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ORGANS OF- RESPIRATION. 9

B different Vertebrata go hand in hand with othe. characters

lzlich distinguish the gionps; and although we are not justified
founding the genealogies of Vertebrata exclusively ox the
aracter of the lungs, we may ragard and use them °s an

\gdica.tion of affinity, particularly when we see that the de-

petions  from thém coincide with -conciusions drawn from

'-{ler facts. In agreement with this weusee that the peculiar
|

2 .
'"_, 5.tr, Fiying-fish (Ercordus), in vhich the pectoral fins serve, at Teast partly, for
DTk ; b, Bat, with a membraiie extending between the phalanges, Hmbs, and tais.

fa) 2
fimstructionsof the lungs which in birds leads to the develop-
sepnt of, pneumatic bones is an hereditary a‘tribute chiracteristic
“th the Lighest degree of the whole order of birds, and of great

* ystematic value. It distinguishes Birds as contrasted with
‘I g\[ammals and Reptiles, but nevertheless can and wust be'con-
f ceived of as having originated through modification of a simple
€ organ—perhaps u bladder shaped lun,—which may have been



10 INTRODUCTION.

proper ta tha common ancestor of reptiles tnd birds alike, A
similar modification of the lung might “hus be found ia sock s
true reptiles as approach most nearly to birds; and in fact we ‘
seo in the Chameleon (fig. 1) that long thin air-sacs, contectec
with the semi-spongy lungs, are suspended in the cavity of the
body, and may be divectl;r compared with the large abdomina
air-sacs which are found in all birds! Ttis evident that, b
instituting such comparisons as these, we are tacitly ascribing ¢
character to the lungs of the Vertelrata which  differs fron
that we attributed to them when contrasting them with orgar
of similar physiological function in land snails and land crust &
ceans, For in the latter case‘we considered them, and wi <2
justice, n~t as a character. inherited from the parent form, a
as indicating near affinity, but as a character of adaptation, whi
it is only among ‘the Vertebrata that they ave of real value '
est‘mating the degrees of affinity of the different classes, Tl
it is evident that in Vertebrata they possess all the significa-
of hercditary characters, ¢.e. of parts which may be made
of for investigatirie the evolution and modification of tl .
classes—or, as may be, orders—one from another, aud
ea:ablishing such a natural system of the Vertebrata as may
dicate their true affinities. The same result is obfained wk
the different organs of locomotion of the Vertebrata (wings, i |
legs, feet, and hands) are taken into consideration, o long |
the comparison is extended to tlre whole cycle of the Ver
brata, these seem to have the value merely of characters
aditptation. The whale has fins as efficient as those of the st
geon or the pike, but 1 doubt whether n zoologist could 1
found bold enough to attempt to derive tue fins of the wha
morphologieally frem those of fishes.” It is quite as unlik
thet anyone should undertake to prove that the wings of bi
or of bats (fy. D) could have originated by direct modificati
of the wing-like fins of flying fishes or of the dermal wing
supported on ribs, of ‘he flying reptiles (Draco). With regar
to the higher clesses of the V ertebrata all these orguns ae
beyond a doubt, to be considered merely as characters of adapta-
tion, and so valuoless for any determination of their affinity.
But if we now turn our attention to the same organs within




) \ a' ORGANS OF LOCOMOTION. 11
I3he linits of a single order or even of a single family of the
slVertebisata, the ease 35 wholly different. The wings of birds
#.have the same typical structure thronghout <he whole clasg, and
the sume is true of the wings of the bats, and of the parachutes
pf the flying reptiles. Within the limits of these narrow groups
g 2ach organ acquires a quite differert vilue. Their constant
il ‘currence and the similarity of their structure and development
nmiake us suppose that they must have oviginated through the
(odification of one or moure simple organs in the parent form of
sigch family, Tt is the same with regard to the fins of fishes,
m¢lhales, and other Vertebrata. Here, asin the first example,
alle seo that the organ or member which, within the limits of a
innall group, is a transmiited character, and helps in determin-
coig the affinity of the individual forms, appears as a character
ar¢ 4daptation when we compare the great systematic groups
to th one another. And choose what organ we will for *his
of mparison, the result will be the same ; parts which have iittle
it 1o value as characters of adaptation assume a conspicuous
chi#gnostic importance when we have to tras out the relations
or Adlinity under a wide systematic aggregate, because, within
ac @ limits of the smaller groups, they may always be regarced
ga heredita~y. Thus, too, we arrive at the conclusion that the
v stinction drawn, in the most recent: zoology, between characters
¢ transmission and thoge of adaptation, has cnly a partial value ;
@* every organ which origiated by adaptation, and ir. the first
stance was worthless for the determination of the relations of
¢ finity, may quite easily—nay, must—become transmissible by
iheritance if it is rendered permanent simultanecusiy with
nprovement in other directions, in several varieties or species
(1l derived from the same parent form. Bnt it may be trans-
ormed into an hereditary characterin a yet wider sense, partitu-
\arly when an organ which has originated by adagtation in one
dingle species, or even in one inaividual, is transmitted to a long
series of generations which branch off into different families,
‘though’ all descended from the one parent form,
* Tt is not difficult to show by an imaginary instance how
“such a change in the organ might be effected side’by side' with

o
f permanence of the fundamental form. Suppose, for instance,
i 0 €
|
|



12 INTRODUCTION.

that from tka skin of one of the lower aninalg, say a worm, . A
ramified and villous prolongation arose by lazal excrescence), «
which, as contrasted ‘with the general respiration hitherto carried-¢ ‘
on by the skin, wag a specially qualified organ of respiration—as
true gill. This gill must’be in such connection with the vesselg,q
of the body, or with*he .ayities which contain the circulating]
blood, that the absorption of oxygen by the blood may be mo, by
easily effected here than in other parts of the skin; it, cannjg :
otherwise be designated as a true gill (or branchiu)., But, ron
ovder te exercise the same respiratory activity as the skirar” 4
these gills must possess a certain rigidity, so that their whaost
surface may be in contact with the water that surrounds thesyi”
for this would be impossible to soft and pendulous gills ; morg;
over, certain auxiliary organs must be connected withethem, /hi,
sacure the requisite change of water by producing a constae
cmirent. This renawal of the supply of water for respiration])
frequiently effected by the active movement of the brancha-
themsélves, or by ‘the constant motion of the animal; buta
every case where #ich organs have ceased to be superficial t} .
the skin by its induplication, or have become internal, specd
auxiliary organs are found, as in Crustacea for instance, Fish y
Mollusca, &e., whose sole duty is to keep up a consant strewl
bathing the gills. Thus *he physiological efficiency of t fi.
principal organ d-pends not alone or, the capability of tig
epidermal cells to absorb oxygen from the. surrounding water
(by osmosis), but also on those auxiliary organs which corg
stantly sepply the branchim with fresh water for respiratiost
and, by' kéeping up their rigidity, prevent, eny diminution q 1
the respiring surface by collapse. X vha
If furthermore we suppose t_‘h\at the braachie, whidkel
originated, perhaps, by adaptation to an inereased demand dhiy
the respiratory organs, were perminent duiing the transmuti
tation of the first species into severa! new ones, while at thing
same time they preserved tleir character of independent appenzar
dages of *he outer skin, they might very likely come to act asare.
organs not merely of respiratjon, but also of locomotion. Fomtal
hy their position, rigidity, and power of independent moversent
—all indispensable to their efficiency as branchim—they are

>

, in
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§  ADADTATION 7O NEW FOUNCTIONS. 13

|Jm the first, able &o offer a’certain resistance to che common
'ohon of the whole Body,"and to serve as a fulerum for the
ovements of limited sections of the body i a way that might
frtnm‘ly be advaniageous to the whole animal. [Thus.a gill
light be pmrtmlly or wholly tmnsformed into an organ of

6.—Glill3, a, b, ¢, ofAanldp d, of a bivalve Mallusk, n, Nauphnura celox Gweﬂ)
nlargel to three dmnclen. wm; broad gill-fina. &, root of Vanadis ornat ( roett),
with two broad gill-fins. ¢ section of a segment Eunice ; dr, o ramified mn-
uppam.ulges of the ruditnen tary foot. d, Mstilus aduw, with &=, thegill fou:, nud 7, the

Aps separated from them. .

comotion, and accordingly we find in iaany Annelida gill-

saring organs (fig. 6, @, #) which at the same time serve for
creeping or swimming, and which present that more specialised
Eorm in which the functions of respiration and locomotion,
| riginally exercised simnlt~neously by Jhe same organ, have been
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transferred %o two separate sections of -the lame organ, thong'n!
this is still morphologically one. The blanchimsmight 1ikcwis'fr
become internal, as in Fishes, Crustaceans, Molluses, Ascidians|
and &b forth. Thn current requisite for respiration might, in
such a case, be induced simply by the development of cilia onl
the cells of the epith@inmof the branchial membrane, as oceur
in all mnlluses and in sscidians.  The current might then serv
another purpose, namely, that of bringing food to the mouth
and this is the rase in the above-mentioned anim.ls, svhich
coive thmir nutrition, consisting of microscopic organisms, €
“clusively by'the aid of the current drawn into the branch
cavity. Now, if the function of respiration were transfer! 4
by any méans to some other part of the animal, or restrig
to a limited section of the branchiie themselves, the remaini
portion might be transformed into an organ serving exclusiv
to "ohtain nutrition. The lips lying near to the mouth
molluscs would, in fact, appear to be:such modified portions
the folds of the branchie.
But this iz by o means the limit of such change of functi
Ecch animal cell in tie living organism is sensitive to varis
moleculnr movements which impinge on it from witho |
Gene=al sensibility is an attribute of the living snbstance of -
cell. Now it would obviously be a considerable advantage |
the animal that the organs of respiration or locomotion shot
be connéeted with certain organs of sense—-in our example,
instance, if the dip-like appendages of the branchim of !
molluses bould be transfornfdd into organs of taste or toux
As every living cell, including of eourse the =lls of the mucd]
membranc of the branchi® or tie labial fold, posseeses ti
gnt\n‘,rul sensibility’ and this in a certain sense includes .2l
capability for developing ® specinl sense of touch or taste,
Perecive that ar- epidermal member whick originated as
simple gil' may, by virtue of its inherent properties, easily b

1 -1 £ Th3 1 . -
_ €ome an organ of locomotion, sensibility, or taste, and it migl

(’(1]](\“)‘ tasily be mn‘-c!'t?.d into an organ for the ﬁ@]“isiﬁon O,
nonrighment (as in the Ascidiong) or for any other purpose
At the game time be it observed, such transformations have
not taken place cuddenly in an abrupt and, s0 to speak, revo-
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lutionn'l?' manuer ; for their existence need not in the firgt in- .
stance be condddenal on the introduction of new influences,
since they depend on the fact that the branchise must from the
tirst—or they could not have lived, grown, snd excreisec. their
sunetions—have contained all the elements and have exercised
all the clementary functions which fitced tuem for differentiation
in the direction indicated by those functions, and for transfor-

mation into organs apparently intended for one function only.
We amriva at'the same conclusion by a simple general con-
sideration. 'We know-that the simplest and lowest cnimal, a
mere gelatinous mass, say an Amaba, exercises, and musv exercise,
all the vital functions as well as the oyum-cell which is so rich
in protoplasm, or even as the young and growing cells which
constitute animal tissues-—1unctions which in the higher animals
are apparently fulfilled exclusively by special organs. The pro-
toplasmic cell or the Amaba takes up nutrition, often indeed
of . solid nature ; it moves more or less quickly and voluntarily ;
it i sensible to impressions transmitted to it by the agitation or
chewmical propertics of the smrrovnding medium ; it assimilates
organic matters, and breathes, inasmuch as 1t expires the carbonic
acid formed in the process ; it is capable of more or less definite
ser iations, for if selects the food that swits it, and it grows
ane multiplies often by highly complex processes. All these
clu‘mcm:'s are to be found in each living protoplasmic cell of
éxity growing organ ; but it is true that it is not evéry cell of
ph organism that is in this sense living. Thus in the hair and
tiols, for instance, there are horny-cells which no longsr contain
y fresh and vncianged protoplasm, and consequently can no
cager grow or multiply, their increase being effectrd by fresh
dad living cedls lying in the deeper skin-laydis ; from these, new
jpormy cells are constantly produced and pushed forward to
replace the old cefls as they wear off at the “ngles of the nails
;)r tips of the hairs. *We may apply Briicke's expression,
f elementary organisms,’ as a namé' for those deep-seated cells,
“which, being richly supplied with protoplasm and capable of’
wultiplication, are, in the strictest sense, living cells. « For as
the life of every organ is the sum of the individual life of the
living cells which compose it, it is clear that every living and
T [y 1



0,
16 INTRODUCTION. [ g

growmo orzan, without exoephon‘ must, :’ri a certain gen..se,o
capable of becomipg modified in any b&.h varfous directionsn
are mdicated by the common properties of the living substare »
of ths protoplasm. The abstract and paradoxieal formula fr

this vosition might beput thus:—Every living organ may; r

virtue of the properties ifiherent in its living cells, become se .
other organ, 1y

Let us now mturn to our atarhnv-pomt We lave ks,

that every character of adaptation must be in d ceetain shep
herveditcry ; for if those individuals f a species which, of

acquired @ay given character by adaptation were incap in

of transmitting it to posterity as a part of their inhej}e *ow
nature—particularly if “the PxCltm" causes were to by,
moved—every newly acquired clmrhctex would presently benot,

The inheritability of this newly acquired character mighty s

be gmatly increased if, for instance, it were transmitted thros

a long series of varieties or species, ‘while at the same titnig

was tndergoing modification, This might oceur if, fromp 5

tirst, its fondameatal character were such as must inhga-
specialisation of its function. Now we have seen that ever, ju
bighly specialised an organ as a gill is, or seems to be, wst-

yet ba capable of nymerous modificatious ; for its pnman 1
depended partly on othér functions w )uch wera gapablaer
further modificatiun, f.e. specialisation; in a mode analogin

to that by which the gill became an organ’of respiration. & in Tof ¢
the more manifold the independent and latent properties ar¢ .. tou
a newly, constituted organ of adaptation, the greater will {jq mugcd!
probability be that if will be transmitted by inheritance to beeses t]!
the divergent descendants of the purent form, and be at the sn.i,;]“des ‘.~
time modified to meet their altered functional requiremen) taste,
But the more specialised an organ is—that is to say, the moy.q as
one single purpose is developed to the prejudice of the Taten hsily
functions—the harder will it be for it vo adapt itself to new pur; lt mig)
poses, and o it will probabiy be transmitted to the descendants . - &
of the parent form but little altered. Hence it is impossible to >
-establich an @ priori distinction between Characters of Adapta-
tion and Characters of Inheritance, and we perceive that Iflost,
perhaps all, of the characters now in a great weasure hereditary
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a!}xlgin;‘ed throngh modifications of those woriginally adaptive
ofgans which *bore within them the eleme:ts of .continuous
thd extensive gradual transformation.?

0 This inferenca includes anotherf: That ll the strnctural
Ateuliarities of animils are true organs which must subserve
2me function and can never b¢ mere useless ornaments.
ttherwise, from the Darwinied point of view—which, a; I have
tivd, T accept as a standard—it would be quite unintelligible
f‘ﬁ“ wholly useless portions of the body could” hava been in-
M Med and modified through a long series of divergent descen-
undis from the parent form. If it could’be strikingly shown that

200k ng actually exist whick are of no physiological use to the
case

sent
such

too - .
It 17—Skull of fomale Dugong the wioasal tusks in the ngfper faw nover oros tha

, Hck fleshy lip, although they continue to grow with tho faw. a, the oot of the tusk;
exis the poit.
fi?smsors, but which detex:_mine.t\e types of form in ~wh81e
'sses, Orders, or Famrlies, chen the conglusion would seem
svitable that these function’ess organs have been formed in
deoordani:e with some transcendeatal law (0w plan) of develop-
._ent. > -
" Now itis sometimes asserted, oftener, it is frue, by botanists
han by zoologists, that such functionless organs do in fact
ixist. Ido not here allude to rudimextary grgans ; # for although
-these appear in sundry groups of animals to be in facs devoid
of any recognisable function, they are derived, no doubt by
degeneration, from true organs whose functions are conspicuous
in other animals. The best example known to me of such
rudimentary organs is offer d by the temale Dugony (Halicors
(&
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Dugong). "This creature has enormous tusks which continue o

grow as the animsl grows, and are even larger il proportion in

the adult than in the young. Thus the tusks of the female .

grow more quickly than the'skull. They are nevertheless wholly

funétionless in the female ; that is to say, they are used neither

as tusks nor as teeth, for‘they are completely encased in the .

upper jow-bone, and toe blunt point is covered bya huge fleshy

upper lip forming a snout. The male Dugong uvses his tusks,

which project ot the sides of the mouth, as weapons or for other

purposes, as is proved by the fact that the outer surface of

the points of the tusks’ is, without exception, much worn in

every male skull found in our collections. The tusks of the = B

female Dugong are rudimentary and functionless as teeth ;

however, like all similar rudimentary organs, they are mot

included in the above-mentioned class of functionless organs,

which, in spite of their immense variety and often conspicurus

size, cannot ‘'be regarded either as true organs now exercilig

their functions; or even as true organs in a degraded condifib a,

such as are known in scientific parlance as ¢ morphological dia- '

ricters,’ in contradistinetion to ¢ physiological characters,” than is '

to say, those whose use iz obvious or well-known. The exst- '

ence of such morphological characters®has been affirmed, a. T )

have said, even of animalt ; but it still seems doubtful whetler

chose organs and 'pm'ta of the aninfal Body which we includéin

this category do in fact belong to it, and are not perhaps t777¢"*

chassed merely bdcause as yot we know nothing of their fu-li® of {

tional importance. Even when < assign to sucl parts £ °F @V

smallest possible importance in the life of the animal, we ougﬂle ‘m“" o

not to forget that they consist of Lving cells, or aré direct,“{“"’eﬂ t 3

Qapéndent on them. Hence we are justified in propounding ¢! udes {

thesis that every pm-'b which we ark accustomed, from its lac t.'\?te,

of conspicuous physiological character, to regard as a morpb(ite(‘" a8

logical character, mvst nc\"crtheless have a certain functiona!e‘.‘s")'_b

value in the genera' economy of the animal, since it reust pro- !r' _"“'n'}

duce a fraction, however small,"of the material which is formed slton o

in taé living body, and must'possess a proportionate share of all P"TPOS

its ‘yroperties, 15 ‘have |
At the same time it cannot be disputed that even in © T*V*
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m‘glma.l.% though certainly less ;g‘)&en than in plants, peculiarities
of structure do oceur which appear to be absolutely useless to
the life of the individual, although they are not rudimentary
organs. Such, for instance, are the colours of the skin of many,
aad especially of marine, animals; many expansions of the skin
and the sculptured character of the' skin of Reptiles, Crus-
taceans, and Insects would seem to be of this nature; the rela-
tive positibns of the various organs, which may sometimes be
said to be highly inappropriate, the number of the extremities
in various animals, and many other circumstances a'so come
under this head. It would be a highly important task tor a
zoologist, and, T helieve, fertile in results, to discuss all these
cases in detail, in order to see whether, or how far, our pre-
sent knowledge suffices to explain them; .. to show that
such morphological characters do not in fact exist in animals.
In this place it must suffice to discuss one single example. _
It is known that the skin of Reptiles encloses the body with
scales. These scales are distinguished by very verions seulptur-
ings, highly characteristic of the different speties. Irrespective
of their systematic significance they appear to be of no value in
the life of the animal; indeed they are viewed as ornamental,
without regard to the fict that they are microscopic and rauch
too delicate to be visible to other animals of their own species.
It might therefore seem “opsless to show the ‘necessity for their
existence on Darwinian principles, and to prove that they are
physiologically active organs. Nevertheless decent investiga-
tions on this point have fur=ished évidence that this is ‘possible.
Tt is known that many Reptiles, and a%ove all the snakes,
cast off tue whole skin at oncé, whereas human beings do so by
degrees. 1f by any accident they are prevented doing so, they
infallibly die, because the old skin has grown so tough and
hard that it hinders’ the increase in volume which is insepar-
able from the growth of the animal. | The easting of ihe skin is
_induced by the formation, on the surface of the inner ep)idermis,
of a layer of very fine and equally distributed hairs, which
evidently serve the purpose of mechanically raisiag the’old
skin by their rigidity and pesition. These hairs, then, may* be
designated as casting haivs. That they are destined and
c2 .
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calenlated Jor this end isevident fo me from the fact esablisfied
by Dr. Braun thyt the casting of the “shells of* river Cray-fish
is induced in exactly the same manner by the formation of a

coating of hairs' which mechanically loosens the old gkin or

sebso o
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F16. §.—Casting process, in the skini of reptiles. &, in the clinging tristlee of tlie foot,
oL the Gecko; within the epidermis are seen the casting qun%.h. destined to far
sthe new clingiug bristles, 2, in the Adder ; Aa, the easting hairs 5 the partion of skin
nbove them is pashed awiay, and the haim then.selves form thie fidpes on the new akin.
€, & scalo of Phitodactylns with the little sensitive hinigs 4k a8 the right o, d, Theca- e
clivefyius ;. :h, the sensitive hairs; and Ak, the castinig hnirs wlich do not clinnge
during casting. From Cartler. .

shell from the new. Now the investigations of Bfuun and,
Cartier have shown that these casting hairs—which serve the
samé purpose in two groups of animals so far apart in the o
systematic seale—after the casting are partly transformed into
the concenttric stripes, sharp spikes, ridges, or warts which
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_Ol'?amt.a.nt the outer edges of 'the skin-scales of reptiles or the
carapace of crabs. Helice we are justified in regarding the
sculpture thus produced on the epidermis of these animals as
& rudimentary organ ; for the microscopic casting hairs; after
taey have done their duty in inducing the casting, reinain
where they were formed, somewhat aitered in form, it is true,
and without any further visible use.

Oceasionally, however, these hairs, after they have fulfilled
their office, ale transformed into organs which are. capable of
serving other useful purposes to the reptile. Thus, for instance,
Von Leydig discovered certain organ& in the skia Py
which he designated as organs of a sixth fense, regularly
communicating with long elastic hairs which;,pn.?ject far above

‘;}I ( M‘M, \‘:

Tt

= m| Rl

e '.E,i(-)')(‘)tﬂ Of
AMAS , .
F1o, )).—=2tages of casting In the campace of the freshwater Cray-fish, from Braon.

L First stage; a, the twoold guticular layers; &, the layer of casting halrs ; ¢, the opl-

dermis cells. 11, Second stage: a, b, ¢, us In f.; between b and ¢ the now cuticle d s
intervened. '

the surface of the skin, and scem admirably atapted to transpit
every impact or moleculaz movement to the sensiiive and -
guiding organs that are connected with thom. These sensitive
hairs belong to those casting hairs just mentiqned, of which some

2w, that ave placed in suitable positions, have been transformed
into such sensitive hair-organs (fig. 8, sh). Many of the teeth
and ridges which are formed on the surface of the scales by
the coaleseence of casting hairs are so placed as to Le of use in
. the difficult process of stripping off the v-hole skin on whose
surface they are situated, for they serve as holdfasts to the
rough surface of stones. Another still more striking exsmple
is exhibited by the family of the Geckos, which are all. dis-
tinguished by having an immense nurber of long stiff movable
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{

bristles on the soles of their feet, which giw:e these creaturbs thoir
well-known power of running with greas rapidity along‘vertital
walls or the ceiling of a room back downwards, without falling.¢
These. hairs, like those described above, are nothing more than

: casting hairs, for they originate in the sare
spectally developed : '»mg ) Y

‘e
F10. 10.~Struqtare of thie Gecka's foot ; a, from above ; b, a toe with its clinging ridges,
from below, slightly magnibed; ¢, disgram of sectlonr through a toe, exhlviting the
ridges in section ; d, o few of these, magnified, with their bristles ; », four rows of beistle.
cells, much magnified ; 7, tWo separate bristle-cells, mare magnified. From Cartier,
o 1

way a8 those, and =ssist in the process of casting (fiy. 8, a).,

The elinging hairs are absent in the embryo of the Gecko ; they
do not appear till the first casting, and assist in causing the
process ; this sufficiently proves that they were not primarily
destined to be used as urgans for qlingipg, but have acquired
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that use after first serving their other function. The sculptured
patter® on the scales pf repiiles, on the other hand, may be
regarded as the transformed and now useless remains of those
casting hairs whose utility ended with the preparing the old
dead skin for its casting by slightly Joosening it; while the
remains of others of these casting hairs: have grown to be
other furctional organs—as sensitive hairs and clinging bristles
—because they possessed such characters as qualified them
for such special functions. Hence we may zay that the seulp-
tured markings on tha scales of those reptiles which cast their
skins are no longer to be designated as morphological chara-ters,
since it has been shown that they originate by the transforma-
tion of parts which havea determinate, highly specialised and
indispensable, or at any ratg most useful function to perform in
the life of the animal.

This one example may, and in this place must, suffice, to
show that we need not abandon the hope of exnlaining inor-
phological characters on Darwinian principles, though their
nature is no doubt often difficult to understand. If it be
granted that it is possible—or if we are at any rate allowed to
attempt—to show, that in fact all those hitherto inexplicable and
so-called merphological characters have stili & determinate func-
tion, or have at any time had one, and may be regarded as true
or as rudimentary orgaps which were enabled by their living
elements to undergo further transformations and ckanges of
function —if so much as this is hypothetically granted, the
direction of our researches is clezrly pomted out, apd we fare
justified 1 prosecuting them. For since we consider all the
parts of the animal body as frue organs, and see that the sum
total of their,functional activity determines the vital ﬁt.ncss of
the spec1e<, we perceive that it is the task of the zoologls‘
enqmm how the conditions of life must act upor individual
animals and their organs, in order to be able to deduce ounr
inferences as to the physiological cavees of the origin of
different animal forms. We shall not, however, follow the
morphologist, who seeks to trace the affinities which must exist
between all living animals by investigating and comparing the
forms and organs of living and extinct animals as well us the
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processes of their development from the eyg. For althorgh the
mornhological section of animal biology teaches witk mush
probability that this species or that organ has undergone this or
that course of modification in the animal series, and that
in the process of *modification it has passed through a whole
series of various forms. still it is only physiological research
that can elucidate the necessity for their existence by.revealing
their esusative cohditions. s



SECTION I. 4
GENERAL PRELIMINARY CONSIDERATIONS.

CHAPTER T,

THE PHYSIOLOGY OF ORGANISMS. \

THE general direction of zoology i8, a5 we hive seen in the
introduction, determined by two branches of gcietice—NMorpho-
logy and Physiology. Although both make it their task to
learn to understand the phenomena presented to us by the
animal kingdom, they age so widely differenit, both as to their
details and as to the paths they have struck out for solving the
problems, that we are fylly justified in keeping them separvate
as two independent branches of science. ;

The problem for Morphology is to discover those affinities
of relationship in animals which actually exist, and to feund oft
them a natural system ofthe animal kingdgm. It attains this
end, or epdeavours to attain it, by investigating morphological
differences, as well as those similarities whick indicate s tgue
aflinity, by means of the gomparative mathod—comparative
anatomy and embryolozy. Physiology, on the pther kand, does
not seek to establish those affinities, but, on the coptrary, to
investigate those universal conditiors of uxistence and those
functions of living organisms which may elucidate from the
point of view of the laws of causation, among other things, the
natural system arrived at from morphology. Morphology, indeed,
only establishes the relations of affinity between individual

L}
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species ; if it ever should succeed in ﬁxrxdmrv a truly“natyral
system oorreapondmg to these relations, this in itself Sould be
the best morphological evidence of the accuracy of one of the
pricaipal propositions of  the Darwinian theory, i.e. of the
genealogical relationship of all animsals. But Physiology, *
taking this result {or granted as a fact, endeavours to explain
it by revealing its physmlog\cnl necessity, i.e. its dependence
on external and internal causes whose united ‘action has,
slowly or rapidly, caused the transmutation of one animal form
into another.

It will be advisable to illustrate this proposition by shortly
discussing an example. Morphology teaches us that two paivs
of organs of locomotion—limbs—are a marked characteristic of
the Vertebrata, and that two pairs only do not oceur in any other
animal group. Moreover, we have leurned that these two pairs
cf extremities must have possessed the highest degree of plas-
ticity, since they are found, throughout the vertebrate series, of
the utmost variety of form and structure; while at the same
time their varistions are so characteristic that they furnish us
with an easy means of tracing even very close relations of
affinity between different animals. But Physiology has hitherto
been wholly unable to detect the causes which led to the
development of only two pairs of limbs in the Vertebrata ; since
no self-evident vsefulness can be direstly ascribed to the exact
number of four organs of locomotion, and it is undeniable that
many vertebrats animals could move just as well with six or
more logs as with four ; there are fishes, too, as the Eel, which
are wholly devoid. of them, and yet move forward with great
rapidity by a wriggling motion of the body ; and Snakes, which
have not four legs either, rin, as is well knowu, with extreme
rapidity on the poirts of their nuwerous ribs. To find a reason
for the pievalence of four limbe in the Vertebrata, and at the
same time the canse of their origin, is precisely a problem for
Physiology. Even if an invertebrate animal were to be found,
which, on general gronnds, might be regarded as the nearest
inveitebrate ally of the Vertebrata, and which, moreover, in its
larva or embryo stage exhibited organs which in position and '
structure might be regarded as comparable with the simplest of
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thy, four® typical orgnm's of locoinotion of the Vertebreta, such a
digéoverf would.indeed be hailed with delight by the morpho-
logist.> But the physiological problem would remain ‘ansolved ;
it would merely be transferred from the Vertebrata as a class to
that group towhich this hypothetical animal might belong. From
the most general point of view the purely physiological problem
is, to say ‘the least, of just as much importance as the morpho-
logical. *

After this illustration we may set morphology wholly aside,
and pass on to a general preliminary consideration of the sub-
ject of the present volume, i.e. the ‘ Ggneral Physiology of the
Animal Kingdom,' or, as T first named it, the Physiology of
Animal Organisms—a title by which I intended to convey a
certain opposition or contradistinction of the subject of which
it treats to the general conception of Animal or Human Phy-
siology.

Everyone is aware that the science which is usnally known
simply as Physiology endeavours aimost exclusively to explain
the functions of different organs, and is not_tnfrequently con-
fined within even narrower limits, in accordance with the
assertion of & well-known German physiologist, that this science
is useful only or principally in practical mélicine, and must be
regarded as subservient to it. This familiar form of phymology
is merely the physiologyof the organs ; its aim is to verify the
laws by which the organs of sense—such as the brain—the
muscles, atomnch, heart, spinal cord, lungs, kidneys—in short,
each of the various organs—exercise their functions. (I am‘l
need not say, far from-disputing the unluense value of this
branch of study, or even fromv.thinking thatits results can ever
be disregarded by the zoologist. T neverthelcss must mamkmn
that another field, as yet alimost unworked, lies open to physio-
logical . enquiry—nay, more, that organic physiology has not

afforded such assistanee to'zoology as it might have done if it
had been less exclusively forced into the’service of practical
 medicine. An immense number of questions bearing the
highest general scientific importanee lie open to physiologieal
enquiry in the vast number of different species of animals; but
they are never, or but rarely, answered or even workgd out, for

’
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they cannot be solved by the few animal forms on which
physiology is wont to make her experiments, It is“certainly
no exaggeration to say that not more than six or eight—at most
twelve—kinds of animals from among the many thousand
existing forms, have hitherto been invesfigated by physiolegy
as it is understood n our universities,

But even supposing that the laws of organic physiology had
been deduced from the investigation of the greater number of
living animals irstéad of merelya few, it still conld not avail to
answer the questions which arise from the reciprocal relations
of tanimals, and whicls bear upon the external conditions of
existence. But these, above all others, are those that claim our
interest, if our point is to establish“the most universal laws of
the development of organisms and of the transmutation of. one
form into others.

¢ In order to set this in a clear light, T think it will be
advisable to compare, in the most general manner, two groups
of facts which apparently have no common point of coincidence
—the geographival distribution of animals, and the normal
arrangement and functions of organs in the individual animal,
~ All the organs of an animal are in co-ordination, physio-
logically as well as morphologically. , Although the liver and
blood-vessels, brain and muscles, and all the organs appear to
act independently of each other, they. are so absolutely depen-
dent oa each other that they are wholly incapable of doing
their duty as soon as their relations, sometimes very remote,
the sther organs are inwrrupted. Thus the muscles of the
arm, thoiigh the arm itself were unirjured, would cease to act
with any purpose if they were nade independent of .a healthy
will ; and this sgain depends on the normal activity of our
vascular system, for if the blood-vessels of the brain Are exees-
sively or-insufficiently supplied the furctional activity of the
will must suffer. And every separate organ is in the same
way influenced, and'its aciivity determined, by others, or by all
“ the rest. If one organ is in any degree changed, every othey
will be affacted and changed more or less,
The same law applies in a certain measure to the present
distribution of animnls'ou the surfuce of our globe, Tt is, no



INTERDEPENDENCE OF ANIMALS, 29

dou}t, evident that the animald now inhabiting Ausiralia ave
80 Widely® separated from those of England that, irrespective
of other circumstances, it would be quite impossible for them
to have any influence on each other. But.if we turn our
‘at*ention to a defined region, such as North or South Ameriea,
where the most widely different apitnals® live in the most
intimate ad ever varying contiguity to each other and to the
plants whicli occur there, the case is altogether different. 1f
the American prairies were to cease to produce grass.. the first
resalt would be the rapid and utter extinction of the now
numerous herds of buffaloes, and on theiwexistence depends that
of the surviving remnant of the ancient Indian population of
America, If the vavions insectivorous birds of North America
were exterminated, within a very few years beyond a doubt all the
produce of the rich agricuitural districts of that continent would
be destroyed. If we change the mode of life of any single
animal, the change will instantly have an influence on all the
other animals whose healthy existence was in any way depen-
dent on its normal function before it was alidred. Although
it is certainly true that the various animals inhabiting a country
are not so intimately interdependent as the organs of the
individual, thi relations in thé two cases may be very directly
compared, The normal numerical proportion, mode of life, and
distribution of animals would be altered or destroyed by the
extermination of one single animal, just as the whole body
suffers, with all its organs, if only one of them is destroyed oy
injured. And in both cases naturd has analogous renfedies at
her command. In the oné case the function of the incapacitated
organ can, be assumed, at any ‘rate to a certain extent, by some
other uninjured organ, exuctly as, in the other case, the function
of the exterminated animal raay be fulfilled *with regard to the
whole fauna of the country by some other animal, But a
perfect compensation for the loss susmin?d is impsssible in
either case. LR

This parallel between an indjvidual ‘organism and tue con.
ditions of distribution at present existing may be earrieq sut
with reference to the purely morphological relations. -

Every animal body is constructed to o certain extent in
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accordanée with a determined type, and every individual¥of a
species repeats the organisation of"its parents without any
considerable or abnormal deviation from it. And it is well
knewn that this is the cate not only with reference to the mere
existence or reproduction of the same organs, but with reghrd,
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or_from which the organs originate by gradeally i%-

g the tirst (germingl) Iy,

crensing differentintion.

—Germinal layers of the Chick, from Kolliker, Section of the young embryo,

shawin,

Fra. 11

~aboveall, to their position. -This topography of the organs of
an animal is, to say the least, of quite equal significance with
the existence of the individual organs; so much so that the
development of our modern views as to the embryology of
animals—the history of their incividual growth—rests essen-
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taliy on .the axiom that the topographical relations of the in-
dividual organs must alwhys be of the same general type, not-
withstanding the utmost variety in the forms of the organs
themselves or of the animals to which they balong, so long as
thése are included ir. the same systematic group. Thus, for
instance, a vertebrate animal with a brain i the foot, as some-
times oecurs in Mollusca, or with an ear in its tail, as in cer-
‘tain Crustaceans, is simply an impossibility ; among the Ver-
tebrata these organs are always necessarily located in the skull,
or brain-capsule, which 15 invariably in the head ; every organ,
even the most insignificant, as it _migh® appear, has its deter-
mined position from which it is but rarely displaced. This
topography or distribution of the organs is indicated and recog-
nisable at a very early period’in the life of the individual. Be-
fore any kind of or gmf is constructed and adapted to any
_determined use, two or three embryonic layers or strata 6f
cells are formed (fig. 11), known to embryologists as the
germinal layers. Each of these is graduall) formed or differ-
entiated into certain organs. Thus, for indance, it is now
ascertained that the central nerve-system originates in almost
all animals directly from the outer layer, the so.called ¢ Ectoderm,’
of the embryo and we <know also that the eyes and exrs are
formed in the same way from this outer germinal layer, and at
the same time from the eéntral nervous systens, which has been-
already separated from it. The same obtains of all the other
organs, of which some always ongmnto from the inner germins
layer, others again as invarisbly frol the median laye® _This
stratification of the body, which is, on the whole, tolerably
uniform m all animals, and tlie mrly appearance of *he three
principal germirial layers, can no longer be doubted. »
If we now look at a map of the world on which the dis-
tribution of the fauna'into districts is indicated by different
colours, and compare this with the lxst.s of Birds, Mammalia,
or Reptiles which usually ncoompnny sulf  map, we perceive
that a great number of chcles, genera, and even families oceur
in only one district and not at all in the others, This nlater
has lately been admirably treated by the distinguished English
naturalist Wallace, whose work on the geographical distribution



32 GENERAL PRELIMINARY CONSID‘BRATIOXS.

d
of anima#ls will long be the chigf book of reference for allisvho

take an interest in the subject. I‘would refer the reader to

Wallace's book, and think I may therefore fairly refrain from

adducing numerous instences to prove that in the present
distribution of animals on the globe ansequally sharp demiar-

cation of the strafification of the groups of animals can be dis-

cerned as of the topography of the organs in an individual

organism. No one will expect to find living Marsupials in

England or Gernany, or buffaloes, stags, and other Ruminants

in Australin. The reader who is adquainted with Wallace’s

work on the contrast between the faunas of the Australian

and Indo-Malayan provinces will not have been surprised—on

the contrary will have felt a certain satisfaction—at hearing

that an animal has lately been discovered in New Guinea be-

longing to the group of the Monotremata and nearly allied to

the Ornithorhynchus.

If we could describe, the embryology of these groups of fauna
—i.e. if we yere in a position to represent the development of
each distinet favma from the earliest geological periods down
to our own time with anything approaching to the same com-
pleteness as we can now attain with regard to the embryology
of many animals—we should undonbtadly be able to trace the
present distribution of gnimals up to very remota geological
periods. The biilliant results, for teanscending all that had
been previously achieved, of the palmontological investigations
- Ju North America by the American naturalists, who annually
risk their lives to obtain”scientfific results, will undoubtedly
ere long put them in a position to gwe us an almost complete
history f the secular evolution df the North Americ.n fauna ;
and T am convinced that the elucidation of’ this branch of
natural history wili not only revesl many more important inter-
mediate forms Letween different vertebiate types than are now
known, but also that the main féatures of the present distri-
bution of the Nortn American Vertebrata will be recognisable
in that of the fossil fauna, precisely as the general arrangement’
of ¢lie organs, in which the most dissimilar animals agree, is
indicated from the first in the primary germinal layers.

Enongh has been said, I hope, to prove that we are Justified

¢
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in' comparing the orgaps of “the individual, their action and
their distribution, with the different species of aximals, and
their present distribution and functions on the globe. , The

fauna of a district thus takes the aspect of a vast organism
€

whose separate members—the different species of animals—are

living paxts of the body, and which has had too its embryology,
.e. its development in time; These species, as regards the
laws of their local distribution, may be regarded morphologically
as the limbs of a gigantic organism which throws one 'or gnother
of them up into the air on to the top of some mountain paalk,
while others are flung into ocean depths, subterrancan eaves,
lakes, or rivers. But they may also be studied physiologically,
and compared to organs which by their functions and import-
ance influence the life ¢f the whole mass, and are interdepen-
dent by the most various physiological relations, like the organs
of a healthy living organism. ;

It is in agreement with these. arguments that we apply
the expression ‘ Universal Physiology,’ or the“Physiology of
Organisms,’ in contradistinetion to the Physiology of Organs,
to that branch of animal biology which regards the species
of animals as actualities and investigates the reciprocal rela-
tions which adjust the“balance between the existence of any
species and the natural, external conditions of its existence,
in the widest sense of the term. Each separate organ, even
when influenced by- other parts of the body, must exercise its
own specific fanction. The sum, oy, to speak more acgnratel ¥,
the resultant, of all the, forces Bimnltanec'{us]_v at work “in an
individual, constitutes its individual life ; and its general well-
being arfd its capability fer maintaining the place it has once
acquired in the struggle for existence are the result of o
combination of the numerotis different and often antagonistic
functions of the individual organs. This is equally true of
species, if we regard them as memhers ofiy single vast organ-
ism ; and this organism can only maintain its place in evistence
" '—the distribution, that is, of its members on the surface of the
earth—by the eflicient action of its functions, 1.e. by the reci-
procal activity of the species which constitute it, sometimes

D r
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woﬁemtxve and sometimes nntagomstw, sometimes un‘.ler tho
influence of the external conditious of life and sometimes opposed
to them.

Under the term P‘ly-nology of Organisms ' we muy therg-
fore comprehend all shosg laws which are known to us from the
mvcstngatxon of the relations of various species to ecch other
and to” those conditions of lifo”which maintain, destroy, or
wmodify their existence as species. Specul phygiology, on the
other hand—hich in its present stage is often termed simply
huraan physiology— or, more accurately, the ‘Physiology of
organs, includes all those facts and laws which refer chiefly
or exclusively to the specific action or re-action of the organs
of individuals.

The subject-matter of the followmg chapters has now been
eractly enongh defined. We shall leave the laws of the re-
lations of affinity us revealed by morphology entirely out of
the question, aceepting thera as they stand, without criticism,
In the province of physiology we shall in the same way dis-
regard, as far as possible, the physiology of organs; for, at any
rate in the first instance, it is of no importance to our more
;,eneml problem taat the use of each organ should be deter-
mined.” The interest of these specific enquiries extends only
g0 far as they may he of value in detexmmmg for d' species its
capability of existence as such. ‘At the samé time it must
never be forgotten that the results of the more general enquiry
Gin never contradict the really well-founded facts and laws of
specisl phymology, and we shall tonsequently be obhgcd again
and again to refer to them, espeeially when a species depends
principally or exclusively on the hesithy and vigorous “action of
its organs for the, possibility of maintaining its place in the
struggle for existence,

Before gomg on to this particular enqmry it seems desirable
that the expression ¢ External Conditions of Existence’ should
be as arcurately defined as wmay be. Ihave already said that I,
wish to see as wide an apphcnhon given to it as possible, so as
to include & every influence, Lowever insignificant and difficult to
detect, that can affect the ¢ fitness for survival’ of a specms, and
to investigate its moce of action. This explanation might
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.
mi;‘ﬁca,’but I prefer to illustrate my meaning' by a ‘Yew further
considerations. -

Everything which tends to hinder or to favour the con-
tinuance of the life of the individual and the propagation ¢f the
gpecies, as such, must be regarded as a condition of existence
for that species. In this sense every Grgatiism existing on the
face of the globe, as well as £very inorganic constituent of the
earth’s surface and of the atmosphere, is a condition of existence
for all animaly. Their relations to those orghnic and inorganic
elements differ only in degree, in being more or less remot®. Heat
or cold, light as well as nourishment, the density of the aftmo-
sphere, the water or the soil in or on which animals pass their
lives, electricity and the chemical constituents of the media
surrounding them, whether” aiv or water, the plants or other
animals with which they live, either in the closest connection
or in mere association—everything, in short—may and must
exercise a certain influence on animalg, and may bé harmful or
prejudicial to them ; and there is nothing on the face of the earth
that may not be regarded as an essential condition of existence
to some species of animal. It is self-evident that the influences
of these manifold conditions must be in, the highest degree
various. One animakzaquires a high temperature in srdar to
live, another a low one; one form prefeps a very damp atmosphere,
another a dry one ; many are destined to live flways under wates
or in the soil, while quite as many disport themselves in the
freer medium of the air. If we could sudderfiy reverse all the
conditions of existence which are"indicated by these%aedes of
life, we should annihilaté all the animal life on the earth; for
no fish ean swim in the ajr, rio bird can live permanently under
water, & molé cannot climb, a salamander cannot existtn a
desert, nor a desert-snail ¥ the virgin fckests of the trdpics,
If, on the contrary, wo reverse the conditions slowly, but still at
a perceptible rate, it is probable that most Animals would perish
while a few would survive., But if we supjose that such changes
—in the atmosphere, for instance, in the constituents of ‘water or
of the soil, &ec.—were effected so-slowly as to be nerfectl in-
appreciable by man, it is highly probable that the number of
surviving forms would be very considerable, The influence of the

I 2
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conditions of existence thus changed is sometimes very (B{fere}it
on nearly allied forms; for instance, ond species of Neritina can
live equnlly well in fresh, brackish, and sea water, while others
oceur only in one or the.pther, and cannot survive any diminu-
tion or increase of the saltness of the water they live in. The
simple reason of this‘lphenomenon is the fact that the life of an
animal depends not merely on the influence of the external con-
ditions, but on the reaction of its own organisation. If we
transfer 2. stickldback (Gasterosteus aculeatus) dirvectly from
fresh to'salt water, and leave it there for days or weeks, it will
not perish if it is supplied with sufficient food. But if at the
same time we place one of the common fresh-water mussels
(Unio or Anodonta) in sca-water it will soon die, sometimes in
a few hours. The remarkable difference in the beh: wiour of
these two creatures is easily explained by the following hypo-
thesis : In both animals the salt water is transmitted through
the skin to the tissues of the body; but this takes place to a
much greater extent in the mussel than in the fish, and thus
injures it, while the fish can bear the small quantity of salt it
has absorbed.  IF owr migratory fishes, as the salmon, had as
great an aflinity for the salt of the sen-water as the mussels
have, thay would soon cease to exist, orwould have to become
adapted to live wholly in fresh water. Thus every change in
the conditions of existence influences different animals in dif-
ferent ways. The problem, then, is to investigate more accurately
these diffevent effects of changed conditions,

If & suppose that some such secular change in the condi-
tions has been effected, or that certain animals have in some
way or other been transferred from jheir original stations into
other circumstances, the effects of such a clmu"é in either case
mny‘bﬂ the same or'quite distincty and this in two ways. It
might oceur, in the first place, that, the Whole species not hav-
ing perishod under jhe new oondltwns of existence, a certain
kind of selection wis made among the survivors, ag in the
above-méntioned instance of the fresh-water mussel and the
stickleéback, This selectlverpower, however, may be exerted
not merely on a species as a whole, but on the more or less
dissimilar individuals t.hq‘t. compose it, and even on the organs

)
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of each individual. *An organ exclusively adapted ¢o a certain
mtdiuf, or fitted onlysor ofie restricted use, must degenerate
and at last disappear if it becomes useless by the change of
conditions, even though the animal itself does not suffer from
this on the whole. Or, secondly, the' animal, though not ex-
terminated, may be more or less crippled 6 altered. An organ
no longér needed for its original purpose may adapt itself to
the alterell circumstances, and alter correspondingly if it con-
tains within (tself, as I have explained above, the ¢lements of
such a change. Therr the influence exerted by the.changed
conditions will be transforming, not selective. Eh 2
This last view may seem somewhat hold to those readers
who know that Darwin, in his theory of selection, bas almost
entirely set aside the direct transforming influence of external
circumstances. Yet he seems latterly to be disposed to admit
that he had undervalued the transforming as well us the selective
influence of external conditions; and it seems ta me thit his
objection to the ides of such an infliience reéte:l essentially on
the method of his argument, which seemed indispensable for
setting his theory of selection and his hypothesis as to the
transformation of species in a clear light and on a firm footing.
By a rearratngement of the materials of his’argument, however,
we obtnin‘, as I conceive, convineing proof that external condi-
tions can exert not only.a very powetful selontive influence, but
a transforming one as well, although it must be the more
limited of the two. We shall presently see that in many indi-
vidual cases direct effects of tifis kind have beem, actually
observed and perfectly established by a systematic series of ex-
periments, The discussion ¢ these must naturally he reserved
for the chapters to which 'they belong. z
Finally, I have yet a feyr words to sayfon another objection
which. has already been frequently made to fhe vidw which is
here brought forward. .I¢ is pretty generally supvosed—and
indeed the facts often seem to bear it outﬁ"’-—tlmt those changes
of orgins or of organisms which are brought abous by the
direct influence of any external cyuse are neither Lonstant nor
hereditary, so that the varieties that have originated in such a
manner seem incapable of any shm;a in the process of frans-

'
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formmg on specles into another; for every subsequent change

in the conditions of existence would gite rise to fresh (,.lmngc\,
of advance or retrogression, so that it would become impossible for
them-to develope apy further in one pavticular direction, Under
such a theory as this it would evidently be quite superfluous to
investigate the infludhce of outer cirecumstances on a.mmalq and
on their organs and mode of life..

But this objection rests, as it seems to me, on the false
assumption that the external conditions are constantly and
rapidly altering, so that each variation caused by them is coun-
teratted at once by soma antagonistic external inflnence. This
assumption is, as we know, in direct contradiction to the fact
that the external conditions in reality remain constant through
extrordinarily long secular periods.. Thus the assumption would
seem well-founded, that animals mighc be acted upon merely
by the constant, uniform repetition of certain influences,” and
stronnly enaugh affected to become capable of maintaining
the characters thus acquired, even when the external canses
which gave rise to-them were removed by some fresh change.
Hence it is impossible in our enquiry to ignore the transform-
ing influence of the conditions of existence, merely in order to full
in with o somewhat commonly aceepted.dogma ; for it is only
by assuming that such effects are possible, and dirgeting our
enquiries and expcriments aceordingly, that we shall be able to
arrive ac any decision on the question whether such trans-
forming influences have played any part in the development of
animal types or not.

After these somewhat long, but indispensable, general con-
siderations, T must briefly indicate’ the classification and arrange-
ment of the material which was best fitted to elucidate the
study of the action of external eonditions on animal life. At
first sight it might seem that it would Le well to distinguish
the Transforming from the Selective influences. Such a classifi-
cation would, howevci, involve us in many inconveniences. In
the first place the two divisions would be widely diffevent in
extent; for while we have no particularly rich store of experi-
mentally grounded facts, even with regard to the selective
influences of external cgnditions, with regard to direct trans-
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fogming influences we have next to none. I therefore prefer to
adept afl apparently arbitrary‘and illogical division, classini the
external influences as (@) those that belong to tnorgaiiic or inani-
mate nature, and (b) those which are due to living organisms,
sid above all to living animals of otherkpecies, To the first class
naturally belong all the relations which eriginate in the need
of animils for inorganic noupishment ; and this, though it is
not unfrequently consumed in the form of living animals, is
not able to exert its specific influence until they are dead.

This division is, as I have observed, somewhat illogical.
Bat, irrespective of the impossibility,et present, of adopting !
any other, it has this advantage—that it indicates at once the
fundamental differences between the two groups. The influ-
ences of the first group may.be both selective and transforming,
while those of the second are exclusively selective, However,
this division is not altogether sharp and accurate, as willide

.
seer,
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SECTION II.
THE INFLUENCE OF INANIMATE SURROUNDINGS.

4 + o

CHAPTER IL

FOOD AND 1TSS INFLUENCE.

The necessity of nourishment.—It is universally known that
most animals begin their existence as very minute, often indeed
microscopic, elementary bodies, as eggs which are simply cells
and usually immeasurably smaller than the parent animal. .
"this disparity of size is most marked among the mammalia, the
most highly developed group of the animal kingdow:; the ovam
cell being always microscopically small, while the animals are
often of gigantic size. whis difference of size shows, without
any further proof, that in most cases the nutriment present in
the ovum must receive further additions of organic matter 5 to
enable the animal to acquie its proper size; and as animals
cannot, like plants, form these mattersthemselves by the decom-
position of carbonie acid, they wust take it up from. external
sources in the form of ready elaborated organic fi-sues—which
is- equivalent to suying that animpls must derive tho organic
portion of their nutriment from other organisms. The need of
the growing animal for such organic nourishment is, as we well
know, very great, '

Butithis imperative need of constantly adding new supplies
of organic matter during the period of growth to the nutriment
which the young animal has derived from the egg is not the
ouly cause which obliges it to be always seeking nonrishment ;
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lhve 15’:\ second, which in lafer life is at least equally press-
ing® If%here were no ether ¢ canse, the animal might ceasé to
eat as soon as it had attained its full growth. Buf everyone
knows that regular and, in some cases, nuperous mealse are
rauired, and conseqqently every animidl is forced, to the very
last day of its existence, to seek food, adtho®gh growth has long
since ceastd. The reason for this is very simple. That sum of
functional detivity which we call life can onl) be maintained by
using up the organic matter contained in the tissugs of the
Iivin" body. The activiiy of the muscles and of the bman, the
sensitiveness of the sense-organs to exdernal impressions, ¢he
secretion of urine or perspiration, respiration, propagation, and
the assimilation of food—irf short, all the vital processes that are
carried on in the living individual—are only possible through the
consumption, or, more correctly, the decomposition, of a corre-
sponding amount of the organic matters contained in the organs
that are exercised, The minimum of mntter thus destroted
may be greater or less in different ahimals, Sometimes even
inuppreciably small; but the loss of even this minimum of
organic matter must. sooner or later endanger the life of the
animal if it is not soon made good. In order to make it good
and to be at the same gime in a position to®carry on upinfer-
ruptedly the normal process of loss of 1bs own tissues b) secre-
tion, the animal must csnswyne nourishmentein various pro-,
portions according to its needs. There are apparent exctptions
to this rule: for instance, the well-known cases of animals—
Amphibin, Mollusea, and others—which are able to live far years
without food. T myself Rept varions specigg of land-snails for
years wrgpped in paper and quite dry in wooden boxes, gnd thus
wholly withouts food, and mm) of them are at this day alve
and active.” The explanatign of this striki instance is easily
found, The amount eof nourishment requiregd dmly by any
animal must naturally be “equivalent to the organie matter
which is d'uI) used up in the variows org!nxs to keep up the
*vital processes : the more active an animal is, the more food will
it require. But the vital processes f animals that arg as lew in

" the scale as the Amphibis or Univalves are extiemely feeble ;

their respiration, even under the aalt;tmﬂ mﬂueme of pro-
‘'

. . . .
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pagation, /s not sufficiently energetic to raise the temperntpre
of the body pemcptthly higher than that of the surtounding
medium, whether air or water. In such animals the need for
ford may be in_ fact suspended for a long period, as their
vital processes can easily be reduced to a minimum withont
endangering life. - Bu{, notwithstanding the privation of
nutrition, a certain consumptior of organic constituents, how-
ever small, must be constantly going on ; for such a consumption
is inseparable from respiration, and tlns even, when reduced
to the. lowest point, can never be wholly suspended without
enuangering the life of the animal. Thus, in such cases, the
cessation of consumption of nutriment in no way proves that
the animal conld have carried on wun active life without food,
but only that its vital activity can be to a eertain extent latent
for a long series of years; still, not ‘for all eternity; on the
contraryit is perfectly certain that, even in an appm-ently latent
life, acertain consumption of organic tissues goes on, since with-
out it respiration, which is indispensable even when reduced
to the lowest point, is impossible, and so death must ensue even
with those auimals that have the utmost powers of resistance.
Thus distinctions can only properly be made between the
difference in the amount consumed apd the gréater or less
resisting power as affected by that diffevence. Thus, for
.instance, warm-blooded animals generally can scnrceh live a
week without food, while cold-blooded animals can often support
life for many mnnths without nourishment ; and it is extremely
interesting to observe thai animals so high in the scale as the
Mammals that hybernate can, in the same way, cary on a
Iatent life for months without any nourishment, like Land-snails
or: Amphibia; not only do they not suffer, but they actually
require this period of negative existence during their winter
sleep for the maintenance of their normal vitality. For certain
reasons to be discussed presently, these animals duving their
hybernation have Leen compared, and apparently mth Justice,
to the cold-blooded animals. |,

+The amount and kind, of nourishment.—The amount of
nourishment required within a given time stands, as has
been observed, in the closest relation to the greater or less func-
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' tiongl activity of the individual 8rgans, to the size of the animal,
and #lso, & T must now adel, to i%s special adaptation to a certfiin
mode of Iife. It is clear that a large anima® must consume
actually more food than a small one, but with, relation to dhe

emags of the animal the proportion may be precisely inverse,
Thus we know that’a caterpillar, at ¢he ®eriod of its most
rapid growth, eats a great deal gnors in proportion than a dog
or an elephatt. The determination of the absolute and relative
amount of nougishment needed by different kinds of animals
is extremely difficult amd of no importance to the puesent

enquiry, It offers, indecd, only two posts of more genewl *°

interest, of which one shall at once come under discussion, while
the other—the relative anfount of nourishment required by
carnivorous and herbivorons animals—will be treated later.
The amount of daily neurishment needed differs very widely
in individuals of the same species ; one will eat, another wilt
drink, more than others; but they will all be apparently
equally thriving, excepting in cases® of actual.over-en.ting or
privation. - Between these two extremes—whigh both result in
death; because the maximum of utilised nutrition is exceeded or
the minimum is not attained—there is a graduated scale of *
quantities, wlich are lesg and less favourable s they apgroagh
these dangerous extremes. Hence a point must exist between

the two, which is the magt faveurable® as regards the mass of ,

food introduced into the stomach. This may be briefly *desig-
nated as the optimum of food. But this optimum does not
lie, as it might be supposed that i# should, exactly Imlfyway
between the two extremes, but may lie, gaccording to the
creatare’s needs, neaver to the ore or the other. It is, of conrse,
of the highest inéerest to asertain what the optimum of daily |
nourishment is for different apimals, since tHs must be one of
the most potent influences which govern the cgnstantly VAry-
ing numbers of species and individuals. Unfortunately,no data
of general value exist on this point,!9 #Ve hﬂzw, with tolernble
acuracy, the optimum of nutritign for man, for the domestic
animals, and for those that have beey subjected to physiologigal
“experiment ; also for some others, such as many  birds and
insects, which are of interest to the h}abandman. But this
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knowledg?, in itself but small; bas been acquired éther, by )
casual observations or by expérimewts which relate almost.
exclusively to sich animals s are useful or injurious to man,
an the general biological bearing of these proportions has as
yet been in no way verified by investigation. Hence I shall
avoid giving any specific data, and it will suffice to repeat once
more that every deviation from the optimum of nutrition (a8
to quantity) must be more or less injurious to the creature.
The qualityuof the nourishment has, if passible, an even
greator influence on the life of the individual and consequently
on’ the species, and €t constitutes one of the most powerful
influences for adjusting the relations between animals and their
surrounding circumstances. There is scarcely a constituent of
the earth’s crust, whether on lanid or in water—not an animal
nor a plant, whether living, dead, or even in decomposition—
wwhich does not afford nourishment to some living animal. Some
insects live in dried wood, others on living leaves or roots.
Almost all the species ot Holothuria (sea-cucumbers), many
gsea hedgehogs, and one genus of Mollusca (Onehidium) swallow
gand or mud, while neglecting the animals and plants which
lie close at hand. Parasites suck the blood of their host or
absorh the juices of a particular organ :. certain larve of Ascaris
(Ascaris nigrovenosa, in the frog) consume the organs of their
- own parent ; and human flesh is a tit-bit to some of the human
race. * But in these, as in all other cases, animals require two
quite different kinds of food ; it must be of organic and of in-
organit origin. If one kind of nutrition is omitted, the other
kind, exclusively sapplied, will no longer have the same favour-
able effsct on growth and the other vital processes that it had
when duly mixed with the other kind. This fact is universally
recognised with regard to man and the domestic animalg ; but
it obtains thronghout the animal kingdom, though it is not in
all caser so plainly apparent. Thas, for instance, Parasites—
such as tapeworms; threadworms, &c.—seem to require one kind
only of organic food, since they live in certain organs only,
ore’ specied in the liver, another in the intestines, others again
in the brain (as the warm which gives sheep the staggers) or in
the eye, the skin, and even in the bones. All these gpecies of
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anigals thke in only the one fofm of nourishment swhich they
find th thdse organsin whéch thly take up their residence; and,
in & certain sense, we are no doubt justified in faying that these
animals live solely on organic food. But whep we rememeer
sthat, the fluids which permeate those organs invariably contain
a larger or smaller quantity of salts in $olufon, this contradic-
tion does hot seem, accurately speaking, to exist; for it must
evidently be®quite immaterial whether an animal takes up the
earthy salts and water which are indispensable to its gristence
dirvectly in their original *form, as we do, or indirectly im the
Juices of the animals or plants on which ey feed ; only in the
latter case, if the amount of inorganic matter contained in the
organ is sufficient for its needs, it will requive no further addition
of salts or of water. .
Recent physiology establishes the fact that in man and in
the few animals physiologically experimented on, the propo®
= tion of inorganic and organic food must :11\\-1.1_\;3 be approxi-
mately the same, if health is to b maintained unimpaired,
We know moreover that nourishment, at least for man, is taken
in combinations in which a conspicuous part is played by,
stimulants, which by their presence excite the glands in the
mouth, stoma®h, &e., sgfhat they fulfil their “office more, effye-
tually. The most universally used stimulant is salt. Wo may
very fairly suppose that ne similar proportion ®etween organic ¢
and inorganie food is necessary to all other animals, arfl also
that they need a mixture of innutritions stimumnt with theirg
food ; for instance, we know that Fiminants are very fengd of
salt. But we have no gereral and verifiedgdata on this sub.
Jeet, and the only theory we ca® assert with any degreegof pro-
bability is that ethe sbimnl:tnts, if any, needed by the lomr.
animals must be quite differeng from those redhired by man and
the higher animals. . . 2
Irrespective of salt, these Stimulants—or excitants—s-consist,
for man, principally of wine, beer, andsother*flcoholie drinks, of
ooffee, teal &c., and the various spices. Although we are now
speaking of them as in contrast to, nutritious foody propesly
* speaking, because they ave not transformed or assimilated 3
living organic tissue, they woiild seem t} be almost indispen-
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gable aids to the assimilation %f the irue nutrimedt. They
may he compared to the oil néeded Tor the working of &very
machine ; this Woes not add to the effective power of the
meshine, whatever that power may be, and yet it cannot work
smoothly for any length of time without it. It isin the szme
way that stimuldhts enable the body to exert its digestive
powers to the utmost. Can ofher animals dispense’ with such
an ‘oiling of the machine’? This gives rise to the question
as to what sors of stimulants they need; amd to this other
one :- Whether substances which certainly are by no means
stunulants to man may not prove to be such to the lower
animals, And finally a third question occurs : Whether other
influences, irrespective of the actuil reception of food into the
intestinal canal, may not act as powerful stimulants for the
gbsorption of true nourishment. This last question may for
che present be regarded as superfluous, but it seems advisable to
point out that in Chapter VI, ‘On the TInfluence of Stagnant
Water on the Creatures inhabiting it,’ evidence will be adduced
that in certain cf the Mollusea (Limnea) the assimilation of
nourishment depends not merely on the food itself, on the
" healthiness of the organs, on the temperature, &e., but alse on
the influence on the skin of a certain constituent of the water
at present unknown to us.

