations that arose between 1837 and 189y from
the eplants The sceds were selected m each case from self fertilized
plants of the lgmarchiana form so that the new plants appeanng
1 each horizontal Lme are the descendants i each generation of
lamarckiana parents It will be observed that the species O oblongs
appeared agam and agam m considerable numbers and the same 1s
true for several of the other forms also  Only the two species O giga
and O scntillans appeared very rarely (Fig 77}

Thus De Ve had m his seven generations about fifty thousand
plants and about eight hundred of these were mutations When the
fowers of the new forms were artihaally fertihzed with pollen from
the flowers of the same plant or of the same hind of plant they gave
fise to forms like themselves thus showing that they are true elemen
tary spectes It 1s also a pount of some interest to observe that ail
these forms differed from each other 1n a large mumber of piruculars
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Only one form, O scintillans, that appeared eight times, 1s not
constant as are the other species When self fertilized its seeds
produce always three other forms, O scuntillans, O oblonga, and
O lamar kiana 1t differsn thisrespect fromall the other elementary
species which mutate not more than once 1n ten thousand mndividuals
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FI6 77 —Dugram showing 1 condensed form the genealogy of the Oenoflierd

Lamarck.ang famly and its various mutants dunng successive years ‘The numbers

un ler e)ach type represent the number of new types observed each year {(From
ower

Trom the seeds of one of the new forms O lae ifolia, collected
m thefield plantswerereared some of whichwere O lamarckians and
others O laesfolic They were allowed to grow together, and their
descendants gave nse to the same forms found in the Jamarckians
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family, descnibed above, namely, O lals, ellsptica, nonnella, rubrs
#eress, and also two new species, O spate ofa and leplocarpa

In the /af famuly, only female flowers are produced and, there
fore, 1n order to obtam seeds they were fertilized with pollen from
other species  Here also appeared some of the new species alreadv
mentioned, namely, albrda, nonnella lata oblonga rubrinernss, and
also two new species ellsptica and subomata

De Vnes also watched the field from which the ongnal forms
were obtamned, and found there many of the new species that appeared
under cultivation  ‘The e were found however, only as weak young
plants that rarely flowered  Five of the new forms were seen erther
1 the Hilversum field or else rased from seeds that had beea collected
there  These facts show that the nuw species are not due to cultiva
tion and that they anse year after year from the seeds of the parent
form O lamarctrana

Condlustons —~From the evidence grven m the preceding pages 1t
appears that the hne between fluctuating vanations and mutations
tuay be sharply drawn  If we assume that mutations have furmshed
the matenal for the process of evolution the whole problem appears
i 2 different hght from that m which 1t was placed by Darwin when
he assumed that the fluctuating variations are the kind which give
the matenal for evolution

Prom the pomt of view of the mutation theory species aré no
fonger looked upon as having been slowly built up through the selec
ton of indvidual vanations but the elementary species 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 tespect the mutation theory ts 1n accord with Darwin s view that
extreme forms that rarely appear  Sports have not furnished the
matenai for the process of evoluion

As De Vries has pomted out each mutation may be dufferent from
the parent form 1 only a light degree for each pomt although all
the pomnts may be different  The most unique feature of these muta
tiond 13 the constancy with which the new form 1s imhented Itis
this fact, not previously fully apprecated that De Vnes s work has
brought promunently mto the foreground There 15 another point of
great iterest in this connection Many of the groups that Darwin
tecogmuzed as vanetes correspond to the clementary cpecies of De
Vites These vaneties Darwm thought are the first stages m the
formations of speces, and 1 fact, canuot be separated from species
1n most ¢ases  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 wll 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 begmning,
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
wll 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 1if 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 if so, 1t will be 1solated from the begnnmg which
will be an advantage in avoiding the bad effects of mtercrossing

5 It1s 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 shghtly wmjurious characters may appear a8
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 clasac mvestigations a large
amount of attention has been paid both by botanists and by zeologsts
to the subject of mutations  Some of the mnvestigators 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 Amenca many years ago but
there 15 no such species 1n Amenca today Davis claims that he has
succeeded 1w producing by crossing two American wild species 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
ob erved by De Vries Jeffrevs has also pointed out that the pollen
81ans of Oenothera lamarckiana extubit a high percentage of stenlity
which he believe 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 reduc. 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 Vries are
More than hybrid segregates Moreover the beautful woth of
Blakeslee on the Junson weed (Datura) and the work of many other
botamsts whose findings are reported by Gates m a contribution
quoted btlow, 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 mn ammals It may be said by way of antictpation
of Gates detailed account that nearly all of the mutations observed 1n
Various species of plants may be definitely correlzted with observable
changes 1n the chromosomes of the germ cells mvolving changes in
dumber or changes 1n arrangement of these nuclear elements

Whule the botansts busied themselves with their type of mutations
the zoologists 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 pi chapters, hundreds of new hereditary
types arose apparently spontaneously, mn pure pedigreed stoch  Each
new type s designated a mutant, and the cause of the changed hered:
tary condition 15 not a gross chromosomal change but an mvisible
change at a defimte pomt m a defimte chromosome, whose cause is
unknown but whose location can be exactly determuned  Such muta
tions are known as gene mutations Like the mutants of Oenothiera
these Drosophila mutants do not differ from the parent species m just
one or two characters but i several or many characters  Usually some
one or two characters 1n any given mutant are especially character
1stic, and these serve to give « name to each mutant and male 1t easier
to dentify them Both morphol 1 and physiolog h
are wvolved m thesc mutants, and every part of the body may be
uvolved  Sometimes the change 15 so shght as to require an eye
sensitized by much traming to detect them It may happen for ex
ample that two mutants of the eye are so much ahke that the human
eye 1s not sufficiently Leen to tell them apart, but they may be dis-
tinguished by differences 1n their hereditary behavior A large per
centage of the mutants discovered m Drosophila ate lethals,! which
means that the change 15 decidedly for the worse under the prevailing
conditions of ife and that they render the mdividual unfit to Ive
Possibly under decidedly different conditions some of these lethal
mutants mght be better adapted than the normal mdividuals A
further discussion of the rble of mutants 1 evolution will be given 1n 3
later connection

The following two rather technical, but verv interesting, discus
sions 2s to the nature, causes and sigmficance of mutations are from
two men who are recognized as perhaps the leaders 1n the two branches
of mutation study R R Gateshasdonea large amount of important
worl. especizlly upon the cytology of Oenothera and H J Muller has
done and 15 stall doing much to ennich our understanding of the muta
tional phenomena exhubited by Drosophila  While these two worhers
do not agree as to the relative emphasis that should be placed upon the
two types of mutation, 1t 1s obvious that both types are of very great
mportance in evolution

THE NEO-MUTATIONIST POSITION
R RUGCGLES GATES
Since the onginal work of De Vries the subject of mutation 1t
Ocnothera has advanced 1n many directions and the explanation of the
phenomena has taken on varous aspects Mutation has become
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eseanlly a ceff problem. Cytolomexl mves.zruoms Fave shown
tat raey of the mutations are concerned weh raw chrommome Rum
bers, 22 the precise nature of the chanze whan has INd to the appear
22ee of fores with a new number 1» hnovn weth 1=~ ¢ 0= less certamty
Bt vanoes cases.  The new number v 10 e2ch s present through
out the plant 22d will be found whether the ebromosemes be counted
12 0%z pecl> root tips or anthers. Th~e dncovenes led 1 1915
0 the cozception that each mutation with its new ex ernal characters
55 the resalt of puclear changes transeutted by ttosss to every cell of
teplatd.nng development. A fundarmental sdvance in the analysis
o Etat.ons bas thus been made
Mu2ti02. can now be elassified 1mnto two tvpes. (1) Mutations
whihiare inhented as \endelan differences and which may be looked
P00 provisionally as the result of a chemical change in one gene or
of 2 chromosome The grest majonty of the mutations m
Drosopbila are of this type. On the other hand very few Mende-
Lo matations are Lnown 1n Oenothera. The tro best known are
rubricalys which 15 2 domunant 1 croses and bre-sstylis which 1
phented asa recessive, (s) Mutations resulting from a vistble nuclear
change s, olving 2 new number of chromosomes.  Probably the major
1ty of Oenothera mutations Lelong here  Suilar mutations have been
dscovered 1n Drosophila and also 1 Datura Examation of the
e numbers 1m related <pecies of wild and cultrvated plants
Lowms that such changes have been of relatively frequent occurrence
1 the evolution of many plant geners but they appear to be less com
00 1 2amimals,
CHROMOSOME MUTATIONS
The mutations with new chromasome numbers which are partic
uarly characten,tic of Qenothera may be cla.sifed mto three
tYPES —(x) Irssomsc forms 1e mutations with one or Sometimes tyg
€xtra chromosomes (2n4-x) (2} triploud forms (3n) and (3) tetraploi|
(47) form,. Other forms with dzffcrent numbers as 20 0F 30 may |«
Tegarded as dern atives from these types
Trsomic forms are hnown to anse through non disjunction gy 4
teduction division 1n which both members of one pair of chromos
enter the same daughter nuclens  The best Lnown mutation of (f
kd 1 Oemothera lata with 15 chromosomes (O Jamarckiang hays.,
14) But a number of others are now knowa mcluding scrmety.,.
dlbrde oblon,q subsrata and more recently cana pallescens, by, g,
a0d hgusds  Seyeral other denvatives of Qenotliera lamarchirgy .
20 from thexr behavior almost certamly trsomic  When pse
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trom O lamarckiona they give the two parental types of offspring bav
ng p bly 14 and 15 ct Since there are only seven
pars of chromosomes these tnisomic types can not all be accounted
for by duphcation of a different chromosome 1 each case

The genetic relationships between these tnsomic mutants are also
mteresting and pecullar  Thus Jofe can give nise to sentdlans m ats
offspring, and setmtillans can sumilarly produce latz  Also lata (polh
nated from lamarckiana) can give rse to several other fnsomrc muta
tions Many of these relationships can be explaned by the assump
tion of double non disjunction 1e both members of one chromosome
pair entering one germ cell while both members of another pair enter
the opposite cell It 1s hughly 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 i 1ts offspring It
18 very probable that lafz 15 a prnimary tnsomic mutation €g
—Aﬁgg%ig 1e, with three A chromosomes, while some other

trisomic (274-1) mutattons are probably secondary e g ,;A:g—gg—f%
1e with for example three A and three C chromosomes but only one
B chromosome All such rrregular chromosome distributions are
probably enabled to occur through a weakness 1n the attraction which
normally leads to close parmg of homologous chromosomes during
synapsis or on the heterotypic spindle There 15 much evidence of
variation in the strength of this attraction m Qenothera

Cleland has recently found that the chromosomes mn varous
Oenothera species retain their end to-end comnections 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  Thusm O f four of the ch form a rng.

while the other ten are arranged m five ning paws which are at first
linked to the cucle of four 1 a defimte way In a form called 4
franciscana sulphurea, which 1s derived from O beennas Xfranciscend
12 chromosomes end to-end form a curcle and the other two form 2
parr which 1s at first linked round the larger cham of 12, and this

15 saud to be Thus 1 the denved form a re
arrangement of the chromosomes with relation to each other has taken
place  Cleland finds similar fixed arrangements m other species.
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Thus in a race sdentified with O murscata the 14 chromosomes all form
asinglecircle 1O bienns they are usually m two mterlooking circles
one with 6 and the other with 8 chromosomes while 1n the mutant
oblon,a with 15 chromosomes the arrangement 13 more vanable but
frequently shows a ring of g single chromosomes with § pairs attached
to1t Ina trsomc mutant from O rubricalysXhewetts a varymg
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 mtegration m nuclear structure that 1s a fixed positional
arrangement of the chromosomes 18 the nucleus with relation to one
another  This will also confirm the hypothesis of the writer years ago
that the homologous maternal and paternal chromosomes n Qenothera
are usually arranged alternately on the spireme thread before the
reduction dviston  The fact that also, as observed by the wniter in
1908 pairs of ch are fi detached from the rest of
the spireme 1n certain forms at an early stage of diakinesis would make
1t easier for double non-disjunction to occur on the heterotypic spindle
i 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 which bring them about
Such rearrangements without change of number 1if they prove to be
constant are to be considered as mutations of another kind

‘Whether non disjunction has played 2 part i the appearance of
species m nature with a different chromosome number 1s as yet un
Certan  But there are certain genera such as Carex m which the
haploid numbers usually ncrease by one from species to species
Heilhorn suggests that this may have happened by non-disjunction as
m Oenothera lata followed by the division of the extra chromosome to
form a parr

Polyploidy —An increase n the chromosome number by multiples
of the haploid number (polyploidy) 13 a phenomenon of considerable
phylogenetic significance 1n plants although 1t appears to be relatively
uncommon 1n ammals  There has been a burst of new knowledge on
this subject 1n the last few years  Since the onginal mutant Oenothera
21g0s has been shown to be tetraploid and semsgsgas mutations triploid
we have an 1 basis for the P 10n of all such cases
It appears probable that the triplord condition 1o Oenothera arises
through the unton of two male nucler with the egz as this condition
has been actually observed 1o O lamarckrana by Ishikawa and 1n other
plants as well
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|
A difference of opinion has long eusted 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 perhapsa
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 i 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
zation 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 ndication that the small number of
large chromosomes 1n certamn species may have been detived 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 procesoes It
appears already that the passage from one genus to another has ot
infrequently been marked hy a wisible change n the chromatin mer
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phology of the nucleus  Such alterations i the conformation of the
nuclear matersal are to be regarded as germunal changes even though
they are not accompanted by external changes in 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 allummation mto many of the dark
recesses there revealing some of them as ordinary rooms in no wise
different from those upstairs, that merely need to have their blinds
flung back while others are seen to be subterranean passageways of
quite 2 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 =il involved the sudden appearance of a
new genetic type Some have been found to be special cases of
Mendehan recombination some to be due to abnormahties mn the
distibution of entire chromosomes and others to consist in changes 1
the individual genes or hereditary umits It seems mcumbent upon us
however 1n the mterests of saientific clanty toagree 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 s to real changes in the
gene  This would also be most m conformity with the spint of the
ongnal usage for even in the earlier days mutations were concesved
of as fundamental changes m the hereditary constitution and there
were never mtentionally included among them cases merely mvolving
redistribution of hereditary umits—when these cases were recogmz
ableassuch In d with these derations our new defim
tion would be ‘mutationisalteration of thegene  And alteration
ashere used 15 of course understood to mean a change of a transmissible
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 materal of most fundamental evolutionary

ignificance  For all changes due to the redistribution of individual

genes or of groups of genes 1mto new combinations proporhions OF
quantities are obviously made possible only by the prior changes tha
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make these genes duffer from each other in the first place It should in
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 {requently raised whether all evolution 15 ult:
mately due to mutation, this 1s necessanly answered m the affirma
tave by our defimtions of the gene and of mutation, which designate the
gene as any umt of heredity, and mutation as any transmussible change
occurnng n the gene  The question of the basic mechanism of evolu
tion thus becomes tran.ferred to the problem of the character, fre
quency, and mode of occurrence of mutation taken mn this precise,
yet comprehensive sense  And since eugemes 1 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 1n their new form 1t must unfortunately be recognized that
the results with the evening primrose, Oenothera, although they formed
the backbone of the eariter mutation theory, can no Jonger be regarded
as having a direct bearing on the modern problem stnce they cannot
be shown to be due directly to changes n the genes  Certain of them,
such as gigas lata scntillans etc, have been proved by Geerts, Lutz
Gates, and others to be due to abnormalties 1n the apportionment of
the chromosomes ~ Very valuable mformation on the genetics of cases
of this sort 15 now bemng obtamned especially 1n the work of Blakeslee
Beling, and Faroham on much elearer cases of sumilar character 1 the
Jimson weed and finally 1n the work of Bridges on the frust fly Droso
phila  Most of the other so-called mutations in the evening primrose
appear to be due to the normal hereditary p of and
crossing over Working on a genetic constttution of a specaltype Evi
dence for this was obtaned 1n my analysis of the analogous case exst
g 10 the fly Drosophila, as follows It had prewiously been shown by
de Vries, and further elaborated by Renner that germ cells or indt
viduals of Oenothera bearing certain genes always died in such a way
that all the surviving mdividuals were heterozygous (hybnd) 1n regard
to theee 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 linhed 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 producng a wvisible effect Thus new types of
ndividuals 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
Inplace then of the elaborate system of conclusions which has derived
1ts support chiefly from the results m the evenng primrose 1t will be
necessary for our present theory of gene change to erect an independent
structure built upon an enbirely new basss

The data upon 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 contarnination of the matenal emergence of previously

latent factors non-disjunction etc. So far the only considerable

body of such evidence 1s that gotten 1n the Drosophila work where
mutations have (i this sense) been actually observed m at least 100
loa. Considered collectively however there exist m other orgamsms
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 specially mutable genes have been
found 1n a nurber of plants (as well as 1n Drosophilz) that are giving
ighly valuable iformation along their particular mes  And a num
ber of selection experiments that have been performed on non segregat
ing hines of various organisms have also given us direct evidence 1f
not of the frequency then at least of the mfrequency of mutations
(2} As for the mdurect data these may be gotten by exammation of
Mendeban factor-differences of all hinds on the assumption that they
must have ansen through mutation  Although this assumption can be
shown to be fully justified these cases cannot provide mformation
concerning the manner of origm of the mutants nor can they furnish
a rehiable index of the frequency of mutations since the mutant genes
may have been subjected to an unhnown amount of selective elimina
tion or selective propagation before the observations were taken  As
for the still more indurect data, denved from studies of phylogenetic
sentes and comparsons between different species genera etc. these
occasionally gave suggestive results but where crosses cannot be made
or where the dufferences cannot be traced down to the mndividual 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 stabiity which seems most appropnate for the present pur
po ealso)

3 External agents do not ordimanly 1ncrease the mutability sufft
aently (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, 1o all cases involve 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, 2s the case may be either a shortened wing an eruptton 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 occurnmg oftener 1n some directions than 1 others.  Thus 1> well
illustrated 1n the studies on varegated corn and four-o clocks and on
the bar eye and white eye and other sen&s m Dmsophﬂa

7 The bility and preferential may be
come changed through mutatmn as ilustrated by some of the same
cases,

8 The mutations do not ordinarily occur 1n two or more different
genes at once  In only two mstances in Drosophila have mutations
been found i two different sepamted genes m the same hne of cell
of one indmndual.  But a Dp Iy of this kand has
recently been described 1n oats by N’ll;on 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.  That1s
the allelomorphs mutate mdependently of one another just as totally
different genes do There 15 evidence for this denved from comn
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 i Drosophula and in other cases

11 Genes normal to the spectes tend to have more dommnance than
the mutant genes ansing from them  This 15 very markedly the case
n Drosophila, where even the relatnvely 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 deleterious mn their effects This applies
not only to the organism as a whole but ako to the deve]opmeut of any
particular part the dehcate b 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  Thus 1s both 2n 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 it apphesna
compa-nson of the mutations occurnng n different genes  Thus there

Contiguous genes may be affected in the rare cases known a3 “deficencies
found by Bndges and Mohr
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are more than a dozen mutations in different loca which reduce the
size of the wing 1n Dro ophila so shghtly a to leave it more than hall
1ts onignal length, whereas only four reduce 1t to less than half length
Mutant genes with effects so slight as to be visible only by the aid of
specific co-genes seem to anse still more frequently It 15 reasonable
to conclude that the mytations with shighter 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 shght effects are
found m species crosses

14 ‘The range of those mutations which are of appropriate magm
tude to be vistble 15 probably very small 1n comparison with the entire

spectrum of mutations so that there are many more lethals than

visible mutations and probably more subliminal than wisible

The above empurical and semi empincal pninciples must be re
garded as a mere prelumnary scaffolding, for the erection of a later
more substantial theory of mutation Time does not perrit me here
to discuss which durections of research, and what methods, seem the
most promising for future results  Suffice 1t to say that it 15 especially
mmportant to obtain accurate data concermng the effect of vanous
conditions upon the rate of mutation This seems one of the logical
routes by which to worl. towards the artificial preduction of mutation
and consequent more perfect control of evolution At the same tume
such results should also give a further msight mto the structure of the
gene The way 1s now open for the fir t time to such studies on
mutation rate first through the iinding, by Emerson, Baur Maryart
Zeleny and Blakeslee of a number of specially mutable factors 10
different organisms and second, through certain special genetic meth
ods which [ have elaborated in Drosophila for the detection of lethal
and other mutations there

It has now become recognized that advances i theoretical or

pure science eventually carry mn their tram changes in practice of the

most far reaching nature—changes which are usually far more radical
than tho e caused by progress m the applied science directly concerned
It may therefore be asked at this point by eugenusts ¢ Are there any
appheations of the knowledge which has already been gamed about
mutation 1n general to eugenics and to the prinaiples which should
govern us m gwding human reproduction? I think that one such
application s already clearly indicated

In order to understand the nature of this application 1t will be ne¢
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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 in 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 16 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 carres us further than
the propositton just considered It shows that these undesirable
genes have ansen by mutation 1n fact, as stated tn 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 pomnt 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 1n the future Therefore without selection or without the n
breedmg that makes effective selechon possible these lethals and other

genes will it until the germ plasm

becornes so nddled through with defect that pure hnes cannot be ob
taned 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 itis 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 2 deduc
tion from our princaples  The reality of this process of mutational
deterioration has been directly proved n the case of Drosophila
through expenments that I have conducted on lnes i which the
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processes that are essential for the effectiveness of inbreeding and selec
tion were prevented 1n these lnes 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
termine i the case of manlind  Meanwhile, no matter what this rate
may be the process remams a real one, which must eventually be
reckoned with and ether grappled m time, and conquered, 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 mereasing knowl
edge of our theoretical science there will inevitably flow an mcreasmgly
adequate technique for coping with our refractory human matenal
Meanwhile, the crymng need 1s for more of the theoretical knowledge—
and for the support of pure science 1n 1ts mvestigation of the processes
lying at the root of the germ plasm

TIHE 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 with  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 large
change m the hereditary matenal did not affect the somatic expression
of spectfic characters  As has already been suggested by Gates the
cause of chromosomal aberrations may be environmental, as for ex
ample sudden lowening of temperature dunng critical penods of the
germ cell cycle  We have, however, no controlled expenments 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 sud that apart from bemg able to note a definite correlation
between & 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 have remamed until
recently a complete mystery  Muller bad been able very shghtly to
mcrease the rate of mutation by raming the temperature of fly cultures
but he was not completely satisfied with these results In 19 6 how
ever he startled the scientific world by the announcement that he had
been able by exposing adult animals to fairly heavy doses of . 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 thus ratio to 1 1 2 gametes an mcrease of 150 per
cent  All of the old famihar mutations that had been occurning m
untreated cultures were induced mn much Jarger numbers by X rays but
only a very few new mutations were produced It seems that the X
T2y 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 1 the use of \ Tays as an agent for accelerating
the rate of mutations  Muller has proposed a general theory that the
ordinary so-called spontaneous mutation of genes may be due to the
Presence of minute amounts of radio actve substances accumulated
m the tissues of plants and ammals This theory seems somewhat
far fetched at the present writing We are still ;n almost complete
1guorance as to the causes of gene mutations and probably shall con
tinue to be m 1gnorance until we gam some more accurate mformation
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 evolution may be asked The objection has been
raised 1n fact that 1n the breeding work with Drosophila we are dealing
with artificial and unnatural conditions It has been more than 1m
Plied that the results obtained from the hreeding pen the seed pan the
flower pot and the mulk bottle [used as breeding contaimer for Droso
Phila)] do not apply to evolution m the open nature ‘at large or
to wild types To be consstent, this same objection should be
«xtended to the use of the spectroscope in the study of the evolution
From A Crstsqus of the Theoryof Evolution Princeton University Press 1916
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of the stars to the use of the test tube and the balance by the chemut
and of the galvanometer by the physicist Al these are unnatural
pstruments used to torture Nature s secrets from her I venture to
think that the real antithesis 15 not between unnatural and ratural
treatment of Nature but rather between controlled or venfiable data
on the one hand, and unre,trained generalization on the other

If a systematist were ashed 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  1f he were asked why, he wauld
say, Ithink These races differ only 1 one or two striking points, while
w a hundred other respects they are identical even to the nunutest
details  He would add that as large a group of wild flies would show
on the whole the reverse relations, vz, they would differ m nearly
every detall and be 1dentical 1n only a few pomnts  In all this X en
tirely agree wath the systematist for I do not think such a group of
types diffening by one character each, 15 comparable to most wild
groups of species because the difference between wild species 15 due to
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 the
other effects of the factors that rep these ch 1
It 15, of course hardly to be expected that any random change 1 as
complex a mechanism as an nsect would improve the mechansm, 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 15 already adjusted But thus 1s beside
the mark, for modern genetics shows very postively that adaptive
characters are inhented 1n exactly the same way as are those that are
not adaptive and I have already powted out that we cannot study a
single mutant factor without at the same time studywg one of the
factors responstble for normal characters for the two together con
stitute the Mendehan par

And finally I want to urge upon your attention another question
Evolution of wild species appears to have taken place by modifymg
and 1mproving bt by bit the structures and habits that the antmal or
plant already possessed W e have seen that there are thirty 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 mvolved in the
production of the red eye of the wild fly
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Evolution from this pownt of view has consisted largely n introduc
g 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 anmhilation of the
less it Evolution assumes a more peaceful aspect. New and ad
vantageous characters survive by ncorporating themselves mto the
race, improving it and opening to 1t new opportumities  In other words
the emphasis may be placed less on the competition between the ind:
viduals of 2 species (because the destruction of the less fit does not 4
atself lead to anything that 15 new) than on the appearance of new char
acters and modifications of old characters that become mcorporated
1n the spectes for on those depend the evolution of the race
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GUIDING FACTORS INTRODUCTION

Prehminary discussion —All of the factors hutherto discussed ap
pear to operate on a random basis obedient to the laws of pure chance
Of themselves then they mught be concewved of as producing 2 high
degree of diversity and mnumerable novelties, but that would be all
1f there 1s something of orderhiness 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 mechamism depends upon the extent to which there ac
tually eust i nature conditions that cannot be accounted for on a
purely random basis  Guiding or directing factors mply goals ob
jectives definite trends mmprovements of one sort or another  What
15 there about nature that seems to require a gmiding hand?

