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PREFACE.

——e—e

Tae following extracts from ““Man and Nature,”
are, I think, of much interest at any time, but of more
than usual interest now that a Forest Law is in
active preparation for the Madras Presidency, and
it is-generally felt that the question of the Fdrest
has not received tha.t attention whxch tt deserves,
and that more is reqmred than has been possible 4o

carry oub up to the present,tjme. « Through the kind-
ness of His Exceilency the Governor of Madras, who
has been so0 good as to obtain for me the permlssmn
of the author, very kindly and hberally gwen as well
as some addltlonal notes by Itim “which have unti]
now never beon in print, I am able to put intc,the
reader’s hands in a’ conveniaub form a series of
extracts including the most interesting porffons of
Mr. Marsh’s work Rearing upon the Forests, and
I hope these will mee¢ with the favor I think they
deserve at the hands of a discerninq public.

Appended will be found a mgmorandum of my
' own on the Forests and Rain-fall of the Madras Pre-
sidency which ‘may be divided into two parts,—the
first, is an application mord or less direct of princiw
ples to be found in detail in Marsh’s work to the
facts as they appear to me of this part of India; the
second, an attempt to tracé the origin and causes of
rain, and how these are affected by the presenge or
absence of Forgst with, referencg in particular to
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India. The reader will please remember that these
pages are but suggestions thrown out for general-
condideration and discussion on a most difficult but
interesting subject, upon which it would be presump-
tion on my part to say more than that they may
perhaps be found to contain some ideas on the sub-
ject which may commend themselves to those who
have carefully and scientifically studied the subject.
If they lead to some useful discussion, they will have
fulfilled their purpose. -
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EXTTS FROM‘
MAN AND NATURE

OR
THE EARTH AS MODIFIED BY HUMAN ACTION,
By G. P. MARSH.

—_—

After discussing the uncertainty of Meteorologieal
data, the author proceeds, to the . .

MgzoranicaL EFFecTs PRODUCED BY MAN ON THE
SURFACE OF THE EARTH. ’

IN investigating the mecharical® effects of human
action on superficial geography, we are treading on
safer ground, and dealifg with much®less subtile
phenomena, less intractable elements. , Greaf, physi-
cal changes can, in some cases, be positively shown,
in some almost certainly inferred, to have been pro-
duced by the operatons of rural industry, and by
the labors of man in other spheres of material effort ;
and hence, in this most important®part of our sub-
ject, we can arrive at many positive generalizations,
and obtain practicdl results of no small economical
value. Many*circumstances conspire to invest wtth
great present interest the questions : how faur man can
permanently, modify and ameliorate those physical
conditions of terrestrial surface and climate on which
his material welfare depends; how far he can com-
pensate, arrest, or retard’ the deterioration which
many of his agricultural and industrial processeg tend
to produce; and how" far he can resfore fertility
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and salubrity to soils which his follies or his"ci-hﬁes'»
have made barren or pestilential.

STABILITY OF NATURE.

‘Nature, left undisturbed, so fashions her territory
as to give it almost unchanging permanence of form,
outline, and proportion, except when shattered- by
geologic convulsions; and in these comparatively
rare cases of derangement, she sets herself at once to
repair the superficial damage, and to restore, as
nearly as practicable, the former aspect of her domi-
nions In new countries, the natural inclination of
the ground, thé self-formed slopes gnd levels, are
generally sucli as best secure the stability of the soil.
They have been graded and lowered or elevated by
frost and .chemical‘forces. and gravitation and the
flow of water and vegetable deposit and the action
of the winds, until, by a general compensation of con-
flicting ' forces, a condition of equilibrium has been
reached which, withont the action of ‘man, would
remain, with little fluctuation, for countless ages.

‘We need not go far back to reach a period when,
in all that portion of the North American continent
which has been occupied by British colonization, the
geographical elements very nea.ly balanced and com-
pensated each other. At the commencement of the
seventeenth century, the soil, with insignificant
exceptions, was tovered with forests; and whenever
the Indian, in consequence of war or the exhaustion
of the beasts of the chase, abandoned the narrow
fieids he had planted and the woods 'ne had burned
over, they speedily returned, by a succession of her-
baceous, arborescent, and arboreal growths, to their
original state. Even a single generation sufficed to
restore them almost to their primitive luxuriance of
forest vegetation. The uhbroken forests had attain-
ed totheir maximum density and strength of growth,
and, as the older trees decayed and, fell, they were
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*.succeeded by new shoots or seedlings, so that from

. century to century no perceptible change seems to
have occurred in the wood, except the slow, sgonta-
neous succession of crops. This succession involved
no interruption of growth, and but little break inthe
“boundless contiguity of shade;”, for, in the hus-
bandry of nature, there are no fallows. Trees fall
singly, not by square roods, and the tall pine is hatdly
prostrate, before the light and heat, admitted to
the gltound by the remgval of the dense crown of
foliage which had shut them out, stimulate the
geymination of the seeds of broad-leaved trees that
had lain, waitjng this kindly influénces perhaps for
centuries. . o*

Young trees in the native forest are sometimes
girdled and killed by the’smaller rodert quadrupeds,
and their growth is checked by birds which feed on
the terminal bud ; but these animals, as gve shall
see, are generally found on the skirts of the wood
only, not in its deeper recesses} and hence the mischief
they do is not extensive. The insects ghich damage
primitive forests by feeding Yipon products of trees
essential to their growth, arg not numerous, nor is
their appearance, in destructive numbefs, frequent ;
and those which pefforate®the stems and branches,
to deposit and hatch their eggs, more commonly
select dead trees for that purpose, though, unhappily,
there are important exceptions t this latter remaﬂy:.
I do not know that we have any evidence of the
destruction or serious injury of American forests by
insects, before’or even soon after the period of cdlo-
nization ; but since the white man has laid bare a
vast proportion of the earth’s surface, and thereby
produced changes favorable, perhaps, to the mult:-
plication of these pests, they have greatly increased
in numbers, and; apparently, in voracity also. Not
many years ago, the pines on thousands of agres of
land in North Carolibp, werc destroyed by insects
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not known to have ever done serious injury to.
that tree before. In such cases as this and others
of the like sort, there is good reason to believe that
man is the indirect cause of an evil for which he
pays 50 heavy a penalty. Insects increase whenever
the birds which feed upon them disappear. Hence,
in the wanton destruction of the robin and other
insectivorous birds, the bypes implumis, the featherless
biped, man, is not only exchanging the vocal orches-
tra which greets the rising sun for the drowsy beetle’s
evening drone, and depriving his groves and his
fields of their fairest ornament, but he is waging a
treacherous warfare on his natural alljes.

In fine, in countries untrodden by man, the pro-
portions and relative positions of land and water,
the atmospheric precipitation and evaporation, the
thermometric mean, and the distribution of vege-
table and animal life, are subject to change only
from geological influences so slow in their operation
that the geograpHical’ conditions may be regarded
as constant and immutable. These arrangements of
nature it is, in most cakes, nighly desirable substan-
tially to maiptain, when such regions become the
seat of orginized commonwealths. It is, therefore,
a matter of the first importance, that, in commenc-
ing the process of fitting them for permanent civilized
occupation, the transforming operations should be so
conducted as not unwecessarily to derange and destroy
what, in too many cases, it is beyond the power of
man to rectify or restore. ' .
Resrorarion or Dastursep Harumonizs.

" In reclaiming and re-occupying lands laid waste
by human improvidence or malice, and abandoned
by man, or occupied only by a nomade or thinly
scattered population, the task of the pioneer settler
is of a very different character. He 1s to become a
co-worker with nature in the recongtruction of the
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damaged fabric which the negligence or the wanton-
ness of former lodgers has rendered untenantable.
He must aid her in reclothing the mountain slopes
with forests and vegetable mould, thereby restoring
the fountains which she provided to water them®;
in checking the devastating fury of torrents and
bringing back the surface drainage to its primitive
narrow channels ; and in drying deadly morasses by
opening the natural sluices which have been choked
up, and’cutting new canals for drawing off their
stagnant waters. He must thus, on the one hand,
create new resesvoirs, and, on the other, rempve
mischievous accumulationse of moisturg, thereby
equalizing and regulating the sources of atmospheric
humidity and of flowing water, both which are seo
essential to all vegetable growthp and, of gourse, to
human and lower animal life. *

DEesTRUCTIVENESS OF MAN. ’

Man has téo long forgotten, that the earth was
given to him for usufruct alone, not for consumption,
still less for profligate waste. Nature has provided
against the absolute destruction of any of her ele-
mentary matter, the raw materml of her’ works ; the
thunderbolt and the ,tornadp, the most convulsive
throes of even the valcano and the earthquake, being
only phenomena of decomposition and recomposition.
But she has left it within the powereof man irrepar-
ably to derange the combinations of inorganic mat-"
ter and of organic life, which through the night of
seons she had been proportioning and balancing, to
‘Erepare the earth for his habitation, when, in the

ulness of time, his Creator should call him forth to-
enter into its possession.

Apart from the hostile influence of man, the
organic and the *inorgani¢  world are, as I have
remarked, bound together by such mutual relagions
and adaptations as secure, if not the absolute per-



6 DESTRUCTIVENESS OF MAN,

manence and equilibrium of both, a long continuance
of the established conditions of each at any given
time and place, or at least, a very slow and gradual
succession of changes in those conditions. But man
is everywhere a disturbing agent. Wherever he
plants his foot, the harmories of nature are turned
to discords. The proportions and accommodations
which insured the stability of existing arrangements
are overthrown. Indigenous vegetable and animal
species are extirpated, and supplanted by others of
foreign origin, spontaneous production is forbidden
or yestricted, and the face of the eerth is eithey laid
bare or cqvered with a rew and reluctant growth of
vegetable feams, and with alien tribes of animal life.
These intentional changes and substitutions con-
stitute, jndeed, great revolutions; but vast as is
their magnitude and importance, they are, as we shall
see, insignificant in comparison with the contingent
and ufsought results which have flowed from them.

The fact that, of all organic beings, man alone is
to be regarded as essentially a destructive power,
and that hé wields exergiss to resist which, nature—
that nature whom all material life and all inorganic
substance obey—is wholly impotent, tends to prove
that, though living in physicaf nature, he is not of
her, that he is of more exalted. parentage, and belongs
to a higher order of existences than those born of
her womb and rubmissive to her dictates.

There are, indeed, brute destroyers, beasts and
birds and insects of prey—all animal life feeds upon,
and, of course, destroys other life,—but this destruc-
tion is balanced by compensations. Itis, in fact,

“the very means by which the existenge of one tribe
of animals or of vegetables is secured against being
smothered by the encroachments of another; and
the productive powers of species, Which serve as the
food of others, are always proportioned to the
demand they are destined. t6 supply. Man pursues
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his victims with reckless destructiveness ; and, while
the sacrifice of life by the lower animals is limited.
by the cravings of appetite, he unsparingly perge-
cutes, even to extirpation, thousands of organic forms
which he cannot consume. *

The earth was not, in its natural cpndition, com-
pletely adapted to the use of man, but only to the
sustenance of wild animals and wild vegetation.
These live, multiply their kind in just proportion,
and attdin their perfect measure of strength and
beauty, without producing or requiring any change
in the natural #rrangements of surface, or in each
other’s spontangous tenderties, except sueh mutual
repression of excessivé increase as maf prevent the
extirpation of one species by the encroachments of
another. In short, without*man, lower ,animal and
spontaneous vegetable life would have been constant
in type, distribution, and proportion, and the physical
geography of the earth would have remained undis-
turbed for indefinite periods, ands been subject to
revolution only from possible, unknown cosmical
causes, or from geological actice. ’

But man, the domestic animals that sarve him, the
field and garden plants the products of which supply
him with food and cldthing,*cannot subsist and rise
to the full developmeht of their higher properties,
unless brute and unconscious nature be effectually
combated, and, in a great degree,’vanquished by
human art. Hence, a certain measure of transform-
ation of terrestrial surface, of suppression of natural,
and stimulation®of artificially modified productivity
becomes necessary. This megsure man has unfortu-
nately exceeded. He has felled the forests whose
net work of fibrous roots bound the mould to the
rocky skeleton of the earth ; but had he allowed
here and there a Belt of woddland to reproduce itself
by spontaneous propagation, most of the mischiefs
which his reckless destrugtion of the natural protec-
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tion of the soil has “occasioned would have been
averted. He has broken up the mountain reservoirs,
the percolation of whose waters through unseen
channels supplied the fountains that refreshed his
cattle and fertilized his fields ; but he has neglected
to maintain the cisterns and the canals of irrigation
which a wise antiquity had constructed to neutralize
the consequences of its own imprudence. While he
has torn the thin glebe which confined the light earth
of extensive plains, and has destroyed the {ringe of
semi-aquatic plants which skirted the coast and
checked the drifting of the sea samd, he has failed
to prevert thu spreading of the dunes by clothing
them. with dMificially propagated vegetation. He has
ruthlessly warred on all the tribes of animated nature
whose spoi) he cotld conwert to his own uses, and he
has not protected the birds which prey on the insects
most flestructive to his own harvests.

Purely untutored humanity, it is true, interferes
comparatively little with the arrangements of nature,
and the destructive agency of man becomes more
and more energetic and unsparing as he advances in
civilization, until the impoverishment, with which
his exhaustion of the natural resources of the soil is
threatening him, at last awakens him to the neces-
sity of preserving what is 1&ft, if not of restoring
what has been wantonly wasted. The wandering
savage grows no Lultivated vegetable, fells no forest,
and extirpates no useful plant, no noxious weed. If
his skill in the chase enables him to entrap numbers
of the animals on which he feeds, he compensates
this loss by destroying® also the lion, the tiger, the
wolf, the otter, the seal, and the eagle, thusindirectly
protecting the feebler quadrupeds and fish and fowls,
which would otherwise become the booty of beasts
and birds of prey. But with statidnary life, or rather
with the pastoral state, man at once commences an
almost indiscriminate warfare upon all the forms of
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animal and vegetable existence around him, and as
he advances in civilization, he gradually eradicates
or transforms every spontaneous product of the soil
he occupies.

HuMax AxD Brute ActioN COMPARED.
[}

It has been maintained by authorities as high ag
any known to modern science, that the action of man
upon napure, though greater in degree, does not
differ in kind, from that of wild animals. It appears
to me to differ in gssential-character, because, though
it is often followed by unforeseen gnd undesifed
results, yet it is neveytheless guided by,# self-con-
scious and intelligent will aiming as often at secon-
dary and remote as at immediate gbjects. The wild
animal, on the other hand, acts instinctively, and, so
far as we are able to perceive, always with a view to
single and direct purposes. The backwoodsmgn and
the beaver akke fell trees; the man that he may
convert the forest into an olive gtove that will mature
its fruit only for a succeedipg generation,the beaver
that he may feed upon their bark or use them in the
construction of his habitation. ,JHumansdiffers from
brute action, too, in its influence upon th& material
world, because it is not contrdlled by natural compen-
sations and balances. Natural arrangements, once
disturbed by man, are not restored, until he retires
from the field, and leaves free scdpe to spontaneous
recuperative energies; the wqunds he inflicts upon
the material cregtion are not healed until he withdraws
the arm that gave the blow. On the other hand, ‘I
am not aware of any evidence that wild animals have
ever destroyed the smallest forest, extirpated any
organic species or mtodified its natural character, occa-
sioned any permapent change of terrestrial surface,
or produced any disturbance of physical conditions
which nature has not,, of-herself, repaired wishout
the expulsion of the animal that had caused it.

2
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The form of geographical surface, and very proba-
bly the climate of a given country, depend much
on the character of the vegetable life belonging to
it. Man has, by domestication, greatly changed the
‘habits and properties of the plants he rears ; he has,
by voluntary gelection, immensely modified the forms
and qualities of the animated creatures that serve
Lim ; and he has, at the same time, completely
rooted out many forms of animal if not of yegetable
being. 'What is there, in the influence of brute life,
that corresponds to this? We have no reasom to
believe that in that portion of th® American con-
tinent which; though ‘peopled by many tribes of
quadruped *2nd fow], remained uninhabited by man,
or only thinly occupied by purely savage tribes, any
sensible .ggograplical tkange had occurred within
twenty centuries before the epoch of discovery and
colonization, while, during the same period, man
had changed millions of square miles, in the fairest
and most fertile svegions of the Old World, into the
barrenest deserts.

¢ ¢

The ravages committed by man subvert the rela-
tions and denstroy the balance which nature had estab-
lished befween her organized and her inorganic crea-
tions; and she avenges hergelf upon the intruder,
by letting loose upon her defaced provinces destruc-
tive energies hifherto kept in check by organic forces
destined to be his“ best auxiliaries, but which he has
unwisely dispersed and driven from the field of action.
‘When the forest is gone, the great reservoir of mois-
ture stored up in its vegetable mould is evaporated,
and returns only in deluges of rain to wash away
the parched dust into which that mduld has been
converted. The well-wooded and humid hills are
turned to ridges of dry rock, which encumbers the
low grounds and chokes the water-courses with its
debris, and—except in tountries favored with an
equable distributign of rainthrough the seasons, and



PHYSICAL IMPROVEMENT. 11

a moderate and regular inclination of surface—the

whole earth, unless rescued by human art from the

physical degradation to which it tends, becomes an

assemblage of bald mountains, of barren, turfless hills,

and of swampy malarious plains. There are parts

of Asia Minor, of Northern Africa, of Greece, and

even of Alpine Europe, where the operation of causes

set in action by man has brought the face of the

earth to a desolation almost as complete as that of
the moon ; and though, wjthin that brief space of
time which we call “ the historical period,” they are

known to have %been covered with luxuriant wopds,

verdant pastures, and fertile meadows, thgy are now

too far deteriorated to be reclaimables by man, nor

can they become again fitted for human use, except

through great geological ohenges} or cthey mysteri-

ous influences or agencies of which we have no pre-

sent knowledge, and over which we have no prospec-

tive control., The earth is fast becoming an unfit

home for its noblest inhabitant, ayd another era of
equal human crime and human improvidence, and of”
like duration with that through which traces of that

crime and that improvidence extend, would reduce

it to such a condition of impovetished pfoductiveness,

of shattered surface, of climatic excess, as to threaten

the depravation, barbarism, and perhaps even extinc-

tion of the species.

PrysicAL IMPROVEMENT.

True, there,is a partial reverse to this picture.
On narrow theatres, new forests have been plantéd ;
inundations of flowing stréams restrained by heavy
walls of magonry and other constructions; torrents
compelled to aid, by depositing the slime with which
they are charged, in filling up lowlands, and raising
the level of morasses which their own’ overflows had
created ; ground submerged by the encroachments
of the ocean, or exposed to be covered by its tides,
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has been rescued from its dominion by diking ;
swamps and even lakes have been drained, and their
be(gs brought within the domain of agricultural
industry ; drifting coast dunes have been checked
énd made productive by plantation ; seas and inland
waters have been re-peopled with fish, and even the
sands of the Sahara have been fertilized by artesian
féuntains. These achievements are more glorious
than the proudest triumphs of war, but, thus far, they
give but faint hope that we shail yet make full atone-
ment for our spendthrift waste of the bounties of
natare. .

It is, ot the ene hand, rash and unphilosophical
to attempt to set limits to the ultimate power of man
over inorganic nature, and it is unprofitable, on the
other, to ®spoculate on what may be accomplished by
the discovery of now unknown and unimagined na-
tural forces, or even by the invention of new arts
and new processes. But since we have seen aerosta-
tion, the motive pbéwet of elastic vapours, the wonders
of modern telegraphy, the destructive explosiveness
of gunpowder, and even of a substance so harmless,
unresisting, and inert as cotton, nothing in the way
of mechanical achievement seems impossible, and it
is hard to restrain the imagination from wandering
forward a couple of generations to an epoch when
our descendants shall have advanced as far beyond
us in physical conquest, as we have marched beyond
the trophies erected by our grangdfathers.

I must therefore be understood to mean ouly, that
no agencies now known to man and directed by him
seem adequate to the reducing of great Alpine preci-
pices to such slopes as would enable thém to support
a vegetable clothing, or to the covering of large
extents of denuded rock. with earth, and planting
upon them a forest growth. But among the myste-
ries which science is yet to reveal, there may be still
undiscovered methods of accomplishing even grander
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wonders than these. Mechanical philosophers have
suggested the possibility of accumulating and trea-
suring up for human use some of the greater natugal
forces, which the action of the elements puts forth
with such astonishing energy. Could we gather,
and bind, and make subservient to aur control, the
power which a West Indian hurricane exerts through
a small area in one continuous blast, or the momen-
tum expguded by the waves, in a tempestuous winter,
upon the break water at Gherbourg, or the lifting
power of the tide, for a month, at the head of the
Bay of Fundy, ‘Or the pressure of a square mile of
seawater at the depth of fivd thousapd fatkoms, or a
moment of the might 6f an earthquake ‘ot a volcano,
our age—which moves no mountains and casts them
into the sea by faith alonmb*—might hope o scrape
the rugged walls of the Alps and Pyrenees and
Mount Taurus, robe them once more in a veggtation
as rich as that of their pristine woods, and turn their
wasting torrents into refreshing strdams.

Could this old world, which man has qverthrown,
be rebuilded, could human cunhing rescue its wasted
hill sides and its deserted plains from solitude or mere
nomade occupation, from barrenness, frém naked-
ness, and from insaluﬁ.rity, and restore the ancient
fertility and healthfulness of the Etruscan sea coast,
the Compagna and the Poutine marshes, of Calabria
of Sicily, of the Peloponnesus an® insular and con-
tinental Greece, of Asia Minor, of the slopes of Leba-
non and Hermqp, of Palestine, of the Syrian desert,
of Mesopotamia and the delta of the Euphrates, of
the Cyrenaica, of Africa® proper, Numidia, and
Mauritania, the thronging millions of Europe might
still find room on ‘the Eastern continent, and the
main current of emigratiop be turned toward the
rising instead of the setting sun.

But changes like these must await great polltical
and moral revolutions irf the govgrnments and peo-
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ples by whom those regions are now possessed, a
command of pecuniary and of mechanical means not
at . present enjoyed by those nations, and a more
advanced and generally diffused knowledge of the
processes by which the amelioration of soil and cli-
mate is possible, than now any where exists. Until
such circumstances shall couspire to favor the work
of geographical regeneration, the countries I have
mentioned, with here and there a local exception,
will continue to sink inta yet deeper desolation, and
in the meantime, the American continent, Southern
Afyica, Australia, and the smallert oceanic islands,
will be almost the only theatres where man is
engaged, oh'a great scale, in' transforming the face
of nature.

~ . N
ARrest oF PrYsIcAL DECAY oF NEW COUNTRIES.

Comparatively short as is the period through
which the colonization of foreign lands' by European
emigrants extends, great, and, it is to be feared,
sometimes jrreparable, injury has been already done
in the various processes by which man seeks to
subjugate the virgin earth; and many provinces,
first trodden by the homo sapiens Europe within the
last two centuries, begin to show signs of that melan-
choly dilapidation which is now driving so many of
the peasantry of Europe from their native hearths.
It is evidently a fhatter of great moment, not only
to the population of the states where these symptoms
are manifesting themselves, but to the general inter-
ests of humanity, that this decay should be arrested,
and that the future operations of rural husbandry
and of forest industry, in districts yet remaining
substantially in their native condition, should be so
conducted ag to prevent the widespread mischiefs
which have been elsewhere produced by thoughtless
or wanton destruction of the natural safeguards of
the soil. This can be done only by the diffusion of
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knowledge on this subject among the classes that,
in earlier days, subdued and tilled ground in which
they had no vested rights, but who, in our time,
own their woods, their pastures, and their plough-
lands as a perpetual possession for them and theirs,
and have, therefore, a strong interestsin the protec-
tion of their domain against deterioration.

ForuMs AND FORMATIONS MOST LIABLE TO PHYSICAL
* DearADATION.

The character and extent of the evils under con.
sideration depend very much on climate and %4he
natural forms and constitution of surface. If the
precipitation, whether great or small in amount, be
equally distributed through the segsons, so that there
are neither torrential rain’s’nor parching troughts,
and if, further, the general inclination of ground be
moderate, so that the superficial , waters are garried
off without destructive rapidity of flow, and without
sudden accumulation in the chalineld of natural drain-
age, there is little danger of the degradgtion of the
soil in consequence of the YemBval of forest or other
vegetable covering, and the natural ,face of the
earth may be considered as substantially fermanent.
These conditions are Wwell eXemplified in Ireland, in
a great part of England, in extensive districts in
Germany and France, and, fortunately, in an im-
mense proportion of the valley ®ot the Mississippi
and the basin of the great American lakes, as welil
as in many parfs of the continents of South America
and of Africa. *

Destructive changes are most frequent in countries
of irregular and mountainous surface, and in climates
where the precipitation is confined chiefly to a single
season, and where the yean is divided into a wet and
a dry period, as is the case throughout a great part
of the Ottoman empire, and, more or less strictly,
the whole Mediterraneart basin. [t is partly, though
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by no means entirely, owing to topographical and
climatic causes that the blight, which has smitten
the fairest and most fertile provinces of Imperial
Rome, has spared Britannia, Germania, Pannonia,
and Moesia, the comparatively inhospitable homes
of barbarous races, who, in the days of the Ceesars,
were too little advanced in civilized life to possess
either the power or the will to wage that war
against the order of nature which seems, hitherto,
an almost insepurable condition precedent of high
social culture, and of great progressin fine and
methanical art. '

In mourtsincus countries, on the other hand,
various causes combine to expose the soil to constant
dangers. , The raia and snow usually fall in great
quantity, aid with much inequality of distribution ;
the snow on the summits accumulates for many
monthy in succession, and then is not unfrequently
almost wholly digsolyed in a single tha'w, so that the
entire precipitation of months is in a few hours
hurried dorwn the flanks of the mountains, and
through the ravines that furrow them ; the natural
inclinatiop of the surface promotes the swiftness of
the gathering currents of diluyial rain and of melt-
ing snow, which soon acquire an almost irresistible
force and power of removal and transportation ; the
soil itself 1s less,compact and tenacious than that of
the plains, and if the sheltering forest has been
destroyed, it is confined by few- of the threads and
ligaments by which nature had bound it together,
and attached it to the rocky groundwork. Hence
every considerable shower lays bare its roods of rock,
and the torrents sent down by the thaws of spring,
and by occasional heavy discharges of the summer
and autumnal rains, are seas of. mud and rolling
stones that sometimes lay waste, and bury beneath
thenl acres, and even miles, of pasture and field and
vineyard. ; Ce
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Birps As SowERS AND CONSUMERS OF SEEDS, AND AS
DEesTrOYERS OF INSEOTS.