Organs for-taking in, preparirg, and assimilating the
food.— Everyone knows that digestive organs of some kind are
possessed by every sort of animal, and it may be taken for
grantcd that the general “structure of these organs and their
mode of action ave generally well known, so that it will be
superflnous to describe here th® endless variety of snch parts;
every text-book of zoology gives ample information on such
Points. A generfl outline of the relations of the parts must,
however, be briefly given. In the first place, their position,
invariably within the body, is woithy of remark, since it is
this which necessitates ‘the presence of other ergans which
have certain auxiliary duties #o perform in the service of their
masierg—the stomach and the intestines. The organs for
taking up food, the mouth, teeth, and, more remotely, the fore
extremities or other external parts, are specially adapted to
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secu®p food, to divide it, and to Jransmit it to the stomach after
being well comminuted ; Shile man also requires the 9seist.a}1ce

» of the cook in the preparation of his food.® Now although,
Jrom a physiological point of view, these auxiliary organs ame of
less importance than she digesting intestinal canal, they ave of
the highest,interest for us, inasmuch as they Mvolve an endlessly
varied seriesof links between aifimals and the conditions ginder

(9}
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. .
P, 18, —Sasonling careini, with the tuft of clinging roots which it insorts innl*e body

Z! its Jwst; b, its larva (Nauplius) ; ¢, Thompsonia uhbo‘l (Kossmanu) ; d, {t8 larvn,
ypris stage. °
. ° .

which they live, in addition to those which grise from the nserp

e quality and quantity of the i®urishment required. 4
The peculiar mode of taking up nourishment exhibited by
various Parasites must also be shortly degeribed. s a yule,
glmost without exception, the larve of pardgites swim or move
freely about in water (leading & Yery unfitly termed active life).
* During this stage of free locomotion the larva are ueually’ high
it the scale of structure. The larva of the parasitical Copepgpda
or Cirrhipedia (for instance, of a Sacghlina, fig. 12) is known

4
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to zoologists as a Nauplius, This animal has a nervous system,
external organs of locomotion of a complicated character, a mus-
cular system of the crustacean type, a well-developed intestinal
carial such as is found in the Nauplius larva of the lower crabs
that are not parasites, and usually even special organs of sens¢—
eyes, Gradually this Nauplius, after attaching itself to the
gill ox skin of a fish, or under~the tail of a erab (Sacculina),
loses its organs of locomotion, the greater part of its muscular
and nervous system, its organs of sense, nay, oiten its mouth,
stomuch, and intestinal canal. Thus the lively crab-like larva
is fransforned into a shapeless sac, exhibiting no trace by which
its crab-like nature can be recognised. Still the creature needs
a limb by which to cling to the animal that is to be its host
and provide it with nourishment; peculiar clinging organs are
developed instead of the lost motory' organs (fig. 12, a), and
these not unfrequently also assume the office of absorbing
nutrition from the host. Such, for instance, is the case with
the parasiticsl crabs, which, like Sacculina (fig. 12), live on the
abdomen of the hermit crab (Pagurws) or of other crabs.
They have, without exception, long filamentary processes at the
fore-end of the body, with which they cling and bore through
the skin of the crab into its abdominiduravity, and then they
clasp portions of the crab’s internal organs, particularly the
liver, in the long entangled filaments, These slender threads
ave thin-coated tubes which open into the body cavity of the
narasite, so thatit is highly probable that these clinging threads
alzo s#ve the purpose of suckers, since they are capable of
absorbing nourishnient in a fluid form through their thin tissue;
at any sate, they do not convey'it into an intestinal «canal, for
ths parasite has none. This, however, is no afgument against
the assumption that the fluid thus absorbed by endosmosis
through these reots or suckers serves as food ; for we know that
in all animals which have a body cavity and dispense with a
vascular system tha'food must first pass into the body cavity,
in ordér to be conveyed from thence to the organs situnted on
it, « 8o far.as regards the part taken by the clinging filaments
as organs of nutrition te the parasite, it is perfectly indifferent
whether the nutritionsHuids to be assimilated first pass through

o
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tl&mtmtme into the body cavity, or, as in Sacculina, are con-
veyed to it directly by the suckers,

We hereby see that the ways and means by which animals
obtain the food they need ave very varipus; even mere extérnal
appendages of the kody may, like the rgots of Sacculina, be
transformed into organs of nutrition. “But: there are other Ways
in which we see an essential difference in the mode of ol#aining
nourishment that characterises different animale, All animals
that have well-developed internal organs of hutritiomw are com-
pelled, under the influence and guidance of their will and their
subjective sensations of hunger and thifSt, to make more or “less
vigorous voluntary efforts to obiain the amount and kind of
nourishment they require. Even animals of such simple strue-
ture as the Infusoria ohcy this law, though their intestine,
stomach, and mouth do not constitute separate organs, but onl\
are portions of their protoplasmic body, and though, like all
other oue-celled animals, they abgorh their solid food direct
into the digesting protoplasm ; still they manifest liking and
aversion for different kinds of food, just as riuch as the higher
animals ; they never swallow that which they dislike, even
when by some acecident it comes into contact with their mouth
at the same time as t.2'food they prefer. s

The caze is quite duﬁ,rcnt with all those true Parasites which
dispense altogether witli'a t:ue intestinal canal ; they can take
up nourishment only in a fluid state, as then skin alone is
capable of absorbing it by osmosis, and this is {uite independegt
of the will of the creature. Thus the Cestodea, the curious
parasitical snail Entoconcha, several parasiti€al Crustacea in their
fully developed state, the.parasitical Trematoda (as the liver
Distoma), and ‘even some insects—all of which absorh theis
nourishment throngh the skin without having any intestinal
canal—depend for their life and wellbeing on ‘the osmotic rela-
tions between their skin and the fluids .surrounding them,

_ Now, as osmosis through the skin—i.e. tha absorption of the
fluid nutriment in the surrousding medium—can never, so
far as we know, be interrupted, all these animals ars compelled
to be mcessant.ly taking up and assimilating food, Thus the
parasite is quite incapacitated from msking any choice in the

R
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nut~iment supplied to it, since it is fixed in the skin o~ in sdine
particular organ ; and moreover it must always perish if by any
circumstance the fluids which bathe its skin are so far altered
as to eease to be it to rourish it
From these circumstances it will be atronce understood that
there is a fundamental difference between trie nutritive matters
and castain other substances. 1f indeed, as is sometimes done,
we choose to call everything food which may be in any way
concernesl in digestion and the absorption of the gastric juice or
a partial conversion into organic-substances, heat, and motion—
irrespective of how or®through what means the matters were
conveyed into the organism, and so rendered eflicient—we shall
be foreed to apply the term not merely to oxygen and ozone,
which are taken into the body by respimation, or water and
salts, which are introduced in the most various modes—often
throngh the skin— but to all the other influences which are in-
dispensable to the life ard growth of every individual. Nay,
even the sunbeams with their waves of heat and chemical light
must be included, for without their aid the stomach and in
testines could not fulfil their functions;any more than the gills
or lungs, the brain or the organs of sense could carry on theirs
withot healthy nutrition through th& intestine. Hence we
are justified, while invertigating the effects of nutrition on the
animal organism, in directing our- atténtion solely to those in-
ternal organs of digestion which demand the collaboration of
xternal auxiliavies, and in leaving absorption by the skin quite
out of the question; for although this process, as regards its
effect on the life of the individual, acts precisely like the true
nutritive function, it induces no other connection with the ex-
tafnal conditions of existence than those which subsist in all
animals through the skin and lts relations to the medinm
smrrounding it, whether air or water, &c. These relations
never demnand any special auxiliaries that depend on will, in-
clination, or disinclination, since the efficient netion of the skin,
in all such cases, depends merely on the molecular relations
between it and the fluid matter with which it is in contact.'!
"~ The results we have'so far arrived at may be thus shortly
recapitulated. We hive seen that food, in the strict sense,
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gives mg to various rds.tlons between the animals“and their
snrroundings in the foflowing manner, All animals need a
certain optlmum of food; being compelled to take orgauic as
well as inorganic food, they are depepdent on plants, which
afone are able to form organic compounds by the decomposition
- of carbonic acid; both the quality and quﬂ.nhty of the food
lead to a yast numbor of very various relations betwaoen the
animals and inorganie nature on one hand, and living beings on
the other; finfklly, the organs which are auxiliary to the acqui-
sition of food are in direct connection with the animal’s mode
of life. —

Every modification of these relations once established must
necessarily exercise an influence on the animals in contact with
it, and in this case, as in all”others, this influence may be two-
fold : selective or transforming. The great variety, as has been
briefly indicated, of these conditions and relations requires us to
discuss a few cases of more conspicuons interest, in urder to un-
derstand how far food does in fact exert a direct or indivect
influence on different animal forms. ¢

Monophagous and polyphagous animals.—Any division of
animals into two such groups as are here indicated has obviously
none buta purely phyiological value, nor is it a thoroughly com-
prehensive- one, as we shall immediately see; although a very
conspicuous contrast exfsts, and has a certain value, between
Monophagous animals—consuming, that is to say, only one kind
of food—and Polyphagous creatures, which reat a variety of
food or even anything that comes in their way. .

If we confine our attention to the distinction betv»ccn the
two kinds of food, vegetable' and animal, we may mnegard all
purely carnivofous or purely herbivorous animals as monogha-
gous; but within each of these groups there are animals that
are monophagous in che strictest sense of the word, several
species being fitted in fact to feed on one kind only of organic
food. A closer enquiry into the conditionis resulting from this
" will be of interest. .

In the first place, it is clear that a certain interdependaneca
between flesh- and plant-eating animals must exist, and find
its expression in the proportional numbers of individuals of

B2
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the, two groups generally distribgted over the face of the egyth.
We know, that its surface—dry land as well as land covered
with water—is capable of producing only a certain limited
number of plants, depending on the conditions of the locality.
Assuming then that a given number of plants—the maximum
number being present at the time—offored, let us say, a thou-
sand wnits of food to these two classes of animals, the car-
nivorous and herbivorous species would not be able to have an
equal shrre of the space and of the food it would sfford. The
flesh-eaters would only obtain food from the soil indirectly
through the plant-eaters. Now the transmutation of the nutri-
ment derived from the plants into the flesh of the plant-eaters
is inseparable from a certain loss in the whole mass, since the
oxidation of a certain amount of the organic constituents is
necessary for the production of animal heat and for the move-
mept and due use of all the functions of the body. Now we will
assume—quite srbitravily—that the proportion of the whole
mass of plants produced by the svil is to the animals which can
subsist on them—converting them into animal tissue—as ten to
sme ; then, in the aren we have assumed, only 100 units of
feeders—individus] Herbivorous animals—can live on 1,000
units ci plant food. The maximum of reaa-ishment, then, which
exists for monophagous earnivorous animals, can ameunt only to
100 units. 1In tne transmutation of these 100 units of food in
the organs of the Carnivora a considerable loss will be incurred;
crganic matter will be consumed, the indigestible portions, as
hairs, hoofs, and horns, will be ejected, and if the proportions
were such that ten units of animal food could suffice only for
one unit of the animal body, the maximum of food as supplied
by 100 herbivorous animals would enabie 10 carnivora at most
to exist. Thus the same area can never produce and maintain
o large a number of carnivorous as of herbivorous animals, an
inference which is perfectly confirmed by the facts. It is well
known that the pyimber of Herbivora is much greater than
that of Carnivora; and in cunnection with this fact is this
othur, that among the Vertelrata, those at any rate that com-
meply live in large herds, are vegetable feeders, while the indi-
vidual Carnivora, whicy are on the whole much less numerous,

.
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display a much greater d:sposmon to separate themecelves into
smafl families. Thus ths nuniber of individuals of the mono-
phagous animals depends in a great degree ‘on the' nature of
their food; and even the most primitive habit of life, ¢.e. the
instinet of living apart from their fellows, or of living associated
in large herds, is very dwidedly influenrced Yy it, if' not actually
produced by if.

The deﬂendonoe of the Cm-mvom on the Herbivora thus
clearly indicated, leads to another question—that, namely, as to
the possibility of animal life existing where no plants car grow,
and where consequently no vegetable efeeders can live. “We
know now that, contrary to the opinion which for a time
prevailed that the bottomn of the sea was uninhabitable, a
considerable number of the most various creatures live in spots
where the sun’s rays never penetrate, and where, therefore, no
plant can grow. According to Forel, plants containing chloxo—
phyll cease to be found in tho Lake of Geneva at about “one
hundred fathoms, and the limit irf the sea swrga to be about
the same. Nevertheless, in the Lake of Genava, which is much
more than one hundred fathoms deep, and everywhere on the
floor of the deepest Atlantic, we find a multitude of living
animals. These, at such great depths, cannot feed op liyving
plants; they must all be flesh-eaters, as has been confirmed hy
obsoryvation. But as they cannot form orgenic matter from
carbonic acid, water, and ammonia, they must soon iufallibly
perish if no substitute were provided for the snimals dest.royg'd
for food. Hence we may be allowéd to assume that the organie
food found in the plants at the surface of the sea is in some way
conveyeJ to some of them.” Professor Mobius of Kiel has
lately undertaleen the mvostxguhon of this problem. He come
to the conclusion that the organic matter produced at tne
surface of the sea by the decomposition of plants and’animals is
carried down to the bottom by the Sinking Current, asit is called,
which results from the difference of ‘tempidatare at the bottom
and at the surface ; this theory, however, cannot be regarded as
proved by the e\penment. which Mébing mmle for that prrnose,
In small aquavia which wepe perfectly protected from any
shock, variation in temperature produced sinking currents

: 5
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which suficed to level gradualiy, but completely, the uneren
muti at the bottom of the aquarium. Now it is true that we
know that many currents occur in the ocean which reach to
the bottom, and which, as they take their riso at the surface in
remote localities, seem”speeially adapted to convey food from
above to the deep-taa cceatures. But Mobius himself points
out that one assumption is still unproved by this—namely, that
the orfanic portions of the plants and animals that fall from
the surface must remain undecomposed in their Jjourney if they
are actually to serve as food for the animals there. Whether
thi is the case we do not know, and this really ingenious theory
remaina for the present unproved, and may perhaps be ere long
replaced by another not less plausible.

We will now enquire more olosely into a few striking
phenomena connected with the monophagous habits of certain
arimals, and endeavour to demonstrate, by the discussion of a
fewoexamples, the extremely diverse conditions which appear to
be produced by the adaptation of various animals to one single
kind of food. “It isclear that an animal to whose existence one
particular sort of food is indispensable must be the slave of
that plant or animal which alone can supply it ; such a mono-
phagous creature nuust consequently, in many case§, be adapted
to the same mode of life as the organism on which it lives.
Many birds live, »s is well known, exclusively on hard seeds.
Now, a# the beak of a bird is but rarely adapted to crush such
seeds or grains, the grain-eating birds must possess another
organ with which to redu.e them. This organ is what is
knowh as the gizzard. This has on its inner side a very thick,
hard, brown skin, which is adm rably suited to triturate the
hard grains by the aid of the grinsof sand and small pebbles
which are swallowell at the same time, and to protect the softer
portions of the stomach against the ill effects of the sand and
stones, Thus we here find & peculicrity which enables its pos-
sessor bo avail itself of a particular supply of food, which the birds
of proy with their sift stomachs are unable to take advantage of.
A still more striking illustration of the fact that such OTgans,
ealeulated for a single kind' of food, sometimes appear under
very' unexpected aspeets, such as by all school theories would be

: @
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considered impossible, is affordea by the genus Dasypeltis among
the snakes; the species oceur in Africa and live on birds' eiggs.
They swallow their food—the eggs—as other snakes swallow
frogs and fishes, snails or mammals. But the nourishment
‘contained in the egg is enclosed in a calcareous envelope—
the egg-shell ; if the snake, in order ta get at the contents of
the egg, werg able to crush it by its teeth and jaws, it would
certainly lose the greator part of the fluid contents. The only
way to lose nothing of it, therefore, is to swallow the egg
whole; and in point of fict it does reach the stomach un-

Fto. 13.—Soction of the mophagns and stomach of the Plgroon,” dr, the glands; & Qe
gizzard, enclosed in a thidi brown skin. i
broken. But here organs have developad in & most marvellous
way, whith, in all other caves without exception, are coafined to
the bones of the mouth, namely, teeth, These occur firmly+set
on the lower side of the virtebre and in the forepart of the
stomach, and their pbint.s pierce th rough the coat of the
stomach so far that they seem to be purposely fitted for break-
.ing the egas passing through it ; in fact they must work in this
way, for they are the only part Of the stomach strong enongh to
be able to answer this purpose. This is, a8 has been said; the
only instance of true teeth, acting as such, occmrring in any
other gituation than on the bones whic'. surround the cavity of
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the mouth; but il is an exception which, as we see, is dug to
the‘propensity of the species of Dasypritis to make the eggs of
birds theiv exclusive food,
These few examples, to which others could easily be added,
for many are universully known, will here suffice to preve
that monophagy i animals is often connected with the
occurrence of special organs or relations of structure, and that
. the preserzation of such species is solely due to their efficiency.
Their inefficient development would infallibly lead to the
destruction of the species—taking it for granted, of course,
thet it was unable to agcustom itself to any other food.
Sometimes adaptation to a single kind of nourishment does
not depend, as in the cases here considered, on the existence of
4 special organ, but on a peculiar sycle of development in each
individual animal. This, for instance, is the case with all the
Intestinal Worms. These must become extinct if their larve
were not able, or even forced, to migrate and to seek food in
other spots awdy from their parents. If we suppose that the
T'apeworm, or even the Trichina, were capable of going through
the whole cycle of its development within the same host, its
permanence as a species would be possible only if all men were
habitually cannibals. Corresponding to this we find that all
Intestinal Worms have to go through a longer or shorter
period of migratory existence ag young and sexless creatures
or as lerve,  They at the same time change their host several
times—for they often become parasites from the first, after &
short period of free life in the water—till at length they are
sexually matare, and have found their way into an animal or
an organ similar to that which they left in the embryo or larva
stute.  All internal parasites are sulject to thiv inevitable law
of migration—sucly, that is to say, as live in the interior of an
animal st-uctare or of its ovgans. It is.applicable even to the
well-known Zrickina spiralis, which is capable of going through
ull the stages of its elevelopment in the same animal, but which
nevertheless travels, in its youth, from thé intestine outivards to
the muscles. From them, however, it is incapable of returning
to the same intestine, although it would be perfeetly capable of
.acl!:eving sexual development there and of producing eggs ; it
Al
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mugt absglutely pass out from the muscles to the incestine of
some other creature—a rat, a mouse, &e.—in order to pass, in
the second generation, back again into the human intestine. If
the Trichina from the muscle does not pass again into che
‘intestine of some othey creature—which is, of course, commonly
the case as regards human beings—it infallibly dies, although its
tenacity of life is enormons; such a Trichina can live far ten
years enclosed in a muscle. Here the permanence of the species,
as such, dependy on the capability of the larva for migration,
and for finding their nutriment in other animals which" may
secure their transfor into those in whic alone they can find
the special food that is necessary for their full development,
and for the exercise of their sexual functions. If a young para-
site were to lose its way, or t¢ be swallowed by an unsuitable
host—a Trichina, for instance, by a Fish—it would infullibly
perish unless it were able to accustom itself quickly to the
food which is unsuited to it. No such caser, however, are
known of adaptation of parasitical worms, when sexually
mature, to an unwonted form of nutriment. * Thus it would
appear as if in these cases, without exception, the change of food
involved in the migration of the young snimal were of the
same service to the species as are special organs contrived for
special nutrition in others; the preservation of the species in
the former class dependd on change of food” and migration
Just as much as, in the latter, it depends on the adaptation and
functional activity of individual orgaus, s .
A similar dependence of the species on its food does het of
course exist among the truly Polyphagous® Animals. Their
polyphagous habits allow of ~their changing their food at
pleasure without‘suffering in any way, or at any rate seriously,
when, from any external cause, they are obliged to alter their
mode of life. . It must not however be forgotten that even these
animals depend to a certdin, if not to a very great degred, on the
nature of their food. It is now universally -admitted that in
iany animals o definite velation must subsist between the
amount and kind of food if the animal is to derive thy greatdst
possible advantage from che food consumed. Man in th's
respect offers the best known instance. Starchy food or sugar,
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fat pr meat, salt, water, and stipinlants must be obtginable in
certain proportions—which may be désignated as the optimum
of nutrition—if they are actually to produce all the effects
proper to themselves and beneficial to the'human organism,

We are certainly justified in supposing that gimilar relations *
exist batween the various constituents of the food of the other
polyphagous animals. But wé know nothing or very little on
this sabject, although it would be very interesting to learn
whether similar relations in the admixture of tifese constituents
subsist for the lower animals as for man ; or, on the other hand,
quite different ones—for low forms of polyphagous animals, for
instance, as Tnsects, Crustaceans, and Molluses. At present,
therefore, an enumeration of polyphagous animals has no
interest, since we ecannot learn’ from it anything as to the
dependence of the polyphagous animals on any definite mixture
of food, or as to their absolute independence of it.

Many cases. of polyphagy arve of the highest interest as con-
sidered fromanother point of view. In connecting and compar-
ing the physiological activity of an animal with its position in

. the general system, we might perhaps expect to find that all the
species of a genus, and still more all the individuals of a species,
woulé be equally dependent on the same mixture of food ; and
we should be particularly Mclined to this assumptiop in all those
cases in which, as we know, the consumption of food directly
depends on the presence of one particular organ of definite

.structure and action. Such a conclusion would nevertheless be
whelly unjustified. We will for the present postpone the ques-
tion as to how far-different individuals of the same species may
be capsble of varying their nutrition, and will here orly investi-

. gate those cases which show that many polyplagous species are
found in genera which otherwise —ontain none but monophagous
Carnivora or Ferbivora.

The greater nymber of Parrots are,cas is well known, vege-
table feaders—livp, that is to say, on grains and fruits, Many,
however, eat insects eagerly, eud even meat; and it seems to be
a tolerally general custom in zoological gardens to add a
eartain proportion of fat to the vegetable food of the larger
parrots. The Lizards of the Eastern hemisphere are, almost with-
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outeexception, carnivorous; those of the Western, on the contrary,
chiefiy herbivorous. Bug among the former there arve certain
species—Lacerta agilis, L. muralis, and otheérs—which some-
times, like dogs, eat grass and even fruits, On the Balearic
“Island of Ayre, close to Majorea and Minorea, lives an entirely
blue-black vaviety of L muralis, which I ‘myself found there,
The island is very barren ; cnly low shrubs grow on the stony
soil, and dujring the dry months, from June till October, not
even burrowing insects are to be found. During this pcriod the
lizards feed on plants, and above all on the fruit which is brsng‘bt
in by the inhabitants. T have been able ts keep numerous speci-
mens which T brought away with me, for months together, even
during our northern winter, on sweet fruits, juicy or softened
by soaking. Now in all text-books of zoology it is stated that
the lizards of the Old Weald are distinguished by having teeth
connate with the jaw, while the vegetable-eating lizards of the
West have teeth which grow in rockets_in the jaw. ‘The facts
above given suffice to show that this parallel between the
nutrition and the animal’s place in a system-—such as seems to
be indicated by the teeth—is in fact defective in individual cases,
and we may even hazard a suspicion that it may in great part
depend only ofi insufficient observations of the habits of lizards
on the part of zoologists. Most small apes feed on fruits;
amongst them, however, Fachus vulgaris, known as the Mar-
moset, is distinguished by an inordinate liking for the ill-smell-
ing cockroach, a species of Blatta. Our common perch, as well as
a few Cyprinoide, frequently eat duck-weed (Lemna), alfhongh
they belong to a group of carnivorous fishes,, squirrels are the
greatest enemies of our singix:g tirds, whose eggs and you.g they
devour in great quantities; individuals of the Russian browa
bear will feed on oats, others on Loney, others again on ants or
meat. In conclusion I will only mention one fact frequently
observed in aquarin by myself and by others. The weli-known
European pond-snail, Limnea stagnatis, beibngs to a group of
Mollusea which all live on vegetahle matter; and their lingual
teeth are regarded by malacologists a8 typical of trie plant-
eaters. Nevertheless, the Limnea is fond of eating the littly
water salamander, Triton. 1 have often observed them sud-



60 THE INFLUENCE OF INANIMATE SURROUNDINGS.

¢ [
denly attack quite healthy living specimens of Tri!ou,;rrniahm,
overcome shem and devour them, although the aquarium was
fall of luxuriantly growing plants, on which these water-snails .
usually feed. * .

These instances!? will, I think, suffice to warn us to®be
cautions when, from the systemutic position of an gnimal and
the sﬁ‘uctnrg of its organs, we are called upon to determine
what may be its _mode of life and putrition ; they further teach
us that & polyphagous animal ecan occasionally ‘be easily trans-

o

3 Fi1G. 14.~ZLarus argentatus, one ;n( “l';u:m:l:—l.m of grull experimented on by Joim

o
!‘ou"med'inw a monophagous one withont suffering any serious
iniury. 9

Thus, in genetal, polyphagons animalg ave less dependent on
their focd than monophagous species, and hence food can exert
only a weaker selective influence on the former than on the latter.
Assuming, for insvnce, that there were an animal which, up to
the prasent time, had been fitted to use a certain ‘species of
animal or plant as food, n.n_d that it were suddenly transferred to
a foreign country where such food was lacking, or that the
animal or plant serving it for food were extirpated, while the
creature itself was nof’; in either of these cases the continuance
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of the speeies as such might ke made possible if the surviving
specimens could quickly accustom themselves to the effects of a
chnuge of food. Such an accommodation to a new diet, not
properly suitable to the animal, might ba expected to be almost
impossible to monopltagous creatures, hut to the polyphagous
far less so.

However, many animals of both groups are already known
which are able, intentionully or under compulsion, to change
their food, and in a corresponding degree their modd of life.
The well-known anatomist ang physin](;gist, John Hunter, long

Fi16, 15— Mpope tamuy Coppre, 5

since comn,mnicai(-d his observetion that a kind of aull, Larus
triutactylus—can  live on grain, although its stomach is adapted
to flesh ‘diet; it commonly feeds on .fish. *Another species,
Larus argentatus, is said by Dr. Edmonstone to live in the
Shetland Islands on grain in the summer, and on fish in winter.
In the sume way the Coypu—Myopotamus: Coipu—living in
the Chonos Islands, off the western coast of South America,
has accommodated itself to an animal diet; it there chiefly eats
the marine mollusea of the coast, where alone the creature is
found ; on the mainland, high up the country, it feeds exciu-
sively on roots, which it digs out on the shores of streams and



62 THE INFLUENCE OF IVANHIATE SURROUNDINGS.

breoks, A very interesting examplo is s offered by (he in—
Nestor mirabilis—of New Zealand ; 1t is allied to the parrots,
and formerly fed on the juices of plants and flowers, but lately
it bas become ' accustomed to sipping the blood of newly
slaughtered sheep ; and it is asserted that this bird, originally $0
harmless, has actually become a serious foe to the flocks of New
Zealaad by its constantly increasing love for the blood of sheep,:
for it even pecks and sips the most minute wounds on a living
sheep, aad so sets up an irritation whigh not unfrequently leads
to, the death of the‘ animal. Dr. Philippi, the best known

P10, 16.—Nestor ryirbilis, o New Zealand perrot.
.
zaologist of the University of Santiago in Chili, has recently com-
municated a still more mumll\ab’e case. Two horses on the
- ostate of a certain Mr. Nicholas Paulsen, according to Lim, had
for weels indulged in the bad habit of eating every day some
of the young pigeons and chickens in the poultry-y ard.

In the Zoologipal Institute of Wiirzburg, I have kept for six
years a pairv of fm]y grown and perfectly tame prairie dogs. The
male, to which I gave the old-fashioned German name of H ans,
differs entirely in his tastes from the female, Gretel. She, 1 every
réspect an ornament to her sex, always gentle, unassuming, and

affectiomte, but very*timid too, prefers a vegetable diet—fresh
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plaaits, bread, nuts, corn, &e.—although she sometimes does not
disdain meat and liver, Hans, on the contrary, bold, sager, and
suspicious, a true tyrant withal over his wife, is passionately fond
of everything he can get in the way of animal food. Formerly,
when aquaria stood ir the room jn which Hans and Gretel lived,
he often tried to cateh fish o crustaceans, which he devoured
eagerly ; fag, liver or meat, eggs or frogs, ant’s eggs or insecis—in
short, every kind of animal food —js aceeptable to him,and he laps
the blood of freshly slain beasts with the utmost satisfaction. It
is evident that Hans first became accustomed in my laborutory
to most of these articles of diet. 1p itseff the matter certainly
is not so very surprising, since most—or very many—rodents
are polyphagous, or even omnivorons animals ; but it is rendered
interesting by the fact that tne female bas by no means accus-
tomed herself to an animal diet in the same way as the male.
This brings me to an observation which, in the course of my
travels, T once had oceasion to make very much against my will,
The Egyptian crocodile — Crocodilus biporcatus—is, as we
know, very widely distributed, and it lives in great numbers in
the rivers and on the sea-shore of the Philippine Islands. In
Egypt this creature is considered extremely. dangerous, and is
said to have a particular predilection for human flesh, “When
I was travelling in the Philippine Islands I was often told
by the natives that they distinguished two sorts of crocodiles, of
which one ate men in preference to other food, whily the other
did not ; several of the former were said to be well known to the
natives, and in Cagayan in Luzon, where 1 saw the skelefan—
quite 22 feet long—of a erocodile caught not long before, I was
assured that a gigantic anthropophagous crocodile lived* in the
river and could hot be caught, and had for years been known.
to the natives by a particular nickname. I was much inclined
to doubt this story till { went through a litt'e adventure which
made it scem to me curtanly by no means, improbaole. On
one of my excursions in the north-east of Luzen we (my servant
Antonio and I) had erossed a wide but shallow river early in
the morning in a eanoe ; when we returned in the evening the
canoe had disappeared, and not a living soul was to be seen an e
where. After long waiting in vain wer decided on walking
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through the stream. I,in order-to preserve my watek and diher
instruments from a wetting, seated myself astride on Antonio’s
shgu]ders. When we were about halfway across, where the
water reached néarly to my bearer’s neck, & man appeared on the
shore. Seeing him I shouted out, half in jest, * Are there any
erocodiles in the river here?’ My feelings may be imagined
where received the answer, ¢ Oh, yes ; there are plenty of croco-
diles in the water, but they will not eat men.’ Everyone will
be reménded by this story of the muny similar ones of sharks,
alligators, and other animals, which all concur in proving that
these creatures exhibit the most remarkable preferences in the
choice of their food, and that even individuals of the same species
differ widely.

It will be unnecessary to adduce any further examples or
even to investigate the credibility “of these current stories
regarding crocodiles; for, even without these, the instances
given above suffice to rhow that polyphagous or monophagous
hahits are not immutable characters, but that, on the contrary,
almost every species is able more or less to vary the nature
of its food. Henco the dependence of an animal on its
nutrition i8 no% absolute, and consequently the selective
influence of the nutrition is, as we see, in some degree
limited by the animal's capubility for accommodating itself,
with very various results, to a diet hitherto unknown to it.
The selective influence must, at any rate, remain tolerably

‘great, particularly on monophagous creatures ; and it is more
thaa probable that a sudden and rapid change of nutrition, such
as may sometimes” be forced upon animals by external circum-

~ stances, will inevitably lead to the.equally rapid death of most
species. !9 ‘

Now, if we suppose that such'a sudden change of nutrition
actually were imperative on several species at onee—such, for
mstance, as always occurs in the migration of many marine
ereatures, and of o1l parasites—some species must perish, because
they would not be capable of'living on the unaccustomed food ;

otuers might survive because they were omnivorous or because, ¥

csen though monophugous, they were able to adapt their
fanctions promptly to.the new conditions of life, In the latter

1
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cage the atructure of the animel and of its organs might remain
unaltered in spite of the alteration in the nutriticn, as, for
instance, s2ems to have been the case with the Coypn, thoge of
the Chonos islands not differing in any way, so faras we know,
from their congeners on the mainland. , But, fina’ly, this
change in the food might have altered the structure of some
organs, pudicularly of those most directly interested, so far as
to make these changes conspicuous; and a_direct modifying
influence exercised by the conditions of existence afforded by
“he food would be thereby proved. ? AR

The direct modifying influence of food.—It is universally
known, and has never been denied, that the amount of food
exerts a very decided influence in determining the growth of
the individual and of its organs, as well as on its whole size ;
but this has often been tendered as a means of explanation in
certain cases which have not been submitted to careful investiza-
tion. It can never, of course, be digputed that'an animal must
take up the optimum of daily nutrition, which corftantly varies
with its advancing age, in order to attain its normal size; we
might even declare our opinion that very many living or
extinet animnls might have grown to a size far beyond that
which they have in fact attained, if they had had more abundant
supplies of food at their disposal; bat it would be in the
highest degree illogical to assume, on the contrary, without
any experimental proof—as is unfortunately almost universally
done—that the small size of any.particular  mimal jn :mf
particular locality is invariably induced l)_w"a deficiency in” the
food attainable there, where the optimum 15 seldom or never
attained.* In these cases, as in all others, in consequence of the
extreme complication of the animal body and of its functione,"
the same effect may be produted in many different ways.

But the amount of food attainable affects ot merely the
size of the animal, but also determines, And even modifies,
certain yital functions. It is self-evident ‘hat an optimum
of nutrition can alone insure the normal functions of all the
organs ; if it does not attain the optimum, the fanctional seti vity
of all the organs is impaired ; modifications at the same titio
oceur in thewr structure, 4.c. the animals' grow leaner; become
F >

» ¢
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incapable of exercising their sexual functions, &e. oIn +Ris
yespeet the'most interesting examples are those of the influence
of deficient nutrition on the larva forms or on the conditions of
dovelopment. Unfortunately next to nothing reliable is known
on this subject, and.it is much to be wished that the various
observations that have been nccidentally made and interpreted
‘{0 taste’ should be made the starting-point for actmal experi-
mental investigations on this question. I will here mention
o fow .of° what seem to be the most trustworthy of these. Mr.
T. Gentry, of Philadelphia, has shown that the lare of a moth
— Aeronyeta sp.—entirely lose the habit of spinning a cocoon
before assuming the pupa state when their food is insufficient,
and that both the pupwm and moths ave then smaller. The
observations independently made on the Hydroid Polyps by
Hincks, Allman, and Schneider are ﬁighly interesting, Ac-
cording to these, in the first place a Medusa of the group of
the Hydroida csa be indaced by lack of nourishnient to assume
the polyp-form, i.e. the larva form of the species. Secondly,
the hydroids of the higher Discoid Meduse—as Meduse ehirysaora
and others—produce much fewer Medus® in confinement than
in the open sea;-and this has been accounted for, somewhat
hastily, by the assumption that deficiency of food is the cause.
Experimental proof of the aceuracy of this hypothesis has not,
howevar, been adduced.
~ The quality of the food, next to the quantity, exerts a divect
thodifying influence which #n many cases exhibits itself in the
orgins most nearly interested—those, namely, of digestion—
though others may” become subject toit. More ravely the whole
sizo attained by the animal may ke conspicuously aifected by
it. But we possezs only a few trustworthy observations on this
point, interesting as it is, and still” fewer available physiological
cxperiments, though such are indispensable. The lack of
materials on this sabject renders it necessary to discuss it briefly
bLeve, . 5

In the first instance the itatements of Wallace and others
ns to the influence of food oi coloration must be mentioned, since
Stidlitz in his various ‘works attributes great importance to
them, althonzh, as it ssems to me, he assumes something to be
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px-'o_ved' which, fundamentally considered, is not'so. Wallnae, for
instance, relates thata Brazilian parrot—Chaysotis festiva—oan
be made to change the green in its feathers to yellow or red
if it is fed on the fut of certain fishes allied to the shad—a method
largely adopted by.the Indians. The sgme traveller further
asserts that the splendid Indian bird, Lori Rajah, is said to
preserve ifs gorgeons eolouring by a peculiar mode of Teeding.
The bullfineh is said to turn black when fed on hemp-seeds ;
recently a splendid orange-coloured variety of the canary has
been introduced into commerce, and it is said it is produced by
feeding ordinary specimens of the bird dn Spanish pepper. The
statement is well known that butterflies, and more particularly
species of the genus Fuprepia, assume an abnormal colouring
when the caterpillars are fed on leaves which they are not
accustomed to ; thus Edprepia eaja becomes quite brown when
the larvee are fed entirely on walnut-leaves, This assertion,
however, has heen frequently contyadicted, ard no systematic
and experimental investigations, as divected exprezsly to this end,
have ever heen made to my knowledge, fol the independent
experiments in feeding made accidentally or by a happy chanee b ¥
different entomologists cannot in fact be regarded as physiologi-
cal experiments. Still less can the statements made by traveliers,
as by Wallace, count as sueh, since they rest entirely on hearsay
from wild Indians, and fot on the results of their own investi-
gations. Of course I am far from assorting that no such direct
modifying influence of food on the colour of animals exists, Br
that it is improbable; I only would point out that up to the
present time we know nothing exact on This point, and that
nothing és actually proved ,beyond the possibility or probability
of such an influence affecting the skin-pigment of varfona
animals. As to the nature ¢ this chemico-physiological process,
which is what is truly worth knowing in the ‘matter, so far as
I know, not even a hypothetical view bas as yet been ex.
pressed.

A few experiments are bettir established which prove that
certain structural relations may be entirely changed by the
direct influence of food. The English anatomist Hunter par-
posely fed a sea-gull—Zarus tridactylis—for a whole year on

w2
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graiy, and he thus succeeded in so completely hardeying the
inmer cont of the bird’s stomach, which is natarally soft and
adapted to a fish diet, that in appearance and structure it pre-
cisely resembled the hard horny skin of the gizzard of a pigeon.
Dr. Edmonstone assures us that this experiment is annualiy
repeated by nature ‘that the herring-gull—Larus tridactylus—
of the Shetland Islands twice every year changes the structure
of its stomach, according to its fcod, which consists during
the sumrier of grain, and during the winter of fish. This
gull then has, in fact, during the summer the stomach of a
grain-eater, and during ¢he winter that of a carnivorous bird of
prey. The same naturalist observed a similar transformation
in the structure of the stomach in the raven, and Ménétriés
makes a similar statement with regard to an owl—Striz
gralaria.

These experiments suffice to prove that the stomach of a
carnivorous bird (an owl, a gull, and a raven) can be trans
formed to tha* of a grain-eater if supylied for & sufficiently long
period with the food requisite for this vesult. The question then
shvionsly suggests itself whether the converse is equally frue,
i.c., whether the gizzard of a true grain-eating bird can be
transformed into the soft-skinned stomach of a’ carnivorous °
bird. The experiments of Dr. Holmgrén in fact prave that in
pigeons which aré fed on meat for a sudiciently long period, the
gizzard is gradually transformed into & carnivorous stomach, 't

I have not buen able to collect a larger number of really
credible or experimentally proved data, and I believe that I
cannot have overleoked many really important and available
communications, I except, of course, the cases briefly given in
Note 15 of the influence of nutrition on sexuil maturity and
on the secondary sexual charactens of domestic animals, since
we are not jusified in directly applying the results derived
from the artificially bred races of domestic animals to all others
living wild. Meugi“e; a8 is the list here given, it amply suffices
to prove that changes in nutrition are able to exert even a direct
influence vn many styuctaral relations of organs, although it
m-s6t be admitted that we know nothing— absolutely nothing—
of the limits of the yar‘ations called forth by this direct influence
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of a ceftain diet. THe variations in the structure of the stomach
of Bixds® experimentally proved by Hunter, Edmond,one, and
Holmgrén, have only a superficial importance, sincewe do not
know whether n.odifications of other parts were connected with
them or m’ght subsequently have oriffinated from them, If
now we reflect that, in spite of the great general intevest of the
experiments of Hunfer and Holmgrén, not thesmallest additional
fact has béen established experimentally since their time either
by modern zyology or, on the other hand, hy organic physio-
logy—mno one having “investigated the subject—it" may be
regarded as a not improbable opinion thyt experiments purposely
carried out on a large number of animals, as widely different as
possible, would offer a mueh greater mass of results than are at
present at our disposal. Moreover, it is not impossible that
change of food may lgad to more fundamental modifications
in other animals than those in the stomnchs of the pigeon and
herring-gull, since we know that different species veact in
very various ways under identical “influences. The above-
mentioned cases of the variations in external “colouring pro-
duced by food in birds and butterflies sufficiently prove this;
for there is a large number of animals in which a change of
food has no‘influence whatever on the skin-pigment.

The eoneluslon of the investigation conducted in this chapwr
is not very satisfactory s we have seen that with respect to the
direct modifying effects of food everything in fact remains to
be done. However, the few well-ascertained cases suffice to
prove that the smallness of our stock of positive knowladge on
the subject is probably due only to the fact that no svstemn.ucally
pursned uw(:xugntmns have b2en carried out.'®  This may, it is
true, be excused on the “core that zoologists—on whom thls
task would principally devolve, owing to tha position taken Jp
by physiologists—have been pre\entcd fulfilling it~ partly by
the direction which the development of their science has taken,
but above all by the ahsolute insvilicierey of their institutes
and laloratories,
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shie THE IFFLUENCE OF LIGHT.

It has been poetically said that the plants and trees of our time
ave the incorporate sunbeams of to-day, and that coal contains
the sunshine of long past epochs, divided from the present by
millions of years; and the saying is to a great extent true, as
evergone knows, for the greater proportion of vegetable organ-
isms depend entifely for Mfeand growth on the divect influence
of light., It iu‘cqu’nlly well known that animals are to a certain
extent independent of this influence. At the same time even
tRey are open to it, and the quvaliou might even be suggested :
W hcthm animals ere not in fact at least as dependent ‘as
plants on the direct influence of light, even though the nature
of their relations may ba nlto"ethex different? TIn Uiscussing
this point we will distinguish between the heat-giving rays and
the light-giving rays, even when these are in the most intimate
cdbination ; and we are jusdified in doing this, since we know
that fhese two mod(s of motion act upon living organisms in
difforent and often altagonistic wiys.

The dfference between animals and plants._—If w8 except
the Towest organisns, the relations bctween light zmd the organ-
ism seem oo be maintained by two vepy dissimilar organic
gtructure@—hy the eye in the animal, and by the chlorophyll
bodies in plunts Bpgse, ngvertheless, have been oceasionally
compm'cgl 16 Each ®rgan would seem to preclude the other,
It is tl;uc we know of some higltly organised animals that have
no eyes, and true plants which are devoid of chlorophyll; bhut
plass never have e)es.at all, and such animals contain no

- ’ . *
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chlorophyll ; thus in <hese exeeptional cases the influence of
light- apars to be almagt or wentirely excluded. We venturs
to assert that this contrast holds good in by far the larger
number of animals and plants, and it is quite certain that
true eyes are never found in plants, while it still remains doubt-
ful whether chloroph'yll does actually ocenr, as has often been
asserted, even in the lowest animals. Theoretically its existence
in animalseis certainly not ll]‘lpO\‘slb]e and this theovetical
possibility has perhaps given rise to the assertion. The wide
interest which attaches,to this assumption may justify us in
digressing here into a somewhat closer dxscussxon of the data
velating to the matter.

The chlm‘ophvll bodies, of plants are, as is well known,
microscopic and elementary bodies of pecnhar structure and of
definite function ; their pnucqml property is that they decom-
pose carbonic .m(l under the influence of light, and form organje
compounds by the combination of three ov four elements.
This true chlorophyll has, besides, properties which allow the
botanist to distinguish, when necessary, whetlier the green
colour of a newly discovered plant is actuafly eaused by the
presence of chlorophyll, without any need of previously investi:
gating whetber the green particles decompese and assimilate
carbonic acid. Among these properties are certain absorption-
bands in the spectrum of solutions of chlorophyll, its direct
dependence on the presence or absence of light, its raaction
under certain .chemical agents, and its peculiar microseopic
structure. In most cases it is sufficient for the lotanist fo have
detected any one of these features when t.he cage in point ‘s to
prove whether the green colonr of a plxmt "depends on chloro-
phyll.  Besides this, so far as I know, no exception worth
mentioning luu.' hitherto besn admitted to the rule, that ihe
green colour of all plants is occasioned niot by any true pigment,
but by the presence of ¢hlorophyll. In animals, however, the
case is quite different. We know that cmost animals are
absolutely incapable of decomposing carboric acid ; but they
are, nevertheless, frequently of a green colour. In by far the
greater number of cases this green colour is undountedlv dus
not to chlorophyll, but to a true pigment. Henes we canffot
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without further proof assert the presente of chlorophyll in any'
animal, even if we could prove the apimal’s direct dperalfnce

on lizht, er the similarity of the spectrum of the solution of the

green pigment with that of chlorophyll, or even a possible

agreement in the microscopie structure. Positive proof of its,
existence can be degved only by evidence' of the presence of all

the characteristic properties of true chlorophyll in the green

colourtng matter of the animal. And it may at ¢nce be said

that the decomposition of carbonic acid by, green-coloured

animals has never been proved by exact experiment.®

. ae

.
FiG. 17.—Animals in which chhvn?»h)ll graing have beeh detected.  a, Stentor viridiss
h;f‘vro::’nn viridis; o Vorter viridis, Tho first two are Infusoria, the last is o T
Ml .

The animals (fig. 17) in which it has been asserted that
chlorophyll is present, belong e\'c]usl\'elv to the Invertebrata.
Ampng the Protozoa the following aré the Tbest krow n; Euglena,
Stentor, many Radiolaria and Spongilla ; the green fresh-water
polyp Hytlra among the C(Lleutonm and a few Turbellaria
nmong the worms,'7

The argumentSefor the statement tlnt the green colour
of theses creatuves 1% actually due to chlorophyll are many and”

*eSfich @ decomposition has been recently proved by the experi-
meds of Mr. Patrick Geddes on the green Turbellarian worm, Conro-
Gt Seliultaii—(TRANS.) &

- ra s o L
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; various. ® Mr. Sorhy Nas shown that the green variety, or
Rpec‘%(!a, of®our common fresh-wa'ter sponge (Spongilla fluviatitis)
owes its colour to minute particles of colouring matter which
seemed to be identical with chlorophyll, for he proved that their
&peetra were identical. The same method was followed by M.
Ray Lankester, who, with regard to Spongzills; came, it is true, to
a conclusion different from that of Mr. Sorby, but, on the other
hand, recogfiised the presence of chlorophyll in Hydra viridis.
The much-lamented Max Sigismund Schultze, to whom we owe
the earliest accurate observations on animal chlorophyll, ei:dea-
voured to prove its identity with vegetabls chlorophyll by cori-
paring the chemical reactions of various solutions of each, as
well as by observing that Vortex viridis loses its colour in the
dark, and that the animal, exactly like plants, always seeks
the lightest side of the aquarium. But the decomposition of
carbonic aeid by animal chloropbyll has never been demon:
strated, although Sorby himself has pointed out that it would
be very interesting to know whether such a process does
actually take place in animals that contain chlorophyll ; for if
the decomposition of carbonic acid could be ascertained in
these low forms of animals it would prove that they are able to
elaborate and assimilate inorganic matters in the same way as
plants, though they also, like all other animals, require ready
elaborated organic nonrishment, or they cannst thrive But
this would be a fict of very far-reaching significance, exhibiting
a certain aflinity to the instances known to us of carnivorous
or insect-eating plants (Drosera, Dioama, and others). }

At the same time it must be pointed out, on the other hand,
that—granting unconditionally that the pigment of the animals
that appear to contain chlorophyll is truly of the nature af
chlorophyll —its presence in animals may be éxplained in two'
different ways. Tn the frst place, if the ehlorophyll bodies of a
Stentor, for instance, were really elements of the animsl tissue,
elaborated from its protoplasm by the direc: i‘hﬂuonoe of light,
then—but only then—might we say thut there were actually
animals which assimilate in the same way as plants. Bul, in
the second place, it might be possiblethat the green constituents

N . 1
were not integral elements of the animsl, but foreign hodies
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living wishin it—commensals o ¢ messnfates,’ as they stve called.
Klinenberg’s observations on' Hydra viridis are” dectdedly
favourablé to the former of these views; Schulze’s statements
as &0 Vortex viridis ave equally positive in favour of the
second. For he expressly declares that the chlorophyll bodies
of this worm are ®ruevells, unlike those of plants; that they
dividg and multiply spontanaously, which the chlorophyll
hodies do not; and finally that they are in some individuals
wholly yanting. « The importance of these arguments is increased
by other facts. Tt is known that mdst of the Radiolaria in-
vifriably bear in theirebody certain peculiar particles known as

.
116, 18— Collorowm inermg (Haeckel), a Radiolarian forming colonis. a, & calony ; &,
a solitary Individual, :’. mone correctly, the Internal vesiclo of one (the shaded bodies
fre glowales of fat, the otter spots ind{cate the numerous yellow cells). o

£h® yellow cells (fig. 18), in which a few starch-Irrains are always
present. , These yellow or sometimes green cells occur in many
fresh-water Radiolarians which have lately been often made the
subject of minntq,.investi"ation& From these, above all from
the very careful Wbours of Cienkowsky, it has recgntly been
proved that these yellow cells in the Radiolarians are in fact
noﬁhing More than one-celled Algm living as messmates with

‘e animal in the same sort of community as certain Fungi and
Algm which, as is well known, combine to form the apparentiy
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s'implg vegetables knowh as Lichens, which, however,.are still |
generally classed as a distinet "group of plants. It‘ may at
_ fist sight scem somewhat bold to assume that living plants,
even of the simplest conceivable structure, could constantly,
or almost constantly, be so associated with an animal as to
seern one of its histological elements. * Bit this hypothesis
assumes a high degree of probability when we remember that
numerous parasites occur with unfailing regularity in certain
organs of everyvindividual, or nearly every iadividua), of a

-

-
Fi6, 10.--Longitudinal soction of Sphenopus Steenstrupil 8. E;.c glin of the creature,
ep, which is thinnest sbove, has agglomerated grains of sand throughout its sube

Stunce, > -

species—for instance, the larve of certain Nematodes in the foot .
of the common snail ; when, mbreover, we take into considera-
tion that different animals, more particularly’ Sponges and
Polyps, frequently take up dead or living foreign bodies and
utilise them as normal elements of the tissues (fig. 19).

Of course”no decisive answer can be arrived at by this
method, and only experiment can find one.  But it seemed to me
to be advisable to state both these possible solutions, and té
bring forward those facts which may perhaps soon require us, if
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we find *true chlorophyll in a.xe‘aimal tissues, to recognise i its
presence a singular and interesting dise cither of parasit'{sm or
of the community of two organisms so different as an animal
with true tissues and organs, and a one-celled plant.!®
The general relations between light and the vital activity
of animals.— By f&r th% larger number of animals are conscious
of light by means of the eye enly. This was directly proved
by the interesting experiments of Lister and Pouchet, which will
be morg fully deseribed further on. The commonest effects of
light, of its different degrees of intensity, and of its total absence
ave familiar to all. #They are exhibited every day in regular
succession in every animal that lives; darkness induces sleep in
Yiurnal animals, and with this dre connected certain other
effects on some of the organs and their functions ; for instance,
the amount of carbonic acid exhaledby the Mammalia during
sleep is different from that exhaled when they are awake.
These proportions, however, are of no partienlar interest in this
place. Wht is far more‘important is the observed and well-
ascertained fack that all active diurnal creatures fall asleep
promptly daring an eclipse of the sun; the darkness deceives
them as to the hour, and so interrupts the periodicity of their
vital aetivity. But all animals do not react in ‘the same way
under the alternation of light and darkness ; while some—the
diwrnal animalt—go to rest at the approach of night, others,
noetirnal animals, then rouse up, and we might be tempted by
\ this to divide them into day and night animals. But such
a ditision has merely a “hiological value, for we know that
it is in no way go-extensive with the conditions of affinity in
animals. We are acquainted with diurnal and noctuynal species
, among the Mammalia as well as among Birds p some Butterflies,
“Beetles, and other Insects are pocturnal, though the greater
numbert fly by.day ; nay, even within the limits of quite small
familieszor even genera, there are some-species which are lively
by day and othui;{' by night. To give one example only : every
entomiologist knows that night-flying Lepidoptera, nocturnil
as o thear affinities and structure, as, for instance, the Sestce or
dyglia Taw and others,, rest by night and fly gaily about by day
to seek food or tosseize the female. The causes of these

° o o * »
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djﬁ'u'gnc'é& in the mode of life of related forms are entirely

unknown, and at the preSent time it seems impossible even to
«  suggest any hypothesis which would refer such changes in their
mode of existence to any sufficient causes, :

By far the Jarger proportion of nocturnal animals, although
they are quite lively even in the darkest night, have eyes
quite as gpod and perfect as those of the diurnal animals.
Although, asa fact, here and there—as, for instance, in nocturnal
birds—certain differences have been observed in the sfructure
of the retina (M. S. Schultze) which might be hypothetically -
connected with its exceptional functions or with the exceptional
time at which they are exercised, yet these investigations
supply us with no answer, not even a hypothetical one, to the
question as to why certain wnimals, provided with organs of
sight, fly exclusively by night. If we remember that even in
the darkest night a certain amount of light always reaches the
earth, we might certaiply propound the hypothesis that this
minute proportion of light suffices them for seeing clearly by.
But this hypothesis would give no true explanation of the
observed facts ; this could only be given if it were possible to
compare the differences in the structure 4in the retina of
dinrnal and noctural animals with direct reference to tha seale
of intensity of light to which they are exposed. A cireum-
stance which is more important, because it is directly referable
to certain vital relations of animals, is the occurrence of half-
blind or wholly blind animals in spots where tae light of da:
cannot penetmte, such as deep caverns, the internal parts of
larger animals, and the deepest parts of th2 ocean or of large
fresh-water lnkes. The blind crayfish of the mammcth cave
in Kentucky is well known, as are also the blind FislLas,
Insects, Crabs, Amphibia, axd Mammals (moles) of the old and
new worlds, and it seems unnecessary to give a complete list of
such casesin my text.1® These familiar facts l}m’e hithorto been,
and must still be, regarded as so many irigtances, sufficiently
proving the statement that total darkness gradually aestroys
the eyes of animals originally possessing them ; for, ince tlLese
organs are absolutely nseless in such circumstances, in the
course of generations they must graduaily disappear, according
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to the 1a¥ of degeneration, in copsequence of their divuse., ¢This
explanation, it is obvious, presupposes that such blind animals
are descended from a parent form that could
see; and it cannot be denied that many of the
fagts hitherto ascertained seem to Jjustify this
view. Some of the so-called blind animals are

not, accurately speaking, sightless; thus the
/ blind Proteus (6g. 20, a), an Amphibian of
the caves of Carniola, has "an eye deeply
seated in the head and entirely covered by the
skin.” The structure of this organ is very re-
markable; it possesses all the characteristic
parts of the eye, but they have been arrested at
an almost embryonic stage, with the exeeption
of the crystalline lens, of which every trace 18
absent (fig. 20, ¥); the pigment-layer of the
retina (s scarcely coherent, and consists of only

.

i, 20.—a, Protena of the Adelsberg groteo, reduced 3 &, vortical

section of the rudimentary eye; ept, the optic nerve ; o0, Corpias

atiliare rotinse, the inner portiona of which 1ect in front becanse

a b Jens (3 alaont 3 ce, $he intornal cavity of the eye without
ny vitreons hamonr, ‘Ile coll Inyors of the retinn {ret)

X \nisanlly thick 3 the pigment-layes, p, vory slightly d&\‘ﬂu;n’?

a few scattered pigment-cglls. We may therefore be very doubt-
ful as to whether this Protens can receive a clear image of the
objects that sarround it even in a place where there is light ;

L4 -
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butecortaiz observations, which I have made on'a Tamily of
Proteus that I have kept for four years, incontrovertibly prove
that this creature is highly sensitive to diffused daylight. As
this contains no heat-rays, the eye of the Proteus can receive
o impression but that of light. Now it is impossible to
suppose that the eyes are now first developing in an originally
blind Amppibian which, like the Proteus, lives in total dark-
ness ; for even if such an organ could originate under such
cireumstances it could never become permanent in the r,mgg]e
for existence, because it could never be of any real use in that
struggle. The contrary hypothesis, on %the other hand, thit
the rudimentary eyes of the Proteus are o degenerate form of
the more highly developed eyes of its progenitors, seems per-
fectly natural when we remember that all the other amphi-
hians have highly develgped eyes, and that these, when they
come to the light from time to time, use them to very good
purpose, "

The Mole offers another familiar and even bet.‘er example.
This animal, whose peculiar habits are known to everyone,
lias trune eyes, from which none of the essential parts of the
eyes of the Vertebrata arve absent, although these parts are all
of the simplest, almost of embryonic structure. The wholeeye is
very small, deeply imbedded in muscles, and quite covered by the
gkin, so that it is quite invisible externally. Tne lens consists
of a very small number of minute and little altered embryonic
cells; the retina, in the same way, is much simpler than in the,
eyes of other Vertebrata. True devenentmn, then, such as inakes
the eye incapable of seeing, has not taken place ; nevertheless
the eye of the mole is reduced to almost total inefficiency even
when by chance it has an oplmrtumty for usingis. This ‘almast
total blindness in the mole is the result solely of complete de-
generation of the opti¢ nerve, so that the images wiich are
probably formed in the eye itself can never be transnitted to
tlm animal’s consciousness. Occasionally, however, the mole
bven can sce a little, for it has: been found that both optie
nerves are not always degenerate in the same individual,so
that one éye may remain in communication with the brain
while the other hias no conneetion with it.* In the embryo of the
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mole, however, and without exception, both eyes are origthally
connected with the brain by well-developed optic nerves, and
so theoretically efficient. This may indeed be regarded as a *
perfectly conclusive pyoof that the blind mole is descended from
progenitors that could see; it would seem, too, to prove that
the blindness of the fully grown animal is the result not of
inheritance, but of the divectly injurious eflects ofe darkness on
the optic nerve in each individual., '

-

-

Fri. 31.——::, Pinnotheees Holothuriae of tho naturdl size ; b, degenerate w_altvrr-lmlgx, with
(8 the disterided nortion, 6 in which s sinall Pinnotheres 18 eatablisledl.