Adaptations —One of the marvels of life 1s that the orgamism and
the environment seem so well adapted to each other that the particular
organs of an 1ndividual seem so well designed to perform thewr many
and varied functions that the various species are so mcely adjusted to
one another mn any given natural commumty that each seems to be 2
strand 1n an mtricate and deleately adjusted web of hfe  One of
the most 1mportant goals or objectrves of evolution then must be
adaptation We are using these terms goals and ¢ bbjectives’ wath
out 1mplymng any teleological considerations though why there may
not be purpose 1n pature I do not hnow 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 main objectives of evolution using the
term ¢ objective only to 1mply that evolutionary processes somehow,
by devious paths, seem to arnve at vardus degrees of fitness 'The
mechamsm bringing about this fitness may be blind and may viston no
goal but 1t gets there just the same

Since adaptation 1s so mtimately associated with evolution—n
fact one of 1ts principal attributes—it will be necessary to take a <hort
excurston into natural history mn order that we may come to realize at
least some of the facts of adaptation that confront the evolutionist

334
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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
in 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 adaptine 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 iving 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
evidence 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 Amoede but 1s he any better
adapted to the human environment than 1s Amoebe to the amoeban
environment? I seeno reason for assuming that thereis any difference
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1m the degree of perfection of adaptation in these two widely different
species each highly successful in 1ts own milieu and each cosmopolitan
mn distnbution  In view of such considerations as these 1t 15 not easy
to mamtamn that evolution 1s a process of becomuing better and better
adapted

Specials ation —Vanous other critenia of progress have been sug
gested One of these 1s specials ation  Are the most highly speaial
1zed orgamisms more advanced than the less specialized® Are the
more speciatized ones closer to the ultimate ideal goal of evolution than
the more generahized? Now many of the most intensely specialized
types of orgamsms are the parasites that have in many cases under
gone degeneration of sense organs locomotor structures, and even
digestive sy tems, but have developed speciahized structures makmgat
possible for them to hive and thrive 1n some particular system of some
species of host ammal  Here 15 specialization carred to extremes but
151t progress? I believeitis and for the following reasons

A pnimary objective of Living orgamsms s that of exploiting to the
fullest possible extent the energy resources of the world Ulumate
success will be attamned only when no further energy resources rematn
to be exploited  Now the sources of energy are many and vaned and
each different energy source requires a dufferent type of energy-exploit
my equipment  Progre s m specialization would therefore invohve 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 in the production of numerous highly specizlized forms
even though some be from the shol 1 viewpomnt deg te
and degraded parasites

Another type of speciahzation that has had a long and steady pro-
gressive evolution 15 the speciahization of parts of the ungle organism
for the performance of vaned bodily functions Thus type of specialt
zation 1s commonly called dmision of labor?  In the course of animal
evolution this specialization of parts begins at the Jowest level in the
Protozoa where portions of the protoplasm are spectalized to form
organelles of vanious hinds each hind performing 1ts own special func
tion  Among the loner Metazoa such as Coelenterata and Platyhel
runthes we have a new level of 1on bt up of agg
of units each equivalent m 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
increase m general efficiency of the indidual
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Among segmental orgamisms we have another advance m bodily
spectalization  Here chains of mndividuals 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 complewity 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 f; Of course lization would be of no value
unless mtegration and interdependence of part upon part hept pace
with1t  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 speciabized m several
ways some become functional males and females others (immature
females) become specialized as workers or protective umits known as

soldiers  Thus asociety1s ina sense a faurly definutely integrated
mdividual of a higher level involving a high degree of nterdependence
of the various Linds of specialists upon one another ~ The mtegrating
factor seems to be associated with the famuly relationship of all mem
bers of a given coleny Al 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 1nasense ad 1t seems
well to call attentton somev here 1 2 book on evolution to these facts
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and theortes  Tke facts are there for us to explain and the theores
are attracting so much attention at present that they should not be
ignored

Increase wn 5t ¢15 one of the commonest trends of evolution but
15 s1ze increase progress?  Many great groups of orgamsms have from
age to age steadily mncreased 1n size of individuals  Many fossil ped:
grees show clearly that size mcrease 15 one of the steaduest 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 extmctron of the whales and ¢lephants today

Tncrease an antelligence 1s claimed to be one of the signs of progress in
evolution In vertebrates especially, there 1s a | e senes of
forms showing greater and greater mtellgence, ranging from fishes to
man Accompanying and underlymng this mcrease mn intelligence,
there has gone on 1n vertebrates a steady ncrease 1n the size, specializa
tion, and compactness of the bramn and 1its associated sense organs
Thus steady trend 15 commonly spoken of by students of vertebrates as
cephalz ation  Ts the final goal of evolution then the production of
more and more mntelligent orgamsms?  If that were true, why should
so much evolution be going on that seems to be moving 1n the opposite
durection, resulting 1 the decephalization of many seden ary orgamsms
and parasites?

You see 1t 15 dufficult to discover any general or unnersal 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
circumstances 1t may seem at first thought rather futile to discuss
guiding factorsatall Most of us however retan the firm conviction
that evolutionary change has m 1t something of directton something of
fitness, and something of progress though we may not always be able
to demonstrate directton or fitness or propress in particular cases

Evolutionsts, however have alway assumed that evolution 1s
progressive that adaptation 15 a realty and that there have been
definite evolutionary trends Believing in these phenomena they
have tred to explain them  The two classic attempts to explan pro-
gressive evolution are Darmin s theory of natural selection and La
marck’s theory of the mbentance of acquired characters These
tbecln&s are to be entically discussed 1n chapters xxx and xxx1 respec
tvely




CHAPTER AXVIII
ADAPTATION IN NATURE
THE NATURE OF ADAPTATIONS

The adaptation of every species of ammal and plant to its
environment,” says Jordan and Kellogg * 15 a matter of everyday
observation  So perfect 15 this adaptation 1n 1ts details that its mamn
facts tend to escape our notice The animal 1s fitted to the air 1t
breathes, the water it dninks, the food 1t finds the chmate 1t endures
the region which 1t inhabits  Allits organs are fitted to 1ts functions
all its functions to 1ts environment  Organs and functions are alike
spoken of in a half figurative way as concessions to environment ~ And
all structures and powers are m this sense concessions In another
sense, adaptations  As the loaf 1s fitted to the pan, or the river to its
bed s0 15 each species fitted to 1ts surroundings  If 1t were not so
fitted 1t wouldmot live  But such fitness on the vital side leaves farge
room for variety in characters not essential to the hfe of the animal

The authors quoted above appreciate what 1s perhaps the most

ficant 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 remams umform a gwven species will
remamn unchanged except for mmnor fluctuations aznd occasional
mutations but if the environment changes sometines even shghtly
the devel of the mdividual ds 1 such a way as to gve a
radically cifferent end product  So we may conclude that a large part
of the fitness of the organism to the environment 1s due to the fact that
the development of each individual 18 molded by the environment so as
tofitit Thus some at least of the apparent mystery of adaptationsis
dispelled

‘When we think of the fitness of the organism to the environment
we take an entirely one sided view of the matter for if the orgamsm
fits the environment no less certatnly must the environment fit the
orgamism  This idea of the fitness of the environment  has been

From D S Jordan and V L. Kellogg volution and Antmal Life
349
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ndmirably discussed by Professor Lawrence ] Henderson 1n a stimu
lating volume *

Henderson powmts out that the environment no less than organ
1sms has had an evolution  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 lfe at all as we know fe  Water for example, has a
dozen unique properties that condition hfe  Carbon dioaade could not
be replaced by any other substance  The properties of the ocean are
so 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 umgque and unre
placeable In brief given the environment as 1t 1s Lfe could not be
other thanits  The evolution of the environment and the evolution
of orgamisms have gone hand 1n hand or perhaps we rught better say
hand 1 glove for this better expresses the 1dea of mutual fitness

Within the realm of the general environment as concerved by
Henderson there are almost ble spectal due to
particular combinations of the various en nronmental umts  Withm
the aquatic environment for exaraple there are varations such 2
dufferences 1 salinity, varying from extreme .altiness to almost total
fack of salt there are tshore conditions and open sea conditions there
are surface conditions and those at relatively great depths and
there are great differences due to temperature Sumilarly on land
there are surface conditions subterranean conditions arctic tropical
conditions caves deserts forests plains, mountans apd many others
No two areas on land are precisely similar 1 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 clunate are grown n the desert they develop numerous
xerophytic adaptations such as small leaves with greatly dmmmshed
transpiration surface a thick eprdermis haws or spines small stature,
deep-root system and other stmilar protections against the ymmmcal
desert condions  Simlarly plants aceustomed to grow 1 relatively

L. [ Hendersan The Fetness of the Fntironment 1913
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dry soil 1f 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 virtue of bemng 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 hives onlv 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 experimentation 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 mmium
movements, and stays in the set of cond 1n whach 1ts physiol
processes are least interfered with  This process s cnlled selecnon 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 hme 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
for a correct ding 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 oa various 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,
V E. Shelford, Ansmat Commun ¢ s s Temperate America (1913)
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and others whose teeth are replaced by bony or clutinous plates that
are used for crushing the hard shells of molluscs and crustaceans, may
not confidently be said to have developed these crushing appliances
and to have abandoned the use of teeth 1 adaptation to a habit of
feeding, upon hard shelled prey, but rather 1t seems more Iikely that the
loss of teeth and the development of crushers occurred through 2
degenerative process madent to ractal senescence and that the pos
session of the crushing equipment enabled them to avail themselves of
a new type of food formerly unavailable to them

The orgamc ~—In hig ble chapter entitled

The Web of Life, which we shall quote entire Professor Thomson

has given us a vivad picture of vast systems of mterdependencies that
eust throughout the organic world  No spectes no creature, lives to
iself alone 1t 1s intimately tied up with a host of other creatures with
wterwoven destimes  Thus one species of amimal 15 adapted to hive
upon certam plants or other ammals which mn 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 heynote of Iife and of evolution

Adaptation due partly to functional activity —It 1s a commonplace
which needs no special demonstration to say that ergans improve
through use and deteriorate through disuse Many organs, then
which 1 the adult condition appeir to us to be so admurably
2dapted to perform certam duties, must be thought of as having been
gradually molded by functioning during the entire pertod of imndividual
development  If the motor nerve running to 2 imb bud of a growng
embryo be severed at an early stage and no secondary nerve connection
beestablished the imb will continue to grow up to a certam pomt, but
m 1ts paralyzed condition will be meapable of exeraising 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 13 obtained only through functioning

‘ The relation between structure and function m an organism
says Professor Child ' 1s sumlar 1n character to the relation between
the niver as an energetic proce~s and 1ts banks and channel  From the
moment that the nver began to produce structural configurations
nits the prod of 1ts activity d tn certam

C. M Child “Regulatory Processes i Orgamisms  Jowr Morph Vol
XX (3911}
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places and modified 1ts flow Tt moulds sts banks and bottom
formmg here a bar there an island here a bay there a point of land
butstill flomngon though its course 1tsspeed 1ts depth the character
of the substances which 1ts carries m suspension or m solution 2ll are
altered built up by 1ts own past actvity  Accordimg to this vev
structure 1s simply the resultant of the mteraction of function and en

vironment 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 httle stress upon the energy side of
development  Certamly no structure 13 ever formed without proto-
plasmuc actonity of a very defimte sort and 1 this sense adaptations
are to be thought of as the results of functioning Why then do we
claim to be astomshed at the effective way m which certamn organs
accomphish therr functions when functioning has taught them theiwr
task ?

TWO CATEGORIES OF ADAPTATIONS

There are according to E G Conklin two categones of adapta
tions () racial or mhented adaptations and (8) mdividual acquired
or contingent adaptations Al of the direct molding effects of environ
ment or of deyelopmental functiomng together with adaptative rela
tions resultmg from habitat selection or from Jearzing and expertence
may well be classed as ndividual acquired or contingent adaptations
As such they do not offer any particular problem to the evolutiomst
for they concern themselves with mdividuals not with races The
adaptive condition 1s stmply made over afresh i each generation and
the only thing that seems to extend beyond the immediate individual
or generation 15 a general plasticity or responsiveness of the specific
protoplasm which enables 1t to adjust 1tself to special Lfe conditions
There 15 nothing mvsterous or baffing about this situation for it n
volves merely a rep of certain app p by each
individual It 15 a problem of mdvidual development not of racial
development or evolution

Inhented Adaptations —There 15 honever a large category of
adaptations which appear m the organism as though 1n anticipation
of the role they are to play some time 1n the future and not 1n response
toany present need  In this category are theeyes thelungs 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 in 1tself account for the fact that
the eye 15 a very intricate 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 comprehensive account of ant
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 classified by different authors and that
of Jordan and hellogg 1s as good as any  (¢) food securing (b} self
defense (c) defense of young (d) rvalry (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 rvalry  Simularly the horns
of deer and other ungulates are equally adapted for self defense
defense of young and nvalry

There can be na especial advantage, 1n this connection 1n present
mg a detuled 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 electnaty of considerable voltage The ammal 15
capable of gving a very distinet shock to an attacker and can thus
defend 1tself quute effectively  There 1s also an elect ic eel native to
the waters of Paraguay and Brazil that s able to give severe shocks to
bathers or to horses driven through the streams A type of catfsh
native to the niver 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 termunating in teats
These glands are quite vol and serve ads bly the purpose of
feeding new born young until the latter are able to use the more varied
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 1ts allies 1s a pocket
hike fold of the mtegument folded forward or backward over the region
of the abdomen 1 which are located the mammary glands This
pouch 1s used as 2 shelter for the tny immature larval foetuses
Hartmann has recently described a very strihing prece of behavior 1n
connection with the birth of young opossums The young are born
n an exceedingly immature state and loolung like tiny pink grubs
They craw! under ther own power by means of a swimmung like
motion through the haurs of the mother s abdomen i1l they reach the
pouch Ths they enter unaided and each tiny Iarva finds for tself
a slender tubular teat which 1t swallows and holds 10 place by a
specially adapted hold fast mouth The young remams attached
fixedly to this teat for some weeks feeding almost constantly on milk
After a long interval the teat 1s released the mouth metamorphoses
mto the adult form and the young feeds only at mtervals as do the
young of other mammals This complex of adaptive structures and
mstincts 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 1s
a flud filled sack (ammon) whuch furnishes an aquatic environment for
the soft and delicate body, preventing harmful contacts and allomng
ample free space for expansion  The placenta 152 co-operative struc
ture developed out of both fetal and maternal materials, that furnishes
an excellent medium for nutrnitive and other metabohic exchanges be
tween mother and fetus  Although there 1s no direct vascular connection
between them the mother gives of her nutntive materials to the fetus
and takes up from the fetus and elimmates 1ts wastes  Asan adapta
tion for carrying out an mtricate set of physiologtcal exchanges between
two otherwise entirely separate mdividuals the placenta 15 unexcelled

Nest making instincts w birds represent, on the behavior side
adaptations of extraoedinary perfection  Some nests are built with
the greatest care and precision, others represent 2 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 in the ground In any case the type of
nest 1s highly speafic 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 series of special adaptations histed
as examples of the laws of adaptation such as aquatuc, arboreal, cuf
sonal flymg burrowmng ant eating and, especially, adaptations of
deep-sea amimals

PARASITISM AND DEGENERATION

A vast number of ammals and plants have given up the active
search for food and have taken up the relatnely easy habits of para
susm  In adaptation to this hfe certamn structures have dev eloped
and many of the ch found 1n mdepend 1 g cred
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 locometion and its sense
organs such as eyes, auditory organs tentacles etc. Some amumals
are free hving when young or m the larval condition and only settle
down to 2 parasitic Ife When near the end of the hfecycle other
anumals are parasitic only when young or Jarval and become mde
pendent m the adult condition  still others are parasitic throughout
the entire hife-cycle and pass from host to host without any mterval
of independent Ife  Some of these complete parasites pass one phase
of the Iife-cycle on one species of host and the remamder on another




ADAPTATION IN NATURE 357

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 snal  The transfer from host to host 1
this case must be a procedure 1nvolving many chances of falure to a
very few chances of success and 1 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 wegeneration 1s that of
Sacculina The young larva of Sacculing 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 mto 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 lke a malignant
tumor 1n 1ts invasion of foreign tissues  The unbranched part of the
parasite 1s Little more than a sac of reproductive organ 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
into the sea water ready for a brief penod of free life before attaching
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 accompanying degenerative changes are to be found. Of
course 1t 13 an open questron whether parasitism causes degeneration
or whether degenerating creatures take refuge 1n parasibsm  but m
either case the adaptive features of the situation are obvious
Commensalism —If parasitism 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 claim 1s made that the association 1s mutually beneficial butasa
nule the relation s relatively one-stded.
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 m1y be seen to lie with only 1ts
headout From thus shelter it darts forth to captureats prey which
done 1t returns toats shelter
Curiously enough the vent

B
of the httle fish 15 situated

just back of its mouth so

that 1ts wastes may be )

voided when 1 its usual \

positon  There can be no 4 o

advantage to the sea cu ‘ﬁf A ﬁm )
cumber m such an arrange e S 24
ment though no particular N g‘{}M ‘:}
harmisdone Another case <. e, 7
of this sort 1s that of several -y W ‘5‘
species of Remora which ~ R A

attach themselves by alarge
diskoid adaptation on top of l“‘xc 78 —I‘xfmzx_q" ha:u: penetratmf,\' lh:
thehead to various fish such z;fﬂ:i?:"{;‘fg; ‘:".?r‘,’t},::’"f;z & natural stz
as sharks barracudas etc
The suching disk 15 a modified dorsal fin  The remora merely gams
free transportation to more favorable feeding grounds When the
desired food 15 sighted the passcnger leaves 1ts conveyance tempo
ranly but returns by a sudden swift dash and resumes its hold
The shark gets nothing except perhaps the sense of companionship
and 1s also undoubtedly somewhat lundered 1n 1ts locomotion

Some of the most remarkable cases of commensalism are found 1n
connection with elaborate colontes of ants  In some cases two pecies
of ants live together 1n the relationship of masters and slaves The
master specics 1s unable to perform any of the ordinary dutues of the
colony such as securing foed, taking care of young etc  In extreme
ca es the masters are only soldiers, specialized for fighting and maraud
mg and cannot even feed themselves unaided The slave species
would be able to carry on to some extent 1f not captured but thrives
exceptionally well under the protection of the soldier species  There
are among ants many vaneties of commensal relation hip 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
Inants for cample the typical colony consists of 2 queen (the only
fertile female mn the colony) several males (mates of the queen),
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vrdmary workers (stersle females of the first type) soldiers (sterde
females of the second type} and sometimes officers {especially large
and powerful stenle females that seem to direct the Lne of march 1
legionary ants)  All of these casts are produced from the eggs of one
fernale and are the result of various special diets permitted the larvae
by the workers  Among bees sumilarly, there 1s one queen a number
of drones (males) and the stenle female workers who perform the
functions 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

linck 1n bus Lafe of the Bee

ADAPTATIONS OF DEEP SLA ANIMALS 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 Yet 1n these
vast and forbidding abysses there dwell m apparent comfort represen
tatives of most of the amal phyla Fishes of many sorts crabs
mollusks, worms and many other forms thrive and multiply wmn this
seemingly cheerless environment  We do not at all understand the
nature of the adaptive mechamsm that enables these ammals to with
stand with their frail bodies the steel crushing pressures that prevail
atall 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 therr own Lght by means of
phosphorescent organs placed at advantageous pots of their bodies
Not only fishes of the depths but some mollusks possess forms of
artificial bighting equipment  One species of cephalopod (zelated to
the octopus) 1s described by Wiesmann as bordered with twenty large
phosphorescent lanterns that present the aspect of 2 display of vane
gated gems colored ultramanne ruby red sky blue and silvery white

Equally highly adapted to life in a world of darkness the monotony
of which 15 broken only by the occasional spots of light emanating
from the various living 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 aumal the
weak Light of the depths or agam they may be modified still further
1n a strikingly peculiar manner each being drawn out mto a cylinder
and projecting from the side of the head like a telescope  Such eyes
are 1n fact not telescopes though theyare called  telescope eyes * but
are merely adaptations for concentrating the Lghts of low intensity
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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 hive 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 ghostlihe appearance because of
their lack of pigment  All grades of defective eyes are found, ranging
from those that are merelv omewhat 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 Darwiman

COLOR AND PATTERN IN ANIMALS

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 coloration

Sexual coloration ”

M M Metealf Organse Evolution (2o11)
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Much has been wntten about these various categories of animal
coloration nearly all of which assumes some special adaptive value for
¢ach type of color or pattern

The above classification 1s tvpical of the older views as to anmmal
coloration 1n that 1t recogmzes no colors as merely madental by
Pproducts of metabolism but assumes that all colors are valuzble as
adaptations  Modern cntics are mchined to consider that at least
many colors are to be explamed as the result of the fact that certain
chemical matenals are formed 1n the elaboration of tissues and i the
physiological processes that must go on 1n the-e tissues which because
of therr Light absorptive properties appear to our eyes as colored
The color may chance to enhance the protective resemblance of the
ammal or 1t may make 1t more conspicuous than it should be 1 exther
case 1t may have an incidental value  But colors may come and colors
may go wrrespective of adaptive value for many volors are so placed
m the organism that they can never be visible and color 15 only m
theseemg  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 histed m the previous paragraph are largely 1f not wholly
anthropomorphic It has been the habit of students of coloration to
assume that mnsects birds Lzards and other amimals see colors and
patterns as man sees them that what 1> attractive to man must also
beattractive to the lower ammals that what 1s confusing to man would
also be confusing to a hizard or 2n owl Experiments with lizards
whuch are supposed to be clnef among the factors giving adaptive sig
mificance to insect coloration have shown that the hizard apparently
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 mclined to think that many of the punor
categortes of arumal coloration histed above are at best of very ques
tonzble sgmficance and that pracucally all categories simmer down
toone obliterative coloration or camonflage

All naturalbists says G H Thayer peréenve the wonderful
perfection of the twig mumicry by an inchworm or of bark by a moth
or of a dead leaf by the Ralima butterfly It 1s now apparent that
almost equally marvelous concealment-devices m one shape or
another are general throughout the amumal hingdom  the o3¢ gorgeons

G M. Thayer Concealing Coloration 1 the Ammal Kingdom The Macmillan
Company 3018
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costumes being 1n thewr oum woy climaxes of oblilerative coloration
scarcely surpassed even by moths or by wnchuworms
Ths discovery that pattetns and utmost contrasts of color (not

to speak of appenda,es) on ammals make wholly for their ‘obliteration
15 a fatal blow to the various theores that these patterns exst masnly
as nuptial dress, warning colors, mumicry devices 1 ¢ runicry of one
species by another), etc, smce these are all attempts to explam an
entirely false conception that such patterns make their wearers con
spronous  So 1mmeasurably great i the case of most animals, must
be the value of inconspicuousness that such devices as achieve this to
the utmost imaginable degree upon almost every hving creature de
mand no further reason for being (although doubtiess serving count
less minor purposes) Apparently not one ‘mimuery mark, nor
one ‘warnmg color’ or banner mark. nor one of Gadow s light and
shadow begotten marks nor any exually selected color, eusts any
where m the world where there 1s not every reason to oelieve 1t 1s the
very best concewvable device for the corcealment of 1ts wearer either
throughout the man part of this wearer s life or under certam pecu
harly important arcumstances The so-called ‘nuptial cos
tumes of animals are demonstrably an increase of such potency of
obliterative coloration as belongs to all gorgeou.ly vined costumes,
and this al 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 cir
cumstances wherein such effacement would most serve the wearer
Many amimals when observed 1n a museum show case or 1n a menag
ene, appear to us to be most conspicuous but the elements that lend
conspicuousness n the artificial environment may be the very ones
that tend to efface the wearer when in his native haunts The most
brilliant birds such as mandann ducks birds of paradise flamingoes
peacochs parrots, etc, are shown to be almo t mwisible 1 therr
natural surroundings

The schemes for producing obliterative protection are much the
same as those made use of dunng therecent war ~ The simplest scheme
of all 1s that of having the same color and pattern as the background
Thus many green insects amplubia, reptiles, birds and a few mammals
that Live in trees smaller plants or grass, are colored green  Many
desert amumals are .and colored  Many manne ammals living near
the surface are transparent or nearly so  Another scheme 1s known
as counter shading according to which most ammals with hittle vanety
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of color are concealed by baving the upper surfaces dark the lower
faces Iight and a blending of one 1ato the other on the sides  Nez
all birds of the open such as ses buds and soaring bwrds use
method of concealment  The same 1s true for fishes that Iive near
surface and for many mammals that are lkely to be seen agams
shy Line Actual demonstrations have shown that this method
coucealment 13 hughly effective, no matter from what powt of view
ammal may be seen A third scheme 1s one that was used most ef
tively dunng the war m concealing battleships, heavy artillery :
other large objects namely, destroying the continwity of outlne
using large wrregular patches of contrasting or hght and darh cob
In this way a brohen uregular patchwork of color takes the plact
a coherent regular contour Xt 15 probably in this way that man)
the most brlhant coral reef fishes attamn concealment. Instead of
fish 25 a whole being the center of vision, the bnght patches stand
agamst the dark and these fail to give any picture ikely to be in
preted as a fish either by enemues or by prey  Professor Reighard
terpreted the bnlhant patterns of reef fishes as examples of 1mmur
coloration, the 1dea being that these fishes were so safe from att
and so little 1n need of concealment from prey that they simply w
the hmut 1n color display, uncheched by natural selectton Long
has recently shown that the patterns and colors of such fishes ar¢
reality obliterative and if this be true there 1s no need of introduc
the 1dea of mmunity coloration

In view of the above considerations, 1t now seems likely that est
tially all types of animal coloration that have any adaptive value atl
~—-and by 1o means all have any demonstrable adaptive sigmificanc
may be classed under the general head of concealng coloration, an
thus be so it greatly simplifies the problem of the evolutiomst M
of the controversy as to the efficacy of natural selectson has been wa
about some of the of ammal col s
as warmng coloration  mimicry  confusing coloration ¢ sex
coloration  If all of these turn out to be merely phases of cono
ment coloration their orign could be expluned as readily as that
any other adaptive character of definite selective value

The Case of Kallima —With this general introduction to the s
1ect of ammal coloration it does not seem necessary to list example
all the categores of color mentioned  Let us close the discussion v
what appears to be the classic instance i biological Iiterature of per:
protective resemblance that of the dead leaf butterfly Kalt
(Fig 79)
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“Its wings  says Herbert, ‘when upturned represent on therr
underside a perfect copy of a leaf with a mudnb and a regular suc
cession of side vemungs  Dufferently colorcd spots on the wing 1m
tate patches of decay and milde, v hile the prolonged tasl of the hund
wang which touches the stery m the sttting posture of the butterfly,

e ,0~Kaihms the dead leaf butterBy  {From Sorim ard Aelle }

makes it appear as thauh the leaf was directly growing out of the
otem It s only when at rest upon the stem of a tree that the re
semblance to a teaf would be effective, for 1t 15 only the under surfaces
of the wan~s that are protectnely colared  The upper surfaces of the
wings are brightly colored and would upposedly be quite conspicuous
when the meect 1v 1 flight  These incects, says Metcall “are verv
noticeable when in fhght but when they light and cJose the wimgs thewr
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sudden disappearance 1s most starting and confusing greatly increas-
g the dufficulty of observing their resting place’  According to this
1dea of * confusing coloration, a butterfly 13 supposed to mystify or
confusets enemues by first attracting, thewr attention and then suddenly
becommg mwisible Onpe 13 reminded of the prestidigitator of his
favonte remark ‘ Now you see 1t and now you dont  But why
attract attention i the first place when continued inconspicuousness
would be much less risky? The best answer to this question 1s to use
Thayer s interpretation namely that what looks Like a conspiuous
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 1s 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 anumals
Let us examune the situation a httle further Much has been said
about the mmnute details of resemblance to a dead and decaying leaf
on the part of this butterfly yet if its habits are at all Iike those of
other members of 1ts order, 1t 1s hardly hikely that its most active penod
would comeide with that 1n which the leaves of trees would be decayed
and mildewed or ever brown Butterflies 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 has also
been stated by critical 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 lke leaves m fact 1t would be difficult for a butterfly
not to look somewhat like a leaf since the wings are shaped like leaves
Again many species of butterflies have the swallowtails on the lower
wings without in other ways much recembling a leaf  others have spots
that might be imterpreted as resembling decay and muldew without m
other ways bemg more than i general leaflike and there are many
other species that show all degrees of leaf resemblance, some very mm
perfect and others almost as perfect as that of Kallims yet they all
seemn to be essentially successful in the hfe-struggle 1n spite of therr less
perfect protective resemblance

Alleged cases of mismcry have failed also to meet entical examma
ton When a poisonous butterfly 13 mumicked by an edible species
several conditions must be met 1n order that the deception be effec
tve  The model and the rumic 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 mmic  Unfortunately
for the proponents of mumicry, 1t has sometimes been found that
several of these requirements 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 detals It
1s more than hikely that the majonty, if not all, of these apparently
marvelously exact instances of imitative resemblance would turn out
sshen cntically examined to be no more nor less adaptive 1 special
ways than 15 Kallume and the mimics

One les on that the naturalist may well learn from the present
discussion 15 this  There 15 enough 1 the way of adaptations for the
evolutionist to explan without burdening hum with hypothetical or
interpretative adaptations  Furst find and prove your adaptation
then try to explam 1t Don t evplam 1t fir t and then find out later
that 1t was not so much of an adaptation after all

OSBORN § LAWS OF ADAPTATION

Adaptations have been vanously cla sified by different writers
Perhaps the most significant classification 1s that of Osborn which
15 based on their supposed evolutionary ongin  According to this
wnter and others there are two categories of adaptations to environ
mental conditions  the first has to do with the tendency of unrelated
species to assume simlar structures under similar environmental
conditions  the second has to do mith the tendency of related species
to assume different adaptive structures under different environmental
conditions  In both categones the environment appears to be the
determiming factor