'Wild birds form of themselves a very conspicuous
and interesting feature in the stqffage, as painters
call it, of the natural landscape, and they are import-
ant elements in the view we are takingeof geography,
whether we consider their immediate or their inci
dental influence. Birds affect vegetation directly
by sowing seeds and by consuming them ; they
affect it indirectly by destroying insects injurious, or,
in some cases, heneficial to vegetable life. Hence,
when we kill a seed-sowing bird, we check the dis-
semination of a plant ; when we kill 3 pitd which
digests the seed 1t swallows, we promote the increase
of a vegetable. Nature protects the seeds of wild,
much more effectually than those of denfesticated
plants. The cereal grains are completely digested
when consumed by birds, but the germ of the sgaller
stone fruits and of very many other wild vegetables
is uninjured, perhaps even stimulatéd to more vigor-
ous growth, by the natural chemistry of the bird’s
stomach. The power of flight 2nd the restless habits
of the bird enable it to transport heavy, seeds to far
greater distances than they could be carrfed by the
wind. A swift-winged bird ‘may drop cherrystones
a thousand miles from the tree they grow on; a
hawk, in tearing a pigeon, may scatter from its crop
the still fresh rice it had swallow8d "at a distance of
ten degrees of latitpde, and thus the occurrence of
isolated plants,in situations where their presence
cannot otherwise well be explained, is easily de-
counted for. There is a latge class of seeds appa-
rently specially fitted by nature for dissemination by
animals. I refer to those which attach themselves,
by means of*hooks, or by viscous juices, to the coats
of quadrupeds and the feathers of birds, and are
thus transported whereyer their living vehiclesemay
chance to wander. Same birds, too, deliberately

3



18 BIRDS AS SOWERS AND OONSUMERS OF

bury seeds, not indeed with a foresight aiming
directly at the propagation of the plant, but from
apparently purposeless secretiveness, or as a mode
of preserving food for future use.

An unfortynate popular error greatly magnifies
the injury done to the crops of grain and leguminous
vegetables by wild birds. Very many of those
generally supposed to consume large qugntities of
the seeds of cultivated, plants really feed almost
exclusively upon insects, and frequent the wheat
fields, not for the sake of the grain, but for the eggs,
larvee, and fly of the multiplied tribes of insect life
which are #o destructive to the harvests. This fact
has been so well established by the examination of
the stomachs of ‘great: sumbers of birds in Europe
and New England, at different seasons of the year,
that it is no %onger open to doubt, and it appears
highly probable that even the species which consume
more or less grain generally make amends, by de-
stroying insects whose ravages would have been still
more injursous. On: this subject, we have much
other evidence besides that derived from. dissection.
Direct oksetvation has shown, in many instances,
that the destruction of wild birds has been followed
by a great multiplication of noxious insects, and, on
the other hand, that these latter have been much
reduced in numbers by the protection and increase
of the birds that devour them. Many interesting
facts of this nature have been collected by professed
naturalists, but I shall content myself with a few
taken from familiar and generally accessible sources.
The following extract is from Michelet, L'Oiseau,
pages 169, 170 :

“The stingg farmer—en epithet justly and feel-
ingly bestowed by Virgil, Avaricious, blind, indeed,
who proscribes the birds—these destroyers of insects,
those defenders of his harvests, Not a grain for the
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creature which, during the rains of winter, hunts the
fyture insect, finds out the nests of the larvse,
examines, turns over every leaf, and destroys, evgry
day, thousands of incipient caterpillars. But sacks
of corn for the mature insect, whole fields for the
grasshoppers, which the bird would have made war
upon. With eyes fixed upon his furrow, upon the
present moment only, without seeing and without
foreseeing, blind to the great harmony which is never
broken with impunity, he has everywhere demanded
or approved laws for the extermination of that neces-
sary ally of his *oil—the insectivorous bird. And
the insect has well avenged the bird. It hgs become
necessary to revoke ih haste the ptostitption. In
the Isle of Bourbon, for instance, a price was set
on the head of the marting it disippeargd, and the
grasshoppers took possession of the island, devouring,
withering, scorching with a biting drought all that
they did not, consume. In North America’it has
been the same with the starling,the protector of
Indian corn. Even the sparrow, which really does
attack grain, but which protects it stil} more, the
pilferer, the outlaw, loaded with abuse and smitten
with curses—it has been found th Hungdrythat they
were likely to perish witheut him, that he alone
could sustain the mighty war against the beetles and
the thousand winged enemies that swarm in the
lowlands ; they have revoked thq decree of banish-
ment, recalled in haste this valiant militia, which,
though deficient in®discipline, is nevertheless the
salvation of the’ country. .

“ Not long since, in the feighbourhood of Rouen
and in the valley of Monville, the blackbird was for
sometime proscribed. The beetles profited well by
this prosecription ; their larves, infinitely multiplied,
carried on their subterranean labors With such suc-
cess, that a meadow was shown me, the surface of
which was completely dried up, every herbaceous
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root was consumed, and the whole grassy .mz'mtle,
easily loosened, might have been rolled up and
carried away like a carpet.”

' DivinvuTioNn AND ExTiRPATION OF BIRDS.

The general hostility of the European populace to
the smaller birds is, in part, the remote effect of the
reaction created by the game laws. When the re-
strictions imposed upon the chase by those laws were
suddenly removed in France, the whole people at
once commenced a destructive campaign against
every species of wild animal. Arthdr Young, writing
in Proveece, on the 30th of August, 1789, soon after
the National Assembly had declared the chase free,
thus complains of the annoyance he experienced from
the use made by ‘the peusantry of their newly won
liberty : “One would think that every rusty firelock
in all Provence was at work in the indiscriminate
destruction of all'the birds. The wadding buzzed
by my ears, or fcll into my carriage, five or six times
in the course of the day.” ¢ The declaration of the
Assembly that every mau is free to hunt on his own
land has filled all France with an intolerable cloud
of sportsmaen, The declaration speaks of compensa-
tions and indemnities [to the seigneuwrs], but the
ungovernable populace takes advantage of the aboli-
tion of the game laws and laughs at the obligation
imposed by the-decree.”

The French Revolution removed similar restric-
tions, with similar results, in other countries. The
habits then formed have become hereditary on the
continent, and though® game laws still exist in
England, there is a little doubt that the blind preju-
dices of the ignorant and half-educated classes in
that country against biyds are, in some degree, at
least, due to a legislation, which, by restricting the
chase of all game worth killing, drives the unprivi-
leged sportsman to indemnify himself by slaughter-
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ing all wild life which is not reserved for the amuse-
ment of his betters. Hence the lord of the manor
buys his partridges and his hares by sacrificing the
bread of his tenants, and so long as the farmers of
Crawley are forbidden to follow higher game, they
will suicidally revenge themselves by destroying the
sparrows which protect their wheatfields.

On the continent, and especially in Italy, the
comparabive scarcity and dearness of animal food
combine with the feeling I have just mentioned to
stimulate still fygrther the destructive passions of
the fowler. In the Tuscan Province of Grosséto,
containing less than fwo thousand ‘sqyate miles,
nearly 300,000 thrushes and other small birds are
annually brought to market., .

Birds are less hardy in constitution, they possess
less facility of accommodation, and they are more
severely affected by climatic excess than quadrupeds.
Besides, they” generally want the means of shelter
against the inclemency of the weather and against
pursuit by their enemies,, whjch holese and dens
afford to burrowing animals and to some larger beasts
of prey. The egg is exposed to-many dangers before
hatching, and the yopng bird is especially tender,
defenceless, and helpless. Every cold rain, every
violent wind, every hailstorm during the breeding
season, destroys hundreds of nestlings, and the
parent often perishes with her progeny while brood-
ing over it in the ,vain effort to protect it. The
great proportional numbers of birds, their migratory
habits, and the ease with which they may escape
most dangers that beset theln, would seem to secure
them from ektirpation, and even from very great
numerical reduction. But experience shows that
when not protected by law, by popular favor or super-
stition, or by other special circumstances, they yield
very readily to the hostile influences of civilizasion,
and, though the first operations of the settler are
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favorable to the increase of many species, the great
extension of rural and of mechanical industry 1s, .in
a variety of ways, destructive even to tribes not
directly warred upon by man.

Nature sets bounds to the disproportionate in-
crease of birls, while at the same time, by the
multitude of their resources, she secuges thewn from
extinction through her own spontaneous agencies.
Man both preys upon them and wantonly* destroys
them. The delicious flaVour of game birds, and the
skill implied in the various arts ¢f the sportsman
who devotes himself to fowling, make them favorite
objects Of. the.chase, while, the beauty of their
plumage, as a military and feminine decoration,
threatens to involve the gacrifice of the last survivor
of many ohce numerous species. Thus far, but few
birds described by ancient or modern naturalists are
kuown to have become absolutely extinct, though
there are some cases in which they afe ascertained
to have utterly’ disappeared from the face of the
earth in very recent times. The most familiar in-
stances are those of the dodo, a large bird peculiar
to the Mavritius or Isle of France, exterminated
about the year 1690, and now,known only by two or
three fragments of skeletons, and the solitary, which
inhabited the islands of Bourbon and Rodriguez,
but has not been seen for more than a century. A
parrot and some Other birds of the Norfolk Island
group are said to have lately bgcome extinct. The
wingless auk, Alca impenms, a bird.remarkable for
its excessive fatness, was very abundant two or three
hundred years ago in th'e Farce Islands, and on the
whole Scandinavian sea-board. The early voyagers
found either the same or a closely allied species, in
immense numbers, on all the coagts and islands of
Newfoundland. The value of its flesh and its oil
made it one of the most important resources of
the inhabitants of those sterile regions, and it was
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naturally an object of keen pursuit. It is supposed
te be now combpletely extinct, and few museums can
show even its skeleton. .

There seems to be strong reason to believe that
our boasted modern civilization is guiltless of one or
two sins of extermination which have been commit-
ted in recent ages. New Zealand formerly possessed
three species of dinornis, one of which, called moa
by the islanders, was much, larger than the ostrich,
The condition in which the bores of these birds have
been found, and ¢he traditions of the natives congur
to prove that, though the aborigines.had probably
extirpated them before the discovery of New Zea-
land by the whites, they still existed at a compara-
tively late period. The spme remarks apply to a
winged giant the eggs of which have beén brought
from Madagascar. This bird must have much ex-
ceeded the dimensions of the moa} at least so*far as
we can judge from the egg, which is eight times as
large as the average size of the ostrich egg, or about
one hundred and fifty timeg thgt of the lsen.

But though we have no evidence that man has
exterminated many species of birds, we khow that
his persecutions have caused their disappearance
from many localities where they once were common,
and greatly diminished their numbers in others.
The cappercailzie, Tetrao urogallus, the finest of the
grouse family, formerly abundant in Scotland, had
become extinct in Gtreat Britain, but has been re-
introduced from’ Sweden. The ostrich is mentioned
by all the old travellers, as common on the Isthmus of
Suez down to.the middle of the seventeenth century.

It appears to havb frequented Syria and even Asia
Minor at earlier periods, byt is now fpund only in
the seclusion of remoter deserts.

The modern increased facilities of transportation
have brought distant mérkets within reach of the
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professional hunter, and thereby given a new im-
pulse to his destructive propensities. Not only do
all Great Britain and Ireland contribute to the sup-
ply of game for the British capital, but the canvas-
back duck of the Potomac, and even the prairie hen
from the basint of the Mississippi, may be found at
the stalls of the London poulterer. Kohl informs
us that on the coasts of the North Sea, twenty thou-
sand wild ducks are usually taken in the ¢ourse of
the season in a single decoy, and sent to the large
maritime towns for sale. The statjstics of the great
European cities show a, prodigious consumption of
game birlg put,.the official returns fall far below the
truth, because they do not include the rural districts,
and because neitker the poacher nor his customers
report the- number of his victims. Reproduction,
in cultivated countries, cannot keep pace with this
excessive destruction, and there is no doubt that all
the wild birds which are chased for their flesh or
their plumage are diminishing with a rapidity which
justifies the fear that the last of them will soon fol-
low the dodo and the wihgless auk.

Fortunatély, thedarger birds which are pursued
for their flesh or for their feathers, and those the
eggs of which are used as feod, are, so far as we
know the functions appointed to them by nature,
not otherwise spegially useful to man, and, therefore,
their wholesale destruction is an economical evil only
in the same sense in which alk waste of productive
capital is an evil. If it were possible to confine the
consumption of game fowl to a number equal to the
annual increase, the world would be a gainer, but not
to the same extent as it would be by checking the
wanton sacrifice of millions of the smaller birds,
which are of no real value as feod, but which, as
we have seen, render a most important service by
batiling, in our behalf, ag well as in their own,
against the countless legions of humming and of
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creeping things, with which the prolific powers of
insect life would otherwise cover the earth.

L J
Tue Hasirasre Earta ORriciNALLY WOODED.

There is good reason to believe that the surface
of the habitable earth, in all the®climates and
regions which have been the abodes of dense and
civilized populations, was, with a few exceptions,
already «overed with a forest growth when 1t first
became the home of mad. This we infer from
the extensive vegetable remains—trunks, branches,
roots, fruits, seeds, and leaves of tyees—so often
found in conjunction with works of primative art,
in the boggy soil of districts where no forests appear
to have existed within the eras through which writ-
ten annals reach; from ancient historital records,
which prove that large provinces, where the earth
has long been wholly bare of tsees, were olothed
with vast antl almost unbroken woods when first
made known to Greek and Roman civilization ; and
from the state of much, of North and of South
America when they were discovered and colonized
by the European race, . .

These evidences ard strengthened by observation
of the natural economy of our own time ; for, when-
ever a tract of country, once inhabited and cultivated
by man, is abandpned by himsahd by domestic
animals,* and surrgndered to the undisturbed in-

* Browsing aninials, and most of all the goat, are considered by
foresters as more injurious to the growth of young trees, and, there-
fore, to the reproduction of the forestthan almost any other destructive
cause. * According to Beatson’s Saint Helena, introductory chapter,
and Darwin’s Journal of Researches in Geology and Natural History,
PP- 582, 583, says, Ewsthann in the notes to his translation of Foissac,
p. 654, it was the goats which destroyed the beautiful forests that,
three hundred and fifty years ago, covered a continmous surface of not
less than two thousand acres in the interior of the island of (St. Helena),
not to mention scattered groups of trees. Darwin observes: Rurin
our stay at Valparaiso, I was most positively assured that sandal wooﬁ
formerly grew in abundance on the island of Juan Fernandez, but that
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fluences of spontaneous nature, its soil sooner or
later clothes itself with herbaceous and arborescent
plents, and at no long interval, with a dense forest
growth. Indeed, upon surfaces of a certain stabi-
lity, and not absolutely precipitous inclination the
special conditions required for the spontaneous pro-
pagation of trees may all be negatively expressed
and reduced to these three: exemption from defect
or excess of moisture, from perpetual frost and from
the depredations of man- and browsing quadrupeds.
Where these requisites are secured, the hardest
rook is as certain to be overgrown with wood as the
most fertile plajn, though, for obvious reasons, the
process is slower in the former than in the latter
case. Lichens and mosses first prepare the way
for a more highly orghnized vegetation. They
retain the moisture of rains and dews, and bring it
to act, in combingtion with the gases evolved by
their organic processes, in decomposing the surface
of the rocks they cover ; they arrest and confine the
dust which the wind scatters over them, and their

(3

this tree had now became entirely extinct there, having been extirpated
by the goats evhich early naVigators had introduced. ~The neighbour-
ing islands, to which goats have not Reen carried, still abound ip

sandal wood.” )

I am convinced that forests would soon cover many parts of the
Arabian and African deserts, if man and domestic animals, especially
the goat and the canftl,cwere banished from them. The hard palate
and tongue and strong teeth and jaws of this latter quadruped enable
him to break off and masticate tough and thorny branches as large as
the finger. He is particularly fond of the smaller twigs, leaves and
seadpods of the Sout and other acacias, whicH like the American
Robinia, thrive well on dry and sandy soils, and he spares no tree, the
branches of which are within his reach, except, if 1 remember right,
the tamarisk that produces manna. Young treesaprout plentifully
around the springs, and along the winter water-courses of the desert,
and these are just the halting stations of the'caravans and their routes
of travel. In the shade of these trees, annual grasses and perennial
shrubs shoot up, ¢but are mown down by the hungry cattle of the
Bedouin, as fast as they grow. A few years of undisturbed vegetation
wouldsuffice to cover sucﬁ points with groves and these would gradually
extend themselves over soils where now scarcely any- green thing but
the bitter colocynth and the poisonous foxglove is ever seen, '
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final decay adds new material to the soil already ¢
half formed beneath and upon them. A. very thin

stratum of mould is sufficient for the germination

of seeds of the hardy evergreens and birches, the

roots of which are often found in immediate contaot

with the rock, supplying their trees with nourish-

ment from a soil derived from the decomposition of

their own foliage, or sending out long rootlets into the

surrounding earth in search qf juices to feed them.

THE FOREST AS A SHELTER ¥rROM WIND,

Experience lmas shown that mere rows of trees
and even much lower obstructions are of essefitial
service in defending vegetation aghinete the action
of the wind. Hardy proposes planting, in Algeria,
belts of trees at the distance of ohe hundrgd métres
from each other, as a shelter which experience had
proved to be useful in France.* * In the valley
of the Rhone,” says Becquerel; ‘ a simple*hedge,
two métres in height, is a sufficient protection for a
distance of twenty-two métres.”+ The mechanical
shelter acts, no doubt, chiefly as a defence against
the mechanical force of the wind, but its uses are by
no means limited to this effect. 1f the,current of
air which it resists moves horizontally, it would pre-
vent the access of oold or parching blasts to the
ground for a great distance ; and did the wind cven
descend at a large angle with tho surface, still a
considerable extent of ground would be protected by
a forest to the windward of it. If we suppose the
trees of a wood to have a mean height of only twenty
yards, they would often bgueficially affect the tem-
perature or ,the moisture of a belt of land two or
three hundred ygrds in width, and thus perhaps
rescue valuable crops from destruction.}

* Becquerel, Des Climats, ctc., p. 179. 1" Ibid, p. 116.

1 The following well-attested instance of a local change of Slimate
is probably to be referred to the influence of the forest as a shelter
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* Dussard, as quoted by Ribbe, maintains that even
the mistral, or north-west wind, whose chilling blasts
are so fatal to tender vegetation in the spring, “is
“ the child of man, theresult of his devastations,”
“ Under the reign of Augustus” continues he, the
“ forests which protected the Cevennes were felled,
or destroyed by fire, in mass. A vast country, before
cevered with impenetrable woods —powerful ob-
stacles to the movement and even to the formation of
hurricanes—was suddenly, denuded, swept bare, strip-
ped, and soon after, a scourge hitherto unknown
struck terror over the land from ‘Avignon to the
Bouches du Rhone, thence to Marseilles, and then
extended its ravages, diminished indeed by a long
career which had partly exhausted its force, over
the wholg maritimte frontier. The people, thought
this wind a curse sent of God. They raised altars to
it and offered sacrifices to appease its rage.” It

LY

against cold winds. To supply the extraordinary demand for Italian
iron occasioned by the exclusion of English iron in the time of
Napoleon I,, th= furnaces of the valleys of Bergams were stimulated
to great activity. “ The ordinary production of charcoal not sufficing
to feed the furnaces and the forges, the woods were felled, the copses
cut before thejr tine, and the whole economy of the forest was derang-
ed. At Piazzatarre there was such a devastation of the woods, and
consequently such an increased severit§ of climate, that maize no
longer ripened. An association formeds{or the purpose, effected the
restoration of the forest, and maize flourishes again_in the fields of
Piazzatarre.””—Report by G. Rosa, in 11 Politecnics, Dicembre, 1841,

p- 614. L

Similar ameliorations have been produced by plantations in Belgium.
In an interesting series of articles by Bande, entitled ¢ Les Cotes de
la lYlanche,” in the Revue des Deux Maudes, I find this statement :
“ A’ spectator, placed on the famous bell tower of the Cathédral of
Antwerp, saw not long since, on the opposite side of the Schelde only
a vast desert plain ; now he sees a forest, the limits of which are con-
founded with the horizon. Let him enter within ‘its shade. The
supposed forest is but a system of regular rovss of trees, the oldest of
which is not fort{l years of age. These plantations have ameliorated
the climate which had doomed to sterility, the soil where they are
planted. While tHe tempest is violently agitating their tops, the air
a little below is still, and sands far more barren than the plateau of
La H#&ue have been transformed, under their protection, into fertile
fields”—Revue des Deux Maudes, January 1859, p. 277.
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sesms however, that this plague was less destructive
than at present, until the close of the sixteenth
century, when further clearings had removed most
of the remaining barriers to its course. Up to that
time, the north-west wind appears not to have at-s
tained to the maximum of specific effect which now
characterizes it as a local phenomenon. Extensive
districts from which the rigor of the seasons has now
banished valuable crops, werg not then exposed to
the loss of their harvests by tpmpests, cold or drought.
The deterioration was rapid in its progress. Under
the Consulate, the clearings had exerted so injuri-
ous an effect upon the climate, that the cultivation
of the glive had retreated several ledgues? and since
the winters and springs of 1820 and 1836, this
branch of rural industry has beeh abandgned in a
great number of localities where it was advantage-
ously pursued before. The orange now flourishes
only at a few gheltered points of the coast, and it is
threatened even at Hyéres, where the clearing of
the hills near the town has proved very prejudi-
cial to this valuable tree. + o .

ToTAL INFLUENCE OF THE FoREST oN TEMPERATURE.

It has not yet beenfound practicable to measure,
sum up, and equate the total influence of the forest,
its processes and its products, dead and living, upon
temperature, and investigators differ much in their
conclusions on this subject. It seems probable that
in every particular -case the result is, if not deter-
mined, at least 20 much modified by local conditions
which are infinitely varied, that no general formula
is applicable to the question.

Gay Lussac says: “In my opinion we have not
yet any positive proof that the forest has, in itself,
any real influence on the climate of a great country,
or of a particular locality. By closely examiuning
the effects of clearing off the woods, we should per-
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haps” find that, far from being an evil, it is an
advantage ; but these questions are so complicated
when they are examined in a climatological point of
view, that the solution of them is very difficult, not
40 say impossible. Becquerel, on the other ha.nd
considers it certain that in tropical climates, the
destruction of the forests is accompanied with an
elevation of the mean temperature, and he thinks it
highly probable that jt has the same effect in the
temperate zones. The following is the substance of
his remarks on this subject :—

¢ Forests act as frigoyific causes in three ways :

“1, ‘They shelter the" ground against solar
irradiation and maintain a greater
. , humidity. ¢

“2. They produce a cutaneous transpiration
. by the leaves.

“3, They multiply, by the expansion of their
branches, the surfa.ces which arc cooled
¢ by radéation.”

These three causes acting with greater or less
force, we'must, in the study of the climatology of a
country, take into account the proportion between
the area of the forests and the surface which is bared
of trees and covered with herbs and grasses.

We should be mclmed to believe ¢ pridr, accord-
ing to the foregoing consideratidns, that the clearing
of the woods by raising the temperature and increas-
ing the dryness of the air, ought to react on climate,
There is no doubt that, if the vast «desert of the
Sahara were to become wooded in the course of ages,
the sands would cease to be heated as much as at
the present ¢poch, when the mean temperature is
twepty-nine degrees [centigrade = 85° Fahr.] In
that case.the ascending curgents of warm air would
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cease, or be less warm, and would not contribute by
descending in our latitudes, to soften the climate of
Western Europe. Thus the clearing of a great
country may react on the climates of regions more
or less remote from it. The observations by Bous-
singault leave no doubt on this point.. This writer
determined the mean temperature of wooded and
of cleared points, under the same latitude and at the
same elesation above the sea,<n localities comprised
between the eleventh degres of north and the fifth
degree of south latitude, that is to say, in the por-
tion of the tropics nearest to the equator, and where
radiation tends powerfully during the hight to lower
the temperature under 'a sky without clouds.*

The result of these obsewvations; whic{n bas been
pretty generally adopted by physicists, 1s that the

* Becquerel. Res Climats, etc., pp-—141.° *

Dr. Williams made some observationson this subject in 1789 and
in 1791, but they generally belonged to the warmer months and I do
not know that any extensive series of comparisons betyween the tem-
perature of the ground in the woods®and the fields has been attempt-
ed in America. .

Dr. William’s thermometer was sunk td'the depth Jf 19 inches and
gave the following results :—,

| ]
Temperature | Temperature
Time. of ground in | of ground in Difference.
pasture. wgods.