To these examples I will add one more which I myself have °
studied. There isa peculinr family among the crabs, the Pinno-
thevide, of which*vyrious species live in the branchial cavities
of mary Mollusen ; some live in Serpule, and othefs (fig. 21)
which I have found off the Philippine Islands live in the water-
lungs, as they have been called, of Holothurians, These are
elongated branched tubes in direct communication with the
terminal intestine or cloaca, so that parasites can enter them
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only by the anus ; but when the young larve of the C;'ustacoulls
have once found their way in—which is not difficult by reason of
the strong and rhythmical indraught of water through the cloaca
—they never seem to quit the situation 6f their own choice ; at
the same time they greatly irritate the orgam, and as they grow
they stop up the tubular vessel more and more till at last
serious degeneration of the organ is induced (fig. 21, b)." Tho
main trunk is_greatly distended, while the Jateral branches,
which usually form a highly ramified structure, dwin@le, altoe
gether, and are visible only as thin filaments, sometimes feebly
branched. The young larve now produced are excluded, and
become wandering bodies, in obedience to the law which

F16. 22,—Zoen stage of the larva of Pinnotheres Holethuria, -
4

governs all Ento-parasites; this they do, under the form
of the lagxva, or Zoea (fig. 22), which is common to all crabs,
and they have the well-devéioped eyes of the typical character.
Even when they enter the animal, they still preserve these eyes ;
but as they grow they gradually become blind qr half-Klind, the
brow grows forward over the eyes, and finally covers-them so
completely that, in the oldest individuals; hot the slightest
truce of them, or of the pigment, is to be seen through the
thick skin; while at the same time the eyes seem to mndérgo a
more or less extensive retrogressive metamorphosis, !

The instances here adduced show very clearly that the
- absence of light sometimes occasions degeneration from disuse,

« I &0
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ané that this occurs to each individual separately within «the
period of its separate life. These, however, as every zologist
knows, are not the only cases. Most of the blind Parasitical
Crustacea noW extant have larve with well-developed eyes ; the
young form of many worms, Parasites on Mollusca, &e.
(Trematoda), can see, though the adult individuals ave blind.
In thd greater number of these cases—as, for instance, in all
internal parasites—we must refer the loss of sight to the same
‘abova-aientioned canse, namely, disuse of the organ.

But though we are thus fully justified in saying that dark-
ness so complete as not to allow of the eyes being used at all
has in most cases exercised an injurious effect on their existenca
and structure, it would nevertheless be wholly false to assume
that the lack of light must necessarily lead to total or partial
Windness. We know of a number of facts directly opposed to
such a conclusion. Among the numerous cave-insects there
are many which have well-developed eyes, and yet inhabit the
same spot as blind species. In some caves in the Philippines
and the Pelew Islands which I myself explored, I found, in
spots where the most absolute and total darkness reigned, only
insects with eyes, Hadenccus, a species of grasshopper which
lives in the caves of Kentucky, has well developed eyes like
other animals found there at the same time.?® Why should
not darkness have had the same effect on these animals as
on others which have in fact become blind? It might be
gaid—in fact it has beenisanid—that the cave-animals which
can see have migrated into the cave only within a short period,
and have not been exposed to,the influence of the darkness
long enough to suffer; while the, blind or half-bliritl, having
aritered the caves at a remote period, have lost the nse of their
eyes, wholly or partially, in cofisequence of long desuetude,
But this explanation contradicts the fact previously mentioned,
that every mole, Pinnotheres, &c., originally had eyes apparently
capable of furthde development, and of perfectly fulfilling their
normal function ; and that tne influence of darkness is proved
to be direct in each individual, and not hereditary. This ex-
planation is also quite decisively «contradicted by a fact which is
little kvown generally, and even among zoologists is familiar

¢



o
DARENESS Atgb BLINDNESS, 83
.

. L

to mone But entomologists. I owe my own Enowledge of
it to my friend Dr. Hagen of Cambridge, U.S. Jin all the
species of the cave beetle, Mackorites, the females only are
Jblind, while the males have well-develdped ey'ﬂ’; in spite of
this they both live together in absolute dawsness. This proves
that the sama result—total blindness—may come from dif-
ferent causes; for we may fairly regard it as impossible that
in the last-named case the darkness of the cave has affected
the females alone, and been ineffective on the males ; herme th

%

-
FiG, 25.~Blind thoe in fresh water (small pools) at Bl lew, 1
Cymo ANoth Tt ’i s ) at Belelew, Pelew Tslands,

blindness of the former cannot be caused by +he darkness. ®In.
confirmation of this statemewrs I may also adduce the fact that
there are many blind or half-blind animals which live in well-
illuminated situations, where the moderate intensity of the light
would allow them the full use of eyes; tkis is the case, for
Instance, with many Bivalves—all fresh-water bivalves and
many sea bivalves—with various Annelida (Cheetogasier), Crus-
tacea (Cyclopiim), and others, 1 myseli have found a perfectly
blind small species of Cymothoe (fig. 23) living in - slightly
brackish water in a basin overshadowed by limestone rock, but
. ghalh, ‘a2
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in zpots where full daylight could penetrate. Thu; we §nd
ourselves driven, by the facts here adduced and numberless
others, to this question : What are the various causes which can,
or must, firsfoecasion eyes to be developed, or conduce to their
preservation or destruction? A precise answer to this ques-
tion, unfortunately, is impossible in the absence of all experi-
mentdl data ; but we, as zoologists, may allege the difficnlty—
indeed, the impossibility—of such experiments, as a sufficient
~xcuse br their never having been hitherto carried out.

In cases like this, where we ave not in a position to treat a
physiological questioﬁ" experimentally, we must be allowed to
construct a hypothetical explanation of the observed phenomena.
1 therefore consider myself justified in mentioning & very preg-
nant hypothesis, which was put forward some little time since
+o account for the presence of animals that can sce in the deepest
patts of the ocean, where pasitively not a ray of light can pene-
trate from above,

It is not¢ very long since it was universally believed, in
accordance with the too rapidly drawn inferences of Edward

' Forbes, that all animal life ceased on the floor of the ocean at
the level where roys of light cease to penetrate (at.a fow hundred
matres). But it is now well known that even highly developed
animals live at the enormous depth of from two te three thou-
sand fathoms in Loth the Pacific and Atlantic Oceans. We

Mhave become acquainted, principally through the incessant
labovrs of English, Amerizan, and Norwegian naturalists, with
a Wonderful deep-sea fauna, showing the same striking mixture
of blind and seeing animals as the fauna of the caverns.?  This
case is all the more puzling, beciuse the chief patt of such

"décp-sea animals as can see are extraordinarily unlike their
newrest congeners living at the stirface and in the light, so that
we ave forbidden to suppose that they may be species that have
only lately migrated from the surface to great depths; indeed,
it adenits of scarcaly a doubt that the deep-sea animals that can
see are very ancient forms,’ the survivors of past geological
W':od&' MacCulloch and Dr. Coldstream suggested a pleasing

“hiypothesis in explanation of these striking facts, which was
afterwirds taken up and extended by the naturalists of the
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- Porculnne expeditiol (1869—"0) This hypothesig, which is
known asthe Theory of Abyssal Light, consists essentially irethe
idea that the light diffused by phosphorescent creatures is
capable of taking the place of sunlight in those depths which
the rays of the sun eannot penetrate. It is evident that the
correctness of this idéa cannot possibly be experimentally tested
and proved, but at the same tjme we cannot but admit that it
is highly frobable. For although it has been argued, as an
objection to this idea, that phosphorescence ig not an exclusive
peculinrity of deep-sea éreatures, but on the contrary, so-far as
we know, occurs more frequently among animals living on éhe
surface, this objection must certainly be considered as anything
but conclusive. 'We know*from exact experiment in individual
eases, particularly on glowwprms, that phosphorescence is the
product of a chemico-physiological process in the living body of
the animal, exactly as carbonic acid is a natural product =f
nnp:r'\t.lon. What requires vs to assume that this ought to
occur in deep-sea animals only,?? Sapposing that theory to be
acomrate T The obvious ground of this ob_]ectlo.n is the tacit
assumption that, if phosphoric light can really be of use to
any creature, it must only oceur in cases where it could be
utilised. Biit this mode of argument offers an example of a
very common but very gross ervor : the idea, namely, that the
effect produced by the function of an organ, o» that the function
itself—in the present instance the production of light in the
light-organ—can be brought into existence by reason of

usefulness of its results, when fhe use, in fact, makes its
appearance at a later period.  Phosphgrescence, as 1t is
developed in the living tissué of animals living at the, surface,
may perhaps never be of arfy use to the creatures that possess it,
nor to the enemies that pursue them, But the same effect of a
similar chemical process may nevertheless be_advantageous to
other creatures, which, like the deep-sea animals, wonld other-
wise be condemned without exception to 7¢ in total darkness,

© We are hot at present acquazinged either with the varions che-

mical processcs hy which phosphoric light is produced <n dif-
ferent animals, nor with the uses whxch these processes may
subserve for the animals themselves; but we know of some
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animals, o4 least among the insects, to ihom this light serves
as & guide by which to find each otler, as in the malé and
female Zumpyris; and such a light would undoubtedly be
equally serviceable at the bottom of the sea to all the animals,
those preying as well as those preyed upon ; for without haht
escape and pursuit Znust alike depend wholly on accident, and
the remarkable fact that the eyes of deep-sea creatures are not
always and completely abortive would thus be accounted for, as
far as is possible perhaps on the whole.
= Oze pressing difficulty, however, refnains. We know that
bliad animals, as well as those that can see, exist at the bottom
of the ocean, while their nearest allies at the surface have well-
developed eyes. Why have the deep-sen specieslost their eyes
The same question confronted uns, with regard to the cavern
animals, and could not be answered even hypothetically. With
rcgard to the deep-sea animals—more accurately deep-ses
fishés—Dr. Giinther, in London, has lately made a remarkable
attempt to explain the case, and although his views are as yet
unpublished he has been so amiable as to communicate to me
their most essential features. He has found, particularly
among the deep-sea fishes brought back by the *Challenger’
expedition, certain very pccu]mr forms, blind and not-blind ;
the latter have exceptionally large eyes, which geem espp.
cially fitted to ahcorb pale phosphoric light in large quantities,
while the blind fish, on the other hand, are dtstmgmshed by
uliar and sometimes colossal organs on the head, which hava
qulto displaced the eyes, and which exhibit a very singular
structure, that justifies us, according to Dr. Giinther, in assuming
that they are peculiarly and ntronglv devclopcd phoap!wrascent,
o:gana.” Now these, in Dr. Giinither’s opirion, may very
possibly be used l)v their owner, as torches and other lights aye
used by fishermen, to entice and catch other fish. But, just as
pitates are attracted by the lights of fishermen and guided to
their vietims, so the dight ‘which these blind fish carry in the
two lanterns on their head to, attract their prey may be a
beacor to their enemies, and at the same time be of assistance
to mch fish as can see, in their movements generally. Thus
we can well understand that in the struggle for existence, which

%
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° must of pourse have been carrfed on among the varjous cra-
tuitson the floor of the,ocean, every form having small cyes
‘or small illuminating organs, being unable to see clearly or
to give enough light, must soon have been exterminated, while

_none but t-ho most extremely developed species eould hold their
own in the struggle. Newly introduced warvieties must there-
fore have been able to develope either larger eyes and keener
vision, or else strongly llluxmnatma organs, in order to Zzcape
annihilation. This evidently presupposes that the lantern
fishes of the ocean- -depths, being blind, must have othé? weany
for distinguishing and identifyi ing the prey or the foes that
approach them ; and this seems in fact to be the case, for from
their proboscis or muzzle depend long feclers, beards, and the
like, and at their tips or bnlbons Olldb, organs of touch or of
smell might easily be sltunted which eould serve such a
pul ])L\\l'

Special instances of the influence of light on ammx..ls.
There are numerous special influences ¢xercised by the different
degrees of intensity of light or by its periodical chfinges on the
different functions of the animal organism; but those only
interest us which may now be regarded as directly connected with
the fitness for life of a species under certain external conditions
of existence. Thus we may entirely leave out of consideration
the influence, for exmnple, of red light on the formation of
carbonic aeid during respiration, the difference of the ameunt of |
carbonie acid exhaled hy day and by night, and others ; although
these processes are of the ntmost importance for the life hath of
the organs and of the animals. If we thus dxspose of these aind
other similar effects of light, tkare remain two points which we
must discnss ; the first being the presence or absence of p:gmeut
in the skin of the animal and the chromatic function, as it is
termed. e ‘

All animal pigments in the skin were formerly regarded as
arising from the direct infiuence of light upow the skin, and, as
. necessary covollary to this view, it was also nsserted that tho
absence of light always prevanted the formation of such pig-
ments, or destroyed that which was already formed. The fact
that the greater number of cavern animals and almost 43
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ento-parasites are quite, or almost quite, white, appears a
striling proof of the accuracy of this statement.” Even as
lately as }870 it was asserted by the celebrated French député
and physiologist, Paul Bert, that the larve of the well-known
Axolotl (fig. 24) were incapable of forming pigment when they.
were brought up tnder the influence of yellow light, and he
unhappily designated this absence of the epidermal pigment
as ‘etiolation.” This term, as is well known, has a"fixed signi-
fication ‘in the physiology of plants; it is exclusively used to

o i y
N Fiu. 24,—8iredon pisciforme, tho Mexican Axolotl,

designata those cases of the absence of the green huein plants
which, having grown in the dark, have been®checked in the
formation of the chlorophyll-bodits, which are the organs hy
which they assimilate and elaborate their nutrition ; at the
same timg, as the"light is no longer able to act as a check on
their excessive griwth, the leaves und stems become much
elongatéd and acquire a yellowish-white hue, all of whidn phé-
nomefin cxa bo easily observed in the shoots and leaves of
potato tubers which have begun to sprout in a cellar, n the
cases of go-called ¢ etidlation ’ deseribed by Bert as occurring in

o
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the larvie of the Axolot], on the contrary, in the first plaoe; no
abnormal growth was observed as a result ; secondly, it must
be strenuously disputed whether animal pigment is in fact
capable of ‘etiolation ;’ for it is certainly not, like chlorophyll
in plants, an organ capable of decomposing carbonic acid
under the influence of light. Thus the terd was decidedly mis-
applied by Bert to cases in which the pigment of the skin dis-
appeared under any influence, whatever it might be; whether
yellow light or the total absence of light was primagily the
cause of the disappearance of the pigment which he meritions, '
is not clearly stated. We know that in plants all true pig-
ment—nof, that is to say, the green of chlorophyll nor the
brown and red of xanthophyll, but the true yellow, red, and
blue pigment of flowers—is fermed just as well in perfect dark-
ness as in broad daylight. Tulips, for instance, which are
made to bloom in the dark, have a singular effect from the
contrast between their brilliant colo'uripg and the shapeless out~
lines and pale yellow hue of their etiolated leaves. This holds
good with regard to most, if not all, animals ; they preserve
their colour in spite of the more or less complete absence of
light, as is proved by the undeveloped young of reptiles and
hutterflies, chicks, &e.; true deepsea creatures which live at a
depth of from 2,000 to 3,000 fathoms often exhibit®® colours
quite as brilliant as those of animals living at“the surface, and -
it is easily proved by experiment that the larve of frogs or the
tadpoles of newts develope their pigment quite as rapidly ands
perfectly whether they are brought up, from the time  when
they leave the egg, in full daylight or ineabsolute darkness.
The earliest experiments on this subject with whick I am
acquainted are those of Mr. Higginbottom 2  Although she.
does not expressly declare that pigment is normally Qe\'elopcd
in the dark, it follows from the remarks he mekes; and I can
myself add the results of investigations pusned duting two
years, by which I have established that in the tadpoles of our

*common toads and frogs the pigment is equally well developed

in yellow, blue, or red light and in absolute darkniss, Iv is
unnecessary to discuss these experiments in detail, for in evers
case where the other necessary conditions Were at their optimum

¢ »
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the pigment of the skin of the t:ulpolm whs normally duvelopcd
in every kind of light, as also in the durk,

Thus experiment here confronts experiment. It is not
difficult to find an hypothesis to account for this. In none of
the experiments hitherto conducted, not even those of Bert,
were the heat-rays or the chemical rays excluded from the light
falling on the young animals, It may have h'tppenc-d tlmt in
the darkness the little larve were not sapplied with supple-
mentary or even requisite nourishment—in short; it would scem
fnut the absence of pigment observed by Bert in the young
Axolotl did not arise from the absence of light, but from the
effects of some other cause as yet not ascertained, as insuflicient
or unsuitable food, the sinking or raisihg of the temperature, &¢ ;
or it was perhaps a case of true elbinism, and thus a form of
dizsease. All who have bred the Mexican Axolotl ave well
aware that sometimes a white variety—not a true albino—
guddenly occurs ; but the cause of this variation is at present
unknown. Thus Professot Kolliker of Wiirzburg reared a
whole family of these white Axolotls, which, with their blood-
ved gills, were very beautiful objects; while in my own labora-
tory, where there is o much greater absence of light than in
Kéllikar's, I have as yet entirely failed in breedihg even one
white Axolotl, although during the Jast six years I have bred
hundreds of indiziduals under the most various eonditions of
jife. I am wholly unable to assign any plausible explzmntion
for this difference, and it is the more striking becanse the six
old spiecimens, from which 1 have now had at least six or seven
broods, eame originally from the sume brood as those from
which Kolliker has obtained 'so many white individuals,
Firally I can but repeat my conviction, founded on these experi-
ments, first, that we have as yet ngsuspicion even of the causes
which sometimes dotermine the absence of the opldcrmul plg-
ment in the Amphibia and other abimals (as rats and mice, in
which these unkficwn causes even become hereditary); and
secondly, that this absence of colour 18 certainly not to be
ascribed to the absence of light, since we know that animal
pigment, like vegetable pigment, can be developed in total
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darkness; and in fact is so developed normally ‘n man
animafs.*s ¢ ¥

In absolute antagonism to the old hypothesis which aseribes
the origin of the pigment in the skin of,_ animals to the direct
influence of light, there is another which, under the'almost
supreme influence of Darwin's theories, if now as generally
uccepted as the other was formerly. It is now almost_ uni-
versally assérted that the colours of animals have arisen from
cither natural er sexual selection. We will postpone the dis-
cussion of this view to a future chapter, in which the®uses'
accruing to animals from their colours will be considered ; bty
since it is proved by abundant evidence that at least one par-
ticnlar kind of protecting resemblance—i.e. the adaptation of
the colour of the skin of certain animals to the coloms of the
objects that surround them—depends on the influence of light
through the medium of the eyes, it will be convenient to treat:
of it here. Pouchet applied the term ¢chromatic function’ to
that adaptation of colour to the surroundings of the creature
which is indirectly the result of sight, in order to distinguish it
clearly from other cases in which—so far as we can at present -
tell—the distribution of colour is not influenced by light at all.

The term *chromatic function’ refers neither to constant
colouring, even, when this canses a protective resemblance, nor
yet to such varintions in colour as are oceasioned in Chamee-
leons and Cuttle-fish by physical irvitation without any protec-
tive resemblance being the result. The expression, which is not
altogether a happy one, is new ; but the fact it designates, that
such protective changes do occur in many animals, has long been
known. I the year 1830 Stark made a number of observations on
the subject, on rpecies of the genera Leuciscus, Gasterosters
(the fresh-water Stickleback), ('obitis barbatula, and the common
Perch, Perca fluviatilis.  All these fishes change colour with
some rapidity, some in a few Bours, others in from two to three
minutes ; and we know now that many s"pnfndidly' coloured
sea-fish have the same power, of*en in a quite extraordmary
degren, ns, for instance, species of Serranus. Shaw “cemd to
have been the first to observe, in 1838, that such fish as are_
capable of changing their colour, apparertly at will, must be
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more or tess protected against their enemies by the géelpblnuoo
thus caused between the colour of their skin and that of their
surroundings.  Similar observations were made by Agassiz,
Ayres, and Store , on the salmon of the United States, while
European naturalists were the first to eyperiment on Amphibla
which exhibit a similar power of assuming a protective hue,
Finelly, Heincke of Kiel has quite lately published a very
caveful description of the protective changes of colour *” in Gobius
Ruthe=sparri, which exhibits the most conspicdous variations of
‘coloiir that have as yet been described.

* Before entering on the discussion of those experiments by
Lister and Pouchet on the chromatic function, by which we
were first enabled to understand the observations above men-
tioned, it will be advisable to deéscribe the suucture of the skin

PG, 95—Bectlon of a frog’s skin. ep, epidermis, including five pigment-cells; ¢, outls
with black star-shaped, deepseated cells ; a and &, a thick single lnyer of yellow pig-
ment-cells close under the epidermis. '

4

and the mode of distribution of the pigments in it. One ex-
‘ample—the skin of the frag—will suffice for all cases. The skin
(fig. 25) consists of two distinct portions, the epidermis and
the cutis. The former (fig. 25; ep) is entirely composed of cells,
and the innermost layer contains 2ylindrical cells; the cutis is
cfzieﬁy fibrous ard encloses nerves, large cavities for glands and
cell elements. These last are commonly filled with pigment,
and the, remarkable changes of colour in the frog’s skin depend
entirely on the «ligtribution of these highly ramified pigment-
cells gnd their power of shrinking under certain kinsls of irrita-
tion, The pigment in these contractile cells—known as the
chromatophores—is different in different individuals and in dif-
{erent parts of the body, yellow, brown, black, sometimes even
réd or green. Besides, the colour of the chromatophores varies
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withy the ‘state that th;,y"happen to be in, and diffels during .
contraction and expansion. Heincke, for instance, has shown

that in Gobius Ruthensparri the chromatophores that are yellow

or greenish yellow when distended become orange-colonred

when contracted ; while the orange or red pnes when shrunk

become brown or even black. These (so to speak) active
movements of the chromatophbres were observed before by

Lister, whose careful drawings of the chromatophores of a frog

have been copiel in the accompanying woodett (fig. 20%; it ig

hardly necessary to remark that the studies of the varions -

*
w "
F16. 26.~ Chromatophores from the skin of a frog, copied from Lister. a, wlm‘n&mn-
tracted ; band ¢,

S : half relaxed : d, wholly relaxed ; e, wh@y contracted, a capillary
3 S+ 0, &, expanded ecolour-cells or chromatophores,

stages of contraction were ade from the chromatophores_of
living animals, and in fact it is quite easy to repeat these obser-
vations on the extended.web skin of a frog's foot. -

These chromatophores are distributed in the skin with a
certain regularity ; in this particular, veptilee, fishes, and amphi-
bians show hardly any —or no—difference. They usually ocenr
in the cutis only, but sometimes they penetrate into the epider-
mis, as, for instance, was the case in the section of the skin of a
common frog, shown in fig. 25; butitis net known whether thej?
then retain or lose their contenctility. Sometimes the epidermis-

0
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cells ave~all supplied with pigmen as in many weptiles, but
these certainly are not true chromatophores, and so are in-
capable of oceasioning any change of colour in the skin ; but of
course their constant hue must affect that of the skin gene-
rally, as well as the marking produced by the more deeply
seated chmmnbophorea. The trne chromatophores lie in dif-
ferent layers in the cutis; clost to the epidermis, Jjght-coloured
yellow cells oceur, beneath them the ved or brown, and, in the
i deepept layer, the black. In some spots the ‘pigment-cells of
“one kind or the other may be wholly wanting ; sometimes the
Black ones form a close mass in one spot, while in others the
red or yellow predominate, but very few spots are devoid of
pigment altogether. It is on this distribution and stratification
of the chromatophores and theie alternate expansion and con-
traction that the pattern (so to speaky depends which the frog's
‘skin displays at any given moment. If all the chromatophores
are relaxed, brawn or black will predominate, and in the spots
where light.coloured chromatophores lie in patches their hue
will be dulled; if they contract while the light ones are still
extended, these latter will be more conspicuons. Heincke
detected in Gobins Ruthensparri yet another kingd of chromato-
phores, which were filled with iridescent crystals of marvellous
delicacy ; they are visible, according to the degres of contrac-
tion, as spots of metallic sheen, or are altogether invisible,
The property on which the contractility of the chromato-
_phores depends is at present unknown, although various
hypotheses have been suggested in explanation of it. Tt is of
little importance ‘for our purpgse to learn which of all these
antagonistic hypotheses will ultimately be proved ‘@ be the
. right one, since ywe know that all living protoplasm is essen-
tially contractile, and moreover that all cells devoid of mem-
brane—like the young ovum-cell, the white corpuscles of the
blood, anud ot.hers—wmehmes posseqs this contractility in a very
high degree. Ar-d the chromntophores belong to the class of
cells Without membrane ; heice we need not be surprised to
find that they contract like other similar cells.
. It was formerly supposed that, the exciting agent which gave
rise to the contraction of the chromatophores must act upon

o o
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them‘,di;'o_ctly, so that variations in the intensity of “the light,
warmth, &e., could not ‘f;roduce contraction, or, on the other
hand, expansion, unless they were under the direct influence
of the rays. Some observations certainly have been made,
‘particularly those of, Wittich, which proye that in animals
baving the chromatic function (as the frog) the direct effect
from light-tays is, in fact, perceptible in a small degree; kat it
is now definitively established that this is not generally the
case, and that the changea of colour thus praduced cnnaot bo
included under the term chromatic funetion,’ since no adnp—
tation of colour to the surroundings is effected by them. Listér
demonstrated, on the contrary, by his experiments on frogs, as
long ago as 1858, that the activity of the chromatophores
in cases of chromatic function depends solely on the healthy
condition of the eye. ¥o long as the eyes are in connection
with the brain by means of the optic nerves, the light reflected™
from surrounding objects has a marked effeat on the chro-
matophores ; but, so soon as the eyes are destroyeds or the optic
nerves are divided, the chromatophores also become totally in-
capable of perceiving any variations in the intensity of light -
and colour ; thus the light reflected from objegts can only affect
the colour of the skin by the interposition of the eyes. =
These observations were subsequently repeated by Pouchet,
who evidently was not aware of the preceding®experiments, on
Fishes and Crabs ; and he, like Lister, came to the conclusion that
the irritation which excited the action of the chr o&m.tophores tooks
effect only through the eyes and optic nerves, and not dxrectly
on the pu'memrcellﬂ Among the numerdus new instances
which he brought forward, some of them highly instructive,
the case of a plaice observed by him is partienlarly interesting.
These fish have, as is well kiawn, a white side which constitutes
the under surface, and & partt-coloured side which lies upper-
most; this upper side exhibits the * chromatic fanctivn’ in a
very lugh degree. Among a great numben ‘of normal speci-
wens of the species which, won ‘@ white sandy bottom, were
also whitish or very pale-coloured, he met with sne shigle
dark-coloured fish in which, of course, the (.hromatophorm
must have been in a state of relaxation, and this spoumen was
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as distirict from its companions as from the botéom of. the
aquarium. Closer investigation proved that the creature was
totally blind, and thus incapable of assuming the colour of the
objects around it, the,eyes being unable to act as a medium of
communication between them and the phromatophores of the
skin, '
Up to this point Pouchet’s tesearches present ngthing really
new. But he proceeded to investigate the natural question : How
“and by, what coufse is the impression received by the eye passed
‘on from the optic nerve to the chromatophores located in the
skin? Two modes of transmission are here possible: one by
means of the spinal cord and the pairs of nerves distributed
by it to certain sections of the muscles and skin—these are
known as the spinal nerves; the other by two nerves running
longitudinally close to the vertebral column, the sympathetic
nerves, as they are called, and which are closely connected
with the &pinal- nerves and the brain. Pouchet detected and
proved that the connection was not severed, and the chromatic
function was not interfered with, if the spinal cord was completely
divided close behind the brain, thus cutting off the first means
of communication between the eye, the optic nerve, and the
ckroniatophores. On the otber hand, the chromatophores lost
their power of contraction completely if the two cympathetic
nerves only were destroyed at the root. These, as before
explained, are connected with the very finest nerves of the skin
\r-—whlch, it wduld seem, extend to the chromatophores—by
means of the spinal nerves which are given off from the spinal
cord on each side Ut regularintervals, By severing the connec-
tion of some of these with the sympathetic nerve of the same
side, Pouchet succeeded moreover in limiting the chromatic
function to those spots where thé nerves remained in com-
munication witl the sympathetic; and he was thus enabled to
produce ‘at pleasure a zebra-like marking on one side of a fish,
while the other sida retained its natural hues and their normal
variation according to the colours reflected from surrounding
objects. In this way it was mdls.putably proved that the
svmpathetic nerve, and not the spinal cord, is the conduetor of
the optical stimulus which causes the motions of the chromato-
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phores; znd we may ngw venture to attempt to investizate
how it is that an adaptation to the colour of surrounding
objects can be etfected by these variations in the colour of the
skin, that are only indirectly dependent on the light.

Professor Dewar. has recently shown % that the different
colours of the spectrum influence the eye and the retina in very
different ways by producing an electric current which has been
termed the ‘optic current.’ The intensity of this current, ac-
cording to Dewar, is greatest under yellow light, weakefc mndee
purple Jight, and nil in total darkness. OF course we canyot
divectly compare the stimulus which is communicated from the
rays of light through the optic nerves to the sympathetic nerve,
and then by way of the spinal nerves to the nerves of the skin,
and finally to the chromatophores, with this ‘optic or retinal
carrent,’ becaunse an electric current invariably takes the shortest
road, which the nervousirritation above deseribed certai uly does
not. Bat if we assume that the measure of the fores exercised
by the eye on the chromatophores may ba approXimately esti-
mated by the force of the retinal current, an explanation of the
phenomena of the chromatic function would be easily found,

Every object reflects the light according tc the natare of its
colour ; black surfuces, when they are not too smooth, absorb
the rays in-the highest degree, ved come next in order, and then
yellow. “White reflects nearly ull the rays ; hence a black baclk-
ground, reflecting but little light, will stimulate the eye in a
very faint degree, and the excitatioa, analogously to the<sver
tained working of the retinal current, will apparently not he
strong enough to oceasion the eontiaction of the black chromato-
phores ; these remain expanded, and give the skin dark hue.
1f the light is reflected from a red or blue object, the somewhat
sfronger stimulation causes tae black or brown chromatophores
to contract while it does not,affect the red or yellow ones; the
animal then exhibits a reddish or bluish fint, The light
reflected from green or yellow bodies produces a still stronger
effect on the ehromatophores, tiil a pure white light malkes, all
the inmost layer of the chromotaphores contract, and the anj-
mal i8 almost colomrless. This explanation coincides peifectly
with Pouchet's observations, though Heincke certainly makes

H
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4 fow contradictory statements. He says that when®a Golius
Ruthensparri is placed on a red bottom the yellow chroma-
' tophores shrink as well as the black ones, although the yellow

contract less strongly than the latter; but, according to,
Touchet's explanatica, the yellow chromatiphores should hardly

or never contract under a red light, since it is incapable of
affecting even the red chromatophores. This indicates that
there is still much to be done in this enquiry y and it is to be

Zioped that naturalists who take an interest in the subject and

ary in o position to make independent investigations will not

suppose that it is exhausted even after the interesting and

extended experiments of Lister and Pouchet.

We must also guard against the idea that another question
which is connected with this has been in any way answered :
unmely, that as to the first formation of the pigment in the
chromatophores—a question which is often, bhut erroneously,
regarded as i(}ex;tical with the other : How a particular mode of
coloration, or rather of distribution of the pigments, is to be
accounted for. This has, in fact, -been fully explained by Lister
and Pouchet in the case of chromatic function, but it is clear
that the other question is not touched by it; fur chromato
phores, i.e, dermal cells characterised by a rapid and peculiar

+ contractility, muvst have existed hefore the contractions occa-
sioned by the light roflected from surrounding ohjects could
_result in a useful function. The permanence and even the
furtuer development of thet chromatic fanction in such animals
as most required its protective effacts is of course easily ex-
plained, by the principles of the' Darwinian theory—by natural
selection in the struggle for exister.ce; but its first oceurrence
depends exclusively on the pre-existence of pigment in highly
contractile cells,

The zontractile power of the chromatophores, however, offers
no special difficilty, as has already been obgerved, since we
know that protopinsmic cells, 1devuid of an enclosing membrane
likp shose of the chromatophores, are universally endowed with
this property; any such cell, being & cell of the connective
tiszsue of the cutis, wight become & chromatophore, if pigment-
grannles were deposited in its protoplasm. Thus the only
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lind] difficalty is the inditpensable pre-existence of the pigmeat.
Wheénce and how does pigment originate? Recent Darwinian
views no more supply the answer to this question than the
older theories of the origin of colouring-matter through the
direct influence of light. It is incontestabiy certain that light
alone cannot give rise to a pigment, as was formerly supposed ;
and it is véry probable that, even if the production of darker
colouring sometimes scems to depend on the influence of light,
it is to be attributed t6¢ the chemical rays or lleat'm)‘; whick
are always associated with light-rays. It is equally certain that
all the peculiarities collectively which make animal pigments
useful to the owner do not make their existence indispensable ;
so that the chromatic fanction, in this special case, explains onl y
the various arrangements and rearrangements of pigment already
existing, but can throw no light on the obscurity which shrouds
the existence of these chromatophores, however great the utility
they may acquire, and undoubtedly possess, by the nature of
the different pigments they may contain and by their distribu-
tion and dependence on the eye und the optic nerve,

The question remains equally unsolved with reference to
all other kifids of animal colouring. They may, as in the
chromatic function, be elicited and influenced by the indirect
action of the light, or they may, as is now vory generally as-
sumed, have originated by natural or sexual selection 7% but
these canses are still inadequate to the production of the pig-
ment itself, when we think of its origin irrespective or its
distribution. 'The eye was not formed by the faculty of sight,
although, when once it was formed, it was largely modified by
the function; the eye muft have existed before it could be
used. The same is the case with regard to the pigment. I
lny some stress on this 2omparison, because it is o cofamon to
find it stated in popular treatises, nay, often enough in scientific
works, that this or that golowr is the resuli df selection or of
adaptation, the word ‘colour’ being no doubt used by many of
the writers instead of the more correct expressions— cologs: 5
pattern or arrangement of colour. The answer to this ultimate
query—FHow the pigment was first formd— cannot at present
be given; and although many experiments and observations

2
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have already been made which indicate the possibility 4f .an
early solution of it, they are at present far from being perfect
enough for us to discass them in this place. One thing only
may here be briefly observed. If the Darwinian prineiples are
indeed the true ones, we must assume that the pigment itself—
not by its variable distribution—together with its subsequently
acquired utility in the maintenance of the species by the
selective influence of the conditions of life, must either have
some _uirect primary function in the normal life of the indi-
vidual, or else be the inevitable secondary product of some in.
dispensable physiological process. In a few rare cases this last
is known to be the case, and they have heen classed by
Darwin as cases of correlational colouring. But we may hope
that the time is not far off when the presence of every kind of
nigment will be as intelligible to us—as easily referred, that is,
to definite causes—as are certain variations of colour, which,
under the chromatic fanction, are now recognised as being
directly and wbsolutely dependent on the effects of light on the
eye of the animal.3
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CHAPTER IV,

THE INFLUENCE OF TEMPERATURS X

Tue sun, the source of light, supplies other powerful stimuli
to organic life on our globe. All the heat which influences
the development and contingity of life either is now, or formerly
was, derived from the sun, in whose rays light- and heat-rays
exist in combination. The influence of the heat-rays only, e»
animal life and on its distribution on the globe, will form the
subject of the present chapter, - -

It must be almost superfluous to bring forward any special
facts to prove that heat, or the degree of femperature at a given
time, has a marked influence on the life of animals and on their
vital functions. Everyone knows that perspiration, i.e. the
action of the sweat-glands in the skin, increases as the tempera-
turerises ; and that a considerable heat must ba kept up if a hen’s
egg is to be perfectly developed or hatched. The hea® which
reigns during summer in the Eastern States of America, in
Madrid, Naples, and other places, is often intimately cor.acted
with fatal epidemics, nay, sometimes is prodyctive of them. Most
Europegns become indolent und slothful if they are forced to
pass the hot segson between the tropics or even in Naples or
Madrid. The approach of winter, on the other hand, is equally
perceptible, and it may be confidently asserted that mary millions
of human beings make their livings and support themselves
solely by the indirect results of this tre: sision from summer
warmth to winter cold, otherwise frequently 5o injurious. If, for
instance, we suppose that the thirty or forty millionss of hpman
beings who pass through the severe cold of an American winter
were by some means relieved of the necessity of buying, say evéry
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three or fonr years, a winter overcoat, the necessity for a certain
annsal expenditure of a sum of certainly not less than abhurdred
thousand dollars wouldalso be removed, and an enormous number
of the population would be thereby deprived of the means of
existence. Animals, however, under these circumstances behave
very differently ; the:lower animals, and above all those that
live in the sea, are far less dependent on variations of tempera-
ture than man and the warm-blooded animals; nevertheless
the very simplest of all forms, the Protozoa, are dependent on
warmih’in a very remarkable manner,

Many of my readers have no doubt been at some time
obliged to experience some degree of acclimatisation toa tropical
climate. Everyone who has passed some time between the
tropics knows that sooner or later he got accustomed to the
higher temperature, and at the same time probably lost the good
“=petite which he enjoyed in his colder native country. He
will also have observed that the effect of a high temperature
on the action of the sweatsglands and kidneys was different
from that of & colder climate. A European sees the natives
of a tropical country turn drowsy or shiver with cold at a
degres of temperature which, though low in those regions, would,
in his oyn countryy have made him wish to fling offf his gar-
ments and plunge into icy-cold water ; but a prolonged residence
in the hotter climete will gradually accustom him to the sensi-
tiveness.of the natives to small variations in temperature. The
natives of Port Mahon in Minorea were excessively astonished
at seeing me und two other‘Germans bathe regularly in the
sea in the month of September, although the temperature of the
sea-water of the harbour where we bathed was certainly not less
than 18° centigrade, and very probably more.

These few facts may suffice; I should not have mentioned
them if it had not seemed desirable to make the reader familiar
at once with the idea that the influence of temperature on
animals depends not,merel; on the absolute degree of heat
experiensed, but on the variations of temperature to which every
animal, almost without exception, is exposed in the eourse of its
life.  The above-mentioned facts prove too that animals are
capable of enduring the effects of change of temperature and to
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adapt themselves to i withont any change of strugture bemg
ths iaevitable result, although such chunges are clenrly recognis-
able in funetion ; and, in the third plwe, thnt the same degree
or varintion of temperature aflects different organisms in
different ways. We might perhaps be-disposed to assume, on
the ground of theoratical conjecture, that all the animals living
together in the same climate must be affected in the same
manner by the normal variations of its temperaturve; biit such
an assumption would be, as everyone knows, altogether false.
On the contrary, well-kmown facts tend to show that txere are
enormouns differences in this respect, and the same facts tenc]} us -
nt the same time, that the well-being of animals living in associa-
tion depends far more essentiully on the variations and extremes
of temperatore than on the absolute degree of heat to which
they may be simunltaneously exposed at any given time.

The results thus laid down, somewhat dogmatieally perhaps—
but the reasons on which they are founded will be given -pre-
sently—justify us (only hypothetiqally, it is Wue, for the pre-
sent) in denying the value frequently attributid, even quite
lately, to the curves of temperature as constructed by meteoro-
logists. Amnnual isothermal (isochimenal or isotheral) curves
are construsted by estimating the mean temperature for the
days first, then for the weeks, months, seasons, or fur the whole
year; buy these curves caleulated from mean temperatures are
in truth, if of any, only of very small importance to the, matter
in hand. Thus, for instance, it is certain that a given degree
of temperature, conceived of as abeolute in its effects, will have
a favourable effect on one animal, while on another it is: less
fiuvourable or even injuriouse Now the niean temperatore of
a day, as caleulated by the meteorologist and assumed as the
Lasis of all lis curves, can afford no standard by whicll to
measure the influence of the heat duving that day, ginee it is
not the same as any of the different temperatures observed
during the day, and that mean of {emperatrie may be the re-
sult of very dissimilnr éxtremes, A pondssuail is developed,
lives, and feeds best in a mean ‘temperature of about 207 centi-
grade ; but this, as a daily mean of heat, might be the mean of
two extremes lying fur apart from each other This water-sn=i
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does not assimilate its food—that is to eay, digest and grow-—
till, the water has attained a warmth-of from 14° to 55° certi-
grade, and it entirely ceases to do so when the water has
reached 30° to 32°. Hence it is plain that the pond-snail is
for a long time less fazourably circumstanced than a bird or
mammal living near, the pond or in it, and close to the snail ;
for they, like all warm-blooded animals, can carry on the pro-
cess o digestion even when the temperature falls Lelow the
freezing point or rises above 36° or even higher ; the Lymnswa
mennywkile is materially checked in its growth, or even killed.
I\'t’i'verthelma the caleulated mean daily temperature may be
identieal with that which would afford the most favourable con-
ditions for the pond-snail. Henco it is evident that a-classifi-
cation of animals according to the climate in which they live
in fortuitous communify—as those of the tropical, temperate,
and frigid zones—has no real value, and*is simply an expression
of the fact that different animals live in different climates. All
such divisions formded ox the terminology of meteorology serve
only o conceel the true relations of animal Jife to the tempe-
rature that influences it, and consequently cannot be regarded
scientifically as either accurate or useful. I therefore shall
suggest another wethod of classification which egvees better
with the nature of the relations that can be proved to subsist
between animals and those variations of temperaturd to which
chey are subjocted,?!

Almost all animals are exposed within the course of a day
© 1nore or less ‘considerable changes of temperature. If we
ASSUe, 05 We are Justified in doing by certain observations
that shall presenily be communioited to the reader, th‘t\t th.ere
18 & cerfuin degree of heat (which need by no means be Ide.lltl(.' .tl
witdl the meteorological mean temperature of the duy) whu:h.m
most favourable to the well-being tf one or of several species
of unimals, ohviously every rise or fall of temperature _“1?0"_" o
below this favourplg point, must be toa certain extent injurions
to the creature, The interval between the daily cxtremes may
be areat or small withont any alteration in the daily metc-ort?-
Jagical menn ; moreover, the favoirable tom.pemturt?—-.t-he opti-
rum of temperature for the animal—may either coincide with



.

e
EURYTHERMAL AiD STENOTHERMAL. 105

®the moteOrglogical meafl or lie nearer to one of the e®tremes—

themiximum or the minifaum—than the other. We have hite
assumed that the optimum is the same for all animals ; but they
may nevertheless be very differently affected by the variations in
semperature according to the degree of the variations themselves.
Then those animals which can endure the gleatest variation in
the direction of either extrems evidently exhibit a ceptain
contrast to®others which cun only thrive under very small
departures from the optimum, and their distribution  must

depend essentially on thi% characteristic. Certainly the d‘i‘sﬁncc‘ .

tion thus indicated cannot be regarded as absolute; but we
shall nevertheless do well to avail ourselves of it as a means
of elassification, and to desighate animals, according to Mibius,??
the former as eurythermal, thg latter as stenothermal,

We also know that Jthe optimum of temperature may be

extremely different for different animals, since some exist near™

the poles and others on the equator, some live qn ice and somne
in hot-water springs. Nevertheless, & rise of temperature above
the optimum must in either locality influence the animal in an
analogous manner, whether it dwell on the ice of the North Pole,
or at the summit of a high peak, or on the scorching plains of the
tropics ; and a fall of temperature below the optimum smush
likewise produce analogous, though not iden tical, phenomena.

Hence we may, in a certain sense, assume the eptimum of.tem- .

perature as being the same for all animals as a basis e our

discussion of the question : How do variations of temperature e

affect the animal? and thus we m:l.y divide this cbnpter‘l-gto

three sections, the first dealing with the efects of a falling
temperature, the second with those of a rising tempegature,
and the third wijh those of ®an equal temperature, and at the
same time with the dependegee of animal life on these three
conditions—the term ‘equal temperature’ excluding afy great
changes whether of rise.or fall. ' .

I The influence of ,a falling tempa\t'ure on animal
life.—This influence may exhibit,itself in many different “ways.
A small fall in temperature may be as injurious to ome antimal
as n great fall to another, while a third species may be wholly
unaffected by either. Animal’life is ofterf destroyed before the
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freezing point is reached, whxle some aflimals can endure ever
to be actually frozen up without being killed, their vital powers
merely becoming latent. Sometimes the effect of the reduced
temperature induces modification of the functions only, some-
times it leads to (.hunges in organic structure. Unfortunately
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FiG. 27,—Tho mean thermal curves dotocted 0 Rossbach for the contractile redcle of
Infusarif, 1. For Euplotes Charon. 11, For Seplongelda pustular, 111, For Chilcden
cucnllulys, The nnimnlx are shown In fig, 28,

very few axpermAcnts on individuai cases have been made
th}] elucidate this hranch of the subject, but we will investi-
gate these more closely. A reduction of temperature which
.aever falls so low as the freezing.point of fresh water may still,
under gome circumstances, lead to the suspension of various
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animal fuwctions. Rossbach proved that the rhythmécal con-
tracti®ng of The contractile ®esicle in Infusoria are very remari
ablyaflected by a low temperature. He found by very carefully
condueted experiments (fig. 27) that the pulsations of these vesicles
were generally carried on most regularly and rapidly ina tempe-
rature varying between®15° and 25° centigra®. But the lower-

]
Fia, 28,—The Infasorin observed by Rossba®h.  a, Chiladon ctieullulus; b, Euplotes
Charom ; ¢, Stylompchie pustulat, Highly magnifiel. .
.

- L d
ing of the temperature to 5° abgve freezing point (5° centigrade) 3
fias a quite different effoct bn the different species ¢ thus, At this
low temperature the vesicle of Chilodon cudullulus cofitracts
seven times in a minute, thateof Stylonyia pf wlata only three
times, while at 15° there are fiftesn pulsations per minufe in
each. At 10° above zero® the length of one pulsttion®ih

* Zero, in the centigrade thermometer, is freezing point; 1002 the =
boiling point of water at the sea-level,
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Chilodod cucullulus is seven seconds, iti Euplotes Chéron forty-
eizht. We see at once by this that whe active life of the animal
is not suspended even at so low a temperature as 5°; for although
the pulsations suceeed each other more slowly than at a higher
temperature, they occur regularly, and the contents of the vesicla
are discharged with the same regularity. But if the temperature
is still further reduced to 3° or 4° above zero centigrade, the pul-
sations of the vesicle, as well as all the movements of the various
mempers of the creature—its cilia, bristles, anc so forth—cease
-a;farely; a condition of the animal protoplagm supervenes—
which must not be mistaken for death, though it frequently
precedes it—to which Rossbach has given the appropriate name
of ‘chill-coma.’ If this chill-coma of the Infusoria is not tco
long continued, the creature may be revived by raising the
temperature ; but if it is long continued, or if the temperature
* is still further lowered, the animal finally dies.

Qur common pond-snail, Limneae stagnalis, offers a very
interesting, example of tne influence of cold on the orgunic
functions. 1 found by experiment that this animal, when
young, first begins to assimilate food, and consequently to grow,
when the water is at about 12° centigrade ; at the same time a
temjerature much below that which induces chill-coma in the
Infusoria has no injurious effect on the animal’s life, though it
entively preveris its growth. Indeed, observations have been
made which seem to prove that the Limnma may be quite
frozen up witkout being killed. This molluse grows at a very
moderate rate; individuals brought up even under favourable
circumslances fs%e ahout three months to develope a shell
twenty-four millimétres long, and they do not attain their
fall size under two years, although the whole life of the in-
dividual can searcely exceed thres or four years ab the utmost.
Assuriing that a young Limnwea wereplacedin a lake or stream,
of which the temperature constantly exceeds the minimum af
which the snail ¢da begin to grow, during only two months of
the year, while it never perhaps reaches the high optimum, 25°,
the mol'use will be unable to attain its due proportions during

5 the first year, or to grow to its full siza even during the second,
and thusa dwarfed” form will inevitably arise. This dwarfed
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forp il gill be able Yo peproduce and multiply itsel?; for the
maturation of germinal matter—the ovum and sper m—talms
place during the winter and early spring, at a time when the low
temperature of the water hinders all growth, and the optimum
‘of warmth for the sexual processes is much lower than that for
growth, Thusa permanently diminutive race ¢ 8 might ariseif the
conditiohs of temperature above deseribed remained constant for
several successive years in the lake or stream where the young
molluses or thé eggs haye been deposited. Hence it hag been
supposed, and in many cases no doubt with justice, that ty )
dwarfed races of animals which are found on high mountains

in the polar regions, where they must meet with the conditions
of temperature just described, have or iginated dirvectly from the
low temperature hindering their growth, This assumption, as
is quite evident, perfectly accords with my experiments on
Limnwma; still it must not be forgotten that other influences
might lnvc precisely the same eﬂect such as jnsuflicient food
nud other circumstances, which will' be discussed, in the next
chapter,

Thus we have seen that a degree of cold nearly as low as
the freezing-point of fresh water kills Infuspria, but not the
Limnwa ; also that their vital activity, as shown by the con-
traction of the pulsating vesicle, begins at 4° above zero, while
assimilation, and with it the other orgunic funétions, only-begin '
in the Limnwea at 12° above zero, although the optimum of
temperature which favours the lnuhest vital sctivity and (le-a
velopment is almost identical for both, viz, 256°. The enormpus
diff-rence in the powers of resistance to a filfl in temperature,
possessed by different creatures, which is proved by these ex-
amples (and by many othérs which need not be particulasly
mentioned), shows that its influence is not absolute, i.e. cannot
equally affect all the adimals exposed to it; but that® the ex-
tinction of certain animals under secular refvigeration®in either
henigphers of the globe yust have depended iy part on the natum
of the animal itself, «

This reaction against the influence of cold is in e higlest
degree dissimilar in different species of the same family. A few
specml pheromena illustrating this, particularly those of h) ber.
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nation of winter-sleep, and of msuscit;&ion after being «frpzen
ui;, must be briefly examined.

It is universally known that there are forms among the
Vertebrata, as well as-the Invertebrata, which are distinguished
from all their congeners by the circnmstance that they ard
lulled to sleep by the falling temperature at the beginning of
winter; they sink into 4 statd of rest of longer, or shorter
continuance, during which their active life, if not totally sus-
_pended, is reducd to a minimum. B y two tarhe Praivie-dogs,
“Hans and Gretel, feel the effict of a falling temperature, when the

ermometer is only down to 7°-10° centigrade ; the Amphibia
of our latitudes first perceive it when the temperature is very'
little above the freezing-point of water, while.in Cluba they
succumb at degrees lying between 7° and 24°; the common
continentul vineyard-snail, Heliz Pomatia, does not throw off
the calcareous lid which profects it during its four-months
sleep till the temperature by day has reached abont 10°~12° centi-
grade. In topical countries, various animals, a3 snakes, lizards,
&e., fall into a state of chill-coma, precisely resembling a
winter sleep, at a temperature far above that at which the hyber-
nating animals of northern latitudes ™ are still anite active—
another proof of the truth of the statement that it is the depar-
ture from the optimum, not the absolute high o2 low tem-
perature, that atfects animals. TIn the Philippine Islands I have
frequently found snakes under stones early in the morning,
that were quite'stiff, though the temperature of the soil under
stones, or protected against radistion by the shade of forest
trees, was never Velow 16°-18° Tt may perhaps be here oh-
Jected that, for this very reason, the winter-sleep of our animals
catinot be directly compared to the chill-comé of those living
JDetween the tropics; but I thirk this abjection ill-founded,
Certainly the temperature in tropical countries never remains
for any'length of ime, for days or even weeks, so low as to
induce an unbriken or prolonged chill-coma during such
periods.  But it is obviously of small consequence whether the
offéets .produced by the lowered temperature are of long or
_ short continuance ; even among our bybermt-ing animals the
duration of their sleep varies considerably, but the general
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identity of the influence extrted by a reduction of temperatuve,
both in high latitudes and equatorial regions, is not to be dis-
puted. This consists, as we have seen, in the fact that every
reduction of temperature below the opfimum, whether that
optimum be high or®low, so diminishes the vital energy of
many, though not of all animals, that they gradually fall asleep,
and remain fn a condition resembling sleep as long as the low
temperature, which induces that condition, lasts.

In general, warm-blboded animals seem to be protedied,
against the effects of a reduced temperature by their power af
keeping up, by combustion, the warmth indispensable to their
existence. But they do notall escape its influence nevertheless.
Everyone who has lived for any length of time between the
tropics, and has observed the people there, knows that the natives
become excessively sleepy under a sudden and great diminution -
of warmth ; and that the most inveterate winter-sleepers belong
to the warm-blooded mammals is eqll§ well-kiiown. It is in
no way surprising to learn that a cold-blooded snaif, molluse, or
frog becomes lethargic during the winter, because the warmth of
their bodies always exactly or very nearly corvesponds with that
of the surrouriding medium, air or water, and “hecause they are
not fitted by their internal structure to produce such warmth as
i3 indispensable for the energetic vital action of their organs ;
hence they must gradually subside into sleep, i.e. a torpid
condition of life, as soon as the temperature of the air or water
falls below the point where their poters of assimilation begin, %
But we may well feel surprise at seeing that a warm-blooded
animal, whose body is constintly maintained by internal
processes at the, high temperature of from 36° to 38°% ig
nevertheless mcapable of resisting the lowering and sopon"fic ;
influence of cold. With rew'ml to this point u fact of the
greatest importance has lately been discovered. We have, learned
from tolerably numerous observations-that iy several hybernat-
ing mammals, which have been ex:unmed with this view, the
temperature of the body is very considerably lowered during
their winter-sleep. The lowest temperature hitherto detected
in such a creature is 2° centigrade in the Zizel, Spermophilus »
citillus, according to Horvath’sresearches. To this nataralist 20



112 THE INFLUENCE OF IFANDMATE SURROUNDINGS.

we owe, too, the far more interesting observation, that the izes,
when Jying in its winter sleep, always has the same, or nearly
the same, degree of warmth as the surrounding air. In one case
the temperature of the room wag 2° above zero, and a thermo-
meter inserted in the rectum marked exactly the same degree ;
in another experiment the animal was sleeping in a room, at
abgat 9° to 10°, for several days, and its body (ine the rectum)
wasg at 8:4%.  This shows that during their winter sleep warm-

o bleoZed animald become truly cold-blooded : at any rate this
*23 true of the Zizel, since its temperature corresponds with
that of the surrounding atmosphere. Other facts proved by
Horvath’s elegant experiments, and of which the interest is too
specially physiological for mention here, I have quoted in
Note 36, for they appear to mé to deserve to be more widely
known than they have hitherto been.

A second point of more general interest is the great power
of resistance td extrere eld manifested by many animals, and
their power of enduring even to be frozen up without injury to
their vital functions. In this respect the cold-blooded have
certainly the advantage over the warm-blooded races. Man is
compelled to supply his deficiency of natural profection against
severe cold in the most various ways, or to borrow them of
furred quadrupeds; a rabbit will infallibly die if the heat of
its body is reduced to 15° centigrade. Thus this rodent, whose
normal body-temperature is about 31° to 32°, needs only the
comparativelyinsignifican® reduction of sixtoen degrees to put
ar end to its life; and it is to be assumed that, with the
exception of the® winter-sleepevs, the same would be the case
with &l mammals. But it is different with the cold-blooded
ahimals. Their body-temperature, as we hate seen, is always
exactly or nearly the same ag thes of the surrounding medium,
and rises and {alls with its variations.,* But their powers of
resisting a conridsable amount of cold are nevertheless very
varions, and evea the same individbal, at different stages of
its dévelopmont, differs gredily in this tespect.  Frogs and
toads cax’ bear to be frozen up, or even endure o degree of cold

- approaching the freezing point, only when fully grown ; many
fishes, as the salmon, can do so, both as embryos in the egg
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aml Wief? fully grown ;eit is well known that salmon’s egas,
with the embryo in them, are conveyed in ice even to America
and Australin ; other animals, again, can bear such cold only
in the egg state. Many insects perish irf the winter, while their
eggs survive, and thke embryo within the =gz of many insects
cannot be frozen even at an extremely low temperature, The
so-called avinter eggs of many of the lower crustacdans—
Daplnide for instance—and the germs or statohlasts of Bryozoa,
or of the fresh-water eponges, resist any degree of cold svhije
the fully grown individvals regularly perish in the autugm,
apparently from cold. So far as I know, no explanation has
yet been given, or even sought for in the right way, of the
fact that the soft contents of so minute a body as the egg or
germ of an invertebrate animal cannot be frozen so long as
it remains enclosed in‘its firm but always extremely delicate
capsule. ¢

With regard to the capability maifested by many animals,
or even certain separate organs, of enduring td be frozen up
withont having lost their vital powers in the smallest degree after
they are thawed, many observations have been recorded, but
hardly any,«if any, thorough and complete sezies of experiments.
The statements that have been made are often nothing short’ of
astoundirizg. Thus it has been said that frogs and toads do not
die even when so completely frozen that their skin, muscles, and
bones can be broken up into fragments. The extremely delicate
marine Naked Mollusca are said, like many other Mollusea, t§
endure freezing in ice without injury, and excised portions, as
the heart, muscles, or nerves; to undergo the same treatment
without losing their functipnal powers. But, on the ofher side,
Pouchet declarés, on the ground of various experiments, thas
actual freezing infallibly Kills separate members, and perfect
individuals too; for according to him the corpuscles of the
blood are in the first instance destrpyed Y freezing, and these
dead elements act as a ‘poison after the individual js thawed,
killing the animals, or, as the ‘case may be, the organs., This
view, if not actually contradicted by Horvath’s researches, is
rendered improbable, to say the least ; for from them we Jeag»
that a frog whose legs have been killed by freezing lives on ull

I
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the'same, and is not poisoned by the iatroduction into its cia-
culation of the’dead corpuscles from its frozen legs. From
Pouchet’s point of view it might be answered that the amount
of poison supplied by the freezing of the legs was insufficient to
do permanent injuryto the frog after they were thawed. But
the question is not one of any present moment.