(1) A good example of the first category which illustrates what
Osborn calls “the law of convergence or parallelism of form,” 15 secn
in the tendency of many aguatic 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 porpoise (a marme
mammal) all possess the same fusiform bady best adapted for speed
under water the same types of locomotor structures consisting of the
great propeller fin (caudal fin) and the steering 2nd balancing fins
the dorsal fins and pawred fins  Apart from these superficial adapta
tions for swift locomotion m the water the three types are pro-
foundly different The shark breathes with gills the reptile and
mammal with lungs the fish and reptile are cold blooded the
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Fi6 8o ~Three aquatic types of vertebrate to lustrate convergent adapta
tion of three wholly untelated forms of manne hfe  All three show the fusiform
body median and pamred fins thugh the skelctal structures are radically duffer
ent 1 shark (Pisces) B 1 hthyesaur (Reptila) € porpoise (Mammalia)
{From Aeuman oftcr Osborn )
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mammal warm blooded The mternal anatomy of the three differs
fundamentally 1n every detail

A list of other types of convergence will more adequately illustrate
the law

Flying and parachuting amimals occur among nearly all vertebrate
and some invertebrate classes Planes of some sort are found for
supporting the body m the air  The plane 1s made m various ways
i different groups but functions much the same im all of them

Runmng ammals of vanous classes have long legs and a tendency
to stand on the toes There 18 also 1n several unrelated groups the
tendency to reduce the number of toes the culmnation of which 1s
seen 1 the one toed horses

Climbing ammals are all provided with chinging appendages of
some sort ncluding such structures as hooked claws prehensile
fingers or tai, suction pads on the feet and other similar adaptations

Burrowing amimals have as a rule estra heavy shoulder gurdle
and strong fore mbs with heavy gouging claws  Many of them also
are blind or nearly so as befits life in dark underground passages

Decert-dwelling antmals as a rule are provided with heavy
scales spines or 2rmor to prevent excessive loss of mowsture 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 1o color sometimes without any pigmentation

Deep-sea ammals of many sorts have phosphorescent organs by
means of which they either attract their prey or find ther 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 sensing Lght of low
ntensities

Ant eating anumals, belonging to several distinct groups are
heawily armored agamst the attacks of ants have strong elaws for
digmng 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 crawhng into the lungs

2 Therearealmost bl ples of the law of
of form, which 15 called also the law of adaptive radiation  Almost
every succersful class or order of vertebrate ammals for example
has bers that have ad; d Ives to all of the mam modes
of bving Thus among hzards, for example, there are pnmtive
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running forms that prefer the surface hfe and swift motion subter
ranean burrowing types that sometimes are kmbless like snakes and
are bind 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 s
semblance of similarity to fit a definite environment or whether
sumlar structures are modified 1 diverse ways to fit varous divergent
environments theadaptationisrelated 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 theidea 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 \\IX
THE WEB OF LIFE:

] ARTHUR THOMSON

Naturalists 1n the true sense who study the life of iving creatures
n nature have always been distingmshed by a keen perception of the
mterrelations of things Whether we take Galbert White as repre
senting the old school or W H Hudson as representing the new, we
get from their observation,, the same impression of nattire as a vibrat
g system most surely and subtly mterconnected But 1t seems
just to say that no naturalist before or since has come near Darwm
m hus realisation of the web of hife, 1n his 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
tamhing of a living body we are accustomed to the 1dea of the cor
relation of organs It s of the very nature of an organism that there
should be mutual dependence among 1ts parts The organs are all
partners 1n the business of kfe and if one member changes others also
are affected This 15 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 bram and sense
organs heart and lungs are closely bound together i the bundle of
lfe We Lnow 1 disease that a chan,e n one organ often affect
another and the fact remams though the nexus 1s sometimes myste
nous  The state of our hiver may give colour to our whole mtellectual
firmament, and a slight ocular derangement may warp a wise man s
phito ophy  The far reaching importance of a hittle organ like the
thyroid gland beside the larynx 1s well known, our intellectual as well
asour bodily health depends on its soundness  Now, justas there1sa
correlation of organs within the body so there 1s a correlation of
organisms 10 that system of things which we call Nature In both
cases we are here using the word correlation 1n its deeper sense—

From ] A Thomsen Dorwmmism and Human Life (copyrght 1900) Useu

by special permission of the publishers Henry Holt & Company
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that the various parts are more than mutually dependent that they
are 1n some measure co-ordmated making Jarger systems workable

‘What the metaphor of “the web of hife ' suggests —We may use
the metaphor web of life m two ways On the one hand Nature
has a woven pattern which sczence seehs to read each sczence following
the threads of a particular colour  There 15 a warp and woof 1n this
web which to the zoologist usually appear as  hunger and love’
There 1s a changmg pattern n the web becoming more complex as the
agespass and #us 35 evoluison  But the essential 1dea of 2 web 15 that
of mterhiphing and ramifymg ~ We can never tell where a thread wll
lead to  If one be pulled out many are loosened Ths 1s true of
Nature through and through

The phrase ¢ web of ife  suggests another piture—the web of a
spder—often an intricate system with part delicately bound to part
so that the whole system 1>madeone  The quivering fly entangled
mn a corner betrays itself throughout the web often it 1s felt rather
than seen by the lurking spinner  So in the substantial fabnc of the
world part 1s bound to part  In wind and weather or i the business
of our hie we are daily made aware of results whose first conditions are
very remote and chams of mfluence not difficult to demonstrate
lmk 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 1mpossible

of Living on their d —~We do

not know what bife n principle 1s but we may describe living as action
and reacuon between organisms and their environment  This 15 the

d ! relation—the dep of living on appro-
priate surroundings and the pumary tlustrations of hinkages must be
foundhere The livang creatures are real, just 1n the same sense as the
surroundimgs are real but st 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 biwology 15 only necrology
Huxley compared a ving creature to a whirlpoolina nver 1t 1salways
changing yet always apparently the same matter and energy stream
m and stream out the whirlpool has an mdividuality and a certam
umty yetitis wholly dependent upon the surrounding currents  One
may push the whirlpool metaphor too far 5o as to give a false sim
phaty to the facts for when vital whirlpools began to be there also
emerged what cannot be discerned 1 crystal or dewdrop—the will to
Lve acapaaty of persistent expertence and the porer of giving rise to
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other Ines  To 1gnore this 15 to attempt a fal ely simple natural
hustory But what Huxley s metaphor of the whirlpool does vividly
cxpress 1s the dependence of living creatures on their surroundings
We cannot understand either the whirlpool or the trout apart from
the stream ’

When we think out this fundamental dependence upon surround
tngs wesee forinstance that all our supphes of energy, 2ll our powers
of every kind—with our own hands, or by the use of anumals or by
means of machinery—are traceable to thesun  Or aZaim, 1t 15 easy to
show that our seciety depends fundamentally not on gold but on wron
We depend for food on plants and ammals and through these ammals
on plants ultimately the plants feed upon air water, and salts, which,
with the aid of the energy of the sunhght, they build up nto complex
organmic compounds, they cannot do this unless the sun shines through
a screen of green pigment called chlorophyll there cannot be chloro-
phy I without 1ron, fherefore our whole social framework 1s founded
on sron

Nutrtive chains —Plants feed on their mmammate environment
n a direct way that 15 impossible to 2mmals so we pass 1msensibly
from dependence on surroundings to those nntraine chatns which bind
linving creatures together in long series often quantly suggestive of

The House That Jach Bult and sumlar old thymes We have
ceased to wonder at the arculation of the blood i our body have we
begun to wonder enough at the ceasele s circulation of matter n the
systern of nature? As Heraclitus said wévra pet all things are in flux

The ram falls the springs are fed the streams are filled and flow to
thesea the mist nses from the deep and the clouds are formed which
break agan on the mountam side  The plant captures air water and
salts and with the sun s aid, bwlds them up by wital alchemy into the
bread of life mcorporating this nto itself  The animal eats the plant
and a new mcarnation begins Al flesh 15 grass  The animal becomes
part of another ammal, 2nd the remncarnation continues  The silver
cord of the bundle of life 1s loosed, and earth returns to earth The
mucrobes of decay break down the dead, and there 15 a return to air
and water and salts e 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 thinlung —To keep a famous
1nland fisa pond from giving out some boxes of mud and manure were
placed at the sides Bactena—the mumons of all putrefaction—
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worked m the mud and manure making food for minute Infusorans
which multiply so rapidly that there may be a million from one m 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 multiplied 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 thinking ' What was 1n 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 Bilingsgate How does this work out? Mr G E Bullen shows
that “for the years 1go3-rgo7 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 mn the
neighborhood of the fishing grounds during the same month
Mr W J Dakm shows that the food of Copepods consists largely
of the vegetable orgamisms of the plankton, such as diatoms and of
Tnfusoria hike called Perid But the d of
this microscopic plankton the “stock of the seasoup depends
partly on the corsposition 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 mackere] but Dr Allen has shown a correspondence between
sunshide and the catches Thus we see that if all flesh 1s grass
then 1n the same sense all fish 1s diatom

Nutntive chans 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 carniy orous
ammal through long senes—fish feeds on fish, fish on Crustacean
Crustacean on worm worm on still smaller fry, and all wltimately
depend on the basal food supply—the ceaseless shower of moribund
atomes 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 —Passtng from nutritive 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 mstances are to be found in in
terrelations between plants and ammals which secure cross fertiisation
and the distribution 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 visiting msects
have grown up throughout long ages together in alternate influence
and mutual perfecting  They are now fitted to one another as hand
toglove The mnsects visit the flowers for food 1n so doing they carry
the fertilising golden dust from blossom to blossom, so that the
possible seeds become real seeds

In 1703 a Berln naturahst Chnstian Konrad Sprengel, like
Darwm mn his perception of the web of life, published a pioneer book
entitled The Secret of Naiure Discovered wn the Structure and Fertilr-
zation of Flowers, m which he showed that most flowers have
nectar which msects enjoy, that by the msects visits pollnation 1s
secured, that there 1s no detail of the flower without 1ts meamng—
the colour 15 a flag to attract the insect s eye conspicuous spots are
honey guides to the explorers there are arrangements for Leeping the
pollen dry and for dusting 1t on the insects, and so on  If Sprenge!
had only discovered the utility of the cross fertthsation, which Darwin
proved experimentally his work could hardly have been overlooked
for nearly seventy years In 1841 1t came into Darwimn's hands, and
impressed him as bemng  full of truth,” although “with some little
nonsense ' In Darwmn’s work Sprengel had Ius long delayed reward

Darwin s instance of the connection between cats and clover —
One of Darwm s mstances of the web of Iife—given 1n connection with
the pollmation of flowers—has become familiar all over the worla
It should never become trite to us 2nd 1t should never be regarded as
more than a particularly clear illustration of a general fact “Plants
and ammals remote 1n the scale of nature, are bound together by 2
web of complex relations I have found from experunents, that
humble bees are almost mdispensable to the fertilisation of the heart s
ease (Viola trscolor) for other bees do not visit this flower I havealso
found that the visits of bees are necessary for the fertilisation of some
kinds of clover—thus oo heads of red clover (Trsfolsum pratense)
produced 27 ooo seeds but the same number of protected heads pro-
duced not a single seed  Humble bees alone visit 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 he. rt’s-ease and red clover would become
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very rare or wholly disappear We know that the red clover
wnported to New Zealand did not bear fertile seeds until humble bees
were also mmported * The number of humble bees m any distnct
depends 1n a great measure on the number of field mice 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 numerous than elsewhere which I
attribute to the number of cats that destroy themice  Thus we may
<ay, with Darwin that next year s crop of purple clover 1s mfluenced
by the number of humble-bees 1 the distnct which varies with the
number of field mice that s to say with the abundance of cats!
Scattering of seeds —It 1s a fasanating chapter of natural history
which tells us how cross-pollination 1s effected—here by a bee and
there by a butterfly, occasionally by a long billed hummung bird
beautifully poised before the flower with almost mvisibly 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 ammals in the
scattenng of seeds and here again Darwim gives us the classic case of
fourscore seeds germunating out of a ball of mud from a bird s foot
From one mstance 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 ripples made
when we throw a stone mto a still lake 1 either case can we deubt
that the spreading influences are real though they pass beyond
our ken?
between fresh-water mussels and fishes —As a
striking dlustration of the inter nlung 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 Glochidsa are formed. The mussel keeps
these within the cradle untd a fresh water fish—such as the mnanow—
comes into the victuty and then she sets them free  In a way that
we do not unds d, the simple of the larvae 1s tuned
to respond to the presence of minnows and the hike and with seapping
valves they manage to fix themselves to therr host. After a short
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period of temporary parasitism, at the end of which there 1s a meta
morphosis they drop off from the fish into the mud, often far from
their birth place This 15 curious enough, but the 1dea of Linkages
becomes incandescent 1 the mind when we note that. just as the fresh
water mussel has young temporanly parasttic on fishes, so a fresh
water fish the bittering (Rhodens amarus), has 1ts young temporarly
parasitic n the gills of the mussel

Life tustortes of parasites —When we pass to parasites n 2
stricter sense we find the most extraordmary mterconnections the
most widely separated amimals often sharing a parasite between them
Liver rot which has repeatedly Lilled a mullion sheep 1n a year m
Britain alone, 1s due to a parasite which passes from sheep to water
from water to water snall, 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 suilar relations hold for hundreds of spectes The
troublesome threadworm of human blood (Filarsa sangusns homsnss)
1s transferred from man to man by the mosquito and the giinea worm
which was probably the fiery serpent that veved the Israelites m the
desert which passes mto man m dninking water, spends 1ts youth
m a minute water flea, called by the giant s name of Cyclops The
mmportance of tse tse flies 1n transmitting the minute ammals 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 it seems to have
been shown 1n India that the more cats the fever rats and the fewer
rats the fewer rat fleas which are the agents i passing the plague-
germs to man

Far reaching influence of certan ammals, earthworms-—We
realise the 1dea of the web of Lfe 1n another way when we consider the
far reaching influence of particular hands of activity the best mstance
bemng the work of earthworms In 1777 Gilbert White got at the very
root of the matter * The most msigmificant msects and reptiles are of
much more consequence and have more mfluence 1n the economy of

nature than the mcunous are aware of Earthworms, though 10
pp a small and d ble hink 1n the chain of nature yet, if
lost, would make a lamentable chasm Worms scem to be the

great promoters of vegetation, which would proceed but lamely with
out them by boning perforating and loosening the soil, and rendenng
1t pervious to rains 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
infimite 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 thmk 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 time and would
open a large and new field 1n natural history

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 yearsago ~ 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 brusmg the soif mn therr
girzards 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 mountam ash
radiating round one hole hike the spokes of 2 wheel, the withering
leaflets bad been carned down and two were sticking 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
m 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 earthina 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. furcher and 1t becomes evident that the con
stant exposure of the soul bactena on the surface 13 bound to be
mportant, on the one hand 1n allowing them to be scattered by wind
and rain on the other m exposing them to the beneficent action of the
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sunlight—which 15 the most universal effective and economical of all
germicides

In Yorubaland, on the West Coast of Africa, Mr Alvan Millson
caleulated that about 62 233 tons of subsoil are brought every year
10 the surface of each square mile and that every particle of earth, to
the depth of two feet, 1s brought to the surface once 1n twenty seven
years It need hardly be added that the distnict 1s fertue and healthy

Earthworms play their part in the dismtegration of rocks, letting
the solvent humus-acids of the soil down to the buried surface  Therr
castings on the hill slopes are carried down by wind and ram and go
to swell the alluvium of the distant valleys or the wasted treasures of
thesea The well known parallel ledges along the slopes of grass clad
hulls 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 ammals which have
played so important a part 1 the history of the world as have these
lowly orgamised creatures  Ihose who wish to understand Darwin
1sm should always begin with Darwm s last book—7The Formation
of Vegetable Mould through the Action of Worms (188z) It wlus
trates the web of hfe the 1dea of which 15 essential to an understanding
of the struggle for existence and natural selection  But 1t also illus
trates what Darwin had learned from Lyell—that great results may
be brought about by accumulation of infinitesimal items ~ As Professor
A Mlnes Marshall said  The lesson to be derved from Darwin s
hfe and work cannot be better expressed than as the cumulative 1m
portance of snfinutely little things

Termutes, or white ants —Henry Drummond 1n his Tropwal
Africa, tried to male out a case for the agncultural importance of
termites, or white ants It 15 well known that these old fastioned
msects kave a prumng action in the forest, destroying dead wood with
great ramdity  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
mormng  But what of the termutes agncultural importance? The
pomnt 15 that they keep the soil crculating by constructmg earthen
tunnels up the sides of trees and posts and by making huge obelisk hke
ant hulls, or termitanies  “The earth tubes crumble to dust which 1s
scattered by the wind  the rains lash the forests and soils with fury
and wash off the loosened grains to swell the alluvium of a distant
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valley* It must be noted however that Drummond did not prove
his case with sufficient prectsion and there 15, as Eschenich ponts 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
1ces to be put to the credit side of ther 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 bwlt up from the

broken-down remauns 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 agaimst
the wall from books n the library to corks n the cellar  There does
not seem sufficiently precise information 1n regard to the living plants
that they attack and no safe general statement tan be made except
that their appetite 15 Jarge and catholic

With a centre mm earthworms what a variety of mterests must be
mcluded within the radius of their hife and workl—centipedes birds
moles seedlings man The same s true of termutes and two further
ilustrations may be given Observers have reported about thurty
different species of terqutes with the habit of feeding on fung: grown
withun the termutary on specially constructed mazy beds  The habit
15 interesting in many ways for mstance because the fung afford
a supply of nitrogenous material which 1s scarce m the ordinary diet
of wood and also because a sumilar habit occurs i the quite unrelated
true ants Fmally the web 1s illustrated by the numerous boarders
mostly beetles that are found i the termitaries—not hostile mntruders
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 vanety of interegts must
we ot mclude withm 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 Ife has been
working upon the earth for untold ages Take plants for mstance
The seaweeds lessen the force of the waves the hichens eat ito the
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rocks, the mosses form huge sponges on the moors which keep the
streams flowing m days of drought Many lttle 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 sunhight 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
Lnell No plant, from bacterium to oak tree, lives or dies to 1tself,
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 with human hfe? The answer at this stage n
our mnquiry 1s clear we must respect the web of life if we wish to
master Nature She must be humoured, not bulied Emerson
included m his vision of a perfected earth the absence of spiders, but
the absence of spiders—which snare so many mjurious msects—would
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 squurels and they formed a squirrel cub
setting a price on the beautiful rodent shead  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 jubilation thereat a
cloud began to nise n the sky  The wood pigeons were multiplying
worse than ever, and the farmers atleast said with no uncertain voice
that they preferred the squirrels An imperfect recognition 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 irrigation, 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 plains 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
1sect pests are nife among the crops  For “the cheapest and most
effective 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 hfe as we see m proper
perspective the crimmnality of those who are ruthless President
Roosevelt has declared his abommnation of the land shinner’ — ‘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 comesinafter im  That manisa curse and not & blessing to the
country  The prop of the country must be the man who intends so
to run s busiess 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 Ife will say with Roosevelt “Iam 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 admutted that there
bas never been a strong enthusiasm humamtanan or otherwise
agamst the ehmination 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 ife 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 scientifically and
aesthetrcally deplorable that birds like the great auk and mammals
like the quagga should have been extermuinated but 1t 1s practically
much more deplorable that we have lost 5o many hawls and weasels
and other members of that pertinacious army whose gueniila warfare
keeps hundreds of more humd up to the scratch and
keeps vermm fromb 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 lustory m romantic routine

n this extingwished ammal 7 Have we extinguished the parasite also ?
Or 1s 1t waring with & whip of scorpions to chastise mankind for
their ignorance of Darwinism?

‘The practical importance of recognising the web of life has been
proved by the heavy penalties which man has often bad 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
introduction 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, ‘15 co tly By disturbing the
balance of nature man has mtroduced foes 1nto his own household
Speaking of Austraha be says  How much 1s needed for the erads
cation of Bathurst Burr Prickly Pear Water hyacinth Bramble and
Sweetbriar Codhin Moth Waxy Scale Pear Slug and Red Spider,
owing to carelessness or Jack of knowledge 1n early days?

An obvious moral 15 that we should be careful m 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 tick 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
Onsgin 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 cnticism of
Darwimsm 1t would be advantageous to have before us a bnef and
pomted summary of Darwin s theory—natural selectton—now Lnown
techmcally as Darwimusm  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 § NATURAL SELECTION THEORY

‘ Darwmism may be defined as a certan rational causo-mechanical
{bence mnon teleologic) esplanation of the ongin of new species  The
Darwinan explanation rests on certam observed facts, and certam
inductions from these facts  The observed facts are (1) the mncrease
by multiphication 1 geometncal ratio of the mdividuals m every
species whatever the hind of reproduction which may be peculiar to
each species whether this be simple division sporulation budd.mg
parth and sub division or
(sexual reproduction) (2) the always apparent shght (to greater)
vanation 1 form and function existing among all individuals even
though of the same generation or brood and (3) the transmission
with these mevitable shght vanations by the parent to its offsprng
of a form and physiology essentially lihe the parental The mferred
(also partly observed) facts are (r) a lack of rcom and food for all
these new indidual duced by 1 multiplication and
consequently a competition (active or passive) among those individuals
having any ecologic relations to one another as for example among

Trom V L Kell gg Darz n m ToDay (cop)'"eht 1g07) Used by per
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those occupying the same locality, or needing the same food, or needmg
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 gwve them an advantage over therr confréres which
results 1n saving their life 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 offspung
their advantageous condition of structure and physiology (at least, as
the “mode” or most abundantly represented condinon among the
offspring)

“The competition among mdividuals and kinds (species) of organ
1sms may fairly be called a struggle  This 1s obvious whentisactive
as m actual personal batthng for a piece of food or m attempts to
capture prey or 1o escape capture, and less obvious when 1t 1s passive
as i the endurance of stress of weather hunger, thirst, and untoward
conditions of any kund  The struggleis or may be, for each ndividual
threefold 1n nature (1) an active struggie or competition with other
mdividuals of 1ts own kind for space 1n the habitat, sufficient share of
the food, and opportunity to produce offspring 1 the way pecubar
and common to 1ts spectes, (2) an active or passtve struggle or compe
tition with the mndividuals of other species which may need the same
space and food asatself 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 1t hves i as varywng
temperature and humidity storms and fleods, 2nd natural catas
trophes of allsorts  For any individual or group of mdividuals any of
these forms of struggle may be temporanly ameliorated as 1s (1) tht
wtra specific struggle among the th ds of honey bee individ
lLiving together altrusstically, 1 one hive or (2) the inter SpeleC
struggle when two species live together symbiotically as the hermut
crab Lupagurys and the sea anemone Podocoryne or (3} the struggle
agamst untoward natural conditions as m special times or places
of highly favourable clumate, etc. Or for any mdividual or group
of ndividuals all forms of the struggle may be coraidently active
and severe The resultant of the.e existmg condstions 18, accord
g to Darwin and hus followers, an mevitable natur.! selection of
wdividuals and of speaies  Thousands must die where one or ten
may live to matunty (1e, to the time of producng young) Which
ten of the thous:md hal] hive depends on the shight but sufficient

p d by ten individuals 1n the complex 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 opportumity for the perpetuation (by transmission to the
offspning) of thewr particular vanations There are thw let ten to
reproduce therr advantageous vanations  The offspring of the ten of
course will vary m therr turn 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 2 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 not hve) through wncounted generations in unrechonable time

Ths 15 Darwin s causo-mechanical theory to explamn the transforma

tion of spectes and the infimte vanety of adaptive modsfication A
ngorous automatic Natural Selection s the essential 1dea m Darwin

1sm at least n Darwimsm as 1t 1s held by the present day followers
of Darwin ’

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 Lamarck s nonsense 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 from st ’

In spite of these views Darwin s Orsgen of Spectes 1s mterlarded
with Lamarclian 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 imhented
Followers of Darwin espetally Weismann felt this to be the chief
defect in the fabne of Darwiusm and bent their efforts chuefly toward
purging Darwimsm of all tamt of Lamarckism,
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2 Darwin msisted upon the 1dea that minute fluctuating vana
uons, which we now know are to a large extent non henitable were
the pnncipal 1f not the sole, materals 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 npecessary bass for selection We now Lnow
that mutations may be as small as fluctuating vanations or as large
as ‘sports and that they are of much more frequent occurrence
than Darwm supposed

3 Darwin considered all vanations as heritable He did not
distinguish between somatic vanations and germenel vanations. In
fact, as we learn from 2 study of hus p theory, he dered
all vanations as m the first mstance somatic and subsequently
transferred by means of gemmules to the germ cells  Every somatic
vanaton whether induced by use, disuse 1n response to environ
mental stimulus, or through mete spontaneous varallity, was sup
posed to be able to give off gemmules nto the blood stream that
would carry to the germ cells the physical basis of the varying charac
ter The pangenesis mechamsm 15 now known to have no basis
m fact

4 The natural selection theory 1s based upon a mistaken concep-
tion of the methods of artificsal selection  Darwin behieved wathout
having any proof for this belef, 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 shght fluctuating vana
tions n favorable or desired d.uecnons and that this resulted m the

e or of the desired characters
over a long semes of generations  Darwin supposes that the racically
changed conditions of domestication hasten and stimulate vanability,
thus offenng a better opportumty for selection Transferrnng this
1dea to nature, he thinks that changed natural conditions stmulate

¥, Just as does d 1on, and that this 15 seized upon by
natural selection to make for adaptation to the new environment and
the vesultant ongin of new species

Our modern experimental studies have shown that somahc

d: 10ns due to 1 changes are not hereditary, and
that all of the recent domestic vatieties whose origin has been observed
have been the result of suddenly appeanng germumnal vanations or
mutattons that arnve fully formed and cannot be improved by selec
tion except that they usually need to be sclected out or 1solated 10
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order to prevent swampmng out through intercrosstng with the
parent type

5 Objection bas frequently been made to Darwin s 1dea of the
purely forturtous or chance character of vanations Accordng to
this view vanations occut m all structures and m all directions at
haphazard so that there would be the widest possible opportumty for
2 grven adaptive varation to occur just when the circumstances
would demand Tt now appears that vanations do not occur m all
directions 1n random fashion 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 variat ons really tend to follow
certan defimte hines owing to purely internal causes natural selection
would be unnecessary at least until orthogenests went too far for the
good of the speaies or far enough to be of real importance m the
struggle for existence

6 The difficulty of explammmg how natural selection could make
use of the mtial stages of adaptive stractures 15 obvious  It1sincon
cetvable that the first almost umperceptible vamnation in a favorable
direction could be of selective value, so as to effect the survival of the
mdividual or the relative number of its offsping ~ What would be the
advantage of the first few hairs of a mammal or the first steps
toward feathers in 2 bird when these creatures were beginmng to
diverge from therr reptilian ancestors? This objection 15 of course
based on the fluctuating vanation 1dea Ii 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 Natura] <election 15 saxd to be mcapable of explaming the ongin
of coadaptine and highly complex adaptations whose effectiveness
depends upon the perfection of their adjustments to one another  For
etample we may refer to some of the perfected adaptations descbed
i chapter iv  In the case of the electnic organs of certai fish the
Darwinan assumption would be that the first step m the direction of
an electric organ would be a very small one and that 1t was built up
uttle by Iittle by means of natural selection  But say the cntics 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 1n 2 small way The whole phenome
non of protective resemblance 15 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 Kallima previously descnbed (pp ~26-228)  In 1ts present
condition this animal bas a strikingly detailed resemblance to a dried
leaf which 1s therefore doubtless of some value  But of what value
would be the first tiny change in the direction of resemblance? Untl
1ts resemblance became close enough actually to decerve the enemues of
butterflies, the critics claim there would beno chance for selection toact.