May s 23] * b2 46 6

» . 28 67 48 9 .
June ... s 16 64 b1 13

» oo 27 62 o 61 11
July . e 16 62 51 11

”» e w?® 80 65% 553 10
August .., w18, 68 68 10

”» ver e 81 5% 66
September ‘e 15 59¢ 85 43
Ootober ... " 1 59% 65 o 44
R - N I -

ovember s 1 4 -

m e w16 ﬁ, 434 o™

| [3
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mean temperature of cleared land in the tropics ap-
pears to be about one degree centigrade, or a little
leas than two degrees of Fahrenheit, above that of
the forest.

IxrLuENcE oF Forests oN THE HuUMIDITY OF THE
AR AND THE EArTH.

The most important influence of the forest on
climate is no doubt, that which it exercisos on the
humidity of the air and che earth, and this climatic
action it exerts partly as dead, partly as living mat-
tei. By its interpositign as a curtain between the
sky and the greund, it intercepts a large proportion
of the dew and the lighter showers, which- would
otherwise moisten the surface of the soil, and re-
stores it tu the atmosphere by evaporation; while
in the heavier rains, the large drops which fall upon
the loaves and branches are broken into smalleyr
ones, and consequently strike the ground with less
mechanical force, or are perhaps even dispersed into
vapor without reaching it. As a screen 1t prevents
the access of the sun’s rays to the earth, and of
course, an .elevation of temperature which would
occasion a great increase of evaporation. As a
mechanical obstruction, it impedes the passage of air
currents over the ground, which, as is well known,
is one of the most efficient agents in promoting
evaporation and the refrigeration resulting from it.
In the forest the air is almost guiescent, and moves
only as local changes of temperature affect the specific
gravity of its particles. Hence thereis often a dead
calm in the woods whert a furious blast is raging in
the open country at a few yards’' distance. The
denser the forest—as for example, where it consists
of spike-leaved trees, or is thickly intermixed with
them—the more obvious is its effect, and no one can
kave passed from the field to the wood in cold, windy-
weather, without having remarked it.
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The vegetable mould, resulting from the decom-
position of leaves and of wood, carpets the ground
with a spongy covering which obstructs the evapora-
tion from the mineral earth below, drinks up the
rains and melting snows that would otherwise flow
rapidly over the surface and perhaps be conveyed to
the distant sea, and then slowly gives out by evapeo-
ration, infiltration and pergolation, the moisture
thus imbibed. The roots too, penetrate far below
the superficial soil, conduct the water along their
surface to the lewer depths to which they reach, and
thus serve to drain the superior strata and reffove
the moisture out of the reach of evaparation.

In the primitive forest the surface of the ground
is so much encumbered, (8ften indeed hal covered)
with trunks and branches of fallen trees that there
sometimes seems to be as much ,wood prostrate as
growing, and the necessity of climbing over or creep-
ing under the over-turned ttees is the greatest
difficulty in forest travelling. These decayed or
wind-fallen trees intercept muth of the Water of pre-
cipitation, and convert the face of the earth almost,
sometimes altogether, into a bog. (See Milton and
Headle’s Travels.) The settler, for convenience, es-
pecially for cutting r8ads and paths, drags out the
trunks and uses them for firewood or other purposes,
thereby at the same time partially dtaining the wood.
A few years suffice to get rid of much of this
material, and, the ‘wood, though still native and
self-propagating, soon acquires to some extent the
character of an artificial forest. This process was
gone through long ago in most European countries,
so that there is scarcely any truly virgin forest left
in Central or Western Europe in the condition in
which nature would have placed it. An experienced
eye at once recognizes, a modern wood as, in part at
least, man’s work. Egpecially is this the case in
Tyrol and the other Southern *Austrian provinces



84 INFLUENCE OF THE FOREST ON PREOCIPITATION.

occupied, as existing architectural remains still show,
and at least partly cleared, hundreds if not thousands
of “years ago. Several successive crops of forest
trees have since grown, but always under Govern-
mental supervision. The valley of the Drave, for
instance, had anciently large towns, and of course
adjacent fields, but the country is now almost com-
pletely wooded, and it _is only since the opening of
the rail road through the Pusterthal and thence to
Austrian and Ttalian markets, that these new forests
have been a little broker. Many inroads have now
been made upon them for the sake of the timber,
and slides "and torrents have-already begun, their
ravages. But not only do these forests differ from
spontaneous nativé woods in their general physi-
ognomy, but the individual trees have changed their
habits. Among the conifers, not only the larch but
firs show a change in ramification, sending up shoots
from the roots as well as laterally, and otherwise
approximating in growth to deciduous trees.

INFLUENCE oF THE®FOREST ON PRECIPITATION.

I believe that a majority of the foresters and
physicists 'who have studied the question are of
opinion that-in many, if not in all cases, the destruc-
tion of the woods has been followed by a diminution
in the annual qugntity of rain and dew. Indeed, it
has long been a popularly settled belief that vegeta-
tion and the condensation and fall of atmospheric
moisture are reciprocally necessary o each other,
and even the poets sing of

Africs barren sand, .
Where nonght can grow, beeause it, raineth not,
And where no rain can fall to bless the land,
Because nogght grows there. '

Beginning with the latest authorities, I cite a pas-
sage from Clané. After arguipg that we cannot rea-
son from the climatit effects of the forest in tropical
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and sub-tropical countries as to its influence in tem-
peérate latitudes, the author proceeds: ‘ The action
of the. forests on rain, a consequence of that whith
they exercise on temperature, 1s difficult to estimate
in our climate, but is very pronounced in hot coun-
tries, and is established by numerdus examples.
M. Baussingault states that in the region comprised
between the Bay of Cupica and the Gulf of Guaya-
quil whith is covered with immense forests, the
rains are almost continual, ‘and that the mean tem-
perature of thi» humid country rises hardly to
twenty-six degrees ( = 80% Fah.) M. Blanquifin
his ¢ Travels in Bulgayia,” informs ws thet at Malta
rain has become so rare, since the woods were clear-
ed to make room for the growth 8f cotton, that at
the time of his visit in October, 1841, hot a drop
of rain bad fallen for three years. The terrible
droughts which desolate the Cape Verde Iglands
must also be ‘attributed to tha destruction of the
Foreste. In the Island of St. Helena, where the
wooded surface has considegably extended within a
few years, it has been observed that the rain has in-
creased in the same proportion. *Itisnowin,quantity
double what it was dusing the residence of Napoleon.
In Egypt, recent plantations have caused rains,
which hitherto were almost unknown.”

Schacht observes: “In wood&d *countries, the
atmosphere is generally humid, and rain and dew
fertilize the soil. Asthe lightning rod abstracts
the electric fluid from the stormy sky, so the forest
attracts to itself the rain from the clouds which, in
falling, refrestres not it alone, but extends its benefits
to the neighbouring-fields. The forest presenting u
considerable surface for evaporation, gives to its
own soil and to all the adjacent ground®an abundant
and enlivening dew. There falls, it is true, leag.
dew on a tall and thick wood than on the surround-
ing meadows, which, being more highly hcated
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during the day by the influence of insolation, cool
with greater rapidity by radiation. But it must
be remarked, that this increased deposition of dew
on the neighbouring fields is partly due to the
forests themselves ; for the dense, saturated strata
of air which hover over the woods descend in cool,
calm evenings, like clouds, to the valley, and in the
morning, beads of dew sparkle on the leaves of the
grass and the flowers of the field. Forests, in a
word, exert in the interior of Continents, an influence
like that of the sea on the climate of islands and of
codsts ; they water thessoil and thereby insure its
fertility.”» « :

In a number of the Missionary Herald published
at Boston, the ‘date of* which I have mislaid, the
Rev. Mr. Van Lennep, well known as a competent
observer gives the following remarkable account of a
similar fact witnessed by him in an excursion to the
east of Tocat in Asiw Minor:

In this region some 3,000 feet above the sea, the
trees are mostly ohk, and attain a large size. 1
noticed an, illustratjon of the influence of trees in
general in collecting moisture. Despite the fog, of
a week’s duration, the ground was everywhere
perfectly dry. The dry oak leaves, however, had
gathered the water and the branches and trunks of
the trees were mbre or less wet. In many cases the
water had run down the trunk and moistened the
soil around the roots of the tree., In two places,
several trees had each furnished a small stream of
water, and these, unititg, had run upon the road, so
that travellers had to pass through the mud; al-
though as I said everywhere eise the ground was
perfectly dry. Moreover the collected moisture was
not sufficient to drop directly from the leaves, but
- ¥t avery case it ran down the branches and trunk to
the ground. Further onr we found a grove, and at
the foot of each tree, on the north side, was a lump



INFLUENCE OF THE FOREST ON PRECIPITATION. 37

of ice, the water having frozen as it reached the
ground. This is a most striking illustration of the
acknowledged influence of trees in collecting mots-
ture ; and one cannot for a moment, doubt that the
parched regions which commence at Sivas and ex-
tend in one direction to the Persiarr Gulf, and in
another to the Red Sea, were once a fertile gardep,
teeming with a prosperous population, before the
forests which covered the hill*sides were cut down—
before the cedar and the fir*tree were rooted up from
the sides of Lebanon.

Coultas thus argues: ¢‘*The ocean, winds, “and
woods. may be regartled as the sBvera? parts of a
grand distillatory apparatus. The sea is the boiler
in which vapor is raised by the solar heat, the winds
are the guiding tubes which carry the “vapor with
them to the forests, where a lower temperature
prevails, This naturally conderses the vapdr and
showers of rain are thus distilled from the cloud
masses which float in the atmosphere by the woods
beneath them.” ¢ e ’

Sir John F. W. Hersche]l enumerates among
“ the influences unfavorable to rain,” absente of vege-
tation in warm clinjates, and especially of trees.
“This is, no doubt” continues he, *“ one of the rea-
sons of the extreme aridity of Spain. The hatred
of a Spaniard toward a tree is *proverbial. Many
districts in France have been materially injured by
denudation and, on the other hand, rain has become
more frequent in Egypt since the more vigorous cul-
tivation of the palm tree.”™

Hohenstein remarks : “ With respect to tempera-
ture in the forest I have already observed that at
certain tymes of the day and of theeyear, it is less
than in the,open field, Hence the woods may, in
the day-time, in summer and toward the end of
winter, tend to increase the fall of rain; but it is



88 INFLUENCE OF THE FOREST ON PRECIPITATION.

otherwise in summer nights and at the beginning of
winter when there is a higher temperature in the
fovest, which is not favorable to that effect. The
wood 1s, further, like the mountain a mechanical
obstruction to the motion of rain clouds, and, as it
checks them in their course, it gives them occasion
tg deposit their water. These considerations render
it probable that the forest increases the quantity of
rain ; but they do not ‘establish the certainty of this
conclusion, because we have no positive numerical
data to produce on the depressionaof temperature,
and the humidity of the air in the woods.”

Barth presonts the following view of the subject :
“ The ground iu the forest, as well as the atmospheric
stratum over it, ctntinues humid alter the woodless
districts hdve lost their moisture; and the air,
charged with the humidity drawn from them, is
usually carried away by the winds before it has
deposited itself in a.condensed form on the earth.
Trees constantly transpire through their leaves a
great quantcty of moigture, which they partly absorb
again by the same organs, ‘while the greatest part of
their supply is pumped up through their widely
ramifying roots from considerable depths in the
ground. Thus a constant evaporation 1s produced,
which keeps the forest atmosphere moist even in
long droughts wkep all other sources of humidity in
the forest itself are dried up.

Little is required to compel the stratum of air
resting upon a wood to give up its moisture, which
thus, as rain, fog, or dew, is returned to the forest.
The warm, moist currents of air which: came from
other regions are cooled as they approach the wood by
its less heated atmosphere, and obliged to let fall the
humidity with*which they are charged. e woods
contribute to the same effect hy mechanijgally imped-
ing the motion of fog and rain cloud, whose particles .
are thus accumulatcd and condensed to rain. The
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forest thus has a greater power than the open ground
to’ retain within its own limits already existing
humidity, and to preserve it, and it attracts and
collects that which the wind brings it from elsewhere,
and forces it to deposit itself as rain or other preci-
pitation. In consequence of these refations of the
forest to humidity, 1t follows that wooded districts
have both more frequent and more abundant rain,
and in .gtneral are more humid, than woodless
regions ; for what is true of the woods themselves, in
this respect, is true also of their treeless neighbour-
hood, which in consequence of the ready mobilityZof
the air and its constant. changes, receive : share of
the charhcteristics of the forest atmosphere, coolness
and moisture. When the djstricts ‘stripped of trees
have long been deprived of rain and dew, and the
grass and the fruits of the field are ready to wither,
the grounds which are surrounded by woodg are
green and flourishing., By night they are refreshed
with dew, which is never wanting in the moist air of
the forest, and in due season, thqy are waered by a
beneficent shower or a mist-which rolls slowly over
them. . ' .

Ashjarnsen, after adducing the familiar theoretical
arguments on this point, adds: “The rainless ter-
ritory in Peru and North Africa establish this con-
"clusion, and numerous other exathples show that
woods exert an influence in producing rain, and that
rain fails where they are wanting ; for many countries
have, by the destruction of the forests, been deprived
of rain moisture, springs, and water-courses, which
are necessary *for vegetable growth. The narra-
tives of travellers show the deplorable consequences
of felling the woods in the Island-of Trinidad,
Martinique, San Domingo, and indeed it almost the
entire West Indian group. In Palestine and mawy.s
other parts of Asia and Northern Africa, which in
ancient times where the granaries of Europe, fertile
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and populous, similar consequences have been ex-
perienced. These lands are now deserts, and if is
the destruction of the forests alone which has pro-
duced this desolation. In Southern France many
districts have, from the same cause, become barren
wastes of stone, and the cultivation of the vine and
¢he olive has suffered severely since the baring of the
neighbouring mountains, Since the extensive clear-
ings between the Spree and the Oder, the iihabitants
complain that the clover crop is much less produc-
tive than before. On the other hand, examples of
th¥ beneficial influence ©f planting and restoring the
woods are not «wanting. In«Scotland, where many
miles square have bcen planted with trees, this
effect has been ‘manifest, and similar observations
have beeh made in several places in Southern
France. In lower Egypt, both at Cairo, and near
Alexandria, rain ‘rarely fell in_considerable quantity
—for example dusing the French occupation of
Egypt, about 1798, it did not rain for sixteen
months—but sinca Mchemet Ali and Ibrahim
Pacha, executed their wast plantations (the former
alone havirg planted more than twenty millions of
olive and fig trees, gottonwood, oranges, acacias,
planes, &c.,) there now falls a good deal of rain,
especially along the coast, in the months of Novem-
ber, Decembenr; gnd January ; and even at Cairo it -
rains both oftener and more abundantly, so that
real showers are no rarity.” «

P

Babinet, in one of his lectures, cites the supposed
fact of the increase of tfain in Egypt in consequence
of the planting of trees, and thus rémarks upon it,
“ A few years ago it never rainhed in lower Egypt.
The constant north winds, which, almost exclusively
prevail there, passed without obstruction over a
secface bare of vegetation: Grain was kept on the
roofs in Alexandria, without being covered or other-
wise protected from injury, by the atmosphere; but
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since the making of plantations, an obstacle has been
created which retards the current of air from the
north. The air thus checked, accumulates, dilat®s,
cools and yields rain. The forests of the Vosges
and Ardennes produce the same effects in the
north-east of France, and send us a great river, the
Meuse, which is as remarkable for its volume as far
the small extent of its basin. With respect to the
retardation of the atmospheric currents, and the
effects of that retardation, one of my illustrious
colleagues, M. Mignet, who is not less a profound
thinker than an eloquent swriter, syggested t@ me
that, to produce rain, a forest was,ase good as a
mountain, and this is literally truc.” Manesteir
Savignat arrives at this gencluston: “ Forests on
the one hand diminish evaporation; on the other
sthey act on the atmosphere as refrigerating causes.
The second scale of the balance’predominates over
the other, for it is established that in wooded
countries it rains oftener, and that the quantity of
rain being equal, they arc ,morg humid.”s
Baussingault whose ob8ervations on the drying up
of lakes and springs, from the destructwn of the
woods in tropical Anferica, have often been cited as
a conclusive proof tlfat the quantity of rain was
thereby diminished—after examining the question
with much care, remarks : “ Imnty judgment it is
settled that very large clearings must diminish the
annual fall of rain‘in a country ;” and on a subse-
quent page he concludes that, ¢ Arguing from mete-
orological facts collected im the equinoctial regions,
there is reason to presume that clcurings diminish
the annual fall of rain.”

The effect of ,the forest on precipitation is not
entirely free from doubt, and we cafuot positively
affirm that the total arnual quantity of rain is diroig--
ished or increased by the destruction of the woods,
though both theoretical considerations and the

6 -
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balance of testimony strongly favor the opinion, that
more rain falls in wooded than in open countries.
One important conclusion at least, upon the mete-
orological influence of forest is certain and undis-
puted the proposition, namely, that within their
own limits, and near their own borders, they main-
tain a more uniform degree of humidity in the atmos-
phere than is obser ved in cleared grounds. , Scarcely
less can it be questioned that they promote the
frequency of showers, and, if they do not augment
the amount of preclpltatlon they eyualize its distri-
bution through the diffevent seasons.

The exﬁerienae of observing persons confitms the
popular saying: “All signs fail in .dry times.”
This is purtly an expression of the law of probabili-
ties according to which, the longer a particular spell,
of weather as contmued the greater are the chances
that it will continge yet longer ; bat there isa
physical reason why, after a long drought, appear-
ances, which, under ordinary clrcumatances, would
almost certainly indicate an approaching rain-
storm, prove delusive. Tt is this: after a drou0ht
of some &ays, which enerally occurs only after a
protracted continuance “of hot weather, the surface
of the ground is not only dry but heated and, like
any other heated body, throws off heat into the
atmosphere. Thid heat tends to make the air capa-
ble of containing more humidity, and the vapor held
in the atmosphere over an extent of heated ground,
and which might otherwise be plemplta.ted and form
rain, is dlSSlp&ted and carried off. Thus the clouds
that gather round mountain peaks are seen to vanish
as they pass over the plains below. The forest does
not become heated by the sun, and therefore does
not radiate héat enough to dissolve the vapor in the
atsaosphere above it, “While the open ground, being
warmed by the sun, radiates heat into ‘the air which
drifts over it. '
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The lowest limit of perpetual snow is said to be
from 2,000 to 4,000 feet lower on the Southern than
on the Northern slope of the Himalayas. The
explanation of this apparently anomalous fact is
found partly in the condensation and congelation of
the moisture with which the Southen monsoon is
charged, and its precipitation as snow on the Southern
scarp of this mighty chain. But the configuration
of the eafth’s surface in this région furnishes another
explanation to which sonle physical geographers
ascribe even greater importance. This lofty chain is
skirted on the north by the, extensive, high plaseau
of Thibet which is without forests, gnd ite has been
believel that the naked surface of this plateau emits,
by reflection and radiation, heat enough to dissolve
the moisture of the atmosp‘heric strata abo%e it, and
.thus to prevent the formation of rains and of snows.
Our vast Western fields and plains, though sJower
by ten thousand feet, must exgrcise a similar func-
tion and probably materially modify the amount of
precipitation in our climate. Whether the Russian
steppes exert a like influepce is a question to which,
as far as I know, attention has not yet bgen directed.

AnsorprioN oF MoisTurt FRoM GROUND AND
L
A TMOSPHERE BY TREES.

These are the principal modes {n which the humi-
dity of the atmosphere is affected by the forest
regarded as lifeless matter. Let us*inquire how
its organic précesses act upon this meteorological
element. .

The compronest observation shows that the wood
and bark of living trees are always more or less
pervaded with watery, and other fluids, one of which,
the sap, is very abundant in trees®of deciduous
foliage when the buds .begin to swell and the leayes.
to develop themselves in the spring. The outer bark
of most trees is of a corky charagter, not admitting
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the absorption of much moisture from the atmos-
phere through its pores, and we can hardly suppose
tHat the buds are able to extract from the air a much
larger supply. The obvious conclusion as to the
source from which the extraordinary quantity of sap
at this season is derived, is that to which scientific
igvestigation leads us, namely, that it is absorbed
from the earth by the roots and thence distributed
to all parts of the plant. Popular opinion, indeed,

supposes that all the vegetable fluids, during the
entire period of growth, are thus drawn from the
bosem of the earth, and that the wood and other
products of the dree are whoily formed from matter
held in solution in the water abstracted by the roots
from the ground ¢ Thig js an error, for, not on]y is
the solid ‘nratter of the tree, in a certain proportion
not important to our present inquiry, reecived from.
the atmosphere ine gaseous form, through the pores
of the leaves and of , the young shoots, but water in
the state of vapor is absorbed and contributed to the
circulation sby the swme_ organs. The amount of
water taken up by the roots, however, is vastly
greater than that imkibed through the leaves, espe-
cially at the season whgn the juices are most abund-
ant, and when we have secen, the leaves are yet in
embryo. The quantity of water thus received from
the air and the carth, in a single year, by a wood of
even of a hundred acres is very great, though ex-
periments are wanting to furnish the data for even
an approximate estimate of its measure; for only
the vaguest conclusions can be drawn from the ob-
scrvations which have béen made on the imbibition
and exhalation of water by trees and other plants
reared in artificial conditions diverse from those of
the natural foyrest. .

The amount of sap which can be withdrawn from
iving trees furnishes, not-ipdeed a measure ot the
quantity of water sucked up by their roots from the
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ground—for we cannot extract from a tree its whole
moisture—but numerical data which may aid the
imagination to form a general notion of the powét-
ful action of the forest as an absorbent of humidity
from the earth.

The only forest tree known to Europe and North
America, the sap of which is largely enough applietl
to economical uses to have made the amount of its
flow a matter of practical importance and popular
observation, is the sugar maple, Acer Saccharinum,
of the Anglo Aerican Provinces and States.  In
the course of a single *suBar season;” which Iasts
ordinarily from twenty- five to thirty days, a sugar
maple two feet in diameter will yjeld not less than
twenty gallons of sap, and “sometimes mpuch more.
This, however, is but a trifling proportion of the
water abstracted from the earth by the roots during
this season when the yet-undeveloped leaves can
hardly absorb an appreciable quantity of vapor from
the atmosphere ; for all this fluid runs ﬁ om two or
three incisions or auger holes, %0 narrow ‘s to inter-
cept the current of companatlvely few sap vessels,
and besides, experience shows’ that latgesas is the
quantity withdrawn from the circulation, it is rela-
tively too small to affett very sensibly the growth of
the tree. The number of large maple trees on an
acre is frequently not less than #ft}, and of course
the quantity of moisture abstracted from the soil by
this tree alone is méasured by thousands of gallons
to the acre. The sugar orchards, as they are called
contain also many young maples too small for tqp-
ping, and nwmerous other trees—two of which, at
least, the black birch, betula lenta, and yellow blrch
betula excelsa, both very common in the same cli-
mate, are far more abundant in sap than the maple—
are scattered among the sugar trees ; for the N. orth/
American native forests,are remarkable for the mix-
ture of their crops. The sap of*the maple and of
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other trees with deciduous leaves which grow in the
same climate, flows most freely in the early spring,
artd especially in clear weather, when the nights are
frosty and the days warm ; for it is then that the
melting snow supply the earth with moisture in the
justest proportion and that the absorbent power of
the roots is stimulated to its highest activity.

‘When the buds are ready to burst, and the green
leaves begin to show themselves beneath their scaly
covering, the ground has become drier, the thirst
of the roots is quenched, and the flow of sap from
thef to the stem is greatly diminished. The leaves
now commercet the process of absorption, and
imbibe both uncombined gases and an unascertained
but perhaps considerakle quantity of watery vapor
from the himid atmosphere of spring ‘which bathes
them. ~

] e
REsTORATION TO ATM'OSPIIERE OF A LARGE PROPORTION
OF MOISTURE ABSORBED.

The orgahic action of the tree, as thus far described,
tends to the desiccation of air and earth ; but when
we consider what volumes of water are daily absorbed
by a large tree and how smalt a proportion of the
weight of this fluid consists df matter which enters
into new combinations, and becomes a part of the
solid frame work of the vegetable, or a component of
its deciduous products, it is evident that the super-
fluous moisture must somehow Be carried off almost
as rapidly as it flows into the tree’ At the very
commencement of vegetstion in spring, some of this
fluid certainly escapes through the buds; the nascent
foliage, and the pores of the bark and’ vegetable
physiology tells us that there is a current of sap
towards the reots as well as from them. I do not
. know that the exudation of water into the earth,

rough the bark or at the extremities of these latter
organs, has been directly proved, but the other known
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modes of carrying off the surplus do not seem ade-
quate to dispose of it at the almost leafless perigd
when it is most abundantly received, and it is there-
fore difficult to believe that the roots do not, to some
extent, drain as well as flood the water-courses of
their stem. Later in the season the roots absorb
less, and the now developed leaves exhale a vastly
increased,quantity of moisture into the air. In any
event all the water derived by the growing tree
from the atmosphere and the ground is returned
again by transpiration or exudation, after haying
surrendered to the plant the small *proportion of
matter required for vegetable growth hich it held
in solution or suspension. The hygrometrical equi-
librium is then restored, so*fr as this, the tree yields
up again the moisture it had drawn from the earth
and the air, though it does not retugn it each to pach ;
for the vapor carried off by transpiration greatly ex-
ceeds the quantity of water absorbed by the foliage
from the atmosphere, and the amount, if gny, carried
back to the ground by the *roofs. The evaporation
of the juices of the plants by whatever process
effected, takes up atmospheric heat and®produces
refrigeration. This éffect i& not less real, though
much less sensible, in the forest than in the meadow
or pasture land and it cannot be dgubted that the
local temperature is considerably #ffected by it. But
the evaporation that cools the air diffuses through
it, at the same time, a medium which powerfully
resists the escape of heat from the earth by radiation.
Visible vapors or clouds, it*is well known, prevent
frosts by obgttucting radiation, or rather by reflecting
back again the heat radiated by the earth, just as
any mechanical screen woulddo. On the other hand,
clouds intercept the rays of the sun alsd, and hinder
its heat from reaching the earth. The invisitla~
vapors given out by leaves impede the passage of
heat reflected and radiated by the earth and by all
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terrestrial objects, but oppose much less resistance
to the transmission of direct solar heat, and indeed
the beams of the sun seem more scorching when
received through clear air charged with uncondens-
ed moisture tban after passing through a dry atmos-
phere. Hence the reduction of temperature by the
évaporation of moisture from vegetation, though
sensible, is less than it would be if water in the
gaseous state were as impervious to heat given out
by the sun as to that emitted by terrestrial objects.
The hygroscopicity of vegetable’mould is much
greater than that of any'mineral earth, and therefore
the soil 6f the forest absorbs more atmpspheric
moisture than the open ground. The condensation
of the vanor by absotption disengages heat, and
consequently raises the temperature of the soil
which absorbs it. Von Babo found the tempera-
ture of sandy earth thus elevated from 20° to 27°
centigrade making a difference of nearly thirteen
degrees of Fahvenheit, and that of soil rich in humus
from 20° to 31° centigrade a difference of almost
twenty degrees of Fahrenneit.