At{ any rate, the results of Horvath’s experimeats, which
agree with Pouchet’s, as to the deadly effects of freezing, make
the vatious observations as to the revival by thawing of frozen
unjmals in the highest degree improbable. Horvath showed
that a froy, or a portion of a frog, infallibly died when frozen in
a temperature of the smrounding medinm (water or qguicksilver)
of 5° or more below zevo €. ; whereas nerves, muscles, and hearts,
after being reduced to a temperature of from 0° to 4° below zero C.

“o» even actually frozen, are said to be capable of renewed activity
when thawed again.  From this we may infer that the essential
part of musenlar fibre orneeve-tissue, on which their functional
activity depends, is not brought to its freezing-point even when
reduced to n temperature of 5° centigrade. But we eannot
extond this conclusion to whole animals, for we do not know
whether other pavis of the body, as, for instance, the blood or
gland-cells, might not freeze at a still higher temperature and die
in consequence, and then the whole animal would undoubtedly
be killed. However, exact estimates of the internal heat of
animals thus hard frozen are not at hand; it was concluded
“at onee from their stiffness that they were frozen through
and’ through, with;)ut, the least consideration of the fact that
the freezing-point of the different' juices found in the body may
vary greatly, and that consequently, even in apparently hard-
frozen animals, those parts may not be aetually frozen on whose
properties their resuscitation by thawing esseutially_ depends.
Horvath’s experiments onght to hawve been mpcate'd,. in a com-
prehensive way, ¢n, “ninjused animals before a positive opuion
could be formed on earlier observations.?®

Meanwhile these as well as Horvatl's experiments show
that there are animals which can bear to be frozen up, and even to

* e in part actually froren. From this a latitude in their power
of resistance to vaviations of temperature is presumable, which
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mugt ba ofethe grcutcs: upportance in considering the,quesﬁq'n
- 08 to how far secalar variations in the distribution of tempera-
ture on the surface of the globe may have acted as a selective
influence on the animals peopling it. For instance, the selec-
tion from speciesnow living, which might possibly at some future
time recur as the result of a considerable reduction in the tem-
perature ofaour latitudes and fhe introduction of new-species
from high latitudes—the fauna of the ice period—might be
accompanied l)_'," modifications in the structure of the individuals,
of such species as survived the change. AP«

Now, so far as I know, no single investigation proves
that the coarser main strncture of the different organs of
animals can be modified by changes of temperature. On the
other hand, many modificatibns in the fur and colouring of
mammals, and in the colouring of birds and insects, may with
good reason be referred to the direct or indirvect influence of a
reduced temperature ; as regards insgcts, indeed, this effect has
been positively proved by experiment. (Anothef effect of a
falling temperature, namely, its influence on the production of
eggs, will be treated of later.)

1t has been recently asserted, on the ccatrary, that the
change of colour in winter, which occurs regularly in many
mammals gad birds, is a result not of cold, but of selection. I
must confess that I do not understand how such & conclusion is
wmrived at. It is self-evident that selection per se cannot
possibly modify colour, i.e. the pigment itself, in the smallest
degree ; the causes which result in a brown fur becoming white,
more or less quickly, must undoubtedly be of a different cha-
racter, Tt is well known that the whitening of the hair fh man
i8 usually a sign bf advancing years, that sometimes it ocedis
in early life, and that this peculiarity is often hereditary, and
that ocmsionnl'ly violent and sudden agitation of mind will
cause it within a few hours; in all thesé cases the efficient
causes are perfectly dissfmilar. But of thé nature of these
causes we are wholly ignorant§ and we may, though with
caution and reserve, express the view that the fall of tem peri-
ture at the beginning of antumn may somehow produce an »
effect, direct or indirect, on the pigments sitnated in the skin.

12
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Oa the other hand, it is diffieult to md.erstnnd hove s wcg of
brown animals can be gradually transformed by selection into a
variety which always turns snow-white in winter, Granting
that a brown weasel %ould, by any external or internal cause,
be changed duringéhe winter into a brown and white spotted®
one, this weasel would not have the smallest advantage over
the Brown one in consequence of the white mixturg in its fur,
for if. would be quite as conspicuous as a plain brown one in
dhe®Wre white of the snow, perhapseeven more so. That a
®  white variety shonld arise from a gradual increase of the white
patches in the piebald fuv is not to be thought of. It might
indead be possible that a selection ghould be effected, if a pure
white variety were at once and from the first produced from
the animals which first exhibit®d this modification of their
» «ummer colouring, since these, like stha nearly white ones,
wduld in fact enjoy an essential advantage over the brown or
spotted ones, *But, even ghen, selection would not have pro-
duced this Bure white winter colouring by the cumulation of
small and useful variations, but have chosen between the two
varieties offered, the white and the brown ; and the question as
to thg origin of #he winter colouring is still unangwered. The
gnme arguments hold equally good for all pure white varieties,
whether in arctje regions or on the ice and snow ofehigh peaks
in meuntain chains ; these, like all other species that turn
white in winter—it would be superfluous to enumerate them
here 9—cannof have presceved their winter colouring by means
of*sclection ; whereas, no doubt, after other causes, unknown
to us, hatl in the first instance given rise to a constantly white
Vi -iet).', or to one white in winter and brown in summer, this
* may have been secured by the rapid extirpation of the less
woll-prptected brown or spotted® varieties. IP' is- thus that
Wallacg accounts fpr the occurrenge of white species in northern
regions, but heedgfs not,even refer to ‘the question a8 to how
the wehite hue orifinated. 2
o The gature of these cause® is in fiact unknown ; it was pro-
bably an error to assume that in all the above-mentioned cases
® i his whiteness, f.e. the absence of the pigment, was the direct
elfect of the winter cold, or of the low temperature of the polar
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regions orof the eternal_snow-fields of high mountiin peaks
In one single case only can we assert with certain y that the
winter colouring of #n animal may be referred to the direct in-
fluence of the reduced temperature in autimn, Professor Weis-
fnann in Freiburg, to whom we are indebted already for many
facts established by bis elegant experiments, has proved that
two varvieties of butterfly, long regarded by entomologists as
distinet species, are in fact only the summer and winter forms
of the same species of Vanessa (Vanessa prorsa-levang), for
he succeeded in rearing the winter variety (Vanessa bvana)
the summer season, and from a summer brood, by kekp-
ing the air in which the caterpillars and pupwe lived at an
artificially lowered and regular temperature’ It is much to
be wished that zoologists would more frequently carry out

FiG. 20,—Desorin glactalis, the Glacler Flea, ; -

similar expelmcnta, for if this were done, I hiive no donbt that

a far more extensive influence of cold on animals would Soon he
recognised, and its limits more accurately defined than is ate™
present possible.

II. The influence of a rising temperatufe on animal life.—
Variations in temperature below the freezing-point of the fluids
contained in th¢ body e¢an obviously have no effect on those
animals, or én their pecuh..rltlcs, which either die when the
cold reaches that point, or whose vitality becomes Jatent, Tt
will matter little to a perfectly frozen ‘rog whethér it was
frozen at 5° below zero or at 10° or 12° above. It is not until
the water surrounding the creatare, and the fluids contained in
its tissues, recover their fluidity under a thaw, that any farther
rise of temperature can affect its vital activities.  For although
many animals ean live on snow and ice, or even in ice—as the

2
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glagier fles® (fig. 29), Degeeria nivalis, tywo &pecies of Smginthurus,
Chionea aransoides, &c.—their internal temperature is not that
of the ice; nay, most of these creatures belong to the warm-
blooded races, who thepselves can supply the deficient warmth.
Besides, the temperature of the air at the surface of the ice er
snow is by no means always below the freezing-point; on the
contrery, often considerably aboveit. - Thefact that animals live
on or in the ice must not be taken as proving that an active
anirgal life is genecally possible at temperatures *below zero, or

, that a rise in the temperature of the air or water from —10° to
—%° can be of any importance to animal life. A rise of tempera-
ture above the freezing-point of the water and of the juices of the
body must, on the contrary, have much effect on the animals
but, as we have seen, it has by na means the same effect on all
the animals that live together in one s,pot; and exposed to the

" Sime rise in tem perature. )

The effect of ya rising temperature on animals depends of
course on their nature; as this differs, so will they be differently
affected. This is familiar to all, and easily observed. Some

« animals rouse from their winter sleep earlier than others ; some
at a low tempergture remain rigid in morning torpor, while
oshers! roused to sexual activity, display their charms, and are
already busy, laying their eggs or bringing forth their living
syoung. In sho%, from the very freezing-point, a vising tem-
perature begins to exert its stimulating influence on the vital

wfunctions of every living thing up to the point where these
fungtions are at the highest possible stress under the optimum of
temperature, which, as is proved, by the above-mentioned facts,

lis diffesent for every animal. If the heat vises above this
Jop¥imum, the effects are reversed ; functional activity is more
and more reduced, till at last a sleep-like condition or heat-
coma précedes death, which ensues undetr too great heat.

The Sptimum of praperature varies not only according to the
species, but in evdly individual, nay, in every organ of every
individual, The best, or at any rate the best known, example
of fnls is®offered by the Infusorin. Rossbach, in the work

Iready referred to, showed that the vhythmical contractions of
the contractile vesicle"always grew more rapid under a rising
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tempop,ture until they"reached the maximum of rapidity, which
vafies in different species, &t the temperature of 30° centigrade. *If
the heat increased beyond that point, the rvapidity of the con-
tractions diminished, while at the same time that of the ciliary
smovements increased ; if, finally, a tempemtum of 357 was
attained, a striking (hﬁ'erence was seen in"the reaction of two
kinds of cilia ; those which effact the rotatory movement move
without bemg in any way affected by the animal’s will, while
the others, by which the creature is enabled to move backwards
or forwards, depend enfirely on its will. The rapidity ot hoth
kinds of motion increases equally so long as the warmth is rising -
up to 35° but after that the backward or forward motion of
the animal ceases to be tnder the control of its will, and a
peculiar combination of aimlgss direct and rotatory motions is
the result. When the heat has risen to 40° the direct motion
which beeame involmitary at 35° ceases entirely, while rotation
continues with unndiminished vigour, till at last between'42°
and 45° heat-coma supervenes and *defith ensues We see by
this that even two so closely allied functions as contractility
and ciliary motion, or even two very slightly different kinds of
cilis—those that work voluntarily and involuntarily—are in-
fluenced in widely different ways by the samé increase of tem-
pemt.um, exactly as individual animals react differently nnder
a rising temperature. Hence an increase of temperature, in
any district, resulting from secular variation, or an alteration
in the distribution of heat as to the seaspns, must exert,
widely different influences on arimals previously living to-
gether; and the view so frequently expressgl in the statement
that animals may be classed as tropical, qub~tr0‘pxml temperate,
and so forth—gs if all the animals living together in the spme
place must be rqn.dl) well adapted to the chmnte of it, an
if they must all react in the same way under any variations in
temperature—is evidently devoid of any solid foundatipn.
We will now examine a few pa.rt.‘cular mstances, to illustrate
more cxnctly what has been said by some extreme examples,
We know that the optlmum of temperature is not the same
for nll animals,*! go we shall not be surprised to see that cer-
fain species ean live in a temperatmie which to otheis i
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promptly fatal.  Animals of the North £ea, when exposed to a ¥
tetnperature of 30° under the divect rays of the s'un, dig, it
would seem, at once, and invariably, while this appears to be
the optimum of warmth for the Branchipus stagnalis, living in
our pools. Animals living within the tropics are generally.
exposed to a much kigher and more equqble temperature than
our northern or boreal forms, and few species can long survive
atransfer from one region to the other. 1shall presehitly return
to this subject. It certainly appears surprising, though it is an
indi¥phitable fact, that certain animals and even plantsare capable
ofienduring a higher temperature 4 than is generally fatal, as it
would seemn,'to protoplasm, which is the fundamental element of
all organic life. Itis known that animal protoplasm usually
| congulates and dies at £0° centigrade, and always a4t 50°, and this
‘agrees with what is known of vegetable protoplasm. Hence
‘wo shonld feel inclined to conclude that animals could not
exist in spots—as, for instance, in many hot springs—where
the temperature “excoeds’ the maximum limit in which proto-
plasm can live. But this assumption is in contradi¢tion to
nsoertumcd facts. It is sup(,rﬂuous to give these in detail; it

* ‘will suffice to state that animals of tolerably high grade, as

| Orustacea, the larva of insects, &e.,live in springs having a
te'mpemt,uleof 50°-60° or even more, Inview of the numerous
data on this sulject, and the trustworthiness of most of the
observers, we are not justified in doubting the facts, aithough
the physiological puzzle which they offer cannot at present be
solved—indeed, no attempt” has ever been made to solve it.
‘We'might have regourse to the supposition that the capability
of many animals for living and fnultiplying in snch heat must
r&mlt from a capability in their pretoplasm for resisting the
injurious effects of a temperature of 50° centigrade and more,
But thisewould prove far greater po“ ers ef mlaptatlon in animal
protoplagm than have yet been considered possible,

It might perlﬂnsdcem q)luu,sxhlo to many readers to assume
that immunity from the injurious effects of too great heat
borg, some, analogy to nnmumt) from injury from too great
cold. But such a parallel is not admissible from a closer and
~aore exact point of miew. BEvery fall of temperature below
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the optinfup diminished the vital energy of the creatdre more
and more, till at last, at the minimum, life becomes latent ; in
this condition the animal ean live for a long time without'
dangér, since the consumption of organig nutritious matter is
@ its minimum, or, a3 it would seem in eggs. which survive the
winter, almost entirely suspended during long periods. If, on
the other hand, the temperature rises above the optimum,,the
vital energies ave more and more ;ncreased, often accompanied,
no doubt, by phenomena which seem to indicate a certain

. A 3 Wi R -
deterioration in them ; but a condition of latent vitality never® '

supervenes; on the contrary, death always follows as the result
of a too rapid consumption of the organic matler of the body.
Thus the power possessed by many animals, both warm- and
cold-blooded, of enduring without injury a higher temperature
than that which kills protoplasm, remains as yet unexplained
even by the parallel above suggested, and the solution of the
problem would undoubtedly be of the highest interest. 3
However, the experiments and observations thag have been
made suflice at any rate to provethat the optimum of temperature
differs for individuals, and even for the different organs of one
individual. ‘We have seen that the control which an Infusorial
has over its progressive motion is lost at a degree of heat,
above which the actual movement itself continues to increase
in rapidity, and we saw too that the rotatcry motion con-
tinues to be accelerated up to the very point at which death
ensues, while progressive motion ceases at a much lower degrec.
Hence weneed not be surprised to sée that a rising {emperature
sometimes produces phenomena which apparenyly resemble those
produced by increased cold. Everyone knows that Eurgpeans
in tropical countrjes, or even'in a hot summer’s day in our own
latitudes, become very sleepy. exactly as natives of the tropics
* do under the influence of & cold climate. In these cases we ave
Justified in assuming that the too great heat deprives usof the
stimulus which usually keeps us awake duzifg the daytime,
Anattempt has been made to refey the ‘ snmmer sleep ' 2 of many
animals in hot eountries, as analogous to  winter sleep,’-to a loag
continuanee of such soporific influences ; but this is certainl
vot correct ; in all these cases it is most probable that the

L
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drought swhich prevails during the It season is the direct
Ause of it, as will be more fully sho¥n in a future chapter”

One more effect of rising temperature must here be men-
tioned as influencing one particular function, on whose nermal
action the existence of every species primarily depends—the
multiplication of ifldividuals, or reproduction, either by eggs, or
by fission and budding. Evesy modification of this function
must exert a direct and considerable influence, eitfier selective
or ‘tlzmsforming,,on every separate species. If,for instance, we

ssuppose that the animal temperature in any country were to be
* @ modified that the optimum temperature for the production
of eggs did not occur at the proper season nor lust a sufficiently
long time, all the animals affectéd by the change would be
infallibly exterminated, and the fauna would be utterly trans-
formed at a single blow, The influence of a rising temperaturc on
- «the eggs already laid, and about to develope after their winter rest,
whuld be almost equally important, as affecting the composition
of the fauna of a country.* Before going into particulars, it will
perhaps be well once more to remind the reader that by the
words ‘rising {emperature’ I mean, not an increase of heat
from o fixed minimum to a certain uniform maximum, but a
yise érom any dbgree above zero to any other, the optimum—
two points which, as we have seen, have no direct reference to
the degree of temperature, but only to the mode in which they
may hffect animals.

It seems tg me superfluous to adduce any special instances
in support of the well-kfiown statement that egg-formation
undoubtedly beggns—in other words, the sexual powers attain
maturity—under a rising temperature. No experiments, how-
eyer, have hitherto proved how thés effect is produced by heat,
whether heat alone can have that effect, or whether it requires
other woncurrent cirenmstances; nor at what degree of rising
temperature the resplt is producedtin different animais. Several
observations advidentally made4t appear to be most happily
explained by this hypothesis of the effect of warmth, but no
atbeanpt das been made, on any comprehensive method at any
rite, to supply an exact answer to the questions to which those
® yory observations first gave rise. Thus, for instance, and to go
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no ﬁ'lrthex?, ihe fact that many animals lay different exis in the
summer from those they lay in the autumn may be directly re-
ferred to the difference of temperature at the two seasons, and
they are accordingly known as summer eggs and winter eggas.
But the formation of, eggs certainly does not only depend on
Wwarmth, but also on food, both as to quantity and quality, as
well as on the chemical conditiéns of the surrounding medium,
the moisture of the air, and other conditions ; so that it must not
be assumed out of hand and as certain that %his classifieation
(according to the seasons) of the two forms of egas, which occur
among Crustacea, Insects, Rotatoria, and others, is invm*iabry
appropriate; on the contrary, it needs direct experimental

Fra. 30, —Aphis Becenbunger, & Plant-Lowse. To the left the wingless, and to the right the
wingod, form of the female, ’
o

proof in each separate case, and this, as T have said, has not
hitherto been obtained on any comprshensive méthod. '
In a few cases only have we experimental evidence that the
formation of a particular form ofeggs (and mode of reproduction)
directly results from variations in temperature. Thiis, for
instance, we kndw that the Aphis (fig. 30), a family of the
Hemiptera well known as the Plant-Louse, sometimes in a
favourable summer produces. as many as fourteen gengrations
by parthenogenesis, as the eggs then producnd co not need ferti-
lisation by the male. At the beginning of the cold season males
first make their appearance, and the eggs fertilised by them,live
through the winter, being known as winter egas, till the next
spring, when the rising temperature developes and hatches the
embryo. Now, if the sammer Aphides that multiply . by par-
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thenogendsis were not exposed to theyefitct of cold, bt kept in
a constant summer heat, and at the same time supplied with
suitable food, no males would oceur, and the young would be
uninterruptedly prodsced by the parthenogenctic mode. In
}fact Réaumur did gucceed in this way in producing artificially
above fifty parthenogenetic generations in the course of three or
fouryears, all descended from *one mother. The gonverse ex-
periment has never, so far as I know, been made—namely,
whather it would be possible to produge males in the spring by

¥1a. 81, —a, Dipk-mn.mnnfuwm. from tho gill of a fresh-water fish | &, Polyatorum
integersimum, from the bladder of o frog.

-
-

] nr;.iﬁcinlly lowering the temperature, althongh they do not pro-
perly appear till later in the year, and thus to diminish the
normal number of successive parthenogenetic generations in a
snmmer. , It is highly probable that jt might succeed.

The facts lately communicated by Zeller are no less interest-
ing.« Hafound that certain parasites, in precise opposition to
the Aphides we have been speaking of, Diplozoon paradozum
= and Polystomum intsgerrimum (fig. 31), produce true eggs in
the swmmer only, which must be fertilised before they can

L] 2 >
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deyelcpe, end that the formation of cags ceases entirély at the
approach of the cold season. But the production of eggs can
be artificially’ prolonged throughout the winter if the fishes in
whose gills the Diplozoon lives are kept in an agnarium ina
‘room where the temperature is kept up to summer heat. It
must be assumed that in this case, as in that of the Aphides, all
the other ¢pnditions of existente, and the supply of food ir»par-
ticular, were kept up to the optimum, for the effect of bad food
would apparently have made the results of ail the experimants
in question very doubtful. Unfortunately we learn nothin§
from either Réaumur or Zeller on this point, nor are the exdct
limits of temperature given, nor any thermal curves by which
we may gain some idea of how the production of eggs is de-
pendent on the variation of the temperature between two fixed
limits. From the fact that in the brooks and streams, at the
bottom of which the fish live to which the parasites are at-
tached, the temperature is considergbly lower shan that of the
atmosphere in summer, we may certainly infey that these
curves of temperature are quite dissimilar for the Aphides and
the Diplozoa, and that the optimum of temperature for the
production of eggs fit for fertilisation is probably also widely
different. And thus, again, a selective influence might ‘arise
from any general change of temperature that might take place,
and affect the animals of the region where it ocewrredy since
the existence of a species largely depends on the normal succes-
sion of generations. : > o
We saw a little way back (p. 108) that the growth of an
animal is indirectly affected aven by the t®mperature of the
surrounding medium, since the assimilation of the amownt and
kind of food which is indispensable for growth can only +be
carried on to full advantage under a very different optimum of
temperature for different animals. In the second place, we are
also justified in supposing that this optimum, for the hnimal’s
growth is not identical with that for the pfaduction of eggs.1®
If now we recollect that the maturation of the eggs usually
requires but a short time,*s while the growth of even very small
animals often takes a long time—in Polystomum, for instance,
several years—it plainly follows that sexual maturity does not,
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as is oftdh assumed, necessarily indigate the complgtibny of in-
dividual growth. They may no doubt coincide, but they need
not ; and instead of being surprised, as is frequently the case,
at finding that larve,d.e. animals not yet fully grown, are sexu-
ally mature—e.g. Salamandra, Sirvedon, Blatta, and others—wu
ought rather to wonder that it is only quite recently that such
cases have been investigated and considered worthy of record.
An example of this kind, recently observed by me, is offered by
the lgnd-snails of the Mediterranean province: It is known
‘that on high mountains or in high latitudes land-snails are fre-
daently hindered by the low temperature from assimilating
within a given time as much nourishment as others of the same
speeies living on the plain or in a warmer climate, so that they
never attain the same size, though they are capable of reproduc-
tion, In this case it would be possible that the first sexual
maturity and the last stage of growth might coincide, although
the mature animal wag of a small size. Tt is quite otherwise
with the sngils of the warm Mediterranean region. These, as [
know from my own observations, are brought to gexual matu-
rity by the time they are six months old by the intense heat
combined with the sufficient moisture of the spring, though
they ‘are not fully grown; after a summer’s rest of threa
months, occasioned by the drought, a second pexiod of egg
deposition occufls at the beginning of winter, although the full
size of the animal, as indicated by the comp]eu'on of the margin
S of the mouth of the shell, is not attained till the second period
of sexual activity. Thus species of the same genecra, perhaps
even' the very same species, in our damp and cold climate, do
not produce a new generation till they are fully grown, while
. iiv the dry warm region of the Miditerranean they have pro-
duced two generations before they are fully grown. This is
probably the true explanation of what are known in the ter-
A minology of the zoclogist as Larva-forme, ! a na: e given to all
animals which o}\(fs's';oss the characters of the larve of other
species and are nevertheless ccapable of sexual reproduction,
Suth lar%ra-forms occur in almost every group, in Vertebrata,
o Mollusea, Ascidians, Worms, &e. A very striking example
oceurs, among creatures of such high physiologieal development

. - 2 =i
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° o 3
as inseets, in"the well-knowi walking-stick insects, allies of the

grasshoppers (fig. 32), which vesemble a more or less dried-up
twig or shoot. Many of these species are wingless, 50 that they
bear a wonderful resemblance to the larve of other, winged
forms. If then we assume that the winglfss forms ave the
progenitors of winged forms, the origin of the winged forms

may. be very Well explained by the further assumption that the
optimum temperature necessary for maturing the eggs may
have been raised 80 much' =

I o

- . . -2
Fio. 32,—Phasma sp,, o wingless orthopterous insoct,

tion and growth, and consequently for more extensive modiﬁe&-
tions of structure. T, or the other hand, we regard the wing-
less species as the later form and derived from the winged
species, their origin may be easily expiained by assuming that
the optimum of temperature for the maturing of the eggs was
lowered, while the optimum for growth remained the same,
For we know that in many cases, particularly among insects,
the life of the individual ends as soon as che egos are mature
and deposited, and that the performance of this function seems

~

as to afford more time for assifila- «
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o

o abso;b their whole vital energy® &nw an anintal Whieh was
forced by such external conditions as we have been supposing
to lay its egzgs while still in the larva stage must always, if it
dies soon after fronf exhaustion, preduce only such progeny as
are sexually matwre in the larva-form so long as the conditions
remain the same—in this ingtance, namely, a low optimum of
temperature for the maturation of the egs. -

We will here interrupt this chain of hy pqtheses, since they

o a¥edntroduced merely to explain thé possible origin of such an

spparently paradoxical sexual larva-form.

.
Tuo. 33, Apws.

‘We must, 1:6\\'0"01 briefl} touch on another circumstance
whnc’h plaunly domoustmtes the direct influence which may be
exercised by variations of tempgrature on the growth a.nd de-
velopsnent of individuals, ‘ !

The general effect of a rise of temperature on the develop-
ment of the em'm:;w and'young animgl is well known. We know
that a hen'’s egg requires for, its quickest normal development a
wasmth kept as constantly as possible at 40° centigrade; at a
lower temperature the development will be delayed, while at the
ordinary temperatite of a sitting-room it ceases altogether. The
egas of certain Crustacea, on the other hand, as Apus (Lepidurus,

. : 3 A .
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fig. 337 and Branc/tipl'ls, fan endure much greater v"’nrix\tioqs
and develope equally well at any point between zero and 30°,
The difference between the extremes of temperature which, on
the whole, favour the development of these eurythermal eggs
(having, that is, a wide range of temperature) is apparently even
much greater, although even with them the rapidity of their
development depends on a rapid rise of temperature to a %ole-
rably high degree.® Thus I myself have observed the larve of
Branchipus and Apus, known as Nauplius® hatched owntoin

less than twenty-four hours at a temperature of 30° cent,, but

ab 16°-20° they reguired some weeks, The same effects Of
variation of temperature were observed by Higginbottom in
the larvee of frogs; he found that at a temperature of 51° I,
(=105° cent.) they hatched in twenty-one days, but at 60° F.
(=155 cent.) they hatched in ten days. Hence a rise in tem-
perature of only 9° F. (=5° cent.) doubled the rapidity, of
development of these embryos. The ifference is still more
conspicuous if we compare the time required in the two cases
for the whole process of development from the time the egg was
laid till the motamorphosis was complete. At the lower tem-
perature of 51° F. 235 days were needed, at the higher, 60° 1.,

only seventy-three days. DMany other examplm might be 'mlded
to these, al! proving the same effect of a usmg temperature ;
but unfortunately, so far as I know, none give any exactly deter-
mined thermal enrye for particular species, and all that is clearly
shown by these observations, often merely incilentally made,
is the fact that the eggs of different, very closely related species
behave in a totally dissimilar ananner, Aif increase of tem-
perature in a district, occagioned by no matter what cosmieal
causes, may thus affect some animals particularly favourably,
while it injures others, since <or the former it may merely raise
it to the optimum, while for the latter it exceeds the maximum
they can on the whole endure. In this way, by acting on the
sexual activity and the rapidity of growth in vhe young animals
and in the embryo, a transforming influence may be closoly
connected with the selective influence exerted upon the various

g

species general]) It would certainly be an interesting and .

valuable task to investigate this point with accuracy,
K
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., IIL. The influence of constart temperatur:s, but at
different degrees.— We have seen that a fall below the optimum
of temperature or a rise above it is more or less injurious to the
animal, according as .it ranges more or less near to the fatal
maximum or minimum. If there were a spot where the hedt
was absolutely invariable, and if the degree of heat there exactly
corresponded to the optimum “for the animal, if also by this
meens the injurious influence of variation were excluded, abso-
Jutely favourable conditions for the lifa and growth of the crea-
ture would prevail, so far as warmth was concerned. It is
evident, however, that very few animals live in such a peren-
nially equable climate ; none in fact but the parasites living
inside warm-blooded animals and the creatures at the bottom of
deep seas and lakes enjoy such an advantage. All others are
exposed more or less to the effects of great periodical variatious.
Among these, however, those are evidently the most favoured
which are exposed to the smallest deviations above or below the
optimum. -Hence a climate where the mean annual tempera-
ture differs in only a trifling degree from the winter or sunmer
mean temperature, or from the extremes of heat and cold, will
be the most favourable ; such an -equable climate, may oecur in
high latitudes as well as between the tropics, since its existence
depends less on latitude than on the configuration of the land,
the vicinity of the sea, and the predominant direction of winds
and currents. For example, the eastern half of both the old
and new continents are distinguished from the western by
having what is called an ‘extreme’ climate, in which the ex-
tremes of heat and cold lie far ssunder, while England, and still
more Treland, ave characterised by an extraordinarily equable
climate as compared with many more soutkerly parts of the
continent, which, like the conntries of south-eastern Europe, have
a continental, i.e. an ‘extreme,’ climate, with great heat in the X
summét and severe‘cold in the winter. -

Before enteriflg on a discussion of the question as to how
far the theoretically assumed sdvantage of an equable climate is
practically real, I must anticipate one view which might other-
wise be regarded as the inevitable consequence of the foregoing
statement. Tt might seem as though it stood in trenchant

L . ®
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. % . ¢
antagohisifi to another which is frequently repeated and sup-
ported by numerous examples, namely, this: That animal life,
and more particularly the culture of the human race, can only
attain their highest development in cold climates, although as
& rule, not without exceptions, these matifest greater varia-
tions between the two extremes of temperature than tropical
or subtropical regions. The high degree of culture that obtains
among Furopean nations is only attainable, o it is said, in the
region of the north temperate zone. No contradictory evi-
dence, it is true, is forthcoming, Tt might indeed be asked why
humanity has not attained to so high a degree of culture, nor
the animal world even resched such perfect development, in
those parts of the southern hemisphere which have a cold or
excessive climate, as they havé'done in Europe. But quite apart
from this objection, which is certainly open to discussion, the
opportunity afforded by favourable circumstances to some pasti-
cular species of developing every individual to an average degree
of perfection and fitness on the one hand, and the *value which
greater contrasts in temperature—that is to say, actually un-
favourable conditions of existence—may have in the modification
and progressive development of a species stilk capable of such
modification, are by no means identical. For it is self-evident
that the nacessity for enduring abrupt alternations of heat and
cold can only be met by greater powers of resistance in in-
dividuals and by enlarged powers of adaptation ; hence, in
extreme climates, the selection whick will necesshrily be effected
by the violent contrasts of temperature, must, by eliminating
the weaker individuals, imprere the race ;%while in equable
climates, where this mode of selection is absent, the weaker in-

e~

dividuals (weake only in this one point) have as good a pio- -

Spect as the stronger ones of & long life and of transmitting their
characters. The two propositions, indeed, do not contradict
each other, but on the contrary complete each other. A species
whose individuals are atun end of their eapability for under-
going modification will succeed bustin an equable climate, gince
there every individual, without exception, will find an equally
favourable opportunity for reproduction—supposing of course
that no other selective agency is at work. DBut so long as &
x 2

.

"
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spocies is'cupu.ble of modifieation, ths greatest altewnations, in
the conditions of existence will offer the most favourable oppor-
tunities for its transformation and improvement—thus, in the
case in question, the atmost variations of temperature—sincs
it is in this way taat the most stringent selection is effected
between the weak and the strong.

Among the numerous instances which here offer . themselves
for discussion, want of room compels me to select only a few of
the*rsost significint. One of the first,in importance seems to

- me to be a case of which the full value was first recognised by
Miobius, who also, and apparently with perfect accuracy, referred
it to its efficient cause. Je mentions 49 the fact that the same
species of Molluse, living on the coast of Greenland or in the
Baltic Sea, was in the former idstance very large, and in the
latter small and thin-shelled ; and he attempted to explain this
difference by saying that the animals in the Baltic are exposed
to very considerable varfgtions in temperature between the
summer and winter, and are sometimes even frozen up, while
on the coast of Greenland they live in a temperature which,

*  though of course low, varies but little from winter to summer,
Heneg they are eaabled to carry on the assimilation of food at
#n equable rate all the year round, never being disturbed by
too great a heat in summer or too severe a cold in winter, while

' thosein the Ballic are every year exposed to the liability of

_ being checked in their growth by a too high or too low tempera-
™ fure in constant alternation. Although the mean temperature

: of the Balticis higher than that of the sea off Greenland, the con-
stant low temperditure, i.e. the squable climate, of the latter is
infinitély more favourable to the growth of the animal than

- the higher mean temperature with constant ~ariations of the
Baltic., Pt

The numerous cases of successful acclimatisation lead us to
the same conclusion;, So far as I know, the old system is now
given up in every zoological garden, by which foreign animals
werq kept in houses or cages i which an attempt was made to
keep up by artificial means such climate as they were used

- to; a contrary plan {s now introduced, by which the animals
are accystomed as quickly and thoroughly as possible to the

.
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“new climate and to am open-air life. Unfortunatelysit woald
be impossible, without an enormous amount of labour, to arrive
at any general views as to the results obtained in all the differ-
ent zoological gardens in Europe; but in general it seems
beyond a donbt that these attempts have succoeded best where
the animals were introduced to an equahlé climate, and least
well in gardens in the eastern region, where the climate is
essentinlly “continental, ©... extreme. The first statement,
that the acclimatisation of even tropical animals may be suc-
cessful in an equable climate, though much colder than that of
which they are natives, has found a striking and in every way
interesting proof. Mr. Charles Buxton,? a rich member of Parlia-
ment, made such an experimient on a vast seale.  He kept during
many years numerous individuals of eleven species of cockatoos
and tropical parrots in a large glass house ; he then all at once
gave them their liberty, putting them out into a wood con-
tiguous to his garden. Being accustomed to be fed at fixed
honrs in the glass house, they cama fegularly down into the
courtyard ; but though the house was open to them, with nesting
hoxes to breed or to winter in, they built nests of their own
accord in hollow trunks, and bred and wintered there, and,
though exposed to a temperature of 7° below zero cent.grade,
not one died. It must have been a beautiful sight when the
flock of gaudy parrots came crowding down én midwinter tc
pick up their food on the snow-covered courtyard. -Many

species were propagated, and even a hybrid race was produced

between a scarlet and a white cofkatoo; the young of these 3
were distinguished from their parents by a fine orange-coloured
tuft on the head. In view of the well- known effects of hybridi-
sation, it would of course be ahsurd to ascribe this vesult to the
effect on the pnrents of a_climate to which they were not "
accustomed ; but it preves that animals which we arewont tc
regard as incapable of living in freedom in nur climate, because
they are tropical species, are not ordy alle tb do so, but can
propagate their kind and effect a vohmtar\' cross-hresding
which, if it were attempted artificially, would prebably not
suceeed even in their native country. However, the climate of
England is very equable in temperaturey and it is more than
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doubtful whether such an experiment would succeed ia central
Garmany, for instance, or in the east of Europe.

Everyone knows that in Furopean countries animal life
exhibits a very marked periodicity. The greater number of our
birds quit us in the winter ; many Mammals, Insects, Molluscs.
de., hybernate in a'¢ondition resembling winter sleep ; others die
off altogether, as Sponges, Bryoroa, many Crustaceans, Insects,
&eo., after laying eggs which survive the winter and are developed
in the spring. The creatures that live in streams and lakes,
=ay, $ven on the sea-shore, breed only once, or at most twice, in
the year, some in the spring or summer, others late in the
autumn or at the beginning of winter, as the salmon. This
periodicity depends appavently on tue direct effects of the severe
extremes of summer and winter temperature to which animals
are exposed when living in temperate continental climates.
This conclusion is easily proved by the fsllowing considerations,

- Every individual requires a certain duration of life to achieve
its individnal developuien’ from the egg to sexual maturity
and full growth ; the length of time requisite for this is very
various, and, above all, bears no proportion to the size attained.
Animals grow at very different rates ; the minute Polystomumn
which is parasitic in the bladder of the frog (fig 31) requires,
according to Zeller's latest investigations, about five years to
attain its full geowth, while the Apus (fig. 33), a Crustacean of
much larger dimensions, and Branchipus reach their full size
in a few weeks of & warm summer. This length of time, which
we may genetally designate as the period of individual growth,
is not alike even for all the individuals of the same species ;
on the contrary, it depends on the co-operation of so many
different factors, that it must nesessarily vary considerably.
Now, if from any cause the period of individual growth, say of
the salmon, became changed in conscquence of the slower
development of the embryo in the egg or of the young larva,
most or all of thia yeung salmon thus affected would die in our
climate, becanse the greater heat of spring is injurious to them
at *hat sfage; or, on the other bhand, an animal which is
usually hatched during the summer, so as to attain by the
- nutumn such & size @ may enable it to resist the cold of the
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“winter, would probably dje in the winter if its growth during
the summer were checked by any cause. Thus a climate that
varies between two remote extremes of temperature must neces-
parily give rise to a sharply defined periodicity, by excluding
those forms which have by nature a soméwhat prolonged period
of individual growth; since these, as the corfllitions requisite for
their development are not fully satisfied, must have to contend
with the temperature which checks their growth. %

The opposite state of things must prevail in equable, and
above all in tropical clihates, where the variations in tertpéras
ture are reduced to a minimum ; here the periodicity of animal -
life must be to a great extent obliterated, at any rate in so far
as it depends on temperature. For every individual of a species,
even if its period of individual growth is longer or shorter than
the average of the species, can live and multiply if it is never
exposed to an absolutely fatal degree of heat; according to the
laws of inheritance, its progeny will probably have a tendercy
to develope more or less slowly, and 5o by degrees one individual,
whose period of individual development is short, thay produce,
let ng say, six generations in a year, while another of the same
species, but of slower growth, may produce only four. In this
way all pertodicity, as regards summer and® winter, must be
entively lost, and at last fully grown individuals and young ones,
laryve and freshly laid eges will all be found together at every
senson and in every month of the year. Such cases, in fanf, are
not uncommon, although they have been but Jittle heeded
hitherto. Nothing in the Philippin Islands struck me so much
as to observe that there all true periodicity had disappeared even
from insects, land molluscs, and other land afximals; 1 could at
all times find eggs, larve, ard propagating individualg, it winter
as well as in summer. It is true that the drought occasions a-
certain periodicity, which is chiefly perceptible by the reduced
number of individuals in the dry months and the greater number
in the wet ones ; it would seem that.a meeh staaller number of
eggs are hatched under great drought than wher: the air is very
moist. Even in January, the cdidest and driest month, I found
land snails which require mueh moisture, and at every stage of
their development, but only in shady spots, in woods, or by the,
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banks of streams, But what was far more striking in these
islands was the total absence of all périodicity in thé life of the
sea animals, particularly the Invertebrata ; among these I could
not detect a single species of which I could not at all seasons
find fully grown specimens, young ones, and freshly deposited
eggs. lven in colcsseas periodicity is far 100re often eliminated
than is commonly supposed. Nordmann tells us that he has
found the eggs of a sea molluse (Zergipes) at all S€asons, even
in midwinter, when the temperature of the water wus only at
# few -degrees abotve freezing-point ; Mbius 9 states that eguy
- of Mollusca and Worms were found at all seasons of the year
in the Baltic, and I hope that Dohrn's zoological station at
Naples may ere long furnish us with a long list of species
which may be observed the whole year round in all the stages at,
once of growth, larve, and eggs. Bo far as I can Jjudge from my
own observations, which of course are ‘hy no means conclusive,
the, Mollusea manifest the least periodicity in their reproductive
powers, 45
The influrnce of an equable temperature on the inhabitants
of the sea is displayed, too, in another manner. Tt is known
that in our northern seas the daily variations of temperature
on the shore, or even at some depth, are not inconsiGerable, while
il tropical seas the variation at the surface even between winter
and summer heat is not nearly so great—at the Philippines, for
' instanee, not more than 32° centigrade ; so small a variation, gg
has been shown by Meyer and Mabius in a remarkable work,s?
™ ocemrs only at a great dep<h in northern seas. It is to thig
apparently that we must refer the fact that many genera of gea-
creatures which art known as horeal forms live in the north a
great Gepths, while in tropical segs they live very near the
* Lsurface.®® In my monograph on the Holothur'dse T have shown
that a great number of genera. which we had been accustomed
to regard as typically boreal were found also in the Philippine
seas, and lived there 26 a woderate depth, while in the northern
seas they were foand only at very congiderable depths, The
Samg seems fo be the case with regard to many animal formg
which are now found at the bottom of the Atlantie, and which

~may be regarded as susvivors from a long past geological period ;
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an 'l‘ﬁ.concbiyable variety ofi these forms was brought to'light b

the “Challenger ’ expedition. A woodeut is here given of one of
the most beautiful of these species, the Buplectella, which belongs
to the group of Sponges (fig. 34). Although the results of the
‘ Ghallenger’ expedition have not yet been,fully published, so
that it js impossible to give a complete list of the various deep-
sea forms and their distribution vertically in depth, it seems to
be tolerably certain that they havea much wider vertical distri-
bution in tropical seas than in northern oceans ; in the north,
for instance, no Euplectells nor any allied form of sponge—six
rayed Siliceous Sponges—has been found in a Jess depth tha%h
300 fathoms, while in the Indian Ocean they are common in
100 fathoms or less. Thus the higher temperature of the water
to which these cold-water animals®® ave exposed in tropical

Fia. 34.—Euplecgstla Aspergillum, s siliceous sponge of a group whic) consists mostly
of fossil fornee, ’

geas is in no way prejudicial to their existence; and this can
only result from the fact that these,animals aré better able to
bear a difference of temperature, so long as it remains equable,
than variations between two evtremes lying Far apart, and to
which they are more or less suddenly exposed. : -

Herve, in conclusion, we must briefly discuss an applieatién

of the foregoing statements ard arguments to I’a]a:ontolqu.

It is generally assumed that we are Justified in attributing
to extinet animals a mode of life analogous fo that of the nearest
related surviving forms. © But, in the first “place, it is often
extremely difficult to decide what may have been the nature of
the affinities between extinet and living animals, and it cannot
be disputed that, in instituting such comparizons, we are often
obliged to judge by characters which in no way warrant our
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forming “any decisive conclusion. Fpr instance, fay too much
value has been attributed in this way tothe in-operculated Terres-
trial Mollusca (Pulmonifera); for, in my opinion, it is absolutely
impossible to form any opinion as to the affinities of extinct
animals by comparing their shells, which are all that remaios uf
them, since recent investizations as to living Pulmonifera show
that very often species of the sume genera have quite dissiilar
shells, while, on the other hand, the shells of many species belong-
ing to quite distinct geners, or even to, different families, are so
“much alike, that until quite recently ihe)' have been considered
€3 species of the same genera. I shall enter more minutely into
this subject somewhat later on.

Even if we were prepared or obliged to admit that the fossil
remaius in every instance allowed us to determine the affinities
of the species to living animals with absolute certainty—and
not in the ease of Vertebrata only, but i the Invertebrata also
—5till we might assert, and defend the position with success,
that the extinct species need by no means necessarily have
lived under the same climatic conditions as those forms which
are now regarded as their nearest living allies. For we have
seen that animals which in separate spots are_stenothermal
(enduring but a small range of temperature) are able to exist in
very dissimilar temperatures when the whole extent of their
distribution is waken into consideration; thus Euplectella and
Semperella live in a constant warmth of about 15° in the
Philippine seas while their nearest congeners can thrive in other
localities in g0 low a t(!mp("mtm'n as 1° above zero, which,is the
temperature of geat depths in the Atlantic. We have seen,
moreover, that animals, as parrots, which live almost exclu-
gively in the tropics under a mean annual temperature of 26°
to 28° with a variation of from 6° to 8% at most, can never-
theless subgist in the open air in Engiand, multiply, and even
producz new ‘sports’ or varieties, although living in a mean
annual tempcmhl_rc'éf onfy 12° to 13% with a variation between
the extremes of as much as 17°. Thus the occurrence of a
paitat or of Siliccons Sponges and Crinoids in any geological
stratum in high latitudes is not a convineing proof that a
** tropical climate prevailed during the deposition of that formation,

o 'S
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Eurytharmal animals arey of even less value in forining an
opirion on the subject, since it is well known that they are
especially characterised by the extraordinary adaptability that
they sometimes display to very different and remote extremes
of temperature. If we are bent on reconstructing the mode
- of life of fossil forms, and their climatic conditions of existence,
by comparison with allied livieg forms, land-animals must be
decidedly preferred to water-animals; but even these, asit seems
to me, offer absolutely no certain evidence. At most this mode

of comparison can only apply when the fossil and livingy&niﬁ d

wals are so closely similar that we are forced to regard theno
as identical. This is known to be the case with the animals of
what is known as the Glacidl Period ; but, as soon as we reach
the deeper strata, and the identity of the species with those now
living ceases, our right to construct a theory of the climate of
past epochs by a comparison of fossil and living species entirely
disappears. The very generally receiyed opinion that such’a
reconstruction is possible rests in part on the old, but abso-
lutely false, idea that certain absolute degrees of warmth, and
particularly the mean annual temperature, have a definite effect
on the life of animals ; and, secondly, on the indisputable fact
that the climatic difference of two countries always goes hand
in hand with a dissimilarity in their fauna. But it ought not
to have beén forgotten that the daily and annual variations of
temperature are not the only means which Nature has hail at
her disposal for the selection of species and the geographical
limitation or distribution of particular forms in successive
geological periods ; it ought to have been duly,considered that,
when a change of temperature is introduced in any locality, the
influence, whether favourable-or unfavourable, that it may have
on the mode of life or even on the existence of the animals
-may often be completely neutralised by the effects®® of ‘other
conditions of existence in no way depending on the temperature
and its variations, ¢\ s
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CHAPTER V.
s : g

THE INFLUENCE OF STAGNANT WATER.

Tue media surrounding the animgl, and in which it lives, are
sometimes gaseous, as the atmosphere, sometimes fluid, as the
water of the sea or of rivers, sometimes even solid; these last,
as earth, wood, stone, &c., may be considered as absolutely
motionless with regard to the animal, since they can only influ-
ence the creatures that, live in them by their varying hardness
or their chemical changes. Gaseons or fluid media cannot be
regarded as perfectly inactive ; they are capable of certain swift
modes of motion, known as currents or as winds. Hence we
are compelled to investigate the influences of water and air on
the animals that live in them under two separate heads, ac-,
cording to whether the air or water is stagnant opin motion,
since they influence animals quite differently in these two dif-
ferent states. Moreover, we must separate our enquiries.as to
the effects of sir from thoge as to the effects of water, for they
affect the animal world very differently. I shall begin the dis-
cussion of the wole subject with such facts and experiments as
illustrate the selective or transforming influence of stagnant
vater. >

I. General preliminary remcrks.—Water is an indispen-
sable condition of animal life. A frozen-up frog, fish, or egg of
an insect is leadingz> only a latent, not an active life. In pro-
toplasm, the essential living constituent of every animal cell,
there is a great quantity of water; if it is all extracted by
drying, tne cell ceases to live. The old statement is well known,
¢ Corpora non agunt nisi fluida.’ DBut the universal effects of
n condition of life which is equally indispensable to a single cell
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and toa whkole orgfmisil") tre of no particularly prominent in-
terest to the question we are discussing; on the other hand, it
will be necessary to investigate a number of special instances
of the effects of water more closely, in order to be able to
cuntrast those cases in which it gives rise mgrely to a selection
between different forms with others which prove that its in-
fluence is also capable of causing a true transformation. Faw
as these latter cases ave, for that very reason they have special
claim on our interest. >

II. Effects of the chemical composition of the water.—In® 3

proceeding to investigate these, it will be well in the first placé
to direct our attention to two extreme cases—to the influence,
that is to say, of fresh and salt water.

The salt savour of sea-watex is occasioned, as is well known,
by the presence of a tolerably large proportion of sodic chloride,
generally known as common salt. When we speak of the
effects of sea-water on animal life, they are usually aseribed to
this salt. Stil!, as many other substances are found in the sea
besides =odic chloride, such as calcium salts, magnesium salts,
bromine, iodine, and other metals, carbonie acid, &e., it is to
be supposed that these are not wholly without importance in
the economy of animal life in the sea. But we do not know how
great their effects may be; and as we are now perfectly accus-
tomed to attribute all the differences which have been observed
in the effects of sea-water, as distinguished from fresh water,
simply to its saltness, and to exprgss the difference between
them in fractions per cent. of the amount of sodic chloride
held in solution, we will follow the usual custora in our enquiry,
without forgetting that at _the same time numerous other
matters add their effects, though these are unknown, to those
of the pure sodic chloride. :

At the first glance we might feel inclined to exl')lnEn the
fact, that a much greater multiplicity of fozis revails n“the
sea than in fresh water, by the supposition that '—1.19 salt in the
ocean favours the production of variety in .ummals. It is
known that in recent times whole groups of animals ate wiwily
excluded from fresh waters, as the Echinodermata, §ip\1ncu]idm,
polychmtons Annelida, Tunicata, Brachiopoda, and Cephalopoda,

"
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while other groups include very fow’ fresh-waters spebies; to
these last belong the Sponges, of which only one genus, and the
Polyp: (Celenterata), of which only two genera, inhabit fresh
water ; besides these, Swo families of Bryozoa and two of Annelida
ave fresh-water forms. Other groups, again, have as many repfe-
sentatives in salt as in fresh water. On the other hand, only
ona single class inhabits fresh water exclusively, the Amphibia.
If we consider the smaller groups, families, or genera, we cer-
tainly meet with several typical fresh-water forms; to these

. 'belong Melania, Neritina, the Planorbide, Limnwide, Unio-
“nidee, and Anodontide, among the Mollusca ; the dstacide and

Asellide among the Crustaceans ; Phylactolemata among the
Bryozoa ; the true leeches, Naidide, Tubifex, and Ghatogaster,
among the Annelida; the Cyprinoide among the fishes, &c. But
their number is insignificant compared with the enormous number
of families typical of the sea and living in it exclusively.

" Thus the fact that » much greater abundance of different
forms is to be found in the sea than in fresh water is abso-
lutely beyond dispute. But it is doubtful whether this wealth
of forms does actually result, as has been supposed, from the
great quantity of salt contained in sea-water. The possibility
that 'it is so must of course be conceded, and I shall even
adduce certain facts which tend to prove the justness or the pro-
bability of this view ; but it must not be forgotten, in the first
place, that the sea covers three-fourths of the surface of the
globe, and so cffers an infinitely wider surface for the develop-
ment of animal forms than is offered by fresh-water lakes and
streams. This creumstance alone would account for the greater
multiplicity of the marine forms. In the second place it must
not be forgotten that the animal life on our globe apparently

" originated in the sea, and that therefore the oceanic world of

animal life has had a history of development of much longer
(geclogical) duration than the fresh-water fauna ; thindly, that
the influence of notural sélection in fresh water is much stronger
than in the sea, if only by reason of the abrupt variations of
tetnperatare; and finally—if we assume that animal life origi-
nally took its rise in the sea—that only such sea-creatures

" eould accustom themselves to living in fresh water as were
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good swimmers, and as ‘were eurythermal, and that thex
wust not have been subjected to the injurious influence of a
sudden change of food and sudden transfer to the salt elements
of sea-water. 1t is commonly said—to wive one special in-
sthnee—that the rich wariety of forms in the fauna of the Red
Sea and the Mediterranean is caused by their high degree of
saltness. The former is 4:31 per cent.;and the second 3:79 per
cent., at the surface; but this leaves out of account the fact
that a merely superficial, current pours in incessantly through,
the narrow straits which, in each case, divide the sea from t-h?_
adjoining ocean, while a contrary current at the hottom of the
sea carries the waters of the inland sea hack to the ocean.

Sinee, therefore, most swimming creatures, and particularly the |

larve of non-migratory animalsy swim close to the surfuce, many
more creatures in both seas must be brought in than are
carried out, and thus the rich variety of forms in them may
certainly quite as likely be caused by sha direction of these cur-
rents as by their greater saltness. 8

In the total absence of all experiments directed to these
points, we may set aside such vague speculations and pass on
to the discussion of those facts which seem te prove that no
perfectly hard and fast line of demarcation exists between
fresh-water, and marine animals, and that it is not absolutely
impossible to accustom them to live in the element to which
respectively they are strangers. The general importance of
this question requires that we should enter into particulars.

A. Fresh-water animals that live in the sea.—We are ac-
customed to give the name simply of fresh-iater animals to
such groups, species, genera, families, or orders, as.live axclu-
sively or almost exclusively in fresh water. It is evident that

if they were to migrate into “he sca they would be exposed to
~ certain effect from the salt, and it may even be supposed that
this effect might he injurious and strong ‘enongh to niake it
quite impossible for a fresh-water animal that had migrated into
the sea to continne to live. However, there are a great number
of so-called fresh water forms which do actually live in the' sea,
gome as visitors and some as constant inhabitants. Tt can
hardly be necessary hiere to remind the reader of the well-known

£

n
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, migratory fish—the salmon, the ecld, many herrings, paiee, and
‘others. More interesting, because less generally known, are
the cases of marine Insects or insect larve. Slabber has de-
seribed the larva of a fly which lives in the sea, and I myself
frequently met wigh a similar one in the Philippine and China
seas ; Audouin studied the habits of a beetle (Blemus flavescens)
which lives in the sea dike the fresh-water spider, Argyroneie
aquatica ; Packard has given a list of the insects which occurin
the salt waters ef North America, and he enumerates as be-
donging to them not less than ten different species of beetles,
jes, and bugs. In the Pacific Ocean and Philippine Sea, I have
myself often found various Insects and even Spiders in the sea,

Fi6. 85.—Halobates gp., canght by mo far from land in the Clina Sea.
©

sometimes swimtging in great numbers on the surface, some-
times creeping between rocks under water by the shore. A bug
of the' genué Halobates (fig. 35) is particularly common in these

' gens, besides the above-mentioned larvee of flies. This genus was

5

discovered by Eschscholtz, and now includes fourteen species
living in seas the mpst remote from each other. The species in
question runs aSont-like our Water-Bug, /ydrometra, in great
numbers and in 'every stage of development, on the high seas
hundveds,of miles from land. Among Mollusca a species of
Unio lives in the Brisbane River within reach of the flood-tide.
Dr. Carpenter found: Planorbis glaber (Jeffreys) at a depth of
1,415 fathoms at Cape Teneriffe, Neritina viridis, in the West
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Indies, hﬁs""long been ﬁmi':wn, which, like Neritina Matoniz
(Risso) at Nice, lives in the sea. I brought a great number of
marine Neritine from the Philippines, the Pelew Islands and
China, which from their variations are of“the highest interest.
I have also found a few species of Melania Yn brackish water ;
several species of Limnaa anda Neritina live at Bornholm in
the Baltic, in spots where the water contains from 1 to 15 per
cent. of salt. The Oligochmtons Annelida, to which the earth.
worm belongs, are typical fresh-water or land Torms ; nevecthes
less, at least nine or ten species are known which live on t@
sea-shore in salt water; they belong to the genera Sanuris,

F10. 36. ~ Puchydrilus sp., living in the Salines of Kissingen. It belongs to a group of
worms, Oligochata, which 2 pﬂuclpang coufined to fregh water,

Enchytraeus, Tubifex, and others, Marion, at Marseilles, has
discovered a new genus nearly allied to the common earth-
worm, which he has called Pontodrilus; this worm lives there
under stones nndcdecaying tqngle, far from all fresh water, and
below high-water mark, so that it is apparently alternately
moistened by salt water and Tresh (rain) water. In the . very
strong brine springs of Kissingen, I ‘myseif ,h‘ivc_s found a new
species of the genus Pachydrilus (fig. 36), of which Cln]?tu-édc
found another species—on which he founded the gents—a the
brine of Kreuznach ; they are remarkably near to the fresh.
water form, Zubifew. Finally, I will mention that the common
stickleback, Guasterosteus aculeatus, which usually lives in
L

Y

o
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feesh water, lives and thrives perfectly in the Bay of Kiel as
well as in the North Sea, and specimens of this fish, caught at
Wiirzburg in the month of Ma 'y were even placed at once in
sea-water without sustaining any injury .56

B. Marine aniinals in fresh water.—Cases of this sort are
just as frequent as those we have Just been discussing, and
oecur among hoth the Vertebrata and Invertebrata, Among
the Vertebrata we must first mention the American Manatus,
avhith lives in the great rivers of Sodth Ameriea, hundreds of
miles from the sea; then a true dolphin of the genus Globivee-
phalus, which is found far inland in the Irawady river, 600

miles from the sea, and which js quite different from Globioce-

FiG. 57 — Platurys valeantcus, 8 wator-anake Uving in the fresli-water ke of Taal (Luzon),
and having a paddie.liko tail,
@
phalus indicus, which livéd in the Indian Ocean. Among the
reptiles the family of Hydrophide contains only sea-snakes,
‘Which are very common in the eas of the eastern hemisphere,
and are often found there swimmiag in the high seas ; it is only
at breeding-time that they go to land.* The only exception to
this rule is found in a new species—here represented for the ©
firstdime—of thesgenus Platurus (fig. 37), which T myself dis-
covered in the’ fredii-water luke of Taal in Luzon, which is
famous for its still active voleano ; it is true that this Jake js
cormacted with the sea by a not very long rivep, Together
with this snake and associnted with typical fresh-watoy forms—
as Neritina, Melania, Palemon, &e.~other marine animals aye
found, such as Pristis Perrottets (the saw-fish), which is very
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common alSo in the mngﬁiﬁoent Lagima de Bay near Manila.
Sea-fishes, which normally live also in fresh water, or which
thrive well when introduced into it, are by no means rave ;
thus Peters found Rays deep in the heatt of East Africa; the
Lake of Acqua, near Padua, which is of Pare fresh water, has
become famons by the success of an attempt made there to breed
sea-fish—Mugil (the grey mullet) and Zabraz: (the basse)—in
great numbers for the market. Among the Invertebrata such
cases are yet more comnion.  Pal@mon, a gefius of Crustaveans
which inhabit fresh water almost exclusively, belongs fo_a
family which generally includes none but marine animals ;
various species of this genus live in rushing mountain streams
in the Philippines, and are found at an elevation of 4,000 feet or
move above the sea. In the branchial cavity of this Crustacean

Fi0. 38, —Bopyrus ascendens. a, the lower: b, the upper side. Tt lives in the gill-cavity
of PMuleemors ornatus (Ollv,), and is found with it asconding fresh-water streans nt a
lieight of 4,000 fect above the sen,  All the other known Epeci 5 ave marine.

lives a species, as yet undescribed, of the genus Bopyrus (fig. 38),
which I have named Bopyrus ascendens, Tt is the only fresh- &
water form hitherto known, while the other VEry numerous
species live exclusively in the hranchial cavities of sea crabs.
Aucapitaine states that a true Cypraac—the specles known as
the money-cowry—is caught in the interior of Africa, sear
Timbuctoo, in quantities by the natives; various molluses of
the family of ship-borers—Nausitara Dunlopi (Wright), and !
Teredo sensgalensis (Blain.)—and of -the- Pholadide—Martesin
rivicola—live in the rivers of India and Java, while all the
other species of these families are true marine ereatuves, T ath
oysters (fig. 39) at Basilan in the south of Mindanao, which,
although they had a salt flavour and* were indead bathed

by brackish waterat high tide, yet at ebb tide were smrounded
L2
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byra mpi(i stream of pure drinkable frdsh Svater, and dpcfngd their
shells to it. Many marine Bryozon occur also in fresh water.
Among the Annelida the case seems to be rarer, and I have
only been able to fittl one instance mentioned in books by
Leidy, who discovefed a wornm, Manayunkia, belonging to tlie
Cephalobranchiata, in the Schuylkill River, near Philadelphia.
The*Nemertino worms, so common in the sea, have only one
representative in fresh water of certainly a very divergent form;
of Spdnges we finli only one genus, Spengilla ; of the Hydroids
oply two, Hydra and Cordylophora (fig. 40), which, in the course
of time, have become true fresh-water animals.®®

Fin, 30 —0yster from *ho Cumnlaran River at Basllan (south of Mindanao) ; it lves in
#pots where the water is quite fresh

C. The effect of the different percentage of salt in the
water.—The cases adduced above prove that it is often impos-
sible to distinguish, by systematic characters alone, whether an
animal is fresh-water or marine, since there are many species in
fresh water whose nearest allies live in the sea, and vice versa.
Theoretically, then, we must admit that there is no general
and jinsuperable impossibility that, they should exchange their
life in one medir:m fo= that in the other. But this theoretical
possibility is not,’so far as we know, universally practical ;
for ,shole groups—as the Brachiopoda, Sipunculide, and
Fehinodermata—have hitherto been found only in the sea.
The question now is ; What causes have prevented or still pre-
vent & transfer of marine animals from sea-water to fresh



3 MIGRATION OF SPECIES. 149

water, er vice versa, from: actually taking place much more fre-
quently 1 =

I have alrendy indicated that very often the strength of th
current in a river, or the surf at its mouth, its temperature or
the kind of food it affords, must cause quite as great hindrances
to the passage of a marine animal into thé fresh water as the
necessity for subsequently living in water devoid of salt. Thus,
for instance, the remarkably tender bodies of the larve of the
Echinodermats, Ascidim, sea-anemones, Hydroid polyps, and
others, ave scarcely fitted to overcome such impediments ; s6 that,
even under the assumption that they might be capable of livipg
in water without salt, their transfer into fresh water seems to be
almost impossible; and this is still more probably the case
when the fully grown creatures—such as Ascidians, Corals,
Polyps, and others—do not move freely on the sea-bottom, but
are permanently attached to it. But if we now leave out of
the question the other influences which are often combined with
the variable amount of salt in the'water, and which ghall be
discussed in another place, we have in the first piace to deter-
mine the optimum as well as the extreme proportion of salt in
the water which may be advantageous to different animals, 0 a8
to be able to estimate how far variations in its saltness may have
a selective influence on those living in it or migrating into it.
Secondly, we must deal with the question whether and how
far an alteration in the salt contents of the water is capahle
of directly modifying the morphological characters of n species. &
But first of all we must ascertain the mode by which the
salt held in solution in the water penetrates to the interior of
the body, where alone it can produce any effect.