8 It 1s frequently objected that a vast number of characters of
organs ate useless or non adaptive and, as such could not have an en
through the instrumentahty of natural selection If these ustless
characters which are sometimes quite large and promunent, are
independent of natural selection, why do we need natural selection to
explain adaptive characters? It 1s also claimed that a vast numbes
of specific peculiarities are useless and therefore could not have helped
m the differentiation of species It should be said n defense that
Darwin realized this difficulty quite as clearly as do his enties and
was greatly puzzled by st Hisidea of correlated vanabihity, however
helps to answer 1t for 1t may well be that many of these apparently
useless characters are correlated or inked in inheritance, with charac
ters of supreme selective value such as general hardiness or great
fecundity Darwn 2lso points out that we are not i a position at
present to pronounce judgment on the value of many structures or
functions that have been adjudged non adaptive

g Certamn characters 1n orgamisms past and present have been
wnterpreted 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 ltfe  The case of the extinct Insh
¢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 1s said to have
brought about the extinction of the race  Natural selection, which 18
supposed to have brought the horns up to the point of adaptive
perfection, should have kepl them within the bounds of usefulness

Again the g and overspecialized dimosaurs
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 1s such a common
phenomenon 1n nature 1s said to meet with no adequate explanation
on a sclection basis  The case of the whale s vestigial hind hunbs 13
a case in pont  Darwin s explanation nould be that under aquatic
condittons the first whale ancestors would be handicapped by hind
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legs and that any decrease 1n their size which would be enhanced by
disuse would be of advantage This mght seem reasonable during
the maimn period of hmb reduction, but, after the mb 1s reduced to a
subcutaneous rudiment, there could be httle advantage in camrying
the rudimentation still farther Some whales have the tund hmbs
much more profoundly reduced than others although they are all
thoroughly out of the way and mvolve no hindrance n swimming
Any number of sumilar cases of the same hind might be aated  Darwin
had no explanation to offer except a resort to Lamarckism but
Wesmann the ablest neo-Darwiuan offered the theory of panmraa
to cover this objection 2 theory which 13 mentioned mn chapter 1 znd
will be discussed later
11 Itisobjected that unless favorable vanations occur m a large
number of dividuals at the same ttme the character would be
ped out by with mdividuals not g the
favorable vanation The probability that such a swamping-out
would occur was shown mathematically by vanious cnties By way
of answer to this objection there arose 2 number of 1solation theo-
nes dmg to which ly varymg would be
Pprotected from back-crossing with the non varymg mdviduals  We
mught also pomt out that the Mendehan laws of dommance and
segregation would serve to prevent loss of any new favarable character
12 It 1s oljected that natural selection might explam the sur
vival but not the ammval of the fittest ~ But Darwmin met this
perfectly when he saxd  Some have even mmagined that natural
selection induces vaniabihty whereas 1t implies only the preservation
of such vanations as anse and are benefictal to the bemng under 1ts
condittons of hife
13 Cnticism has been directed agamst natural selection because
of the fact that some of the supporters of Darwiism notably Wets-
mann, have made the claim that natural selection 18 the sole cause of
evolution This idea of the Almacht or all-sufficiency of natural
selection was not Darwin s as 15 clear from the following statement
Tam convinced that natural selection has been the most important,
but not the exclustve means of modification
14 Itisobjected that many if not most of the fluctuating vana
tions with which Darwinism deals are purely quantitative or plus-
and minus varations whereas the differences between species are
qualitatrve, This 1s a serious objection and difficult to meet yet a
farr defepse has been formulated by leadmg neo-Darwimans
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15 There 1s a growmg sheptiasm on the part of biologists as to
the extreme fierceness of the struggle for eustence 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 1s claimed
that such choiwce mplies too high aesthetic powers mn anmals of
relatively poor vision and mentalty Experiments have been per
formed with moths in which the male and female coloration 1s
strikingly different 1n order to determime 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 academc in 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
been advanced by various neo-Darwinians

Most of the special objections rassed n this chapter have recenved
the attention of vanous able Darwimans and the student of evolutio:
would doubtless be mterested 1 the expert and fair minded defense
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of Darwinsm 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 It 1s obvious that natural selection can only act by preserv
mg of el the ) 1 must theref
be orgamismal  This Darwm and other selectiomsts have clearly
recogmised

2 As the whole orgamism must survive 1if the farourable vanation
or vanations are to be preserved 1t follows that certamn punor un
favourable vanations may also be preserved if they happen to exist
m an mdividual which survives on account of 1ts major favourable
vanations And since no mndmwidual 1s completely adapted to 1its
environment 1t follows that there must be always a vanable amount
of residual X m every

3 Ths residual unfavourable vanability may be of constderable
utihty under changed conditions

4 Complementary speciahsation of parts as Spencer has hown
1s favourable to successful competition and as 1t 1s the whole organism
that 15 selected or elmmated 1t follows that any weakness of one
speciabsed 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 the others for
its hence a y |} tendency will be
favoured by selection and therefore all struggles of one paxt of an
organism with another wll be reduced to a mmimum.

It 15 clear that there must be some underhving cnitenon 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 concevably survive by its possession of
a large number of small favourable vanations while another may
survive 1n virtue of a single valuable one but 1o each case 5t would be

From J L. Tayler The Scope of Natural Selection * % iural S sence 1399



392 EVOLUTION GENETICS AND EUGENICH

the whole value of that orgamsm which determuined its survival
This fact 1s continually disregarded by opponents of the neo Darwinian
position  yet this sefection of the orgamsm as a whole s the
fundamental postulate from which the theory of selection starts
Thus 1t 1s not uncommom 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 varniation mn 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 unimportant to be selected but as 1t 1s the
whole orgamism that 15 selected 1t 1s not logical to make an artificial
separation and study the development of one organ or structure
wrrespective of the other organs with which 1t 15 mn nature associated
Ervery organ in sis evolution must be considered 1n relation to the whole
of the particular orgamsm wn which that partucular stage of development
of that organ 1s found

Starting therefore wath 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 certam lines of
development will result from the application of this enterion Ina
senes of orgamisms placed under new conditions, elummnation will
proceed along Lines essential to bring about a proper adjustment to
the new conditions If the offspring of these adjusted organisms
merely repeated m 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
smce the offspring are produced only by the surviving orgamsms
selection 1s continually rassed to hugher and higher planes of adapta
tion, and therefore as long as conditions remamn constant, the
tendency of selection must be, as Darwmn clearly saw, rumulative
He did not, however apparently see that from this cumulstne
tendency definite vanability must anse out of mndefinite

Selection m direct relation to clmatic conditions 15 therefore of
very munor importance, whle selection among the members of 2
spectes and all forms of inter-organismal selection 1s of infinitely more
importance smce 1t 13 tis nteraction, produced by the offspnng 1o
different degrees mhenting the advantages of both parents (both of
whom have survived on account of certain advantages) that leads to
the cumulative development and never ending struggle for surviva
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Darwin came very near to this conception of defimte vanabihity when
he pointed out that ¢ if a country were changing the altered conditions
would tend to cause vanation mot but what I believe most bewngs
vary at all times enough for selection to act on  Externunation
would expose the remamnder to the mutual action of 2 different set of
wmhabitants which I beleve to be more important to the life of each
bemng than mere cimate and as  the same spot will support more
Iife of occupied by very diverse forms 1t 15 evident that selection
will favour very great diversity of structure

Bearng 10 mund ths cumulative action of selection 1t will follow
that nnder constant or relatively constant conditions the struggle for
successful Living will become more and more selective mn 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
tense exther from the number of from the increasmg adaptability
of the organisms or both certain major essential adaptations which
were necessary for the chmatic and other more or less comparatively
simple conditions wll be supplemented by minor aunhary variations
which m the earlier stages would pot have appeared  And still later
as more and more nigorous conditions of life were mmposed 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.
1 g

from the lised to the speciabised
and hugher and higher forms of life come 1nto bemg with mereasing
complexity and spectabisation of parts entailing an imcreasingly deheate
adjustment of those parts to each others needs the relation of each
part to the whole orgamsm becomes of more and more importance
and st follows that selection must become more and more generalised
m 1its action  No single vanation could be of service to any of the
hugher forms of life unless 1t was 1 more or less complete harmony
with the whole tendency of the individual ~ The adjustment of parts
and therr mutual mterdependence make 1t essental for adaptation
that the relation of parts be preserved consequently correlated
mnute favourable vanations will tend to be more and more selected
as evolution passes from the unspec:alised to the speciahsed forms of
bfe Thus response of the whole organism should be still more dehicate
1 those forms of Ife that are continunlly subjecting themselves to
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changed conditions hence this delicacy of adjustment 15 far more
necessary n the higher forms of ammal life than in more stationary
plant organisms and mn the developing nervous systems of anumals we
have just the central adjusting system that 1s required for these cond1

tions 11 uh evolution of type there will thus be an increasingly definste
tendency given to orgomic especally the anmmal, forms of life 1of the
acting principle of evolution has been selectional  Selection 1s, 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 orgamsm

tends to produce more and more defimte tendencies mn all surviving
forms of hfe which tendencies are progressive and contmnitous 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 direct cause
of those favourable varations winch 1t subsequently selects from 15
able to dispense with any subsidiary factors provided it has a certamn
number of elementary properties of life which afford sufficient material
to work with

EXPERIMENTAL SUPPORT OF THE EFFECTIVENESS
OF NATURAL SELECTION

Weldon’s with the shy bs of Plymouth Sound —
These experiments seem to show that under changed environmental
conditions natural selection acts upon minute fluctuating vanations
of Linear or quantitative type so as to produce an alteration mn the
species  exactly as Darwmmism 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 sedument that 13
carred by the river and the changed condtion caused the death of
numerous crabs of the species Carcinus maenas  The question arose
as to whether the survivors and those that had penshed showed any
conststent differences on the basis of which selection could be operat
g Careful of hundreds of individuals showed that
the mean breadth of frontum 1s shghtly less m the survivors than in
the perthed  \easurements were repeated n two subsequent years
and it was found that there was a progressive narrowmg of the
frontum  As an expenimental check upon these conclusions Weldon
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placed 2 number of crabs i a large aquanum w which china-clay w
Lept partly m suspenston and found that about half of them die
Agam the survivors were compared statistically with the perished a1
the same relation was found to hold that the survivors had a me:
frontal breadth distmnctly narrower than that of the penished Wi
don concludes that Ius experiments have demonstrated two fac
about these crabs  the first that their mean frontal breadth ss dimu
1shing year by year at a measurable rate which 1s more rapid m mal
than i females  the second 1s that this diunution 1 frontal bread
occurs i the presence of 2 materal namely fine mud which
mereasing 1n amount and whuch can be shown etpenmentally
destroy broad fronted crabs at a greater rate than crabs with narrow
frontal margms and I see no escape from the conclusy
that we have here a case of Natural Selection acting with gre
rapidity because of the rapidity with which the conditions of 1
are changing

Cesnola s experiments with Mantis —To test the selective val
of color markings Cesnola fixed spemens of the brown and gre
Mantss religrosa on plants some of which were agamst harmonrot
others agamst disharmonious backgrounds  The result was that mc¢
of those which were mconspicuous because of a harmonous bac
ground escaped while most of the others were eaten up by birds

Poulton s and Sanders’ expenments with butterfly pupae
Numerous pupae of various colors were placed under condittons fave
ing protective coloration and others under opposite conditions T,
conclusion was that protective coloration 18 2 real survival factor a1
one that operates so as to give the protectively colored mdmvidu
a decided advantage m the strugsle for exstence

Davenport s expertments with chickens ~—A number of chicker
some blach some white and some barred or chechered m color we
allowed to wander free n the fields Hawks Lilled most of the whut
and many of the blacks but spared to a large extent the less co
spicuous chechered and barred types which are harder to dete
aganst a mixed background

All of these experiments merely tend to skow that discrimuna
survival actually occurs but only the expeniment of Weldon has
beanmg on the possibihity that mere quantitative changes of smy
dimensions might under certamn conditions be of selective value ¥
badly need more experimental evidence of this sort and untl t}
1 forthcoming we shall have to admit that there 15 very Lti
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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 approach deq As an

explanation of the onigin of new types or new species 1t falls far short

of adequacy and I thin\ Darwin evidently reabized this aithough he
. was unfortunate enough to entitle his book Ortgin of Spectes As
an explanation of the ongmn and perfection of adaptation natural
selection has only one nival, the far less satisfactory I amarckian 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
critique of De Vries s rather extreme position that the mutation
theory needs no aid from natural selection, Weismann shows in 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

a

THE RELATION OF MENDELISM AND THE MUTATION THEORY
TO NATURAL SELECTION®

€ ¢ NUTIING

Two marhed tendencies are evident in the history of any important
theory after its publication

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 claims
fo- natural selection, of the followers of Mendel such as Morgan and

From an address given before the Genetics branch of the Amencan Asson
tion for the Advancement of Saence December 1920 Scrence NS Vol LIN
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Pearl, and of many mutationists who make much greater clams for
that theory than does De Vries humself

Second  Each generation of biologists 1s sa occupred with 1ts own
work and contemporary theories that 1t makes no real effort to
understand preceding theones

Ths second tendency seems to me most marked 1n the attitude of
present workers along genetic hnes towards natural selection. They
reveal an apparent lack of understandmg of what Darwin really meant
and of what he clamed and when crtising that theory they are
often engaged 1n the classic but unprofitable exercise of fighting
WL

In view of these facts I hope you wall pardon me if I present in as
few words as possible just what I believe to be the main factors which
Darwm presented as resultng 1 thewr actions and reactions m
natural selection  These factors are three in number

Fust Heredity by which the progeny tend to resemble therr
parents more than they do other mdnviduals of the same spectes

Second Indmidual varsaliom by which the progeny tend to
depart from the patental type and sometues from the spectfic type

Third  Geormetrical ralzo of increase by which each species tends
to produce more mdividuals than can survnve

Each of these factors 1s practically axiomatic so little 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
mvolved. These do not affect the fact of heredity nor invahdate 1t
as a factor ;m natural selection

No one doubts the fact of vanation whetheritis the individual
vanation of Darwmn the fluctuating vanety or the mutation’
of De Vries, All that 1s necessary for Darwin s purpose 1s that there
be hentable vanations  That there are such thines all parties agree
and 1t matters little what you call them  They are adequate to act
as a factor m the Darwinian scheme

No one doubts the fact of geometnical ratio of increase Itisa
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 reflection will show that geometrical ratto of ncrease
18 & guantitative factor giving an sbundance of mdividuals from
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which toselect that mdividual vanation 1s a qualitative factor giving
the differences which make a selection possible and that heredity 15
a consenvative factor, holding fast those characters which better fit
the organism to its environment

Now 1t seems to me that there 1s no po sible 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 sug,ested a more acceptable term for the
process of selection resulting from the mterplay of natural laws

‘Three outstanding theories have been advanced since the publica
tion of the Orsgin each nvolving an advance 1n our knowledge 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
confirmmg and greatly extending 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 descnibed 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 vanability inhentance, selection and mutation which were
negessanly vague n hus time

In 1904 when these words were pubhshed there did seem to be
a harp 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 Vries claimed that new species
were formed by the sudden appearance by mutations of forms speaifi
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 materal on whach selectron acts  while De Vries thought
that mutants usually large varratioas 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 Darwin
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 1n the brief span of a man s hfetime
mould a character steadily in 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 minute hentable vana
tions—so munute as to represent practically contmuous gradations—
occur n many organisms 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 occwsrence 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 by
the diverse meamngs of vamations as used by Darwin and
De ¥ries Darvwin included in lus individual vanations both the
‘fluctuating varieties and the mutations of De Vnes 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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more clear sighted than many of s followers All that Darwin
needed for hus purpose was proof of variations that are hentable, and
these are found m mutations be they large or small

Just as Mendelism has to do with the mechamism and not the fact
of heredity, so the mutation theory deals with the nature and not the
fact of variations  Neither, m my opimion, has any implication that
15 antagomstic to the theory of natural selection

‘The statement has been made that natural selection ¢ ongiates
nothing  because 1t does not explam the ongin of vanations 1
must confess scant patience with this pomnt of view As well say
that the sculptor does not make the statue because he does not
manufacture the marble or his chisel or that the worker m mosaic
ongumates nothing because he does not make the bits of stone which
he assembles m his designl =~

‘The matenal corresponding to the bits of stone mn the mosaic 15
furnished by heredity and varration and 1ts quantity by geometnical
ratio of increase  Natural seléction acts m selecting and putting
together this matenal i the formation of new species Thus m 2
true sense 1t seems evident that hing new has appeared
somethimg that 1s but was not

Another favonte figure mtroduced I beleve by De Vres 1s

Natural selection acts only as a sieve determimng whch forms
shall be retamed and which shall be discarded Ths 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 vanations or mutations if you prefer
some of which are favorable to a mcer adjustment of the speces 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 1z a laterone  But in this case
natural selection would do more than a sieve could do It would
combine 2 number of favorable vamations m the production of
something new a new species!

In conclusion 1t seems to me that we are justified in mamtaming
that Mendelism and the mutation theory whlle formmg the bass of
the most brilhant and important ad m b ledge of
the last half century, have neither weakened nar suppla.nted the
Darwnian conception of the ¢ Ongm 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 i Pure Lines 1t was pointed out that germnal variations are hered
itary and somatic vanations {modifications) are not hereditary That germunal
vanations are hereditary and may be produced 1t a number of d fferent ways was
alsy made clear 1 the discussion of mumuons but the statemeat that somatic

are never in the least to a total demal of the

doctrime of the mhentance of acquired clmmctels the so~called Lamarckian
theory which was briefly presented m chapter 1t

Thus 15 not a closed question and the final answer has been grven neither in
the negative nor 1n the affirmative  The problem 1s of utmost 1mport for evolu
tiopusts and for all who are mterested 1n race umprovement, So important 1s 1t
to view this question farrly that we shall quote extensively from several of the
leading students of the preblem

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 n surroundin,
influence affect the germecells wn such @ specific or representats e uay
thot the offspring will through s inherdance exhibii, even wn a slhight
degree the modification whach the parent acquired?

Before we pass to discuss the ewdencepro and con 1t will be useful
to notice some frequently the p
of which would make further argument futile

Misunderstanding I —How can there be progressive 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 is 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 transmussibility 13 unquestioned there 1s
ample raw material for evolution We know a hittle about the abundant

wm J A Thomson
son o{l—he pJublxsh:r John nﬁ'g;’xf:gg mght 1007)  Used by special perous-
s01
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crop of variations at present supplied there 1s no reason to beheve
that 1t was less abundant m the past
rsund ding 11 —Tnlerp are not facts —There are
many adaptive characters m plants and ammals which may be super
fically mterpreted as due to the direct result of use and disuse or
of environmental mfluence The Lamarchians have so interpreted
them and the T amarchaan way of looking at adantations has hecome
habitual to many wnentical inds — They see on modern flowers the
footprints 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 giraffe 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 1s so full of evidences of the whentance of acquired
characters that no further argument 15 needed
But all this 1s a beging of the question It 15 easy to find struc
tural features which may be interpreted as entailed acquired characters
if acquired characters can be entalled  Obwviously however we must
deal with what we can prove to be modifications or with what we can
plau 1bly regard as modifications because we find their analogues 1o
actual process of being effected to-day
It 15 easy tosay that the blackness of the negro s shin was produced
by the tropical sun, and that 1t 1s now part of his natural inhentance
Tt 1s easy to say thus but absolutely futille Let us first catch our
modifications
The Golden Rod (Solida,0 mrganrea) groming on the Alps 15 pre-
cocious m 1ts flowenng when compared with representatives of the
same species gmwmg m the lowlands Hcﬁmann found that Alpme
forms t d to Giessen fore the
acquired precocity had become hentable But there 1s no evidence
{hat the precotity was atquired 1t m2y have been the outcome of the
selection of germmal vanations
The African Wart hog (Phacockoerus) has the peculiar habut of
Lneeling down on 1ts fore hmbs as 1t routs with its huge tusks i the
ground and pushes 1tself forward with its hind himbs It has strong
horny callosities protecting the surfaces on which 1t kneels and these
are seen even in the embryos. This seems to some naturalists to bea
-atisfactory proof of the inhentance of an acquired character  Itisto
others simply an instance of an adaptive peculianty of germmal ongin
wrought out by natural selection
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Misunderstanding III —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 peculiarty 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 ongnal
short sighted was a d on In all babl short
sightedness 1s 1 1ts ongin a germmal variation Lke 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 drive 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 guns 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 mhen
tance of a Lability to consumption as evidence of the mhentance of
modifications we are reminded of the pot calling the Lettle black

Over and over agam 1n the prolific hterature of this discussion the
syllogism s advanced either in regard to gout or something analogous—

Gout 1s a modification of the body an acquired character

Gout 1s transmissible

Mod: 100s are t bl
It may be formally 2 good argument but there 13 every reason to
deny the major premise  There 15 no proof that the gouty habit had

an exogenous ongin—that 1t was to begin with for mstance the
durect result of lngh hving though it 15 generally admitted that
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evcesses m eating or drinking may give a stimulus to its expression
¢ The conclusion that I have arnved at,’ says Prof D J Hamulton,
*1s that the gouty habit of body has arisen 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 pamting out the rrelevancy of citing cases of the hereditary
recurrence of polydactyhsm haemophilia, colour blindness 12 man
or the absence of horns 1n cattle or of tails in cats as instances of the

of d ch Prof Emnst Ziegler says ‘ Only

that can be regarded as acquired which 15 produced in the course of
the ndividual bie during and after the period of development exclu
sively under the mfluence of external conditions the term 15 m no
wise applicable to peculiarities which as one says anse of themselves
from a predispo 1tion already present i the germ

Musunderstanding IV —Mistaking the reappearance of @ modsfice
tn for transmission of & modification —It 15 of little service to ae
cases where a particular modification reappears generation after gen
eration unless 1t be shown that the change recurs as parf of the wnhers
tance, and not sumply because the external conditions which evohed 1t
1n the first generation still persisted to evoke it i those that followed
Reappearance 1 not synonymous with mhentance

Misunderstanding V —1staking re infection for transmission—
A particular form of the fourth misunderstanding has to do with facts
50 special that it may be convemently treated of separately It bas
to do with microbic diseases It 15 admutted that a parent nfected
with tubercle bacillus or wth the microbe of syphilis mav have off
sprng also infected  But such cases are irrelevant in the discussion
Infection, whether before or after birth, ha. nothung to do with mhernt
tance AsDr Ogilvie says ¢ Wherever the transmission of infectious
disease from parent to offspring hay been adduced to support the
doctrine of the ink of acquired characters, 1t has been done 10
utter misconception of 1ts meaming and scope

Medical men have sometimes condescended to make a subtle
distinction between  hereditary and ¢ congemital ! syphlis~the
fatter mamfested at birth, the former some time afterwards! It seems
strange that they have failed to recogpise that there 15 no reason to use
the word ¢ hereditary * at all m this connection  What occurs 18 a0
nfection, and 1t 1s theoretically immatenal at what stage the infection
occurs A microbe eannot be part of an ihentance
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VI d ding VI—T Ed Iulars 1s not o the
potnt —It 1s not to the pomnt to cite cases where unicellular organisms
such as bacteriz or monads, have been profoundly and heritably modi
fied by artificial culture, so that for instance the descendants of a
virulent microbe have been made to lose thewr evil potency It s
wrelevant because 1n regard to unicellular orgamsms we cannot draw
the distmction between body and germinal matter, apart from which
the concept of modifications 1s of no value In artificial culture the
whole ch of the Nut —1ts particular metabolism
—is altered 1t multiphes by dividing mto two or more parts which
naturally retamn the altered constitution But this 15 worlds away
from the supposed case of an alteration 1n the structure of the hittle toe
so affectmg the germ cells that the offspring inhent s corresponding
deformation

TProfessor L Errera (1899) reported an expeniment with a simple
but multicellular mould (Aspergellus niger) which adapted itself 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 in the nor
mal medium again  Thus looks ke 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 plesm 1s not more than incrprent m the mould
m question  And even if the distinction were more marked 1t would
only show that the germ plasm 15 capable of beng affected slong with
the body by a deeply <aturating influence which nebody has ever
demied

Misunderstanding VII—Changes wn ihe germ-cells along wuth
changes 1n the body are nol relevant —Another musunderstanding 1s due
toa failure to appreciate the distinction between a change of the repro-
ductive cells along with the body and a change in the reproductive
cells d d by and 1ve of a particilar change i
bodily structure  The supporters of the hypothesis that modifications
may be transmitted pomt to the tragic cases where some poisoming of
the parent s system by glcohal oplum or some toun 1s followed by
some deterioration 1n the offspring  There 15 no doubt as to the fact

the question 15 as to the correct mterpretation

1 In some cases 1t may be that the whole system of the parent 1s

poisoned—reproductive cells as well as body the effect may be as
direct on the germ—cells ason thenerve-cells These thereforr arenot
cases on which to test the transmussibility of an acquired character—te
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of a particular somahic modification I 2 local poronmg had 2
structural effect on some particular organ and if that structural effect
was reproduced m any degree 1 the offspring the case would be
relevant but when the whole organism 1s soahed 1 a pot on the case
sirrelevant  If st could be said that the sunshune which brings about
sun burming m the skin soaks through the orgamsm even to 1ts repro-
ductive cells and spectfically affects them in a manner analogous to
the saturating poison, we should have a physiological basis for expect
ing the mhentance of sun burmng ~ But we cannot make this assump-
tion We have no warrant for believing that the modificatron of 2
part re-echoes m 2 definite speaific way through the orgamsm until
even the penetralia of the germ cells reverberate
2 A parent orgamism 1s poisoned and there are structural results
of that posomng  The offspring are born poisoned and show sumlar
structural pecubanties  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 porsoning of the embryo before birth
1n a manner comparable to a pre natal mfection
3 In some cases—eg of alcoholism i € gen —
there may be poisoning of the germ cells along with the 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 an 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 m which the dnld:en ofa dxpsoma.mac fav.her and
a qute normal mother have exhub a to
msanity and the khe In this case the possibihty of porsonmg the
unborn child 1s eliminated, but there remam three possibilities of
mterpretation—that there was speeific pol.oning of the paternal germ
cells that what was inhented was the constitutional weakness which
expressed 1tself as alcoholism in the father and that there were detn
mental mfluences in the early —
nurture 1z short—of the offspring
But while we have admutted a good deal, we have not admitted
the transmussibility of a particular structural modification brought
nbout m the parental body as a result of the toxm
d dimg VI —Fadure to h between the
pa.mble herstance of & I difi and the possible snhert
tance of indirect results a/ that modificatson or of changes correlated with
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#—At first sight this seems hair splhitting but 1t 15 a crucal pomt.
Through his vigorous exercise the blachsmith develops a muscular
arm worthy of admiration, the shoemaler acquires skeletal and
muscular peculianties less admirable There are many permanent
and profound mod 101 d with parhicular occupations
Arewetobelieve 1t1sashed that the occupation of the parents has no
fluence on the offspnng? Are we to believe 1t 15 asked that the
children of soldier salor twnker, tailor are n no way affected by the
parental functions?
It would be interesting to have precise data mn regard to this butit
35 generally admitted that when parents have healthful occupations
their offsprmg are likely to be more vigorous  The matter 1s comph
cated by the difficulty of estimating how much s due to good nurture
before and after birth 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 offspring
‘But unless the ofisprng show pecuhanties iz the same direction as the
origmal modifications, we have no data bearng precisely on the ques-
tion at 1ssue
A beltef 1n the mnherttance of modifications was perhaps expressed
mn the old proverb  The fathers have eaten sour grapes and the
children s tecth are set on edge —a proverb which Ezeliel with such
solemnuty sa:d was not any more to be ased in Istael Nowif setting
onedge wasa structural modifieation and if the children s teeth were
setonedge as their fathers had been before them there would bea
presumption 1n favour of the transmission of this acquired character
though 1t would be still necessary to nquire carefully whether the
children had not been m the vineyard too  But 1f as Romanes said
the children were born with wry necks we should have to deal with
the mheritance of an indirect result of the parent s vagaries of appetite
and not with any direct representation 1 whentance 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 modificatton
appa ently the result of the novel mfluence and that their offspring
i the same environment may exhibit the same modification s a
greater degree Thus sheep may show a change in the character and
length of ther Seece and therr progeny may show the same change
more markedly
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But 1t 1s perfectly clear that if the evidence does not go beyond
this nothing 1s proved that affects the que tion atissue It was to be
expected that the offsprmg 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 influenced only from the date of their importation

What would be welcome 15 evidence that the third generation 18
more markedly modified than the second, then there would be data
worth considering  Only then would it be necessary to consider
Weismann s somewhat subtle di cussion as to the influence of chmate

THE INHERITANCE OR NON INHERITANCE OF ACQUILED CHARACIERS
EDWIN GRANT CONELIN

Few questions m brology have been discussed so fully and so
frwtlessly as this It 1s a problem of the greatest interest not only
to students of biology but also to soctologusts, 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 conditions of Ife were mhented and thus
brought about progressive evolution Long ago desire or need was
repudiated as a factor of evolution Lowell satinzed 1t m s Bsglow
Pgpers m these words

Some filosifers think that a fakhilty s granted
The mmnit 1t s felt to be thoroughly wanted

That the fears of 2 monkey whose holt chanced to fall
Drawed the vertibry out to a prehensile tail *

Darwin wiote to Hooker  Heaven forfend me from Lamarch s non
sense of adaptation from the slow willing of ammals , but although
he repudhated this feature of Lamarchism 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 mn order to explawn the
process of the transmission of such charagters to the germ cells
Weismann’s theories —Wesmann introduced a new era
biology by denying the mhentance of all kinds of acquired characters
and by challenging the world to produce evidence that would stand 8

From E. G Conkhin Heredsty and Enmronment (copyrght 1919) Used by
special permission of the publishers The Princeton Umversity Press.
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ngorous analysts But Weismann s greatest service lay m his con
structive theories rather than m destructive entreism  he forever
disposed of theones of pangenesis and the hike by showing that the
germ cells are not built up by contributions from the body and that
characters are not transmutted from generation to gemeration but
on the other hand that there 1s transmutted a germ plasm which 1s
relatively 1ndependent of the body and which 15 relatively very stable
n orgamzation This epoch making theory of Weismann s has natu
rally undergone some changes as the result of mew discoveries
It 15 no longer believed that the germ plasm 15 really independent of
the bedy, nor that 1t 1s absolutely stable a3 Weismann at one time
held  There 1s no doubt that the germ cells and the germ plasm are
phystologically related to other cells and to other plasms and sumularly
there 13 no doubt that the germ plasm although very stable can and
does change 1ts constitution under some rare conditions But in the
mam the germ plasm theory 1s accepted by the great majonty of
buologists to-day and recent work 1n genetics and cytology has brought
many confirmations of this theory

Distinctions between hereditary and acquired characters -—As
long as 1t was beheved that the developed characters of an orgamsm
could be transmutted as such to 1ts descendants it 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 organizatton to environ
mental stunuli  and of course no developed character ¢an be purely
hereditary or purely environmental But when a given character
anses m many indviduals of the same genotype under different
environmental conditions it 1s probable that heredity wiuch 1s the
constant factor in this case 1s also the deternuning factor for that
character On the other hand if a character develops i response to
peculiar stmuli and does not appear m other mdividuals of the same
genotype m which such stimuli are lacking 1t 13 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
acqured characters are those whose differential causes are environ
mental

Statement of problem.—Briefly stated the questson 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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pecuhanties of the which mfl the devel of
somanc 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 mto 1its germ cells
and be born agam 1n the next generation? Considering the fact that
germ cells are cells and contain no adult characteristics 1t seems very
improbable that any peculianty of environment wheth r of nutn

tion, use, disuse or mjury, which brings about certamn peculiarities of
developed characters in the adult could so change the structure of the
germ cells as to cause them to produce this same character m subse

quent generations i the absence of its extrinsic cause How, for
example, could defective nutrition which leads to the production of
nckets, affect the germ cells which contain 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, 1n turn would produce hypertrophted hearts 11
the absence of over-exertion seeng that germ cells have no hearts?
Or how could the loss or mjury of eyes or teeth or legs lead to the
absence or weakened development of these organs in future generations

seeing that mhernitance must be through germ cells which possess none
of these structures?