GENErAL FuncrioNs oF FoORESTS.

In the preceding pages we have seen that the
electrical and chemical action of the forest, though
obscure, exercises probably a beneficial, certainly
not an injurious, influence on the composition and
condition of the atmosphere ; that it serves as a
protection against the diffusion of miasmatic exhala-
tions and malarious poisons ; that it performs a
most important function as a mecharical shelter
from blasting winds to ground$ and crops in the
lee of it ; that as a conductor of heat, it tends to
equalize the temperature of the earth and the air;

~&lm its dead products form a mantle over the sur-
face which protects the earth from excessive heat
and cold ; that the evaporation from the leaves of
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living trees, while it cools the air around them,
diffuses through the atmosphere a medium which
resists the escape of warmth from the earth by radi-
ation, and hence that its general effect is to equili-
brate caloric influences and moderate extremes of
temperature.

We have seen further, that the forest is equalty
useful as a regulator of terresrial and of atmospheric
humidity, preventing by its shade the drying up of
the surface by parching winds and the scorching
rays of the sun} intercepting a part of the precipi-
tation and pouring out a vhst quantity of aqubous
vapor ipto the atmosphere; that i? ikddes not in-
crease the amount of rain, it tends to equalize its
distribution both in time aud in glace ; that it pre-
serves a hygrometric equilibrium in tRe superior
strata of the earth’s surface; that it malntains and
regulates thq flow of springs and rivulets; that it
checks the superficial dischargesof the waters of pre-
cipitation and consequently tends to prevent the
sudden rise of rivers, the wiolence of flo8ds, the for-
mation of destructive torrents, and the abrasion of
the surface by the action of r#nning wates; that it
impedes the fall of avalanches and of rocks and de-
structive slides of the superficial strata of mountains ;
that it is a safeguard against the breeding of locusts,
and finally that it furnishes nutmment and shelter
to many tribes of animal and of vegetable life which,
if not necessary to man’s existence, are conducive
to his rational’enjoyment. In fine, in well-wooded
regions, and in 1inhabited gountries where a due
proportion of soil is devoted to the growth of
Jjudiciously °distributed forests, natural destructive
tendencies of all sorts are arrested or compensat-
ed and man, bird, beast, fish, and vegetable alike
find a constant uniformity of condition most favor-
able to the regular and harmonious co-existence of”

them all. »
7
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GENERAL CONSEQUENCES OF THE IESTRUCTION
OF THE FOREST. .

‘With the extirpation of the forest, all is changed.
At one season, the earth parts with its warmth by
radiation to an open sky—receives, at another, an
immoderate heat from the unobstructed rays of the
gan, Hence the climate becomes excessive, and the
soil is alternately parched by the fervors of summer,
and scared by the rigors of winter. Bleak winds
sweep unresisted over its surface, drift away the
snow that sheltered it from the frodt, and dry up its
scafity moistare. The' pr eclpltatlon becomes as
irregular hs the‘temperature ; the melting snpws and

vernal rains, no longer absorbed by a  loose and
bxbulousf.vecretabie mould, rush over the frozen sur-
face, and pour down the v&l]eys seawards, instead of
filling a retentive bed of absorbent earth and storing
up a supply of moisture to feed perennial springs.
The soil 18 bared ofits covering of leaves, broken
and looscned by the ploucrh dept ived of the fibrous
rootlets wliich held & together, dried and pulverized
by sun and wind and at Tast exhausted by new com-
binations. ‘The face'of the carth is nolonger a sponge,
but a dust-heap, and the floods which the waters of
the sky pour over it hurry swiftly along its slopes,
carrying in suspension vast quantities of earthy
particles whiclf kacrease the abrading power and
mechanical force of the current, and augmented by
the sand and gravel of falling Yanks, fill the beds of
the streams, divert them into new channels, and ob-
struct their outlets. (The rivulets, wanting their
former regularity of supply and depnued of the pro-
tecting shade of the woods, are heated, evaporated,
and thus reduced in their summer curr ents, but
swollen to ra#zing torrents in aututon and in spring.
<Llom these causes there is a constant degradation of
the uplands, and a consequent elevation of the beds
of water-courses and of lakes by the deposition of the
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mineral and vegetable matter carried down by the
waters. The channels of great rivers become un-
navigable, their estuaries are choked up, and har-
bours which once sheltered large navies are shoaled
by dangerous sandbars. The earth stripped of its
vegetable glebe, grows less and less productive, and
consequently less able to protect itself by weaving a
new network of roots to bind its particles together,a
new carpeting of turf to shield it from wind and sun
and scouring rain. Gradually it becomes altogether
barren. The washing of the soil from the mountain
leaves bare ridges of sterile rock, and the rich oyga-
nic mould which covered them, now swepf,down into
the dark low grounds, promotes a Tuxuriance of
aquatic vegetation that breeds feyer, and more in-
sidious forms of mortal dis&ase by its decays and thus
the earth is rendered no longer fit for the habitation
of man. . .

To the general truth of this sad picture there are
many exceptions, even in countries of excessive
climates. Some of these are due to fav8rable con-
dition of surface, of geological structure, and of the
distribution of rain ; in many 8thers, the avil conse-
quences of man’s improvidence have not yet been
experienced, only because a sufficient time has not
elapsed since the felling of the forest, to allow them
to develop themselves. But the wentyeance of nature
for the violation of her harmonies, though slow, is
sure, and the gradual deterioration of soil and cli-
mate in such ‘exceptional regions is as certain to
result from the destruction, of the woods as is any
matural effect to follow its cause.

Due PrororTION OF WOODLAND.

The proportior of woodland that ought to be per-
manently maintained for its geographical and atmos-
pheric influences varies according to the character vf”
soil, surface and climate.* In countries with a humid
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sky, or moderately undulating surface and an equable
temperature, a small extent of forest, enough to
selve as a mechanical screen against the action of
the wind in localities where such protection is need-
ed, suffices. But most of the territory occupied by
civilized man is exposed, by the character of its sur-
face and its climate, to a physical degradation which
cannot be averted except by devoting a large amount
of soilto the growth of the woods. ¢

From an economical point of view, the question of
the due proportion of forest is not less complicated
or less important than in its purely physical aspects.
Of all thex ragv materials which nature supplies for
elaboration by human art, wood is undoubtédly the
most useful, and 4t the sgme time the most indispen-
sable to sotial progress.

The demand for wood, and of course the quantity
of forést required ‘to furnish it, depend upon the sup-
ply of fuel from othew sources, such as peat and coal,
upon the extent to which stone, brick, or metal can
advantageduasly be substituted for wood in building,
upon the development of &rts and industries employ-
ing woodcarrd other forest products as materials, and
upon the cost of obtaining thera from other countries,
or upon their commercial value as articles of export.

Upon the whole, taking civilized Europe and
America together; it is probable that from twenty to
twenty-five per cent. of well wooded surface is in-
dispensable for the maintenance of normal physical
conditions, and for the supply of materials so essen-
tial to every branch of ‘human industry and every
form of social life as those which compose the harvest
of the woods. .

There is probably no country—there are few large
farms even—where at least one-fourth of the soil is
Yot either unfit for agricultural use, or so unproduc-

tive that, as pastere or as plough land, it yields less
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pecuniary return than a thrifty wood. Every prairie
has its sloughs where willows and poplars would find
a fitting soil, every Eastern farm its rocky nooks
and its barren hill sides suited to the growth of some
species from our rich forest flora, and everywhere
belts of trees might advantageously be planted along
the road sides and the boundaries and dividing
fences. In most cases it will be found that treés
may be made to grow well where cultivated crops
will not repay the outlay of tillage and it is a very
plain dictate of sound economy that if trees produce
a better profit than the same ground would return if
devoted to grass or grain, the wood shoulg be sub-
stituted for the field. 'oe

WoobLanp 18 Eurppean GoUNTRIES.

®
In 1862, Reutzsch calculated the proportions
of woodland in different Europ.ean countris:s as
follows :— .

Norway ... .. *.. 66  per cent.
Sweden ... 60 w9
Russia 6 e 3090e,
Germany - o . 2658 ,,
Belgium ... Lo 1852,
France e T 1679
Switzerland KR . e 185 A,
Sardinia ... . w1229
Neapolitan States ... e 943,
Holland ... .. .. .. 710 , .
Spain .2 5582 ,,
Denmark ... e 580,
Great Britain , ... .. 500 ,
Portugal ... e 440 ,,

The large proportion of woodland in Norway and
Sweden is ig a great measure to be ascribed to the
mountainoas character of the surface which renders
the construction of roads difficult and expensive, and
hence the forests are comparatively inaccessible, and
transportation is too costly to tempt the inhabitants
to sacrifice their woods for the sake of supplying digr”
tant markets. ’
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The industries which employ wood as a material
have only lately been much developed in these
countries, and though the climate requires the con-
sumption of much wood as a fuel, the population is
not numerous enough to create for this purpose a
demand exceeding the annually produced supply, or
to need any great extension of cleared ground for
agricultural purposes. Besides this in many places
peat is generally employed as domestic fuel Hence,
though Norway has long exported a considerable
quantity of lumber, and the iron and copper works
of Sweden consume charcoal very largely, the forests
havé not diminished rapidly enough to produce very
sensible climati¢ or even econdmical evils. <

At the oppositd end of the scale we find Holland,
Denmark, Great Britain, Spain and Portugal. In
the three first named countries a cold and humid
climate renders the almost constant maintenance of
domestic fires a neeessity, while in Great Britain
especially the demand of the various industries which
depend one wood ag,a material, or on mechanical
power derived from heat, are very great. Coal and
peat serve as a combustible instead of wood in them
all, and ¥ngland imports an«immense quantity of
timber from her foreign possessions. Fortunately
the character of soil, surface and climate renders the
forest of less imepertance as a geographical agent in
these northern regions than in Spain and Portugal,
where all physical conditions corcur to make a large
extent of forest an almost indispensable means of
industrial progress and social advancement.

ExcrLusioN oF Douestic QUADRUPEDS.

But probably the most important of all rules for
the governmgnt of the forest, whether natural or
artificial, is that which prescribes the absolute exclu-

-sion of all domestic quadrupeds, except swine, from
every wood which is not destined to be cleared. No
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growth of young trees is possible where horned
cattle, sheep or goats, or even horses, are permitted
to pasture at any season of the year, though they
are doubtless most destructive when trees are in
leaf.* These animals browse upon the terminable
buds and the tender branches therelry stunting, if
they do not kill, the young trees, and depriving
them of all beauty and vigour of growth,
L] L4

Forest Firgs.

The difficulty of protecting the woods against acci-
dental or incendiary fires isone of the most discour-
aging circumstances attending the, pyeseevation of
natural®and the plantation of artificial forests. In
the spontaneous wood he spread of fire is somewhat
retarded by the general humidity of theesdil and of
the beds of leaves which cover it. But in long
droughts the superficial layer of leaves and the dry
fallen branchés becoming as inflagnmable as tinder,and
the fire spreads with fearful rapidity, until its further
progress is arrested by wantof material, or more

—

*Although the economy of the forest has rcceived Itttlep attention in
the United States, no loversof Amegican nature can have failed to
observe a marked differenge between a native wood from which
cattle are excluded and one where they are permitted to browse, a few
«easons suffice for the total extirpation of the  under-brush’’ includ-
ing the young trees on which alone the reprodugtion of the forest de-
pends, and all the branches of those of laPger growth which hang
within reach of the cattle are stripped of their buds and leaves,
and soon wither and fall off. These effects are observable at a great
distance, and a wood pasture is recognised, almost as far as it can be
seen, by the regularity with which its lower foliage terminates at what
Ruskin somewﬁere calls the “cattle‘;}ine.” This always runs parallel
to the surface of the ground and is determined by the height to which
domestic quadgubeds can reach to feed upon the leaves. In describ-
ing a visit to the grand-ducal farm of San Rossore near Pisa, where
a large herd of camels is kept, Chateauvieux says: “In passing
through a wood of evergreen oaks, I observed that all the twigs and
foliage of the trees were clipped up to the height of about twelve feet
above the ground, without Yeaving a single spray below that level.
1 was informed that the browsing of the camels had trimmed ths
trees as high as they could reach/”’ Lullin de Chateauvieux Lettres
sur I'Italie, p. 113. »
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rarely, by heavy rains, sometimes caused, as .mahy
meteorologists suppose, by the conflagration itself,

* In the artificial forest the annual removal of fallen
or half-dried timber and the leaves and other drop-
pings of the wood, though otherwise a very injurious
practice, much diminishes the rapid spread of fires;
and the absence of combustible underwood and the
greater distance between the trees are additional safe-
guards. But on the wther hand, the colparative
dryness of the soil, and of any leaves or twigs which
may rewain upon it, and the greatar facility for the
passage of wind-currents through aregularly planted
"and moresopgn wood, are circumstances unfavourable
to the security of the trees against this formidable
danger. The nawral forest® unless isolated and of
small exfent, can be protected from fire only by a
vigilance too costly to be systematically practised.
But the artificial wwood may be secured by a network
of ditches and of paths or occasional open glades,
which both check the running of the fire and furnish
the means»f approaghing and combating it.

The experience of 1871' ought not to be wholly
without valie asa lesson. It is not possible to esti-
mate the damage by forest fires in that disastrous
year, in what were lately the& north-western States
and in Canada, but as the demand for lumber, and
consequently, ifs market price, are rising at a rate
higher than the interest on capital, in a geometrical
ratio, one may almost say it is probable that ten
years hence those fires will be thought to have dimin-
ished the national wealth by a larger amount than
even the terrible conflagration at Chicago.

There is no good reason why Insurance Com-
panies should not guarantee the proprietor of a.
wood as well as the owner of a house against dam-
“ge by fire. In Europe there is no conceivable lia-
bility to pecuniary loss which may not be insured
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against, The American Companies might at first
be, embarrassed in estimating the risk, but the ex-
perience of a few years would suggest safe principles,
and all parties would find advantage in this exten-
sion of security.

Destrucrive action or TorrENTs.

But the great, the irreparable, the appalling mig-
chiefs which have already resulted, and threaten to
ensue on % still more extensive scale herealter from
too rapid superficial drainage, are of a properly
geographical chgracter, and consist primarily in
erosion, displacement, and, transportation of ,the
superficial strata, vegetable and inerak of the
integunfents, so to speak, with which nature has
clothed the skeleton framework of €he globe. Tt is
difficult to convey by description an idea of*the deso-
lation of the regions most exposed to the ravages of
torrent and of flood ; and the thousands, who insthese
days of travel, are whirled by ,steam near or even
through the theatres of these calamities, have but
rare aud imperfoct opportunitées of obsgrving the
destructive causes in actiop. Still more rarely can
they compare the fact with the actual gondition of
the provinces in quesfion and trace the prdgress of
their conversion from forest crowned hills, laxuriant
pasture grounds, and abundant corn fields and
vineyards well watered by springs, and fertilizing
rivulets, to bald mountain ridges, rocky declivities,
and steep earth bapks furrowed by deep ravines
with beds now dry, now filled by torrents of fluid
mud and gravels hurrying down to spread them-
selves over the plain, and dodining lo everlasting bar-
renness theeonce productive fields. In traversing
such scenes, it is difficult to resist the impression
that nature pronqunced the curse of perpetual steri-
lity and desolation upon these sublime but fearful
wastes, difficult to believe that they were once, and-
but for the folly of man might still be, blessed with

8



58 TQRRENTS IN FRANCE.

all the natural advantages which Providence has
bestowed upon the most favored climes. But the
historical evidenee is conclusive as to the destruc-
tive changes occasioned by the agency of man upon
the flanks of the Alps, the Apennines, the Pyreneces
and other mountain ranges in Central and Southern
Europe, and the progress of physical deterioration has
keen so rapid that in some localities, asingle gener-
ation has witnessed the beginning and the end of
the melancholy revolution.

It is certain that a desolation, like that which has
overwhelmed many oncg beautiful and fertile regions
of Europe, awaits an important part of the territory
of the United States and of other comparatively new
countries over which European civilization is now
extending, its sway, unless prompt measures are
taken to check the action of destructive causes already
in operation. o

ToORRENTS IN FRANCE.

I have stated in a general way, the nature of the
evils in question, and of 4he processes by which they
are produced, but I shall*make their precise charac-
ter and magnitude Detter understood by presenting
some descriptive and statistical details of facts of
actual occurrence. I select’ for this purpose the
south-eastern portion of France, not because that
territory has ‘suffered more severely than some
others, but because its deterioration is comparatively
recent and has been watched ahd described by very
competent and trustworthy observers, whose reports
are more easily accessible than those published in
other countries. ‘,

* * ¥* . *

The eminent political economist Blanqui, in a

memoir read before the Academy of Moral and Poli-
~tical Science on the 25th of November 1843, thus
expresses himeelf: ““ Important as are the causes of
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impoverishment already described, they are not'to
be compared to the consequences which have followed
from the two inveterate evils of the Alpine provinces
of France, the extension of clearing and the ravages
of torrents. * * The most important result of
this destruction is this : that the agricultural capital,
or rather the ground itself, which in a rapidly
increasin]gi- degree is daily swept away by the waters
—is totaly lost. Signs of wnparalleled destitution
are visible in all the mountain zone, and the soli-
tudes of those districts are assuming an indescribable
character of sterility and desolation. The gragual
destruction of the woods has in a thbusaud locali-
ties, anmihilated at once the springs‘and the fuel.
Between Grenoble and Briangon ir#the valley of the
Romanche, many villages®ate so destituter of wood
that they are reduced to the necessity of baking
their bread with sun-dried cowdung, and evey this
they can afford to do but once a year. This bread
becomes so hard that it can be cut only with an axe,
and I have myself seen a loaf of bread in September,
at the kneading of which I*was’present the January
previous. . .

“ Whoever has visited the valley of Barcelonette,
those of Embrun, and,of Verdun, and that Arabia
Pelrea of the department of the Upper Alps, called
Dévolny, knows that there is no tjmg to lose, that in
fifty years from this date France will be separated
from Savoy, as Egypt from Syria, by a desert.”

It deserves to be specially noticed that the district
here referred to, though noy among the most hope-
lessly waste in France, was very productive even
down to so” late a period as the commencement
of the French Revolution. Arthur Young, writing
in 1789 says: “ About Barcelonette and in the
highest parts of the mountains, the hill pastures feed a
million of sheep, besides large herds of other cattle.”
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“I do not exaggerate,” says Blanqui, “ When
I shall have finished my excursion and designated
lacalities by their nawmes, there will rise, I am sure,
more than one voice from the spots themselves, to
attest the rigorous exactness of this picture of their
wretchedness.. I have never seen its equal even in
the Kabyle villages of the province of Constantine ;
for there you can travel on horseback, and you find
grass in the spring, whereas in more than fifty com-
munes in the Alps there is absolutely nothing.

The clear, brilliant, alpine sky of-Embrun, of Gap,
of Barcelonette, and of.Dique, which for months 1s
without %-cland, produces droughts interrupted only
by diluvial rains like those of the Tropiés. The
abuse of the right of pasturage and the felling of the
woods have stripped the soil of all its grass and all
its trees, and the scorching sun bakes 1t to the con-
sisteirce of prophyry. 'When moistened by the rain,
as it has neither support nor cohesion, it rolls down
to the valleys sometimes in floods resembling black
yellow orereddish Java, sometimes in streams of
pebbies, and even huge blocks of stone which pour
down with a frightful roar, and in their swift course
exhibit the most convyulsive .movements. 1f you
overlook from an eminence nne of these landscapes
furrowed with so many ravines it presents only
images of desoletipn and of death. Vast deposits of
flinty pebbles, any feet in thickness which have
rolled down and spread far over the plain, surround
large trees, bury even their tops, and rise above
thew, leaving to the husbandman no longer a ray of
hope. One can imagine no sadder spectacle than
the deep fissures in the flanks of the mountains
which seem to have burst forth in eruption to cover
the plains with their ruins. These gorges under the
influence of the sun which cracks and shivers to

“Sfragments the very rocks, and of the rain which
sweeps them down, penetrate deeper and deeper into
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the heart of the mountain, while the beds of the
torrents issuing from them are sometimes raised
several feet in a single year, by the debris, so that
they reach the level of the bridges, which of course
are then carried off. The torrent beds are recognised
at a great distance, as they issue from the mountains
and they spread themselves over the low grounds in
fan-shaped expansions, like a mantle of stone, sonfe-
times tew thousand feet wide, rising high at the
centre, and curving toward the circumference, till
their lower edges meet the plain.

* * R * * »

“ The unfortunate passion for clearmg ihanifested
itself at the beginning of the French, Revolution, and
has much increased under the pressure of 1mmed1ate
want, It has now reached an extreme’ point, and
wmust be speedily checked, or the last inhabitant will
be compelled to retreat when thelast tree fal.

“The elements of destruction are increasing in
violence. Rivers might be mentioned whose beds
have been raised ten fee# in®a single 'year. The
devastation advances in geometrical progression as
the higher slopes are bared of their wobd,»and ¢the
ruin from above,” t0 use the words of a peasant,
“helps to hasten the desolation below.’

“The Alps of Provence present g terrible aspect.
In the more equable climate of Northern France,
one can form no cqneception of those parched moun-
tain gorges where not even a bush can be found to
shelter a bird, where at most, the wanderer sees in
summer here and there a\mtheled lavender, where
all the springs are dried up and where a dead silence,
hardly broken by even the hum of an insect, prevails.
But if a storm barsts forth, masses of water suddenly
shoot from the mountain helghts into the shattered
gulfs, waste without irrigating, deluge without re-
freshing the soil they overflow in their swift descent,
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and leave it even more seared than it was from want
of moisture, man at last retires from the fearful
desert, and I have the present season, found not a
living soul in districts where I remember to have
enjoyed hospitality thirty years ago.”

In 1853, tén years after the date of Blanquis’
memoir, M. deBonville, prefect of the Lower Alps,
addressed to the Government a report in which the
following passages occu : ¢

“It is certain that the productive mould of the
Alps, swept off by the increasing*violence of that
curse of the mountains, the torrents, is daily diminish-
ing with féarfel rapidity. All our Alpsare wholly, or
in large proportion, bared of wood. Their soil,
scorched by the sun of Provence, cut up by the hoofs
of the sheef, which not finding on the surface the
grass they require for their sustenance, scratch the
ground in search Jf roots to satisfy their hunger, is
periodically washed and carried off by melting snows
and summer storms.”

*! w *® %*

¢ An indirect proof of the diminution of the soil
is to be fouid in the depopulation of the country.
In 1852, I reported tv the Gleneral Council that,
according to the census of thaf year the population
of the department of the Lower Alps had fallen off
no less than 5,000 souls in the five years between
1846 and 1851,

Unless prompt and energetic measures are taken
it is easy to fix the epoch when the French Alps will
be but a desert. The interval between 1851 and
1856 will show a further decrease of population. In
1862 the ministry will announce a continued and
progressive reduction in the number of acres devoted
to agriculture ; every year will aggravate the evil, and

“ia a half century, France will count more ruins, and
a department the less.” .

L4
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"Time has verified the predictions of deBonville.
The later census returns show a (f)rogressive diminu-
tion in the population of the departments of the
Lower Alps, the Isére, the Drome, Ariége, the Up-
per and the Lower Pyrenees, the Lozére, the Arden-
nes, the Doubs, the Vosges, and in short in all the
provinces formerly remarkable for their forests.
This diminution is not to be ascribed to a passion for
foreign emigration, as in Iseland and in parts of
Germany and of Italy; it is simply a transfer of
population from one part of the Empire to another,
from soils which human folly has rendered uninhabi-
table by ruthlessly depriving them of their natural
advantages and securities, to provinfes where the
face of the earth was so formed by#Rature as to need
no such safeguards, and *where consequently, she
preserves her outlines in spite of the wasteful impro-
vidence of man. ) .

Tue Forest 1n ITALY.