Clande Bernard has proved that salt, when in solution in
water, can pen‘etmte the  body of an unima.l without st.he
creature’s agency, merely by the endosmotic uct-xou of the sku}.
If a frog is placed in a veszel in salt vmtc}-,“m such 8, posi-
tion that it cannot swallow any salt, iv gjlf.ne\'erbheless be
found that its body soon cont‘nins galt., 1f ?t absorbs more
than it can bear, it will die, and its death will enue a1l the
sooner, the stronger the solution is in the first instance. In
order to determine what is the minimam percentage of salt
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that is, pn the whole, injurious to the,frog, 1 mﬂ.(l_e «{variety’
of experiments in the following manner. To prevent the
creature from swallowing, and so dying of suffocation, T tied
it to weighted sticks in such a way that it was unable to dip
its nose and mouth ito the water, even when its head began
to sink from wealfness of the muscles. ‘A great number of
frogs were placed in different vessels, each containing the same
quantity of water with various, but known, amounts of salt in
solution ; death was assumed to have taken place when the eye-
lids &f the frogs nb longer reacted unddy irritation, and did not
recover their sensibility after the creature was taken out of the
salt water and washed in fresh water. By this I found that a
frog commonly died, on an averagesin about two hours and a
half in a solution of five per cent. of salt, in three hours in
three and a half per cent., in almoft seven hours in two per cent.,
and not before more than twenty-fourdiours had elapsed in one
and a half per cent. They all, without exception, endured a solu-
tion of one per cent. witholt sustaining any injury ; that is to say,
they lived a# long in their very uncomfortable position as other
frogs which were fastened up in the same way in pure fresh
water—namely, from three to four days. It remainsstill doubt-
ful, therefore, witether a frog cannot really live jifst as well in
water with one per cent. of salt in it as in fresh water. I have
not made any experiments on this point. But near Greifswald,
on thi: Baltie, frogs live and spawn, as T have learned from my
assistant, Dr., Braun; so it is highly probable that a solu-
tion of one per tent. of salt: in the water is about the limit of
where it beging o be injurious to frogs. Similar experiments
have been made by Plateau on aljuatic Articulata, and he seems
not to enterfain the slightest doubt that in this case also the
sale penetrates through the skin ; although, when the animals
ave completely immersed in the water, smbibition through the
mouth does not seemn to be excluded. But as aquatic Articulata
cannot die of suffocation so long as the water contains a suffi-
cient quantity of dir, or as the nmmnl is allowed to rise to the
surface to breathe, this questior is of no practical importance to
us. The most important result established by the above-men-
tioned experiments, and by Platean’s, is this : that the behaviour



ABSORPTION OF SALT. 151

of diffeent animals under the effects of the same degres of con- |
centration ‘in the salt solution is by no means identical ; tiza
maximum of strength’ which is perfectly innocuous to the
frog is abont one per cent., while the stickleback can bear from
two to two and a half per cent.; migratory fish,as the shad,
salmon, eal, &e., have still greater powers of resistance, as they
can bear as much as from three and a half to four per cent. of
salt in the water.%?

It results frown this, that the difference in the osmotic action
of the skin in different &nimals, and the vartous degrees of ro
sistance to the amount of salt absorbed into their tissues, conc
nected with such a difference, do, in a certain sense, cause and
maintain the distinetion which prevails between the fauna of the
ocean on the one hand, and that of rivers and fresh-water lakes on
the other. 'We may assume that the absorption of salt is most
rapid in animals with a soft skin; we are not surprised when
we find that the soft gelatinons Medusa is almost instantase-
onsly killed on coming into contaci with fresh water, while
crocodiles with their strong and horny sealy covering, through
which salt, as it would scem, cannot penetrate, can live equally
wellin the sea and in fresh water. Between these two extremes
the gradatioas are infinite. Every variation in the amonnt of
salt in fresh or salt water must therefore influence the animals
living in it in a different manner; some will be killed, others
checked in depositing their eggs or hindered in their growth,
while others will bear the change without any iujm-_y. It would
be a very interesting problem to“determine by exact experi-
ments a enrve showing the resistance of diﬁ'el-ent species to the
absorption of salt by the osmotie action of the skin.

Unfortunately hardly any such experiments ar¢ on rucox:d 3
but the few that are before us offer so much that is of interést,
even under the scarcely exhaustive treatment they have met
with, that we must here go into them somewhat more closely.

In the first place an experiment muzt bc snentioned which
Nature herself has made on a certain Polyp.” It is, so faras I
know, the only example of an animal that ean be proved to
have oviginally lived in the ses, or in brackish water, and
which, within our own time, has gradually accustomed itself to
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live in pure fresh water. When I, was still a studsat, Cor-
dylophora lacustris (fig. 40) was found only in estuaries and at
the mouths of rivers where the water was at any rate occa-
sionally salt or brackish; it was discovered almost simul-
taneously in England and Belgium, and somewhat later I
found it in the Schlei, near Schleswig.. Since that time, 1854,
the animal has in many places migrated into rivers; it has
already reached the Seine at Paris, and has got into the fresh-

¢’
F16. 40,—Cordylophora lacustris (from F. Bf Schultze), a brackish.water polyp which
within tye last ten years has gradually migrated into pare fresh water,

water aquarium of the Jardin des Plantes there, where it is
said to be very common. Its migratious in the Elbe were still
o remarkable. - A fter reaching Hamburg, and even, if 1 am
not mistaken, fifidingits way into the, Alster, it took possession
at the same time of the great water-pipes of the city, in which
it lived, Lssociated with the well-known bivalve, Dreissena
polymorpha, in such enormous quantities as to impede the flow
of water through the"pipes. This case is the more interesting
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becanse the Cordylophura is a quite soft animal of the Polyp
group, and yet it could quickly become accustomed to a
diminution of salt in the water which would, beyond a doubt,
entirely destroy many apparently stronger, animals. It would
probably be of much assistance and interegh to compare ex-
amples of Cordylophora from different localities, to see whether,
perhaps, the variations in the mode of life have not given rise
to some variation in the structure of the animals living under
different conditions. This point has not, so, far as I know,
hitherto been closely investigated.

Only three series of experiments are known to me, which were*
made under artificial conditions, with the express purpose of
determining what animals could bear a transfer from salt to
fresh water and vice versa. The experiments made long ago by
Beudant have never hitherto been repeated. He found that
various fresh-water moliuses were quickly killed if they were
suddenly transferred from fresh water to the concentrated salt
water of the Mediterranean ; but when he increased the amount
of salt very gradually he obtained very different results. He
began in April by putting animals into water which contained
only one per cent. of salt, and by September, by gradual addi-
tions of salt, he had brought it to a solution of about foui per
cent. Species of the genera Limnawa, Physa, Planorbis, and
Amneylus, lived in this salt water as well as in pire fresh water,
while of Paludina vivipara, Bythinia tentaculata, and Neritina
Auviatilis, a much greater vumber of individuels had died in
the salt water than in the fresh water. Of bivalves— Unio,
Anodonta, Cyclas—every specimen had perished before the
water had reached its highest strength of four per cent. He
subsequently conducted the ‘experiments in the inverse order.
at Marseilles, placing true marine animals in fresh water. He,
then found that a suddén transfer killed almost every species,
while gradual additions of fresh water to 4ke salt were “oine
by many species, till in the course of a few months it had become
perfectly fresh, so that finally true marine animals were living
with Limmza and Planorbis. The edible mussel seamed ‘par-
ticularly resistent, for not one single spemmen perished through-
out the whole dumtwn of the e(perlmﬂlts Of 610 indivi-
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duals of various species which wefe fradually aceustomed to
‘fresh water, only 37 per cent. died, while of a corresponding
number which were kept at the same time constantly in sea-
water 34 per cent. died. Thus the percentage of mortality in
the group of anymals that were gradually accustomed te a
foreign element: was only three per cent. higher than in those
which remained in their natural element. Certainly it must be
considered that this result was due to the circumstance that
certain species—as Mytilus—remaingd altogether unaffected,
®\while others died out entirely. For further details I refer the
= reader to the note.%”

We perceive from these experiments of Beudant’s that some
species of Molluses can live equally well in fresh and salt water,
although they may be exclusively fresh-water or marine forms,

Tnfortunately the experiments have not been carried out far °
enough for us to be able to draw any far-reaching conclusions
from them. Beudant, x\ is true, proved that a fully grown
Mytilus could be accustomed to fresh water, but not that it
could multiply in it. Granting that a gradual transformation
of the salt water in the Baltic into fresh water could take place,
according to Beudant's experiments a number of full-grown

. or half-grown animals might become accustomed to the fresh
water ; but the species might nevertheless very possibly die out,
part_icula.rly if cheir eggs and larva were not equally capable of
surviving in fresh water. In the quaternary period numerous
oyster-beds existed in the Baltxc which have since then entirely
disappeared ; ¢ and yet the oyster belongs, according to Beudant's
tables, to those forms which aye able to live almost as well in
pure fresh water as in salt w utm The extinction of the oyster
an the Baltic may have resulted, s must certpinly be admitted,
from a variety of causes; but in.view of the total ahsence of
all means of proof we must not reject as unfounded the :
assumption thab towas caused by the incapacity of the young
oyster-larvee to w:thsmna the injurions effects of the diminution
of salt in the Baltic.

* Dlatéau went somewhat farther than Beudant in his re-
searches on the aquatic Articulata. His experiments on the
common Water-Louse (4 sellus aquaticus)are particularly interest-
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ing. By aceustoming fully grown specimens of this species to,
water to which he constantly added salt, he brought them to
live and lay eggs in pure sea-water. The young sea-lice born
in fresh water died much sooner, according to him, than the old
oneg, when both together were suddenly transfeered to sea-water,
While the young fresh-water lice lived only five hours when
put into sea-water, the young ones which had been born in watar
already salt lived about 108 hours. Whether they died for
lack of food or from the effects of the salt is not determirad.
Biit even if we arbitrarily assume that the salt was in this case
really the cause of death, it nevertheless results from the data™
above given that at any rate the injurious effects of the salt ave
different at the two different ages of the same animal; and,
secondly, that the injurious effect on young individuals can
be materially diminished when the older and sexually mature
individuals are accustomed to the strange element and breed
in it. These experiments, ns well as those of Beudant, caght to
be repeated in a methodical manner; but, imperfest as they
are, they teach us that many aquatic animals can be accustomed
to a foreign medium, and can even propagate in it. Now,
although, in consequence of the imperfection of these experi-
ments, no extensive application of this conclusion is possible,
they still allow of our propounding the view that it can no
longer be said to be impossible to accustom certain fresh-water|
species” perfectly to live in the sea, or, on the other hand,
marine species to live in rivers or lakes. AT
A still higher interest attaches to the recent experiments of

Schmankewitsch. The fresh-water Crustacean, Branchipus stag-
nalis (fig. 41, a) is remarkably like the Arfemia salina (fig 41,
b), one of a genus.otherwise found exclusively in the salt lakes -
_of America, Europe, and Africa. Nevertheless the differences

between them have n.lwn}'s seemed sufficiently conspicuous to
justify their separation into two different geriera ;. these arc cer-
tain dissimilarities in the skape of the antenns: of the male, and
the number and form of the posteyior segments of 'the body, qf
which Artemia has but eight while Branchipus has nine.®* "lh'em A
are numerous species of Artemia in Europe. The most unlike are |
Artemia salina and A, Milhausenii ; the latter is disting}lislled
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by theabsence of spines on the loffes bf the tail, ¢hé itmmu size
of these lobes, and the relatively large size of the branchial
appendages of the legs. Schmankewitsch showed that it was
possible to raise a brood of Artemia Milhausenii from Artemia
salina, which lived in salt water of 47 Beaumé, by gradually
raising the percentage of salt to 25° B. This transformation
oecurs very gradually, and only in the course of several gene-
rations. He observed the same process also in a free state of
, najure. A dam which divided a lake containing salt water of
4° B. from another where the water marked 25° B. gave way
“in the year 1871, so that the density of the water in the lower
Jake fell to 8° B. At the same time numberless individuals of

-

S FiG., 41,1, Brarchipus stagnalis ; b, Arlemia salina,

Artemia salina were carried through to the lower lake by the
flood, and there they soon seftled and propagated. After the
dam was yepairved the saltness of the water in the lower lake
maturally increased again; in 1872 it had risen to 14° B,, in
1873 to 18° B,, and by the end of September 1874 it had reached
its old mark of 25° B. During this ‘period the Artemia salina
that had miiqm'wd had gradually become transformed into
Artemia M ilhat/:enl:i. The stages of transformation, as they were
agtually successively observed one after another by Schmanke-
witsch, are here given in & woodeut (fig. 42) copied from
Schmankewitsch’s drawing.
He a'so conducted the converse experiment with perfect

.
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success, for he brought drtemia Milhausenii back to Artemia
salina by breeding successive generations in salt water which
he made weaker and weaker. Now the differences between the
two species are so great that no zoologist nad previously cast
any doubt on the accuracy of classing them ‘as two species,

1.

F16. 42 —Transformation of Artemia salina®to A, Mithausenii. 1, taillobe of A, slina
1Ml its transition throngh 2, 3, 4, 5, to 6, into that of A, MilA 7, ¥ .
Of 4. aalina ; 8, postabdomon of a form., bred in slightly salt water; 9, gill of 4.
Slthausenit ; 10, gill of A. sufina. From Schmankewitsch. -

and with all the more reason because each seemed to exclude
the ether; Schmankewitsch’s experiment has neve:theless
proved their relationship, and also explains very simply the fact
that they never occur together. It is merély the constancy of
the external conditions of life—the greater or less saltness of the

-
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< water—which in one case determix‘xes' the charactbr of Artemia
Milhausenii and in another that of Artemia salina. But
Schmankewitsch was so fortunate as to be able to carry the
experiment; still further. He kept Artemia salina in salt water,
_ which he constaktly diluted by adding fresh water, till at“last
| it was perfectly fresh; the Crustaceans bad meanwhile gone
© through several generations, and had gradually so completely
| changed their character that finally they had acquired those of
tha genus Brarchipus. ¢
! These discoveries are certainly of the greatest interest; for
“ they afford a proof we can scarcely doubt, that a change in the
amount of salt contained in the water can produce a regularly
recurring and very conspicuons modification of the specific and
even of the generic characters of certain animals. Darwin's
opponents will probably say that in this case those zoologists
were in error who attributed to the differences between Artemia
Milhausenii, A. saliva,and Branchipus stagnalis, a specific and
even a generic value, and that all these forms must now be
regarded merely as varieties of one single species, since proof has
been given that they pass into each other. Tt is no part of my
purpose here 45 oppose such a view of the case; it will suffice to
ohserve, on the other hand, that, logically speaking, writers
on Crustaceans must then cease to have any justification for
separating or describing species at all, since those differences
between Branchipus and Artemia which, according to this view.
have neither specific noy generic value are precisely those of
which they constantly avail themselves for distinguishing the
species and gerfera when describing other Crastaceans,
.Thus avidence has been given in this chapter that changes in
i the degree of saltness of the water exert nos merely a selective
influence on the animals exposel to them, but also sometimes
effoct & remarkable modification of them ; and it is probable
thau other solublé_elements in the water besides simply sodic
chloride may be‘able to exert o simdar influence. We are only
at the beginning of our knewledge on this point. A careful
repetition of the experiments here briefly described, with as
great a variety as possible of animals and with as much
thoroughness as Schmankewitsch exercised, would, beyond

”
¢
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doubt, contribute many important facts. But they would .

certainly confirm the result obtained already : That there can
be no idea that a uniform change in one definite condition of
existence will produoe a uniform effect on different animals,5®
This conclusion is self-ovident when we reflect that the result
of any influence must be the resultant of a reciprocal action of
the external efficient force and of the inherent plasticity of
the organism which is influenced.

III, Influence of the volume of water.—It is well known
that the volume of water has a marked inflaence on the
growth of an animal; and on the size it finally attains. Every
lover of the ‘gentle craft’ of fishing—for salmon, trout, or
other fresh-water fish—knows that these fish are usually small
in small streams and lakes, and attain their full size only in
large ones. This fact has often been proved in America as well
as Europe. All experimental zoologists know moreover that
it is often difficult, or even impossille, to rear fresh-water
animals in a small aquarium to the size which they grow
to under the normal conditions of a free life in rivers, ponds,
or even small pools.®® This is attributed, if not without
exception, at least very genemlly, to a deficiernt food- supply
Without any experimental enquiry, and under the tacit assump-
tion that all the other conditions—such as the temperature,
the composition of the water, the amount of the oxygou it ¢on-
tained, and the number of individuals—were the same in the
aquarium as in small ponds or large lakes, it was asserted
that the smaller size of creatures in a small body of water was
due solely to the circumstance taat the absolute quantity of
food at the disposal of each individual must necessarily be
smaller in a small* volume of water than in a great one, and* "

ence be insufficient for ghe development of the animal’s full
size. Of course it eannot be disputed that a fish must remain
small if the food within its reach dogs rot at‘-‘nn the muly
optimum. But it has never been investigatad whether the
small size of the creatures in a gmall body of water is due,
without exception, to the small amount of food within reach,
either by proving that this actually was less than was indis-
pensable for the full growth of the animal, or by attempting to
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. show that any other influence was {mpossible. ‘Observations

do exist, on the contrary, which are calculated to warn us to be
cautious in this matter. I will here only refer to the fact I
myself observed that some Water-Lice (Asellus) which were
kept in an air-fight closed glass vessel for nearly two yéars,
and produced three or four generations, were, in the last
generution, abnormally small, though food, in the form of algm
and other plants, was constantly abundant, and the air above
tha water, on opening the vessel, wasfound to be perfectly pure.
In this case lack of food was assuredly not the cause of the

** small size of the Aselli; perhaps it was a result of constant

inbreeding, although in so small a number of generations—only
four—this is hardly probable, Hence it is a quite unfounded
assertion to say that the small size of animals in a small body
of water is always the result of a consequent deficiency of food,
since if this were so, whenever a more than sufficient supply of
food isat hand in tlle small body of water, the full growth
ought to bhe attained. But this is not always the case, which
proves that the often-observed effect of the volume of water
on the size of the creatures living in it is not, up to the present
date, understogd, and still awaits an explanation.,

In order to solve this problem if possible, I carried out an
extensive series of experiments on the common. pond-snail,
Limnea stagnalis. 1 selected this creature because its growth
is tolerably rapid in comparison with others, and because its long
spiral shell offers an excellent test, of which it is easy to avail
oneself in estimating its rate of growth. DMoreover, this animal,
as I had learned from an accidental observation, is so remark-
ably sensitive to the effects of the volume of the water, that,

«in the space of six days, the différence in the length of those

living in different volumes of water could be easily and
aceurately determined.

It will be understood that I can in this place give only the
general results of expenmcnts carrred on for more than two
years,

1 instituted two series of expemnents—-one by separating the
animals from the same mass of eggs xmmedmtely they were
hatched, and placing them simultaneously in unequal bodies

°
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of water ; the other by ﬁ]acing two different quantities of
animals, from the same mass of eggs, in two aguaria of equal
size. All the conditions of existence, and above all the supply
of food, were kept at the optimum. WConsequently all the
anifnals were under equally favourable conitions, irrespective.
only of the volume of water which fell to each animal’s shave ;
this varied at most between 100 and 2,000 cubic centiméties.
In both experiments the results were similar (fig. 43): the
smaller the volume of water which fell to the share of cach,
animal, the shorter its shell remained ; and, moreover, it made
no difference, with regard to the length the shellattained in the
different groups of animals, whether each isolated individual
had from the first a definite quantity of water allowed to it,
as in the first series of experfments, or whether several indi-

ot

SR

1o, 43,~Four equnl'ﬂy old shells of Zimnma stagnalis, hatched from the same mas. of ovs
but reared in difforent volumes of water; a, in 100 cuble centimétres; &, in 250 cnbic
centimétres; ¢, in 600 cuble centimétres § and &, in 2,000 cuble centimitres,

viduals living together had a larger volume of water to ‘hare

among them in the same proportion. Thus T succeeded, under

conditions of existence otherwise identical, in establishing a

curve of growth for the Limnswa corresponding to the volume

of water. This curve (fig. 44) shows that the favourable effuct

of an inerease of volume of water is highest between (00ana 500

eubic centimétres for each individual, and that it then gmdunlf_{l

decreases, till, at 5,000 cubic centimétres, it would seem to cease
entirely; d.e. an increase of volume above this maximum has,
as it appears, no further effect whatever upon “the rapidity of
growth. Thus the optimum of the volume of water which allows
the greatest possible length of sheil to be attained by a’ Limyien
within a given time lies approximately between 4,000 and 5.00¢)
cubic centimétres; to determine the point exactly was impos-
sibla for various reasons. The woodeut (fig. 43) exhibits the
M
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shells corresponding to this curve, The first of the shells, formed
in 100 cubic centimétres of water, attained a length of only 6
millimétres ; the second, in 250 cubic centimétres, was 9 milli-
métres long; the third, in 600 cubic centimétres, was 12
millimétres ; finally the fourth grew to 18 millimétres in 2000
cubic centimétres of water. It scarcely need be repeated
that these animals, with such immense differencesin length, were
all the offspring of one mass of eggs simultaneously transferred,
und*had all reacfied the same age of sixty-five days.

‘e My experiments also allowed of my constructing a curve of
time for the rate of growth of the Limnwma, The reader may
have observed, with reference to the foregoing statements,
that according to this volume-c\.lrve it ought to be possible to
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enahle a Liu}lpmn to attain its Full length of about 24 milli-
métres (for the first years growth) even in a volume of 100
cubic centimétres, if only it were left there for a longer time
than was requisite for acquiring that length in 2,000 cubic
centimétres. Still, this would only be possible if the rate of
growth, as determined by the volyme of water, were at all times
equal This, however, is not the case. A# first the growth is -
very slow ; then succeeds a perioil of quickest growth, until the
older the nuin‘?nl_,is,’ the*more slowly it grows. The curve ex-
hibited in the subjoined woodeut (fig. 45) was constructed from
experiménts in a volume of water of from 1,000 to 2,000 cubic
centimétres per individual, and it shows that, during the first
three weeks after escaping from the egg, the growth of the young
animal was, on an average, only 5 millimétres ; then followed
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a period, ldsting about three weeks, of very rapid growth,
during which it attained a length of shell of about 10:2
millimétres; in the third period—40th to the 60th day—
it grew only 6 millimétres more; and thén ensued a period of
vefy slow growth, oaly about 1'6 millimétre in nearly four
weeks. It is thus proved that the same law obtains for
Limnza as for all other animals, namely, that the maximum of
growth can only be attained, when all the other conditions are
equally favourable, exactly within the period of quickest gro.vth s

the opportunity once missed never recurs. A Limnma whlcb
in the course of the first year has not attained a length of shell
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of at least 20 millimétres must become the pt{rcnt of a race .of
dwarfs, if the causes which have checked its growuh are segu-
larly repeated in the ﬂuecccdmg years.

A direct influence is hereby proved to be exerted by the
volume of the water, irrespective of the snpply of food gnd
other influences.53 A short discussion of the datails will ghow
whether we are as yet in a position to detéimine the special
causes of this effect of volume.

It is self-evident that a great variety of mﬁuem.os l'l)ln-]lt
have produced the same vesult—i.e. the dwarfing of the ammuls -

—such as food, temperature, injurious gases, or the absence of
a2
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fhose that were necessary, &c. In some of my experiments
such influences showed themselves very conspicuously. In one,
for instance, in order to supply the young animals with the
maximum of air required for respiration, I kept up a constant
current in the vessel; but the expeciment failed totalily,
hecause the young animals in the current were unable to cling
to the plants they fed on. On another occasion a sudden and
very considerable fall of temperature set in, almost down to
337 ventigrade. Now this is the degree at which the powers
_of assimilation of the young Limnwma cease, and consequently
its growth. The effect on the curve of volume was very
striking (fig. 46). The vessels, of unequal size and containing
unequal bodies of water, stood side by side at the same distance
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Fio. 48, —A carve of growth totally altered by n change of temperntare. Tt continues to
rise n3 usual up £0 000 cubic centimétres of water. There it suddenly falls, becanse the

temporatare of the 1 body of water is insufiicient i livin
g pen it nrge body ufticient to allow the I imnmide '4

from a window, where the sun shone in the afternoon for two
hours at the most ; thus Yhe temperature favourable to assiwi-
lation was attained in the smaller vessels, but not in the
larger ones. Hence it followed that snails which lived in 2,000
cubic centimétres of water, and consequently ought already to
have been 10 millimétres long when 25 days old, were
gearcely longer—about 3 millimétress—than those which had *
lived in water which, though less in volume, was sufficiently
warm. At the samp time the nourishment provided in each
vessol was so abundant and wholesome that neither bad air nor
@ lack of food could have occasioned the striking break in the
normal volume-curve; besides, in that case the effects must
have been visible in those in the small as well as those in the
larger body of water.
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A supsrabundancesof>food ‘was purposely supplied- through-
out all the experiments, and all the glasses in which the food-
plants—Algw, Elodea canadensis, and Lemna—did not grow
luxuriantly were emptied, so that from the very first, in all the
experiments on which the curves were foupded, the injurious
effects of any kind of dearth of food were excluded.

The temperature of the water, so long as it oscillates within
an insignificant range near the optimum, also has no effect on
the volume-curve, or at any rate a very trifling one; if the in-
fluence of volume had been affected by variations in the tompe-
rature of the water, all the animals in the various experimene:"
growing up in different bodies of water, so long as they were at
a similar temperature, must have attained the same or nearly
the same size. Temperature does not exercise a really decisive
influence till it approachcs one of the two utmost endurable
extremes. 2

It might also be supposed that the different proportions of
oxygenated air or carbonic acid contained in the water were the
efficient cause ; but this is easily disproved. In the first place,
it is not very easy to see how, in that case, such regular curves of
volume could arise, since the deficiency of air in each vessel must
then have been always in the same proportion as the kody of
water; and this can smrccly be assumed as probable, On the
other hand, this influence was already excludeq by the fact that
the snpembundauce of plants growmg in the water disengaged
£0 much oxygen that the water in all the glasses must have .
been absolutely saturated with it, and the stratum of air in
contact with the surface, which, as is well known, is breathed
by the Limnwa, must have been equally and perfectly pure.
For the same reason the carbonic acid disengaged by the animals
must always have been entipely reabsorbed by the plants.

The salts which can be proved to be present in water can
just as little be regarded as the cause of tho dwarfed growth of
the animals. With the assistance of & chemist, my friend
Professor Hilger of Erlangen, I ropeated my experiments with
distilled water, and with water which was saturated with the
constituents proved normally to occur in water (such as mag-
nesic sulphate, calcic carbonate, &c.), and the normal course



166 THE INFLUENCE OF INANIMATE SURROUNDINGS.

0
which regularly ensued showed that'the salts preseat and dis-
coverable by chemical tests had really no influence that could be
detected.

Even injurious gases which might be formed, in a certain
proportion to the body of water and the number of animals,
from the fieces and other decomposing organic matter, cannot be
regarded as causing the effects referable to the volume of water,
Suppose we take two vessels containing equal volumes of water,
but place only one animal in one and twenty in the other, these
list of course will Rmengage the larger amount of injurious gases,

«nd consequently, in the first instance, a certain retardation in
their growth might be caused. But since the one isolated
individual grows immensely faster than those that live together,
this one will very soon yield as much, and at last more, fecal
matter than the twenty; so that growth must cease with it at
least as soon as with the others. Bt since this is precisely
not the case—for the curve of time remains the same for each,
while it 1is only the size attained within a determined period
which varies—it is, it seems to me, thereby proved that the
effects of the injurious gases produced by the animals them-
selves cannot be the canse of the effects of volume.

What, then, is the real canse? I regret to say that T cannot
give any answer to this question. With the nssnstaqce of my
friend Hilger I have long been tryi ing, but altogether in vain,
to find anything present whatever, even in the smallest quantity,
to which this effect of volume could be ascribed. I think,
however, that we ave justified in the following hypothesis. It
would seem to follow from my experiments that some substance
—as yet unknown—must be present in the water, probably in
a.very minute quantity, which, by its relations to the water that
holds it in solution and by its osmotic affinity to the skin of
the animal, can be absorbed only in a defermined and extremely
smell quantity, and also within a definite period and in a definite
amount of water.56 , Now, if this substence were simply a stimu-
lant, and thus, without actually contributing to growth, were
nevestheless essential to it—Ilike the oil to the steam-engine—
it must be absorbed in the quantity which is most favourable

~if the normal growth is to be accomplished within a fixed time.
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And sitice according sto® this hypothesis, the amoudt of the
substance absorbable in 2 given time depénds on the volume uf
tlie water, and increases or diminishes with it, growth would
cease entirely if the body of water werego small that it had a
sfronger affinity to the unknown matter than the skin of the
animal has. On the other hand, the attainment of the full size
within the corresponding period would only be possible if the
volume of water were so great that the Limnea could at all
times absorb this unknown stimulant from the water 67

IV. Influence of oxygen or air in the ‘water.—We hate
seen in the foregoing sections that the effect of the substancess
held in solution in the water, and also apparently that of the
volume of the water, dep'end on the osmotic action of the
animal’s skin. Another substance held in solution in the
water must take effect in a precisely similar manner—namely,
the air used up in bresthing by a number of animals, Tt is
known that every animal, even the slmplcst Infusorinm that
lives in water, requires air, or rather ox) gen, for res ll'at.mn and
a5 most aquatic animals have no special organs for brea,thmg
in the air itself—like most of the "Vertebrata, as well as
Insects, Arachnoide, Myriapoda, and many gther creatures—
their efficient respiration depends exclusively on the abscrption
of the air (oxygen) contained in solution in the water through
the skm, or through the membranes of some internal organs
t]lrough which water flows in and out in a constant stream.

It is self-evident that every growing or youpg cell must be
capable of breathing, t.e. of hl.mg in oxygen and disengaging
carbonic acid, if this respiration is a function of protoplasm
itself. All growing parts which are in contact with media rich
in oxygen, such,as air and *water, must consequently bmutlx%“
taking it for granted that their surface offers no resistance to
the absorption of oxygen. But the disposition to absorb it
may be very different in different parts of the body ; and we are
accustomed to call such, parts as séem‘etterfitted to absorh
oxygen, as compared with the others, s:mply [ organs of
respiration.” ' \

Such specialised organs of most of the animals that live in
water and breathe water ® are, in the first place, the skin, then'
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appendages of the skin, known as gilis or branchieparid finally *
the interior of the intestinal canal. In very many Invertebrate
animals—as in Holothuria, Annelida, Planarians, Water-Insects,
and others—a constant stream of water enters by the anus, and

, .cavity lnid open, and ! the conti.
Figi, 47,—a, Anabas scandens; head, with E the. .}}n? b B e p:‘ Tadpale ; ¢, young

; folited labyrin b7
f”(li?m‘{m c:::ts'i'nfsnﬁ: f-‘f m,'.'ryo of the Shork. All these have external T
in a fow cases, ag in Holothuria, a very easily demonstrable
stream passes sut from it also. Thus, in thesimplest condition,
the mucous membrane of the intestine serves for respiration,
‘like the skin of an animal; and in this respect the well-known
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. French [;hym'ologist, Paul Bert, is perfectly right when %he says
that any dispute as to whether this or that portion of the body’
of an animal is its respiratory organ is fundamentally and
perfectly superfluous. But when special, appendages are de-
veloped from the skin in a foliated or arboresgent form—known
a8 gills—which seem specially adapted by their structure and
the delicacy of their walls to absorb more air from a given
body of water than the skin can, and to transmit it directly to
the blood or to the fluid of the body-cavity which circulates in
those gills, we are certainly quite justified in ('losignating these® s
appendages as special organs of respiration, -

Such gills or branchiwe occur in the intestine as well as on
the skin of the most dissimildr animals living in water.
The gills of the ounter skin Jbear so striking a relation to

_ the animal’s mode of life that they must here be briefly dis-
cussed. In Fishes (fig. 4% a) and in many Amphibia the gills
are placed at the side of the head or partially under it, where
they are concenled beneath larger or smaller folds of the skin,
which, with the flat bones that support them, are known as the
gill-covering. In the embryo of the Shark (fig. 47, b, d) and of
Amphibia, external ramified gills appear beforg these internal
gills ; these, i the fishes, subsequently disappear, but in.the
Amphibia persist throughout life (Perennibranchiata). In
Crustaceans we often find gills in places analogons to their posi-
tion in fishes, that is to say, by the side of the cephalothoiax,
and covered by a large skin-fold attached to it; tljs is the case
in Crabs (Brachyura), and in many of the Macroura, Lobsters,
Prawns, &¢. In other Crustaceqps, on the condrary, as in our
Water-lice (dsellus) or the Sea-louse (Zdotea), they are situated
at the end of the abdomen,cand in yet other species they s‘m;
appendages of the legs, whatgver part of the body these may

* be attached to. In the class of Mollusea we find not less than

five forms of gills morphologicaily different—#rst, the usual gills

of bivalves (fig. 48, 3); secondly, thos¢ héime oh the bhack of 1

many of the naked marine Mollusea, as the Zolide, Doris, and

others (fig. 48, @) ; thirdly, the dotsal branchial cavities of suoh
genera a8 Neritina and Melania ; fourthly, lateral gills, as in

Phyllidia; and lastly, the highly interesting mantle-gills of
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some species of Lucina (fig. 48, &).situated ow the ventral
margin of the mantle. In the Annelida the gills are usually
an appendage of the legs, and sometimes are placed directly on
the body or at the fore end, as in Sabella, Serpula, Tercbella,
&e. Finally, themumber of Invertebrata is by no means small
which dispense entirely with such distinct, conspicuous organs

R,
(/) AR
Fio. 48,—Gllls of Molluzca. a, Lucine K:llgv;mcla. withi forir mantle-gills behind the

muzele m; b, Mytlins, with & the gills, and I the \aminated lip ; ¢, Elysia grandis
(Bergh.), destitute of gills ; d, Doris &p,, with o tull tuft of dorsal branchiz.

oF respiration, and consequently breathe only through the skin ;
among the Mollusca there ave the Eiysiade (fig. 48, c) and their
allies; smong the Annelida the common leech and the Oligo-
chiete (the earth-worm, &e.); many of the lower Crustaceans—
parasitical as well as independent—all Infusoria, the Ceelente-
rata, and even many Echinodermata, &e.
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Less virilty is found“uniong the internal gills, which some-
times are sitnated in the intestinal canal of water-animals. In
the larve of the Libellulide, for instance, leaf-shaped organs
are found inside the rectum, which appavertly serve for respira~
tions I myself have described a system of Holiated processes
on the mucous membrane of the stomach of the Holothurids
(fig. 49) which have all the attributes of true gills—as an
extensive surface, delicate membrane, and abundant blood-
vessels, with a constant renewal of the water that bathes *he
lamine. In most Annelida and many other Invertebrata, nor.

1 1f \l
I
c ‘ 3 ' :
) i }1:- M LL
SR

wise and laid fint, @, the doras] furrow between the two series of gill-foliations; 8,
the broad tamid ventral suyface which divides thém ; ¢, the follaceous gills,

doubt a regular current of conStantly renewéd water pnssés
through the intestine, which x'xevertheless bears no special gills;
the more or less®extensive folds of the mucous membranc
<, here take the place of the abséht organs. It may here be inci-
dentally mentioned that even a fish (Cobitis fgssilis, 4 species 9!'
Loach, fig. 50) breathes through the intestines ; %:ut in this case
the conditions are slightly different, inasmuch &3 it takes in air-
bubbles at the sumrface of the water through its menth, and
swallows them, so that here the air comes into direct contact
with the respiratory surface of the intestine.”

All these different organs of respiration”™ must act in

o



172 THE INFLUENCE OF INANIMATE SURROUNDINGS.

essentially the same manner—namely; by absorption of oxygen

“(air) from the water by means of the osmotic action of their

membranes. This action varies with the different animals.
Bert 72 has shown that the powers of absorption even in nearly
related species of fresh-water fish are remarkably wacious.
Hence we need not be surprised to find that occasionally the
amount of oxygen which is conveyed to the blood by the typical
organs of respiration is not perfectly sufficient, so that the defi-
¢i-ncy has to be made up in other ways. Nor are we more
astonished to learn that the general respiration of the skin can
be so increased that under some circumstances it suffices per-
fectly for the requirements of the animal, and renders the
employment of the special organs of respiration quite super-
fluous.

The former case has been proved in Crustaceaand in Fishes.

Fi0, 50.—Cubitls fossllis. It swallows air-bubbles which pess through the intestine,
r where the mucons membrane takes up the oxygen for respiration,

Frisz Miiller observed that crabs of various species (Grapsus,
Segarma, &ec.) often raised the hinder portion of the cephalo-
thorax, so a€ to let the air directly into the branchial cavity, as
the amount of oxygen absorbed from the water through the
gills was insufficient to supply their requirements. Many of our

\/

fish-water fish, particularly all the species of Bleak (Cyprinoide),

~regularly swallow air in order to saturfite the water that

bathes their gills with oxygen, since the oxygen derived .
directly from the water is usually insufficient. The amount of
oxygen need.d bythese fishes must be considerable, for it is
much more easy to drown a fish than a frog if both are pre-
vanted Zrom coming to the sarface to swallow air; and yet the
frog breathes by lungs, while the fish, on the contrary, is a true,
gilled water-breather.™

An instance of the second case—i.e. that general respiration

n
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throngh the skin may perfoct]y supply the place of rospu‘a'aon
through any special organ—is offered by frogs, which: usually ©
breathe through lungs. Milne-Edwards the elder showed long
since that frogs, when prevented coming % the surface, were
able“to live under water so long as they wereot cut off from
the possibility of obtaining food and were freely supplied with
fresh water. In such a case general skin respiration must
necessarily take the place of lung respiration. Since then,

Paul Bert ™ has shown that skin respiration cgn only take tha |

place of lung respiration when, in the cold season, the tempe-

rature of the water varies between zero and 13° centigrade. =

The instances here adduced prove at once that the absolute
amount of oxygen needed for respiration and absorbed from the
water varies n,cwrding to the pecsliarities of the different species,
and perhaps even in mdwxd\nls ; and moreover that its ab-
sorption depends on certain external conditions, above all on
the temperature. From this it further folows that there must
be for every individual animal an optimum quantity of oxygen
needed in a given time ; if this optimum is not attainable by
the ordinary organs of respiration, either the animal dies of
suffocation, om else the deficiency must be supmlied by some

other means, as, for instance, in Milne-Edwards’ experiment —

on the frog, by gemeral skin respiration. "o this category
belongs too, in a certain sense, the air-bladder of fishes, whjch,l
according to the most recent investigations, may under some
circumstances be regarded as an organ auxiliary tesrespiration.
A body of gas is deposited in it from the blood which also
contains oxygen, and this is rapfidly used up if the fish is it
water which holds but little oxygen. Now, although generally
no air can be transmitted to the air-bladder from outside, still,m
as it would seem, it serves as a*reservoir for the superabundance
of oxygen which is mhoduccd into the blood by the absorbent
action of the gills and the skin. Very m;mero experiments
have been made on this mstter, but they haveyielded so many
contradictory results that it is syperfluous to go here {nto any
closer dliscussion of them ; and I refer those who are interested
in the matter to Milne- Edwards' well-kngwn work, ‘Te¢ons
d'Anatomie et de Physiologie comparée.” In a note? I have

- -
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. given the titles of some new works not mentioned &by Milne-
Edwards.

V. Power of enduring desiccation.—All water animals
need a very high degree of moisture in the air or the direct con-
tact of water tonable them to live; if +a frog is transferréd to
dry air, it will quickly part with all its water to the atmosphere
and perish of desiccation.

It has, however, been frequently stated of many water
arimals that thpy can endure perfeci desiccation without dying.
The experiments of Spallanzani, Dugés, Doyére, and others are
generally known. Infusoria and certain worms of low type,
the Rotatoria, the somewhat high-typed Tardigrada, and various
kinds of Crustaceans, are said, according to these observers, to
revive after being completely desiccated. The fact that when
perfectly dry moss or hay is wetted all sorts of creatures are
brought out of it is undoubted; but Pouchet’s experiments
account for this in a very simple manner, while, as it seems to
me, they =trikingly prove that true and completa desiccation
infallibly destroys fully grown creatures. He showed that
Infusoria, Rotatoria, and Tardigrada, when dried up in the
nidus, always die if they are actually and truly desiccated, but
that sometimes germs, or it may be eggs, contained in them,
and which are protected from utter desiceation by their enve-
lopes, on being moistened again develope rapidly, though still
enclosed in the desiccated matrix, and creep out. These young
animals crerping out frorm the eggs and germs have apparently
been mistaken for the dried-up creatures resuscitated. The ob-
servations recorded as to the capability of many animals of the
higher orders, even of Vertebrata, for enduring drought are not
«quite so erroneous ; for it is not asserted that they themselves
were desiceated. In tropical countries or in the Mediterranean
provinee, where there is a sharp distinction between the wet
and dry seasop, many apimals fall during the latter into what
is known as surimer sleep. The Protopterus in Africa buries
itself in mud, and surrounds itself with a thick perfectly
desiccated crust, in which it is able to pass a latent iife for
months together, ti'l the rain softens the crust and releases the
fish. Many land snails attach themselves, during the day or

c.-'
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during pr?;lo?:ged dmugh.t, :o plants, stones, &e., or bury them-,
selves in the soil and close the mouth of their shell with a
caleareous deposit known as the diaphragm ; thus they await
the next rainy season to recommence an aclive life. Here it is
easy to prove that the animals are not truly ®esiccated ; for if
we break into the shell of a snail thus found in its summer
sleep, we see at once that the creature has preserved a vefy
considerable amount of moisture, which the hygroscopically dry
air has not been able to etaporate from the angnal, protectedemss
it is by its shell and diaphragm. G

It is to this property possessed by living animals of retaining |
a certain amount, however swall, of moisture for a long time
in their tissues, and consequently of escaping total desiceation, .
that the power is evidently dve which enables the eggs and
germs of the above-mentioned animals to continue all the year
round?® in an apparently ?lry condition without being deprivegd
of their vitality. It is certainly very siriking that encysted
Infusoria, and the ova or reproductive bodies of Cen. taceans,
Tardigrades, Worms, Sponges, &e., are capable of withstanding
the long-continued desiccating effects of the air ; but if at the same
time we remember that it is extremely difficult tosdesiceate albu-
minous matier completely, even when dead, the fact loses BOTIE-"—
thing of its astonishing character. Living plants, too, often
retain the last remnant of their moisture with much obstingey.

Of the truth of these facts there certainly cannot be the
smallest doubt. I have had for noweix years a®hest full of e
dried mud with the eggs of Apus and Cypris, which were sant
to me in the spring of 1872 by Phlers from Erlangen, Up fo °
the present time every n.ttempt to hatch out sowme of the
Apus larvie by seftening a part of the mud has succeededs
equally well in summer and®n winter; the rapidity of their
development is different, but this is due, as we have seen in a
former chapter, to the degree of tempepatyré at §he time. 2

Now, remarkable as 3 this long resistance of eggs to
drought, we are acquainted wigh a much more wenderfyl,
and, in fact, hitherto inexplicable, fact connected with it, The
eggs of various Crustaceans—as, for instance, of species of

4 pus—never develope 77 if they have not first lain some time in i
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the“ dry mud. Living specimens of ’Apus c:mglft. by me in
Wiirzburg deposited a large number of eggs in the water of
my aquavium; not one developed. Mud full of egas from
the same pool from ‘which I had taken the fully-grown Apus,
after it had lain %y for a full year, still yielded no larve on
being wetted, and it was not till the second year that I ob-
t.{;in?d a few; but from that time I succeeded regularly in
making them develope in great numbers, and whenever I chose,
Tle statements of Brauer and others® coincide with this. Tho
eggs of the Branchipus, go nearly allied to A pus, do not share
this peculiarity, but develope equally well whether they have
been dried or kept constantly in damp mud. Brauer points
out indeed, in his interesting notes on his experiments in breed-
ing, that it would be very easy-to rear animals of these groups
from different parts of the world in our laboratories, and to
study them at our convenience ; since nothing would be needed
but to obtain some dried mud from the localities where they
live. TIn *his way, for instance, Professor Claus was recently
enabled carefully to investigate, in Vienna, the anatomy of the
beautiful Daplinia Atkinsont from Jerusalem. It would cer-
tainly be a grateful task to determine exactly what species of
animals have eggs which can endure desiccation, or even abso-
lutely require it, like Apus, to qualify them for drvelopment,
and to find out also what the maximum period is during which
they can endure to lie dry without injury to their vitality. A
fundamental fnvestigatior of these questions would undoubtedly
contribute much to a satisfactory explanation of many peculiar
facts in the geographical distribution of the lower animals.?
~Conclvding remarks.—If we now compare the facts
astablished in the different sections of this chapter with those
previously ascertained, we obtain'again the same general laws.
Animals living in the same places, and apparently under the
same external, conditions of existence, nevertheless behave in
quite different vays under the influence of the various sub-
stonces Feld in solution in the water, as salt, oxygen, carbonic
acid, &e. The ova of different and yet very closely related
forms can endure = long period of drought, or even require it
o enable them to develope. Hence every change, as, for in-
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stance, in tlie composition 3!‘ the w
not affect the fauna inhabiting it equally and as a whole, but
will act on individuals ; some will bear the change without
being in any way affected by it; others will_ die, while others
again will suwrvive, but their habits of life will be changed, and
at the same time their structure will be modified, as in the
case of Branchipus and Artemia, Thus the constancy of vhe
aquatic fauna of any spot depends on the constancy of all the

external conditions of life prevailing there, and every chaios:,
however small, in these will offect

forms, facilitate the introduction of
even determine the transformation of one species into another,
On this last and most important point we at present certainly
know very little; but the old experiments of Beudant, the
more recent ones of Plateau, and, above all, those of Schman-
kewitsch, show that this absence of information cannot he
adduced as a convincing argument againet the assumption that
caveful experiments directed to this question muct tend to
prove that stagnant water and the substances contained in it

can exercise a far more direct transforming influence than has
hitherto been,.considered possible, '

. s
ater of a lake or a river, will

new ones, and sometimes

A selection among the old

s
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i R CHAPTER VL

THE INFLUENCE OF A STILL ATMOSPHERE.

T most important influence of stagnant air on the animals
living in it is strikingly exhibited by those organs which are
intended to respire air and convey it to the interior of the
body. The physiological action of these air-breathing organs is
exactly the same as that of the skin and gills in water-breathing
animals. They bring the blood into the closest possible contact
with the oxygenated medium. Butas regards structure no greater
contrast can be conceived of than that between the gills of a fish
and the lungs (fig. 51) of the higher Vertebrata, or the trachew,
us they are termed, of Insects, Myriapoda, and A rachnoidz.
These last (fig. 52) are usually fine tubes, with elastic walls
with spiral thickening, which ramify in all directions, and
which allow of the alternate inspiration of fresh air aud
expiration of- foul air—charged, that is, with carbonic acid.
This is effected by the opening and closing of the stigmata, or
openings of the tubes, by the act of respiration, and by the
expanding, and contracting of the tubes themselves. These
‘wraches thus convey the air, in extraordinarily fine particles, to
all the organs,’® so that their £nest living portions certainly
and abundantly absorb the oxygen they require direct from
the air which ,is 50, brought to them. It is otherwise with
the Vertebrata. - Here the air is tuken into sacs of a spongy
styucture (see fig. 51), of which the walls contain an exces-
sively intricate network of blood-vessels; here, exactly as
the skin or gills of fishes absorb oxygen from the water, the
oxygen from the air passes by endosmosis throngh the mucons
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membrane of the lungs into the blood; this oxygenated blood
is then carried to all the organs, of whic the living portions
take up the oxygen from it, precisely as the corresponding parts
of insects take it up directly from the air by means of the
trachew. In all animals that breathe thus through the lungs,
there is a strongly marked contrast®® in the blood contained in
different parts of the vascular system. That which i3 carried
back from the lungs to the heart is rich in oxygen and known
as arterial blood, and that which circulates in ¢he vessels whicn
convey it from the organs to the heart, or from the heart to the
lungs, is poor in oxygen, and is called venous blood.

‘We need not, however, in this place, investigate more closely
the relations of the vascular system to the respiratory organs,

F1a. 51.—Section of the Inng of the embryo of the Pig, showing the Spongy tg-xzu{c,

nor the physiological distinetions which are based on the dif.
ferent organs of respiration and their Structure. On the other
hand, it is essential that we should in the first instance dete.-
mine which of the constituents of the air are advantageous or
injurious to animal life. ' :

e

Air contains, when it is pure, almost 21 per cent. of oxygen, .

with about 79 per cent. ‘of nitrogen, and a variable trace of
carbonic acid, besides water which it holds i solution in the
form of vapour in a quantity varying actording t6' the tempera-
ture. All the other kinds of gas which are occasionally present,
in the atmosphere are of no importance. They are either irre-
spirable or actually injurious, while the aboye-mentioned mix-
ture is the normal one, and thus is the most favourable for
animal life. Certainly we must make this statement with
N2
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some reservations ; for, in the first place, we know that various
animals are, as a rule, influenced in different ways by the
medium in which they live; and besides, we cannot assert, on
the basis of any experimental research, that certain gases which
are injurious to men or to birds may not be indifferent or even

s (ndicated within the autline a of a Water-bug, b of the larva of
an Eschuas.  The trachese are shaded

1%G. 62.—Tracheal sys

wdvantageous to other animals. For instance, it is well known
that many larvie of insccts ‘live in situations, as in decaying
watter, where the air is undoubtedly mixed with gnse's which
the higher Vertebrata could not breathe without injury ; also
that the capability for resisting the effects of irrespirable or

L
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poisonous gases is extreinely ditferent in different &nimals.
Exhaustive experiments on this subject are not before us;
hence the only general conclusion, as applicable to all animals,
that we can draw from the experiments made on certain
animals by physiologists, is, that every gas centained in the air
affects the animals that breathe it according te its relative
proportion, and to the peculiarities of each individual animal.
Thus, for instance, carbonie acid, which is bighly poisonous to
man, ceases to be injurious when it is contained in the atmo-
sphere in a proportion of only 1 to 2,000 (of ¢olume); but eveu
then it is not dirvectly advantageous to animal life, unless,...
indeed, its stimulating action may perhaps be recoguised as a
not unimportant factor in the life of animals. At present, how-
ever, we know little on this point. On the other hand, we
know positively that no air-breathing animal is capable of de-
composing and assimilat'ng carbonic acid as plants do; 8! nay,
it may be doubted, as we have seen in a former chapter,
whether even those aquatic animals'— Sponges, Infusoria,
Worms, &e.—which are said to have true chloropllyll in their
tissues, do in fact make use of this constituent as an organ for
the decomposition of carbonic acid ; nor do we know whether
the maximum of carbonic acid which can be endured by the few
animals experimented on— which is perhaps even advantageous
to some—is equally endurable by all air-breathing animals, or
whether, for many of them, it may not lie even higher. - Pro-
bably in this respect the various species, and perhaps even
different individuals of the same species, may behave quite
differently.5?

What is of more importance to our enquiry, at any rate in
this place, than the admirture of different gasesin air, ix the
proportion of water contained in any given volume of air at i
given time. Our persénal experience teaches us thata dry ora
damp wind has a totally different effect on different indivi-
duals; phthisical patients are sent in North mAmerica to the
driest mountain regions of the Union, as Colorado, while in
Europe they. ave frequently gent to very damp ‘places; as
Madeira, &c. DMoisture in the air frequently induces rheuma-
tism, but in this respect also different individuals are differently -
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affected. We will now go more fully into a few parvcularly
interesting cases of resistance to extreme dryness of the atmo-
sphere, or to perfect saturation of the air with moisture.

I. The power of resistance to a dry atmosphere.—The
atmosphere that Fes near the surface of the earth is never
perfectly dry ; but we usually eall it so when it is drier than is
good for our health or agreeable to our feelings. This occurs,
for instance, with tolerable regularity every summer in Wiirz-
burg ; # many tropical regions are disfinguished by a very dry
climate; this is thé case with the Sahara, the desert plains of

- Australia, and the desert coast of South America, where it
never or very rarely rains; and even in tropical countries
which are justly regarded as having a very damp climate—as
Java or the Philippines—we nevertheless speak of a dry season,
and everyone who has lived for any length of time in these
islands knows that the diyness of tha atmosphere there has a
very unpleasant effect, although at least 50 per cent. of moisture
is always present in the atmosphere. Hence all animals living
in such localities must be able to withstand the desiceating
effects of the atmosphere if they are to survive; and if an
originally damp climate were suddenly, or even by gradual
change through local disturbance or secular variation, to
become a dry one, a great number of species would infallibly
fall victims to this change in the conditions of existence,

Nevertheless animals live even in the driest places on the
earth; many of these, indeed, belong to groups of animals of
which the greater number require a very high degree of mois- .
furs in the air to enable them to live. This is the case, for
instance, with many land Mollugea. Our common Road-
spail and those Snails that creep about on trees require a very
considerable amount of nfoisture,in the atmosphere, or they
cannot eat, digest, and grow. During the dry summer of the
Mecditerranean regfozis, even on islands, as the Balearic Isles,
the active life und, growth of these preatures is interrupted :
they bury themselyes deep in the dry earth or between slabs of

* The pliice where the Author writes; but the case is the same, of
course, with many places on the Continent.
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rock, and close the opepingz of their shells with a lid (o7 erculum
or epiphragm)—often of many layers, and membranous or cal-
careous—which evidently contributes to provent the utter
desiccation of the creature. Other species again cling firmly to
stones or plants, where they remain for weeks, and seem to be
protected against the drought. Their powers of resistance,

however, are not perfect ; every collector knows that a certain
number pe:ish annually from desiceation, and these are by na
means old and enfeebled individuals, which in any case were
approaching the end of their life, but for the most part Youwg
ones, not fully grown. From this it would appear that the,
young individuals are less able to resist desiccation than older
or fully grown specimens. ‘The same phenomenon is observ-
able in tropical regions with an insular climate; here the dry
season generally affects the Jand-snails in the same way as in
the Mediterranean province. Sometimes, however, loeal canses
counteract the influence of the dry season. Thus, for instance,
in a garden at Manilla in the Philippines, in the driest and
coldest season, I found land-snails coupling, as well as their eggy
and young, while in other spots the same or allied species were
sunk in summer sleep. This was naturally the result of the
increased local moisture of the air in this spot, under the thick
leafy shade of large trees; nevertheless, even there, the abso-
lute amount of vapour in the air was considerably less than
during the wet season. Precisely analogous is the behavinur of
Land-snails in deserts, where no one would expect to see animals
living which part with the moisture from their pod es to a dry
atmosphere so readily as snails do. These Desert-srails, as it
appears, lead an active life only during the night or early
in the morning, when a heavy dew moistens the soil; the
moisture induced by the presence of vapour in the atmosphem
is, however, very soon: absorbed again, and during the dry day-
hours the snails attach themselws somewhere where they are
protected against desxocatu,n. Thus “he tin e during w}uch
they can imbibe the necéssary moisture is abiout—or scarcely—
as great for these animals as for the land snails of the P}:lllp-
pines in the dry season, Still we must not overlook, in the
first place, that probably they may be able to obtain a greater
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quantity of water from their food, consisting of the flashy-leaved
succulent desert-plants, than other snails ; and, in the second
place, that they may also be capable of absorbing a larger
amount of water endosmotically through the skin than the
snails living in our damp climates. Unfortunately, so far as I
know, no experiments and observations exist as to the rapidity
and period of growth of land-snails in countries where the
moisture of the air differs widely or varies much, No series of
systematic and accurate experiments are known to me, even
vitu reference to eur commonest snails, which colleet in thou-
.5ands every year, but only a few accidental observations; 8 so
" that the well-known statement of Agassiz—that in the shell of
a Heliz a ridge corresponds to eich year's growth, like the
annual ring in a tree—cannot at present be tested as to its
general or partial accuracy. Restarches in this direction would
certainly be productive of results of universal value, as T am
justified in concluding from a few general observations. Mean-
while from the few materials at hand as to the behaviour of
land-snails tnder various degrees of moisture in the atmosphere,
only one conclusion may be drawn which seems highly pro-
bable: That the various species behave very differently in this
respect, so that an alteration in the moisture of thie air in any
fégion must fundamentally alter the Snail-fauna inhabiting it
Other animals perish from desiceation in quite other ways.
For justance, in the tropics, as well as in North America, very
many insects die out almost completely during the dry season,
which by no means always Rorresponds with the hottest season,
as it does in America. On the Wwestern side of Luzon, January,
the driest month, is also the coldest. Certainly even at this
season & number of insects are always to be found, chiefly
uidividuals of the commoner species; but these are for
the most part old and worn-out specimens, and it may be
reasonably doubted whether they-would live long enough to
Secure the perrianence of the species by reproduction at the
advent of the following damp, warm  season in the month of
May, This, on the contrary, probably takes plags exclusively
or principally by eggs which have been dormant during the
dry season, ag we may infer from the fact that immediately on
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the comnfenfement of thewet season a multitude of young
larve are to be found, which could not be the case if these
old individuals had not till then coupled and laid eggs. Thus
the eggs, though minute and only enclosed in a thin integument,
show an especial resistance to drought. A¢ paralle]l case is
that of the eggs of many aquatic creatures which exhibit a
power of enduring dronght. T refer the reader on this point
to what has been said above. But that the eggs of insects
laid in the air, although perfectly protected by their envelopes.
are not wholly impermeable to the air—that, on the contrary,
they require that it should find access to the protoplasm of
the ovum-cell—is proved by the following easily conducted
experiment. If the eggs of insects are covered with a very
thin film of resin or of oil, whigh prevents the passage of any
air whatever through the pores of the integument, the embryos
perish without exception, since the oxygen requisite for their
respiration cannot penetrate to the protoplasm. Hence it
follows that even though the ovum-cell may be partly pro-
tected against desiccation by the envelope surrounding it, yet
the perfect immunity shown by the eggs of most insects must
be partly due to the properties of living protoplasm.