Lack of enid for inh of d ch —But
apart from these general objections to the doctrme of the mhertance
of acquired characters there are many special difficulties  There 15
no lusive and satisf: y evid 1n favor of such inhertance
Almost all the evidence adduced serves to show only that characters
are acquired not that they are mherited

It 1s & matter of common observation that mutilations are not
mhented wooden legs do not run m famulies although wooden heads
do  The ewid for the mh e of il due to use or
disuse 1s wholly nconclusive, for example, did the giraffe get hus long
neck because he browsed on trees, or does he browse on trees because
be has by mhentance a long neck? Did attempts to fly lead to the
development of wings 1 birds or do birds fly because heredity has
given them wings? Did Lfe in caves make cave ammals blind or did
blind ammals resort to caves because the struggle for exstence there
was less severe for them? 'The evidence 15 in favor of the second of
each of these alternatives rather than of the first.

There still remamns the question of the wnhentance of certan
characters due to environment, though here also the most clear-cut
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evidence 1s agamst this proposit on  That unusual conditions of food
temperature moisture etc may affect the germ cells so as to produce
general and mdefinute varations 1n 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 gravity salimity pressure, temperature etc and these
modifications of the germ cells probably lead to certam general moch
fications of the adult, which may be larger or smaller stronger ot
weaker accordng as the germ 1s well or poorly nounished but 1t 18
meredible that the environment which produces rickets or hyper
trophied heart or loss of si,ht m one generation should modify the
germ cells m such a peculiar and definite way that they should give
nse m 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 1>
a cell and not an adult orgamsm and m this case there 15 no suffi
cient evidence that the thing whih 1s incredible really does happen

No uhented 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 3
particular Lind of frit tree 1s grafted upon a tree of a different vanety
the quality of the fruit borne by that branch 1s not altered by its close
umon with the new stock  The same 15 true of all forms of anumal
grafts Harnson cut m 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 i color as well as in other respects R s3liatica being more deeply
pigmented than R palusirss  In the grafted tadpoles each half pre
served 1ts own peculianities even up to the adult condition

A still more stnlung case of the persistence of heredity m spate of
environmental changes 1s found m experiments 1n which the ovanes
are removed from one vanety of animal and transplanted to another
variety Guthrie made such transplantation 1n the case of fowls and
concluded that there was some influence of the foster mother upon the
transplanted ovary but Davenport who repeated his expeniments was
unable to confirm hus results Finally Castle and Phulhps furmshed
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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 gunea pig and
put 1t mn 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 DLlach 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 anv 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 effect 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 m the case of alpine 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 dorunant and recessive
characters remam pure even after their mtimate unton n a hybnd so
that pure d and pure r may be ob d 1n subse-
quent gencrations from this mixture?  Why does every child have to
tearn anew what his 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
hypothesis of the ! of acqured cb have been pro
posed m recent years Foremost among those are the mneme
theory of Semon and the centro epigenests theory of Rignano  To
Semon as to many other biologists the apparent resemblance between
memory and heredity has seemed significant and thus furmishes the
basis of hus theory Semon holds that every condition of life every
functional activity of an orgamsm leaves a permanent record of 1tself
m 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 acqured characters are mhented but rather

Are the hereditary potencies of the germ cells altered by stimuli
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

T 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 1s well known
that plants grown 1n poor soil are smaller and produce smaller seeds
than those grown i good soill and De Vnes Bauer and Hamns 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 nduction 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 Stochard finds that the mjurious effects
of alcohol on guinea pigh persist through two or more generations In
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 sresults  he found that mice raised in the
cold have shorter tails than those raised 1n higher temperatures and this
modified character appears in the next generation  If this1s an after
effector 1nd 1t should d 1 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, 2nd therr young continue to grow more yellow until
finally almost alt black may disappear  The offspring of such sala
manders are said to be more yellow than normal but this work has
been called 1 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 mstances of true imhentance, they do not
signufy a change tn the hereditary constitution but an mfluenc. on the
germ cell of a nutntive or chemcal sort comparable with what takes
place when fat stamns are fed to ammals  the eggs of such ammals are
stamed, and the young which develop from such eggs are also stamed
though the germinal constitution remains unchanged The very fact
that the changed condition 1s reversible and that 1t disappears wathin
a short tume 1s evidence that 1t 1s not really mhented

In concluston (1) Developed characters whether ¢ acquired’
ornot are never transmitted by heredity and the hereditary constitu
tion of the germ 1s not changed by changes in such characters  (2)
Possibly environmental stmuli acting upon germ cells at an early
stage mn their development may rarely cause changes in hereditary
wonstitution  but changes produced m somatic cells do not cause
corresponding changes 1n the hereditary constitution of the germ cells
(3) Germ cells like somatic cells may undergo modifications which are
not hereditary 1f starved they may produce stunted 1ndividuals and
this effect may last for two or three generations they may be stamed
with fat stamns and the generation to which they give nise be smlarly
stained, they may be poisoned with alcohol or modified by tempera
ture and such influence be carned over to the next generation without
becomng hereditary  All such cases are known as * induction and
many mstances of the supposed nhenitance of acquired characters
come under this category  (4) Environment may profoundly modify
ndividual 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 :dea of the
bility of acqured ct beng wnh d comes to us as 3
hentage of the rather extreme Weismanmian concept of the germ
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plasm  According to this view as brought out 1n another place
(p or) thereisan unbroken continmty from peneration to generation
of the germ plasm  Germ cells are thought of as remaing entirely
undifferentiated for any somatic function and as therefore capable of
starting at the beginmng to develop a new mdividual ~ The germ cell
1s supposed to be  set apart at an early period 1n a given indivzdual
1t takes no part in the formation of the indrvidual s body, but remams
a slumbening mass of potentialities which must bide its time to awaken
1nto expression 1n a subsequent generation

Physwologists object to this 1dea that the germ cells 2re so dis-
tinctly different from body cells and that they are so msulated, asit
were, from the soma as to be immune 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 m which somatic cells that already had become differentiated
as pnmtive muscle cells, lost thew differentration 2nd returned to a
germimnal condition If this kund of thing were general, and 1t 1s
probably not germ cells mght concervably be produced from func
tionmng 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 amimals at least there 1s extremely little
evidence In support of the 1dea that differentiated body cells give nse
to germ cells

Among plants, however a different situation prevals In the
Begonsa, for example any part of a plant if cut off 1s capable of pro
duang a whole new plant  Even a purely vegetative organ like a leaf
if cut off and partially buried m soil will bud off 2 new plant which
will produce flowers with perfectly typical germ cells We have to
admit 1nthiscase esther that leaf tissues contan undifferentiated germ
cells or that somatic tissues give nse to germ cells  The first alterna
tive1s m harmony with the germ plasm hypothesis the second 1s
the preferred view of the opponents of this hypothesis

Among amimals as for example annelid worms 1t 1s quite common
to find the germ cells aggregated in 2 few egments of the body Ifa
part of the body 1n which there are no recogmizable 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 Begonia case apply
equally well here Numerous other cases of the same sort are well
known to 2l zoologists  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 defimte germ cells when nceded This type of appeal 1s abhor
rent to the physiologist, and with some justification, for 1t really
begs the question by assuming that any cell that 1s capable of form
ng germ cells belongs to the more or less sacred lineage of germ plasm
If we confine the applicatton 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 15 only
among the upper ranges of highly specialized ammals that the con
tmty of the germ plasm concept holds solidly
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 15 an extremely mtimate correlation
function between practically all parts of a lving orgamsm  Many
of the structures such as the rudimentary pitmtary body, the thyroids
the adrenal body and varous other bodies whose function was long
unknown have now been shown to exercise a profound effect on the
development of the whole body Since practically all tissues are
known to affect at least some other tissues 1s 1t likely, the physiologst
ashs, that none of the other tissues affect the germunal tissues? The
orgamism 1s to be viewed 1t1ssaid not as a collection of independently
functioning parts but as a single coherent umt On this view no
tissue can be thought of as beyond the influence of orgame changes
The classic argument of the Weismannians was that ue can con-
cere of no mechanism by means of which somatic changes can be carned
back into the germ cells and therefore fhere 15 no such mechamism
Now the fallacy of this argument 1s obvious, even if we could con
cewve of no switable mechanism for this purpose this does not preclude
the of such a mect M ding to Professor
Guyer, just such 2 mechanism actually eusts as will be brou ht out 10
the following quotation from one of hus recent publications

A POSSIBLE MECIANISM POR TIE TRANSMISSION OF
ACQUIRPD CHARACTERS
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 Pological Problems "
American Noturalist Vol LV (1o11)
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Just what'ss a spontaneous change? No one has ever succeeded m
teling us  And we may suspect, though perhaps 1t 1s heresy te do so
that 1t 15 2 well sounding phrase that 1s the equivalent of the three
words ‘I dontknow  Unwilling toadmt of the modifying mfluence
of external agencies on the germ such theortsts resort to the fiction
of a spontaneous change Coleridge somewhere has sard  What s
gray with age becomes reliion > We have toyed so long with this
1dea of germunal continuity and the invulnerability of the germ that it
has becorne for some of us weltmgh sacrosanct  Laving matter 15
hving matter wherever 1t may be found but when 1t happens to be in
the germ-cells venly, this corruptible has put on ncorruption and
this mortal immortality !

Now no one to day quahfied by his knowledge of embryology
and genetics to the nght of an opmion would I think deny that the
new organism 1s 1n the man the expression of what was in the germ
Lne rather than of what 1t got directly from the body of its parents
but does this fact necessanly carry with it the implication that the
germ 1s 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 1t not more reasonable
to postulate the ongmation of germnal changes through some such
mechanism as this than to attribute 1t to mysterious spontaneous
changes ?

With such thoughts m mind I and my research associate Dr
E A Smith set about making varnous tests Without attempting
to tell you of our as yet unsuccessful attempts to secure eytolysins
which will operate m the developmental stages of such penodically
renewed structures as feathers or to weary you with the history of our
vanous other fallures—of which there are an abundance—I wish to
speak brefly about certain antenatal effects we secured in rabbits by
means of fowl serum sensttized against rabbat crystaline lens and of
the fact that such induced defects may become hentable

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 i a mortar and diluted with normal sahne
solution  About four cubic centimeters of this emulsion was then
myected intrapentoneally or wmtravenously mto each of several fowls.
Four ar five weekly wth such 1 were given
Then a week or ten days after the last injection the blood serum of
one or more of the fowls was used for mjection into pregnant rabbits
The rabbets 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 particularly important period in the development of the
lens It 1s then growmng rapidly and becomes surrounded by a rich
vascular network that later disappears I'rom four to seven culnc
centimeters of the sensitized fow] serum were mjected mtravenously
wto the pregnant rabbats at mtervals of two or three days for from
ten days to two weeks  Several rabbits died from the treatment and
many young were hilled 1n utere  Of sisty one surviving young from
mothers thus treated, four had one or both eyes con picuously defect
we and five others had eyes which were clearly abnormal It 18
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 idividuals that yabbits which passed for normal
dunng their earlier months subsequently manifested traces of defects
n their lenses or 1n other parts of the eye
The commonest abnormality seen 1 both the ongmal subjects
and 1n therr descendants was partial or complete opacity of the lens
usually accompanied by reduction in size  Other defects were cleft
itis persistent hyaloid artery blwsh or silvery color instead of the
charactenstic red of the 1lbmo eye microphthalmia and even almost
complete disappearance of the eyeball Tahmg mnto account the
method of embryological development however—the relation of lens
opticcup and choroid fis ure—the defects are probably all attributable
to the early mjury of the lens  In some cases, both among ongmals
and de i an eye hthalmic at birth may undergo fur
ther degenertion 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 remamned unaffected This 1s probably due to
the fact that the lens t1 sue of the adult rabbit 15 largely avascular
and therefore did not come into contact wath the wnjected anti
bodies
That the changes 1n the eyes of the fetuses resulted from the action

of lens antibodics 1s indicated by the fact that m not one of the forty
eight controls obtained from mothers which had been treated with
unsensitized fowl werum or with fow] serum sensitized to rabbit tissue
other than lens was there evidence of eve defects, and T may add
that among the hundred or more young obtamed later from mothers
which were bemng experimented upon with various tvpes of serd or
protem extracts for other purposes not a single case of eye-defect
has appeared
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As already stated once the anomaly 1s secured it may be trans
mutted to subsequent generations through breeding  So far we have
succeeded in passing it to the erghth generation wathout any other than
the origmal treatment The wmperfection, mndeed tends to become
worse 1n succeeding generations and also to occur 1 a proportionately
greater number of young  Though not analyzed completely as to 1ts
exact mode of mheritance it has 1n general the charactenistics of a
Mepdelian recessive  Like such anomales as brachydactyly or poly
dactyly in man the transmisston 13 not infrequently of an wuregular
untlateral type sometimes only the right, at others only the left eye
showing the defect In the later generations probably mn some
measure as the result of selectrve breeding there 1s an increasing num
ber of young which have both eyes affected

To determine whether the reappearance of the defect was due
merely to the passing on of antibodies or hindred substances from the
blood stream of the mother, or to true mnheritance we mated defective
eyed males to normal females from strains of rabbits unrelated to our
defective eyed stock The first generations produced m 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 recessne It as
obvious that m such cases the abnormality could only have been
conveyed through the germ cells of the male and that 1t 1s therefore
an example of true mhentance  Subsequent matings have shown that
these young transmit the eye anomalies as effectively as do mdividuals
of the ongmal hnes A new stram of defective eyed young estab
lished about the time our origmal paper went to press 1s also flourish
g and as regards transmission of the defect seems to differ m no
way from the earher stock

But now let us mquire as to where all this leads  Without enter
ing mto a discussion of just what serologically 1s taking place 1n the
body or in the germ of fetuses borne by the lens treated mothers the
pomt I wish to emphasize 15 that 2 certain specific effect has been pro-
duced and what 15 of greater moment once the condition 1s estab-
lished 1t may be not merely transmitted but inhented Whether the
lens of the uterme young s first changed and then m turn induces a
change 1 the lens producing antecedents 1n the germ-cells of these
young or whether the specific antibody simultaneouslv affects the
eyes and the germ cells of the young 1s not clear In any event it

15 evident that there 1S some constitutional dentity between the
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substance of the mature organ m question and the maternal ante
cedents of such an organ as 1t exists . the germ
Biologically considered, the most significant fact 1s that specific
antibodzes can mduce specific modfications in the germ cell.  Whether
these antibocies are transmitted from the mother s blood or engen
dered m that of the young would seem to be of secondary importance
Tt stands to reason that antibodies onginated mn an animal s own blood
will modtfy germinal 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 germnal changes
1m organisms th general which lead to variation and evolution, hinges
on the question of whether changes 1 an ammal s tissue will mduce
the formation of antibodies or hindred active substances 1 1ts 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 1n securing a defective-eyed young rabbit from 2 mother
of normal stoch by mjecting her repeatedly with pulped rabbit lens
before and duning pregnancy  Since the young rabbit in 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 in a foreign species such as the fow! We have likewse
found 1t relztively easy to secure spermatovuns by directly mjecting
rabbits both male and female with rabbit spermatozoa  Moreover
2 given male will develop antibodies 2 gainst his own spermatozoa if he
15 mjected mtravenously with the latter
We are also securing evidence that serologic reactions mduced m
the fetus through operations on the mother are not mere passit ¢ trans-
rmissions but may become actively participated n by the tissues of the
fetus. For example female rabbits sensitized with tvphoid vaccne
followed by living typhoid germs may transmit to their young and
even to therr grand descendants the ability to agglutinate typhoid
bacillt 1n serum diluted from 6o to 160 times From the standpomnt
of heredity we have no reason .o far for mamtaming that this 15
anything but placental transmis.ion though we are gomng to practice
immunization generation after generation for a number of generations
todetermine if a truly hereditary immunity will be established  How
ever facts have come to kight which show that there 1s more concerned
1 the operation than a mere transfer of antibodies from mother to
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fetus  For instance the blood of young shortly after burth may show
a ligher titer than that of the mother Agam after two or three
months of development the young of certamn of the sensitized mothers
have shown a rather sudden nse m titer, much above that of the
mothers  In such cases 1t would seem that some mechanism 1 the
young rabbit 1tself 1s constructing antibodies which supplement those
passively derived from the mother  Possibly 1 the process of develop
ment some organ important in such reactions just came mto function
mg  If this s true further expeniments may throw some light on the
perplexing question of the source or sources of the antibodies 1 an
ammal  After a few weeks m such cases the titer drops back agamn
In still another set of expermments we found that young from a sen
sitized mother when nursed by a normal untreated mother retameda
faurly hugh 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 fauly high titer from the
milk of the foster mother but lost 1t rapidly after weamng time  Thus
there are evidently constitutional factors operative 1n the young whichk
have acquired their immunty through the placenta which are absent
1 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 pregoancy the newly formmg placenta may set free cells or cell
products which sometimes at least cause changes m 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 antibodies for their own Jens
protems  Bradley and Sansum employmg anaphylactic reactions
found that gunea pigs injected with gumea pig tissue protewns (liver
heart muscle testicle kidney) develop immumity reactons Again
durng the late war the type of touc action to which anaphylactic
shock conforms was found to exst after extensive mjury of the soft
tissues It resulted apparently from the absorption of posonous
substances of tissue ongin mnto the circulation. In fact vanious cells
and tissues when 1njured Liberate such posons and even blood 1n clot
ting 1s known to acquire 2 transient toaaty of this type

With facts such as these before us 1s 1t not a rational hypothesis
to assume that changes 1n varous parts of a body may on occasion
wnfluence 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 2 study of precipitins and of anaphylaxs that each
species of animal has a thread of fundamental sunilznty underlymg
the protemns of all 1ts tissues  There 15 no reason to suppose that germi
nal tissue forms an exception. The further fact that homologous
tissues, though existing n different speczes of ammals possess stmular”
chemical charactenstics shows that to get an effect there need ot
be absolute chemical 1dentity between the substance of such a tissue
as the lens and the germmal constituents of which 1t 15 the expres
sion.  And if this 1s true for lens why not for other tissues?

The blood serum of any organusm with blood thus affords a means
of conveyng the effects of changes i a parental organ ta the germ
cell which contains the antecedent of such an organ ~ As long as there
15 little change 1n the somatic element 1ts germunal correlatne would
presumably remam constant but any alternations of the soma which
gve nse to the formation of ant1 bodies or other active agents par
ticularly if long continued mught mduce changes in the germ  Sucha
hypothesis would seem to be plausible at least m accountmg for
degenerative changes such as the deterioration of eyes n such forms
as the mole or 1n fact, 1 the formation of vestizial organs in general

On the other hand  there 1s ho reason to infer that changes mduced
m the blood serum may not also be mstrumental 1n leading to pro-
gressive as well as regressive evolution  If we may, have germumally
destructive constituents engendered 1 the blood there 15 no valhd
reason for supposmz that we may not also have constructive ones
‘When we learn more about what initiates and promotes growth mnapart
through exercise or what mus& hypemophy of an organ we may

Iikewse find how corresp dents of that part
may be enhanced. Untu such time we shall probably remam m the
dark ding the meck of prog e germnal changes A

already mdxmted 10 {he hormones 2nd chalones we have 2 wendedul
sertes of secretions normally circulating in the blood and mamtaning
geveral physiological equitbnium  That reciprocal stmulattons of
varnous organs occur by this means 1s 2 well-established fact. Hyper
trophy or atrophy of an endocnne gland may produce pronounced
effects in the furthermost reaches of the body ~Agamn we may inquire
18 1t reasonable to suppose that the germnal trsues will be nwiolate
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 buccalis of the hypophysis i the frog tadpole
will cause n other end: organs such as the
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adrenals and thyroids will retard the growth rate render the entire
or,anism albmous znd 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 wall
pass the germ cells by unscathed ?

Swnularly 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 setual characters 15 determined by
products from the testes or ovaries and the activities of the generative
organs themselves 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 Dver 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 inconcenable to me at least that the
germ-cells bathed mn the same flud nounshed with the same food
stand wholly apart

May we not surmise then that as regards inhentance and evolu
tion Lamarch was not wholly 1n error when he stressed the unportance
of use and disuse of a part, or of mod 10ns due to
change m 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 n the eyes of fetuses by 2
much suupler method than that descnbed above By simply destroy
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ng the lens of the living female rabbit by ‘needhing s sufs anti lens
serum has been produced mn the blood of these ammals  This matenal
was as effective 1n 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 2s 1n the former experments It should be noted that
Guyer 13 very cautious 1n his statements and makes no clam that ks
work demonstrates the inheritance of acquired characters  He realizes
that the same speaific matenal that 15 supposed to nhibit the develop-
ment of eye structures m the young fetus mght readily at the same
time exert a specific influence upon the genes or factors for eye struc
tures n the primordial germ cells that Live contemporaneously with
the somatic structures Thus two generations mught be affected
simultaneously—a case of parallel mduction

Every mmportant expeniment in science becomes the target of
attack and the expertments of Guyer and South are no exception
Bagg and Hanson and Little have performed some very interesting
expeniments on the effects of radium emanations and of . rays on

lian germ cells and kard has used alcohol in the same way

All of these workers show that eye defects especally lens defects, are
found most commonly occwring sometimes m the entire absence of
other observable defects It would seem, then that eye defects are
far from being specific, and they may not be specific i the experiments
of Guyerand Smith  There 1s no question but that the eye 1s the most
susceptible part of the orgamsm and that cye defects can be mduced 10
vertebrates by almost any kind of nhibiting agent It was only when
Guyer used the lens material, however that he got lens defects for
when he used sera developed from other tissues no effect upon the lens
was noted  But 1o effect upon any other tissue was noted, seemung
to show that no effective antigens of any sort were formed It 1s1m
possible at the present writing to predict what will be the final bearing
of Guyer’s and Smith s very sigmificant experiments upon the problem
of the inhentance of acquired characters

Gnffith and Detlefson have recently reported some experiments
upon mice that at first seemed almost crucal for our problem  Rats
were reared for several months m cages placed upon rotatng tables
They became adapted to the rotating condition to such an extent that
when the rotation was stopped they seemed upset, showng Slsm "f

d ) and other symp of a changed phystol

oond.mou Some of the young born outside the cages showed megu!—m
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ties 1n their gait and other signs of nystagmus ~ Moreaver, 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 severa) generations  Detlefson however noted that the
whirled rats and therr 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 1mplication 15 that the disease
once started might be passed on to future generations by infection It
13 generally understood that Detlefson has been repeating these expent
ments upon the Wistar Institute standard white rats and that his
results are so far negative

And thus stands the problem today It 1s no more settled than

1t was filty years ago but most of us are growng to be a httle pessi
mustic about the whole matter
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Orthogenests — Geneticists as a rule feu] that natural selection 15
the only guiding factor needed to account for the adaptive fertures of
evolution  They 1re inchined to be sheptical about the defimteness of
the pathways of change that have been <o strongly emphasized by
palcontologists and others T 11 Morpan at one ume expres ed the
view that most of the beautifully precise orthogenetic pedigrees such
as that of the horee fanuly for example might be made up by sclecting
only those fosail forms that fitted well into the progresave senes and
ignonng those that did not fit <o well  He <howed that one could
make out a \ery pretty phyvlogeny of the spear heads diphyed in
muscums tn which each type leads to another tvpe and il are expable
of arrangement nto a few  orthogenctic  eries  Since such a enies
15 merely an artiicral arrangement wathout phylogenetic significance
the same might al<o to some cxtent be true for the orthogenetic series
of the palzeontologist  Some geneticists are inchined to think that the
evolution of the horse fanuly for example had been much less defimite
1y directed than 1t 1 commonly supposed to be  In each penod there
exsted numerous less progressive types and many aberrant species s
wcll as those that seem to follow the more direct lines liading ta the
modern horses  In other words much of the definiteness of direction
15 the result of focusing attention upon 1 few of the types that make 2
good series and 1gnoring the ones that are not i ne  This enticsm
15 possibly too 1conoclastic  There surely 1s 1n the horse pedigree some
definiteness of trend amidst a flux of indefimteness  Hence the prob-
lem of explaning tins residual definiteness still remains

Inrecent y ears one of the staunch supporters of the reakity of ortho-
genests has been 7 T Osborn His most stuking matenal perhaps,
consists of the fossi] pedigrees of the Tstamotheres a group of extinct
ungulates somewhat resembling the modern rhinoceros They ap-
peared relatively early m the evolution of mammals, and attamed giant
proportions great abundance nd wide distttbution before becomng
extinct at the close of the Obgocene period  Though the utnotheres
started as small creatures about the size of terniers they reached almost
the dimensions of elephants near the close of their career One of