The denudation of the Cgntral and Southern
Apennines and of the Italian declivity of the Wes-
tern Alps began at a period of unknown antiquity,
but it does not seem ¢o havg been carried to a very
dangerous length uniil the foreign conquests and
extended commerce of Rome created a greatly in-
creased demand for wood for thes construction of
ships and for military material. The Eastern Alps,
the Western Apennines, and the Maritime Alps re-
tained their forests much later ; but even here the
want of wood, and the injury to the plains and the
navigation qf the rivers by sediment brought down
by the torrents, led to some legislation for the pro-
tection of theforests by the Republic of Venice in the
fifteenth century, by that of Genoa ag early at.least
as the seventeenth ; and Marschand states that the
latter Government passed laws requiring the pro-
prietors of mountain lands to replant the woods.
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These however do not seem to have been effectuall y
enforced.

It is very common in Italy to ascribe to the
French occupation under the first Empire all the
improvements, and all the abuses of recent times,
according to the political sympathies of the indivi-
dral; and the French are often said to have pros-
trated every forest which has disappeared within a
century. But however this may be, no energetic
system of repression or restoration was adopted by
any of the Italian States after the downfall of the
Emwpire, and the taxes on forest property in some of
them wer¥ so. burdensome that rural municipalities
sometimes propesed to cede their common woods to
the Government, withont. any other compensation
than the remission of the taxes imposed on forest
lands ; under such circumstances woodlands would
soon become disafforested, and where facilities of
transportation and @ good demand for timber have
increased the inducements to fell it, as upon the
borders of the Mediterranpean, the destruction of the
forest and all the evils which attend it, have gone on
at a seriopsly alarming rate. It has even been cal
culated that four-tenthg of the area of the Ligurian
provinces have been washed away or rendered inca-
pable of cultivation by the felling of the woods.

s
Tur Forests oF FRANCE.

Mirabeau estimated the forests of France in 1750
at seventeen millions of hectares (42,000,000 acres);
in 1860 they were reduced to 8 millions (19,769,000
acres). This would be at the rate of 82,000 hectares
(202,600 acres) per year. Troy, from whese valuable
pamphlet, Etude sur le Reboisement des montagues,
I take these ptatistical details, supposes that Mira-
beau’s statement may have been an extravagant one,
but it still remains certain that the waste has been
enormous ; for it is known that, in some departments,
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that of Ariége, for instance, clearing has gone on
during the last half century at the rate of three
thousand acres a year and in all parts of the Empirg
trees have been felled faster than they have grown.
The total area of France excluding Savoy is about
one hundred and thirty-one millions of acres. The
extent of forest supposed by Mirabeau would be
about thirty-two per cent. of the whole territory®*
In a couniry and a climate yhere the conservative
influences of the forest are so necessary as in France,
trees must cover a large surface and be grouped in
large masses, in ‘order to discharge to the best ad-
vantage the various functidns assigned to,thefl by
nature. » The consumption of wood s rapidly in-
creasing in that empire, and a large part of its ter-
ritory is mountainous, steride; and otherwige such in
character or situation that it can be more profitably
devoted to the growth of wood than to any agricul-
tural use. Hence it is evident that the proportion
of forest in 1750, taking even Mirabeau’s large esti-
mate was not very much too great for permanent
maintenance, though doubtless?the distrfoution was
so unequal that it would have been sound policy to

* In the Recepte Veéritable Palissy*having expressed his indigna-
tion at the folly of men in sdestroying the woods, his interlocutor
defends the policy of felling them, by citing the example of ** divers
bishops, cardinals, priors, abbots, monkeries, and chapters which by
cutting their woods have made three profitsg’ the sale of the timber,
the rent of the ground, and the ‘“ good portion”’ they received of the
grain grown by the peasants upon it. To this argument Palissy
replics, ““ I cannot enough’dctest this thing and I call it not an error,
but a cursc and a calamity to all France; for when forests shall be
cut, all arts shall cease, and they which practise them shall be driven
out to eat grass with Nebuchadnezzar and the beasts of the ficld. I
have divers times thought to set down in writing the arts which shall
perish when there shall be no more wood ; but when I had written
down a great number, I did perceive that there could be no end of
my writing and having diligently considered, I found there was not
any which could be followed without wood.” * _* ¢ And truly I
could well allege to thee a thousand reasons, but it 1s so cheap a philo-
sophy, that the very chamber wenches, if they do but think, may see
that without wood it is not possible to exercise any manner of human
art or cunning.” Euvres dc Bernard Palisgy, p. 89.

»
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fell the woods and clear land in some provinces,
while large forests should have been planted in
pthers.*

The due proportion in France would considerably
exceed that for the German States, because France
has relatively more surface unfit for any growth but
that of wood, because the form and geological cha-
racter of her mountains expose her territory to much
greater injury from torrents, and because at least
her southern provinces are more frequently visited
both by extreme drought and by deluging rains.

a ‘IRR‘GATION AND 118 CLIMATIO AND
* EOGRAPHIC EFFECTS, -

We know liftle of the history of the extinct
civilizativns which preceded the cultureof the classic
ages, and no nation has in modern times spontane-
ously emerged frem barbarism, and created for itself
the arts of social life. The improvements of the
savage races whose history we can distinctly trace
are borrowed and imitative, and our theories as to
the origin and natural development of industrial art
are conjectural. Of course, the relative antiquity of
particular branches of human industry depends much
upon the natural character,of soil, climate, and
spontaneous vegetable and animal life in different
countries ; and ,while the geographical influence of
man would, under given circumstances, be exerted
in one direction, it would, under different conditions,
act in an opposite or a diverging line. I have given
some reasons for thinking that in the climates to

t

* Since writing the above paragraph, I have founcdthe view I have
taken of this point confirmed by the careful investigations of Reutzsch,
who estimates the proper proportion of woodland to entire surface at
23 per cent. for the interior of Germany, andsupposes that near the
coast, where the air is supplied with humidity by evaporation from
the sea, it might safely be reduced to 20 per cent. See Reutzsch’s
very valuable prize essay, Der Wald in Haushalt der Naturand der
Volkswirth schaft, Cap. viii. T e
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which our attention has been chiefly directed, man’s
first interference with the natural arrangement and
disposal of the waters was in the way of drainage of
surface. But if we are to judge from existing
remains alone, we should probably conclude that
irrigation is older than drainage ; for, «n the regions
regarded by general tradition as the cradle of the
human race, we find traces of canals evidently cofl-
structed for the former purpose at a period long
preceding the ages of which we have any written
memorials. There are, in ancient Armenia, ex-
tensive districts Which were already abandoned to
desolation at the earliest hisforical epoeh, byt wiich,
in a yeteremoter antiquity, had beel frrigated by a
complicated and highly artificial sfstem of canals,
the lines of which can still be followed ;,and there
are, in all the highlands where the sources of the
Euphrates rise, in Persia, in Egyp§, in India, gnd in
China, works of this sort which must have been in
existence before man had begun to record his own

annals. ,

v »

In warm countries, such as most of those just
mentioned, the effects T have «described. ag usually
resulting from the clearing of the forests would very
soon follow. In such «climates, the rains are inclined
to be periodical ; they are also violent, and for these
reasons the soil would be parched in summer and
liable to wash in winter. In these countries, there-
fore, the necessity for irrigation must soon have been
felt, and its introduction into mountainous regious
like Armenia must have begn immediately followed
by a system, of terracing, or at least scarping the
hillsides. “Pasture and meadow, indeed, may be
irrigated even when the surface is both steep and
irregular, as may be observed abundantly on the
Swiss as well as on the Piedmontese slope of the
Alps ; but in dry climates, plough land and gardens

“on hilly grounds require’terracing, both for sup\port-
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ing the soil and for administering water by 11'r1gat10n,
and it should be remembered that terracing, of itself,
even without special arrangements for controlling
the distribution of water, prevents or at least checks
the flow of rain-water, and gives it time to sink into
the ground instead of running off over the surface.

There are few things in comtinental husbandry
which surprise Enﬂ]mh or American observers so
much as the extent to which irrigation is eniployed in
agriculture, and that, too, on soils, and with a tem-
perature, where their own experienge would have led
thel to suppose it would be injurious to vegeta-
tion ratker than beneficial to it. The summers in
Northern Italy, though longer, are very often not
warmer than in New }Lnn}dnd and n ordinary years,
the summter rains are as hequent and as abundant in
the former country asin the latter. Yetin Piedmont
and Lombardy, irrigation is bestowed upon almost
every crop, while jn New England it 1s never
employed at all in farming husbandly or indeed for
any purposs except in kitehen gardens, and possibly,
in rare cases, in some other snmll branch of agricul-
tural industyy. .

The summers in Egypt, i Syria, and in Asia
Minor and even Rumelia, are almost rainless. In
such climates the necessity of irrigation is obvious,
and the loss of the ancient means of furnishing it
readily explains the diminished fertility of most of
the countries in question. Thesurface of Palestine,
for example, is composed, in a great measure, of
rounded limestone hills, onee, no doubt, covered with
forest. These were pattla]ly removed before the
Jewish conquest. When the soil begdn to suffer
from drought, reservoirs to retain the waters of
winter were kewn in the rock ne#r the tops of the
hills, and the declivities were terraced. So long as
the cisterns were in good order, and the terraces
kept up, the fertility of Palestine was unsurpassed,
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but when misgovernment and foreign and intestine
war occasioned the neglect or destruction of these
works—traces of which still meet the traveller’s eye
at every step,—when the reservoirs were broken and
the terrace walls had fallen down, there was no
longer water for irrigation in summer, the rains of
winter soon washed away most of the thin layer of
earth upon the rocks, and Palestine was redueed
almost te the condition of a desert.

The course of events has been the same in Idumzea.
The qbserving traveller discovers everywhere about
Petra, particularly if he enters the city by the route
of Wadi Ksheibeh, very extensive traces of arfcient
cultivation, and upon the neighbourfng ridges are the
ruins of numerous cisterns evidenily constructed to
furnish asupply of water frirrigation. [a primitive
ages, the precipitation of winter in these hilly
countries was, in great part, retgined for a {ime in
the superficial soil, first by the vegetable mould of
the forests, and then by the artificial arrangements
1 have described . The water imbibed by the earth
was partly taken up by diredt evaporation, partly
absorbed by vegetation, and partly carried down by
infiltration to subjacgnt strata which gave it out in
springs at lower levels, anll thus a fertility of soil
and a condition of the atmosphere were maintained
sufficient to admit of the dense population that once
inhabited those now arid wastes. = At present, the
rain-water runs impediately off from the surface and
is carried down to the sea, or is drunk up by the
sands of the Wadis, and the hill sides which once
teemed with plenty are bare of vegetation, and seared
by the scorching winds of the desert.

In Southern Europe, in the Turkish Empire, and
in many other eountries, a very largg proportion of
the surface is, if not absolutely flooded, at least
thoroughly moistened by irrigation, a great number
of times in the course of every season, and this,

\
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especially, at periods when it would otherwise be
quite dry, and when, too, the power of the sun and
the capacity of the air for absorbing moisture are
greatest. Hence it is obvious that the amount of
evaporation from the earth in these countries, and, of
course, the humidity and the temperature of both
the soil and the atmosphere in contact with it, must
be.much affected by the practice of irrigation. The
cultivable area of Egypt, or the space accegssible to
cultivation, between desert and desert, is more than
seven thousand square statute miles. Much of the
surface, though not out of the reach of irrigation,
lies tno high tq be economically watered, and irr.ga-
tion and &ultivation are therefore confined to gn area
of five or six thougand square miles, nearly the whole
of which is regularly and constantly watered when
not covered by the inundation, except in the short
interval between the harvest and the rise of the
waters: For nearly half of the year, then, irrigation
adds five or six thousand square miles, or more than
a square equatorial degree, to the evaporable surface
of the Nile-valley, o, in other words, more than
decuples the area from which an appreciable quantity
of moisture would otherwise be evaporated ; for after
the Nile has retired within its banks, its waters by
no meauns cover one-tenth of the=space just mentioned.
The fresh water canals now constructing, in connec-
tion with the works.for the Suez Canal, will not only
restore the long abandoned fields east of the Nile,
but add to the arable soil of Egypt hundreds of
square miles of newly reclaimed desert, and thus
still further increase the climatic effects of irrigation.

The Nile receives not a single tributary in its
course through Egypt ; there is not so much as one
living spring in the whole land, and, with the ex-
ception of a narrow strip of coast, where the annual
precipitation is said to amount to six inches, the fall
of rain in the territory of the Pharaoh’sis not two
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inches in the year. The subsoil of the whole valley
is pervaded with moisture by infiltration from the
Nile, and water can everywhere be found at the
depth of a few feet. 'Were irrigation suspended, and
Egypt abandoned, as in that case it must be, to the
operations of nature, there is no doubs that trees, the
roots of which penetrate deeply, would in time estab-
lish themselves on the deserted soil, fill the valley
with verdure, and perhaps-at,]ast temper the climate,
and even call down abundant rain from the heavens.
But the immediate effect of discontinuing irrigation
would be, first,’an immense reduction of the evapo-
ration from the valley ih the dry season,®and
then a greatly augmented dryness®aad heat of the
atmosphere. Even the almost consthnt north wind—
the strength of which wowld be increasegs in conse-
quer.c of these changes—would little reduce the
temperature of the narrow cleft bgtween the byrning
mountains which hem in the channel of the Nile, so
that a single year would transform the most fertile
of the soils to the most barren of deserts, and render
uninhabitable a territory tlat irrigation makes
capable of sustaining as‘dense a population as has
ever existed in any part of the world. sWhether
mau found the valley of theNile a forest, or such a
waste as I have just described, we do not historically
know. - In either case, he has not simply converted
a wilderness into a garden, but Ba§ unquestionably
produced extonsive.climatic change.

The fields of Egypt are more regularly watered
than those of any other country bordering on the
Mediterranepn, except the rice grounds in Italy, and
perhaps the maicite or winter meadows of Lombardy ;
but irrigation is more or less employed throughout
almost the entire.basin of that sea, and,is everywhere
attended with effects which, if less in degree, are
analogous in character to those resulting from it in
Egypt. 1n general, it may be sajd that the soil is

\
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nowhere artificially watered except when it is so dry
that little moisture would be evaporated from it, and,
censequently, every acre of irrigated around is 80
much added to the evaporable surface of the country.
When the supply of water is unlimited, it is allowed,
after serving its purpose on one ﬁeld to run into
drains, canals, or rivers. But in most regions where
irfigation is reaulally employed, it is necessary to
economize the water ; aftel passing over ox through
one parcel of ground, it is conducted to another ; no
more is withdrawn from the canals at any one point
than is absorbed by the soil it irrigat®s, or evapbrated
from’ it,and, consequéhtly, it is not restored to
liquid circulation, except by infiltration or pyecipita-
tion. We are sd¥s, then, in saying that the humidity
evaporated, from any artrﬁcxally watered soil is in-
creased by a quantity bearing a large proportion to
the whole amount distributed over it; for most
even of that which is absorbed by the earth is
immediately given out again either by vegetables or
by evaporation.

It is not easy to ascévtain precisely either the
extent of surface thus watered, or thc amount of
water supphed in any given cmuntny, because these
quantities vary with the character of the season ;
but there are not many districts in Southern Europe
where the managepent of the arrangements for iri-
gation is not one of the most important branches of
agricultural labor. The eminent Engineer Lombar-
dini describes the system of irrigation in Lombardy as
“every day in summer, diffusing over 550,000 hec-
tares of land 45,000,000 cubic metres of watel which
is equal to the entire volume of the Seineyat an ordi-
nary flood, or a rise of three metres above the
hydrometer al the bridge of La Tournelle at Paris.’
Niel states the quantlty of land irrigated in the for-
mer kingdom of Sardinia, including Savoy, in 1856,

at 240, 000 hectares, or not ‘much less than 600,000
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acres.” This is about four-thirteenths of the cultiva-
ble soil of the kingdom. According to the same
author, the irrigated lands in France did not exceegd
100,000 hectares, or 247,000 acres, while those in
Lombardy amounted to 450,000 hectares, more than
1,100,000 acres. In these three Statgs alone, then,
there were more than three thousand square miles of
artificially watered land, and if we add the irrigated
soils of thg rest of Italy, of the Mediterranean islands,
of the Spanish Peninsula, of Turkey in Europe and
in Asia Minor, of Syria, of Egypt and the remain-
der of Northern Africa, we shall see that irrigation
increases the evaporable sutface of the Mediterra-
nean bagin by a quantity bearing ne inconsiderable
proportion to the area naturally cceered by water
within it. As near as qan be ascertajned, the
amount of water applied to irrigated landss scarcely
any where less than the total precipitation during
the season of vegetable growth, and in genefal it
much exceeds that quantity. I'n grass grounds and
in field culture it ranges from 27 or 28 to 60 inches,
while in smaller crops, tilled by hand Mbor, it is
sometimes carried as high¢as 300 inches. The rice
grounds and the marcite of Lontbardy are ngt includ-
ed in these estimates Jf the amount of water applied.
Arrangements are concluded, and new plans pro-
posed, for an immense increase of the lands fertilized
by irrigation in France and Italy, @nd there is every
reason to believe that the artificially watered soil of
the latter country will be doubled, that of France
quadrupled, before the end of this cengury. There
can be no doubt that by these operations man is
exercising a powerful influence on soil, on vegetable
and animal’life, and on climate, and hence that in
this, as in many other fields of industry, he is truly
a geographical agency. ,

The quantity of water artificially withdrawn from
running streams for the purpose of irrigation is such

* 10
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a8 very sensibly to affect their volume, and it is,
therefore, an important element in the geography.of
rivers. Brooks of no trifling current are often wholly
diverted from their natural channels to supply the
canals, and their entire mass of water completely
absorbed, so ¢hat it does not reach the river which
it naturally feeds, except in such proportion as it is
cOnveyed to it by infiltration. Irrigation, therefore,
diminishes great rivers in warm countries by cutting
off their sources of supply as well as by direct abstrac-
tion of water from their channels. We have just
seen that the system of irrigation‘in Lombardy de-
prives the Po of a quéntity of water equal to the
total delivery 6f the Seine at ordinary floed, or, in
other words, of¥the equivalent of a tributary naviga-
ble for hundreds of miles by vessels of considerable
burden. The new canals commenced and projected
will greatly increase the loss The water required
for irrigation in Egypt is less than would be supposed
from the exceeding rapidity of evaporation in that
arid climate; for the soil is thoroughly saturated
during the inundatida, and infiltration from the Nile
continues to supply a considerable amount of humi-
dity in «¢hé dryest season. Linant Bey computed
that twenty-nine cubit metrés per day sufficed to
irrigate a hectare in the Delfa. This 1s equivalent
to a fall of rain of two millimetres and nine-tenths
per day, or, if ‘Wé suppose water to be applied for
one hundred and fifty days during the dry season, to
a total precipitation of 435 millimetres, about seven-
teen inches #nd one-third. Taking the area of actu-
ally cultivated soil in Bgypt at the low estimate of
38,600,000 acres, and the average amuynt of water
daily applied in both Upper and Lower Egypt at
twelve hundredths of an inch in depth, we have an
abstraction ¢f 61,000,000 cubic yards which—the
mean daily delivery of the Nile being in round num-
bers 320,000,000 cubic yards—is nearly one-fifth of
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the average quantity of water contributed to the
Mediterranean by that river.

Irrigation, as employed for certain special purposes
in Europe and America, is productive of very preju-
dicial climatic effects. I refer particularly to the
cultivation of rice in the Slave States of the Ameri-
can Union and in Italy, The climate of the Southern
States is not necessarily unhealthy for the white maf,
but he cawscarcely sleep a single night in the vicinity
of the rice grounds without being attached by a
dangerousfever. The neighbourhood of the rice fields
is less pestilential'in Lombardy and Piedmont than
in South Carolina and Georgia, but still very insalu-
brious tceboth man and beast. ¢ NSt only does the
population decrease where rice is gfown,” says Es-
courron Milliago, “ but eveh *the flocks arpeattacked
by typhus. In the rice grounds, the soil is divided
into compartments rising in gradua) succession tp the
level of the irrigating canal, in qrder that the water,
after having flowed one field, may be dr&Awn off to
another, and thus a single current serve for several
compartments, the lowest field, f course, still being
higher than the ditch which at last drains both it and
the adjacent soil. This arrangement gives a certain
force of hydrostatic pressure to the water with which
the rice is irrigated, and the infiltration from these
fields is said to extend through neighbouring grounds
sometimes to the distance of not Itss than a myria-
metre, or six English miles, and to be destructive
to crops and even trees reached by it. - Land thus
affected can no longer be employed for sany purpose
but growing rice, and when prepared for that crop, it
propagates s}ill further the evils under which it had
itself suffered, and; of course, the mischief is a
growing one.” |

The attentive traveller in Egypt and Nubia cannot
fail to notice many localities, generally of small
extent, where the soil is sendered infertile by an ex-
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cess of saline matter in its composition. In many
cases, perhaps in all, these barren spots lie rather
above the level usually flooded by the inundations of
the Nile, and yet they exhibit traces of former culti-
vation. Recent observations in India, a notice of
which I find in an account of a meeting of the Asiatic
Society in the Atheneum of December 20, 1862,
No. 1834, suggest a possible explanation of this fact.
At this meeting, Profegsor Medlicott read an essay on
“ The saline eflorescence called ¢ Reh’ and ¢ Kuller’,”
which is gradually invading many of the most fertile
districts of Northern and Western‘India, and chang-
ing' thew inte sterile déserts. Tt consists principally
of sulphate vf“soda (Glauber’s salts), with varying
proportions of“common salt. Mr. Medlicott pro-
nounces & these salts (which, in small quantities are
favorable to fertility of soil) to be the gradual result
of cqueentration by evaporation of river and canal
waters, which contain them in very minute quantities,
and with* which the lands are either irrigated or oc-
casionally overflowed.” The riverinundations in hot
countries usually take place but once in a year, and,
though the banks remain submerged for days or even
weeks, cthé water at that period, being derived
principally from rains and snows, must be less highly
charged with mineral matter than at lower stages,
and besides, it is always in motion. The water of
irrigation, on ‘tht other hand, is applied for many
months in suecession, it is drawn from rivers at the
seasons when their proportion of salts is greatest,
and it either sinks into the superficial soil, carrying
with it the saline substances it holds in solution, or
is evaporated from the surface, leaving" them upon it,
Hence irrigation must impart to the soil more salts
than natural inundation. The sterilized grounds in
Egypt and Nubia lying above the reach of the floods,
as I have said, we may suppose them to have been
first cultivated in that remote antiquity when the
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Nile valley received its earliest inhabitants. They
must have been artificially irrigated from the begin-
ning ; they may have been under cultivation many
centuries before the soil at a lower level was invaded
by man, and hence it is natural that they should be
more strongly impregnated with saline matter than
fields which are exposed every year, for some weeks,
to the action of running water so nearly pure that it
would be more likely to dissglve salts than to deposit
them.



FORESTS AND RAIN-FALL
IN MADRAS.

. S

Ler any one in the middle of the hot weather, say

. the month of May, in almost

woenndationefthe gnytpart of the Madras Pre-
y. . .

« *  sidency climb to the top of one
of the numerous* rocky ridges which rise abruptly
from the plains, and take- a bird’s-eye view of the
surrounding country, or suppose that in the 20

. districts comprising the Madras
Rough method Off s Presidency 10 persons in each
certaining extent of e gistrict at equal distances, one
from another were to do as
described, anld supposé after due inspection, the 200
people all met and gave an account of what they had
seen, would i\ not in nine cases out of every ten be,
a wide, bare plain, roasting in the heat of the sun,
the earth everywhere exposed naked to its direct
rays, except perhaps, where some small patch of
green marks a tope, or a few scattered trees or hedges
rather relieve the monotonous uniformity of the land
with a few perpendicular lines, than afford any
appreciable quantity of shade.

A series of observatiofls so made by intelligent
observers would be quite worth
while to have carried out, if any
doubt remains ip the mind of any one, as to what the
result would be, and a carefully written description
by each, of what the panorama before him revealed,
would compile into an interesting and useful record.

Insignificant area left.
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There can however be no doubt of the result, which
at any rate I shall assume to be as is above described,
viz., that more than nine-tenths of the total areasds
bare of trees.

We have unquestionable historical evidence in
Orme’s History' of Hindustan
and elsewhere as well as in the
reports of early Collectors and the Revenue accounts,
that a véry different state of things existed in the
early part of the century, when a quite considerable
area, at least in gome parts now bare, can be proved
to have been more or less well wooded. Npw it
almost provokes a smile to use such g térm a8 wooded,
much le8s well wooded, in reference tp any part of the
plains in this Presidency. It is therefore of import-
ance to get some definite notions of the effect of such
a condition of things as now exists, as compared with
what may not unreasonably bessupposed to have
been universal in the last century or earlier, viz., a
well wooded country.

We are brought then to the question What are the

, , . effects of Forests;—And here

gedaestion to be consi-  yye pyp tire risk of entering upon

*thorny. and difficult questions,

much and often debated among scientific men of high

eminence, without universally accepted conclusions
on all points having been arrivedsaf.

Former different state.

Still we may, gvoiding them, note down some
Undienated facta and of the effects of Forests about
their offote. which all are agreed, and which
the most scientific as well as the
least instructed reader will readily concur to be self-
evident. Thus, supposing that half of the total area
of the Presidengy was Forest or jungle covered in,
say, the 10th century, and comparing that state of
things with what we have assumed is the case now,
we have to apply the fallowing considerations.
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(1.) Forest cools the general temperature by pro-
Coolingof temperature, teCtNG the ground fromthe heat
Jootngotiemp " of the sun. Half the area of
the Presidency was therefore cooler in the 10th cen-
tury than it now is, and to this extent the total
climate must kave been less liable to extreme heat.