II. The influence of a saturated atmosphere.—In many
cases the moisture of the air reaches the maximum attainable
under the existing temperature. This is not unfrequently _the
case, for instance, in European countries in the winter, and in
the tropics during the rainy season, or under the leafy shade and
protection of the primmval forests,

Unfortunately we know next o nothing as to the influence
of such absolutely damp air on the animals living init; we
can only say that jt is highly*injurious to some, and to others
again particularly advantagesus. An extremely remarkable
fact, depending on this,'in the geographical distribution and
habits of life of certain animals needs a cloiel discussion. :

We should at first sight be naturally disposed to assume
that species of animals whose organisation indicates adapta-
tion to breathag water and to ‘moving in water woull be
incapable of living in the air, since their skin must soon dry up
in the air, so_that it could no longer fulfil the functions proper’
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to it, nor would they in many casks be in a podition to use
their organs of locomotion as such. The observed facts, how-
ever, do not correspond to this view, which was formerly
somewhat hastily adopted. We know, on the contrary, that
there are a tolefably large number of true aquatic animals
which constantly or occasionally live on land, To these, for
irstance, belong the true Land-leeches, as they are called (fig.
53, ), which live in the forests of India and the Indian islands,
rpmetimes in such enormous numbers that it is quite impossible
for men to exist in them even for a foew hours. I myself
have often been driven out of the woods of Luzon and Min-
danao, which are very favourable spots for insects and Jand-
shells, by the myriads of leeches living on the trees and
shrubs, from which they fall like a drop of dew on any human
passer-by ; and I onee read that a whole English battalion had
to beat a retreat during the Sikh rebellion because they were
attacked in & wood by these small blood-suckers in such numbers
that passing ‘through the wood was not to be thought of. They
dry up with particular facility ; but as the air in these forests
is constantly saturated with moisture, even in the driest season,
they live in Iadia in the open air on trees quite as well as heir

-neitrest allies, the Medicinal Leeches, do here in Europe in the

water. Kven more interesting ave the land Planarians.5¢ They

. breathe, like the Jeech, through the skin. (fig. 53, d; e), and dry

up even more readily ; they move by means of fine, micro-
seopically sriall hairs, the cilia or flagella, which are attached
to the skin, and which by their peculiar motions can carry the
animal forward when it is swronnded by a sufficient quantity
of trickling water or of mucilage. On a perfectly dry surface,
therefore, they cannot creep about for any length of time ; the
rapidly drying skin woultl soon rield up all the moisture which
the cilia on the under side require for their motions, Hence

‘these creatures “re always found only in very damp spots; on

rocks, however s well as on tress, or even on the walls of
bouses.- A few small land Planarians, two or three species,
ocour even in Burope, where they have already been found in
Denmark, Germany, Spain, and France. Planaria terrestris,
which wns discovered at the end of the last century hy
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O. F. Miiller, was observed by me two years ago in the Balearic
Islands—Minorea—where I found it under stones in a shady
and very damp spot, far from all stagnant or running water.

Besides those just named there is still asconsiderable number
o

b

TiG. 63.—a, Geonemertes palaensis, a land Nemertean of the natural siza; b, the hoad
maguified ; ¢, the probescis and spine, ¥ith the pobon-plind of the same creature ;
d, Dolichoplana strinta (Mosoley) ; e, Ripalivm sp,, both land Planariens from the
Philippines ; £, Land-leech from tle Philippines.

. "

o g S
of aquatic animals that livé pormally on land“To the land Ne-
mertean discovered by me in the Pelew Islands of tha Pacific
Ocean {Geonemertes palaensis, fig. 53, a—c) a second  has been
added by Von Willemoes-Suhm ; they live with land Planarians
under stones or low-growing plants.®® Many crabs of the
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family of Orclestide (fig. 54) live excliisively on lind, although
they have the gills proper to all aquatic species. In the summer
of 1876 I found in Minorea an enormous number of individuals
of one species * under large stones in the perfectly dry bed of
a stream, during the driest season of the year; and in the
islands of the Indian Archipelago they are often quite as fre-
qaent as the Land-leeches in damp and constantly shady woods.
Various species of Neritina %7 {requently oceur on dry land
12 from any water; other species live constantly or during the
chief part of the year high up on trees in mangrove swamps—
groups of Neritina dubia and N, ziczac.

In most of the cases here adduced, the organisation of
the animal appears, so far as we know, to be entirely that of
a creature living and breathing in water, or only very slightly

Fi. 54,—Talitr us saltetor,

mocified. The Orchestide, Nemertida, Snails, and Teeches show
not the smallest difference from their nearest allies living in
water ; in thd land Planarians, however, a creeping surface has
developed on the under side, which acts physiologically in the
same way as the foot of the land snails, and which is not found
i, Planarzans living in water. But undoubtedly there ave,
* among Fishes and Crabs (Brachyura) for instance, many forms
which constantly, or only oceasionally, live on Jand in damp .
spots, and have nndergone a more or less considerable transfor-
mation, parti-ularly in their organs of respiration. As these
cases are of mor¥ general significante, we will investigate them
solmewhat more in detail. \

IIL The accommodation of water-breathers to breathing
air.—Fish, as is wéil known, breathe through their gills, which,
being set at the sides of the head and covered by the operculum,
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absorb oXygen from a %turrent of water which enters by the
mouth, bathes the gills, and passes out again behind the oper-
culum through the gill-opening. Hence fishes would appear to
be confined exclusively to a life in the water. Nevertheless
there are a few forms which are able to breathe out of water,
and which in fact even pass a great part of their lives out of
water. Such are the two genera, both belonging to the
Gobiide, Periophthalmus and Boleophthalmus ; these skip along
close to the water-line on the sea-shore, where they hunt for
Molluses (Onchidium) and Insects In theit branchial cavity,
like all fishes, they have true gills; but these, though not dif-
fering widely from those of gther fishes living constantly in the
water, are far from filling up the cavity, which is rather large ;
and this seems to contain nof merely water, but air as well,
In other fishes that occasionally visit land, the branchial cavity
on ench side iz prolongedy and penetrates upwards far into the
head, while its mucous membrane sometigies forms lahyrinthine
folds of highly complicated structure (see fig. 47); henge their sur-
face is often much more extensive than that of the true gills.
Formerly the species which possess this accessory labyrinthine
organ in the gill-cavity were classed in one family of Labyrin-
thici, for it was thought that their internal affinities ‘wera
clearly denoted by the presence of this organ. Now, on the
contrary, they are distributed into several different familjes,®
since it is considered as proved that their real genealogical
affinity is indicated by other characters, while tha labyrinthine
organ must have originated independently in certain forms of
these different families, though*with great similarity of stifuc-
ture and identical physiological functions. Formerly this fune-
tion was explained by the hypothesis that water could be stored
in the cavity of the labyrinthine organ, which might be closed,
and that this water, being rich in oxygen, and unable to
escape from the gill-cavity, enn.bledQ tllxe ‘cl‘mg}lm during ‘its
excursions on land still te breathe in or threvgh water. There
can be no doubt, since numerous observations exist on this
point, that thiey are capable of'living for days out of water;
many of them make long journeys over land, and sonie are even s
said to be able, by means of the spires on their scales and gill-



190  IHE INFLUESCE OF INANIMATE SURROUNDINGL.

covers, to climb up palm-trees—Anubas scandens. I have
certainly never scen this, though I have often caught Anabas
scandens in the Philippines. Bat the hypothesis that their
labyrinthine organs are merely auxiliary gills destined to en-
able the fish still'to breathe through water when on land, finds
no confirmation in the observations made by the most esteemed
naturalists; indeed, it is quite incomprehensible how, in so minute
#n amount of water as could find place within the labyrinthine
organ, so much oxygen could exist as the creature must con-
sume even in a few hours. And there can be no possibi-
lity of a renewal of the water deprived of its oxygen so long as
the animals live on land. Tt is, however, at this day, almost
superfluous to point ont the absurdity of this early and often
disputed assumption by an analysis of the physiological pro-
cesses; for the direct observations of Dr. Francis Day 89—
known by his great work on the fishes of Malabar—have proved
toat the accessory gill-cavities, or labyrinthine organs, as they
were called, of the Labyrinthici never contain water, but always
air only. So that these organs must be simply designated as
organs for respiring air, i.c. as lungs which have been formed
by modifieatior. of a portion of the water-breathing gill-cavity ;
t-c dshes that have them are therefore to be regarded as Amphi-
bians with quite as much reason as toads and frogs, or even
betfqr, since they are capable of changing the nature of their
respiration—of air, that i8, or of water—at will and suddenly
without any Mterruption ; nay, are actually accustomed so to
change it. Finally, in some Brazilian fishes—Sudis gigas, Ery-
thrinus teniatus and brasilisasis—the air-bladder, as Jobert
has lately discovered, serves directly as lungs subsidiary to the
gills, since they inhale air througii a connecting passage which
subsists between the throat and the air-bladder. If this aip-
passage (ductus pneumaticus) is ligatured, the fishes die of
suffocation, since ihie amount of air obtained through the gills
does not suffice them tor 'respimt:’on. By these observations it
is made jntelligible how an air-bladder could be transformed
into a lung. TInsufficient absorption through the gills brought
t}.ne fish t4 swallowing air; instead of passing out through the
gill-openings, as in other fresh-water fishes, the air passed into
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the intestine or even into theé air-duct leading to the air-bladder,
and thus both organs might become organs of respiration, since,
fundamentally, every growing or living cell must breathe as soon
as it comes into contact with a highly oxyg'emged medinm,
Even among the Invertebrata we know of animals which may,
in this sense, be designated as true Amphibians. The opercu-

o

Fri. 35.~ Gill Inngs of Ampullaria. «, Ampulleric inswlerem (D'Orb.), F, long respira-
tory siphion ; &, sectionsin the direc fon of the arrow &; A, the upper luug-cavity ; &,
branchial cavity with the right sand left gills; the cavities communicate by a passage
in the contre of the dividing wall. »

lated snail Ampudlaria (fig. 55) has a well-developed branchiel

cavity and gills, and above these, and sefarated *from them, it

has a well-developed lung-caVity, of which the structure is pre-
cisely similar ts that of the lungs of our common land-snails,

The Ampullaria uses both organs in rapid alternation; lying

not far from the surface of the water, it protrudes above it a

breathing siphon, and inhales air through it; then it closes its
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lungs, reopens the siphon, and admits ?x stream of water through
it into the branchial cavity.® Som@ species of Neritina of
the Philippine and JPelew Islands live constantly on land, and
apparently go irgo the water only when they want to luy their
eggs ; other species actually living in the water often make
long journeys over land, as 1 myself have frequently had the
opportunity of observing in the Pelew Islands. In these species
the gills are comparatively small, and the roof of the branchial
Phvity is fornisked with a dense vascular network of which
the main branches unite in one large vessel ; this i3 inserted
in the heart—the auricle—and thus stands in precisely the
came relation to the lungs as the pulmonary vein of the true

®  Fic. 36.—Gogureinus rusticola, » Land Crath

lgnd-snails— Helicide. Thugthe branchial cavity in this case
seems to be capable of fulfilling not only its own proper fune-
tfons, but filso that of a lung. We know, moreover,'! that many
species of crabs—Birgus latro, Gecarcinus (fig. 56), Grapsoidea,
Sesarma, and others—live far from =all running or stagnant
vater in damp woeds, under stdnes or decaying trees
even able to shemselves to the sun for hours,
of these species true gills are present in the branchial cavity,
biit the§ fill at most a third or fourth of the space, and ﬂ'.e
cavities gontain, besides water, a considerable qunntit.y'of air,
as is shown by their constantly expelling airbubbles at the
sides, + The supply of air thus driven out can of comrse be

, and are
In most
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replaced o%ly by air, sinck the animals live in the air, and it
obviously follows that they generally breathe air with their
branchial cavities, and only exceptionn.lly water.®* In one
single case this change of function has induced a modifica-
tion of structure; this case is that of Birgus latro, according to
my own observations. The lower portion (see fig. 2, p. 5) of
the gill-cavity, which contains numerous but small gills, is
divided from the upper half by a transverse fold which turns
inwards at the edge of the thorax-plate. . The cavity thus
enclosed is a true lung (see fig. 2), since it never containg any-
thing but air, and the arrangement of the vessels traversing its
walls proves that blood poor in oxygen enters it from the
body, and the vessels leading from it open directly into the
auricle. The skin on the outer and upper lung-covering bears
& great number of ramified tufts, which add to the extent of
the respiratory surface, aiid contain in their interior an extra.
ordinarily developed network of vasculfr spaces, intervening
between the afferent and efferent pulmonary veshls. These
spring from two large vessels, proceeding one on each side fren
the anterior half of the body cavity ; each divides close to the
foremost angle of the lung into four pulmonary vessels, of which
three ramify over the upper and one over the lower lung-cover-
ing. These are merged in the before-mentioned network which
traverses the villi of the lungs. From this again proeced
several vessels which unite at the angle of the lung to form a
large trunk, the afferent pulmonaryevessel ; this'pa.m at first
from the front backwards, then bends round, corresponding to
the curve of the thorax-shield, and passes from behind forwards,
uniting with the branchial vein coming from the intefior,shortly
before it enters the auricle of the heart. Thijs arrangement of
the vessels is such as we shoiild expect to find in a true lang ;
the expansion of the respiratory surface which is hero afforded
by the villous structure of the lungs equally cormesponds to the
typical structure of all orfzans for hreathing %ir; ﬁnfnll)', it is
positively established that the animals pass the greatér portion
of their life on land, and that their lung-cavities contain
actually air, and never water in any grealer quantity than is
requisite for maintaining the moisture of the respiratory surface.
(1)
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Now, sinee this lung perfectly eonm'po:lds, morphologically, to
the upper half of the branchial cavity of other crabs, proof is
furnished that here a portion of the gill-cavity has heen trans- .
formed into an oxgan for breathing air, and has at the same
time undergone very characteristic modifications of structure.
The objection which certain morphologists feel to admit-
ting that land crabs, and above all Birgus latro, are animals
actually breathing air and provided with lungs, appears to be
effised by their iyeapacity for understanding that the same
" organ which to-day acts as a lung may be used to-morrow as
an organ for breathing water by the employment of the gillg
placed in it, or close to it. Thig objection is all the more to
be wondered at, since the same zoologists readily admit that
this same process—the transforination of a gill-cavity into a
Inng—has actually taken place in snails. The lang of Ampul-
lacia spoken of above might be here adduced ; still it might
_perhaps be said that i® is not proved that it belongs morpho-
logically to the branchial cavity, and that it may be a new organ
oceurring only in this genus, But the same objection could
not be made JVith regard to the lungs of the Helicinida,
Cyclpstomacew, Siphonariada, and hermaphroditd Pulmonat,
for all these Molluses have only one respiratory cavity, which
breathes air, but which, by reason of Jts position and its
relaffon to the other orguns, may be regarded as a gill-cavity
transformed into a lung, and which is even regarded as such by
all zoologists. But ther® are among them certain forms—
Siphonaria, the aquatic Pulmonata, Auricula—which bear 4
small gill or gill-like organ in this lung, notwithstanding that it

5" filled with air; consequently eyen those zoologists who dis-

e

pute the air-breathing powers of Birgus latto, merely becanse
it possesses gills, must regard tfe above-mentioned molluses
as water-breathers salso.  This, however, they do not do, fir
they cannot &cn)': the fact that these creatures breathe air
Lence tl;edv-will Tie: obliged by degieds to accustom themselves
to 3he idéa that Jand-crabs breathe air, and to ng-z-xd the lungs
in them # well as in the enails, as gill-cavities which® h:nh\'v.:
exchanged their norfnal or primary func

y funetion for another,
Atthe first glance it certainly appears singular that an

<)
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aquatic animal whose organs of respiration are adapted to
breathe water should bé capable of learning to breathe air with

them. If, however, we enquire somewhat more closely into the

character of the process, it loses much of itssstrangeness. In
ooth cases the oxygen is absorbed from the surrounding
medium by a membrane which is kept moist, and to which it
must be a matter of indifference whether it receives it from
air or from water, Thus, granting that in both cases the
osmotic power of the respiratory skin renyring the same, as

the amount of oxygen taken up within a given time naturally

depends on the proportion of oxygen contained in equal deter-
mined volumes of the air ‘or of the water, the respiratory
surface may be in a position to take up more oxygen from
the air than from the water ih the same unit of time, be-
cause air hasa larger admixture of free oxygen. Thus—if there
is no other hindrance to an alteration in the mode of life—om
the above hypothesis, an animal, which fias hitherto breathed
in water, will more easily accustom itself to breathe in air
than an animal living in the air, on the confrary, can accom-
modate itself to breathing in the water ; for in this latter case
a deficiency, Which must inevitably arise, must first be covered
by auxiliary organs—by the skin, for instance—while in the
former the driginally small requirements of the water-breathing
animal will be much more easily suppliod by accommodatiors to
the more copious respiration of air than by its continuing to
breathe in water. But whether the ¢reature is, without excep-
tion, benefited by a change of funetion, by which a medium
poor in oxygen is exchanged for one rich in that element, of
course is not proved; while, sn the other hand, it “canuot be
disputed that some such advantage may be connected with it,%8

The causes which prompt an animal to quit the water and
to accustom itself to breathe nir may be of verpvarious natures;
lack of food, need of shelter, and the pursait of frey or flight
from foes most likely playsthe most important part. It is,
however, also possible that other eauses which ave less obvious
may have led to the same result - thux,o for insténce, the
absolute deficiency of air in the water under some eireum-

stances may undoubtedly have exerted thiy influence, “When
o 2
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river cray-fish are kept in stagna.;t water, they soon die for
want of oxygen, or else they quitit and prefer to live in the air :
it is well known that they are packed for carriage in wet moss,
and not in watd. Further back I have already mentioned
(see p. 172) that fishes are easily drowned if they are prevented
sypplementing the amount of air they derive from the water,
which is insufficient for their respiration, by swallowing
air at the surface.  Fritz Miiller .has made us acquainted

A

@

.
T16. 57.—a, Lupea, 8 swhnming crab that breathes only In wat.

er ; b, Ocypoda,
= g ? crab which easily suffocates in water, | ol o+ 0 darine

with a few other examples. Fe showed that the Ocypoda,
which lives half its time on land and in part breathes air
(tig. 57, &), gan edsily be drowned if it is held in sea-water,
which yet contains enough oxygen 4o allow a Lupea diacantha
to.recover itself perfectly whren it has been almost killed by
be'{ng kept in the air. It follows from this t}at the nsmotic
power of the respimtory dermal surface is extremely different’in
the two animals, and that in the Ocypoda it is not great enough
to extract the considerable amount of oxygen necessary to the
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creature’ frdm sea-watél, which contains but little air, in the
same time as from the,air directly. The Lupea, on the other
hand, cannot breathe in the air; perhaps for this reason, that
its gills completely £ill the cavity, and so the ingress of air is
hindered by the gill-lamin which lie too cldSe together; most
fishes die quickly in the air in the same way and for the sume
reason, because their gills collapse and the respiratory surface is
conspicuously diminished.

It is, however, only an hypothesis when we speak, as above,
of & transformation of the gill-cavity into & lung; for in none-
of theso cases have we ourselves observed the process or
attempted hitherto to induce it by experiment ; nay, we do not
even know whether Crustaceans living on land, and breathing
air—as, for instance, Birgus latyo or Gecarcinus—fill their lungs
with water and breathe through water, when in the water, or
breathe exclusively through their gills so long as they are
under water. From the morphologist’s point of view, however,
this hypothesis may be regarded as satisfactory ; for,in the first
place, the structure of a gill-lung is precisely such as we should
nscribe to an orgun for breathing air, and, in the second place, its
position in the body is such that its derivatioi from the gill-
cavity or from some portion of it is immediately apparent.” -

Moreoyer, and finally, there is another instance that has long
been known of such & transformation of a branchial cavity.into
a lung, but whose full significance has only quite lately been
duly estimated. The Limnwmide, living in fresh water, have
true Iungs; they go from time to time to the surface of the
water to take air into these lunds, and the oxygen contained" in
it suffices for some time as supplementary to thatewhich thay
absorb through the skin. Now it has long beon known that
the lung-cavity of the young Limnwe when' they escape from
the egg is full of water, und it apparently acts as a gill-cavity so
long as the animals do not find their way to the surface of the
water to inhale air into the gill-cavity and tkus transform 1his
into a lung.  Generally, 1t is true, this period of waterbreathing
through gills 18 not of very long duration, perhaps of only a few
liom-s; but Professor Forel, of Lausanne, hes made ushcqum‘nted o
with some experiments which prove that there are actually
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Limowide which breathe water throtgitout their lives." In the
course of his investizations of the deep water fauna of the Lake
of Geneva, he brought up from a depth of 130 fathoms,
among other animals some Limnee which had in their lungs
10 air, b .t only wXter, and which lived there in great numbers
and at various ages and stages of growth. But as soon as the
creatures brought up by the drag-net were transferred to a small
vessel with water in it, both old and young soon crawled to the
surface, opened the orifice of their lawegs, and inhaled air into
.the respiratory cadity, which was still filled with water, and
with which, till within a few moments, they had breathed only
water all their lives, This incoptrovertibly proves that an
Jorgan of respiration may be able to alter its function, not only -
| gradually but quite suddenly, angd the apparent contrast between
(air and water breathing consequently loses much of the signifi-
cance hitherto ascribed to it. On the contrary, every water-
breathing organ can egsily be brought to Lreathe in the air, if
only two gonditions are fulfilled : First, the maintenance of
moisture in the respiratory smface by the condensation of the
water contained in the atmosphere ; and, secondly,
tion of the coMapse of the organ
tiea=of the respiratory surface.
These observations accidentally made by Forel Lave given
rise }0 a4 very intcresting experimental tfeatment of the ques-
tion by Dr, Pauly. He showed that the Limneide that exist
in the depths of various lakes, of Geneva, Constance, and Starn-
berg, where they can never come to the surface to breathe,
can live by respiration through the skin and by using their
lupgs as gills ; but according to Pauly the chief action is to be
- attributed to the former, He firther found that they fre-
quently contained ‘air in their lung-cavities withou coming to
the surface of the water, and th

at they obtained it by taking the
| niimerous nir—lﬂxbl')']és that cling to water-plants or stones into

- the respiratory orifice.” Finally he proved by experiment that
a Limnas, from deep water, which had for the first time become
acclistomed to breathe air, nevef returned to watefbreathing ; on

» the contrary, it kept its réspiratory cavity completely closed, and
breathed subsequently by the skin alone

the preven-
» and the conseqnent diminu-

while under water,54
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concluGing remarks.-£-With regard to the selective influence
ofairand of the matters held in it-—oxygen, water, carbonic acid,
de.—the same general conclusion may evidently again be drawn
as we arrived at in the former chapters; it results from the fact
that different animals or even individuals ridver react in pre-
cisely the same way under the influences of the atmosphere.
Every change in its composition must therefore essentially
alter the fauna of a country or of a locality by selection, if this
change is not merely a fransitory one—in which case an inju-
rious or favourable influence may find corpensation—but is.
continuous for a lengthened period. A conflict between the
individuals thus affected need no more take place nnder the
selection caused by the conditions we have now been investign-
ting than under any we have hitherto discussed. Such «
struggle can avise from this cause only when, from a super-
abundance of animals, the quantity of air at their disposal for
respiration has to be so greatly subdivided, that it fails to be
equally favourable to all the individuals. But while in all the
former chapters we recognised not selective effects only, but
also with more or less suceess a direct transforming influence
as exerted by the conditions under discussion, ~nd even could
sometimes experimentally prove their existence, this has ot
been the case as to air. The proof that a change in the fune-
tion of respiration is possible may indeed he nequired by ex-
periment, and a not insignificant number of differences in the
structnre of the respiratory organg concerned -may he very
naturally conceived of as an immediate consequence of such a
change of function ; but in no zingle case have we as yet sac-
ceeded in proving that such a change of function as is involved
in the transformgtion of a gill-cavity into a lung must neces-
sarily be accompanied by definite changes in the structurs of
that organ. Still it must not be forgotten that in this respect
we are not yet past the stage of the 1uest guln-.rﬁcinl anud
elementny knowledge., o ) Pk
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CHAPTER VIIL.
THE IVFLUENCE OF WATER IN MOTION

Ix the previous chapter we saw that the distribution of animals
on our globe would be essentinlly modified by a clmuge in the
proportlous or in the chemical composition of air or of water.

If the air were depn\ed of the greater part of its oxygen,
only a very few species of auimals could continue to live—only
tLose, that is to say, which could endure such a diminution of the
respirable oxygen contained in the air. If, on the other hand,
a larger quantity of oxygen could be added to the water than it
nsually contains, it would appear probable that many animals
fitted for breafhing in the air would be thus enabled to live
in_the water if any other cause made such a change of habit
mevxtablo; consequently land animals would become aquatic,

1t i is not probable that such a complete change could now
ever actually take place; but smaller changes in those con-
ditions of life might occur, in fict actually do occur. We
know, for instance, that, according to the direction of the wind,

the air at the surface of the eavth is light or heavy, that it is of
different deusnty in low plmns and on heights, and varies very
greatly in its composition ; it is different in the dwelling-places
of man and under the shady roof of forest trees, on the open sea
and in the Sahara or the boreal regions of the eastern and
wastern hemispherts; and the percentage of moistare in the air
varies with tha tempcmture and the prevmlmg winds. The
constituents of water ave equally variable ; in lakes with marshy
shoces they are not the same @3 in running breoks or rivers
they are different on a limestone soil and on sandstone; the
amount of saline matter in solution (sensu strictiori) varies con-
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spicuously ix the differertt deeans and inland seas ; some water
is rich in oxygen or carhonie acid, in others these are wanting ;
in some cases we find large quantities of calcic carbonate, magnesic
sulphate, and other salts in the water, which is then termed
‘hard ; in others, as is usnally the case with [x’-nin-wnber, these
salts are almost entirely absent.

All the differences here briefly enumerated, and many others
not specified, which affect those conditions of existence which
depend on air and water, must have more or less in-

fluence on the forms of animal life; some 4pecies will abso- .

lutely die out, others will remain wholly unaffected, while
others again will become modified in their habits of life as well
as in the structural relations of their organs (for instance,
Branchipus and Artemia). Ngw, if we assume that these
variations must be perfectly inappreciable to our individual
perceptions—secular variations, as they are termed—the modi-
fications which are caused by these secular variations in the
animal life of any given ecountry must also be inapprgciable by
man ; the apparent constancy of the conditions of life, so far as
they depend on air and water, will make the fauna appear
equally constant to our unaided vision, This* hypothetical
constancy does actually exist, if we disregard the variatic.s
oceurring within thespace of a day, a month, ora year ; the salt
constituents of the different oceans and inland seas remai
perfectly identical, as well as the moisture contained in the ajr
or in the composition of the atmosphere; we ara in no way
cognisant of any perceptible variations in the conditions of
existence within the historical epbch of our globe. Hence we
may without hesitation assume that any alteration raused by
such variations in fhe fauna of any locality or in the mode of
life of any animal and in the atructure of its organs can never
have been perceptible to us. -

Nevertheleds these two conditions of existence, air and
water, are precisely those which are most copstantly at work
on animal types, and which dre also the best qualified of any to:
bring them inte’ ever fluctuating’ conditions of existence, and
it is their capability for being moved of which nature avails
herself to effect the constant transfer of animals from ona

-
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place to another. The passive fhigrations of ‘anfinals are
effected entirely by the winds or currents, and their voluntary
movements are limited or favoured by them. Finally, the
strength and direction of these currents in the air and water
provide nature Nvith so many instruments for influencing
different animals in their individual life and growth ; among
those so influenged, above all, are those which we may call
sedentary, in which a marked effect on the mode and vigour
of their growth can be traced to the moving medium.

We will begidsour enquiry into these important problems
by investigating the influences of water in motion. But it
must once more be pointed out that the influences discussed in
our former chapters must always be inseparable from those
proper to the currents, so that the total effect of the water arises
from the combination of several influences, not one of which
need ever act in the same direction s any other ; on the con-
mary, they frequently neutralise each other. If for instance,
the larve swimming in a sea were, without exception, drifted
by the same current simultaneously into an estuary, they would
apparently be thus enabled to take possession of the new
territory ; nescertheless all those forms would die out which
weye not at once able to endure the reduced saltness of the
water in the estuary. A stream of warmer water, as, for instance,
the, Mozambique Channel flowing past thte east const of Africa,
will have a tendency to convey animals of warm latitudes into
the colder seas ; but only a few species—those we have designated
as Burythermal—will be able to establish themselves in them
ensily. It is true that the difference in the conditions of life
ynder migration by means of sea-currents is not always so
conspicuons as in these extremd cases; but all creatures are
exposed to changes of less intensity, if, in the larva or in the
fully grown stage, they are borne from one place to another,
= If we now ledvé out of the question those influences of the
constituents dnd, temper: ature of the avater which are inseparable
from its gurrents, and direct our attention solely to these, the
mechanical factor of their ‘momentum is whiat ‘we have to
consider fis exclusively important. The direction, the rapidity,
and the strength of the current unite to affect the animals

-
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exposed fo them; somé they will annihilate, others they will
transport against their will to other spots, and others again they
will affect hy hindeving or promoting their growth.

The resistance of animals to currents.-~The effects of water
in notion may be displayed in two different ways : in the first
place, as sudden and irregular blows, as in the beating of
waves or surf; secondly, equally and uninterruptedly, as in
currents. Excepting in some few instances, we need not en-
quire more closely into the effects of sudden shocks, for either
thoy at once destroy the creatures exposed to*them, or these are
able to withstand them ; this, however, can but rarely be the
case under heavy blows. Currents ave far more important.

In general we estimate the pressure of a current, in seas,
rivers, or torrents, by its velocity, assuming that the current
exerts its force perpendicularly to the body resisting it. Such

F16. 58.—Mollus #iat ¢ling tglitly to rocks by the foot, @, Pufella, the shell of which
entirely covers the soft parts. which nre pressed down on the rock ; &, Nericelia, 1wy
extended, only the tentac.es projecting beyond the front of the sheil,

cases, however, but rarely occur in nature, and in places whare
a current or high waves break perpendicularly to the cliff a
very small number of animals can li¥e—such, for instance, as
are sufficiently protected by the strength and form of their shells
against destruction, or by the sucking power of their foot
against bheing torn or washed away, like Patella in the sea
(fig. 58) or Naviella® in strong mountsin torrents; or
forms which not only are covered by a hard external shell, but
whose shell i5 grown to the rock, such a5 the Sea-acorne
(Balam':lm). The pressure to which thess &nimn']s exe subjected,
either perpendicular or Intétyl, must sometin{és be enormous ;
it would be interesting to ascprtain by experiment how
great it actually is in individual cases. A knowlelge, how-
ever, of the maximum of pressure which can’be generally borne
by the animals above mentioned and others of analogous
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structure, would not, as it would &e&n, be of tu':y “aniversal
interest ; for it must be very difficult, ifsnot actually impossible,
to make experiments on such creatures. We must remain
satisfied with the faét that permanently fixed animals, or such
as can attach themselves temporarily, exhibit, without exception,
organs of such structure, form, and character as most clearly
prove the adaptation of the animal to the development of its
powers of resistance. Their fitness to live depends exclusively
on this power of becoming fixed or of clinging ; and if once they

. are displaced by £ too violent lateral shock, death almost always

ensues.

This group of sedentary animals, spending their lives fixed
to one spot, exposed to and resisting the pressure of water in
motion, may be contrasted with another which, to express
myself for once in the terms of the Teleologist, so far over-
come the momentum of the water as to use it to their own
'pruﬁt. Swimming .animals do not feel the strength of the
current so,long as they swim with it or are carried on by it ; it
iz only when they try to swim against it, directly or at an
angle, that they feel its force, and it is not till then that they
develope thost organs or characters from which they derive the
rajuisite power of resistance. It is perfectly immaterial to all
the very tender sea creatures, containing not more than from two
to three per cent. of dry matter—such as Siphonophora, Medusz,
Salpe, and larve of all kind—whether they are carried by the
current at a sate of two .or of ten miles an hour; nor, indeed,
can they be conscious of it so long as they are not flung against
a'hard ohject. $
- Wae will consider these two groups, and the organs which
distinguish and demarcate them, fomewhat more closely.

The organs and characters which are possessed by migratory
animals, and allow of their moving and of their taking advan-
fage of the transporting power of the carrents, are extraordinarily
various; and yet they admit of ouv easily dividing the animals
into two great groups. These are (a) the animals that move
voluntarily or swim, and thaf move from place®to place of their
own free will; and () those that move involuntarily or float
and are carried passively by the stream. The former require
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awimmix% o:'gn.ns, the 1&ttdr do not. Tn the former the specific
gravity, compared with, that of the stratum of water in which
they live, must be a little in excess. In the latter it may
be the same as that of the water, or even léss, "Thm comparison,
Liowever, is not, and cannot be, absolute ; for since the strength
of the current varies with that of the wmd with the fall and
the mass of water, &e., most of the actively swimming animals
even, must often be transported passively, as, for instance, when
their strength is insufficient to contend with the current; uay,
even the strongest swimmers, as the Porpoisés, Whales, Sharks,
&e., must often voluntarily allow themselves to be borne along
by it. Those organs which serve to enable swimming or floating
creatures to maintain a position at the surface or at a certain
level, are known in zoology as hydrostatic organs; to these
belong, for instance, the swim-bladders of many fishes, the air-
bladders which keep floating colonies of polyps (Siphonophora)
at the surface of the sea,’® also those air-vacucles which are
sometimes found in the protoplasm of testaceous, Rhizopoda
{dreella). Even creeping animals, such as the fresh-water snails
(Limnea, Physa, Planorbis, &ec.), can become floaters, for they
fill their lungs so full of air that they becoiae specifically
lighter than the water, and consequently rise to the surfavc.%?
This enables them to creep by the motion of the cilia or by the
action of the foot on the stratum of air in contact wnh, the
surface of the water. It is easy to see from these examples
that nature employs an infinite variety of means for solving so
simple a problem. TIn Areella it is a temporary bubble, which
disappears when the creature desires to sink to the bottom ;*in
the Siphonophora the organ appears to serve no purppse but that
of keeping the colony at the Surface ; in Fishes, as we have seen
above, the hydrostatic grgan also subservoa the purpose of an air
reservoir, and in some cases even of a lung in the physiological
sense; in the pulmonate water-cnmls again, the lung itself
can, n,t the will of the ummnl become a ‘hy dpestatic organ.

Far morae various and meortant are the actual swimming
organs of the true swimmers, by which they are enabled to'ex-
change an unfavourable spot for one mors suitable, to escape .
the pursuit of their enemies, or to extend their own hunting-
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ground In the first place, in all ﬁ.xw'lmmcrs, t.he whole body
serves ag 4 means of motion ; snakes and eels or similar crea-
tures with very long bodies swim exclusively or in preference
by a wriggling aqxoﬁon, and even much shorter animals, as
bleak, &c., can swim without fins, but then their power of
directing their movements is greatly impaired. Such organs as

¥16. 59 —Varions animals that swim by meais of fin.  Above a fish (Dorss) ; bolow a
Cnchalot Whale; to, the right a Pteropod, #Hpelea; loft, a Preropodons larva
(Creseis ). e -

serve exclusivelyser chiefly to enable swimming animals to

move in a determined. divection are known by the general term

of fins, Nobwﬂhsl anding the widess dxm-r«-nccm their structue,
and though they may have butsenall morphological correspondence
in differerft creatures—as will be understood, without any more

detailed comparison, from the subjoined illustration (fig. 59)—

they have, without exception, certain peculinr characters, w which
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have a direct reference to theit purpose and function. In the first
place, they have cutting fedges and a broad surface, by which
the animal is enabled to exert pressure on the water in the
most efficient and natural manner; in the sewsnd place, they
are, without exception, attached by movable joints in such
n way as to serye for steering. Such fins occur in the greatest
variety inboth Vertebrate and Invertebrate anitfals; in whales,
sea-serpents, and tailed Amphibia, on the tail; in many Fishes,
‘a8 single fins on the back, belly, and tml and as paired
fins on the body, where lhu lower or hinder. extremities
or limbs are modified into fins. Tn many Birds, both wings and
legs serve as fins; % Mammilia and Reptiles alike are often
fin- or web-footed (crocodiles, turtles, and aquatic mammalia).
In insects, the legs (in Notonectn) and sometimes special ap-
pendages of the body (as in the larve of Eplwnwra) or eyen
the wings (Polynema), avefsed for swimming ; in many Crusta-,
ceans all the legs are true fing, and in sevéral of the Annelida
each segment of the body bears a pair of fins. Thes larve of
Mollusea have them on the head, Cuttle-fish at the hinder end
of the abdomen; in short, there is bardly any portion of the
body on which’some little lobe or process nu.;h!, not serve as n
fin. A small and delicate creature, like a Medusa or the larva
of a Molluse, may find a cilisted disc or margin, or even a few
scattered cilia, efficient as fins in spite of their fragility ; laatye
animals, as whales, sharks, &e., require larger fins provided
with strong muscles, and supported 8n an internal skeleton.
In all cases the serviceableness of these organs depends on their
being fitted to move the whole mass of the creature in a defi-
nite direction, with or against, currents ; if the extedt of sur-
face of the fing, or ‘the strength of their notor, muscles, or the
supporting power of the keleton, is insufficient for this purpose,
the individual possessing such imeflicient fins guust necessarily,
perish. Thousands or millions of such {pefliciendly equipped
aquatic animals must be swipt away every day and every hour
by the curvents to which they are forced to commit themselves,
and here again the external conditions of existence s¥lect the
stronger, and eliminate the weaker, indivicdunls, without the
nead of any personal struggle between them,
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Sedentary animals, not properly Swimmers, are either fixed
to their dwelling-place or only temporarily attached. The way
in which these animals either yield to or overcome the effects
of currents haz,alr'cndy been indicated ; the hardness and shape
of the shells, the adhering power of the foot, or of the skeleton—
as in corals—protect them against the steady lateral pressure of
‘currents, but ff they lose their hold or are broken off, they
are soon destroyed. Only certain creatures, as many sponges
and some polyps $Hyrlroida), although they are fixed, escape by
* -other means the destructive effects of strong currents; their

extreme tenacity of texture, elasticity, and plianey, in which
.

’ﬁ,‘;&;nﬂ'%‘i?‘:ﬁﬁ.‘ﬁ&’:ww:f& i foot ke " om gy eo%YEry widely; b
Syoapta. ° o

they resemble many water plants, qualify them to live even in
strongly agitated currents

Creeping creatures, which attach themselves only tempo-
rarily to stones.and plants, and ean quit tliem at pleasure, have
special organs of attachment. usy in most univalves and
some bivalves, tho part known’as the foot serves this purpose ;
the broad uader-surface clings closely to the olject they adhere
to, but at the sime time can leave go of its hold. * The force,
Rowever, with which the foot adheres is not merely not absolute,
but is $ven relatively different in individnals of the same
species at varions ages, In the course of my experiments on
}the pond-snail (Limnea stagnalis) T found that those just come
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from the egz have so l'i.ttlﬁ clinging power in the foot, that the
feeblest current sufficesito sweep them off the leaves on which
they seek for food, although the clinging surface is just as
large in proportion to the length of the sheif asin the fully
grown snails, but the older ones can move about freely in a
current of moderate strength. Dr. Kobelt, in Frankfort, took
occasion, when discussing my experiments on *Limnea, to show
that this fact tends to explain the remarkably wide distri-|
bution of this molluse. It usually lives in ponds and lakes ;
sometimes, however, it is found in brooks or rivers where the"
current is feeble ; but in these, only fully grown specimens ave
found, and they are by no nieans so numerous as in stagnant
waters. Hence we may infer that they were carried by floods
into the stream at these spots, when already half grown, while
the young ones transported at the same time perished for lack
of food, in consequence of their inability to cling to leaves in ths
current. Multiplication in a strong cufyent is equally impos-
sible to the Limnwa, and for the same reason ; since,even if the
Young escaped from the egg, they must shortly perish in conse-
quence of the weakness of the foot. This explains why Limnea
stagnalis seeks situations where the water is stagnant, for it is
only in such spots that the.conditions of life are suitable to
every stage of its growth. It would be interesting to institute
similar experiments with other species of Molluses, and I Huve
1o doubt that the results that might thus be obtained would
contribute to explain many facts hitlerto inexplicable as to the
d stribution of fresh-water snails, 3
In some cases an increase of clinging power is accompanied
by peculiar modifications of structure in the creatuye itself, whicn
may perhaps be even regarded as its direct result. Among the
fresh-water Univalves of the tropigs of the eastern hemisphere
there is a genns, Navicella, which is identicad, with Neritina in
all the essential characters of its anatemjeal strueture.) Both
belong to the same famil$ of univalves, and bear a calcareous
plate on the hinder part of the foot, known as the operculnm
(see fig. 61), which is commonly of the same shape as the mouth
of the shell, so as to close it perfectly when the animal draws in
the foot. But, in order to do this, it must necessarily leave
P

B
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its hold of ‘the object to which it is ciinging, and, in point of
fact, many Neritine attached to stoned fall off at the slightest
touch. There is no doubt that they thus easily escape from
the pursuit of \heir enemies, precisely as many beetles living
' on leaves elude the search of the entomologist by dropping off
them. If such a Neritina were suddenly transferred to a
rushing mountaih stream, it would undoubtedly soon be crushed
by the rolling of the pebbles, if it preserved its habit of falling
at an unexpected jar.

s All animals possessing this peculiarity are, therefore, unfitted
to live in currents of any force ; and the creeping creatures living
in guch a situation must be able éither to hide in the narrowest
cracks and fissures in the rocks, or to bore into the earth or the
stone itself, or else must have such clinging powers of the foot
as may enable them to resist the shock and pressure of the water
by attachmg themselves firmly to the rock, and applying the
margin of the shell s closely to the surface of the stone that it
is difficul® or impossible to remove them. This is in fact the
case; all the Neritinas that I found clinging to the surface of
the rock in_exposed spots in the mountain streams of the
Philippines, adhered as closely as possible, as sooh as I touched
them. But in this respect many Navicelle are still better
qualified ; they often live in the midsg of a dasling torrent,
adflering to the stones by suction, o closely that it is difficult
to raise them, even with a knife, without injuring the margin of
the ghell. This is effectéd partly by the sucking power of the
foot and partly by the forrg of the shell, which is flattish,
conical, and ovul, and has an operculum which is smaller than
,the margitial circumference of the shell. The relatively small
size of the mouth is owing to a ca]camous plate forming a sort
of half-deck across the back of the inside of the shell, and which
may be considersd as identical ‘with the mner.whorl of other
Univalve Shells, while ¢he foot is so broad that it quite covers
the under surface of this half-deckwhile its margin eorresponds
evactly with the oval of the mantle, and also corresponds with
that of ‘he shell, If a Navicelln is removed from thie spot
to which it is clinfing—and this is not difficult to do if it is
taken by surprise—it can be seen at once that the animal cannot
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bend up its large foot and withdraw it completely into the.

shell like other univalyes; even when it is plunged at once
alive into spirit, the foot remains rigid and alinost straight.
Thus an operculum placed on the hinder surfice of the foot, as
in Neritina, would be useless, since it cannot serve to close the
opening and to protect the soft parts, if the foot cannot be
withdrawn ; but the Navicella, as has beén said, does not
need any such protection, since it clings more closely to the
rock when threatened with danger, and we might expect to
o -

o

Fiti. 61.—Diagram of seotion through Neritina and Navieelle to show the position of
the oparculum in cach genus.  «, Navicella (op, operculum), b, operculum of Navi-
cella § ¢, Neriting (op, operovium), d, operoglum of Verifina.

find, on examination, that it Had no opercultm. In this, how-
ever, we should be quite mistaken ; in &ll-the N avicelle, without
exception, there is a true (fperculnm placed, exactly as in all the
Operc!llam, on .the back or .upper side of the foot. It agrees
too in structure with that of Neritina, but it is much smaller
than the mouth of the shell (fig. 61), and the little hook
which serves to attach it to the muscle of the foot, and

P2
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which in Neritina is very small, is *modified in Navicella into
a large thin plate appearing as a disect prolongation of the
free portion of the operculum ; finally this lies in a small fold
between the bacs of the foot and the horizontal deck inside the
back of the shell, Thus it is evident that the operculum of
! Navicella comes under the head of rudimentary organs, for it
" can neither revofve through an arc of 180°, as it would have to
do to close the shell, nor could it cloge the aperture even if it
were brought into the proper posmou. Now, as Navicella is in
~ every othcr Iﬁpect a true Neritina, it may be regarded as one
which, by long inurement to living in rushing mountain streams,
has had its shell modified in the Yay most saited to those con-
ditions, while the operculum, in consequence of long disuse, has

hecome a peculiar degenerate or rudimentary organ.'®®

The foregoing cases show us that sometimes even the
weakest currents may act as potent theans of selection between
different species or intividuals, and they also prove that animals
nearly allfed, or individuals of the same species, may “be quali-
fied at different stages of growth to resist the strongest cur-
vents or the most violent shocks by some modification in their
mode of life. The characters thus developed eélearly exhibit
their connection with the creature's mode of life, since its
power of resistance evidently depends on them ;<and in the
indances where, as in Navicella, rmhmenuuy organs occur,
their derivation from organs formerly of physiological value
may he attributed to the mdue‘,t action of the currents. Bub
it wust not, at the same time, be forgotten that the degene-
ration of an organ is, in point of fact, no more explained by
its disuse-than the continued existence of a still serviceable
organ, as e.g. the eye, is explained by the fact of its utility or
by the evidence of the vast importance-of its use.

Nevertheless sthere are a few instances in which the direct
effects of mona or less constant currents of different force on the
form of eertain miimals admit of ¢y proof. ,

" The direct mechanical effect of carrents on the structure
and growth of animals.—It is evident that this influence
cannot be exerted i any considerable degree on any but fixed
animals, at any rate in such a way as to modify or determine
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their growtli ; and it is plain that if freely creeping or swimming
creatures nre exposed to it they will probably in most cases be
destroyed. Sometimes, however, these are capable of escaping
its effects by their own str ength a

This oceurs, for instance, in the case of m'my Mollusca, of
which the shells are often much injured by erosion. All
conchologists are well aware that the shells of fresh-water
Mollusea in particular are generally more or less eroded; in
many places it is very difficult to find any number of certain
species of shells that are not thus worn avay, and the process
commonly begins at the apex of the shell. It can hardly be
doubted that there are very.various causes for this; in many
cases, which I myself have observed and studied minutely,

N

Fi0. 62. —Oblquxumuon throngh the shell of & fiesh-water woussel, Jnio. @, Caticle, ex-
umnlmn:;l organic; &, the Prismutic Layer next to it; ¢ Nacreons Lnyu- sllghuy
magnific

two causes have combined—namely, the boring powers of the
filaments of certain Fungi and the constant wear of flesh-
water currents, by which, in the Philippines, the shells of

various species of Melania, Navicslla, and Neritina ave attacked,
How this occurs ean only be understood by briefly studying
the structure of such shells.

In the shells of Bivalves'as well as in those of Univalves
three typical layers of structure may be duungulshed the outer
one consists invariably of purefv organic matter, known to
conchologists "as the epxdex mis; the two mner layers consist
of calcic. carbonate, comlined mdx a ‘ery small quantity of
feebly developed organic matter. The outer layer of thess two
is commonly designated as the prismatic layer; the inner one
as the mother-of-pearl or nacreous layer.'®  In most of the
Mollusca living in fresh water the external organic layer
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is, relatively speaking, of considerably titickness, very ténacious,
and perfectly impermeable by water; and there can be no doubt
that, merely by its resistance to the action of water, it serves to
protect the calcareous inner portion of the shell against its
solvent and destructive effects. Indeed, this is proved by the
subjoined sketches of one or two shells, of which the calcareous
layars have been «eeply eaten into, while the organic cuticle
hangs about the shell in thin rags, as it were, above the holes
or pits (fig. 63). The question now is: How did erosion first
begin in these cases? For, though it would be perfectly
intelligible that the face of the calcareous layer, when once
laid bare, should be easily eaten.into by the action of the

Fi6, 68 —Shells of living molluscs partly oroded. @, .|(¢Inn{a 3 b, Navieello; ¢, Neritina,

=
carbonic acid in solution in the water, it must have been per-
fectly protected against this action by the cuticle so long as it
remained perfect.

Microscopic examination of the shells here depicted has
“hown that the substance is penetrated all over, but more
especinlli' in the immediate circumference of the eroded spots,
by innumerable perforations caused by & minute boring Fungus;
these perforations are usually perpendicular to the surface of
the shell, and migh’t.'easily be supposed to be a normal pecu-
lavity of its toxtore. These boring fungi are also to be found
in shells which appear to be perfectly sound, being still com-
pletely enclased in their brown cuticle, while others are alveady
slightly eroded at the apex. This supplies us with the required

| explanation, The boring fungi, of which the spores are con-
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stantly i.veixg carried down towards the shells by the water,
nttach themselves to the most prominent portion, which is at
the same time the old»st and has the thinnest caticle; they
gradually penetrate the shell, and thus the calcareous layers are
exposed to the action of the water; this, in censequence of the
carbonic acid it contains, eats into the prismatic layer, and, as
a minute vortex must be established in each little hole by the
action of the current, the chemical effect ma§ be enhanced by
the mechanical action of the stream. By degrees this erosion
proceeds more rpidly than the destruction of the cuticle by
the action of the fungus, and thus long strips or rags remain
free, covering the pits worn by the waler. The pits at last
show to some extent unmistakable traces of the chiselling action
of minute whirlpools.

Of course, in time, these-will gradually eat through the
nacreous as well as the prismatic layer, even without the
nssistance of the fungus, and finally the soft portion of the
animal itself will be laid bare. The ¢reature protects itself
against these injurious effects simply by seereting fresh layers
of caleareons matter, and thus the structure of the shell
is considerably altered. It is certainly difficult to under-
stand how ‘the creature is able to secrete s new supply of
calcareous matter precisely at the spot where the shell grows
thin ; for ‘this does not take place in the first instance only
when the shell is actually worn through, but without excepsion,
on the contrary, at a much earlier stage; asis proved by the fact
that shells pierced guite through arénever, or extremely seldow,
found. It may perhaps be assumed that the impact or pressure
of the whirlpool is more perceptible at the thinner portions of the
shell to the creature within, until at length the lotal isvitation
it produces excites a more copious seeretion of the shell-forming
fluid by the skin. Thus the same power which is exerted to
destroy the shell at the same- time incites the animal to defend
itself against its injurious effects. by I

Simiar results from carrents on the anials living exposed
to them, whether free and creeping or occasionally sedentiyy,
could be pointed out in many other cases; thus, fur instance,
the forms of the shells of many univaives seem especially -
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adapted to resist pressure or impact i1 g, certain dn‘cctnn In .
the total absence of any exact knowledgze on this point, we may
set such cases aside and address ourselvet to the investigation of
those where the mechanical influence of a constant current is,
by itself, of maniest importance in modifying the growth of
fixed or sedentary animals.

In this respect the Coral animals are of predominant im-
portance, for in dll the specics, large and small, the tendency
18 oonsp\cuoualy manifest—und in the jndividual Polyps as well
as in the whole mass—to exert the vigour und direction of
their growth to connteract the strength and direction of the
current or pressure they-may be exposed to. On the other hand,
the guestion as to the way in which the growth of Corals may be
affected or modified by external circumstuances is of the greatest
importance with reference to Darwin's well-known theories as
to the origin and formation of coral reefs. We should have no
occasion fo give much attention to the phenomena I allude to
if they either simply dvailed to confirm Darwin’s views, or, on
the other hand, in no way affected them ; but as they elucidate
in detail the same views, antagonistic to Darwin's, which
I have gradually arrived at after a careful investigation of the
whole mode of growth of coral reefs in general, I’ feel called
upon here to describe them fully. The high authority which
every opinion expressed by Darwin has, and always niust have,
in ney estimation, would of itself justify our giving our best
attention to a thorou"h investigation of any question bearing
upon them ; and it seems 11 the more pcuulxml)le in this in-
stance, because the easy application of Darwin's theories of
coval-reef formation, their extreme simplicity, and partly also
the great interest which has always.been excited in the popular
mind by the processes of coral growth, have mide them almost
universally known to the geologist as a convenient hypothesis,
and to the layman-as one easily grasped and understood. TIn
the following disquisition I shall proceed from special cases, and
afterwards discuss tue more geucml vuoatmn

A. The'influence on growing corals of a constant current
produced Ey other animals.—So long ago as the year isa7
Stimpson described & small crab, under the name of Hapalo-
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careinus m"ars::pialie, whi¢h aad besn discovered in the Pacific
Ocean by Dana, in the course of his great voyage under the
command of Wilkes. Irvespective of other peculiarities, this
was distinguished from all other crabs by aremarkable pouch
in which the female carries the young, formed by a prolonga-
tion of the lateral plates of the abdomen. Subsequently Heller
described another species of cralb, from the Red .Sea, under the
name of Cryptochirus coralliolytes, of which the female has
egg-pouches similar to those of the other genus; but the form of
the body is otherwise quite different. While he general form
of Hapalocarcinus is lenticular, Cryptochirus has a thorax of
perfectly cylindrical shape, with a head terminating obliquely,
o that it strikingly resembles several of the cylindrical wood-
boring beetles. The singular mode of life of these crabs was,
liowever, unknown to both these naturalists.

Fi6, 64, =The coats forming galls on corals. a, Cryptochirus (male) ; b, Coralliody
(femaie) ; e, Pupatoarrcinus marsuplalis (femnle), 3

As 1 was able to study both species alive in the Philippine
Islands, T will here give my observatious in detail,

For both of them an association with living (‘orals is indis-
pensable, and the influence of the Corals on the Crabs is as
direct and important as that of the Crabs on the Corals,w Hepalo-
carcinus '"* has hitherto been detected only in pieces of branch-
ing coral ; T have found it on Suleropora digitata and palmate,
and on species of Seriatopora; Vernll found it on Pocillopora
cespitosa in the Sandwich Islands, and I, Graeffe discovered it
on two species of Seriatopm'a,  On all these corals the erabs.
produce a peculiar excrescence on the twigs (so to speak) of &,
branch ; ‘these growths, which are sometimes very broad and
massive, and sometimes very slender, grow opposite each other
in such a way that the crab settled between them is perfectly
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surrounded, and thus enclosed, il the gall which' gradually
forms. 2

It is not difficu’t to infer what the whole process must be
from the different stages observable on one single mass of coral.
A diseased excrescence is first produced by the young crab
establishing itself between two branches, and the twig thus
eriginating takes various forms according to the character of
the species of coral. This is very conspicuous in the different
specimens lying before me. Tn the'Seriatopora, both the twigs
are leaf-shaped and beset with more or less numerous ofishoots
terminating in sharp spines; in the more solid Pocillopora the

F10. 85.—Sideropora kpdriz, with galls inhabited br_”lvmrq.,,,,,m,, aersuplalic. aaa
wonng galla still half open; &, nu older one, ©losed in wito's closo {nspection may
detect two oppesite fissures,
twigs also hdve spines, but they are more massive; finally, in
Sideropora, spines are wholl_v‘_ absent, and the two twigs between
which the crab lives are altogether more massive, In the first
instance the two leaf-like twigs are of course far apart, so that
the crab could easily get in and out ; but as it does not do this
it is soon so surrounded by the’growing together of the twigs,
that it must remain a prisonen The creature requires a con-
stant and rapid renewsl of the water in the gall in which it
lives, for the purpose of yespivation ; at first the svater finds
@ free passage on all sides, but when the two twigs have
bent ovér towards each other, the space through which it can
find entrance and exit must grow narrower and narrower.
Moreover, from the structure exhibited by galls Lroken off from
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the coral,”it omay be coucluded with certainty that the crab
moves about very little in the cavity, for otherwise we should not
find the very distinct scars which are evidently produced by
continual scratching in one spot. Since, in all the crabs of this
group, the current of water for breathing enters the body close to
the mouth, and passes out again at the hinder margin of the
branchial cavity, the stream passing through. the gall muss
always flow in one and the same direction. The results are
easily recognisuble in the half or wholly - Z

closed gall. The two excrescences on the
coral grow together quickest in those spots

which are least exposed te the current

through the gall ; there also they first come

into contact, till at Jength only two fissures,

more or less wide, are left, which plainly o B
show, by their position opposite to each &
other, that it is through them that the cux- *"“’;.(“g;;w-’:’r:mh{;}};f
rent for respiration passes ; one fissure serves @, the Pl G
for the influx, the other for the exit, of the the gall with a cavity
water. These two slits remain open so long TR A D o
as the erab is alive; no living crab is ever %=

found in a closed gall, and they are for the most part perfectly
empty, ‘

It is impossible not to conelude from this state of thins
that the fissures are kept open by the force of the current
flowing through them ; but still this ¢an only occur when the
force of the current is exactly commensurate with the strength
working in antagonism to it, which is exerted by the growing
polyps. These are constantly tending, as is showa by the
different stages of the gall, to reduce the space hetween the two
sides of it ; at first this may be quite easy, but as the force of
the current is gradually incressed by the diminution of the
fissure, at last a state of equilibrium must be reached in which
the forces meutralise each other. Thus, though in the first in-
stance the coral wag able to continue its growth unhindered,
after the manner of its species, it ere long found nn"obstacle,‘
which it was unable to contend with, in the current produced
by the crab. Hence we are justified in supposing that similar
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hindrances, which might be oppofied® to the growth, in any
spot, of much larger masses of ooml‘ would check or modify
their growth in the same way.