426
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therr outstanding peculianties consists of 2 umgque type of horn on the
tip of the nose a horn branching at the base and diverging laterally
mto two flat prongs Osborn distinguishes at least four divergent
lines of evolution among these mammals Line I retained the front
teeth (ancisors) and remamned heavy bodied Line IT lost the mcisors
and became longer hmbed Dighter bodied speedier and went m for
grazng  In neither of these hnes did the horns grow very large  Line
I the first of the large horned lines Jost the mcisors and remamed
relatively small bodied Line IV to which the giant Bro fothersum
belongs retamed the mcisors grew extremely bulky and went in for
slow leisurely browsing

In all these four hines that are known to have separated early and
to have d d throug} therr careers
the evolution of the horns has run parallel courses  Afl four hnes
started hornless each developed horns independently and the steps
1n horn evolution ran the same course 1nt all the four lines gomg 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
charactenstic form being attached to the same bones of the shull and
having a shape quite unlike that known for any other group of mam
mals

‘The inferences that have been drawn from this situation are as
follows  The oniginal ancestral titanotheres must have had something
m the germ plasm that was predestined to vary along certam definite
Lines and to produce certam 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 cestain stage 1n the evolution
of each of the four Iines though they may have had Lttle or no adap
twve value  Osborn has no very satisfactory theory as to the mechan
st mvolved 1 this remarkable orthogenesis but Julran Huxley has
offered a purely physiological explanation of horn evelution 1n titane
theres an explanation that may apply equally well to many other cases
He has discovered that in borned animals tn general the larger the
mdvadual 1s the larger are the horns m proportion to the body size
Now as 1s true of most phylogenetic seres there was a steady increase
1 size 1 all four lines of tritanotheres  Thus the earliest titanotheres
were too small to have horns at all the first horned types were of

d size the most elab 1y horned types were the mant end
products of each of the four lines, and especially was this the case for
the great Bronfothersum
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If, then a5 seems to be the eae hom evolutien s rerely 3 <econd
ary and purely madental consequence of mncrease 1n .iee we may well
ash why inctease i size goes on <o steadily  Isthisnot an orthogeretie
processatseli?  Butincrea<e in size may be guided by natural <election
without the aul of other factors for 1ncrease mn sue confers a personal
advantage upon the indivedual thotgh 1t my in the end be damaseg
to the race  Thus a larger bull in a berd will be strorger and w1
more mates thus teading to pass on the genes for larger <uze to de-
scendants

Darwin would have called the case of horns 1n titanotberes an
cvample of correlated vanation  and would bave <aud that bere we
have an nstance of <ore adaptine charactenstic <uch as body sue
carrying along wath it a vamble character that may have hittle er no
adaptne value  Thus thi cla o case of orthogenes:s would be ex
plained saty factonty as the result of correlated vanation and naturat
selection without dragming 1n any mner gudirg principle

In view of thec and mam other facts 1t seems advisable for the
pre<ent at least to < nothing furtber about orthogencsts. Mo ver
good case of orthegenesis has been presented that cannot be expluned
as well by natural selection as in any other way that has been sug
gested  So httle do genenasts as a group think of orthogenesis as a
po sible guidin, factor n evclution that most textbooks of genenes do
not mention the nord even in the index  Orthogeness 15 at presest
a concept that belongs rather to the philowophy of €1 olution than to
the scrence of geneucs

Vitshistic theones —\ll theonies of evolution ba ¢d on Lnown
mecham ms are considered as mechannstic and belong, 1o the realm of
science but there are some theories hnown as vitalistic  that belong
more to the realm of philo~ophy than to that of saence  Several of
these theones deal with some hind of immaterial force or forces that
are believed to puide the cource of evolution  Bergeon s dan wifud of
vital urge 15 one of these immatenal forces. This force 18 believed to
be practrcally synonymous with hfe stself It 1s that property of hfe
that gaves to 1t a dove forward a tendency to grow muluply and
adaptitself Ina <ence 1t 1~ a sort of marticulate purpose restding 10

the kving substance it elf  This protophemic purpose contmually ex
presses 1tself m adaptine development and adaptne behavior It
realizes itself most completely as mind purpose and reason in bigher
orgamsms  but 1ts essence 1s present in even the lowest organsms and
n the youngest stages of the mndividual It guides the cource of 10
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dividual 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 wto a treztment of the mechanism of evolution  but af
such a concept as élan vial does nothing more than to serve as a con
trast with the more tangible and verifiable mechamsms of evolution
we have previously dealt with 1t will have justified the space gren
toit



CHAPTIR \\\IIT
DIVIDING I ACTORS ISOLATION

Introductory — s has <o often been pointed out one of the most
conepicuous features of amimal and plant Lfe 1s thar subdivasion into
a multphaty of taxonomic divistons such as phyla classes o ders
famulies genera spectes and vanctes  Inany one particular environ
ment onc finds large numbers of representatives of numerous groups
a fact thit <eems to imply that the environment alone 1s an insefficient
cau ¢ of multiphienty 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 1s very frequently true that differ
ences distinguishing two alhed <pecies are not obyviously adapted to
the diffcrences in the environment but are rather trivial characters
such 15 color markings proportions of parts ete. IHence we cannot
explain the multipheity of types on punls environmental grounds

Our studies of geographic distnbution as evidences of evolution
have emphasized the fact that n ere geogriphic 1solttion apart from
chimatic diffcrences 1mvolved are invambly accompanted by varous
degrees of dis eryence betw cen the 1solated members of the same group
the divergence sometimes being <o great as to constitute farmly dis~
tinctions more frequently generic and very commonly <pectfic of
vanietal  The degree of divergence parallels closely the degree of
completencss of 1solation and the extent of time dunag which 1olation
has been operatine

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 beheve that natural selec
tion 15 sufficient unto itself to explatn all of the ob erved facts Extreme
advocates of the 1solation theory on the other hand look upon 1ola
tion as an absolutely essential mechamsm for species formation nearlv
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 1o 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 1n the broadest sense —The term ‘wsolation 1s
a somewhat unfortunate one to use for the type of factor we are here
deahng with It imphes physical separation 1n the geographical sense
whereas there are very many types of 1solation not at all based upon
spatial separation In the broadest sense any factor may be said to
play an tsolating role if 1t mterferes wath free interbreeding ameng all
the members of a species  Completely free interbreeding within the
entire range of a species would result sooner or later m an equal dis
tnbution among the individuals of the species of all viable hereditary
changes  Unless something were to interfere with free interbreeding
within the species 1t ¥ ould remam indefimitely one evolving umt and
would not subdivide
But there are a great many ways m which free interbreeding may
be iterfered with Among the most important 1solating agents are
the following (a) geographic 1solation 1nvolving the setting up of
geographic barriers betw een subdivisions of the species  (3) sheer dis
tance apart of extreme sections of a species covering a large terntory
not mvolving any other 1solation agencies (¢) chmatic differences
within the range of the species (d) physical differences in the environ
ment such as differences i water soil sunbght elevation of land
etc (e} brotic differences n the environment 1nvolving the presence
of various other ammals and plants within the range of the species 1
question  {f) reproductnve differences 2mong individuals due to genet
1c changes that alter the developmental rhythm or the copulatory
apparatus bringing about assortative mating  and (g) psychuc differ
ences that result 11 what 15 known as clannishness among human
beings according to which changed forms tend to mate with theirr own
kund more readily than with others
All these and doubtless other agencies promote 1solation of small
or large groups within the species and tend to sphit the spectes up mnto
a number of more or less eparately breeding groups
Isolation and mbreeding —One of the nevitable consequences of
the 1solation of a relatively »mall group from the main body of the
species 15 nbreeding more or less close  In extreme cases of geographic
solation a new race may be denved from one pair of mndividuals
The offspring of such a pair if they breed at all must breed together
and for successive generations there will be much close nbreeding
Geneticists have demonstrated that continuous inbreedmg results 1 a
decrease of heterozygous and an increase 1n homozygous individuals
Naw even if no new mutations occurred nor any selectron of types due
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to changed environmental requirements tool place such an solated
group would 1lready have 1 good start toward becomung a separate
race or species beeause of the effects of inbreeding

Isolation and selection —~Dinerpence may also be promoted by
sclection  When an tsolated group of a <pectes finds stself 1n a different
cnvironment from that of the purent 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 conditions of ife In this
way some genes may be entirely climinated from a stock thus increas-
ing the genetic differences between the parent spectes and thesr iolated
denvatives If for example a small <ection of a species were to become
wsolated 1n a region v here the nailable food was quite different from
that 1 the mamn ringe of the species some of the individuals because
of favorable combintions of umt characters might immediately find
themselves better equipped to cope with the new food conditions
than others  Those 1dapted to the new food conditrons would hive
and breed together and would tend to become homozygous for the
vanous characters that favered thewr survival under the new condi
tions

TIF Y ARIOUS CATFGORIFS OF ISOLATION

@) Geographic Isolation —Taxonomists who have studied and
plotted the distribution of species of animals and plnts are most
farmiliar with the effects of geographic 1solition  They consider that
one of the most certun facts of nature 13 that 1solation 1s alwavs ac
companued by marhed diffcrences between the isolated branches of &
spectes  The late Dacid Starr Jordan 1 a leading student of geographic
wsolation mn Amenca  discusses the subject mn a very illummating
fashion

‘1t 15 now nearly forty years smce Montz Wagner (1868) first
made 1t clear that phic 1solation (; Iick Jerang) nas 8
factor or condition 1 the formation of cvery species race or tnbe of
ammal or plant we know on the face of the earth This concluston
15 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 attached, so far as the present wnter remem

Seience NS Vol XXII {10001




DIVIDING FACTORS ISOLATION 433

bers but m the literature of evolution of the present day they hive
been almost unnersally ignored Nowadays much of our discussion
turns on the question of whether or not minute favorable varations
would enable their possessors hittle by little to gamn on the parent stock
so that a new race would be established side by side with the old or on
whether a wide fluctuatzon or mutation would give rise to a new species
which would hold 1ts own i competition with the parent  In theory
either of these conditions mught ewst In fact both of them are
virtually unknown  In nature a closely related distinct species 1s not
often quite side by side with the old It 1s sunply next to it geo
graphically or geologically speaking and the degree of distinction
almost always bears a relation to the importance or the permanence
of the barner separating the upposed new stock from the parent
stock

‘A flood of ly,ht may be thrown on the theoretical 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 degree be traced

In teglons hroken by few barriers migration and wmterbreeding
bemng allowed we find widely distributed species homogeneous in theirr
character the members showing indnidual fluctuation and chmatic
effects but remmmng umform n 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 m 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 barners may shut out altogether forms of hife which
would mvade the open district

Given any species 1n any region the nearest related species 1s not
Likely to be found 1n the same regton nor n 2 remote regron but 1 a
neighboring district separated from the first by a barrier of some sort

Doubtless wde 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 2n ssland and these may be con
tinued and wtensified to farm new species or races  Any horticul
turnst will tllustrate this

In alt 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 in connection vith the demands of competition
The characters non adaptive which chicfly distinguish <pecies do not
result from natural <clection but from some form of geographical
1isolation and the segre1tton of indivadunls resuluing fromat*

J T Gulid another exponent of the efficacy of geographic 1sola
tion 1 speaies forming has offered in evidence of his views facts about
the distribution of Haw nin 1and snuls  In the islind of Oahu, for
example the volcinic rudges have been eroded out wnto a <cnes of 1so-
Ited valevs 1w the bottoms of which grows abundant vegetation
while on the highlands there 1 hittle but barren rock  The chmatic
conditions of all the numerous valleys are the <ame but, remarkably
enough exch vanety of snail 1s contined not only to ene 1.land butto
a dfimte valley on an 1 land  The degree of differcnce moreover
between vaneties i i pre portion to the distance that <eparates them
Gulich claimed that he was able to estimate the degree of divergence
between the snails of any two vallevs by measuning the number of
mules that luy between them Gulick s findings have been extenanely
corroborted by recent explurations on the snatls of other oceame
wlands by Crampton

An 1nteresting type of 1solition that hardly can be termed geo-
graphic yet1 essuntially equi alent to the latter i its effects 1s found
1n connection with the cxtensve group of lice (Mallophaga) that In¢
their whole ves buned among the feathers of burds or the baw of
mimmals  These animals cannot. fly and are quite effectively 1solated
for hife upon 4 particulir bird  They do however durnng the mtimate
pertod of nesting pass from parent to offspring, so that they m1y be
sard to be 1solated upon definite penetic lines  In the case especially
of birds like the eagle a bird of long hife and monogamous habits, the
parasite becomes as solated as might be 1 race on a smallsland  The
result 15 that sometimes the lice of a single bird and 1ts offspring are
of quite a distinct vanety which has become fixed by inbreeding until
a high degree of umformity has been attained Such an isolated
variety may be almost as distinct as a true species  Obviously 1n this
case as in others 1solation must have had a real effect upon species
forming quite apart from natural selectron except 1n so far as the unfit
vanants have not survived

Populations of lakes and ponds—Just as slands of land m seas
of water serve to wolate terrestnial forms so islands of water 1n s€as
of land 1f we may be pardoned the expression just as effectively wvalate
aquaticorgamsms  Thus 1solated ponds and lakes commonly harbor
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species of fishes and other aquatic types different from those found
anywhere else i the world  Asa young naturahst, I became interested
m the fauna of Lake Maxinhuckee in Indiana a sprng fed lake that
18 Ly cut off from tron with other bodies of water
While T was there Evermann and Clark were making a very exhaustive
biological survey of this lake and discovered a surpnsing number of
species pecuhar to this one body of water  Hundreds of stular situa
tions doubtless exst all over the world

Populations of mountains —Certamn types of plants charactenistic
of high mountains are commonly 1solated from others of their kind
by valleys and by discontinuities in mountamn chains  Patches of
lowland thus 1solate patches of mountamns and the result 15 as one
might expect that each 1solated high mountain chain has 1ts own local
races or sub species of plants

b) Isolation due to sheer distance apart —If a spectes ranges all
over a wide extent of terntory which 1» unbroken by barners there
may be 1solation because of the great distances between extreme out
lying 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 evolutton because smaller land
bodies would not permit of diversification of types through isolation
Thus the body of land known as Holarctica embodying Northern
Asia Northen Europe and Northern America 1s believed to have
been the principal theater of mammalan evolution In this great
area there was plenty of room for groups to become spatially 1solated
even without posittve barniers and 1n this area 1t 1s believed that all
the onginal divergences occurred that gave ongin to the princple sub
divisions of mammals Migration along many southern routes has
subsequently more completely isolated and fixed the various mam
mahan faunas of Southern Asia Australasia  Africa, and South
Amenca

The ongmnal divergences resulting from mere spatsal 1solatron
would be the result of the inability of the most widely separated sec
tions of & species to nterbreed If they failed to mnterbreed mutations
occurring 1n one sectzon would remain 1t that section and those oc
curring ta another section would hikewise remain 1n that section Thus
two independent evoluttons would go on and local races or vareties
would result that m time would become separate species especially 1f
they subsequently mugrated along different paths to different 1solated
regions
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A good example of geographic races or sub-species arisirg 1n an
extensive area unbrohen by ¢ffective barmiers 1s <cen in the case of the
wrens of South America  Wrens arc found pracucally all over that
contiment  but those tn one region differ from those 1n others 1n calor
pattesns, size proportions and habits  In the abeence of barners alt
these local races grade into each other  In certaun regrons however
that happen to be more than usually so'ited 1s when a high mountain
range intervenes transitional forms are mi sing The paint 35 how
cver that whether barners are pre ent or not sheer distance apart
tends to produce local races

¢) Clhimatic 1solation —Therc often occur distinct and more or less
abrupt chimatic differences within the range of a species + hich may act
as barrters to mugration or imvolve different adaptine changes on the
part of mdimduals Iving under these different chimatic condiusons
Thus without the presence of any geographic barriers: a species may
spht up into a northern and a southern race or sub-species that are
genetically distinct netther thrvng in the ternitory occupred by the
other Smularly i the ocens there cust rather abrupt diferences
n temperatures that act as effective barners  The waters north and
south of Cape Cod for example have almost entircly different faunis
The reason for ths 1s that the shore hne north of Cape Cod 15 made
cold by the Labrador Current 1nd that south of the Cape 18 more
influenced by the narm Gulf Stream  Specres north of the Cape and
south of the Cape are almost as distinet as1f they belonged to different
oceans

d) Bioticasolation —The territory occupied by any speaies of an
mal or plant 1s always occupied by many other species Some of
these associated species may occupy one part, some another part of
the range of the species 1n question  Now cach species affects 8l the
other species with 3 huch 1t 1s spatially associated each spectes 15 2
part of the biotic environment of all the others  If then the biotic
environment vanes wathin the range of the species the pressure of
selection will vary also certan characters or combinations of char
acters being more fax orable for one biotic environment than another
This being the case groups mn dufferent biotic environments will tend
to be 1solated from one another and will diverge in both adaptive and
non adaptive directions

) Reproductive isolation —The simplest type of reproducti e1s0-
lation 15 one that involves changes due to mutations in the copulatory
organs  In some msects for example, the copulatpry organs are ¢oR
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structed on the lock and key principle only 2 certan pattern of key
fitting a certain pattern of lock  Any change n the pattern of these
organs prevents the members of the changed type from breeding with
the unchanged mdyiduals and forces them to breed only with 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 1o this way have been observed but there are
numerous cases of closely athed species that are ntersterile because of
slight duifferences mn the pattern of thewr copulatory organs

One of the most effective means of bringing about reproductive
wolation 15 2 change m the developmental shythm of a section of a
species  If for example some plants of a spectes flower earlier or later
in the season than others they are able to interbreed only with those
having the same developmental rate  If such a difference 1n develop-
mental rate be genetsc a real isolation of these dufferent races will be
effected and further divergence will follow A sumlar situation also
occurs among ammals  The genus Cicada commonly called locusts
has probably split up mto numerous species as the result of genetic
modifications 10 the lengths of their lfe cycles  Whereas there are
only slight morphological differences among the species of Cicado
there are pronounced differences in the lengths of the larval periods
In the seventeen year locusts for example the larval hfe under
ground 1sover sixteen years  Asaresultof thus only once tnseventeen
years do the adult broods appear above ground They must there
fore mate only with members of their own brood in the same terntory
Sumilarly there are fourteen year eleven year mmne year and seven
year spectes etc  each of which 15 reproductively 1solated 1 any
terntory from all others for rarely do two species reach matunty m
any region duning the same season Even m one spectes scattered
over a wide expanse of terntory different broods appear one or two
seasons apart and this tends to wsolate sections of the present species
from one another and will doubtless produce further sphttmg up of
species as time goes on  Doubtless many other situations similar to
these but less extreme ewust among both ammals and plants That
changes n 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



438 EVOIUTION GINITICS AND FLCENICS

) Psychic isolation —A synonym for psychic isolation 1s “clan
nishness  Exen among lower ammals there appears to be a well
defined tendency for Lke to mate with bke  Assortatine mating
15 another term commonly used to denote this tendency  In man
comventional mating 1s highly assortatne  Sporadic set umons be-
tween members of radically different races not uncommonly occur
but formal marniges are rare betneen members of distinct raees.
Thus tends to presene a residue of racial separateness that sould long
ago have disappeared except for clanm hness

Examples of this sort of thing in the ammal world are not {ar to
sech  Beebe aites the interesting case of two color phases of gannets
occupying an old volcanic crater together but heeping absolutely
separate 1n therr breeding actnities  The mam gannet population
consisted of white birds but out toward the center of the crater there
wasasmill compact and unmixed clump of sooty birds whtch could
doubtless have readily interbred with whites but never did so prefer
nng their own hind

It was Darwin 1beheve who descnibed the case of droves of wmild
horses of the Caucasus region that nere all of one color 1n a drove
One drove would be all bays another all blacks another all chest
nuts A 1y these droves d of closely related mdivduals
that preferred to mate only with their own hind  Long-contmued
Teproductne 1solation of this sort might readily brng about the ongin
of separate races and n time <cparate species

Most of the types of 1solation briefly discussed above are <omewhat
hypothetrcal 1n that they are derved from obeervations of nature

after the event’ asitwmere  Very hittle real expenimental work has
been done i this field except 1n cannection with inbreeding and se-
lection In animal and plant breeding man merely 1solates a pair of
mdividuals usually begnming with a brother and sister, and begins
an mbred Line, selecting usually the most promusing mdividuals fot
further mbreeding In this way excellent homozygous Strams are
produced that have peculiar charactersstics of their onn unlike those
of any other strmn  Hence, artficial mbreeding and selection 15 &
Lind of reproductive 1solation having the same effects as has extreme
wolation m nature There can be no doubt, then, that the various
types of 1solation hase the eflects attnibuted to them, namely those of
splitting up species and of preserving mcipient Taces from being
swamped out by back crossing with the parent stock
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CHAPTER XZXXIV
INTRODUCTION TO EUGENICS

Defiutions of eugemcs —‘Eugenics’ 1s a term comed by Sir
Franas Galton i 1883 and was defined by hum as the study of
agencies under social control that may improve ar imparr the racial
quahties of future generations either physically or mentally ~ More
specifically eugenics 1s that science which deals with human vanation
and heredity and attempts to improve the human stock by selective
breeding according to the known laws of genetics In still different
words eugenics may be defined as the application of genetics to man
with the hope that man might control his own evolution and save him
self from racial degeneration

Evugenists feel that many of the 1lls of the world mght be cured by
an application of eugemc measures  We must endeavor says a
president of the Amernican Eugemc Society to show that eugemcs
supples the most effective and permanent solution to the problems
that have been so meffectively dealt with lutherto by physicians pub
Iic health officials social workers clergymen and reformers—the prob-
lems of combating disease disability defectiveness degeneracy delmn
quency vice and cnme

This rather sangum 15 echoed 1n hat different
words by Jennings  “The troubles of the world and the remedy of
these troubles Lie fundamentslly m the diverse hereditary constitutrons
of human bemgs Some men are strong healthy wise virtuous
Others are weak, foohsh diseased 1mmoral crmmal, and 1t 1s these
that cause the troubles of the world Laws customs education ma
ternal surroundings are the creations of men and reflect ther funda
mental nature  To attempt to correct these things 1s merely to treat
superficial symptoms To go to the root of the troubles a better
breed of men must be produced one that shalt not contan the inferior
types When a better breed has taken 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 bave thus defined eugemes by
stating the views of some of the leading advocates of eugercs

as
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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

“L In the first section of the Congtess 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 wall also be
presented

‘I The second section will consider factors which influence the
human family and their control, the relation of fecundity of different
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
charactenstics

“II1  The third section wall concern wself 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 1s made for the nfluence of their socialand
educational and therr fund lly sound and strong
racial charactenstics are brought to light  On the other hand Limts
to development of certamn races and the inalterability through educa
tion and environment of the fundamental charactenstics of certan
stocks will be dered  Einally the ad ges and d
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of the mingling of races of unions which have proved to be fateful to
social progress should be discussed  In thus section will be presented
the results of researches upon racal muxtures m relation to human
lustory  Also the topics of ractal differences in disease and psy chology
will be taken up  The history of race migrations and thetr wfluence
on the fate of nations especally modern immigration should be set
forth
IV The fourth section will discuss eugenics in relation to the

state to soctety and to education It will mnclude studies on certain
practical applications of eugemic 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 bearing of genetical discoveries upon the question of human differ
ences and upon the desirability of adjusting the educational program
to such differences  Here will be considered the mportance of fammly
lustory stadies for the better understanding and treatment of vanous
types of hospital cases and those requining custodial care  The bear
1ngs of genetics on sociology economics and the fate of nations may
be considered 1 this section

Ths outhne of the program of the Eugenics Congress shows clearly
that eugemcs 1s a broadly concerved subject It 15 not merely a
branch of genetics but has mtimate relations with sociology econom
1cs legal science pohitical suence the scientific study of cnme and
delmnquency medical science and education

The aumns and ideals of eugenics —The hopes and tdeals of eugen
1sts are well exp m the closing p h of the address of the
president of the last Internattonal Congress of Eugemics Major
Leonard Parwin an illustnous grandson of Chatles Darwin

Eugenics 21ms at mcreasing the rate of multiplication of stocks

above the average in hentable qualites and at decreasing that rate
i the case of stocks below that average But if the banner tnder
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
maust prove that we are under the gwdance of a noble 1deal  We of

this are ble for the prod of the next genera
tion and therefore of 2l mankind mn the future and allin whom this
sense of racial resp bility acts as a deep-seated greatly

affecting therr action and their policy are 1 truth guided by the eu
gemcideal. The belef that man has been slowly developed from some
ape like progentor came toward the close of the last century to be near
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1y universally held by thoughtful persons this behef gave nise toa new
hope that this upwird march of mankind might be contnued in the
future, and out of thus new hope sprang the cugenic sdeal  This grow
ing understanding of the past history of the world has led us to see
that, if we are to imtate Nature 1n her methods we must be content
to advance by a long succession of small steps just as ramn faling in
drops on the earth has slowly carved out mughty valleys in the hardest
rocks  Without constructing wild Utopias we must be content if
some kittle ricial progress can be cnsured as each generation succeeds
another for to work m this spint 1s to work 1 harmony with the
knowledge which gave tarth to the eugenic ideal  Progress on eugenic
Tines will make mankind continually nobler happier and healthuer,
whilst 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 eugemc 1deal  But scicnce whilst giving us good grounds for
hope also 1ssues a grave warning concermng the danger of national
detertortion resulting from the uncheched multiphcation of wferior
types In the past many nauons of the first rank when apparently
advancing without chech on the path of prospenty, have begun to
decay from unseen causes and have in time so fallen from thewr high
estate as to cease to count as factors makang for progress A deter
mmation that such a downfall shall not be the fate of his nation 152
sentiment felt by every man who 1s ammated by the cugeme 1deal
an 1deal to be followed ke a flag 1n battle without thought of per
sonal gain

Methods of research in eugenics —The programs of research 1n
the field of cugenics as broadly stated 1n the four pirgraphs outlming
the four sections of the Congress cover so many 1nterests and impinge
upon so many fields of rescarch th1t have ittle 1f any bearing on the
subject matter of the present course that we shall limit our discussion
of methods to those applicable to the study of human heredity T he
chief methods of discorvenng the facts about human heredity are as
follows

@) The pedigree method —According to this method a study 1s made
of the history of human matings ncluding all generations sumultane
ously living and the records of those recently deccased The method
of the expenmental breeder cannot be used but each fertile human
mating 1s Jooked upon as an experiment 1 genetcs, the results of
which we may record and from which we may draw conclusions
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b) The statsstical method —A great deal can be learned about the
heredity of fluctuating and graduated differences such as those of
height weight, longevity etc by determinmg the degree of correla
tion that exists between a large group of parents and a large group of
offspring  Galton and his successor Karl Pearson are the chief ex
ponents of this method

€} The ks method —This method 15 quite distinct from exther of
those just Disted though 1t may use statistical methods  Many facts
may be determined by the use of one egg (monozygotic) and two-egg
(dizygotic) twins about what 1s mhented 1 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
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‘Weaknesses of the pedigree method —The older type of pedigree
study involved the collecting of pedi,rees made out by persons tn
tramned 1n genetws and deabng wath indiaduals n therr own family
connections  Questtonnaires were sent out to hrge numbers of ind:
viduals ashing them to give dat 15 to charactensties of their ancestors
and other relatives  Much of the matenal thus collected depended
upon the vague memones of individuals about the charactenstics of
long dead ancestars or of reltives i collateral kines  The low degree
of reliability of such data makes conclusions therefrom almost uscless
Considerably more rchiable data were obtatned by ficld worhers who
actually observed indiniduals belonging to four, 1 extreme cases five
generitions all Ining simultancously  The relinbilty of such data
depends upon the training and scientific aptitude of the field worker
Fortunately there ha developed 1 recent years 1 new profession
that of eugenic field worker and there are not a few very cipable per
sons belonging to this profession  Anather weakness of the pedigree
method 1s that 1t affords no check on the actual parentage of offspring
The mother 1s usu1lly not in doubt but there 1s often some question
as to the actual father  Thws 1s principally true 1 connection with
the study of pedigrees of feeble 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 this method 15 that it s
not always possible to distinguish between conditions that are heredt
tary and those due to disease or poor environment  In spute of these
weahnesses the pedigree method has brought to hight a great deal of
valuable mnformation about human heredity  So long as one retans a
propecly cntical attitude toward data and conclusions no harm and
much good may accrue from a reveww of the principal results of this
method of reseatch