(2.) Forest prevents in several ways the rapid

. flowing off the soil of water

spf{‘,f;:f‘“d sapply in  jp heavy rain, both by prevent-
ing the rain from reaching the

ground directly, and by accumulating under the trees
a mags of decayed leaves and vegetation which ab-
sorbs mossture like a sponge. Instead therefore of
flowing rapidly qff the bare fields into the streums, the
rivers, and the sea, more of it soaks into the ground
and keeps. up the supply in springs and wells, and
generally in the strata immediately below the surface.

‘We must suppose therefore that springs were more
abundant, and wells ‘more plentifully supplied with
water and at less difficult levels in the 10th century
than they #re now. «

(3.) TForests prevent the rapid evaporation of the
‘ Tain after it has fallen. Com-
pare an acre of ground soaked
with heavy rain but exposed to a tropical sun with
an equal area shaded by trees. In the 10th century
I am, I think, at lfberty to conclude that the fallen
rain was less rapidly removed from half of the soil
by evaporation than it now is, that a larger quantity
from this cause remained to find its way lower down
into the earth and as before to replenish the springs
and wells. ‘.

(4.) Forests protect from, and break the force
of the wind. , The furious hot
winds loaded with sand or dust
are one of the annoyances of life in certain sea-
sons now ;—A fairly distributed proportion of half

Evaporatic:n diminished.

Protection from¢xind.
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the area of the country covered with woods, and
there is no reason to suppose it was not fairly
distributed, must have given the 10th centurw
inhabitants of this Presidency no slight advant-
agedin point of comfort by protection from hot
winds. .

(5.) TForests supply safe retreats and buildipg
places for birds, as well as food
when the crops are off the
ground, and when insect life in
the fialds is either dead, or dormant out of reach.
The birds thus protected .prevent the plagye of
caterpillars and locusts, by which much damage is
often catsed in these days to the hushandman’s crops.
In the 10th century this source of loss, often of ruin,
must have been absent, one natural difficulty the less
to contend against.

Preservation of wild
birds.

(6.) TForests supply timber and firewood cheaply
_ and abundantly. These are
groupply of timber and  })5th gearce and dear now. The
10th century ryot *had oppor-
tunities such as are now unknown of building sub-
stantial houses, farm buildings, etc., at small cost,
the Rajahs and rich merchants their extensive
residences or palaces.” While there was then no
reason for or object in depriving the land of the
natural restorer of its fertility, the®manure of the
cattle. All arts dependent upon fire, as iron smelt-
ing, brick making, lime burning, pottery, glass manu-
facture, etc., must have had a chance such as in these
days of prohibitive cost of fuel makes it no wonder
that the palmy days (such as they were) of the
Indian arts are gone by.

(7.) A larger supply of water and of manure

would again produce a better

system of cultivation, and im-

proved species of the crops cultivated ; if to this we
11

Improved cultivation.
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add the concentration of cultivating skill and labour
upon the better lands of the country, we shall see
additional reasons for thinking the 10th century in-
habitant better off than we are.

Without then having once trenched upon any of the
thorny questions which divide
o the scientific world we have
arrived at a long series of advantages which a large
proportion of forest covered land would beyond ques-
tion secure. To recapitulate and amplify.

The perennial supply in streams and rivers’ would

increase, and new springs and
«  streams spring up when none
exists now, the‘levels of wells be raised and their
supply more abundant ‘ard continuous; high floods
in rivers would be reduced,and less water wasted into
the sea; tanks and channels not so much silted up
by torrents following every heavy rain, carrying along
sand and silt in great quantity ; less danger to irri-
gation works, tanks, channels, etc., from sudden and
violent flodds ; imprevement of climate by cooling’;
safety of crops from locusts, caterpillars or other in-
sects, due t¢ preservation of small birds ; improve-
ment of cultivation by «concentration of effort upon
the best lands and by manure put to its proper use
when firewood is abundant ; multiplication of cattle
in proportion to‘land cultivated by the large supply
of fodder produced in properly kept jungles; ample
and cheap supply of wood for'building and other
purposes; impctus to industrial arts and manufac-
tures of all kinds the resplt of cheap fuel.

Recapitulation.

L]
Recapitutation, '

Will any one deny that this is a prctty long list
of undisputéd advantages pos-
o scssed by a tropical country
half covered with forests over one wholly or almost
wholly denuded of them. And when it is added
that not one-fourth of the whole area of the Madras

Field for improvement.
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Presidency is in fact now under the plough, does
there not seem a fair field for an improvement of all
the conditions of life on a large scale by extensive
re-forestation of the plains.

Be it always remembered that the point of the
whole of the above argument
rests upon the fact that we are
dealing with a tropical and not
a temperate climate. Great Britain half wood might
beand probably would be anything but a pleasant
place to live in, but India half wood would, as I
think 1s above proved, certainly be a more agreeable
abode from all possible points of view thaa it4s at
present.® P
Granting then that a proportion of forest to bare
or cdltivated countsy varying
from 4 to would be an incalcu-
lable benefit 4o this countyy, the
question comes, how is such a state of things to be
obtained, especially when the condition of the finan-
ces and the many calls upon them in this country,
are taken into consideratiqn. The reply is, the ques-
tion, what practical steps haveto be taken, and what
are they likely to cpst. The first and by far the
most important step js a simple and not expensive
one, viz., the fencing of large
areas and watching them in
such a manner as to keep out cattle, goats, and
. .+ other browsing animals and fire.
angf::ﬁ";gfgﬁe.‘hmmw This alone will secure the
natural growth of scrub and low
bushes at first, followed By occasional trees of the
common kinds as the babool, the white thorn, ete.,
which in many places grow quite spontaneously if
protected from animals. The process of fencing has
upon I think sufficient reliable data been calculated
to cost from Rs. 4 to Rs, 6 per acre, the blocks being
of considerable size. +

A’pplication to a tropi-
cal country.

Forest how to be ob-
tained.

Fenoing.
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The next step is the ploughing of such fenced or
protected areas with single fur-
o rows at intervals of 3 or 4 yards
apart and sowing the ridges turned up with the
seeds of such trees as are found to be indigenous to
the district, and which may therefore be expected
if sown in the rains to grow without watering and
further care than protection from animals and the
cultivator. This procegs carried on systematically
and upon a large scale would be found to cost a very
small sum per acre.

Ploughing and sowing.

And these are the only two processes required to
Pr - effect the required trapsforma-
reservation of L.nd. . . . . e
< tion, given besides time and the
land. For the last lands now waste must be taken
up and referved for this purpose, the cultivator and
his animals being kept out of them, and fenced,
ploughked and sowh by degrees as funds are available.
These steps taken upon a carefully arranged system
may fairly be expected to produce the most desirable
result in actime progortioned to the funds available
for expenditure upon it. Whenever money is avail-
able, five years should suffice to protect the ground
fairly well from the sun, and it must depend there-
fore upon how many square miles of country there is
money enough to deal with, how many years must
be allowed for gzining the desired result.

A cheaper but still probably an effective plan will
be to reserve on the whole, say twice as large an
area as it is intended to make into real forest, a few
prosecutions for trespass ahd impounding of cattle will
suffice to prevent trespasser or cattle vumturing be-
yond the outer edges of the area reserved and.the
inner portion that intended to be in future real forest
may then be protected without the expense of fenc-
ing. All that would be wanted being a broad
cleared boundary line round the whole beyond which
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men and cattle would know they are trespassing, and
a staff of forest guards, for the first year strong, but
reduced every succeeding year as the people learn to
respect the boundary.

I come now to the more or less thorny and disputed
questions, as to which I do not
profess to speak with the knot-
ledge of » man of science, but regarding which I
propose to put in as plain language as I can some of
the principal facts or factors, upon which the solution
of the *problem dppears to me to depend, and if I
am allowed to draw my own’ conclusions, the réhder
will know that he may draw his tooand that he is
not asked to consider my solution ‘his, or correct
unless he likes. ’° o

Difficult questions.

Here then comes the question do forests affect
the quantity of rain-fall or its
distribution and if so how.
The subject is complicated and
depcnds on many different fagtors, I propose to
enumerate all I can, and to.ry to guage the effect of
each separately, totalling up the separaie effects at
last. Various considevations must be put from which
no conclusions are drawn, but upon which other con-
siderations will be found to depend, upon which con-
clusions are drawn. . ®

Qua..tity and distribu-
tic* of rain-fall.

Air absorbs and retains moisture in proportion

e - . .
Hot and cold air in t0 1ts heat, more if hot less if
relation to moisture, cold.

The passage of air saturated, that is holding
. all it can'hold of moisture, from

a higher to a lower degree of
heat must therefore cause it to give up,a part of the
moisture, since in its cooler state it cannot hold so
much as in its hotter state, the result is familiar
in the dew of a cool tight, or ip the fall of rain

L]
Cooling of hot air.
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from an atmosphere fully charged w1th moxature_
when cooled.

Almost all the moisture that comes to India
comes from the surrounding
seas by means first of evapora-
tion, 7.e., saturation of the air over the sea, and 2nd
of wind, .e,, motion of the more or less saturated
air, from its posmon over the sea to a popition over
the land.

Air is nearly always in motion but the. rate of
metion as well as the direction
vary much.

Moisture from t.‘he sea.

Air alwsys in motion.
e, ¢

Both the rate and the direction are pletty con-

stant over India and the seas

by which it is surrounded, and

. broadly speaking vary with the

season of the year, or as we call them the monsoons.

It follows that the rate of motion and the direc-

Air motion‘tonstant in « tion of the more or less saturat-
India. ed air is nearly constant over
seasons extending torseveral months at a time.

Upon the rate of motion, and the breadth of the

area of the sea or ocean over

g ceree of saturation of  hich the air has to pass before

it reaches the land, must de-

pend the degree of saturation if has attained by the
time it reaches the land.

Air motion constant in
India.

Thus a wind coming from the Coast of Africa,

across the Indiaan Ocean, and

aig_hg'“ of saturationof 4t 5 time of year tvhen the sun

is vertical or nearly so will, in

all probability, be heavily charged ‘or highly saturat-

ed with moisture. A wind in the opposite direc-

tion over the Bay of Bengal less so, but still heavily
charged. .
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“Vapor of water is of many degrees of density,
and of as many degrees of

foXI:‘;’:‘l'l Jound in many  eight, but always as long as i
ent weights. . . is vapor lighter than air, when
. condensed into water it is
heavier than air, and forms into rain ard falls, or into

dew and rests upon the ground.

L J

Theatmosphereas a whole is, as shown by barometric

observattion, capable of support-

Atmosvher,iohpower,to ing different amounts of weight

D o ght VaLes  at” different elevations, most

weight» at sea lgvel, and Jeast

in the highest ranges of the atmosphgre above the
tops of the loftiest mountains. ’

Vapor of water accordibgly rests in <proportion
Vapor rests at differ. 10 its degree of weight or den-
ent levels according to Sity at diffexent levels in the

its weight. atmosphere, the lightest and
least dense highest, the heaviest and most dense
nearest to the surface of the earth. .

*
After the limit of the’ absorptive power of air
is reached, evaporatjon still
dontinuing over the sea, the air
becomes supersaturatéd and holds more moisture
than it can absord, this excess it is that forms mist,
fog, and clouds of all degrees of*d&nsity, from the
thinnest cirrus to the heaviest thunder cloud which
the vesisting power df air as measured by the baro-
metric pressure near the earth’s surface will sustain.
Intermediate between the lightest and highest cirrus
and the heavy low floating thunder cloud come the
cirro stratus, the stratus, the cumulus, etc., at descend-
ing levels of the atmosphere.

Origin of clouds.

These last four paragraphs contain considerations
of great importance as will hereafter be seen ; the
reader is requested to note them carefully.
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Clouds so formed over the sea intercept the direct
rays of the sun, which no longer
strike the sea as before. The
sea ceases to teflect these rays
and the air above it begins to cool.

, Action of clouds over
séa.

The resulting comparative cold condensss some of
the moisture in the clouds or
air and the result is rain. In
this way rain at sea is<dependent upon tlie cooling
of the atmosphere by the interposition of clouds
between the sun’s rays and the sea., It is also caus-
ed by the coolness resulting from the absence of the
sun duridg the pight.

Rain at sea.

Turning now to the land it is clear that at differ-
St and olond extto times air in motion will
Saturated air and clouds  he carried from the sea across
f to land. . .
Paas from sea fo Tan the land in different stages of
saturation, and bearing a different amount of ac-
cumulated cloud moisture.

It is also evident,that whatever air reaches the
land, must be in that degree of
. saturation at most that will not
cause its'discharge over, the ses.

Limit of saturation,

It follows that for such air‘to discharge rain over
the land, a greater degree of
coolness must result from some
cause than exists at the time
it left the sea over the sea, or that the rain must be
due to other causes as well as condensation by
coolness. ‘

The causes of heat and cold. and tke resulting
heat and cold on land vary with

lg:;%:ﬂgrgolimﬁ vith  every latitude, and would re-
only o sidered, ¥ quire to be quite separately con-
sidered for temperate countries

and for the tropics—taking only a tropical country.

Condition required for
rain to fall over land.
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Observation shows that bare land becomes hotter
Heat and cold in broni by day than sea and cooler at
where laud bare, T > night, when the sun is at its
lowest altitude during the cold

season, but as the altitude of the sun increases the
heat of the land and of the air above'it accumulates
until when the sun is vertical, the air over the land is
both by night and by day hotter than it is on the sea.

. » . .
It is apparent then that &t such seasons rain will
Normal condition no ROt fall except under unusual
rainin hot portionof year. ¢ircumstances.

Such special circumstances may *be = cSunter
L. current of wing,Awhich by stop-
cn‘?&“z';‘cle;;iﬁu'm“’“"c“ ping the motion of the clouds
caus@s’them to bayk and pile
up one upon another until their absolute weight
becomes greater than the barometric resistapce of
the air is able to support, and such cases would pro-
bably result in violent but local torrents of rain or
thunder storms accompanicd by a higl} barometer
indicating the pressure ofs thd weight of piled up
cloud, and also very likely by violent wind the result
of suddenly mingling airs of different densities tem-
peratures and elastic pressurts.

This cause of rain, viz., excessive weight of cloud
Soocial o t beyond what ethe atmospherc
cm‘&"‘;‘;‘cep"b'if)‘;‘:"'s’“‘“ce“ can support is a quite distinct
+ one from condensation by cool-

ness, but is one of much importance ; to it must be
. largely ascribed the cffect of a

baﬁgf‘ ot of mountain  pountain barrier upon advanc-
' . , ing cloudsin a stratum lower
than its highest line. Since the cloud in such lower
stratum being tco heavy to rise over,the barrier is
arrested, fresh arrivals of cloud from the sea of the
same stratum of air pile and bank up upon it,
until the cloud mass becomes moje than the air can



90 EFFECTS OF FOREST ON RAIN-FALL.

support and then follows a deluge of rain. "his
is what occurs at the burst of the South-west
. Moonsoon on the west side of
colfs;’“”” on West the Ghéuts and largely ac-
' counts for their excessive rain-
fall. Conflicting currents of wind at least one of
which is charged with clouds
 Conflicting currentsof  or vapor and is arrested or re-
air and retardation of .
wind and clouds. tarded in such a marner that
the clouds further back in the
air overtake and bank upon those arrested must
be looked to as the frequent cause of local showers,
and the avell-known variability of the wind’s direc-
tion in some cuiintries and to a certain extent in all
from local causes seems probably the cause of the pro-
verbial uncertainty of showers or rain. The careful
Study of wind causes study of wind and wind causes
. . 1s therefore the first and chief
step towards a knowledge of the times when we
may expect rain. Thus the change of the wind from
North-east fo South-east at the close of the North-
east Monsoon probdbly produces what are locally
known as mango showers, and these again occur at
the chawge’from South-east to South-west at the
commencement of the South-west Moonsoon wind.
It is then not surprising that these showers occur at
very regular times and are in their character sudden
and heavy and of Short duration.

But to return to the normal conditions in the
absence of mountain barriers
and taking India and its sur-
rodnding seas and prevailing
winds as they are at different seasons, and the facts of
temperature as they are recorded” from thermometer
" observations for the different

During. seasons, and first the South-west

Monsoon as most irnportant.

The air is blowp up froth the sea either so load-

India without moun-
tains.
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ed with moisture that it is on
the point of discharging into
the sea or less than this. Supposing there are no
mountain barriers this more or less saturated air
travels across the plain country in a North-east
direction, and finds, supposing it to asrive at the end
of May, a burnt up and bare country intensely heated
‘by the sunin the day but rapidly radiating away the
heat at night but on the whole an average much
) above“that of the sea, and in
heﬂ"“ds driven wp by gongequence the air absorbs
* much of the moisturein the
clouds and the remainder is’vaporisedsinto j leghter
form of.cloud and rises to a higher devel.

But the South-west wind being produced by

_ _ the Reat of the plams of India
eietardation of wind  orgdually decreases in force as
the more distant points.of its

origin are reached. The draw.or suction being pro-
duced by every point in the plains that is exposed
to the sun, the air on first arrivgl at the West Coast is
subject to a North-easterly traw or suction from every
point of the land, while 1,000, miles inland the draw
from points it has passed and left behind *no longer
affects it, or if anything fends to retard, and it
becomes a slower wind and the clouds travel slower.
Those behind overtaking those ip front, the masses
increase in weight and density,

. the sun is obscured and the
general temperature begins to fall ; this produces a
further cooling of the earth’s surface and of the air
above it, and this again a’ further condensation of
cloud vapor, an increase of its weight and another
descent of clouds to a lower stratum still of the at-
mosphere, this process continues until the point is
reached at which even the lowest stratum of air which
is capable of supporting the heaviest weight of vapor
has more to carry than it can carry, and this combined

During.

Effect of retardation.
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with increasing coolness produces rain.  Observation
also shows that the rate of the
Effect of vbserved —yind varies from day to day
vhiriability in wind .
velocity. and week to week, in one place
it is rapid in another slow, it
must follow that the clouds when the rate is rapid
overtake and coalesce with those where the rate is
slosv, the general direction as in the monseon being-
the same throughout; besides then the general
retardation of the who]e monsoon wind, there will be
numerous smaller local retardations often no doubt
the cause of local showers or rains. * .

Thus we sce that the action of the land heated
G ' *) by the sun is to drive up the
eneral results. . . .
clouds into the higher regions
of the atmosphere, to absorb much of the moisture
coming in from the sea, to make rain, other causes
apart, impossible, gnd that the rain that does fall is
due to other causes, the gradual cessation of wind,
or the formation of contrary currents of wind which
causc the banking up of cloud masses beyond the
power of the air to‘Sustrun or sufficient to cause a
general cooling of the air'at the earth’s surface and
50 to conden'se the cloud moisture into rain.

Now suppose instead of a baae soil exposed to the
heat of the sun and absorbing
by day so much heat as to keep
the nights also hotter than the
nights on the sea, instead of this, suppose that we
have the country wholly covered with forest. The
earth is no longer kept heated and has little to give
out at night to make up for the withdrawal of the
sun’s direct influence, the whole temperatme is
cooler, and the result, that the average temperature
of the air on the land becomes less £han that on the
sea whichis exposed to the sun’s rays and accumu-
lates heat in its waters and by reflection in the air
above more than forest covered land can, though

India wholly wvered
with forest. ¢
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less than the bare earth does. The consequence is
that the moisture coming in from the sea at once
begins to be discharged, the clouds are at once relievs
ed of part of their substance and pass relieved of
some of their weight further inland, to be overtaken
by similar clouds as the force of wind«decreases and
in the end to water the further areas with less vio-
lent downpours. .

An important factor hexe comes in, viz, the
Reloase of latent heat release of heat latent in vapor
. , by its condensation. Directly
the rain begins to fall thig condensation produces
heat, which increasing as the condensation proceeds,
gradually gives back to the air its Jogt heat, and so
puts a stop to the rain. If this were not so, the rain
in the western portion of the countryeo wooded
would be continuous as long as the South-west Mon-
soon lasts, but this natural factor.works in counter-
action to the coolness produced by trees, and by
masses of clouds intercepting the sun, and the two
counter agents working continually one against the
other produce an oscillatiyg partial equilibrium, so
that at one time there is rain, and a little later the
rain ceases and the mgqisture passes on into the inte-
rior. .
On the whole comparing India denuded of for-
' ests with India covered with
i Berence oaused by  forests during the South-west
forests. ' « Monsoon, the difference will be
that in the first case rain only
falls by virtue of the banking up of great cloud masses
though the rgduction of speed in wind as it reaches
and passes the points of its origin, .., as it travels
North-eastwards, and by the obstruction of the direct
heat of the sun by interfering banks and masses of
cloud between it and the earth. In either case
the tendency is to produce violent downpours of
accumulated masses of cloud moisture, and when the
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unevennesses of the ground surface, the rocky ranges
and mountains scattered about over the plains also
some into play we see that they naturally by offering
a barrier to the advancing masses increase in par-
ticular localities this tendency, the masses pile up
sooner and tke downpour there becomes not only
excessive when it comes but unevenly distributed,
the level areas getting less and the hilly and rocky
ridges more than their share. Violence and uneven
distribution is then the character of the rain-fall in
a country denuded of trees, and composed partly of
wide plains and partly of ranges ‘of hills of moun-
taing when such a country is bare of forest.

On the othet hand when uniformly forest covered
the causes which produce rain-
Differencers caused by  fu])" a0t at once, the clouds are
absence or presence of .
forests. at once relieved of a part of
‘ *  their burden by condensation
the result of coolress, rather than of increase of
weight due to piling up one on another beyond the
power of ¢he atmosphere to sustain. The coolness
which produces this 1s gtzdually counteracted by the
latent heat set free.by the condensation, causing a
break in the fall of rgin, and allowing some of the
moisture to travel on to water districts further off.
Another factor, viz., coolness produced by forest
shade comes irtq share with the physical obstruc-
tions resulting from the ranges of hills the effect of
producing rain, and the latter is not so potent, both
for that reason, and because the masses of vapor
having been partially relieved from the first are not
so heavy. The total résult is that the rain is more
constant, less violent, and less unevenly*distributed.
The whole circle of action has
j been aptly campared to a dis-
tillery on a grand scale in which the atmosphere is
the boiler or retort, and the condensing apparatus
is represented by forests, lakes, and whatever pro-

A great distillery.
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duces cold and condenses the vapor. The removal
of the forests is thus equivalent to taking away the
condenser from a distilling apparatus and the results
similar.
It is of course an extreme case to suppose the
Extrome cases indicate land entirely forest covered,
tendencies. but extreme cases indicate the
tendency of causes and assuth-
ing the temdencies to be as abpve described, it appears
clear that a fair proportion of only one-third of the
total area of the country covered with forests distri-
buted with evenness over the plains would have a
tendency equal to one-third of the total tenfency
above described to produce the redydts which have
been noted down, and there appeérs to be nothing
in the present distributior? 4f land among,the culti-
vators to prevent as much as one-half the total area
or even more being gradually cqvered with trees,
some of it with fruit trees regylarly cultivated, and
the rest with forest trees or jungle or low scrub
according to the nature of the soil, and be it always
remembered that the pocrest®scrub has this great
advantage over the finest and densest crop, that it
does its duty in shading the ground through the hot
weather, when cropped land is bare and roasting in
a fierce sun, accumulating stores of heat destined to
have a prejudicial effect upon the coming monsoon.

]
At the risk of repeating I will here note what
. appears to be the actual pre-
1 What sctuslly tekes sent succession of events at
Foon, T the South-west Monsoon. Air
. heavily saturated and masses
of cloud ag heavy as the air can support advance
from the South-west. The lowest strata are at an
elevation lower than the top of the Western Ghauts.
They strike upon these mountains and are not able
to rise over them as the air at the top being more
rarified and at a lower barometric pressure cannot
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carry their weight, accordingly a large part of their
moisture is discharged. Clouds in the same stratum
&keep on advancing behind them till the air of that
stratum over the whole west coast country becomes
charged with more than it can carry, and then the
difference falle in rain and this process is continuous
throughout the Monsoon, ceasing only when the
latent heat given out by condensation of vapor is
80 great that it vaporises the heavy clouds and they
rise into a higher stratum,

The higher strata above the level of the tops
of ,the Ghéuts pass over and

pl‘ﬂ":‘ aguslly takos ab once come into an atmos-
Monsoon. N, phere charged with* all the
heat of the hot weather in the

plains. Large quantities of advancing clouds are
absorbed into the dry hot air and disappear entirely,
untilthe air hasdbecome saturated and can absorb
no more, then the advancing stream of clouds begin
to be seen making its way across the higher regions
of the atgosphere above the plains towards the

North-east. .

As they advance, ¢he rate of progression is re-
duced on:the one hand, and on

What actually takes the other hand they interpose
Piaee in the their own substance between
« + the sun and the earth which

gradually begins to cool down, and these two causes
combining produce the massing of clouds and increase
of their weight, and also the condensation of more
into less vaporous cloud and in both cases a descent
to lower ranges of atmosphere. Descending clouds
then come in contact with lower ,rangesand ridges,
pile up as before, and discharge torrents of rain, such
piles or banksof clouds are also formed at different
points by conflicting currents of air, and other more
or less local causes, such for instance as the uneven
level of the top of the Westdrn Ghéuts, which in one
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place allows to pass much more and lower cloud than
at another. The general result being violent down-
pours of rain in some places, and little rain in other#.

The last remaining question is, has the forest
any effect upon the total quan-
qu]s?.?:i:yf f,’frriis"ff:lf“ ® tity of the rain-fall, and we are
now in a position to consider
this by the light of the preceding considerations.
We will compare India whally denuded, with India
wholly covered with forests, still in the South-west
Monsoon season. We have seen that in the last case
the comparative coolness preduces rain, at ongg, on
the arrival of the cloud masses and saturated air from
the sea, while in the latter case raifi does not fall
except where clouds are stopped by mountain barri-
ers, but passes over until by the decreasiffg speed of
the wind and consequent piling up of masses of cloud
advancing more rapidly from béhind, and by the
interposition of the clouds themselves between the
earth and the sun producing greater coolness in the
lower atmosphere the clouds are compelled to dis-
charge. - .