T may for the present postpone the application of the prin-
ciple thus arrived at; but it will repay our trouble if we direct
our attention to some other phenomena observable in these
same galls. The walls of the leaf-shaped excrescences that

~

Fi16, 67.—Sderopora patmata, with & gall which s hardly visible from ontside, bub
shows o distinet figmre dividing tae two halves of the closed gall, ]

form them bear polyps not only on the outer surface, but on the
inner surface as.well ; this is proved by the fact that both are
closely coverdl by little’ depressions, which, from their structure,
can only have been formed by polyps. Now, as the polyps
pitnated in the cavity were jast as much expesed to th.o effects
of the current as those on the margin of the fissure, they must
show the traces of this influence, if indeed any such influence has
been exercised daring the growth of the gall. This is, in fact,
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v
qni!e unmistakably the ‘case. Not one of the cups is normal
in structure ; the depnw:on, which in the external polyps is
very deep, is here no more than a shallow pit, and the septa (or
party walls) of the cup are very slightly developed. Hence it
follows, with some degree of certainty, that the polyps on the
inner surface were not able wholly to overcome the resistance
of the current passing over them. This direst action of the
stream is wnmistakable in many of the cups, where the polyps
were exposed to the greatest force of the current produced by
the crab; for they are placed obliquely on the dssure and directed -
outwards, as they must have grown, supposing them unable to
grow against the stream.

We see from this that the current caused by the crab is
sufficient not merely to force the diseased excrescence on the
coral to take a particular direction, but also to check the growth
of the individual polyps quite as consxdembly and to divert
them from their normal growth.

The influence of the respiratory current of crzhs of the
genus Cryptockirus, which live only in the more massive forms
of coral, appears to be exerted in guite a different way, 1
found them .in the Philippine Archipelago in cavities in
Goniastreea Bournoni, in an undetermined true Astraa, which
was unfortunately lost, also in an undescribed Zrachyphyllia ;
finally I received a new form through A. Agssiz from the
West Indian seas, which may perhaps form a distinet genus,
though it is very nearly allied to tha first. It also lives in a
Trachyphyllia.’®® The reader will see that they all belong to the
massive corals, and, in correspondence with this cireumstance,
the cavities in which these: crabs live ave totally unlike those
in which Hapalocarcinus is tound. Here there are no galls,
but merely cylindrical or funnel-shaped hollows, which are
never closed during the lifetime “of the crab, so that it cer-
tainly would be able to quit its pommn L\evql'thelesx it as
certainlysdoes not do goy but the species I observed living
thrust the forepart of their bodws very far out of their pecu-
liar ¢ uavo-dwellmgs, so that ouly their pouches, i.e. the hind
part of the body, remained within. The c.vity itself exhibits
some remarkable peculiarities. The bottow of it, on which the
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pouch rests when the creature ha¥ cémpletely withdrawn itself
into it, displays the radial septa of a polyp-cup ome above
another, They there are perfectly distinet, while the side
walls of the eylintlrical cavity are so completely lined with a
thin calcareous crust that nothing can be seen of the perpen-
dicular septa of the polyp-cup. From thisitis evident that
4he young crab, or the larva of it, takes up its abode in the
centre of a cup, and so kills the polyp inhabiting it. A speci-
men now lying before me, with ahi incomplete cave-dwelling,
shows that the <rab grows at first at the same rate as the

FIG. 68.— Gondastroes Bournond, Me Fdw., with a funnel, at the bottam of which o crab
(Cryplochirus coralliodytes, Hiller) Is sitting, only the liead being visiblo,

surrounding polyps ; for the margin of the crab’s hole, which
is perfectly cylindrical, is on fx‘nctly t-hcz same level as the
neighbouring cups, and its brgndth too is exactly the same.
The cavity is six millimétyes long, and the length of the crab
found in it exactly corresponds* In another example, however,
the length of the pit is twenty millimétres, Vi\'h.ile that of the
erah beldnging Y it is not more flfan seven millimétres, at any
rite in“the dried state. 'I‘](l)is proves that the crab ceases to
grow mitch sooner than the coral ; and this conclusion®is strik-
ingly confirmed Wy the fact that the margin of the cylindrical
pit is not on the same level as that of the surrounding polyp-

[
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cups, but much deeper in.” From the margin of the erab’s
dwelling, properly so called, there is a fannel that widens to
the top, and of which the margin, as is shown in the cut (fig.
68), is gradually merged in the upper prominendes of the coral.
The crab living in the funnel thus formed was carefully
observed by me during a long period of its life, and I was
enabled to see that it protruded itself far enough out of its hole
to be able to reach with its outstretched fore-claws almost
to the highest portion of the funnel.

The whole conditions here described '™ allow of no otherex- -
planation than the following: At first the crab and the coral
grow at un equal rate ; for, if*the coral grew more rapidly than
the crab, an inverted funnel or hollow cone would be formed
over the crab, while, if the crab grew the faster, the margin
of its cave-dwelling, so long as it was small, could not be exactly
on a level with the margin-of the contiguous polyp-cups. But
when the crab has reached its full Jength; about seven milli-
métres, the polyps outgrow its funnel-shaped dwelling, and
would no doubt soon wholly overgrow it, if it were not that
they find a certain resistance in the current set up by the erab
for breathing and in the movements of the creature ; and this
resistance is sufficient to compel the growth of the coral in a
particular and determined direction. The two powers in
opposition thus reach an equilibrium, and it is their reciproz.l
action which gives the funnel its characteristic form.

Here too, as in the former instarice, the individual polyps
plainly show the effects of the current. While in general the
cups are perpendicular to the surface of the coral, in most of
those which grow within the funnel this is not the «case; they
bave an oblique dizection upwards, and are most oblique where
the strength of the current is greatest, i.e. at the narrow
bottom part of the funnel.

We seo thus, in these two examples, | thnt ‘the same force—
namely, the respiratory currant caused by a crab—affects the in-
dividual polypsin the same way, forcing them to grow ovliquely ; ;
but at the same time it also produces very different effect,
resulting from the different law of growth of the two forms
of coral-stock. Thus galls ave produced only on branched



224  THE INFLUENCE OF INANIMATE SURROUNDINGS.
0

species; on the more massive ofies] cither funnel-shaped or
cylindrical pitsare formed. Tn the conrse of my travels I have
made numerous other observations as to the similar effects ot
currents on indtvidiial coral animals and on whole blocks of coral.
It will suifice here to select two particularly instructive cases.
One of these bears upon the growth of certain massive
‘species of coral; among which we may especially consider the
species of Porites, so common in reefs, and a few of the
Astreevlee.  The smallest, and so the youngest, colonies had, as
a rule, a regular tonvex surface; but only, of course, when they
were healthy and not eaten away by other animals or h'y
plants. In them the polyps situated at the summit were as
well developed as those at the margin of the mass, and they
were never left dry even by the lowest ebb-tide. Larger blocks
of the same species, which seemed to be more often exposed to
the effects of the air, were flat ; the polyps at the summit locked
feeble, and many ofethem were dead ; indeed, small stones and
sand were often lying on the centre of the surface. Tn still
larger masses, of whichi'the upper surface was commonly luid
hare by even ordinary ebb-tides, nearly all the polyps at the top
were dead, and often entirely covered with sand, sVullipora, and
other Alge. The summit of the largest stocks, finally, was
concave, with a raised border, from a few lines to an inch
igher than the central portion. Thefe old stocks exhibited
some important peculiarities. It is well known that even in
corals of a massive and slid type there arve often slight furrows
between the separate cups, and in many stocks of Porites of
faoderate size these arve euylr'ged to trenches of various breadth.
In the lacgest, again, they have become narrow but often very
deep channels which traverse the concave sl.u{ace and even the
raised margin in yarious di{ccti«fng. ) ;
We can, as it seems to me, avithout any foreing, avail our-
Selves ol th%qc,lgdit,iou!i here described to cox?struct a theory of
the process of* growth of a knatl of Porites. %o long as
the yoting colonies ave completely under water even at the

Aowest #des, the separate po’yps grow out in every direction,

giving the coralean equal convex surface; a section through
it giyes an outline like that shown in the subjoined wood-
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cut (see fig. 69, a). If ?he"growt.h were to continue equal nn
all parts of the surfuce, the polyps at the summit would reach
the normal low-water mark sooner than those at the sides ;
thug, too, they wonld be the first exposed to tle action of the

a@
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T16. 69, —Dingmam of the growth of the colontes of Porites. a, first stage. in which the
summit of the coral tonches the surface of the sea; &, the secod, In wlich it prows
only in ciremmiference ; e, the third, duarlng which tbe surface, Intact at 0, Las
died away and boen hollowed out.

air and main at low ebbs-and so die the sooner. The palyps
at the sides continue to grow, tending not. merely to raise the
mass of the coral, but also to extend it horizontally : and thus
the upper and rapidly dying surface spreads laterally so much
that sand, stones, plants, and various forms of animal life find
room upon ite At first this level remains at veéry much the
height to which such a block may normally grow (%) ; but when
it has reachad a considerable siza —from 6 to 8 feet in dinmeter or
even more—the centré platean is large enough to afford room for
the collection of a considerable body of water, with sand, plants,
and animals. In consequence of this the upper surface must
perish, and then is easily hollowed out by the waves washing
over it (¢). If moreover, in the rainy season, any considerable
amount of water falls into this basin at low tides—and that this
is possible cannot be disputed—the fresh water eollected in it
will goon overflow the mnr_«.zii} for lack of room. Now the whole
coral is very porous, and is always traversed already, as we
have seen, by more or less deep fareows. "The water natu.
rally sedks these ready-formed channéls and widens the,
working through the margin in favourable spots where the
formation is softest, and thus slowly but surely eatirg channels
through the raised ring round the coral-block, In the cuta
diagram of these processes of growth is given.
Q
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Any other explanation appears to me impossible. We
might be tempted to account for the elavation of the marginal
ring above the central plateau by assuming that it had grown
more rapidly thkn the centre ; but if this were the true explann—
tion the wall would be visible even in knolls of moderate size,
and this is never the case. Or it might perhaps be said that it is
well known that-all corals grow most vigorously at the margin
of the block, and that the concav.ty of the upper surface may
be ecasily explained by assuming a subsidence; but the first
statement would be simply untrue, and the eecond perfectly
absurd, for at any rate it is impossible to sce why such a
subsidence should have taken place in the case of the largest
masses and not in the medinm-sized or small ones. In point of
fuet, T see no other explanation® which agrees so perfectly with
the observed facts as that which T have given.

As the last point under this head] we must now consider the
way in which the whole reef is affected where it is acted on by
currents of different force and flowing in varying directions.
I will illustrate this by a highly significant instance which 1
myself earefully observed.

To the south-west of Mindanao, and exactly opposite the
famous old Spanish colony of Zamboanga, is the little island of
Basilan. T visited it in 1859, when by far the larger part of it
wae still oceupied by hostile Mohammedans ; the Spaniards were
restricted to a village at the northern end of the igland, which
lay opposite to the still smaller island called Mulnunm'l
separated from Basilan by a nerrow channel.  This little strait,
which, though very narrow,’is of some length, runs from north-
east to sont«h-“est to the east i opens wnh a wide month
into the straits of - Anmboanrva, while to the west it is barred by
a very small island lying bety een the two others, To this form
of the channel a=d to the pmticulm divergence of the main
carrent in the straitn between Basilan and Zamboanga we
mast ascribe the fact that the cu: rent between these islands
flews alwnvs in one direction, and never changes with the turn
of the tides : ; at Jeast this was the case during the two months
T spent there, and it is s0 throughont the year according to the
information given me by Don € luudlo Montero, the chief of the
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Commission of Hydrography at that time. The effect of the
ebb and flow of the tide is only visible in the increased or
diminished force of the current flowing through the channel.
Now I willingly admit that possibly « return flow of the
current may sometimes take place; but this certainly is not of
frequent occurrence, and there can be no doubt that a strong
stream passes through the channel for long periods in the same
direction. And itis this fact which, above all others, enables us
to understand the peculiar structure of the reefs which fringe the
islands, and consequently the channel, omw both sides. Reefs
proper, with a raised margin, do not exist here; the water in
the channel is always stilly and, as even the waves raised by
. storms on the main do not affect it, it offers to such small craft
as ean navigate it & secnre shelter in spite of its small extent.
But the current is often very strong, running sometimes at from
4 to b or even 6 knots an,hour. ¢

Both banks of the channel are formed of coral, those of the
shore of Malaunavi on the north side being the mostydeveloped ;
they consist of the usual reef-forming species, Astraea, Porites,
Madrepores, &e. Now these, like all the species that form Jarge
blocks, have -a tendency to extend in all directions; but here
they are interfered with by the strong current impinging on
them at an angle, and flowing, as has been said, during the
greater part of the year in the same direction. 1f it were wegker
than the growing power of the coral, its resistance would be
easily overcome ; but it is, on the contrary, strong enough to
force it to grow perfectly perpendicularly. Thus the reef on
the Malaunavi side is not more than a few paces wide, with®an
abrupt perpendicular fall, though the depth is certainly incon-
siderable. . ;

The reef which fringes the little island lying in the western
outlet of the channel is quite different in its structure. The
same species are present as in the chmqel, but. they here arow
quite differently in differentt spots. Where etlie current is met,
by the island, of course it parts; thus, at the eastern end of the
island, which is that turned inwards towards the “‘channel, &
triangular space is found, where the watér is full of l'eefwle
currents flowing in various divections. Both brancl.es of the

Q2
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divided current first strike the islan®l frther in, and sfill at an
angle. In this comparatively calm triangle of water, the
Mudrepores, Astrea, Porites, and otlfer corals do not grow
vertically upwawls, But on the contrary in all directions, and
usually in isolated blocks; and though the branched species
generally grow more in height than the more massive forms,
even in them it iy impossible to overlook a tendency to increase
as much in"breadth as in height. Hence, on the eastern point
of the island there is no perpendiculat termination to the reef;
%t sinks quite gradually to the bottow of the channel. But where
the two currents produced by the division of the main stream
impinge upon the island, we at ©once find the perpendicular
cliffs again, and the upper surface of the reef is as narrow as in,
the channel on the shore of Malaunavi. At the opposite end
of the island—the western end, that is to say—there is a second
calm trigngle formed by the meeting of the two streams, and
there the reef againeassumes the structure which has been
‘minutely described in speaking of the eastern end. Every-
where in the Philippines, and likewise in the Pelew Islands
in the Pacifie, I have observed the same phemomena ; wher-
ever there was an eddy or a calm spot formede between the
current and an island, the corals grew in irregular masses, and,
more or less, in all directions ; and wherever the stream ran
pamullel with the shore there was an abfupt and perpendicular
fall of the reef.

1t is not difficult to fiffl an explanation of these phenomena.
Tt is the same as was given, above in the case of individual
cotal knolls; where the sea jmpinges on coral reefs, with feeble,
irregular, #nd variable cm'rents,.ﬂﬁwing in various directions,
the reefs, like separate blocks, will be e-wﬂ.ﬂed to extend in
every direction, since they wil not in the course of their growth
have to overcomga constant resistance in one direction. But
wherever strowg and l‘nopposed currents flow constantly in the
same direction ph®illel to the coasg@impinging on the reef, the
egials forming it must be forged, idividually gnd collectively,
to grow [érpcudiculm-ly—n&mming, of course, that thei® power
of growth is insuffifient to overcome the resistance of the stream.
Between the perpendicular growth thus induced and the perfectly
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hovizontal mode of groWwtll not checked in any way, we find
every grade of transition. The precipitous fall is more or less
oblique as the stream impinging on the reef is more or less
“strong. ' R
It is my conviction, derived from my own long-continued
study of coral reefs, that the connection here indicated between
the strength and direction of the stream on thegone hand and the
vigour of growth in the corals and in the reefs they form on the
other, is one of the principal causes that have given the reefs
their frequently very remarkable forms. This view is in ¢ irect
contradiction to Darwin's theory, which now finds universal
nceeptance, as to the formation of coral reefs. The reception
which that has met with, as well as the high respect and vene-
ration which T am most ready to pay to every opinion uttered
by Darwin, compels me to devote the ensuing chapter to a de-
tailed description of the reofs of the Pelew Islands in the Pacilic,
which during ten months I thoroughlyvinvestigated. Every
varviety of reef oceurs there within a limited space, and a
close study of their structure will show that Darwin's theory
is not suflicient to explain them all, but, on the contrary, that
in every instance hitherto investigatod, whether on a large or
small scale, the same effects on their growth, as produced by
strong and constant cuirents, may be detected.

L
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CHAPTER VIIT.
. THE INFLUENCE OF WATER IN MoTION—(continued).

The Formation of the Cloral Reefs of the Pelew or Palaos
Tslands in the Pacific Ocean.

It is always an unsatisfactory: task, and often an unpleasant
one, to feel forced to contravene a view which is universally
acceptedss a true one, and which is *supposed to be evidently
sufficient to explain all the observed phenomena as completely
as ig on the whole possible. Nevertheless I cannot here escape
this necessity; for it is precisely because I delight to pay to
such men as Parwin and Dana the high respect that is due to
them, that I find it impcssible to be silent on’ those points
where I dissent from their views, The constantly repeated state-
ment that Darwin’s theory of coral reefs amply suffices to ex-
plata to geologists the origin of fossil reefs would, it is true,
scarcely provoke me to a d.iscussion; but I feel that I owe it to
Darwin himself, here to state once more the views I hold,
founded as they are on a lomg sevies of observations, For it
seems to me that in the secodd editign of his nniversally known
work ort coral reefs * he has fallerinto error as to some obser-
vations of mine, inasmuch as hes has attrituted to me some
opinions which at that time certainly I had only very lataly
held. But it is adso due to que'lf that I should give a more
detailed aooouhe.of therl in this place, becanse Dang, in “the
second edition of his ook on coralswhich has lah-]) appe‘ucd
1@ not evgn alluded to my views and observiftions, although

** Onthe Structure®and Distribution of Coral Reefs, Smith, Elder,
& o,
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Durwin ‘hiu‘l)self recognises the force of my objections ; thou:h
he certainly attempts to set them aside by means of an assump-
tion of which the fulluey is amply proved by the very ohsoi-
vations I have published. ,

The latest lahours of the American naturaist prove that
his views with regard to the origin of reefs differ very consider-
ahly from Darwin's, and in a very essential pgint. Darwin, as
iz well known, assumes that wherever fringing reefs oceur, a
period of elevation or of repose now prevails, while atolls and
b urier-reefs can be formed only in regions of recent subsidence.,
As an essential argument for the correctness of this view he
adduces the fact, prominently brought out in a map of his con-
structing, that active volcanoces oceur only in those regions
which, from the structure of their reefs, must also be regions of
elevation, y

Dana agrees with Darwin in so far that he also assumes
that atolls or barrier-reefs can only he formed in regions of sub-
sidence; but fringing reefs, according to him, indicate ' not merely
no upheaval in recent times, bat, on the contrary, a more con-
siderable subsidencs than is pointed to by other reef formations,
Forinstance, he says expressly : ¢ T still hold that, while barrier-
reefs are proofs of subsidencs, small or fringing reefs are in
themselves no certain evidence of a stationary level, and ave
often evidence of subsidence, even a greater subsidence than iy
implied by barrier reefs. I have already stated that one canse
limiting the distribution of rvefs is hald shores 5 & wall of rock
of even a hundred and fifty feet producing a comp'ete excly-
sion. . . ., Such bold shores are evidence of subsidence ; anl
as only very small reefs, if any, could find footing akout such o
shore, the narrow, reef would be another consequence of the
subsidence, and no evidence of a stationary condition.’ *

Now, although Darwin admits that, under certain eircum-
stances, narrow (i.e. fringing) reafs might bé’ formed on “such
steep and, precipitous shorgs, he adheres to Lis former opinion
that this does not occur, as# rule, and that, in most cases, reofs
of this class prove upheaval in the most recent periods, or evin

* Am. Jowrn, Sei. Ser. IIL vol. viii. p. 316,
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& process of elevation still going on® e does 50, indeed, with
the full understanding that his theorjes would be undermined
if he were to accept Dana's views ; for {t is clear that no theory
of upheaval or gubsidence, strictly speaking, could then come®
under discussion. According to Dana’s views we may assume
that, in regions of general subsidence, local upheavals may
ogeur ; and, vice yersd, that local subsidence may occur in regions
of general upheaval. From this, however, it follows that the
stiucture of the reef itself can give o certain evidence what-
£ver, as the h.g.sl's of an assertion that this or that region is at
& given moment undergoing upheaval or subsidence. Thus
to settle this question we must avail ourselves of other argn-
ments than those used by Darwin to establish his theory ;
Dana in fact seeks for sn, h, and his mmvestigations led him to
the conelusion that the whole of the Pacific Ocean is a region of
subsidence, while Darwin recognises in it certain distinct
regions 6f subsidenca and others of upheaval. Dana further
assumes that the West Indian Occan is at present sinking,
while Darwin, on the contrary, regards it as rising, since the
reefs ocewrring in it belong almost exclusively to the group
which, accordng to his theory, ought to prove a’condition of
upheaval.

Now it might perhaps bo ohjected that, with regavd to the
forpation of atolls and barrieravefs, hoth writers perfectly
agree, and that the possibility granted by Darwin of the occur-
rence of fringing reefs on'steep and subsiding coasts certainly
affords no argument against the view that atolls and barrier-
reefs can nnder any cireumstances be formed only during subsi-
dence, Th muct of course be adifiitted ; but T must never-
theless maintain my opinion that Dana’s and Darwin's theories
do contradict ench other, and fhat ;f, as Dana says, all kinds of
reefs may originate furing subsidence, the structwe of the reef
itzelf 35 of no .‘iln]')'orfnnoo in investigating the question a5 to
whether in any giwn Spot subsidere or upheaval % taking
pliee or has taken place, d - <

Hence t seems to me allowable to ignore Dana’s views

*when the matter in*point—ns in this plare—is to estahlish in
what way the form of the reef has heen ufm(-xmij.w«l or altered



n.\m}'m’s YIEWS, 233

by the co‘inbi')ned action of dnternal and external causes. For
those forces on which Dana relies for his argument in no way
depend on the particulat nature of the corals or of . the reefs

eformed by them. Hence we have to deal exclusively with the
original unaltered view of Darwin.

There are two modes which may be adopted in contravening
or criticising a generally accepted theory. In the first placa,
its general fundamental basis may be attucked, or, in the
second, its value or worthlessness may be tested in a special in-
stance. I shall here adopt this latter method. and am prompted
to do so by several reasons. First of all, in this way only is it
possible to set in the clearest light the intimate connection
between the main suljject of this section and the form assnmed
by reefs, that is to say the direct influence of a constant current
on the growth of the reef. But I do so in the sceond place, in
order to oppose the idea that in this particular instance it is
difficult or even impossible to test and criticise a general theory
by individual examples. Darwin himself, it is true, says that
it would ‘be exceptionally difficult to draw any conclusion s to
any particular small group of islands or separate atoll or
barrier-veef, even when the depth of the sea outside the reef,
and the angle at which the enclosed land slopes, are well
known. But ought this difficulty—more imaginary than real—
to withhold uns from mhking the attempt? I think not. It is
usnally assumed, and with justice, thut the theory which must
always lie at the bottom of an hypothasis appears to be soundest
when it can be successfully applied in explaining particular
cases of difficulty. But this is granting, on the other hand, that
we do not simply set aside such difficulties as facts .ar ohserva-
ten seem to oppose to the theory, because it has already been
proved by cumulative evidence. On the contrary, we should
rather require that each new. difficulty that, arises, if only be-
cause it is a difficulty, should be applied to test it. The fol-
lowing attempt to refer the reefs of the Pales Islands in the
Pacific—which I myself have thoroughly studied—to their origi-
nating causes will plainly show that certain facts, easily ex-
plicable according to my theories, present irsurmountable diffi-
culties to Darwin’s hypothesis,

™
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I. The general form and struc#are of the Palaok Islands
and Reefs.—The Palaos Islands—the Pelew Islands of English
maps—form a small chain lying alnfost exactly NNE. and
SSW., and of ghich the greatest length, from the northern-e
most island, Kriangle,* to the southernmost, Ngaur (or Angaur),
is about 80 geographical miles. The nearest islands are
Spnsorol, about 120 miles to the south-west, and Yap, belong-
ing to the West Caroline Isles, at a distance of full y 150 miles to
the north-east. 3
«  The structure qf these islands is very peculiar. The most
northerly group is formed of five small, low islets lying on
the eastern side of a true atoll; the largest of them, Kriangle
proper, has given its name to the whole little cluster, At about
forty miles to the north-west is the bank or reef of Aruangle,
which is uninhabited, but which, from the description of the
natives of Kriangle, seems to be a frue atoll. Due south of
Krianglé is the bank of Kossol, which is open to the south-west,
and may he deseribed as a horse-shoe atoll. From this begins an
extensive barrier-reef which encloses the largest island of the
group, Babelthuap. Tts northern end is very narrow, in many
places searc@ly half a mile wide; then it suddenly widens,
5o that the island towards the middle is about ten miles ¢ or
rather more across; its length is ahout twenty-five miles.
The southern portion of the group is cotfiposed of innumerable
islets, the greater part of them being included in the same reef
that hems in Babelthuap ;ebut this, as it runs south, alters more
and more in its stiucture. The most southerly island, Pelelew,
marksthe end of the reef, tho‘pg_ﬂl furthersounth still is the island of
Ngaur-tle Anganr of the maps—evhich is divided from the
others by a very deep channel, and is nowsurrounded by no
veef at all. It is high land, aud fhe surf beats divectly on the
foot of its raised coral cliffs, wkich have ceased to grow and
which are as g-l.life as chalk., A glance at the subjoined map
suffices to show 4kat frgmn north zn south there is & gradual

» -
2 & Written as Kiangle dr Kyangle on many maps,

t Geographical miles, 60 to n degree,
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passage from atolls to barrier-vecls, ind then to true fringing
reefs, till, at the southernmost end of the group, all reefs have
disappenared.. ;
The fact tIfit all the varieties of reef are met with in combing-
tion in a district whicli, in accordance with Darwin’s theory,
we were accustomed to regard as a district of subsidence, and
“in which, consequently, only atolls and barrier-reefs ought to
oceur, is fiankly admitted, in the second edition of Darwin’s
well-known work, to be a very grave difficulty. We might
* evade this.difitilty, as Darwin does—that is, by assuming
that even islands which are in process of subsidence, and which
therefore ought properly to he enclosed in true barrier-reefs,
might sometimes form true fringing reefs, particularly if the fall
of the coast were so steep that even duringa period of slow sub-
sidence the reef remained closo to the shore, and thus preserved
the form of a fringing reef. This-assumption, however, stands
in sharp contradittion to the facts long since observed and
announsed by myself, and into which I must presently go some-
what more closely. We may also endeavour to overcome this
difficulty in another way—for instance, by supposing that within
the Pelew Group itself there exists an axis of motion independent
of the general change of level of the bottom of the Pacific Ocean.
This point might be sought perhaps somewhat to tho north of
Pelelew, or in that island itself, to the north of which the
whole group would be constantly sinking more and more
rapidly, while to the sbuth it was rising in proportion. This
would, in fact, appavently,account for the circumstance that
"Angaur has hardly anys reefs, that Pelelew exhibits fringing
reefsy ald plainly though fechly developed barvier-reefs. It
would also explain why the regfs to the wtorth of this fulerum
become deeper and deeper in the deep =ea, till at last, at the
extreme north, enly atolls ocefir, or reefs of the atoll character.
Now I pwewosely aroid laying any stress on the fact that
such an assuinption 4is in the Tiighest degree infprobable, as
, that there should be such a fulerum or point.of rest lqg;lis(ul in
g0 small and isolated a district as these islands constitute in
the Pacific Ocean, with upheaval proceeding to the south of it,
and subsidence to the noxth. But, even gm.r)ting this as pos-

1+ ]
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§'ble, T believe T have distoPered so many proofs of its inac-
curacy, notwithstanding its theoretical [LO\\lbl]l(:\' in the struc-
tural conditions which I fiave observed in those reefs, that the
thsk of disproving it will not be a hard one. [a order to do
this thoroughly, it will be necessary to investigate the structure
of the islands and of the reefs enclosing them,

II. The atoll of Kriangle.—This is a true gtoll of almost
oval form, with its lagoon wholly enclosed by the outer reef
and the islands upon it; there is no channel leading into it
from the sea, In order to get into it, the reef must be crossed
at high water at the deepest spot, which is to the south; but
even then this lowest spot is so'high that it requires some skill
to cross it withcut aceident. The lagoon is from three to four
fathoms deep, in some places quife five. The bottom, which
is perfectly visible through the transparent water, is covered
with sand, and on its level sarface lie scattered blocks of coral
a few feet high; here and there plants are growing on them.

The four islands, only one of which ig permaneatly in-
habited, lie on the east side and the south-east end ; the most
northerly, which, however, does not mark the northernmost
point of the group, is alone called Kriangle; .the others, count-
ing from north to south, are called N'mungns, Nasingis, and
Korack ; they are all Iow composed of =and, fragments of
corals, n.nd large masses of a peculiar stone wluch consist.y
almost exclusively of the innumerable shells of a recent
Foraminifer, the well-known Z'inoporus baculatus. This crea-
ture is now living in extraordinary quantities on the exterior of
the reef, and in smaller numbers within the lagoon. The islands
arve quite flat; the difference in level in their inner #id puter
edges is not more titan a foot or two at most. The rocks of
Tinoporus, on the inner side of the islands, lie so high that it is
only at high tide that the watér touches their base, and they
slope slxghtl) inwards towards the lagoon. "

The reef which encloses all the islande on tlmee.st is lmt nar-.
row ; the onter civenmference, as indicated by the breakers at low
water, is at most at five or six hundred feet from the shore. It. A
is heleqmte dead, and exhibits very striking details of structure.
It consists of large, almost horizontal banks, covered in spots
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with fragments of shells and coral®; %hese strata arve ‘intersected
by others lying at from 1 to 1'5 foot lower, which are quite
free from detntus, and are formed of Dlocks of coral so perfectly
baked together that in many places they appear to form a
homogeneous and compact coralline limestone. Such strata of
metamorphosed coralline limestone also oceur, but much more
srarely, on the snmmits or inner sides of the islands further to
the south. The greater part of this eastern reef is covered by
the sea only at high tide ; then its “surface lies at from 1 to 2
feet below waters Above this the raised margin of the islands
stands up from 5 to 6 feet. Its outer slope is steep, and the
summit is crowned by blocks of coral of no conspicuons siza,
which have evidently been carried up during violent storms.
The eastern slope of the reef to the sea is not steep, as can
be seen by the colour of the water; in the sonth-west monsoons
good anchorage is found here at some distance from the reef.

The reef to theswest is devoid of islands, and its structure
differs essentially from that of the eastern reef. While this is
laid quite dry at every ebb tide, the former cannot be crossed
dry-foot excepting at spring-tide ebbs. It follows from this
that the western reef must lie from 4 to 5 feet lower than the
eastern one ; for in so small an island, bathed all round by the
same ocean, it is impossible to suppose that this difference can
ha caused solely by the water being dammed up on the
eastern side.

This western reef rises with a not very steep slope from
the lagoon; it is moderately broad, almost level, and at
Zivst only covered by coralline sand very equally distributed ;
towards *the north and south floints of the atoll it rises
more than on the west. Nearer to the cuter margin of the
reef occur living but isolated blocks of coral, at first in
small masses and few in number, but the further we go west-
ward the lxm.{er and more frequent they become, till at length
all sand has difappeared and the blocks of coral a® no longer
icolated, but a solid, connected mass. Herg we ravely meet
with dedll blocks among the living coral.  Of course the coral
grows most vigofously outside the external reef. The slope of
this western veef, unlike th: eastern one, is very abrupt; at a
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distance of from 200 to"300 feet from the outer edge, the colour
of the water is as dark as in the channel of Kossol, which is
from 50 to 60 fathoms deep. But the most striking peculiarity
of the western reef is the accumulation of immense blocks of
coral on the south-western point (ses Map 11.). These are, with-
out exception, dead, and their summits are never covered even
at the highest tides, unless perhaps during stosms. The largest
of these blocks lie on the south-west point, where they not un-
Afrequently measure ten feet or more in diameter ; towards the
north and east they gradually grow smaller and less numerous,
and disappear altogether amid the sand and living coral hefore
the first island is reached on the eastern side; on the western
side, going northwards, they extend about balfway. The
subjoined map makes this sufficiently clear,

The position of these blocks, and their height above the
highest water line, it seems to me can only be regerded as
proof of a recent upheaval. It is true infleed, with regard to
similavly situated blocks on other reefs, that they hive always
been said to have been piled up by violent storms; but even
Wilkes remarked, as it appears to me with perfect. truth, that
such enormous stones as are sometimes found on the margin of
the outer reefs could not possibly be tossed up so high by
waves., For the argument so often used, that in violent tem-
pests even large ships have been carried over the edge of a rlef,
proves nothing ; since a ship will always float if it has enough
water under its keel, while a stone always sinks, The blow
of a wave may certainly be strone enough to roll such a block
a few paces forward on the reef; but even if the force were
suflicient to rend blocks of ten feet or more in diamet@r from the
living reef, it certainly would bé incapable of raising them over
the edge of the reef. In the case now in point the position of
the blocks is still more adverse to such an £ssumption ; for on
Kriangle they do not lie where the mest violeptfattack of the
waves takes place during o gtorm, but precisely in those spots
most sheltered from it, By far the greater number of storms
in these islands come from the east; and even though, during
the short period of the western monsoon, storms way sometimes
sweep up from the west, it is not clear why in this cqse sueh
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blocks should not have,besn flung up along the whole extent
of the western reef. They do, in fact, lie in a spot which may
undoubtedly be regarded as the least exposed of the whole
reef, 2

The argument here put forward, and which seems to prove a
recent upheaval, can be supplemented by others from which it
derives weight. The little island of N ariungas, before spoken
of, includes a small lagoon quite divided froin the larger one
(see Map II1.); its mean dpth is from 2 to 6 feet, and it is not en-
closed by trees on its eastern side, though in every other diree-
tion it is hidden by shrubs. This lagoon formerly communicated
directly with the sea by a narrow canal which cut through the
eastern reef in a perfectly straight line. The natives of
Kriangle told me that this channel had been cut by the crew
of a Spanish vessel, and a few of the oldest remembered having
seen the ship there. The accuracy of this story was confirmed
to me by Captain Woodin, of the ‘Lady Leigh,’ who hxd called
there thirty years ago, and within from five to ten years after
that Spanish ship, which had been despatched with ochers from
Manila to these islands for the regular trade in trepang. The
channel cut through the reef, and of which the banks are still
distinctly recognisable, was too wide for an ordinary boat-canal,
and it is probable that it served to admit the ship itself into
the small lagoon of Nariungas. The ships which at that time
traded with the islands were quite small—schooners of froms0
to 100 tons at most—and such a canal must have been yuite
large enough for them. Baut, in its present condition, the reef
is raised far too much above ordinary flood-tide to allow of ouy
supposing that the depth of the cha.mnel is the same at present as
it was then ; it must, on the contrary, have been Yery much
deeper if the canai was to be.or any practica' use. Even now
it would be quite superfiuous to cut such a channel for boats,
since it could he available for them only at the highest tides,
when the passage across the reef itself is preticable. The
present high position of the canal cax thus be accounted fee
ouly by supposirg that it has been raised together with the reef,
and there is further evidence for this in the fact that the la zoun
is now much too shallow to admit a schoonér ; and, above a'l,

| 8



949  THE INFLUENCE OF INANIMATE SURROUNDINGS.
[

the canal as it now exists could neves hgve served for it'to pass,
as in the decpest spots the bottom is only a few feet below high-
water mark. Thus everything points towa very recent upheaval,
which however ¢an certainly not have been merely local, but
must have acted on the whole group of islets which are now
kuown under the name of the largest, Kriangle.

. This may be admitted without giving up the opinion that
the whole atoll was formed during subsidence ; for in order to
maintain this view it is merely necessary to assume that the
slevation thus proved only began at a very recent period, per-
haps at the very time when the Spanish ship cut the channel
in the eastern reef. In opposition to this only one obj ction
can be raised, but it is one of considerable importance. The
great difference above pointed out between the external slope
of the eastern and western reefs can hardly be reconciled with
the hypothesis of an equable subsidence throughont the atoll;
for, if stich had occurred, the slope would be equally steep on
both sides, Tn point of fact it is steep only on the west, and
on the east very gentle, although this is the windward side.
This difficulty, again, might be removed by an arbitrary as-
sumption that the eastern side of the atoll might have re-
mained stationary while only the western gide was sinking.
This hypothesis also would be easy to upset ; but I will post-
pone the discussion of it to a more favousable opportunity.

III. The bank of Kossol.—The small reef known by this
name lies to the south of Kriangle ; its shape is a well-defined
horseshoe ; the channel that divides them is, according to the
maps, from 50 to 60 fathoms deep, and, so far as T have been
able to detget, entirely free from corals. The channel between
Kossol and the northern point-of the large island of Babel-
thuap is, on the contrary, very stallow, at least in comparison
with the southern one; on the maps, it is true, & consideruble
depth is marked, Bat I must positively contradict the accuracy
of these indicd€ions ; the water in it is every where of a pale blue
eolour, while in the chaninel between Kossol and Krangle it is
quite dar'z, almost blue-black. And while in this channel coral-
blocks are nowhere to be found standing up from the bottom,
they occur in considerable numbers in the channel south of
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Kossol, msing to within srom two to five or six fathoms Lelow
the surfuce of the wate=. .

The bank itself it open fo the south and south-west, but
entirely closed everywhere clse. Its outer margin is highest on
the east side; on the west there are enormous blocks of corl-
Iine limestone exactly resembling those that lie on the south-
west side of Kriangle. At low ebbs the reef is laid quite dry,
but its western portion is conspicuously lower than the western
reef of Kriangle, since, while I was able to eross the former at
five in the afterncon, I had to wait till eight o'clock, even at
the lowest portion of the Kriangle reef, before I could got
across. The general outline of the reef is oval; it encloses a
lagoon, very differently formed from that of Kriangle; for it is
almost entively filled with masses of living corals which vary
remarkably in size and form. Towards the south the lagoon
gradually deepens, and the biocks of coral inerease in size and in
number, Towards the other sides the isolated blocks within
the lagoon grow together more and more, till at last they form
& mass; at the same time, they are so much raised that they
help to form, on the veef itself, a spot which is laid dry at every
ebb-tide. This inner surface of the reef is not level and sandy,
as in Kriangle, but quite rough with knolls of living and dead
coral, cut throngh on all sides by small channels radinting from
the centre. We followed up one of these channels, but it only
led as far as the outer border of the reef, and we had to’wait
there a tolerably long time before the tide rose enough to allow
us to cross. 'The outer slope to the west was very abrupt; ata
distance of from 150 to 200 fect the water was almost black,
and much darker than in the channel between Kossol and
Babelthuap.. The eastern declivity, on the other ﬁanti, was far
less steep, as is_the case ir Kriangle; for the water at some
" distance from the reef was still yuite light blue, and the corals
living at the hottom were clearly distingniclinblé here and theve.

Thn“s, as will have been seen, the .strucgr.& of the reef of
Kossol, and that of the regf of Kriangle, are equally adverse to
the theory of their origin by subsidence. With regard to this,
one point above all must be brought forward, The veofs are
beyond doubt connected, as is proved by the soundings between

R 2
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Kriangle and Kossol. Now, if th¢ t¥o channels had been
formed by subsidence, as is required by Darwin's theory, it
would be quite incomprehensible why, in the channel south of
Kossol only, corils should have giown in blocks of vavions
sizes, from the bottom nearly up to the surface, while in the
northern channel they are totally absent. For though reef
covals certainly do mot seem usually to build up from a depth
of sixty fathoms, since, on the hypothesis of subsidence, the
southern channel must at some time have been high and dry,
even the bottom of the north channel must huva lain high
enough to allow of the establishment of reef-corals. But then
it is not clear why they should not have continued to grow up
to the present time, and hence, on the theory of subsidence, we
might expect to find exactly the opposite of what in faet has
Bappened.  But all these difficulties vanish as soon as we sujp-
pose that both these channels, and of course the reef also, have
been forined during a period of upheaval, In that case the
Kriangle channel, which was originally the deeper, would not
yet be raised high enough to allow of the establishment on any
Iarge scale of reef corals, while the bottom of the channel ve
tween Kossol and Babelthuap much sooner attained the re.
quisite level; and it is in accordance with this idea that we
find in this channel numerous blocks of various sizes. To this
point I must reburn in a later section. -

LV, The northern reef of Babelthaap.—This is a true
bamier-reef running round the island of Babelthuap, which
rises to a tolerably conspicuous height, and is almost entiveiy
composed of qmte recent eruptlve rock. The northern portion
of the island is extremely narrow, and be)ond the northern
point lié three or four islets in tue channel wi. hin the rect
According to the maps hitherto published this would be iu- ,
correct ; even in the latest by Friedrichsen, founded on datu
supplied by a natvrdlist named Kubary, its breadth at the liue
paa,mg thmuun ..hbuk b (ycc Map I.) is made at least three
times as great as in' mine, " constructzd on triangular measure-
ments, T found that at this pou.b the width from reef to 1eef -
from enst to west—was at most 5 to 6 geographical miles, whilo
Friedrichsen gives it as about 20.  The island enclosed by the



J REEF 1OF BAUELTILUAP, 245

reef is natarally much m'u'mwer; starting from Roll, it takes
at most twenty miuutes to go across the ridge of the island to
the east coast. 'I'se narrowest part is a little farther to the
south; according to my measurements the island Lere is at
most 3,700 feet * wide. In this place, too, Friedrichsen gives the
island a breadth of some miles. Close below Aibukit to the
south, the island suddenly widens, without, however, anywhers
reaching the considerabls width of fourtesn to fifteen miles a:-
tiibuted to it by Fredrichsen ; T am convinced that even at the
Witlest part it is at most from seven to eighc miles across,

The reef which runs round the whols of the narrow island
exhibits the following remarkable peculiarities of structure,
At the northern point and on the west it is at a considerable
distance from the land ; at the latitude of my house (7° 38 N.)
it was from four to five miles from a small hill on which T had
set up my theodlite. Between the inner reefs lying. close to
the shore and the exterior reef is a chanuel of from five to six
thousand feet in average width, and from thirty to forty-five
fathoms deep. This communicates with the ocean by three
channels, which certainly do not lie opposite to large rivers
or even brooks. The one marked on Friedrichsen's map as
* Kavasak passage’ is very narrow, and certainly not navigable
for ships. The second, called by Friedvichsen * Woodin's
passage,” is placed by him much too far south ; its positiod is
more accurately given on the accompanying map. I passed
through this canal with Captain Woodin himself in the ‘ Lady
Leigh' in 1861, The third channel is the widest ; it iz almost
us west from the highest point of Babelthuap, which is de-
simated in Friedrichsen's map as ‘Royoss Aremoloagni! The
Ler lagoon chansel runs almest parallel to the coast ; it is not
very wide, and the depth varies between thirty and forty-five
fathoms, and into it debouck, almost all At a right angle, 4
number of channels which intersect the surface of the shore veef
in all dirgetions ; one of the last led us Bs wuch as 1,200 paces
inland at high water, and we there snchored close to the per-
pendicular bank of living coral which formed the shiore of the
cansh )

* German feet, about 3,810 English feet,
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Here, to the west and north, the reef, so far as it belongs
to the island of Babelthuap, may be regarded as a quite
characteristically formed barrier reef. According to the pre-
vailing theory—\which, however, I am contending against as
to its general validity—we ought to infer that a subsidence has
lately taken place in this island, since it is in this way only
that a barrier recf, as it is said, can originate. I of course
caunot admit this proposition as coryect, since I dispute the
whole argument on which it is founded. But, quite irrespec-
five of this, the easvern reef at the northern end of Babelthdap
displays certain peculiarities of structure which directly contra-
dict the theory of subsidence.

For instance, while the western reef stands off from the
shore, so that a true channel is formed, navigable for sea-going
vessels, this is by no means the case on the north-eastern side
of the island. By means of the theodolite, T aceurately mea-
sured its exact width-almost exactly opposite to the village of
Aibukit; kere the outer reef was distant not more than 1,200
+feet in a north-westerly divection—at right angles, that is, to the
shore. So far as I could see with the telescope of my instru-
ment, both to north and south, the distance hetween the shore
and reef, as caleulated from triangulation, was nowhere much
more, and it is not till about the parallel of Athernal that
it spems to become greater on the eastern coast, according
to Friedvichsen's map. But as the distances and heights of
hills are, on the whole, very wucorrectly given by Friedrichsen, T
5e8 no urgent reason for giving unconditional credence to his
map in this particular ; however, be that as it may, it is cer-
tain, by my own measurements, that in the northern part of
the island the outer reef is ot more than from four to five hun- '
dred paces from the shorv. Bebwéen them, nioreover, there is
no reef-channel. The outer reef is no doubt a little raised
above the general "leyel of the resf, hot not enough to form a
channel which ss'l;np.v.cnrl’ pavicate , 95 high tide it is pessible to
crofs it in boats, and in many placks it might then be desig-
nated as a Doat channel. But at low ebbs it is easy to seé that
no such channel, properly speaking, exists; in many places it
would be possible to cross the whole reef on foot. almost dry-
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shod. The surface is, However, traversed by numerous channels
running in all directions, without any arrangement, and fre-
quently ending in a deep hole. Nor are there here, as on the
western side, true passages ; for though the ‘outer reef is cut
throngh in a few places, these channels nowhere lead {o a
pavigable deep water canal. Hence the natives, when going
out to sea, never follow these rifts in the reaf, but steer acioss
in a straight 'line for the outer edge of the reef, where they
seek a spot low enough to allow them at high tide to Hoat
across the rnised wall of the reef by skifully availing theni-
gelves of the high surf dashing over it.

The structure of the reef, as we see, is here essentinlly dis-
gimilar to what we ought to expect on the hypothesis of subsi-
dence. However, this deviation from the normal conditions
may be explained in the way actually attempted by Darwin—
by the assumption that on the more precipitous east coast the
reef necessarily comes nearer to the shore, and that consequently
so0 deep a channel would not be formed as has heen, the case on
the western side. A very successful passage across the eastern
reef out into the open sea, however, provides me with an argu-
ment against this hypothesis, of which I have already made
uge in a former small communication on this subject, which has,
however, remained unnoticed by both Darwin and Dana. Tt was
on the occasion of my passage to Kriangle. After crossing tha reef
early in the day, at about nine in the morning, I oceupicd
myself for several hours till the alternoon on the outer edge
of the eastern reef, being favoured by most beautiful weather.
My investigations yielded a result which at that time I thovght
very unsatisfactory ; I saw plainly that the reef certainly does
not fall abruptly into the sec, as it ought according to theory,
but that its slope, on the cdntrary, is quite gradual. I could
push some thousand paces straight away from the reef seawards
without losing sight of the bottom ; the sdpurata blocks of coral
lying there were plainly.distinguishabie in tliéir various forms.
The sea was almost still, but in & great ocean it i never free
from that slow swaying mouon known as a ‘owell’ This
exhibited perfectly the phenomena observable on all shelving:
coasts ; .o, the upward wave rises more and more strongly as
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it nears the land, but very equably and hardly perceptibly to
the eye, till it breaks at-last on the wall of the outer reef with
a roar; but as this wall does not rise abrnptly from the deep
purple sea, as on che wes reef, a phenomenon here becomes
visible which may frequently be observed on sloping coasts; a
second line of breakers succeeds the outer line, nearer in, and
oftzn even a third. This phenomenon is very familiar to the
natives; to escape the danger of thsir boats filling at the
second or third line of breakers, after crossing the first row of
breakers, they.shovi the boat with long poles as quickly as
they can over the outer level of the reef, so as to pass as rapidly
as possible the two dangerous lines of smf lying beyond. On
the western reef, on the other hand, there is never more than
a single broad belt of breakers,

These facts alone suffice to prove that the outward slope of
the eastern reef is quite gradual. T investigated the matter
very carefully, and with the express view of forming my own
Judgment on the assertion [ had so often read that, on the
weather side of a reef, the fall was always very abrupt. But
my own investigations were certainly not favourable to this
statement ; on the contrary I saw, as I have said, that even at
some thousand paces from the shore the species of corals were
still easily distinguishable, and at a distance even of from two to
three. sea-miles from the outer reof the water was still much
lighter in colour than in the channel between Kriangle and
Kossol, where, according “to the soundings of navigators
it is about sixty fathoms deep. This exactly agrees with those
observations as to Kosso! and Kriangle which 1 mentioned
before, without, however, adding much to their significance.
But I may now assert with the utiost decisiveniess that every-
where in the northern purt of this group of islands the eastern
slope outside the barvier reef is particularly gentle, while that on
the west is'so pracipitous that, at a few hundred paces, outside
the 1eef, the bottory is quiite invisible. ®

The facts here adduced are wholly irreconcilable with
Dartvin's thébry of subsidence. Before entering on that ques-
tion more in detail it will he well to make an equally exact survey
of the reefslying to the south.
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V. The southern reef of the Pelew Islands.—The most .
southerly point of Babglthuap is connected with a perfectly
irregular system of islands of various sizes, and gf the most dis-
similar form and structure, which arve separated by channels,
some very narrow and others of considerable width. They are
most numerous close to the main island, and more and more
scattered as we (}xmceed farther to the south. @uite to the south
the single island of Peleley is enclosed by the lower end of the
great barrier-reef. The character of this reef, which surrounds |
the elevated islands, alters conspicuously as \Qe pass from north
to south, but this change is not gradual. As far as the latitude
of Coroere (Corror on Friedrichseu's and some English maps), the
channels between the outer reef and the islands become on the
whole somewhat shallower, but the difference is not great; nay,
in many spots, as, for instance, in the eastern passage into the
harbour of Coroere, they atsain at least as great a depth (eccord-
ing to Friedrichsen, whose map may in tlis matter he relied
upon) as in the western channel at the latitude of Aibtkit, and
in this median region of the islands the reef, both in the east
and west, lies at a considerable distance from the land it en-
closes.

Farther to the south, however, the condition of things alters
considerably. From about the latitude of Urndzapel (Urucktapel
of some maps) the two sides of the reef rapidly close in towards
the islands, till Pelelew exhibits a barrier-reef with a shallow
boat channel on the north-west side only, while the south and
the whole east side are surrounded by a true fringing reef clow
to the shore, Caie L

Even the barrier-reef fo tite Jor th-west of Pelelew ® soarcely
to be called a b\mer reef ; 1&‘3: outer edge i at about 600
paees from the shore; the surface of the reef, like that of the
eastern reef of .Bﬂbolthunp, is only nxgnue by boats, and
at high water ; a true channel is wholly wamm ilie reefis
mercl) mtmmted by a greatnumhex of snul]evcaualb of various.
widths and deptl, ns is the case on the eastern reef of the _
northern” island.  Finally, its outer margin is not much
raised. However, this portion of the reef of Pelelew may cer-
tainly be designated as a barrier-reef, though with a certuin
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straining of the term ; but there can be no doubt whatever that
to the southwards it very gradually passes into a fringing veef
as charactevistic as any to be found in the Philippine Axchi-
pelago ; and those islands, according to Darwin, may with the
greatest certainty be classed among those which, being sur-
rounded by fringing reefs, ought to indicate a region of recent
“upheaval. o

The space included within this southern reef exhibits a
few significant peculiarities. No true deep channels oceur
“ here, and where %they do occur, about the border region near
Coroere, they soon disappear as we proceed southwards. The
western and eastern reef, enclosing the numerous small
islands, surrounds, on the contrary, an almost horizontal level
which from west to east may be at least ten nautical miles
across ; and, extending from the southernmost point of Palelew
almost to Coroere, it is about twenty-two miles long, Thisenor-
mous and, as bhas been said, almost flat surface is traversed in
every direction by numerous channels intersecting it at right
angles. The average depth of this pool itself may be a few
fathoms, but on its northern side it suddenly falls to the depth
of the channels there, namely, from fifteen to twenty fathoms.
On the east side the reef becomes at last so decidedly a fring-
ing reef that natives are always forced to gain the open sea
i they wish to visit the villages Iying on the east coast.
Towards the north again, in the vicinity of Malacca (see Map),
this fringing reef becomes a barrier recf. Finally, it must
be observed that here, to the south, the eastern and western
weefs show the same =difirrences as I have alrveady described
minufelyin speaking of Kriangl& ; those to the west generally
seem to lie deeper than those on the eastern side, and they are
strewn with numerous large blocks of dead coral, which are only
very seldom covered by water at the highest flood tides ; those
on the easteyn didelie, on the whole, at a higher level, are formed
almost enticely of deiid, coral, and Jarge blocks of derd coral are
never found on their exterior edge. -

VI.” The prolongation ‘of the Pelews to the north and
south.—Tt caunos, I think, be disputed that the reefis and islands I
have been describing belong to each other; but it is very pro-
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bable that the submarine mountain ridge on which the Pelews
stand extends much farther to the north and south. The island
of Ngaur (Angaur of Friedrichsen’s and other maps) lies
almost exactly south of Pelelew, and is divided »from it by a
very deep channel about five miles wide. Still farther south-
west of Ngaur a small shoal is marked on the same map, which
is certainly formed of corals, and which has not more than ten
fathoms of water over it. Unfortunately I was not able to
visit the island of Ngaur myself ; the natives of Pelelew, among
whom I lived for nearly three months, persistently refused to
take me there, because, as they declared, it was possible to land
at one point only, and even there it was always very dangerous.
They asserted that the reef everywhere clung to the shore, so that
it was impossible to land excepting in a quite calm sea. I had
already formed an idea that trne reefs did not occur on the
coast of Ngaur when I had passed between that island and
Pelelew on the way hither, and this conjecture was confirmed by
the statements of Herr Kubary, who, more fortunate than T,
wiis able to visit Ngaur, and by his account (communicated to
the Journal of the Godeffroy Museum) this island is in fact
devoid of a reef,

The, submarine ridge on which, to the north of Babel-
thuap, Kossol and Kriangle stand, is indicated in older maps
as reaching much furtker to the north. On this there is
a series of soundings extending five nautical miles to the west
and north of Kossol, and within these limits, indicated by
a dotted line, there is, according to Friedrvichsen, a small
shoal only shown by the words ¢ heavy breakers' (starke
Drandung). Thus there is here a reef of about the same
height as that of Kossol, bu‘ quite divided from it by a
chaunel five miles wide. Direci!y north-west of Kriangle there
lies the well-known reef of Aruangie, at a distance of twelve
miles, yet within the line of breakers marlcdy on the maps.
Aruangle sgems to be a true atoll; it is always s<id to be one,
and, as I believe, correctly. ~At any rate the description given
me by the natives of the island, v hich was formerly ir habited,
entirely agreed with this hypothesis. An attempt I made to
induce the people of Kriangle to visit Aruvaungle failed entirely,
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and my escort from Aibukit was to unfamiliar with the route,
which is said to be not without danger, for me to undertake it
without any other guide.

1 believe- that we may unhesitatingly include these last-
mentioned reefs and islands with the Pelew group proper, as
belonging to the same system of elevations rising from the
bottom of the ocean—a system extending about eighty-five
miles from north to south, and measuring ten to fifteen miles at
its greatest width. I intentionally say a system of elcvations, fur
it seems to we quite impossible to suppose that this group of
islands and reefs can have been formed by a subsidence, as
Darwin’s theory requires us to assume. To make this quite
clear, we will endeavour to account by the theory of subsidence
for the observed phenomena that I have deseribed.

VII. The theory of subsidence as a means of explaining
the origin of the Pelew Islands.—If we suppose that the sub-
sidence has been equal everywhere throughout the group, us
must b allowed according to Darwin, it is, in the first place,
difficult to see why in the north only isolated atolls, in the
middle barrier-reefs, and in the south only fringing reefs, have
been formed ; and why, farther south still at Ngaur, all reef
structure should have almost ceased. According to the pre-
dominant views it is allowable to regard the depth of the reef
channel of Aibukit as a standard of racasurement for the sub-
sidence that has taken place, This would thus amount at a
maximum to about fifty fathoms. Now if we imagine the
islands in the north to have been raised to a height exactly
corresponding to the agtual amount of the assumed subsidence,
the bottqm of the channel between Babelthuap and Kossol, as
well as that between this ato]l -and Kriangle, must have been
in the highest degree favourablc-to the estublishment of a growth
of corals. But this lias not been the case; on the contrary,
the channel, to ‘ht north of Kossol is entirely fres from them,
and thag to tha south more or less so  If the form of the reef
wyore indeed due to subsidence ouly, the present fifty-fathom
line of toundings must coinvide with the ontline, at -any rate
of the main featnres of the reef now existing; the facts of the
case are precisely the contrary. Hence we must in the first
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place conclude that subsidence alone has not here sufficed to
produce the forms of the northern reef of this archipelago ;
since, for instance, it must have caused the isolated blocks of
coral in the southern channel of Kossol to form hish reefs, just
as much and in the same way as has happened in Kriangle or
on Kossol itself.

Thus we are obliged, under all the circumstanges, to assume
the co-operation of some other force besides subsidence when en-
deayouring to explain the peculiar formation of the northern
reef, but still, without wholly excluding the effects of sabsidence.
That force, as I believe, can only be sought in the action of the
constant currents of the sea ; for no other influence which might
check the growth of coral—such as sand, ooze in the water,
strong streams of fresh water, &c.—can be adduced in explanation
of the conditions and behaviour of this reef, nor have they ever
come into play in these spots. But the currents which during®
rising tides here run strongly to the east, and at ebbing tides to
the west, might very well have acted on the original fjrrows
between Kriangle, Kossol, and Babelthuap, so as to widen
them to channels as these first sank below the surface of the sea,
and so have opened the way to the influx of the tidal currents.
Thus, combined with the currents, subsidence might have pro-
duced the form exhibited by the northern reef. However, it
has always seemed to me to be a very weak point in the,
theory of subsidence, that it is evidently insufficient to explain’
some particular cases, and requires to be supplemented by some
auxiliary foree standing in no direct causal connection with the
theory itself; and I am convinced that many similar instances .
will be found as investigators begin to take the trouble to study
separate reefs more exactly than hss hitherto been done.

A second difficulty occurs as tuilows. I have already stated
that the triangle lying hetween Pelelew, Urudzapel, and the
Urulong Channel, constituting nearly a fifth of the super-
ficies of the wihole group, is almost level, and lies, in section, at
from two to four fathoms under water at high tide. This lovel
bottom consists of solid limestone wnich, rising gradually, con-
stitntes the numerons islands, composed of the same stone,
which are seattered about the smiface. It is cut tlu’ough Ly
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numbers of narrow canals with perpendicular sides, usually
from two to three fathoms deep or even more, and evidently
cut into the stone by the action of currents; they grow deeper
and broader to the east and north-east, and there ultimately fall
into a wide basin, extending as far as the south point of Babel-
thuap, and between fifteen and twenty-five fathoms deep. The
rise of this Fmestone bottom is just as gradunl towards the
onter reef—where it appears as its internal declivity—as its
he rocky islands; still it nowhere consti-
ing reef. These conditions
hypothesis of recent sub-

slope where it forms t
tutes any portion of the present liv
are very difficult to explain by the
sidence. If such a process had in fact and exclusively eflected
the submergence of the limestone plateau, this must have ac-
quired its peculiar structure before this recent subsidence was
initinted, which is in itself highly improbable. The whole
'plnteun, on the contrary, with its channels, prodrees the im-
pression that it has been recently formed during a period of
rest o= of slow elevation. But the limestone plateau affords
even better arguments against the assumption that subsidence
was going on during the formation of these reefs. Wherever
the limestone islands of the southern region are exposed to the
denuding action of the rising tides, a wall like a hollpw cornice
vises abruptly from the base of the island which slopes up
. gradually from the submarine level, and its summit, which
often overhangs to a dangerous extent, has a growth of shrubs
or trees. This hollowed-out base, which would show a highly
coneave section, is from Six to ten feet high; at the highest
flood-tides the water rushes into it with great force. and its
face erhibits many smaller holes and fissures, often eaten into the
solid rock for some feet. Ia'many spots the overhanging sum-
mit threatens to fall, and tHab guch catastrophes are (Ecrtninly
not rare, may be seen by the piled-up fragments which in many
places lic haif In the water at the foot of the islands. This
geems to me tn plove convincingly t-hat,. a subsidence has not
* taken place, for it is not cleart how, during subsidence, such a
form bf the internal limestone platean and its transition into

the islands rising from it could have originated.
5 needed that the phenomena here

It might, however, be €0
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described make the theory of a recent subsidence untenable as
regards the southern portion of the group, without our being
obliged to deny the possibility of such action for the whole
group. If, for instance, it is assumed that the mabsidence has
not taken place equally, but that by a sort of tilt the northern
portion has subsided most. the middle but very little, and the
south not at all, all the observed phenomena might be accounted.
for, or at leastsapparently explained. Nay, more, the pre-
gence of true fringing reefs to the extreme south of Pelelew, and
thetotal absence of all visible reefs round N gaur, would, from the .
point of view of the Darwinian theory, indicate a past process of
elevation of the region south of the axis, if it were assumed that
this point of equilibrium and perfect rest had been somewhere
rear the northern point of Pelelew.