Two postulates underlying the study of the hercdity of human
traits may be set down as follows (1) When characters are whented
according to the laws of Mendel that 1s when one of a pair of charac
ters1s domunant or partly so and the other recessive and they segre-

446
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gite 1n Mendehan ratios in 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 it 1s
hardly hikely that so universal 2 method of heredity as the Mendelian
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 it 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 various 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 along with others diverged from & common ancestor these
additional mutant genes must have been acquired i this length of
time ‘These figures mdicate that in the course of 6 coo genera
tions at least 5 1n every 115 gene hnes which have persisted underwent
mutation n this one direction  Since there 15 no evidence of selectton
this may be presumed to be the rate of mutation n this particular
germplasm from which 1t follows that there has been on the average
one mutation 1n every generation for each 138 coo genes I 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 infrequent continue to appear
at a slow and steady rate Like the mutations m Drosophile and
those of other animals studied the majority of mutations in 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 election has tended to elmmate
most of the undesirable mutants especially the domimant ones, but
under aivilized conditions mankand has done much to nullify the good
worh of natural selection by doing everything 1n lus power to preserve
the poorer mutants and help them to muluply

SOME HEREDITARY TRAITS IN MAN

Studies of nearly 200 human trasts have been made In the ma
jonity of cases they can be classified as dominants ordinary recessives
and sex Linked recessives The latter are the easiest to detect for



448 TYOILUTION, GENLTICS AND LUGLNICS

they fallow the farathar mode of heredity described for set hnked
ct n Drosoplula D may faiely readily be distin
guished by the fact that at least one of the parents, one grandparent
one great grandparent, ete. exhitat the character a dominant charac
ter appuars n every generatton  Ordinary tutosomie, of non sex
linhed recessives ate charactenzed by the iregulanty of thew in
adence in pedigrees  They may shap one or several generations and
only apper 1t all when the same recessive gene 1s present 1n the germ
plasm of two matng individuals 1n which ease 1t will appear m the
following ratios according to the genetic make-up of the parents (@)
1 bath are heteroz gous three out of four offspring witl show the domt
nant and one the recesstve character (8) if one 1s a heterozygote and
onea recessine the offspring will be half heterozy gous dommants and
half recessives  Thus we see that recessine characters may be ludden
for 2 long tme awaiting 4 favorable mating to give them expression

Most. of the best pedigrees of human characters deal with relaunely
rare and atypical or abnormal drracters n fact most of them deal
with shat we ordiminly call freaks or pathological vonditsons  The
reason for this 15 thit rire and unusual conditions are much more
easilv detected and recogmzed  Ordinary, commen dafferences are
hard to detect and hard to distinguish and therefore difficult to follow
1n pedigrees

It 15 not our ntention m this chapter to attempt an exhaustive
treatment of the facts of heredity ascertamed by the pedigree method
We shall merely list some of the commonest cases of heredstary char
acters and give a few pedigrees illustrating them

The following 1> 2 st of human umt characters classed as dom
nints ordinary recessives and sex linked recessives

A DOMINANT CTTARACTERS
Skin and Hmr

Dartk shin Domnant over blnd or albino
{probably due to two or more
pairs of genes)

Spotted with white Dominant over unformly colored

Tylosis and rchthyosis Thickened er scaly shia

Epidermolys)s T'xce sive blisters of shin

Brown or black har Dominant over red and flaxen (prob-
ably due to more than one
gene)

Red hair Dominant aver flaxen

Beaded har Single hawrs are not umform 1a dizta

eter
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White forelock
Hypotrychosis

Pattern batdness
Eyes
Front of ins pigmented (eyes black
brown hazel etc))

Hereditary cataract

Ni bt blindness whennst
sex Iinked

Dr placed lens

Glaucoma

Coloboma

Pigmentary deveneration of retina
Skeleton and Muscles

Brachydactyly

Polydactyly

Syndactyly

Symphalangy

Split hand

Lobster claw

Exostoses

Bnttle bones

Abseace of palmans longus muscle

Muscular atrophy
Body Build
Achondroplasy

Short stature
Obesity not due to glandular
defects

Mesvous System and Kud evs
Huntington s chorea
Disbetes msipidus
Duabetes mellitus

‘White patch of hair 1 front
Harlessness assocated wth lack of

teeth
Partly sex houted

Dosmnant over lack of pigment
front of tmi» (bluc eyes)
Opaaty of lens

Inability to see 10 dim liht

Causing defectsve v 10n

Swelling of eyeball due to internal
pressure

Open suture of the ins

Causing blindness

Digats tackimg one jont

Extra digits

Tused or webhed digits

Fused jomts of digits stff fingers

Palm cleft to the wnst

No dints but thumb

Abnormal outgrowths of long bones

Bones very fragile

Lack of a certain muscle 1z palm of
haad

Partally dommant

Drarfs mth short, stout umbs o
mal body aad head
Pastly domuzant over tallness

Partially domunant
A type of St Vitus dance

Partially domnant
Partally domunant

B AUTOSOMIC RESESSIVE CHARACTERS

Albioism
Ateleosis

Cretinism

Lack 1 pizment 1 kin and har—
sometimes pink eyes

True dwarf  body small with parts

1n normal proportions
Drarfism due to bereditary thyrod
defiiency

419
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Alkaptomina Unine dark after ou lauon

Otoschicrosis ‘Thickening cf evrdeum

Left handedness Lrotally recesive

Tendency to tsinmin,, Trohably recessive

Susceptibality ta tubercul s Prol ably recessive

Thomsen s disease I ack of muscular tone

Menier s disen e Inzziness an i roanng 1o cars

Deaf mutism Congenital deafoess

Tredenck s disea ¢ Depeneration of the upper part of
the spinl cord

Multiple sch! 118 Diffue deencration of nerous
s ue

Chotea Or ! nary St Vitus dance

Hereditary fect e mun e Tn s Trobat 1y recesive

Here litary epilepsy 1 robably recessine

Manic depres 1vemsamity I robal Iy recessive

Dementia g raccox Probably reces ne

€ CUARACT!RS DUE TO CUMULATIVE PACTORS

It1s su pected that a good many of the chrracters listed as incompletely dom
nint my be due to cumalitive factors producing the condition wsually called
blenlin, h rehtary  These that almost certunly biclong to this categery are
stature body waght (excent certain types of obesity) shin color shape of head and
propartidns of features

D SCX LINKED RFCESSIVES

Color blindacss Lack of deerimunition between red
and green

Night Llindness One form of this defect which i
volves inability to sce 1 dim
D ht

Iemophilia T'ree bleeding

Gower s discse “useular atrophy

Neuntis optica Progressive atrophy of the optic
nerve

Some pedigrees of dommant characters —DPerhaps the best ex
ample of a dommant trait that has been thoroughly worked out 13
brachydactyly a type of hand m which one joint 1s laching 1 each digit
In the normal hand the thumb has one less joint than the fingers
Hence 1n a brachydacty lous person all the fingers are thumbs and the
thumb s a subthumb ~ Such a type of hand 1s broad thick and clum
sy Itisnotatall a well adapted character but it 1s not so bad but
that 1t can survive  Duinkwater has studied a number af brachydac
tylous pedigrees one of which 15 shown 1n Figure 81 Males n this
chart are shown by & and females by 9 sohd circles 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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tic of the mode of mhentance of domnant characters  Also the num
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 43 to why  Leing domunant the character
does not become mote prevalent rather than remyming relatsvely rare
The answer that seems most probable 1s that the brachy dacty lous hand
1s very poorhy adapted to human uses and those indisiduals pos.essing
1t are scriously handicapped  Hence there may be mamage selection
aganst it If 1t were more advantageous than the normal, doubtless
the meidence of the character would incre1se and it mught in time be
come the typical condition for the species The same explanation
would apply equally nell to all other cases of dominant abnormal
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TG 83 —Ishentance of one form of cataract  Modified from Nettleship s
chart  The duagram reads thus A man with catarzct marned a normal woman
of their exght children six were affected with the diea e One of these marned
anunaffected man  three of the chil {ren of this union were normal sex unrecorded
tno defectine  This same man marmied a second wife wbo was normal  their
etght children were all unaflected  So continue reading throu,h 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 reson 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 heterozy gotes and one half recesstves which 1s about what the
accompanyng pedigtee shows

Another case of a dommant character not so definitely analyzed
as the Inst 1s a type of hereditary cataract (I'g 82) This condition 15
duc to an opaque regron i the lens of the eye which when well ad
vanced may cause blindness  In the particular form of the disease
here considered, * says Downing * 1t does not develop until mddle Life
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Clarence Loeb 1n a study of bereditary blindness tabulated the results
of 304 families 1n which such blindness occurs  There were 1 o12 chul
dren of whom 58 per cent were afflicted which 1s about the percentage
expected when hybnd defectives mate with normal mdividuals 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 showmg outcropping of
albimsm lack of pigment m haw shin and eyes It 15 noteworthy
that the appearance of the character 1s relatively rare only rg out of
158 individuals 1n the pedigree bemng albinos or partial albmos  that
albmo offspring are produced by two phenotypically normal (pig
mented) parents, and that m generation VII where several of the chil
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 offspring would be albmos  Since we shall have to present further
ples of ped. of recessive ch m with the
account of the heredity of meuntal characters we need give no further
examples here
Tt 1s 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 family connection made by the wnter 1n 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 cumz
latrve factors we may cite the case of skin color  Whole races of man
are dark skmned others light skinned  Some 1dea as to the mode of
hereduty of shin color 13 obtamed by studies of crosses between negro
and white ndividuals  In a cross between a negro 2nd a white
person says Castle children are produced that are of an mtermed:
ate but frequently variable skin color and are known as mulattoes
Mulattoes mating mnter se produce an F generation of lughly vanable
skin color but rarely pure white Davenport has concluded that two
1independent 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 hus negro
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ancestry mught show in ather charzetenistics stck as cucly hasr broad
nose thich bips ete Tt ss difcult do get any sholly <atsfactory
evidence esther for or agamst tus explrnatos That published by
Dasenport can seatcely be considered conclusine for the data studied
are derned from a populstion tn whih Ml timacy by Davenports
otvn statement 151 hught s 72 per cent On the whole, 1t seemns prob-
able that segregrtion of shin pigmentation 1 mulattoes 8 etther o
complete or rarely complete because multiple o1 modifying factors
are myohed ™

Harving given example of pechigrees of physical charseters exhibat
g all of the princapd modes of Mendehn beredits let us now pass to
2 consideration of the facts al out the hiredity of mental truts
man as reveatd by pe il ree studies

B A1) OF WENTAL TRAITS IV $AN

The studies of the heredsty of mental tries sn man consmst prn
apally of those of evceptional genus and of detimte mental defects
and abaormafitus  Very hutic effurt has been expended upon the
heredity of normat axerage wtelhgence such as the greag majonty of
45 PO

Long ago sm 186p “ir 1 ranus Galion published a fascmating book
on The Uredity of Gemus wn which he presented a large number of
pedigrees of farmilies showing defimte and specual types of gentus such
4s musscal gemaus gensus for astronomy and mathematies genius for
sagnce eic  Among those described 1 some detall are the Bach
famuly of great musicians w Germany  the Herschell family of great
astronamers 1 Ingland and be might have added Iis own pedigree
composed of the mierrelated famihes of Dirsins Galtons and Veedge
woods the present generation of nhuch consists of many eutstandmg
and influential persons (Tig 85)  No family today shows more plun
1y than this one what can be done 1 the way of rcal improvement
through a certain amount of concentration of good germ plasm by

d breeding feousta )} when the smbrecdmg stochs
ate steang and sound  Chasles Darein the most enunent member of
thus family connection was the son of an enunent physiasn 2 moember
of the Royal Society  One of Darwn s grandfathers was the well
known Lrasmus Darwin referred to s the Hastory of Evolulion {chap
u) The other grandfather was Josiah Wedgenood I'R S founder
of the Wedgenood potteries  Chasles Darwan married his own cousit
Emma Wedgenood  Four of Darwin s sons ate emment members ol
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the Royal Society one of them being Major Leonard Darwin, president
of the Second International Congress of Eugemces from whose speech
we quoted a paragraph 1z the previous chapter Darwins aunt
marred 1nto the famous Galton family and her son was the late Sir
Franas Galton the enginztor of the term  eugenics ” whose work
we have just referred to  This 18 perhaps the greatest evgenic family
on record

The Bach family of musicians 1s another outstanding example of
the heredity of genius  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 1n musical circles
Johann Scbastuan Bach was marned twice and both umes to a relatine
beanng the nime of Bach s father marned an aunt. There was
a great deal of rather close intermarnage mn the family which seems to
huve helped to concentrate and presers e the high quilities of the stock

Most of the work done on the heredity of mental trats has been
expended on the study of defective and abnormal heredity ncluding
fecble mindedness and the various so-called insamties

‘The heredity of Feebl d —Teeble Jed) as de-
fined by Goddard, 1s a state of mental defect eusting Imm birth or
from an early age and due to ) or at 1 d
1n consequence of which the person affected 1s incapable of pcrfomun"
his duties as 2 member of society in the position of hife to which he 15
born  This 1s not a very exact defimtion for according to the state
ment, a normal individual born 1ato a community of genuses might be
classed as feeble minded  More specific are the folloning defimtrons
of vanious types of mental defectives  An1diot 1s one who, when adult,
has no greater capaaity to learn than a child of two years or less
An imbecile 1> one who rates mentally between two and seven years
A moton 1 ofie who rates mentally from seven to tnelve years  Usual
Iy the so called feeble minded individual is exther an imbecile or 2
moron and much more often the latter than the former  Obviously,
then, there are many hinds and d: grees 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 individuals ~ This classifica
ton saysEast 4sarbitrary, but it serves a useful purpose when deal
mg with feeble mindedness 1s a social problem  Medically and genett
cally 1t means nothing—at present  If this 1s true and we beheve
1t at least lirgely so attempts to deal with feeble mindedness as 2
simple Mendelizn recessive are likely to be only partially successful
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We must therefore take all genetic studies of feeble mindedness with
 gram of salt

H H Goddard probably the most distingwiched of the students of
feeble mindedness, has studied many pedigrees and compiled statistres
concerning 300 of the best of these  Of the cases of feeble mindedness
diagnosed as such by him 164 (54 per cent) are considered unquestion
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 phenotyprcally normal mothers (NF) when
mated with feeble mmded fathers (FF) produced 71 feeble minded
and 73 normal offspring out of a total of 144 This 1s almost teo close
an approximatton to the expected VMendehan ratio of 1 to t  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 3tor  Of 476 children of parents both of whom were feeble minded
(FE) only 6 were normal i mtell and th p d of being
llegitimate  In Figures 86 and 87 are presented two typical pedigrees
of feeble minded families studied by Goddard  The first of these ped:
grees (Fig 86) shows the dure effects resulting from the 1nterbreeding of
feeble-minded parents The children are all feeble minded except the
considerable number that died i mfancy presumably because of
neglect and ignorance of the parents The second pedigree (Fig 87)
tlustrates what a lled scientific e for
one woman was marned twice once to 2 normal man and once to a
feeble minded man and had several children by eack  All of the off
spung from the normal father are normal (but evidently heterozy
gotes) while all those of the feeble minded father were feeble minded
and otherwrse abnormal

It 15 mteresting to note that a very large proportion of juvemle
cnminals and prostitutes when given the Binet test rank as feeble
minded Tests of juvenile cnmnals in vanous states show the fol
lowing facts In INew Jersey 46 per cent of juvenile cnminals are feeble
minded 1 Ohio 70 percent m Virgima 79 per cent and m Illmors
89 per cent It would seem to be a conservative estimate that fully
half of juvemle cruminals are feeble minded

It has also been shown that the great majonty of prostitutes and
guls who have been placed in reformatones for sex dehnquency are
feeble minded  Tests of large numbers of girls m an Ilkinos reforma
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tory show that o7 per cent are feeble minded  In Massachusetts a
prominent commission reports that of 300 mmoral s omen under de
tention 1n that state 57 per cent were feeble minded while the rest
rated from mine to twelve years in ment1l aige  On the basis of data

Tic 86 —Pedigree of a family with a high proportion of fecble munded persons
(F) Squares males circles females d tf died 1n infancy  (Erom Duvenport

after Goddard )
G |F}
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T16 87 —Pedigree of a family 1n which the fechle minded grandmother mar
ned twice by 2 normal husband she had normal children but by an aleoholic
sex-offending (Sx) doubtless fecble mnded husband she had only feeble minded
children  (Trom Davenport after Goddard )

such as these Goddard and others maintain that there is a very inti
mate relation between cnme vice, and fecble mindedness  Wape out
the feecble 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 of possible
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Statisties seem to indicate that this defect 1s on the increase certainly
1t 13 far too common to be ignored  Records show 178 coo 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 ooo defec
tives m Indiana alone and Indiana 1s in no way exceptional  Calcula
tions 1ndicate that m the United States as a whole there are not less
than half 2 mihon feeble minded 1ndividuals and several tumes that
many wmdividuals phenotyprcally normal but carrymng the gene or
genes for feeble mindedness A large proportton of these individuals
are charges of the vanous states and cost the public many millons 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 Deuid Heron m Scotland
has studied 331 faruly histories exhibiting nsamity  There are sev
eral distinct and different conditions included under the blanket term

msamity ' It 1s 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

or me
Pa 2
Is S Pia®
Both sane 314 1179 a
One isane 93 290 24
Both msane ) 4 so

These figures are not at all read:ly fitted mto any simple Mendelian
ratic  Doubtless the vanous msamties are not due to single Mendelian
units but are complex cases That they are to some extent and in
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 INHFRITANCE OF INSANITY)
(NwN\ormal I=Insane)

Cononrx
Pare 13 Maryvcs

Netropath | Normat | pedE
Both tnsane {I7) 17 54 10 Allinsane
Only one mmsane (NIXITY 03 100 230
Only one insane (NN X1I) 1 a5 All insane
Tioth normal (1% NT) 62 10 Y 13
Both norma! onc heterozygous

) 20 77 Al xane

Ephtha amtpasobthe § of 4 nce

The e data might readily be taken to prove that msamty 151 aimple
“Mendelian recessive but 4 serutiny of the methods of colecting datr
mhe geneticists somewhat sheptical  Thedata  says Castle ‘have
the scientific value of gossip consi ting of answers m1de by nform
ants to leading questions designed to bring out any weakness 1 the
pedigree  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 purposes would be
classed as fully normal 1f they occurred 1n famihies free from imsane
patients  Such classification has hitle scientific value  This state-
ment may be severe, but 1t scems justified by the fact that persons
who are described as  a crank easily exaited, penous 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
catepories by our acquuntances

As yet 1t would be quite unsafe to classify any of the msamties a5
simple Mendehan umt characters  The subject 15 a very complexand
difficult one and genetic results will continue to be unsatisfactory
untl the psy chuatnists are able more accurately to diagnose and classify
the ‘insanities

Pedigrees of royal families —Vembers of royal fam:lies have been
used as data for the study of human heredity ~ Records of these imdt
wviduals 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 dictionartes 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 famlies 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
Tsabella and Charles V of Spam Fredenick the Great of Prussta Gusta
vus Adolphus and Charles XTI of Sweden are among the most britlant
of these potent mndnviduals that shaped the destimes of Curope during
this peiod It 1s interesting to note how their characters are deter
muned (and through them national destines are apparently deaded
m no small measure) by the hereditary concentration of ability due
to Jucky roval matings and how their genius 1s dissipated by unwise
matings

Peter the Great of Russia came as a brilliant type from 2 good
stock though with a very evident tamnt of epilepsy and feeble
muindedness He himself was an epileptic  His father grandfather
and great grandfather had been men of large ability  They had marnied
peasant girls 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 wall be seen from the pedigree the epilepsy
mmbecibty and mediocrity appear m both Peter s children and grand
children as well as in those of lus imbecile half brother Ivan Ttis
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 specrmen 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 mund
while the daughter Nataha was as sweet as she was energetic

Isabell2 and Ferdunand were both descendants from lines of very
great individuals although m each case there s msamty 1n the fanuly
Isabella 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 Woods s 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 Castile 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 Inthenextgeneration howesver, appears
Charles V whose reign marked the acme of Spain s greatness partially
due to his own ability partially due to the momentum of those move-
ments that were mstituted by his dlustnous grandparents  Charles V
married his own cousin as dud alse John IIL  Children of these two
matings marnied 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 ina large number
of offspnng alnlity will reappear and tnsamty wall reippear but just
what mdividual each wall stnke 1t 15 impossible to prophesy without
Lnowing 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

¢ This 1s nowhere better llustrated than in the family tree of
Frederich the Great of the Prussian house of Hohenzollern as will be
scen from the chart on page 467 Of his great grandparents three
scale 10,0ne g one$ twoy,andone6  Not one 1s below mediocnty,
and the majonty are of very ligh grade  Of his fourteen ancestors
back three generations only onea distinctlyinferior  Of s brothers
and sisters four are distinctly great three mediocre and one infenor

“It 15 mteresting to trace the eflect of the mating of such splendid
stock with another brilhant line that of the Swedish royal house
Gustavus T or Gustavus Vasa 1s another mstance of the bnlhant
mutant, with some tamnt of neurosts  He married a gentle and tactful
princess  theur son Charles TX was a very able man although of thewt
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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 marned Ulnca Eleanor (7) granddaughter
of Chnistran IV of Denmark the most brilhant of all Danish sovereign..,
and Charles XII therr son 15 promounced 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 married Lowsa Ulnea sister of Fredenich the Great
of Prussiz  The result of this union of two great lines of hereditary
ability was Gustavus II1 a fit successor of Gustavus Vasa Gustavus
Adolphus and Charles XIT hewas aprodigy of talents statesman
poet dramatist,’



CHAPILR \\A\VI

THL STATISTICAL STUDY O HEREDITY
IN MAN

Introduction —A good example of this method 15 afforded by
Popenoe and Johnsons studies of the beredity of longevity (chap
wxx) Other examples are found in Heron s and 1n Orr and Rosenoff s
studies of the heredity of insamty presented mn the last chapter
The proof of a given character being hereditary 15 believed to be at
tamned when 1t 18 shown that affected parents have a sigmficantly
Inrger proportion of affccted offspring than have non affected parents

The statement that twinning 1s hereditary 1s based on the fact that
twins are far mote common n certam stramns than in the general popu
latton A twin birth occurs n 2bout 1 out of every 88 confinements
C H Danforth found that in the case of so newborn twins there were
171 single brothers and sisters and 10 pairs of twin brothers and sisters
2 ratio of about 1 to 18 as compared with that in the general popula
tion, 1 ta 88  Moreover, with respect to the mothers of these twins,
their brothers and sisters numbered 318 singles to 1o 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 8 parrs of twm brothers
and sisters a ratio of 1 to 37 A number of stmilar studies give 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 (sce chap <lm) existing be
tween selected groups  Complete correlation 15 repre ented by the
umt 1 If correlatton 15 1 heredity 15 perfect and vanous grades of
imperfect heredity are represented by decimals such asog9 06,025
etc It has been shown that for most characters the correlation of
offspnng to fathers 1> about 0 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 0 g+  These
mdices of correlation run 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

His 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 15 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 mothers 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 Line but they do not comade Average
parents have nearly average offspnng but very tall and very short
parents have offspring decidedlv less tall or less short respectively
than their 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 mud parents which average a little over 64 mches have
offspring averaging about 65} mches and that md parents which
have an average stature of 71} nches have offspring averaging 70
inches  Ttis clear that on the average the more exceptional the md
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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exceptional parents tend to be on theaverage one third less exception
al than the patents  This he called the Law. of Nital Regression
Similar results werc obtained with several other types of human
differences that were capable of being gradud quantitatively and ar
ranged 1a classes  Thus « hen eye colors were graded on the basis

Inches
73

7 A
J

» A
Pl
70 l
69 /(f/ z
B might ol ait qare t 4 -
8.