The total quantity of rain discharged m the one or
the other state of things .depends upon several
factors. First the lemgth of time during which the
saturated air arld clouds are passing from the sea to
the land being equal in both casesp 2%., the Monsoon
season or that during which the wind blows from
the South-west, it follows, that the condition which
favours this constant stream of cloud passing quite
over India without discharge even for a comparatively
small number of days at the beginning of the season,
will unless tompensated for by more complete dis-
charge afterwards produce a diminished total fall,
since perhaps 15 days of rain clouds haye passed away
to countries further east without discharge in one
case, while in the other discharge has been going on
from the first day. W¢ have seen that the super-

13
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heated condition of denuded land tends to have the
effect of preventing the discharge from the clouds
tintil they have accumulated to such an extent as to
interpose a barrier between the sun and earth and
the latter cools down. This means loss of time, out
of the strictly limited months of the South-west Mon-
soon, and therefore other considerations apart, loss
of ‘rain-fall.

Again we have shown, and experience proves,
that the clouds over bare plains are not constant
even after they once form, but after one downpour
theydlisappear, and the earth is again heated as before,
the temporary, withdrawal of the sun’s heat producing
but a temporaty reduction of temperature, so that
the gathering of cloud magses by the dropping of wind
in front of“their long file must be repeated over and
over again with the intermission of spaces of time
which practical dbservation shows to amount to
weeks, between the times when the conditions are
fulfilled for one and another downpour.

All this %ime, in the forest clad country the dis-
charging rain has not the radi-
‘ation of sun from bare ground
to" contend with, but only the
liberation of latent heat, and the rasp will in conse-
quence be much more frequent, and the intervals of
dry weather less. * The piling up due to retardation
of the long array of clouds trooping up from the
west, or to changing currents of air, 1s alike in both
cases, only in the latter it causes less violent dis-
charges, in proportion s the more continuous and
frequent fulls due to coolness, diminigh the weight
and amount of the passing cloud ‘masses.

Does foregt effect guan-
tity of rain-fall.

Thus we have a distinctly corsiderable loss of
time at the beginning of the

,Does forest effect quan- - Monsoon plus other consider-
ity of rain-fall. . TR
able losses of time amounting in

L
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fact to by much the greater portion of the whole
number of days included in the Monsoon in the one
case, to put against the more moderate discharges
in the other.
But there is again another factor not yet touch-
Winds loas. viclont of ed upIon whicﬁ Lﬁust als}? conﬁe
mde ‘ess violent e jn, It is well-known that the
foct of forests. South-west Monsoon wind ' is
caused by’ the travelling of the air North-east which
results from the heating of the plains of India itself,
and of Southern Asia generally, causing the hot air
to rise and the colder air from the sea to come in and
take its place. The velocity and forte of e wind
will naturally be in proportion to thesheat of the air,
and in a country bare of trees will be greater than
in one sheltered from the’sun. Hence we may as-
sume that the winds are more rapid on the whole,
and of greater violence occasionally, than they would
be if India were forest covered. The result would
be a slower pacein the latter case than in the former,
on the part of the great procession of cloudg and satur-
ated air moving up from the ocean, each cloud in fact
would remain a longer time sugpended oyer the land
of India and the same causes being at work, would
naturally discharge ig a longer time a greater pro-
portion of its contents. In both cases 90 regiments
of clouds enter India day after day from the west
during the three months of the Monsoon. In the
case of a bare soil, they march across say in 20 days,
and in the case of a forest covered soil, they take 30
days to do the same distance, naturally, in the latter
case, they are likely to be robbed on the road of
more than ia’ the former.

Once more. This diminution of the general speed

+ of wind must have another

silore complete satura-  effoct, We know as a fact that
the days out at sea in the

Indian ocean are not all cloudy,, even during the
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South-west Monsoon season, but that a quite large
proportion of them are clear, indicating that the air
1 not always supersaturated with moisture. Now a
slower rate of progression of air over the sea will
keep any one square mile or cubic mile of moving
air longer expesed to the saturating effect of continual
evaporation from the sea below, and a cubic mile of
ait that has been 30 days coming from the Coast of
Africa to that of India is likely to be more fully
saturated with moisture than one that has been only
20 days in coming. Hence take the advancing air
carried along by the South-west Mohsoon as a’whole,
it is €vident that it willarrive on the shores of India
more fully cheroed with moisture when the wind is
light that is slow, than when it is strong that is
fast, that js to say when India is forest covered than
when it is bare.

All these considerations may amount to no more
than to point out tendencies, but the sum total
of them seems to make out a pretty strong case for
thinking that it is most probable the total rain-fall
of India forest cOvered would be considerably
greater than if bare, and ‘of course the same would
proportivnately hold good if instead of the extreme
case taken, we had similar conditions but in a less
degree, if for instance, we had three-fourths of India
forest, one-fourph‘bare or any other proportion,

The above considerations even if they do not
convince will perhaps throw
some additional light upon the
vexed portion of the question
of the effect of forests” Those enumgrated in the
earlier part of this paper are sufficient k contend to
prove my case, and whether the reader goes with me
or not in the {subsequent discussior is on the whole
a matter of less practical consequence than might
appear from the space I have by the intricacy of the
subject been obliged to give it. I trust that the

Benefit of forests prov-
ed.
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treatment of the subject will, however, interest some,
and lead perhaps to useful discussion.

The effect of the weight of the clouds and its play
as a factor in the rain-fall ques-
tion when combined with the
barometric power of air to sus-
tain certain weights at certain elevations and only
a certain weight at any elevation.

The effect of retardation by a decreasing speed of
wind upon a regularly moving succession “of clouds
in producing rain.

The effect of retardation i in increasing the satura-
tion of air coming in from the sea. ° -

The éffect of forest in decreasitg the speed of
wind by reducing the effec} of the sun on the land.

The effect of retardation by diminished speed of
wind in keeping clouds and saturated air in suspen-
sion a longer time over the land. *

The effect of the heat radiated from a scorched
and bare land in absorbing large quantities of cloud
vapor advancing from thq sea or in dhving up to
higher strata clouds advancing in a lower, one by
vaporising them from a heavier into a -ho'hter klnd
of cloud. .

The effect of latent’ heat produced in condensation
of vapor into rain, a point which I have taken from
Wallace’s Tropical Nature. °

The effect of mountain barriers generally, and of
inequalities in the highest level of an opposing moun-
tain barrier in producing irregularities in rain-fall
beyond the barrier. .

The effeet of unevenly distributed forest or other
causes locally affetting heat on land in making local
alteration in wind and so causing the dlsananaement
of the advancing series of rain clouds, and so rain,
are all points Which are, I think, interesting and

worthy of consideration and discussion.

Interesting subjects
suggested.
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The foregoing pages have been an attempt to
trace the causes and effects
chiefly observable during the
South-west Monsoon. The phenomena of the North-
east Monsoon would probably be very similar, muta-
tis mutandis, the final cause of the whole being the
motion of the sun or rather his different position’in
thé heavens. Between these two diametrically op-
posite winds South-west and North-east at the
ceasing of the one and before the commencing of the
other it is obvious there must be a dead point, a time
spent by the sun in going from thé position® which
gives'iae to the one to a'position which will give rise
to its direct oppesite. This period commences from
the time the sun' begins to get far to the south and
continues yntil he has neatly reached his most north-
ern point. It includes the whole of his absence,
compgrative absence, I should say, in the south, and
it seems most probable that during that time the
power he exerts over the land is not sufficient to
cause a decided inflow from sea to land in any direc-
tion. Not Indeed until he,has long passed the equator
on his northern trip has the heat of the land daily
increasing atcumulated to such an extent as to pro-
duce that general flow of land air upwards which is
the immediate cause of the South-west Monsoon,
Hence during this period no regular sea wind pre-
vails except locally, and the result is dry weather
increasing in heat as the sun advances north until
heat reaches the required point fo start the general
Monsoon wind which brings up the rain clouds that
have been gathering over the Indian ocean, to give
a double ecldt to the first break of the Monsoon.

Reverting once again to the comparison of the

whole cosmic, agency for the

Porest asthecondenser  £,ymation and discharge of rain,
of a distillery. viz. : -]

(1) Evaporation by the sun’s heat on the sea.

N.-E. Monsoon.
[
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(2.) Condensation by a subsequent cooling of the
air, or by retardation of wind currents, and conse-
quent excess of weight of moisture beyond what the
alr can carry—

to a distillery on a grand scale, it appears to be at
once clear that whatever increases tht power of the
condensing part of the apparatus, must increase the
total quantity of water condensed, in other words'of
rain. Anmything which tends to cool the air over
the land must have this effect, and provided it is not
so great or so unjversal as to prevent the formation
of the wind from the sea there seems to be no limit
at which the advantage of extending its iwffaence
can be shown to stop. Forests undéviably have this
general tendency and within the "limit above laid
down, viz., the cessation?$of the sea wind by too
great cooling of general land temperatureit seems
certain that they must tend to increase and go on
increasing as they extend over larger and larger
areas the general rain-fall, and especially so since it
has, I think, been shown that a slow rate of air move-
ment, or a gentle wind is mdre conducive to the
bringing over the land bf heavily charged cloud
masses and excessively saturated air thama strong
wind is, while the effect of *forest by covering the
ground tends to reduce the force or speed of the wind.

So far as I am aware there is only,one natural fact

' which can ge brought against

Effect of trees in ab-  these conclusions, it is that trees
sorbingwater from

ground. are known to have been planted

in marshy places for the purpose

of drying up the ground, ana@ with such an effect. One

of the extmacts above given shows what enormous

quantities of sap can be removed from certain trees at

certain seasons, and it is no doubt true that for a fast

growing tree large quantities of water in the soil at

certain times are required, and it follows that if large

quantities of water are mot available the effect of the
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tree will be to dry up the ground by using the water
for its own growth ; but supposing this gxanted if it
is true that the forest produces a greater general rain-
fall and protects the fallen rain from the extremely
rapid evaporation due to the intense direct heat of a
tropical sun, besides many other useful and valuable
services of other kinds in almost every conceivable
difection may we not allow to the trees themselves
as much water as they can get. .

But it is in the rainy season apparently that trees
absorb so largely through their
Effect of trees in ab-  pogts, at a time therefore when
;:.’0';1‘,’,; % water of "°™ such adsorption does least per-
N haps no harm and it fs in this
season that they do most ood by increasing the rain-
fall or by preventing tge water running away to
waste, or returning to the air by evaporation while
speaking generally long before the hot season sets
in most of such water has percolated down beyond
the reach of the roots of the trees. Trees in small
patches arg not likely to have any appreciable effect
upon the quantity of raiq-fall, which depends upon
conditions affecting generally large areas, and it is
quite mt'elllglble that in a generally denuded country
where springs of water are Jow and rain-fall very
limited, small patches of trees will diminish instead
of increasing the,water locally available, the remedy is
to plant more, to ‘cover an area sufficiently large to
have a permanent effect upon the general distillery,
and to condense more from the clouds which from
time to time pass over, and so to obtain an extra
supply sufficient for the trees themselves, besides
economising and rendering more and longer available
the ouglual quantity of water.

But again take the case of a marsh dried up by
‘ planting trees, the trees will
Trees planted in probably be so selected and so

Marshes. pla,nted as to give the least

[
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shade. But a much more important fact is this.
The natural peculiarity of marsh land is that it gains
little or no addition from falling rain, having a stra-
tum at bottom impervious to water,otherwise it would
not be a marsh, Hence the rain, which in ordinary
forests is made by the trees to reach the ground
slowly, and so as to percolate down into the soil in
place of running off, and to sink to lower and loWwer
strata, replenishing distant springs and wells, in the
case of the marsh, being prevented from sinking by
the impervious subsoil the cause of the marsh, sim-
ply aécumulates on the surface, and drains away at
the surface, leaving no more water in-the n°aegh than
there was at first. This limited supply it may be, in
the dry season, the trees absorb through their roots
and exhale through their {ehves to the atgrosphere in
which it again becomes useful as dew or rain, while
the swamp or marsh is perhaps ,the better for the
process, perhaps, if water supply is obtained from i,
the worse.

But for the trees and theis power of absorbing

N _ water the porous spongy soil
M:rzfe‘:f planted in  pivhit kave retained, water in
spite of the hottest sun the

upper surface only drying but the lower being pro-
tected by the upper as effectually as ordinary soil
would be by forest. Areas of peatrand marsh or soil
of this kind planted with comparatively shadelesstrees
as the Australian gums in some parts of Qotacamund,
or with trees which grow fast, and no doubt absorb
much moisture when this ig available, may well have
had the effact of diminishing the flow of hot weather
springs taking their supplies from such sources. If
the object be toimprove local watersupply,such places
should not be chosen for planting, the more exposed
and steeper slopes and the more open soils are best
for this purpose; but as the Australian trees are
chiefly planted for profit, naturally those spots are

14
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chosen where the ground is found to be most moist
and no notice is taken of the fact that these spots do
net require protection and are in some cases better
off without it.

The exception then to the general value of forests
will I think on examination
of each proved case of this
kind turn out to be local and
the result of planting with a quite different object to
the great one we have been considering, viz., amelio-
ration of climate and improvement, of springs and
water supply, but it will, doubtless be useful to bear
in mind>that ‘where water is scarce places where
trees are likelpn'to diminish, by their absorption,
existing stores, should be avoided in planting for
climatic pu¥poses, and sucH places chosen as evidently
from the nature of their soil and subsoil, or from the
steepness of their slope would not without the help
of the forest assist in. increasing the general supply
of underground water. The shade is as valuable,
perhaps moye so, in spch exposed situations, and rain
in the rainy season arrested by the trees and by the
spongy soil accumulatipg at their roots, will penetrate
into the ground, rapidly sinking beyond the reach of
the roots, if the soil be sufficieptly deep and not too
retentive of moisture, and all that does so'penetrate
will become avajlable afterwards at lower levels in
springs or wells, perhaps many miles distant, but
in any case useful somewhere, while a marsh filled
by one heavy fall of rain can hold no more and all
the rain that falls on it afterwards must overflow
and run off its surface just as it would on land bare
of trees. ‘e

Appendix A contains a statement showing the
average tempexature of groups
of stations (1) at the sea side,
(2) inlaud, (8) further inland for all the months in
the year and shows the gradual increase of heat in

Springs dried by trees,
exceptional and local.

Appendix A.
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the hot; ‘weather and of cold in the cold weather as
one goes inland.

Appendix B is a statement showing the average
diurnal velocity of the South-
. west Monsoon wind in miles for
groups of stations for the South-west Monsoon months
of May, June, July, August, and September, 1879.
I. Atthe SeaCoast when stopped by an opposing
barrier Jf high mountains, ,
IT. At the Sea Coast when no such barrier exists,
II1.. Some way inland from the West Coast,
IV. Further inland, ° , -
V. .Still further inland o,

and shows the gradual decrease of speed or retarda-
tion of wind referred to {n'the above discussion as
one follows the course of the South-west wind from
South-west and North-east across,India. Inhpthap-
pendices the figures are taken from the report on
Me{jeogology of India for 1879, by H. F. Blanford,
F.R. S \

Appendix B.
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showin, graaual increase of heat in the hot weather and of cold in
the cold weather as one goes further and further inland.

N. B.—The extremes or maxima and minima upon which the above
means have been calculated would show a far greater difference in the,
same direction.

Figures taken from Report on the Meteorology of India for 1879, by
H. F. Blanford, F. R. S.

APPENDIX B
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Statement showing average diurnal velocity of wind in miles for
groups of stations for the onths of May, June, July, August, Sep-
tember 1879.

I. At the Sea West Coast when backed by high barrier of
mountains.
I1. do. | do. when open to the East.

IITI, Inland—sfrom West Coast.

IV. Further inland.

V. Furthest inland and near supposed origin of wind.—

Showing gradual decrces of speed or retardatibn along direction
of general wind course towards the North-east.—

Figures taken from Report on Meteorology of India 1879, by H. F-
Blanford, F. R. S. P . 34 79, by
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,The following report republished in the Fort St. George
Gazette, by order of the Right Honorable the Governor in
Council will be read with éuterest as the views of a trained
and scientific forest Professor upon English and Scotch
woods and forests. I have put in italics those~ portions
which seem to me best to illustrate the questions which are
of most 1mportange to us here : the reader must _not forget
to substitute “ cattle and goats” for “sheep and deer’”’ in

applying to this country remarks made upon Scotland and
England. *

REPORT OF A VISIT TO THE ENGLISH AND SCOTCH
FORESTS BY THE PROFESSORS AND STUDENTS
FROM THE NANCY FOREST SCHOOL.

By M. Borrg, INspECTOR OF FrENcH ForEsts.

[}

The total area of Scotland is about 20,000,000 acres, hardly one'
quarter of which may be reckonéd as arable, forest, or pasture land,
the remainder being occupiuvd by the lakes, rivers, peat-mosses, moor-
lands, bar8 rocks and mountains, It is surprising then to find that
against such a vast area of urcultivated ground only 734,490 acres,
according to the official returns of 1872, are classed as woodlands.

There is every reason to suppose that, at a remote period, both the
Highlands and Low]ands of Scotland were covered by dense forests,
which were successively destroyed by the fire and steel of conquerors
and during the anarchy existing under the old feudal system, as well
a8 by the fearful storms which at almost ragular intervals sweep over
certain distriots. So complete, indeed, was this devastation, that, in
1707, all that remained of the grand old Caledonian forests were a
few shreds, and those in 8 most deplorable condition.

From the union of the two 'kingdoms dates a period of political
oalm, during which, time and the marvellous timber-producing pro-
perties of the soil and climate wonld have done mach to repair the
ruin, had not the sheep, arch-enemy of all forest vegetation, been allow-

ed o retain hig fooling in the forests. .

The noblemen dnd great landed proprietors of Scotland at last felt
the necessity of doing something to restore the parks and woodlands
in the immediate vicinity of their mansions, and by the introduction
of plantations to vary the sombre menotony of the boundless heather.
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It was also necessary on these bare moors, where grazing and shoot-

ing form tho main sources of revenue, to furnish shelter for the cat-

tle, sheep and deer. Their example was soon followed by the smaller

proprietors, and, under the wise patronage of the * Select Society'™
of Edinburgh, founded in 1754, the area of forest land augmented

rapidly, so that in 1812 Scotland possessed, besides 500,000 acres of

natural forest, about 400,900 acres of plantations.

.

The year 1815 marks a paus® in the work of replanting which had
been so vigorously begun. We do not pretend to enter here into
the various causes which led to this economical phenomenon, butdit
is certain that the laws of 1636, on the constitution of landed proper-
ties in Scotland, exercised a baneful influence on the rational culti-
vation of the soil. The Scottish Parlfament in vain sought to coun-
teract the Draconian rdgulations of these laws, the principal effect of
which was to cause the proprietors to look on themselves as only
life-tenant8 of the entailed estates, and consequently to take but a
very slight interest in the improvemeht of the soil and the gggmen-
tation of its pecuniary value, N

- ~

From the moment the planting ceased the area of woodland dimin-
ished, and necessarily so, for in any forest where sheep have free
entrance the removal of a tree, whethiet by the axe of the wood-cutter
or by the violence of the wind, causes an empty space whlich can only
be refilled by resorting to artificial means, It is thus that the returns
of 1872, as compared with those of 1812, show, a diminution of, some
200,000 acres in the area of forest land in Scotland. Whether it was
a portion of the old natural forests or the newly plunted ones that
had disappeared during this period of 60 years, the docnments extant;
do uot show, There is, however, good reason to suppose that both
suffered equally in this respcet. For, on ghe one hand’the construc-
tion of the Highland Railway neccssitated the employment of a
large number of sleepers, which colild be procured from the woods
of from 50 to 80 years of age, along theline of route; and, on the
other hand, the iucreased facilities of transport, and the scarcity of
wood in England, gave an unexpected VYalue to certain tracts covered
with birch, and so tempted mihny of the proprietors to cut down the
old forests composed of this species.

In 1870 the work of replanting seems to have’ recommenced with
increased ardour, and on all sides may be seen young plantations
vigorously striving to fill up the gap which separates them from
those of half a century’s stdnding.

Such, in a few words, is a brief outline of the history of the forests
which we have had the good fortune to visit, under the guidance
of our excellent friend Colonel Péarson. Thanks to the kind
forethought of thb authorities at the India Office, and to the hearty
welcome which we everywhere received from the great landowners
and their agents, our flying visit was accomplished in a most agree-
able and instructive uner. We eagerly seize this opportunity of
offering to all concerned with it our sincere and héhrty thanks. We
would fain also express to the eminent personages who did us the
honor of receiving us so graciously, that we accepted their kind
marks of attention as being addyessed, not only to ourselves, but also
to the French Government and the Forest School at Nancy, which
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year by year, since 1868, has offered to the English students,
without any distinetion of nationality, the advantages of a forest
.educat.ion.

Before proceeding to a description of our tour, it will perhaps
render the narrative more intelligible if we give a brief sketch of the
conntry we visited, its general aspect, and natural resources.

From a forest point of view, Scotland may be divided into two dis-
tinct regions, by an imaginary line drawn from Perth, on the Firth
of/Tay, to Greenock, on the estuary of the Clyde. To the south of
this line we find the Lowlands, a country which agriculture and
manufactures have combined to render one of the,richest in the
world. The economic sitnatior of this wealthy district is as prosper-
ous as possible, and the thoroughly developed system of high farming
which is there employed leaves but little room for forest cultivation.
The Lowlands are bounded on the south by the Cheviot Hills, which
afford excellent sheep walks. 4T'o the north of this line lie the High-
lands, ™rsected ir all directions by the far-stretching chain of the
Grampians, whose rigged nature gives to the country an aspect not
unlike that of the avestern coast of the Scandinavian Peninsula.
One would imagine that at some earlier geological period immense
polar glaciers, flowing over th¥ wolidified North Sea, traversed the
whole of the north of Scotland, polishing on their way the mountain
sides, excavating the luke beds, and breaking off abruptly the clifls
surroynding the coast. The culture of cereals is here confined to a
few favoured loculities, sitnated near the mouths of the rivers or on
tbe low-lying ground bordering the sea, where the glacial deposits
coustitute an excelient soil.  The rest of the country is wholly occupied
by water and heather ; aud thus out of the 13,000,000 acres which this
region comprt.ses, only 1,§70,000 (or less than one-eighth) are classed
as arable, forest and pasture lancs. 1f ont of the remaining 11,000,000
acres of unproductive land we altow a half for the lnkes, bare ridges,
and sterile moantain tops, there will still remain 5,000,000 acres capa-
ble of furnishing valuable timber forests, Here then is a problem
for British economists, and a vast ﬁeld' for enterprise and capital.

In the Highlands, to which we principally directed our attention,
the districts arouud Perth, Elgin and In-

Highland Forests, + verness nre those in which the most exten-
sive forests are to be found. "These three

countries together contain about 247,700 acres of forest, and being
well served by the Highland Railway systbm, these are easier to visit
than any of the other Scotch forests. Starting from Perth, we made
our way across the Highlands visiting en routs the towns of Dunkeld,
Blair Athole, Aviemore, Gragtown, Forres, Inverness and Beauly.
We were thus enabled not only to make an inspectijon of some of the
finest forests in Scotland, but at the same time tc obtain a fair idea
of the general aspect of the country. 'The punctuality and precision,
so thoroughly characteristic of Englishmen, with which all the
detaila of our journey were arranged by Cclonel Pearson, added to
the hearty recepfion we met with at every turn, enabled us, in the
short time at our disposal, to thoroughly inspect more than 100,000
acres of every description of forest, under ever-varying physical and
geological conditions. Everywhere, both at a few feet above the sen
level and on the sides of mountains at a height of 2,500 feet, in the
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sands of Forres and in the Schists, red standstones, granites and
gneiss of the interior, we were struck by the wouderful aptitude of
the soil to forest vegetation, favored as it is by a regular climate
and the constant humidity of the atmosphere. »

In the low-lying districts, at an altitude of from 250 to 300 feet,
we found growing, both singly along the roadside and collectively in
the forests, magnificent snecimens of onk, maple, elm, ash, beech and
lime, which, by the vigour of their growth and the rich coloring of
their foliage, bore testimony to the favorable conditions of soil and
climate under which they grew. We were struck with admirafion
in beholding the colossal trees of every description forming the
avenues at SScone, Dankeld, Blair Athole and Darnaway. It was
near the first of these places tha) the venerable father of Scotch
forestry, Mr. McCorgnodale, she wed us, with legitimate pride, a
small oak forest of about 400 acres, which, 60 years before, he had
himselt assisted to plant. In this forest, the trees were standing
about 24 to 30 feet apart, and their,diameters measured from 12 to
18 inches, whilst their magnificent tops fortned-a perfec#anopy of
lenves aboye the bright rhododendrons, in whéch colonies of young
pheasants found a home. In the spring time this ought indeed
to be a fairy-likke spot. But independently of this undergrowth,
which 1is, after all, only suitablef for the wealthy few, we cannot
heip thinking that a more carveful study of this supefb forest would
go far towards clenring up some of the doubts which have always
surrounded the difficult question of the cujtivation of foregts com-
posed solely of onk. '

The mountain vegetation commences at about 400 feet ubove the
level of the sea ; beyond this we find onrselves in the domains of the
Scotch fir, the larch and the birch.

In selecting the Scotch fir as the treé®to be cnliivated before all
others in these regions, the prowbters of forest plantation during
the latter half of the past century showed no mean proof of their
thorongh appreciation of the natural requirements of the soil and
climate of the Highlands, for not only have they ensured the success
of their operations, but thegy have traced out the best line of action
for their successors.

Equally fortunate were they in their endeavour to introduco the
larch into Scotland ; transported from the we-bound summits of the
Alps to a country where the climate is tempered by the softening
influence of the Gulf Stream, this tree does not appear to have suf-
fered to any material extént by so sudden a change of latitude.

‘When, in 1737, the Duke of Athole bronght home, amongst his
baggage, as a kind of remembrance of his travels in the Tyrol, the
seeds which were sown iu his parkyand from which spriang the first
larches in Scotland, he rendered a most valuable service to his
country. *

From a forest point of view, the results obtained by the cultiva-
tion of these two spepies (Scotch fir and larch) are truly marvellous.
Any one who has seen the beautiful larch foretts planted in 1815
on the banks of Loch Ortie and the vast stretches of Scotch fir
covering the flanks of the Bruarwood Mountain, cannot fail to admit
that the question of the replanting of the Scotch Highlands is
practically answered. o

15
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The absence of the beech from all the forests of any standing is
easily accounted for by the fact that it is only quite recently that the
timber of this tree has become of any value for industrial purposes.
For many cultural reasons, however, the beech is a tree of the highest
importance, and we should strongly recomnend its introduction into
all future plantations ; and it is, moreover, as much indigenous as the
Scotch fir and birch. In many cases even it might with great ad-
vantage be substituted for this latter, or, better sull, mixed with it.

Considering, too, the wonderful snccess that has attended the
int€oduction of the larch, we think that a similar attempt might be
made to acclimatize the Pinus monfana in the peat-mosses. These
immense sponges, 80 to speak, which cover sometimes entire districts,
discharge their dark-colored walers into all the streams, and give to
the lukes and rivers of Scotland thdt sombre tint which is so pecnliar
to them. ‘I'he fuel whioh they afford is of very second-rate quality ;
aud supposing that half the surface was converted into plantations,
there wguld still be enough péat left to keep going all the whiskey
stills on the country ‘side.

As foresters of the Continental gchool, accustomed to live among
forests regularly managed, and having for their sole object the pro-
duction of timber, we had no old'tle difficulty in understanding the
widely differefts motives which actuate forest cultivation in this country.
Everywhere we found the forests fenced in on all sides with walls and
hedges ; and, as a matler of fuct, the forester or agent generally
carries'the keys of the gates in his pocket. We learnt that these costly
enclosures were evected, not for the purposesof keeping out the cattle
and deer, as in the Jura, but for the purpose of keeping them in ; it
appeared to us like shutting up the wolf in the sheepfold.

'We were aldd struck bythe monotonous regularity in the height
and age of the trees—unnmistaKeable sign of their artificial origin
and want of methodical management. The forest, here left to its
own devices, cdhtinues growing just as the band of mau has planted
it; the undergrowth is constantly grazed down by the sheep and cattle,
and nature, in spite of the timmense resqurces at her disposal, is quite
powerless to modify the work of the planter, or repair the errors com-
mitted by wood-cutters.

When, under such Liréamstances, the ttme arrives for the trees to be
cut down, or should they be upreoted by a hurricane, the forest dis-
appears i ite entirety, owing to the total want of young growth which
is mecessary as a link between the old forest and the new one which
ought to be created. Such, at least, appears to us to be the case in
all the forests that we visited in the valley of the Tay and its
tributaries, and further north, rear the foot of Cairngorm.

Not far from a mansion to which are attached Bpme of the plea-
santest recollections of our tour, we saw the remains of a noble
forest, which some 20 years ago had been cut down and converted
into railway sleepers. The sight of the huge stumps, blackened by
time, with their gaarled roots twisting themselves over the ground,
gave us the idea of some vast charnel house. This scene of utter
ruin was indeed a sad spectacle, though the present proprietor is
doing his best to again cover his estate with timber; with a better
system he might bavq been spared both time and expense. It is
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easy in Scotland to perpetuate a forest by natural means, and of this
a practical proof was given us in two forests which we visited—
the one near Grantown, in Strathspey, the other at Beauly. In
these the results obtained under the skilful and intelligent direction of
the gentleman who manages these forests for their employers form a
striking example of what may be done in the way of reproducing
Jovests by matural means. In fuct, nothing had been neglected which
even the most eritical forester could desirve; the gredation of age was
here complete, and the veservation of specially vigorous trees, of known
pedigree, duly carried out. .

The modus operandi here pursued consists simply in the ewclusion
of the sheep aand deer, in ihe judicious thinning out of the growing
erop, and in the removal of the matum seed-bearing trees, by successive
Jellings, as the young forest grows Mp and acquires more vigour.

Nevertlgless, we would not have it be supposed that the sheep need be
absolutely debarred from all grazing fp the forest ; it is only in those
portions where the undergrowth is very young #atdhe damgge caused
18 irreparable. We feel convinced that if, every gear, certuin portions
of the forest best capable of supporting it were uyﬂ'lced out for grazing,
the quality of the pasturage would be greatly improved, and the heather
wanZl quickly disappear under the guer.

1t is an established fact, beyond all contradiction, that on any soil,
whatever its geological origin, a complete covering of forest vegetation
will Lill the heather us soon us the trees reach the age of betweeng30 and
40 years. Suppose then that 120 years be the term fiwed for the exist-
ence of the trees in any portion of the forest, and that the trees of 100
years of age and over are reserved, there would still be one-lalf of
the forest always open to the sheep, and the other closed. DBut at the
same time, it is certain that this open half@owing to it® superior qua-
lity, will furnish pasturage for at lemst twice as many head of catile
or sheep as the sume quantity of moorlam.l.

*

Although, under ordinary eonditions, the regeneration %of a forest
will be sufficiently assured by the exercesa of a discreet control over the
grazing, something more thai®this must be done if it s desired to turn
the land to the best possible accowst. It is therefore a matter of
regret that nothing bas yet been done to place forest management
in Scotland on & sound economic basis. o 0

The productive powers of the soil and of the climate have been
made use of by able and igtelligent planters, who have thereby en-
abled nature herself to accumulate & considerable store of timber ;
but all this wealth is exposed to the carelessness of some and to the
ignorance of others, nntil the hand of a forester manages it properly
and places it on the only sound econ®mic principle of all agricultnral
and forest property,—a consiont annual revenue and a constant im-
provement in préduction.

It would certainly not be fair to hold the Scotch foresters re-
sponsible for the presgnt regrettable state of affairs, for, though they
have for the most part admitted the inefficacy of the present system,
they are powerless to effect any improvement so long ns the land-
owners and general public have not learnt to appreciate the manifold
advantages to be derived from a yegular and methodical management.
They have to struggle against many advarse interests and bin-
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drances, such as grazing and shooting interests, questions of routine,
pecuuniary exigencies and the fancies of sportsmen from all parts of
the world.*

e

In wishing Scotlaud, then, a hearty farewell, we venture to pre-
dict for her forests u great and prosperons future, It does not need
that one shonld be a very great prophet to predict this for a country
where the onk and beech, the Scoth fir and larch, flourish with
cle?ua.l vigour, and where the Abies Douglasii, Abies nobilis, and Abies

enzienit, the Sequoia and the cedar, form mighty trees in company
wiv) Arauncaria and various exotic shrubs, which only languish
miserably under the climate of Paris.

L 3

Before leaving this country, however, we would fain add a word of
advice, for the moment appears toyus a propitfons one for deciding
on the future welfare of the forests, which, owing to the rapidly
increasing value of timber, runs great risk of being compromised.
Ordinary fir timber now fetches 8d. per cubic foot: larch is worth
nearly d8&ble that aniGunt. We ourselves visited a forest of Scotch
fir which, at this raty, would be worth £120 an acre, ands another of
Jarch worth considerably more; whilst a third forest of 1,600 acres,
composed of Scoteh fir, waus purchused a few years ago for £52,000,
or only about £30 an acre. TH: plantations on the Culbin Sauds,
near Forres, would readily find buyers at £50 an acre at the age of
forty-five to fifty years. The very day we were at Grantown, the
agent for the Strathspey forests concluded a bargain to furnish
birchwood to the amount of £2,000.

All these figures are fraught with extremo significance for the
future, and the large forest owners of Scotland will do well to pause
before allowing their foreats Lo be *“ overworked.” We would recall
to their recollection the 8ld fable of the goose that laid the golden
eggs. “

No donby, people are ofteh frightened by the long names and big
words they find in treatises gn scientific torest management, but
they may very well neglect the text if only they will adopt some of
the principles which they contain. Ifet the owuer of a forest, after
having made a careful and detailed inspection of it, divide it of into
blocks or compartments_so arranged that they should be uniform as
regards conditions of soil and of planting, and then proceed to count
and measure all the trees of 3 fect girth and upwards, clussing them in
categorics according to their diameter. Ile should then open a debit
and credit account for each compartment, placing on the debit side the
actual volume of the standing crop, and on the credit side the volume
of timber removed at each successive felling. This regisier should
always be consulied before underlaking any forest operation, and when
the annual fellings fall due, it will show which compartments can best
support the withdrawal of timber, and which reguire to be left
untouched. Moreover, the balance sheet will render an exact account,
favourable or otherwise, of the coudition of t'hP forest.

Ten years of such systematic treatment would form in itself the

* A deer run, over unproductive land, has just been let to an American for
uine yours at the fabulous yent of £10,000 per annum,



ADDENDUM. 117

basis of a regular forest working plan, and the doctor’s prescription
would no longer frighten the patient with its long words.

Our programme, however, was not yet complete, and fresh excur-
sions awaited us in England. It took us only four days to reach
Windsor Forest from Inverness, passing by the Caledonian Canal,
and halting at Oban (from whence we visited Staffa and Iona) and
Edinburgh, whence we took the train to London,

Even with a four-in-hand and the best of drivers, it would be
" impossible to see Windsor Forest in such
Windsor Foroat. a short time as we had as our disposah

The histopy of that noble park has been published in a splendid
volume by the late Surveyor, but n‘}*e history of Windsor is, so to
say, a repetition of the history o?]:.ngln.ud herself. If we follow all
the phases in the development of this park, where, since the time of
‘William ghe Congueror, each sovereign in turn has given his name to
some remarkable tree, Windsor Park may with justice be called the
‘Westminster Abbey of British monumental %; its histgry is one
which beloggs as much to archasology as it doesyo sylviculture, while
in it the beautiful deer are almost as numerous asthe trees themselves.

Nevertheless, the practical forester may rest assured that, although
the first place is here given to art dn8 beanty, he will gtill be able to
find much to interest and instruct him. Windsor Park is indeed one
of the most magnificent fields for the study of forest botany that even
the wildest imagination could conjure up. Fere may be seep, grow-
ing singly or collectively in clumps, specimens of all the finest trees,
native or exotic, which exist in Great Britain, and, since care hus
been taken to keep an exact record of the age and origin of each
plantation, the forester would be enubled to follow out in detail stu-
dies of the highest interest and importamee regardin® the growth of
the princinal forest species. It w8uld be more diflicult to do the
same with regard to their longevily ; for.one is led to think, in look-
ing at some of them, that, in this hallowed gronnd, trees never die of
old age. One sees in these relies of the past, that religions respect
for things so characteristic gf Euglisimen, when even the most violent
revolutions could pass over the country and yet leave these monu-
ments and these trees intact.

The Surveyor of Windsor Park, who is, by tarn, a forest officer, an
organizer of shooting parties, a direotor of the royal workshops, and
Conservator of a museum of antiquities, ean, in’consequence, have
bus little time to devote Rimself to sylviculture, unless 1t be to pre-
pare the iron armour, intended to preserve the veterans of the forest
In their struggle uguinst the elsments, or to prop up with crutches
some invalid deprived of a limb by g recent gale.

Having come all the way from Scotland to Windsor, we were not
to be alarmed by the journey from there to the New Forest, for a
few hours sufficed to carry us to Southampton,

As old as Windsor Park itself, the New Forest has not had the

’ good fortune to be the dependence of a

New Forest. royal residence. The barrenness and poe
verty of the soil has sufficed to preserve it

from being plundared even at an epoch when land was valued more
for its extent than its fertilily. But, on jhe other hand, this very
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fact attracted a poor and mecessitous population to settle in and
around the foress, who, during long ages, have been accustomed to
derive & precarions existence from i, and by careless abuges have
threatened it with certain ruin. For many centuries the New Forest
has thus been a prey to commoners, who wuse up its resources without
either mathod or control. One may ses there the steady onward pro-
gress which is made by the heather ; and, although it is not perhaps
80 quick under the feet of the almost wild ponies and catile as under
those of the sheep, yet 3t is none the less sure. -

The sole remedy for this state of thingswas to restrict tha commoners
to certain defined localities, and that could only be done by sacrificing
a portion of the forest to save the rest. This is, in fact, what was done
about twenly years ago; but the,gacrifice has indeed bcen a heavy
one, for the reservation of some f&pOO acres has cost the abandon-
ment of 49,000 more. The part which has been freed, however, is
sufficiently extensive to constitute some day a respectabla forest,
whilst the part giver, up is hurrying to its destruction in a manner
deplorablewto behodd,¢.nd, before very long, there will be nothing
left but a worthless byrren heath. .

It is not, however, jiv 20 years that a forest so badly used as the
New Forest can be restored. The first thing to be done was to put
the soil in good. order, and then'to plant some of the vast stretches
of heather with firs. Of late years the forest officers have songht, by
excluding the cattle, to bring about the natural reproduction of some
povtions hitherto abandcned to pasturage. But with whatever care
these operations may be carried out, at least 50 years must elapse before
they can resort to systematic fellings, with a view to furnishing a re-
gular revenue.

At present, contignons portions of the forest often present the
most curious countrasts. O) one hand we see yonng firs and oaks
growing side by side, in another pl~ce a forest of pure oak, langunish-
ing among chestnuts, and in a third plantations of fir and beech, in-
dicating by the vigour of their vegetation, and their healthy appear-
ance, that it is on them that the future of the forest ought to depend.
Further on there is a valley filled with r:ged beeches, whose weird
forms gave an almost supernatural aspect to the spot; we almost ex-
pected to see the ghost of William Rufus pursuing that of Walter
Tyrrell through the heuan*ed forest.

Without contesting the marvellous beauty of some parts of the
New Forest, so dear to artists and lovers of natnre, we are bound to
say that before long it will not be lere that a professor of sylvicnlture,
desirous of teaching his science, will choose to pitch his tent.

On our return to Liyndhurst, after the excursion in the New Forest,
there :emained but three days at our dis-
posal before our duties mrevessitated our
return to France. These were employed in visiting ‘the Forest of
Dean.

The present Forest of Dean occupies the site of the old forest of
the same name, wkich formerly covered the whole of the platean
between the estuary of the Severn and the valley of the” Wye.
(* Dean,” **dén,” signifies “ forest ™ in the old Celtic language.) The
old forest has disappeared within the last few centuries, owing perhaps
to the demang for cbarcoal and mine-props fo~ .the local industries ;

Forest of Dean.
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if, however, we were not afraid of being accused of being prejudiced,
we might say that unrestricted pasturage may have had something
to do with the disappearnnce., It is on these ruins that the new
Forest of Dean has been created ; in less than a century more thaft
16,000 acres of the original 22,000 have been replanted. The older
plantations are generally of pure oak; the beeches, chestuuts and
birches form buu a small percentnge of the trees. Scoteh fir, spruce
fir and larch are generally only tound in the plant#tions made during
the'last 30 years or in bud peaty portions. The state of vegetation
is generally good, varying, however, with the quality of the soil,gbut
indicating in every poiut the artificial nature of the foress.

We may thke this opportunity of remarking that a plantation of
“ broad-leaved ”’ trees (oak, beech, &.,) tukes a much longer time to
establish itself than ofie of * nee‘e-lenved” trees (conifers,—Scotch
fir, larch, &c.) In Scotland wé saw the most maguificent planta-
vions of ldrch and fir, whilst in the Forest of Degn the plantations of
onk were alwnys more or less dwarféd in apgﬁga.nce. T'he cause of
this is that onks furnish the soil with much I8ss vegetable manure
than the cofiferous trees; and again, in an oakVplantation there is a
marked absence of ander shrubs and spontane8us ground vegetation,
which, by their organic remains, tend to increase and improve the
surface soil. [t is rare also that a.%‘)lum.ubion of onks,en a s0il which
has been long unoccupied by forest vegetation and is bat moderate
in qualisy, succeeds well during vhe firsu generation; it is only at the
second generation that she trees acquire them normal development.

At present, while the trees are yet in their youth, the only cultural
operations that can be undertaken are the periodical “ thinnings,”
and these are here conducted with great skill. There is, no doubt,
however, a great future in store tor the Farest of Deall, thanks to the
workmanlike manuer in which it is» managed, and to the laws regu-
lating the pasturage which date bick to fhe sime of Charles L

We were not able to suppress a certain vague feeling of sadness in
waundering through these endless plantations, rendered so dreary and
monotonous by the total abwence of that undergrowth which seems
to inspire the woods with freshness and life; and it was with a
sense of great relief that we emerged from them, and entered into a
welldmmmged forest composed of standard owkmsurmounting coppice
wood.

This forest, comprising about 3,400 acres, was formerly the pro-
perty of Liord Gage, und was purchased by the Crown with a view to
presenting it to the Duke of Wellington. It is composed of pure
oak, and for more than 100 years the coppice has been cat every 18
years. We might add that the reserted trees form the staple element
in this forest, fur the coppice forms but a small proportion of the
standing crop. * These reserves, varying in age from 20 to 100 years,
are in an excellent state of vegetation, and number about 80 trees to
the acre. The largest trees are about 4 or 5 feet in girth, and from
25 to 35 feet in height of stem. It would be a great pity to cut them
until they have attained at least double their present age. 'T'his
forest would form an excellent field for the study of the treatment
of standard oaks.

» B
In such a forest, w' e the soil is so exceptionally fertile, it might
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be possible to find & solntion to the oft-disoussed problem of obtaining
the maximum production in quality and quantity from a forest of
oak. This was, at least, the impression we carried away with us as
.tve turned our faces homewards.

We had barely sufficient time on our arrival in London to pay our

respects to the anthorities at the India

Forost School in, Great Office, when we were asked by Sir Louis

Britain. Mallet to place on record the observations

which we have now the honor to submit,

and to state whether, in onr opinion, the immediate fonndation of a

Forest School iu Great Britain is possible. In order to reply to this

question, it was necessary for us, even at the risk of ear narrative

being found tedions. to enter ¥.to a somewhas detailéd account of
the Svgbch and English forests. Y e

Were it only for the purpose of replanting the five or sig millions
of moor and waste land whicly cover one-third of the Highlands, we
should cuusider rhg%r was a sufficient reason for the formation of
such a school. Theysnestion, however, must be studied on broader
grounds. s

Considering the present depvesged stale of agriculture all over Eu-
rope, it becom <z mure and more necessary to endeavor to draw the
greatest possible advantuge from the land, and, by properly adapting
a different vegelation fo different soils, to seel to obtain, through the
mediw of the enormous capital which the present generation can com-
mand, the maximum production from a minimum area. It is thus
that the forests are called upon to play an important part in the
immediate future, and the farmer will henceforth find a powerful
auxilisry in the forester.

After making every allowance, for the great fertility of the soil in
Grent Britain, we feel certain that"in many districts more than one of
the forests which were cleared sometime back wonld now be jealously
preserved by the same proprietors who formerly cut them down to
satisfy their pressing wants, *

<

It must also be borne in mind that the British Empire is not con-
fined to great Britain and Ireland, and that, by reason of her immense
possessions, England,is,perhaps, of all natious in the world, the one
most richly endowed with valuable timber forests. It is by hundreds
of millions of acres that we may reckon the forests of Canada, India,
and Australia, New Zealand and Cane Colony, not to speak of those
in the West Indies and Borneo.* All these natural sources of wealth
are worked by British enterprise and British Capital, and, consequent
on the present wouderful development of commerce throughout the
globe, it is n matter of importaffce to every civilized nation that this
vast accumulation of forest riches should not fall into the hands of
ignoraut persous, or be squandered away regardless of the future.

For these reasons the establishment of a_Forest School in England
becomes a matter gf primary importance. .

The science of forestry is, however, a science of observation, based

* The total extent of tho forosts in the British possessions is 340,000, 000
acres of timbered land. ¢
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upon facts which must be studied both from a practical and theoreti-
cal point of view. It is therefore abso-
Necessity for a Reserved lutelynecessary thata Forest school shonld
Forest. have attached to it a forest which has for
some time past been under scientific man=
agement, serving, so to speak, as a natural laboratory for experiments,
and withont which the best theoretical teaching in the world would
be of no avail. This is especially the case in England where the
young men, by reason of their national character and their mode
of education, are accustomed to pny more attention to factsvthan
to theories; here the teacher of a technical profession, resting solely
on theoriespwould command very few disciples.

It is, therefore, a 1patter of re € that, amonug all the forests visited
by us in our travels, there is ia single one suitable for the tench-
ing of sylviculture on that bréhd basis so essential when the pupils
are called upon to apply it in all qugrters of thy globe. 1In England,
as in Scotland, all the woodlands may be syfigged iu .two catego-
ries—the one containing plantations too youiys, recently created by
the hand ¢ mau; the other contnining planBitions too old, or too
much overworked, to be useful for the purpose ; nowhere did we see
a high timber forest formed of really mature trees.

Moreover, a plantation must always be incomplc’xte as a field of
study, and especially for persons who will
Natural forest required. generally hayve tgdeal with natuigl forests.
Nature, ever prodigal of her bounties, if
left to herself scatters them broadeast without any regard for the
particular wants and requirements of man. It is then the work of
the forester to control this generous prodigality, and, by careful
selection, to concentrate her fertilizingspowers on uch trees as are
best adapted to meet the genera} demand. 1In the case of a plan
tation there is no need for this interfergnee ; here, natural selection,
the struggle for supremacy amongst rhe different%pecjes, and even
art herself, can play but a very insignificant part in the various
phases of its existence. o *

In s forest, then, of this nature it would only be possible to apply
a very limited number of the principles of sylvicultare.

A practical Englishman will bave no dffi®ulty in understanding
our meaning.

It is not to be suppesed, however, that the foundation ot a Forest,
School is at prescut an impossibility 5 for, while leaving the question
of time and place to be settled bereafter, it would be advisable to at
once decide, In principle, on its creation ; such a decision is the only
mode of arriving at its foundatidh. It is necessary also to take
measures for a;ﬂ)repurin,«; the public mind to regard the science of
sylviculture d% an additional means of developing the national re-

sources, and to toke steps for the gradual creation of accessory
forests. -

This accessory forest must necessarily be inzomplete at first, but
would be perfected in time; but the éssen-

Under control of Forest tial pointis that it should be placed under
officers. the absolute control of the officers of the
school. This ¢hn only be domne by choos-

16



122 . ADDENDUM; .

[

‘ing a State forest. If it should be cousiderad desirable also, in order
to render the beachiu% more complete, the State onght to purchase
or, lease in Scotland a forest suitable for the purpose.

‘We would also suggest the founding of Professorships of * Forest
Prof f P 6 Economy” at two of the great public seats
Eoo:gﬂf;”“ of Forest of technical instruction. One of these

: . might be instituted at Coopers Hill for
England, the other at Edinburgh for Scotland.

The Professors should be selected from among the young men who
have received a thorough forest education on the Continent, and have
had eight or ten years’ practical experience in India.  Bhey should
publish from time to time a serios of articles in the Mading agri-
cultural and forest journals, in oraey to influenas the landowners in
favour of a systematic management & their woodlands, aud to prove
to them that uncontrolled pasturage s the certain destrwction of
forests, and that, in(\the long rrn, the timber furnished by forest
land is of greater vzi:}‘ﬂuan«ps.sturnge or game,

The establishment of a course of Sylviculture at Coopersiill would
have the great advantage of giving to the young Engineers a rudi-
mentary knowledge of a sciencq which caunot fail to be useful to
them in their after-career. It wolld, perhaps, also be possible by
this means to modify the present method of recruiting the Indian
Forest Service, by offering to the students at this excellent institu-
tion a cextain number of uppointments in that service.

The course of instruction afforded at Coopers Hill would then com-
prise all the essential parts of the education of a forester, and it would
only be necessary to supplement, it by sending the selected students
for one year to r Continenta! school, where they would have the op-
portunity of perfecting themselveg in the prectical details of forest
culture,  After this it would be advisable for them, accompanied by
their English Prafessor, to complete their training by making a tour
of inspection*n some of the mountain forests of France, Germ. .y
and Austria. So prepared, the young men would be perfectly capa-
ble of undertaking forest work in any poftion of the Indian Empire,

In conclusion, we beg to submit the
following recommendations :—
1st,—That a Nationa'l F’brest School be founded in Great Britain,

2nd.—That Professorships of Sylviculture be instituted at Coopers
Hill and at Edinburgh. ‘

Such are the conclusions at which w in conjunction with our
travelling companions, Messrs. Reuss and Bartet, have arrived, and
we feel that an apology is due fo® their length. This.is really due
to the excessive courtesy of our hosts, who, jealoua of the success of
Jules Verne’s hero, who made the tonr of the world in"80 days, were
determined to make us traverse, in less than three weeks, more than
300,000 acres of forest land situated in the most opposite parts of
Great Britain, from @ape Duncansby to St. Catherine’s Poiut,

(Poblished by order of the Right Honorable the Governor in

Council). )
L + "B, F. WEBSTER,
b : Sacretary to Government,

Recommendations.
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