Fr6 83 —Dhzgram to lustrate Caltons Law of Filia] Regression  ts shown
1 the stature of parents and children  The mean height of all parents 1s sbown
by the dotted hine between 63 and 69 inches  The curcles through which the diag
onal Line runs represeat the heights of graded groups of parents and the arrew
heads idicate the average heiyhts of their chuldren  The offspring of undersized
parents are taller and of oversized parents are shorter than their respective parents
(From Conllin after alter )

of the amount of pyrment in the s and arranged 1n nine or ten classes
1t was found that there was practically the same amount of filial re
gression as there was in the case of stature  This was true for all ex
cept the pure blue eyed parents with no pigment i the front of the
ms where no regression 1n the offsprng was noted  Blue eyed mdt
widuals are of course homozygous 1if they are really blue-eyed o the
genelic sense
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The same law was shown to hold also for mental characters or
grades of mental abslity ¢ The more bountifully a parent 1s gifted by
nature, says Galton the more rare will be hus good fartune if he
begets a son as nichly endowed as himself  Galton considered that
atly law that applied to such diverse characters as stature eye color
and mental ability must be a universal law of heredity

The problem then arose as to the reason why heredity between
parents and offspring 15 so imperfect  Let us remember that Galton
did 211 hus work long before the rediscovery of Mendel s publications
Had he known about Mendels laws about the difference between

d Q Patents
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Fic 8g—Diagram to ilustrate Galtons Law of Ancestral Shares in Inhers
tance  The whole hentage 15 represented by the entire rectangle that denved
from each progenutor by the smaller squares the number of the latter doubles m
each a.cendin generation while its ares 1s halved. (Brom Conbl a after Thomson )

phenatypic and genotypic conditions and that recessive characters
concealed for some generations crop out when two recessive genes meet
he would have understood at 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 1 hi own way

He arnved at a conclusion not unlike that of Weismann that
whentance does not come from the bodies of parents but from a racial
“stirp  which 15 2bout the same as Weismanns germ plasm  The
reason assigned for fihal 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 fram the exght great grand
parents and some from more remote ancestors  Just how much each
of the dufferent grades of ancestors contribute to the total hentage of
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Progesterone can maintain hfe m adrenalectomized amimals 1 The luteal
phase 1s associated with large amounts of glycogen 1n the endometrium
Progesterone 15 considered an antiestrogen and the reduction 1n alkaline
phosphatase activity dunng the secretory phase may be concerned with
gly cogen metabolism 17

(3) At birth the |l prepared immature fetus must suddenly transfer to
an aerobic evistence  Glycogen 1s preferred to glucose for aerobic metabo
Iism A low level of anaerobic metabolism presatls as long as an excess of
slycogen 15 available ¥ The fetal rat has been shown to be a glycogen
stenng and glycogen consuming  engine ‘% Bemg a polysaccharide
reservoir the fetus requires large addttional amounts of stored water  This
may be the safeguard agunst excessive dehydration

(4) Immature fetuses have a mimmal amount of fat and must use gly cogen
for energy  The 11 and 1117 oxysteroids regulate carbohydrate metabo
lism by increasing the penipheral utihzation of fat while decreasing the
utehizatron of carbohydrate 2 Progesteronetsrelated todesoxy corticosterone
which 1s somew hat tntagomstic to the 11 and 11 17 oxysterords and st may
have a stmilar inhibiting effect on the utilization of fats

(5) The fetus 1s a mobile organism using muscle gly cogen and converting
tttolacticacid  This lactic acid 15 changed to hiver glycogen by the placenta
which has the power to remove both maternal and fetal lactic acid from the
crculation for this purpose  This pattern demonstrated n ammals ** #
may also be present in man

(6) In summary to convert to an aerobic metabolism the immature fetus
needs large amounts of glycogen not ordinanly avalable Progesterone
may have a role 1 glyconeogenests and glycopen storage It does inlubit
uterne actnaty particularly at the placental site The placenta 1s capable
of converting lactic acid dernved from muscle glycogen to hver glycogen
for energy purposes Thus progesterone may enhance this actavity as well
as mhibit the copsumption of the practically nonexwtent fetal fat  The
ghcogen developed through this process will hold large amounts of water
possibly preventing or allaying to some degree the dangers of dehydra
tion  Progesterone may be the key to this entire process 17 HPC s a
progestational drug and 1n the above mechamsms may act exactly as does
progesterone

Summary and Conclusions

Fifty mine pregnant women treated with 17 HPC are presented in 3
groups the first of which includes 40 with spontaneous premature rupture
of the membranes  The remamder had panful utenine contractions or dis
tenston associated with several different causes Nerther premature nor
term labor was prevented although many of the pattents with painful con
tracttons and uterine disease obtamed rapid and relatively complete rehef
on adequate dosage indinidualized for each pattent Fetal sahage m the
1000 to 2000 gm group was significintly mmproved (p = 003} m those
treated with 17 HPC A theoretical explanation for this improyvement 1

attempted
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TREATMENT OI' HUMAN DIABFTIC PREGNANCILS WITH
ESTRADIOL VALERATE AND 172 HY DRO\Y PROGESTERONF
17 n CAPROATE

By Luke Glllespu’: Lloyd I Sexton and Prscilia Whate

Depariment of Obstelrics Hareard Meducal School Boston Isong In Hospitat and the
Joslin Clime Boston Mass

‘The Joshn Chnic has cared for more than eleven hundred viable diabetic
pregnancies  As a result of this experience we of the Joshn Chinic believe
that the use of female sex hormones 15 an essential and valuable part of the
treatment of such pregnancies especially i patients who have been diabetic
for a leng time and in patients who have definite vascular retinal and/or
renal dicease

We beheve the following changes are associated with female sex hormone
therapy of pregnant diabetics

(1) Decreased incidence of spontaneous abortion and premature labor
Our previable failure rate averages 10 per cent  This compares favorably
with the rate of any obstetrical clinic

(2) Decrease 1n the degree but not in ncidence of hydrammos One
result of a decrease 1n the degree of hydramnios 15 that fewer patients have
premature rupture of the membranes and premature labor

(3) Decrease in the wncidence of true toxema of pregnancy In our
chabetic patients this incrdence amounted to 2 per cent

(4) Decrease 1n the number of intrauterine deaths

(5) Higher fetal survnval rate

(6) Changes 1n the placenta The placentas in the diabetic pregnant
patients treated with female sex hormones closely resemble those of the
nondiabetic pregnant women and cannot be recognized either grossly or
mucroscoprcally by the patholog: t as bemng the placentas of diabetic mothers

(7) Changesin thewfant Mostof ourmnfants no longer have the so called
Cushingord appearance once descnibed as typical of the infant of a diabetic
and many cannot be recogmzed by the pediatricians in the nursery as being
the infants of diabetic mothers

(8) Decrease 1n the wesght of infants  T'or comparable gestational ages
our infants now average one pound less than in pattents who did not recene
female sex hormone therapy

(9) Less progression in vascular disease in mothers  Only 2 or 3 per cent
of our mothers show a definite progression of vascular dierse particularly
1n the reting, after the pregnancy 15 terminated

(10) Possible improvement 1n maternal dibetes postpartum for months
and possibly years Many of our patients have shown definite chimcal
improvement i their diabetes as judged by the amount of insulin required
and many of them have shown marhed redirection of therr msuhn projection
Two things cannot be changed by the use of female sex hormones

curve
794
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Tante 1
Crassirreamion o¥ Preeaant Drwencs
Class A Glucose tolerance test diabelies—nomnsabn weers
Class B \ge at onset of diabetes mellitus—over 20 years
Turation of diabetes melhius—under 38 vears
o vasculas diszast
Class ¢ Age at onset of diabetes mellitus—10 10 19 years
Duratson of diabetes medhins~—10 te 19 vears
o vaseular diseas
Class D Age at onset of duabetes mellitus—un fer 10 vears
Duration of diabetes mellitus-—~over 20 s ears
Retumtss
Cateificatian of teg tessels
Class T Patients with exiceficstion of pedvic vessels
Class T Pateents sath nephnus

the pccurrence of congenstal anomahes w the infants and hy perplasia of the
sslets of Langerhans in the mfants who do not sunne

Since 1936 979 studied pregnancies hate reached viability By  studied
we mean pauients whose blood and urme have been assayed for female sex
hormone level  Of this group 819 pauents recenved female set hormone
therapy  Fetal sunvsval rate m this group was 87 per cent  One hundred
and stxty patieats tid not recene female sex hormone therapy  Fetal sur
wivat i this group was 63 per cent  The female sex hormornes used stif
bestrol and progesterone were grven by daly mtramuseylar wgection

Prusalia White s classtfication of pregnant diabeties and the dosage
schedute of female sex hormones formesly vied are shonn 1n vaBLEs }and 2

Stilbestrol and progesterane v ere given by daily mtramuscular wyection
Hushands wothers friends and neighbors were tanght to guve these mjec
tons Complications were a fe ¢ c3ses of local allergy and one or two
abscesses @ year  Toward the end of pregnancy large volumes of matenal
were bemng gnen daily and at imes there was hardly any avea avaslable for
further wjection

Prolonged pestpartum bleeding was not & reat problem One or tno
patients a year would require curettage of the uterus to stop such bleeding

Mo cases of utenine or ovaran malignancy can be traced to the use of these
hormones even m such large doses

Tasre 2
Scurule of HORMQNF TREATMENT ALCORDING 10 CLASSIFICATION
» ) Intramuscalar Injection of Both Stilbestro) 2nd P 3

of Each

We & of preguancy i Class B{Class €| Class DY Class | Class F

016 25 25 2 N

1719 O T S0 b
20-23 50 50 | w0 100 100
2479 100 {500 | 125 15 125
36-33 10g 100 150 150 150

34 37 12§ 125 w0 200-230 | 200-250
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Present Serses

Duning, the past year fifty humn diabetic pregnancies have been treated
with weekly injections of estradiol valerate (Delestrogen) and 17a hydroxy
progesterone 17 % caproate (Delaluin)  The pregnancy classtfications of
these patients 1s shown i TiBL1 3

TapLe 3
Tiety JaTiFnTs DELESTROGEN AND DirareTiy
Class A O
ClassB 9
Class C 18
Elass D 19 Eughty tno per cent severe diabetics
Class F 4

Iatients with retiniis 13
Patients with retinitis proliferans 3
Patients with nephntis 4

Dosage schedule  As soon as a definste diagnosis of pregnancy was estab
Irshed by erther chnical or biological tests hormone therapy was started with
Delestropen (1 cc) and Delalutin (1 cc) intramuscularly weekly This
do e was gradually increased to 10 ¢c of each increasing to 12 § and occa
sionally to 15 cc n very poor nsh patients  The total amount of Deles
trogen and Delalutin recenved weekly corresponds roughly to the weehly
amounts of stilbestrol and progesterone our patients had recerved previously
The results of fifty pregnancies are shown mn Tanres 4 and > the week of
delivery in TABLE 6 and the type of delnvery 1n TABLE 7

Tailnres  There were 7 falures 4 ntrautenne deaths and 3 neonatal

TanLe 4
Frrry PaTieNTs DELESTROGEN AND DELALUTIN
Viabihsy—all Panents Completed at Least 28 W ecks of Pregnancy
Intrauterine deaths 1

I've born mfants 6

Neonatal deaths 3

Infant survivals $3-86¢

Congemital anomahies 5-10 o
TaBLE 5

Frrry PATIENTS DELESTROGEN AMD DELALUTIN
Thirteen patients with retimtis—10 infant survisals
Three pattents with retimtis proliferans—2 infant survsvals
Four patients with nephritis—3 infant survivals

Taste 6
FirTy Parients DELESTROGEN AND DFLALUTIN
Week of delivery  30th— 2
32nd— 1
33rd— 1
34th— 4
35th—16
36th—24
37th— 2



Gullespie ef ol Treatment of Human Dibetie Pregnancies 797

Tasze 7
FIery Pamienss Deresrrocrs AND DEtarem
Type of detnery
Lehae 23
Tampara 3
Multpara 1
Cagsazean section 26
Smipara $1~-6 fauled inductions
Repeat sections 1

deaths  The mtrautenne deaths were as folfows (1) mucrocephalic infant
{2} patient with & Lacornuate completely septate uterys {intrautenne death
at 29 weeks) (3) UnNCOOperatn e patient with poor diabetic control {(otrau
fenne death at 33 weeks) and (4) intrautenne death at 34 weels (when the

premature labar at 30 wecks (patient a diabetic drarf) (2) separatton of the
placentz at 30 weehs and (3} separation of placenta at 35 weels {patient 2
diabetic dwarf)

Oulslamhng successes These mcluded {1} one patient with 5 previoys
pregnancy fadlures (2) one patent with g classification of F  gng with
albuminuria of 1000 mg per day whose nonprotew nmitrogen was 60 one
patient with a classification of F angd Previous mterruption of pregnancy jfor
estensive retmtts (4} one patient with a classification of F albuminuna
hypertension cakafication of ankle aud pebyic yessely tetial hemorrhages
and exudatton and retmutss proliferans and {5} one pauens with thyrotow
casts who underwent a thy roidectoms 1n early pregnancy

There were 16 patients with retinstis Thitteen patients had retmal
artenosclerosts or hemarrhage or exudate Ten of these 13 produced good
mfants  Three patients had retimatrs probfesans 2 of these 3 bad good
wfants

Pateent acceptance o difficulty was encountered 1 Tecommending
weekly hormone myections 1o these panents Manv of them 1 earlier
pregnancies had recened dadly mtramascular friections this new schedyle
with fewer mjections and much smaller olume of mjeced matena! seemed
to them a tremendous mprovement

Complications  Cosmphications of Delestrogen ang Delalutin therapy have
nchuded (1) no tocat mflammatean or abscess formation (2) 2 foca} allergies
t ung vash and the hke) (3) 1 generaheed altergie Teacton (mild angio
v ur tic edema) (4) no pebvic pais {5} no nauses YOMUUNE or generalized

naluse (8) 5 moderate and 1 severe hydrammgy ()2 Separations of the

placenta (8} 1 premature rupture of membranes {9 breast engorgement
and lact3tion On contrast to abnence of both breast eng,

patient with utenne atony on the day of delivery re
tients have had prolonged b!etdmg at home 2 Fesponding to peut a
Ep:go(m(c and 2 returnmg ta the hospitat for carettage of ghe Jums) > and
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Hormone gssavs  Blood chonome gonadotropin levels have been within
our normal limits 1n 95 per cent of the analy<es performed No urinary
pregnanetriol assays have been done  Only 10 (20 per cent) of the patients
had what we consider averige unnanv pregnanediol excretion assays for
dabetic pregnancy treated with female sex hormone therapy Al the
others had curves lower than average

Clincal Impressions

We realize that this 1s a small number of patients and we realize that it 1s
tmpossible to be completely impartial and objective 1n observing newer
methods of treatment  Nevertheless, we believe that this particular group
of patients which included many severe diabetics has gone through preg
nancy more smoothly and uneventfully than any group we hase ever handled
Those patients who succceded did so with fewer diabetic and obstetrical
complications than we usually encounter Thi, same feeling has been
expressed by the pediatricians who care for these infants  Of these patients
a larger number of infants were transferred from the premature nursery to
the regular nursery and left the hospital with therr mothers than 1s usual
with these patients

Summary and Concluston

Fifts human diabetic pregnancies were treated with weekly intramuscular
mjections of Delestrogen and Delalutin  Imjections were started as soon as
a definite diagnosis of pregnancy could be made and were continued up to
within a few days of delnery The mtial dose of each drug was 1 cc
increasing gridually to 10 cc of each  Eighty two per cent of these patients
were severe diabetics  Sixteen of these had retimtis and 4 had nephritis

All of these pregnanctes reached viability  The fetal survival rate was
86 per cent

Statistically these results are as good as any we have ever achieved
Actually they are better for this was a poor nsh group with many severe
diabetics  Complications of hormone therapy were mumumal There were
a few mild local allergic reactions of short duration  One patient developed
mild angioneurotic edema  Two patients were forced to return to the hos
putal for curettage of the uterus for prolonged postpartum bleeding

The blood chortonic gonadotropin ascays were normal m 9> per cent of
the patients No urmnary pregnanetniol excretion assays were done  Un
nary pregnanedia! excretion assays were done on almest every patient
Only 10 per cent of the patients had a normal curve of diabetic pregnancy
All others had pregnanediol curves lower than the curve we consider the
average for diabetic pregnancies
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Duscussion of the 1 aper

Grorot P HECKEL (Rockester A 1) One question that always puzzles
me 15 how you can separate the effect of improved treatment of dibetes from
the effect of hormone treatment

Loke Oriespis (Hartard Vedical School Boston Mass) Those 160
patients who did not receise hormone treatment extend back over a certam
number of years We realize that some uprovements are due to the
mprorements n obstetncat and diabetic treatment better anesthesia per
haps better sutgery and better premature aurang Ve seabze that all of
the 1mpsos ement 15 not due solely to the use of female sex hormone therapy
“That 15 only one of seven major pownts of treatment

We alvays have a few patients who do not recene female sex hormone
therapy  Some Lve at o distance  Some are correspondence cases  Occa
sionally we are trymg to get a few controls of our own  1f a patsent refuses
to accept hormones we can be certam that she 15 not gomng to carry out the
test of our preseribed care and treatment thus st 15 unfair to say thai she
fasts sumply because she dud not recenve the hormore  However even in
the few patients willingly selected 2s controls we find sooner or later belore
the pregnancy s over that for ong reason or another = e are starting hormone
therapy

Tee hnow this 1> quste 1n contrast to the practce of some of the dubetic
chows  For mstance Pederson mantams that ke gets just a» good reaults
with speeial care of dizhetes W& haie never been abl to obtan as good
results 1n cases wathout female sev hormones as we have with although we
witt agree that not alt of the vmprovement of fetal surs ival 1s due to hormones
Of course we canpot use homones and neglect any part of the obstetucal
care the dmabetc care ot particularly the care of the newbom wian
In nther words we cannot simply adminnter one injection a week and then
tarn the patient loove and assume that she 1 gomng 10 do very well

1 agree with you w that the evaluation 1 difficst Y ou notice that I
have sard that these things were gssociated with female sex hormone therapy
We have not said they were directly dependent upon 1t but our best results
do seem o occur i those patients who are treated with the hormones
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By Abraham F kahoff
Jeferson edical College Philadelphia Pa

Dresses hept long enough are bound to come bich 1 style that seems to
be the case with progesterone The great enthustasm 1 the thirties for
progesterone studies has now returned as evidenced by the work reported
n thys monograph  Progesterone 1tself has been reviewed 1n these pages
and even a few of 1ts previously well accepted actions have come up for
some discussion or challenge  Lithisterane or anhy drohy droxy progesterone
has been discussed 1n many of these studies 15 a standard of comparson for
the new oral progestational agents 17« Hydroxy progesterane caproate
and other esters of 17« hydroxyprogesterone particularly the acetate or
acetoxyprogesterone have been discuseed  Considerable attention has been
gien 19 nortethisterone which I shall refer to as Norlutin and also the
methyl and vinyl analogues of this compound  Nerethynodrel an estrenone
compound which together wath an added 1 5 per cent of ethynyl estradiol 3
methy] ether has been referred to as Lnovid has been discusced as have
other 17 alkyl dernvatives of this compound  Mention has also been made
of the 9 and 12 halo 11 oxygenated progesterones as new oral progestational
hormones

In the first part of the monograph considerable attention 1s devoted to the
actions of these new progestational hormones on animals and 1t becomes
obvious that we are dealing with a group of hormones 1 which there 1s a
great diversity of biological action  Indeed there has been considerable
controversy as to what constitutes a progestational hormone  Exen though
Greenblatt has given us a new cnterion I do not think any single definition
has been advanced that would be acceptable to all the contributors to this
publication  In other words 1t 15 obvious that we have a number of agents
with diversified actions that provide good mnvestigative material for both
the laboratory and the chmcal worker Once farmhar with the vanous
actions of these indnidual compounds we shall have available a selection
of different progesteronelihe hormones for different particular chimcal and
laboratory purposes

The chemistry and biologtcal action of Deltlutin 1n anmals are reviewed
by hessler Borman and Fried It s shown in these as well as other papers
that this compound eterts 1n ammals a typical pro,esteronic effect on the
endometrium but a much more prolonged duration of action It 15 abo
shown that Delalutin has escentially no estrogenic actisity and that at 1s not
androgemc  As far as any possible anabohe effects are concerned there 1
abviously some species difference For many species no anabolic effect has
been noted but on the other hand Gassner and Rexfenstein ive very stnhing
evidence of the anabolic effects of this agent when given together with Jong
acting estrogens and androgens n accelerating the weight gain 1n cattle and
n upgrading the beef

In comparative studies by Zarraw and his associates using different end

800
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pomts w an effort to evaluate the effects of vanous progestationn agent~
we see that Delrlutin 1s extremely actne by the Hooher Forbes test and
that it had some actinity 1 the chich oviduct and rabbut test but not 1 the
deciduoma mamtaming test w zrats and mice whereas progesterone ttsell
was acine
Velardo shows that Delalutn gnven to mice prsor to conception id not
have a deletenous effect on the endometrum and the htter size of rats
whereas progesterone hid a markedly deleterious effect  He suggested that
this difference i htter size 15 due to differences in the metabolites in the two
compounds
Smithberg shows that Delalutin gnen to prepuberal female mice stimu
lated with gonadotropn to ovulate and mate would foster implantation
but that 1t 1s not capable of P y  Inthed fol
Jowsng Velardo suggested that perhaps estrogen may be necessary
It has been mnteresting to note also that Johnson had great success an
increasing the breeding efficiency of Linfertle cattle by the addition or
sdmimistration of Delalutin  Nalbandov also showed that the embryonal
survival was significantly reduced m pigs and probably m sheep but not an
7ats by progesterone therapy following conception
Regarding the hiological actson of the 19 nor steroids on anumals we might
first conaider the excellent paper by McGmty and Djerasst on the chenucal
imvestations that fed to the synthests of the 19 sor steroids These data
show that “orlutn s> as active orally as by intramuscalar myection and that
1t ks a progestational potency about hive times that of ethy ny ltestosterone
Tt has shght oral estrogemic actwity neghgible androgenie and shght
anabolic achions
Of the analogues mentioned of the 19 nor dernvakives androgemaity
appeared to merease m the following order the vinytdemnative the ethyl
dernative and then the methyl dernative which appears to be as androgemic
2w methyl testosterone wtsell
Norlutin appeats to have antiganadetropic activity 1 ammals  Zatrow s
tests showed that 1t 1x active the progestational reaction the decidual
reaction and s the chck o duct test
The Brological actions of Fnoud quite comparable to those of Narlutin
hasve been excellently reviewed by Saunders and Dnil  Inovid has an oral
pragestational scuaty of a magmtude comparable to that by parenteral
cetion It has some estrogentc activty  There has been controversy as
hether this 1= due entsrely 1o a contaminating estrogen or 15 aho attrbut
L1 to seme endogenous estrogenic action of the compound riself At am
cate TLAsons are grien as to why this compound s purposely fortified with
entropen pumanty to prevent bleeding dunag admumnnstration and to enhance
certamn deswable factors  Fnovid was abho antigonadotropic but 1t thd not
hloch evoLenous gonadotropn
The 19 nor sterords appatently block ovulation and 11 this action appear
1o be more effective than progesterone  Enovid 1> not androgeme 1t would

appear to have ~hght anabolic action It does not mamtam pregnancy
the ovanectomized animal 4
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For conventence the studies of the effects of these compounds on man
might be dnvided 1nto several headings  Furst are the papers that deal with
the action on the endometrium (those by Boschann Lpstein, Aupperman
and Cutler Wied and Davis Shah Long and Southam Whitelaw and
Roland) In this sectton I think that certain common denomnators regard
g, the action of these hormones become apparent It was evident that
Delalutin could produce a good secretory endometrium in the estrogen
pomed indinidual It was also noted that 1f the long acting progesterone
and long acting estrogen are continued over a prolonged period a decidual
reaction 15 produced  These compounds wall favor the deposition of gly cogen
n the endometrium

Concerntng the 19 nor compounds  their action upon the endometrium was
obuviously atypical It might be fair to say that most worhers agree that
these compounds at first hasten a progesteronic action so that in a few days
ene obtains a picture comparable perhaps to an 18 or 19 dzy endometnum
except 1n that continued administration seems erther to arrest the develop
ment of the glands at that point or perhaps e<haust their secretory activity
and that thereafter the continued action would be mostly on the stromal cells

Long and her as<ociates have presented some beautiful microphotographs
of the deposition of glycogen 1n the stromal cells  They have also shown that
Lipids ncrease under the influence of these compounds and that the alkaline
phosphatase 15 dwtnibuted m a pattern comparable to that seen m the
proliferative rather than in the secretory phase

There are also many microphotagraphs of the aty pical pictures that would
be produced if the 19 nor compounds were continued for any length of ume
Here we find marked stromal hy perplastas with relatively 1nactive or atrophic
glandular patterns  We find also from Greenblatt and his associates that
bleediny, can be deferred with some of the 19 nor compounds for a prolonged
pertod of time as 1t can with the long acting estrogen and progesterone
but that with the 19 nor compounds this bleeding can be held off even if
treatment 15 started the seventh day after ovulation Greenblatt suggests
that this constitutes a test for true progesterone activety

As far as the effects of these compounds on human vagual smears are
concerned tn the mam these compounds produce regressive changes The
change seen with Delalutin 1s tvpical of the normal corpus luteum phase
With the 19 nor compounds the vaginal smear picture particularly shown by
Wied and Davts may be atypical because of the presence of estrogen
Consequently the shift to a corpus luteum pattern on the vaginal smeal
does not occur promptly or typcally

These compounds all produced a hyperthermic reaction The hvper
thermic reaction of the 19 nor compounds commented upon by a number of
workers was particularly striking and appeared 11 some nstances, to be out
of propottion to the effect upon the endometrium suggesting that perhaps
further 1y estigation of this action 15 indicated

Apparently little 1 known concerning the intermediary metaboliom of these
compounds  Exeryone agrees that neither Delalutin nor the 19 nor com
pounds were excreted as sodium pregnanediol a fact that has some advan
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tages and disadhantages for chmcal studies  The di advantage 1s that we
cannot measure the metabolic exeretion product the advantage 15 that it
dees not therefore mnterfere with measurements of the patient s own corpus
uteum activity while on treatment
The effect of these compounds on ovulation 1n man has been mentwned by
a number of worhers The 19 nor compounds particularly 1f started easly
wm the oycle bt evulation and consequently have been used for con
traeptive purposes W\ hether they will continue 1o it ov ulation m sub
sequent cvcles on the same do age 15 I beliese a question still not settled
Some of the data particafarly those presented by Fincus Rock and Gareiz
indicate that this was the case  Their obsersations also indicated prompt
return of ovulation after cessation of t Several mvestg: have
ramed the pomnt that possible harmful endocrme or metabolic effects may
result from long term ue of these compounds
The 19 nor compounds Fnovid and Nerlutin both inhibit gonadotropm m
the ammal arnd tn man  The paper by Epstemn hupperman and Cutler
actually reports a depression of gonadotropin 1 the menopausal female and
the azoospermic male  Whether 1t ys mfluenced by the estrogenic component
15 apen to question It would appear that usvally Delalutin dees not inhibit
the follicle smufating bormone although one exception was reposted by
Clarh and Greenblatt
Regarding the other metabolic effects in man the paper by Landan and
s ascoctates ts particularly wteresting  These investigators point out that
progesterane atself 1 catabolic  Trom therr studies 1t would appear that
progesterone under the conditions in which (t was used was salt disspating
a contradiction of older studies indwating that 1 causes salt and water
retention  Dedalutin was catabolic but had no effect on sochum excretwn
sn most of the mstances guoted The 19 ror compounds were anabolic
and sometunes salt retamnng or had not effect on sodwm and chlonde
There ss therefore a distinct difference between the effects of these compounds
The effects of these hormones on the testes were evaluated 1 the paper by
Heller Lasdlas Hanvey and Nelson  The compounds were gnen to a
number of comvict volunteers wath sperm counts Iiopstes and hormone
assay» before duning and following therapy It 15 shown conclusnely that
these compaunds will canse a rather rapid suppression of testicular function
and that they will cause 2 fall in the sperm count to zera with comesdent
wcular damage but with recovery at a later ime sometimes 24 weeks
r with possibly a rebound to a level hsgher tham the origmal  There
\1 ome gue bon as to whether this effect was due to intubitian of ganada
(rapiny Thaxtl point remams u::exged
Afany excetlent papers on the effect of these compoun a1
coblem~ are presented  These include studes on pafxen:gb“x::hgz::}fo::::
\trual dy <functians as t i thea and corpus
loteum phase pasients with dysfunctional utenne bleeding ;lso p:m?:us
with anovulatory anferility  Data carefully accumnulated by Boschann
oy the effect of Delatuun on the endometnium of women with menstrual
dysfpnction are presented  Southam revsews her resufty and mavery con
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senatn e fashion, points out that bleeding could be induced with all of these
agents with certain treatment patterns and with certan expected results
She questions however whether these compounds would do more than that
1n the amenorrheic patient 1 other words would induction of bleeding favor
the subsequent return of the normal cycle?  Ido not think her data sufficient
to scttle this particular point or that they were intended to do so  Indeed
many of the contributors have discussed amenorrhea m patients 1n whom the
cau ¢ of the amenorrhea was not Anown or not ginen  Until more can be
said concerning the history of the patients being considered perhaps 1t would
be difficult to evaluate the effect of the vanous compounds on obtaining sub
sequent return to normal cycling or subsequent pregnancy in infertile women

Concerning the effect of these compounds on dysfunctional utermne bleed
ing treatment plans are described whereby both Delalutin and the 19 nor
compounds could Le used effectively to stop ¢ bout of bleeding and to obtamn
subsequent so called medical curettage It would appear from the data pre
sented that more ripid hemostasis 15 usually posstble with the 19 nor com
pounds than with Delalutin and that subsequent bleeding can be delayed
longer with the 19 nor compounds

‘The problem of infertility was discussed by Ty ler and Olson and was also
discussed following the paper by Gold and Cohen I thinh these workers
ndicated the great difficulty 1n evaluating the results of anovulatory fertility
treated with any one agent  They pointed out that nhen we have an infer
tiltty problem we are treating a patient and not a single factor and we are
treating a patient with many different modalittes They show howesver,
certamn plans of hormonal treatment that might be used with anovulatory
ifertthity patients I have the impression that both wothers seem to prefer
the use of these compounds n the last half of the cycle although they might
also be used m some nstances for subsequent rebound effect 1n the early part
of the cycle  Certainly more must be done before we know which of these
two plans of treatment will give the better results

Goldzieher brought to our attention the fact that another dernvative of
17 hydroxyprogesterone namely the acetate has oral actinaty whereas the
caproate does not  He was impressed with 1ts actions on the endometrium
n reproducing that of p one It would seem however thata higher
dosage 15 necessary than with the other oral compounds  Greenblatt found
that this compound did not delay menstruation when grven late in the normal
cycle
Finally we have the rather optimistic reports by the obstetrictans on the
treatment of threatened abortion the habitually aborting patient the
patient with premature labor and the patient whose pregnancy 1s complt
cated by diabetes I am smpressed with the very careful data obtained 1n
this connection and by the attempts made at sound evaluanon

On the other hand I believe the warming expressed by Goldzieher 15 not
taken amiss namely that proper statistical evaluation of the problem of
habitual abortion 1s extremely difficult Vwhat constitutes a good contro}
has never been settled to the satisfaction of all  Perhaps untl we find an
stigator who has enough patients and treats them all the same way

mnv e
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with every other patient recewing no hormonal thetapy we masy not know
the answer because it would seem that ey en such things as persorahty and
other psychogeme {1ctors may ako enter mte the problem  Unul we do
hnow the answer 1t would seem that these nev compounds are of potential
value in the field of obstetnics w that they promise to ensure the survnalofa
greater pumber of fetuses