Now I shall lay no great stress on the internal improba-
bility of the hypothesis that such an unequal movement should
actually have occurred in s6 small an area, which, beside, rises
from the depths of the ocean perfectly isolated from other
groups of islands. Indeed, the difficulties here raised would by
uno means be removed in this way; they would rather be
essentially enhanced, from the fact that south of Ngaur a
submarine reef is found very near to that island, and its
being divided from it can be explained only by snpposing that
somie other forces have been at work besides subsidence only,
Thus even if it were admitted, in spite of the facts which are
directly opposed to it, that the impossibility of such a subsidence
is not conclusively proved by them, we should still be com-
pelled to acknowledge that the fluence of the constant cur-
rents must be, in all cases, an essential factor in thechistory of
the origin and formation of thege islands.  For, to insist once
more very positively on this peint, during sabsidence the coast-
line of the sinking island would fecessarily be preserved, as
Darwin even will admit ; but this, as is provedby my data, has
not been the case, and hence the subsidence thedry, by itself,
ceases to be applicable. This, naturdlly, darrows its whols
general.value; for if it is impossible in a special case like the
present to explain the civeumstances by the only force which
that theory admits to be efficient and determining, and if, in-
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stead of it, we are compelled to have recourse to various other
forces to aid us to a solution, the problem of showing that a
subsidence must nevertheless have taken place belongs more
than ever to the prevailing theory. But in the case here under
disenssion such an attempt is met by an insuperable difficulty ;
this was briefly alluded to above, and must now be discussed
somewhat more fully.

The submaifhie mountain district which seryes as the foun-
dation of the whidle group is extremoaly narrow; at the widest
part the western reef is at most from twelve to fifteen miles
from the eadtern‘one. Nevertheless, these reefs are extraor-
dinarily dissimilar in structure ; even in the small and indepen-
dent atoll of Kriangle this difference is conspicuons. The
eastern reef is everywhere much nearer to the shore than the
western, A navigable channel between it and the included
islands occurs only at about the middle of Babelthuap, Where
Altngot Passage (see Map I.) has-been formed, according to
Friedrichsen's map, by an outer reef lying in front of the
island reef proper. The eastern reef, so far as I have seen it,
nowhere exhibits a line of dead coral-blocks above the highest
tide mark. And yet this is the weather side, on which only, it
is said, such blocks ever occur. The western reef, on the con-
trary, is invariably characterised by them. DMoreover, while
the western cliff is throughout a true barrier reef, almost down
to the southern point of Pelelew, the eastern reef can hardly be
regarded as a barrier reef even at the north of Babelthuap ; and
southwards for about the lower third of the group, it assumes
the character of a true fringing reef.

This difference, and" the incontrovertible fact that fringing
reefs predominate on the e-a-stern coast, cannot by any means
be reconciled with Darwin's * theory unless we suppose, as
Darwin has done and as Dana ‘evldenﬂ) fain would do, that
such a veef formatum might take place even during subsidence.
But, according to Darwin’s own admission, this involves the
nssumption tlmt the seeward declivity of the onter Teef is ex-
tremely steep. This hypothetical steepness, however, o« curs in
the Pelew Tslands only on the west side, w hile, in absolute con-
tradiction, the eastiaen declivity is remarkably gradual. From
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the tops of trees in Kriazl@T could clearly discern that there,
too, the light hue of the water to the eastward depoted a
shelving shore, while ofi the west the deep blue sea comes
close up to the outer edge of the reef. S nchorafs can be found
_ outside the reef on the eastern coast, but not on the west, and
the same is true of Kossol and the northern portion of Babel-
thuap. We could venture on the west side close up to the
reef in our scheoner; in cruising we were nok foreed to tack
till within a few hundred paces of the shore. This would
be quite impossible on the eastern side, where for the whole *
distance from Roll to Kossol T could still clearly see the corals
at from one to two geographical miles from the shore. Again,
it is now very difficult to enter the harbour of Coroere, formerly
a very good one, on account of the numerous shoals and the
shelving upwards of the sea botlom, and this I was assured of
by Captain Woodin at a time when I still believed implicitly in
the absolute correctness of the subsidence theory. Finally, on the
western side of Pelelew, where the reef is not a perfectly
characterised barrier-reef, the ¢ Lady Leigh’ appronched within
a hundred paces of the veef, while on the east coast a wide
belt of light blue water extends far out to sea.

Here we find a state of things precisely the reverse of what
Darwin in the second edition of his book has adduced as an
argument against my viesvs, Where, according to him, there
should be an extremely abrupt declivity, it is not to be found,
and where it does in fact occur, as on the west coast, no fringing
reef is formed.

A glance at an ideal but corvett section of the Pelews ine
various spots will here throw,light on what I have advanced,
and at the same time conclusively show that in this particular
instance the principles of the sutsidence theory do not suflies to
explain the peculiar formation of the reefs. And even if, like
Darwin and Dfina, we set aside this diffical#y, g0 many, as
we have seen, still remain that their ¢heory” must call in
the aid of other forces—namely, currents—to enable us to
understand the structure and origin of these reefs. Hunce, in-"
evitably, the question arises whether perhaps the auxiliary canse,
which is indispensable to the subsidence theory, may not have

8



258 THE INFLUENCE OF INANEMATE sunnonhmmas.

Leen the only efficient cause ; and,omgreover, the further enquiry
whether this auxiliary cause, in combination with a slow up-
heaval, might not have been perfectly competent to give rise to
every form of reef, simultaneously and side by side on the same
area. Many celestial phenomena can be explained, and long
were explained, by assuming that the sun moved round the
eavth ; the consileration that it was insufficient to explain other
facts allowed usto perceive its complete absurdity. But it is
, not always the ease that one explanation perfectly excludes the
other. We know that in most plants chlorophyll is formed only
under the influence of light ; an exception is found in many

3 nantical miles

o ; : .; neutiond miles,

F16. 70.—a, soction through wrinnsle; b, section through Babelthuap near Afbukit;
¢, seotion thirongh Pelelew,

Coniferm, in which the same l‘g\x‘f@een is elaborated even in the
dark. Hence we must conclude that other causes besides those
that act on broad-lgaved plants are capable of producing the same
results.. We know, generally, that nature has in many cases
“made use of diffecent waeans to produce results which to our
.eyos seem identical. Thus, fo return to the matter in hand,
we still have to investigate the question whether the same
results might not have been produced by the auxiliary canse,
assuming an upheaval, as by the hypothetical subsidence ; since,
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even under the assumption of the subsidence, they still could
find only a forced explanation by the help of some other agency.

To guide us in this “enquiry, it will be well to collect and
collate the facts which may directly prove a Tecent upheaval
in the Pelew Archipelago.

Evidences of recent upheaval in the Pelew Islands—1
have already pointed out that the huge blockmof coral lying én
the outer margin of the yestern reef, in my opinion, can only be
regarded as evidence of a recent upheaval. Sincs, however, this
may be disputed on familiar, though not perhaps very strong,
grounds, I will not attribute to it any great importance,

The following stronger grounds, on the other band, can
hardly be doubted. Most of the islands are high ; to the south
they rise to 200 or even 300 feet (at most), while on Babel-
thuap there are hills said to be 2,000 feet high. Their structure
sufficiently proves that they owe their origin to a yoleanic
upheaval in quite recent times.

Between the islands of the north and south a marked con-
trast is visible ; while the former are almost exclusively voleanic,
by far the greater number of the latter are formed of upheaved
and partly metamorphic coralline limestone, This contrast is
g0 sharply defined that even the natives have distinctive names
to express the difference ; the islands formed of coralline lime-
stone they call ¢ Kokeal,” the volcanic islands ¢ Royoss.’ .

A recent work by Dr. Wiechmann treats of the geological
structure of the northern islands. This geologist % has come to
the conclusion, which is confirmed by Herr Giimbel (inspector
of mines), who examined my collection of minerals, that tie
eruptive rock is augitic Apdesite. Wiechmann also came to
the conclusion—without havirfgebeen to the islands, and simply
from studying the fainerals col'fecteg there by Dr. Kubary—that
the eruption must have been submarine—a view I had long
since taken, from a study of the islands thenfselyos, _He also
approximgtely determined the period of he ertiption ; he is of
opinion that the upheaval ifinst have taken place during the
latest period of the tertiary epoch. A remarkable fe:atuue, not
mentioned by Wiechmaun, is the distribution of the various
voleanic rocks in Babelthuap. The solid eruptive rock, Andesite,

82
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according to my observations, occurs exclusively, or nearly so,
on the east side of the island, while, on the west, the lower hills
consist of red tufa and strata of rolled pebbles; these are but
rarely traversed by the Andesite core which forms isolated high
hills. Thus, for instance, the summit of that known as ¢ Royoss
Armlimui’ (see Map. I), which 1 did not ascend, from Kubary’s
information appears to consist of Andesite, and the black
colour of the peak confirms this. These differences in the
geology of the country are marked by a corresponding variety
in the landseape. . While on the western side the slope of the
land is generally gentle, and small islets formed of tufa lie
scattered on the surface of the inner reef, the eastern side is
everywhere much more precipitous. There, where the black
Andesite rock rises to any considerable height, we frequently
find a quite perpendicular precipice. This is apt to hang over
at the top, and its base, hollowed away by the surf, generally
slopes' to a continuous bottom of the same rock ; but we no-
where meet with separate islets, such as are to be seen on the
western side. There the strata of tufa are almost horizontal,
with a slight dip to the west; according to Friedrichsen’s map
these also oceur in the island of Aruangle, since, from Kubary's
account, the natives declare that it consists of ¢ Royoss.! Cer-
tainly the description I had of it in Kriangle does not agree
with this. However, be this as it may, so much at least is cer-
tain, that at a former period the tufa of the west extended
much further than it now does, since a few disrupted islets of
tufn lie on the surface of the inner reef at one or two nautical
miles from the main island.

At the southern end of Bnbel'huap the eruptive rocks are
combined with the limestone rncks called ¢ Kokeal.! Still there
are but a few spots where tho)".ie directly one on the other, 1
uyself, in fact, have never seen them in such Juxmposntxon but
Wiechmann stat 2s; vn the strength of Kubary’s obsrvations, that
solid limestone lies i modmtely upon the black Andgsite at the
eauth-east end of ﬁabelt.huap, a spat 1 bave not visited, Simi-
far exautples occur, according to this observer, on two small
islunds lying to the south of Coroere. But, irrespective of these
localities, the islands composed of volcanic rock and of coralline
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limestone mutually exchud® each other. In the border region,
about the middie of the group, they are mingled without order;
thus, for instance, the §sland of Coroere, consisting entirely of
tufa, is close to the limestone islands which lieeby the southern
point of Babelthuap ; then again we find a limestone island, and
then the wholly voleanic island of Malacea, and between these
larger islands there are numerous smaller ones, some of coral-
line limestone @nd some of tufa.

Yet farther to the south the Andesite and voleanic tufa
wholly disappear, and all the islands south of the latitude of
Urulong (see Map I.) consist exclusively of upheaved coralline
limestone, partly very highly metamorphosed. Thesa are, with-
out exception, true raised reefs, as is seen from their general
form, the equal level of their summits, and the fossils found in
their strata ; their structure and their connection with the still
living reef prove, too, that they are of quite recent origin. It
will be well worth the trduble to study the arguments»for this
last statement somewhat more closely.

The height of the cliffs of the various ¢ Kokeal’ islands
differs greatly ; the highest ave from two hundred and fifty to three
hundred feet above the sea, the lowest often scarcely ten feet
above the water. Even in the same island, as in Pelelew, this
difference occurs. The western cliffs of this island rise to
about 250 feet with a perfectly horizontal top ; the eastern cliffs
at Ardelollec, on the contrary, are at most eighty feet above the
seq ; their top, too, is almost horizontal. Qnuite at the south of
the island, again, we find cliffs which stand bavely five to ten
feet above the sand thrown up ,by the waves. In general the
northern islands of the ngeul ave the loftiest ; but even there
they certainly never reach, the height ascribed %o them by
Friedrichsen of fyom fifteen byndred to two thousand feet.

The geognostic structure of the Kokeal islands is also very
various. Sometimes the cliffs are compoged of very dense
limestone in which hardly a trace of fossils can be found, or in
which the coralline structfyre has beea preserved ; in the latter
case the rock 4s sometimes hard, as if infiltrated by a dense
almost erystalline limestone ; or it may be chalky, as white as
snow, and easily friable, The cliffs of* R’g&nr and Pelelew,
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for instance, consist of such a snowswhite rock, and their
gleaming perpendicular walls form a landmark from afar for
the sailor. The masses of fossils found in them, both corals and
shells, are for the most patt merely impressions preserved in the
limestone. This is difficult to detect at the first glance ; for the
corals especially, or rather their impressions, lie so wonderfully
closely that they.seem to form a dense mass of compressed
corals. :

The geographical distribution of these different kinds
of coralline linestone also offers some striking peculiarities.
All the Kokeal islands which I saw, and which lay in the
vicinity of voleanic rocks—as, for instance, those in the neigh-
bourhood of Coroere—consist of dense limestone which is often
semi-crystalline ; when fossils occur, they are firmly imbedded in _
the rock and preserved uninjured. These islands also yield
exclusively the large pebbles of arragonite which are used by the
natives of the island of Yap lying a hundred miles to the
northward—as a kind of money in great request. The more
remote the islands are from the centre of voleanie action
presumably situated in the middle of Babelthuap, the less
prevalent is the limestone, dense or crystalline, till in the
south it finally quite disappears,

The fossils contained in these rocks show, in conjunetion
with other peculiarities in the structure .of the upheaved reefs,
that these reefs belong to quite a recent period, and that, in
fact, we must regard them only as the beginning of the reefs
now in course of construction in the neighbouring seas. On the
island of Noerkessul, lying ¢n the eastern reef of Pelelew,
which is only about twenty to twanty-five feet high, I found
with true Astrwide, imbedded- in the rock, a tooth of the
Indian erocodile, which still is &und there, “though it is not
frequent.  On the little island of Calacoligoll, which is almost
on the outer ridgeof\the western reef of Pelelew {that is to say
tiot more than 120 feetfrom it), T found a large block, at Jeast
fiva feet in length, in which the imbedded corals Rtood'upright,
atd among’ them were shells of *Pholas and numerous tithes of
Vermotus gigas, whigh still lives and is very common in the
gea close by. The centro of Pelolow is from twenty to twenty-
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five feet above high-watgr mark ; the chalk-like cliffs rise from
the sea perpendicularly, or at any rate very steeply, and the
inner base shows clearstraces of the effects of surf at a former
period. Here constantly ave found hegps of torp-up rocks and
fossils ; but those fossils which were found on the inner side
of the cliffs were quite different from those of the outer side—
numerous Fungi®, which are very near to living species, or
may be identical, many Pectens, with enormduas masses of two
or three species of Mycedium and Agaricia, belonging to the
most delicate forms of the genera. These two corals form the
greater part of the rock of which the cliffs edhsist:” y

But besides these reasons, already indicated by Wiechmann,
for assuming a recent upheaval, there are other factors which
confirm this evidence. The eastern reef of Pelelew has all the
character of u fringing reef ; the outer edge, which is scarcely
raised, and which in many places lies at most at 100 feet from
the shore, gradually passes into a manifold series of raisgl clifis.
Those of the first series are mostly only six to ten feet
above the strand, which slopes down to the reef; the base is
much hollowed out by the waves, and passes without interrup-
tion into the surface of the dead reef; it also consists entirely
of Astrea and Meandrina, partly metamorphosed. The surface
of the dead reef next to the strand is almost horizontal, but it
drops by little shelves hardly more than a foot high, till the
lowest of the terraces thus formed is covered at high tide by
from two to three feet of water; then, gently shelving down,
the dead portion of the reef merges in the living, of which, as I
have said, the outer edge is but little raised. All these terraces
are quite smooth, and without any trace of large coral blocks
throwi up by the waves. Irom these indications wo may safely
infer that elevation has takén place within a very recent
period ; for otherwise it is difficult to see how the still living
reef could besa direct continuation of the raised dead coral.
Quite identical phenomena are displayed, as r\}mi'e said, on the
cast sidé of Kriangle, o o e /

The facts here adducad suflice, as it seems to me, to prive
that, in the first place, a quite recent upheaval must have
occurred ; and, secondly, that that period vftupheaval must have
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passed into the present condition ‘of.very slow elevation or
absolute rest without any conspicuous break.

An attempt to explain the structure of the reefs of the
Pelew Islands. —I have. said that the theory of subsidence is
insufficient to explain the sections given on p. 258, since, according
to that theory, on the steep west coast there ought to be a fringing
reef, and on the shelving east coast a barrier reef. Exactly the
contrary is the case. 'The occurrence of shallows without reefs
close to atolls, as at Kossol, and of high reefless islands, as
Ngaur, the hwh blocks on the west side and outer edge of
all the western reefs, the extensive, almost horizontal, sub-
marine level to the north of Pelelew, the uninterrupted connee-
tion of the eastern reefs of Pele)cw and Kriangle with the
dead raised coralline eliffs—all these facts are arguments, hardly
to be refuted, against a recent subsidence. And if all of these
should be explained away by arbitrary assumptions of Which
the bacalessness could only be proved by fresh investigations
carried out on the spot, we still should be obliged to accept the
degrading “action of the movement of the sea, and, above all,
that of constant currents, as causes co-operating with the
supposed subsidence. I, of course, readily admit that these
must have had their effect, but I positively dispute that the
recognition of these effects proves the necessity of a subsi-
dence. On the contrary, I believe that those apparently
secondary causes would be far more likely to be effective during
a period of elevation than when combined with subsidence, and
that all the conditions I have described which argue against
w subsidence under the other hypothesis may be perfectly ex-
piained by easy and independent assumptions. This, in the first
instance, applies of course only to “the structure of the Pelew
reef, and it must remain for furfhfr investigagions to det¢rmine
how far similar conditions may exist or not in other coral
islands ; since the proof that here, in the Pelew Islands, subsi-
dence can-:ot fuwo beenﬂ the special cause which has determined
tbe form ‘of the reefs is, self-evident]y, no proof that in other
groups sybsidence may not have been combined with the
upward growth of thc; reef in the form impressed on it by other

causes,
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In the seventh chaptér we have already seen that not
individual corals only but whole reefs are influenced in the most
decided manner by two*forces, i.e. the strength and the direc-
tion of constant currents impinging on ¢hem. Fheir favourable
development depends, no doubt, on other things, as the warmth
of the water, its chemical composition, the accidental mingling
of species, &e. ; but all these influences, in my Spinion, gink inte
the background in comparison with currents; for though they
may impede or even destroy the existence of the polyps, they
never, so far as I can seo, force them to deyelope in any par--
ticular direction. Now this, as I have amply explained in
Chapter VIL, is in an eminent degree the effect of constant
currents. Moreover in this investigation it is not our business
to determine whether corals can thrive, or even grow at all, in
this or that particnlar spot, but exclusively to decide whether
the forms of particular reefs, under circnmstances of unhindered
growth, can bs explained by known causes, 5

We must remember that wherever constant and deep
currents impinge on a coast at an angle, the reef will inovi-
tably grow upwards perpendicularly if the force of the current
is sufficient ; and, on the other hand, that many species of coral
have a tendency to grow equally in every direction, as far as

circumstances allow, so long as shallow currents flow horizon-
tally over them. o M

The high seas, the open ocean, exhibit both these modes of
motion of water in the most conspicuous degree. Tate researches
have shown us that strong currents often flow at great depths ;
these constant currents maintain the same direction the \\'11019
year through, though their force may vary ; even those arising
from the ebb and flow of the tide vary in strength under the
influence of the prevailing vinds, but never, or rarely, in
direction. Besides these currents Tlowing at great depths there
are, in the secofid place, quite superficial opescwhich are some-
times variable, particularly if they are affacted by the prevalent
winds, or sometimes very e'&ustmxt, as“in the case of the drift
in greah seas, , : .

The Pelew Islands lie, as is well known, within the region
of the north equatorial current flowing from east to west in the
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Yacific Ocean. This current, in corjunction with those caused
by the ebb and flow of the tide, impinges perpendicularly on the
broad side of the group ; hence on theircastern side there is a
triangle of comparatively still water, since the main current
must part before the insuperable barrier; and, within it, only
the more superficial currents can produce any effect. These,
however, here in the Pelew Islands flow almost constantly from
east to west ; on the eastern reef along line of breakers is always
visible even during the short period of the south-west monsoon,
and even at the highest tides it is always dangerous to cross the
reef here. On the western reef, on the contrary, at high tide
and in a calm sea, the water over the exterior edge of the reef
is 80 perfectly still that it may be paddled across in a boat with-
out any danger. The currents which run past the islands to
the north and south, or between the separate islands, whether
as tidal currents or as part of the great north equatorial current,
" on the west side, turn at an angle to the north or south. In
correspondence with these facts we see that in a rough sea a
wave falling on the outer reef propagates itself in the direction
indicated, while analogous waves on the east break simultane-
onsly on almost the whole length of the shore. In connection
with this, indeed, there is another fact which surprised me very
much the first time 1 observed it. It is usually supposed that
while the tide is rising, the water that flows in the lagoons or
lagoon channels is thrown into them over the outer margin of
the reef. This is certainly not the case in the Pelews; almost
all the water flows into the natural channels as readily as it
flows out of them. This is proved by the facl that during the
rising tidq_the cnrrent"prd'duoed,\m the surface of the reef
does not flow into the channel from the outer reef, as would be
expected if that hypothesis wers correct, but on the contraxy
from the channel towards the reef. During my first expedition
cn the western meef, iy life was in some danges from this cir-
cumstance, ther: unknawn to me, for 1 had gone so far from the
Boat that I had gréat difliculty in gétting Lack to it again.
* Tet s now endeavour to explain the observations I heve
communieated on the assumption that both these classes of
currents were active agents during a period of upheaval in
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these islands. I hope tifus'to succeed in showing that in this
particular instance every difficulty vanishes which can be raised
by the hypothesis of subsidence.

In Kriangle the boat-canal cut thfbugh thé eastern reef,
andl the large coral blocks lying at the south-west point are
easily explained by upheaval, as also the structure of the
eastern reef. On the western side the current.attacks the reef
at an angle; hence it must grow upwards perpendicularly.
Thus, by degrees, the corals elevated above the level of the
living reef must die out ; they remain standing, however, and
are slowly destroyed by wind and weather, the softer parts first
and the harder portions later, and these naturally endure the’
longest where they are least and most rarely exposed to waves
and storms. This in Kriangle is the case precisely in the
spot where the highest blocks lie on the outer margin of the
reef. On the eastern side, on the contrary, the ocean drift,
combined with the constant current to the westward; falls
perpendicularly upon the reef; the billows are still, further
increased on this side by the gentle slope of the sea-hottom, so
that a strong, and above all an unremitting, wearing-down
process is exercised on the reef. Here, on the weather side, it
is said that the largest thrown-up blocks ought to he found;
but this is not the case, and it is easily explained. If we
suppose that such blocks were actually thrown up for onge,
they must soon have been destroyed by the incessant action
of the waves beating directly on the reef; and the same is the
case naturally with all corals which have been lifted above the
highest storm tides during a slow elevation of the outer margin
of the reef. . y - o

One objeotion only ean be raised. The lagoon, that is to
say, which is enclosed by the recfs, might with apparent justice
be adduced as evidence against an dpheaval. And this wounld
in fact prove a great obstacle to my views if itswe;-_-e necessary
to assume a very rapid elevation of the whole archipelago. Bug
as the case is precisely the rewerse we niust assume a very slow
upheaval, and it 15 easy to offer an explanation of tie origi
of a lagoon, in spite of a slow rising of the Ittom. Reflect, for
% moment on the instance, discussed in the Previous chapter, of

ne
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an old colony of Porites. Its surfaie,dn the first instance quite
level, will be gradually hollowed out by various co-operating
influences, and so at last a raised margin, only cut through by a
few channels, «vill sursound a central hollow. A precisely
similar result may be produced in a reef undergoing slow up-
heaval. Suppose, for example, that Kriangle had a tolerably
level surface, like the shallows to the south of Ngaur, or like
Kossol, before it was raised to the average level of the sea : from
the first moment when it was exposed to aerial influences a
. process of destruction must have begun on the surface of the
veef, perfectly analogous to that which takes effect on large
isolated coral blocks. Animals and plants first establish them-
solves on the surface of the reef, which is certainly highly
favourable to them; they excavate and penetrate the solid
limestone of the coral in every direction while the rain falling
on the face of it kills the polyps themselves ; the rain and the
+ sen-water flung over the margin of the reef must remain there
if they can find no outlet. In the first instance the water on the
summit of such a rising reef may often remain standing, but
channels must soon be worn through the constantly growing
and rising margin, or submarine drainage may easily arise, since
boring animals and plants are able gradually to destroy even
the hardest limestone. That there are channels of this kind
in Kriangle may be inferred from the fact that at low ebb-
tides the water in the lagoon stands at no higher a level
than it does outside the atoll ; but this could not occur if the
water thrown over into the lagoon at high tide did not easily
find an outlet through the reef itself, for surface channels,
‘which might serve the samé purpose, are wholly wanting. The
extrenie porousness of the soil of Kriangle below the sea-level is
also proved by @nother fact. The inhabitants have sunk deep
wells, and a very large tankgabout ten feet, deep, for bathing pur-
poses; the water in these is usaally fresh, as they fill during
the rainy sefson. But®when, after persistent drought in the
dry season, the 16vel of the watgF sinks considerably in the
‘basin, the bottom of it is frequently brackish®and that.without
gtorms having arg: to cause the sea-water outside to wash over
the low island and fnto the tank or the wells. Thisshows that
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sea-water can percolate fhrbugh the walls of the atoll-reef into
these reservoirs, and consequently proves that the soil must be
pierced by larger or sdialler channels. The raised limestone
islands of Kokeal are similarly porous® One very small island
close to Coroere has quite the structure of a true uplifted atoll.
A high wall of metamorphic coralline limestone surrounds a
deep lagoon on sll sides, and no channel leads from this to the
sea at the presént day. There is a little ridge, which may for-
merly have been a channel, to be crossed in order to reach the
lagoon. Nevertheless the same fish are found in the lagoon as
outaule the water is equally salt, and its level rises and sinks
regularly with the tidal flow and ebb. The following circum-
stance is even more conclusive. Onone of my excursions round
Pelelew, before going into the harbour of Nasiass from the sea, 1
saw ont at sea a wide current of yellowish water, almost fresh,
flowing from the land; its edge was pretty sharply defined
against the sea water. It’was exactly low water. The‘natives
informed me that this current was always there, thouf-h some-
what more feeble at high tide, and strongest duuug the rainy
geason. Now in the whole of Pelelew there is not one stream.
from which this cnrrent could proceed. All the surface water
percolates at once through the excessively porous soil, and it is
only during heavy storms of rain that dminn.ge streams form
in the gn"us, and thege totally disappear again in a few hours.
This water then runs away through the soil down to a certain
level. But, instead of reappearing at the same level on the sea-
shore, its flow is submarine for a considerable distance from
land—a proof that it must have feund its way through very deep-
lying channels.

If we duly consider a“ shese conditions, it becomes clear
that there is no serious difficulty in the way of the hypothesis
that the lagoon extant in Kriangle should have been the result
of the action of currents on the porous soil durmg & penod of
slow upheaval.

With regard to the reelof Bube]tli\mp, fnere are other obJec-
tions in the way of the subsidence theory ; by far the most grave.is
the gradual seaward slope of the eastern outer reef. But this
and all other difficulties vanish with the bupposmon that the reefs



\

270 THE INFLUENCE OF INANIMATE SURROUNDINGS.

were formed during a period of elévaifon, if we duly realise in
our mind the effects that must have ensued from the combined
action of upheaval and of more or less'constant currents on the
form of the growing reef. To the eastward the impact of the
cwrrent on the island is perpendicular to the face of the coast ;
it therefore beats upon the slowly rising sea-bottom, and, being
tolerably strong in itself, it prevents the perpendicular growth
of the reef corals. The result is that the reefeitself is driven
very close to the coast. Moreover, between it and the foot of
the land no decp channel can be formed by currents, for here
the very hard black rock of the Andesite clifl’ prevents any such
rapid grinding down as is easily effected in the coralline limestone.
On the west coast it is otherwise. Here the currents rarely
impinge directly on the face of the reef, but only at an angle.
I have already shown that wherever strong currents_ sweep
past a reef at an angle these are forced to grow perpendicularly or
nearly’ perpendicularly upwards ; this is everywhere the case on
the western shore. The fact that the outer reef here is separated
from the islands by a channel above forty fathoms deep and

. many miles wide, finds an easy and unforced explanation on the

assumption of an upheaval. Tt is certain that the enclosed
island of Babelthuap was formerly much broader than it now
s, a5 is proved by the existence of the little island in front of
Roll (see Map), which is now far from.the land on the surface
of the inner reef. Now, if we suppose—as we must even on the
theory of a subsidence—that the island, which here consists
almost entirely of tufas, originally extended nearly to the
western outer reef, only narrew fringing reefs could have ori-
ginally been formed on the Western side; but these must from
the firs{ bave grown perpen dicularly, because they were impinged
on by tangential turrents ; and since the tufe on this side could
offer but a feeble resistance o the action of surface-water and
ruin, as well as of the surf beating on it, & small’channel might
soon be forméd between” the veef proper and the cogst. This
chunnel would preséntly grow wider proportion as the enclosed
iland, comsisting of soft stoné, was gradually eaten away, and
daring slow upheaysd it would continue to grow deeper, in pro-
portion as the old pdrous portions of the reef and the rock in
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which it was forming weré more and more. worn down by the
combined action of boring animals and plants, and of the currents
produced by the tides afid by rain. Every stream has, as is well
known, a natural tendency to deepen ‘its bed ;“thus, while the
surface currents setting directly against the reef on the eastern
side prevented a perpendicular growth of the reef, and the hard
rock atthe base of the coral rendered the formation of a channel
between the reef and the land by denudation impossible, such
a process could easily be effected on the western coast by the
destruction of the enclosed island, and thus the reef, forced inte
perpendicular growth by the tangential current, was soon at
some distance from the coast.

In a similar way all the other structural features of the
Pelew reefs can easily be explained by the hypothesis of a slow
upheayal during their formation. It appears superfluous to
discuss them here in detail, since it would involve the repetition
of the same arguments as have been applied to explain the two
principal points. The presence of deep channels in spots where
an easily disintegrated tufa has served as the foundation for
the coral built up on it, the broad and almost horizontal sub--
marine plateau to the south of Coroere, with the narrow channels
that intersect it, the large blocks of dead coral everywhere lying
on the raised outer ridge of the western reef and their total
absence on the eastern.reefs, the gradual transition of the raised
cliffs of Pelelew into the still living portion of the reef, the
drying up of the channel cut by man in the eastern reef of
Kriangle, and the absence of a channel on the eastern side of
Babelthuap—these and many other facts are easily comprehen-
sible if we suppose that the most important causes gqhich deter-
mine the form of the reefs snd the growth of the corals are
those that I haves brought into prominence, ind that they are
precisely such as would most easily prove effective during a
period of slow"upheaval. aft 4

In conclusion there are still one or two objections that must
be discussed, as they are cérfain to bé brought forward against
my view. First, there is the unormous thickness attributed,
according to Darwin’s theory, to the reef riging abruptly from
the sea-bottom ; and secondly, the small depﬂ) in which only, as
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it is said, reef-building corals can exist: Nay, it even may pos.
sibly be said that my explanation as regards the Pelew reefs
deserves no further attention, for the very reason that it ignoyes
these fundamertal factsg which lie at the root of the subsidence
theory. I admit that I bave, up to this moment, left them out
of the question, but I have done so on purpose; and I must
oxpressly contend that neither of these hypotheses deserves to
be introduced into the discussion, for neither of them has been
established as a fact by investigation, but is merely inferred
«from ill-founded observations.

‘With reference to the first point—the great thickness of the
reef—TI must confess that the method of estimating it as set
forth by Darwin and Dana does not appear to me in any way
to establish the conclusions arrived at. Both calculate by the
gsame methed, but with very different results; they agree in
estimating the thickness of the reef on the arbitrary hypothesis
that tae foundation on which the submarine base of the reef
rests, must have the same inclination as is visible to observation in
the iglands enclosed by the reef. Dana indeed assumed a some-
what less steep incline than Darwin ; but it is quite possible, if
not probable, that even Dana allows a too great incline for the
submarine fall of the coast; for we know that even in regular
cones the base usnally exhibits a more gradual slope than the
peak, and according to the subsidence theory it can only be the
peaks of the mountains that rise above the surface of the sea;
hence the base, which is covered by the reef, must probably have
a much less steep incline than can here come under our direct :
observation. Thus, under all circumstances, the ealeulated
thickness of the reef remains hypothetical, since it is founded on
an assumption which is unprovod by observation. Hence, so
long as it is not demonstrated by borings that the reef is in fact
as thick at its outer edge as has been estimated from the angle
of inclination of the Jand surrounded by it, this éstimated thick-
ness cansot be regarded as an available argument for any further
epnelusions. ! X -

« If these assertions as to the depth of thé reef weve actu-
ally corvect, it woufd inevitably follow—from the fact, which
hardly admits of diSpute, that the reef-forming species of coral
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can live only in water of $ndderate depth, combined with the
a sumption that the whole vast thickness of the reef was formed
by such shallow-water spécies—that such a reef could only bave
been formed during a period of subsiderce. Of course I freely
admit that the veef-building corals occur only down to a depth
of twenty fathoms at most. It is consequently impossible that,
during a period of upheaval, they should form a reef of more than
120 feet in perpendicular thickness. But we now know
that numerous animals live at much greater depths than had
hitherto been supposed. The great ¢ Challenger ' expedition and
other similar voyages have furnished proof that a very rich and
peculiar fauna is universally distributed thronghout the ocean,
and we know, moreover, from Carpenter’s investigations in the
Mediterranean, that merely local causes have there prevented
~ the development of an equally rich fauna. We may therefure
infer that the constructive activity of the greater number of
marine animals might very well supply materials for the forma-
tion of a solid submarine soil, even at much greater depths
than those at which the true reef-forming corals arve found.
This probability is raised to certainty by the observations of
Americon naturalists in the West Indian seas. Pourtalés
there discovered a plateau of solid rock many miles in ex-
tent, lying at an average depth of 150 fathoms, and consisting
of a compact conglomezate of fragments of shells and corals
in a calcareous mud with transported rolled pebbles. This
has beon called the Pourtalés Plateau, after its discoverer,
If this plateau were to be slowly elevated, at a rate somewhat
less rapid than that required for the deposition of the new layers
of solid rock, by degrees a sufficiently solid base would be raised
to the level requisite for the existence of reef-building corals, and
these might begin their work on the foundation prepared for
them by other animals. ¥ : %

From all this I infer the process of reefformation to be
somewhat_as follows. In the first instance, during the rafs-
ing of the sea-bottom, only the foundation for the coral building
would be formed, and the inclinaiion of the platean thus formed
would certainly be very inconsiderable. Flere and there chan-
nels would already be formed by the actiomof deep-sea curreuts,

T '

o
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As the plateau rose to the region of :reef-building corals, thess
channels would either become perpendicularly dezper or super-
ficially wider, according to the force and direction of the
currents actiue upon -Shem. Its tendency to grow upward:,
combined with the general upheaval, would bring the highest
part, of the coral-stocks to the surface and so expose them to the
anfluence of the tides as well as that of periodical or ineidental
rainfalls. The process will now be repeated which I have
already described as ascertained by observation on separate coral-
. blocks ; if channels have already been formed by submarine
currents in the reef which has come to the surface, these will
hecome the most natural and convenient conduits for the water
fliung up on to the reef ; the shallows lying between the onter reef
and the land, though of small extent at first, will increase, in the
first instance by the outward growth of the reef, and then, in a
much greater degree, by the destruction of the enclosed land ;
us, at'the same time, the amount of water thrown over on to
this inner space must increase in proportion to the increased
surfaca, the channels must, in spite of continued upheaval, eat
away the rock to a greater depth, and more or less quickly
necording to the nature of the rock itself.

Now, if we draw the obvious conclusions from the two an-
tagonistic views above mentioned, all the argumentsderived from
observation again range themselves on juy side. If it were true
that thick reefs could be formed only during subsidence and ex-
clusively by its action, we should be justified in expecting to find
the same species of coral throughout the whole depth of the
mass, and only the base, with a maximum thickness of about
120 feet, could under the circumstances exhibit a certain variety
in the materials composing it. o my knowledge, however, no
ubservations exist which afford grounds for this conclusion.
Granting, on the contrary; that the reef was formed during
a period of elgvation, the inference naturaliy follows that
the composition of such a raised veef must be heterogeneous,
ince in the first instafice only ‘deep-sea creatures can have
sstablished themselves on it ; ‘the reef-corals, properly so called,
would in such a cas¢ form only a thin layer above the deep sca
corals.  Aund thig actually is the case, according to my personul
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observations, in the rafsed coral-cliffis of Pelelew. Their hase,
which is everywhere visible, consists entirely of a few species of
Lophoseris mixed with other deep-sea forms; the species of
Loplhoseris belong indeed to the most dalicats forms, and the
genus itself is one of the most fragile of the inhabitants of the
deep sea. The higher and highest portions of the Pelelew cliffs
contain on the contrary only Astrmide, Madrepores, Porites,
and similar natives of swall depths. And in direct proportion
as this structure of the elevated Pelew reef furnishes an argi-
ment for its origin during a period of slow uphesval it affords
no less strong one against the hypothesis that it could have
been formed during a period of subsidence,

Thus we have reached the end of our enquiry. It has
shown us that the subsidence theory 197 is insufficient to explain
the structure of the Pelew reef, and also that all difficnlties dis-
appear if we assume that the really efficient influences which
have determined the growth of the corals in certain directions
operated during a period of slow upheaval. And finally, it has
offered a last, grand example of those direct effects of water in
motion on the mode of growth of animals, of which, in a former
section, T have mentioned other less conspicuous instances

<}
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CHAPTER IX

CURRENTS, VIEWED AS A MEANS OF EXTENDING OR HINDERING
THE DISTRIBUTION OF SPECIES

ALLthe parasites that live within other animals are without
exception adapted to more or less extensive migrations if they
are to maintain their existence as a species in the struggle for
existence. 1If, for instance, a Trichina were incapable of living
in he stomach of any other animal than man, it wounld have g
bad chane> of living any longer than the man in whom it had
accidentally originated ; for since its progeny imbed themselves
itt the muscles of the individual in whose stomach the parent
pmdilcathem, any transmission to another individual, and con-
sequently its continuance as a species, could only be secured by
cannibalism. If an ordinary fluke (Distoma) were obliged to
coriplete the whole cycle of its development in one and the
same individaal, it would necessarily perish with the death of
its host. Thus migration is one—and in fact the most impor-
tont—of the conditions of life for all Entoparasites.

On the other hand we know that this rule, indispensable
to parssitss, is not directly applicable to all other animals,
Many, on the contrary, contipus to exist within very limited
and narrow regions ; most of the land mollusea of small islands,
for instance, have a very naivow range, and it would appear as
though theireon#inusnce as distinet species for very long periods
weresecured by the maiatenance of th'e balanece between themselves
#iid the external conditions of life- in the locality they inhabit,
Here migiution, as a condition of existence, seems to e abso-
lutely excluded. ; Tt between this and the former extrema
there is every conceivable degree of transition, and we are there-
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fore justified in supposing that either active or passive migra-
tion is cne of the chief general conditions for the existence of a
species as such. For ihstance, all sedentary animals, as Corals,
are just as dependent on migration asiparasites’; if we suppose
that one single species of coral suddenly lost the capacity of re-
production by eggs and swimming larve, and only preserved
the power of reproduction by buds, it would, no doubt be able
to extend itsel, like a tyee, in the spot it lived on, but it must
nevertheless presently die out if the external conditions of its
existence were considerably changed—as, for instance, by sub-
marine voleanic action. Consequently the only means by
which such a species can maintain itself as such, is the power
possessed by its larvee of migrating and transporting the species
beyond the original limits of its dwelling-place, so that changes
whicly might lead to its annihilation in its place of origin may
not exterminate it, or at any rate not everywhere at once. Tho
same is the case for the gréater number of animals; the tendency
to migrate is an important—perhaps even the most 1mp01tant—
means employed by Nature to preserve a new]y originated
species from destruction.

"This migration, which would seem to be indispensable to
the great majority of animals, may be either passive or active.
To the latter category belong the migrations of birds, of certain
mammals, of many fjshes, insects, &e., while many ammnlu
living in the sea are, on the contrary, pa.ssnel) mxgmton a8
Salpe, Meduse, Pyrosomee, &e. These are borne involuntarily
by currents, while the former determine the direction of their
wanderings by their own choice;, In all cases of passive migra-
tion it is self evident that the existence and dlstnbutlon of the
R[)GCI&:“ vill depend on the strength and direction ‘of currents ;
but even in the journeys niade by those creatures wbow
migrations are voluntary, the sime influence is often more or
less recognisable,

The effects of currents in water or in ' the sir ma) be of two
different kinds, In the fitst place they mdy serve as means for
the distribution of the species; secondly as limits hixdering their
extension, We shall now consider the'eflects of currents in
each of these directions; but at the sametime it must never Lo
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forgotten that the results thus produced may easily be altogether
concealed, or even completely nullified and reversed, by the
simultancous operation of other conditions of existence which
are inseparably «anited with this, the only factor we have imme-
diately to consider. Granting that a species, be it what it may,
were borne by a marine current to an uninhabited island, its exist-
ence would depend not merely on its safe avrival there, but also
on the favonrable or unfavourable circumstances prevailing in
the island, Tt is beyond a doubt that very many larve of marine
creatures are ¢urried by currents to the shore or into the mouths
of rivers; but most of them perish beciuse they do not there
find snitable conditions of existence. The warm Mozambique
current carries many warm-water animals out of the Indian
Ocean into latitudes in which they cannot continue to live
heecauve they are unable to accommodate themselves to thy low
temperature prevailing there. Insuch researches we are oblized,
and indeed required, to separate the ditferent influences to which
animals are exposed ; still we must not forget that such a
sopnmtion"never occurs in nature, but that, on the contrary,
different and often antagonistic forces are frequently quite in-
separable.

1. Currents and Winds as a means of the diffusion of
species.—It is a well-known fact that regular winds, as well as
storms, are nble to carry many flying cregtures to enormouns dis-
tances from their homes. Insects of all kinds arve often eaught
hundreds of miles from the nearest land, out on the high
seas; North American birds not unfrequently come across
the Atlantic Ocean to Scotlandy; it is well-known, too, that the
birds of many small islands are identical with, or very nearly
related to, those of the nearest c)?minent from which the winds
hlow that usually dweep over those islands.  Gcean currents act
ini the same manner ; all free-swimming or even drifting animals
and larve are horpe along by them, and the edge 6f the currents
often marke a verw sharply defined lin% of limitation between two
guife dissimilar faunfias. ¥ shall never forget the impression
tinde on my mind, when T was %ailing round the Cape of Good
Hope, by a sudden chafhge in the fauna of the ocean surface from
tiis very canse, dit of the meridian of Cape Town the
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animal world was remzkibly poor in species, and more par-
ticalarly was it devoid of ell the larger forms, as Medusoe,
swimming Polyps, Ascdians, and such Jike; quite suddenly the
acean teemed with sbundant life as we entered on the warin
Mozambique’ current to the east of the Cape. The whole sea
was literally covered with anima’s of every kind, and sor more
than two duys we sailed without interruption throuzh fields of
gigantic Pyrosomata. (2. gigant:un, see fig. T1), which swam so
close together thut at night the wha'e ocean, out to the farthest
horizon, shone with their blue gleam as it in broad moonlight. |

Now we might easily be led to suppose fhat the winds must
act exclusively on flying or land animals, and currents, on the
other hand, exclnsively on creatmres living in the water. Bug

Fio. T1.—Porosema gigas,

the investimntion of certain special cases will prove, on the con-
trary, that these influences ave often combined, so that Mnd
animals oy air-breathers become dependent on eurrents in water,
and also aquatic animals on the winds. It is nevertheless my
intention to consider the action and effects of winds and cus-
rents separate'y, £ g -
(a) l‘Currcntn 2s 2 means of distribution.—'By far the
areater number of invertebrat® anima's frecly swimining or
tloating in water are incapab'e of offining any resistance to the
carrent, and are therefore carried along iP tlvl‘e direction which
the current itself takes. All the ln‘r:m of Sponges, Polyps,
Annclidn; Tunicata, Eehingdermata, sand very many Mollusea
as welk as fally-grown Radiolarie, the floating Tunieata, Ptero-
poda, Heteropoda, many Annelida, and ¢the Meduse, thongh
many of these are provided with special gxinming organs, are

o
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perfectly incapable of swimming azajnst the feehlest stream.
The only invertebrate animals which are able to oyercome
perhaps the strongest currents are the Cuttle fishes. '
A The well-krown wealth of forms in the Mediterranean and
in the Red Sea owes its origin, certainly in great part, to the
action of the constant marine eurrents. Both these seas are
connected with the ocean only by narrow straits through
which a snperﬁci}\l current incessantly flows in, The strength
of these currents may vary with the time of year and the divec-
tion of the prevailing winds, but their direction is invariable the
whole year througl. Hence all the animals drifting on or just
below the surface, when once they have been earried in through
these narrow straits, cannot easily get back to the open ocean,
and so all the forms that never sink below a certain inconsider-
able depth must remain in the inland sea, and only those few
species or individuals which reach the deeper return current
and dno not leave it can be in a pesition to be borne back by
it to the ocean. Consequently both these seas, by reason of the
inflowing surface- carrents, are a sort of trap; everything can
get in, but nothing can get out again ; thus it is inevitable—
and it is actually the case—that a vast accumulation of species
as well as of individuals occurs in these seas, wherever the
other necessary conditions for the existence of the individual
forms exist.

* Another result which may be difectly referred to marine
currents—in combination, of course, with other influences —is the
wide distribution of such marine animals as have free-swimming
larve. If; for instance, we compare the marine mollusca of the
Fed Sea with those of the Philippines, their extensive resem-
blanee strikes us at once; nay, even those of the Western
Pacific closely agree with theri both in several respects. In
strong contrast with this state of things is the fact that the land
mollusca of Eastern Africa, the Moluccas, the Ehilippines, and
western iglands cf the Pacific, exhibit searcely a single genus
which is common to thiem all, and *he species—irrespective of
& few unimportant forms probably introduced by man—are
totally different in all these provinces.

This mmbln::cx? between the fauna of extensive marine



FACILITATES INTER-BREEDING. 281
o

9

districts proves at oncesthat the constant currents acting in
these regions have prevented the separation of the varieties that
pz:olmbly oceur, into digtinet species ; for we know from Dar-
win, that @ new species can never be in a position to maintain
itzelf }lnnux%d, if the individuals which have been modified by
some influence are not prevented from breeding in again with
the parent stock. But the currents which keep the Indian
Oc'eau and Red Seq in communication with the Pacific Ocean,
being cqnqtant, can just as well transport the parent forms as
the varietics, and consequently a free crossing between all the
forms derived from one stock is not only facilitated but rendered

F16. 72, —Onchidivm fonganwm, natural slze,

inevitable. The Crustaceaand Fishes of the Red Sea correspond
very exactly with those of the Indian Ocean and Philippine Sea;
more than half the genera and a large number of the species
are actually identieal in these two very widely remote regions.
Even species which have accommbdated themselves to a quite
peculiar mode bf life are sometimes dispevsed -thrgughont these
regions; thus, for instance, the Cryptochirus of the Red Sea
appears to be in no respect speciﬁm]lyqdilfer'ént from that of *he
Philippines, and the Hapalocarcinus of the Pacifie, deccribed by
Stimpson, is found, it would seem identival in species, at tle
Isle of Bourlon not far from Africa. Onckidium verrueuli-



282 THE INFLUENCE OF INANIMATE SURROUNDINGS®.
x Pl

tum, a land molluse living on the siashore, and having 8 very
peculiar mode of life and anatomical structure, is found absoluts 1y
identical in the Red Sea, the Philippines, and North Australia,
and on the Chizese and Japanese coasts. Another species of the
same genus, Onchidium tonganum (see fig. 72), is found alike in
the Tonga Islands and the Manritius. Different species of the
genera Auricula and Scarabus, belonging to the Pulmonata, of
which the Jarve have an operculum and probably float in the
sea, have an equally wide distribution. All these, and many
other species ,which cannot be mentioned here, are easi'y trans-
ported by currents, either in the larva state or fully grown, and
the general similarity I have indicated of the marine fauna,
from the Red Sea as far as the western half of the Pacific, must
be the result of a diffusion of species effected by constant
marine currents.

The influence of such currents is even more conspictious in
the distribution of many land-animals, although at first sight it
might seem paradoxical to say that the distribution of animals
living on land can be affected by currents in the sea. The evi-

. dence, however, is easily produced. If we reflect, to begin with,
that all Land mollusca, the great majority of Insects, and many
Reptiles and Birds, being vegetable-feeders, are directly depen-
dent for their existence on certain species of plants, it is evident
that their presence in particular spots, as well as their geogra-
phical distribution, depends in the most direct manner on the
action of currents, since these it is which principally determine
the distribution of the plants on which they feed. Granting
that a monophagous insect were by any means transported to
an island where it did not @nd the only plant adapted for its
support and to which that plant q‘enver could be brought even by
currents, that species must ine’.’/itubly perish, But there is yet
another way in which currents may affect the distribution of
animals, besides this indirect mode by means of £he plants they
feed on. Many Insectsare easily transported aslarve, in and on
ﬁg{yml trees and weod : small Mum‘mnls, no doubt, aré also car-
ried in this way from one placeto another ; the came is the case
with many Reptiles gnd Amphibia, and it is more than probable
that lund-snails cin<travel only in this way, and in no other,
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from one island to anofher. We may therefore expect to
find on islands in the neighbourhood of a continent a terves-
trial fauna closely resembling that of the continent, if the marine
currents are such as to favone transport’ from the mainland to
the island. Examples abound : the Galapagos have a South
American fauna, the Sandwich Islands a North American one.
Moreover, the terrestrial fanna of an island may be expected to
be very disdmilaz from that of the nearest mainland when it
does not lie within the influence of the currents flowing from it.
Of this too there are plenty of examples; the hest known is the
case of the Canary Islands ; their land mollusca have a pro-
nounced European character, although by their geographical
position they belong rather to Africa than to Europe. Attempts
hiwve been made to explain this fact by an assumption that there
was formerly a connection between these islands and Europe
throngh Spain ; an assumption which might certainly find much
to support it, if animals so' large as to be incapable of being
transported by winds or currents, had been found in these
islands, either living or fossil. This, however, is not the case, and
it appears to me that the foree and direction of the currents
sweeping past these islands amply suffice to explain the Euro-
pean character of the land mollusca and insects of the Canaries,
Supposing that a long chain of islands had connected twolands
lying far apart and differing widely in their fanna, it might lp
expected, and with great probability, that the fauna of this group
could have retained no special homogeneous character. For
the vicinity of the two terminal countries, and the currents pro-
bably existing, might easily have ml:ﬁfd oy theislands s mixture :
of the two dissimilar faunas. This is, in faet, sometimes the case,
The Philippines lie very nearly north and south ; the northern
islands are connected with Chinasby the Bashees and Formosa,
while the gouthernmost island, Mindanao, is connected by
Celebes and somé smaller islands with the ,Mo[pcc&s, and the
south-western island, Palawan, hangs on t¢ Born‘o by Balabac,
Wallace certainly includes fhe Philippines fwith China; th:
Malayan - peninsuia, Sumatra, Java, and Borneo, with some
smaller islands, constitute his ¢ Malayan piovince,' which he
contrasts strongly with that of New Guinea’and Australia, to
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which he adds the Moluccas and Celelies. But quite irrespective
of the question thus raised, which I shall discuss presently,
the different portions of this Malayai. provinece exhibit great
and extraordinavy diffevences. A greater contrast can hardly
be conceived of, than that, for instance, between the fauna of
Hong Kong, Amoy, or even Siam, on one side, and Borneo,
Java, and Sumatra, on the other. And this difference is
repeated in a very striking manner in the Philippines, where the
northern district displays an unmistakable harmony with the

- true Chinesa\fauna, while the southern islands show a marked
resemblance partly to Borneo, partly to Celebes and Gilolo, and
partly to the western islands of the Australian region.

FiG. 73.—Sbells of Mollnscs lr;l-m the Philippines, a, Cochlostyla sabiliz, Sow. ; b, Chloraa
n. ep. 5 ¢ Chloran bengustensis, S.; o, Cochloelyla maglanensis, S,

As tlese remarkable facts are probably not universally
known, I will bere give mtb or “fuller details as to the more im-
portant of them.

The most prominent feature of the fauna of the Pluhppmes is
beyond a donke its terrestrial mollusea,'®® Setting aside the
minuter forms for thie present, the following fivesgenera are
those which give this fauna its peculiar chaxqcter : Coc/:(ost yla,
(see fig. 73 a and (’), Obbina, Chlorwa, Helicarion, and Rhy ysota.
They are here exgrﬂ,mely rich in species, while on the adjacent
islands, not belonging to the Philippine group, only a few quite
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distinet species oceur which ‘ean’ bo included in these genera.
Thus three species found in Borneo belong to the genus Cocllo-
styln (antiqua, sulcocindta, and zanthostoma). Chlorea (see
fig. 73, b ¢) is_entirely confined to the Philippines, and is not
found even in"Mindanao; Helicarion also is a purely Philippine
genus, and its neavest allies even do not occur in India, as might
be expected from Wallace, but in the Australien region; of the
genus Obbina fodr species belong to the Australian province
and one to Borneo; Rhysota is confined to the Philippines.
Associated with these peculiar forms are other gznera which
are not characteristic of these islands, and which have a very
remarkable geographical distribution. Closely related to (Yilo-
reea—in anatomical structure, though not in the appearance of

F10. T4~ Amphidromus maen!ifervs, Sow.,

the shell—is the widely diffused group of Heliz similaris, which
is very common thronghout the China region; three or four
species ocenr in the north of Luzon, and only one extends as far
south as Bohol ; none at all are foynd ip Mindanao. The only,
Philipping species of the genws Clausilia inhabits ths island of
Camiguin to the north of Luzon; it belongs to a Chinese divi-
sion of this wildel§ distributed and highly variable family,
Clloreea itelf is most extensively developed in the north of
Luzon. Thus these three genera give to the fagna of the north-
ern Philippines a sprinkling, as T may say, of thé Chinese.

At the extreme south, onthe other hand, there is a certain
harmony with the fauna of the Moluccas and the Malayan
peninsula.  For instance, the genus Amplzi;]ramus, which is so
characteristic of the Malayan province (see fig. 74), sends only
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two species to Mindanao, of which®orte (4. maculiferus) extends .
as far us Bohol and the south coast of Leyte, while the other (A.
chloris) is found only on the south-vest point of Mindanso.
Three species of the genus Xesta, which is at least equally cha-
racteristic of the Malayan islands and even ot India itself,
as the two species of Amphidromus above mentioned, have the
,same distribution ; two of them have hitherto only been found
in Mindanao (X. dntonii and nobilis), the thied (X. Cumingi)
lives in Mindanao, Camiguin de Mindanao, and Bohol; and since,
moreover, the number of typical Philippine species is very
inconsiderable in Mindanao compared with the others, the
remarkable encroachment of Indian forms on the south Philip-
pine province is all the more conspicuous.

Hence, having regard to these differences, the Fhilippines
may be divided into three regions: I.The northern, which ex-
hibits in some degree the Chinese character. IL. The south-
ern, which has Malayan or Australian affinities. ITI. The
Median, which may be called typically Philippine, since it
lias scarcely any admixture of foreign elements. This result
is confirmed when we come to consider the other animals in the
islands. The stag of the Philippines has, so far as I know,
hitherto been found only in the north of the archipelago, and
its nearest allies are in China. Galeopithecus and Tarsius,
both highly characteristic of the Inglian Islands, only occur
in the southern Philippines, and never in Luzon ; anapparently
new species of the Malayan genus Cladobates is found only
in Mindanao. One single species of Barbus, a fish, I found
only in Mindanao ; this genus is represented in the Malayan
islands by very numerous species; and the singular Platyvtera
aspro, of "the family of Gobigide, in the sawe way occurs
only in the south of the Philippines. Among reptiles, dmbly-
cephalus boa, Dipsas dendrophila, Tropidophorus Grayi, and
Ptychozoon homalog:phalum, all living exclfisively in Min-
danao, belong 4o the purely Indiug fauna, The same mixture
of autochthonous §pecieswith Indjan species in the south, and
LChinese i# the north, is display®d by the buttertlies, as my-brother,
George Semper, informs me, from studying my collection of
insects. ®o
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This mixture of th: true Philippine fauna with the two
foreign elements at the gpposite ends of this chain of islands can,
as it seems to me, be satisfactorily accounted for only by the
assumption gthat the marine currents,‘which in those seas are
dependent on the monsoons—or at any rate are greatly influenced
by them—have been the essential means of transporting animal
forms.!®  For animals from China could by their uid reach only
the most northern islands, while those from the Indian and
Australian islands must first reach Palawan and Mindanao,
This, as I have shown, is precisely the case; afld the almost
entire absence of such forms, which would easily betray their
foreign origin, from the middle region of the group confirms the
idea that in the north immigration has taken place from the
west and in the south from still farther south.

The general conclusion to be drawn from this—i.e., that
the constant currents compined with the changes of the mon-
soons have been the principal agents in the peculiar distribution
of many of the land mollusea of the Philippines—is still further
strengthened by the following considerations. If land-snails in
general can be conveyed from one island to another at all, it
certainly can only be by currents, and presumably by the inter-
vention of trees on which they are borne, and their eggs may be
transported in the same manner. But it is self-evident that in
this way a selection wil® be effected between the different forhs,
according as they are qualified to endure an ocean voyage or not.
Large species and such as live in the highest branches of trees
and lay their eggs there, like all the species of Cocllostyla,
are obviously far more diffieult to®transport than small species
which can creep into the riftd in trees or between theroots ; the
species of a group which, like Mcdiz similaris, live on the ground
among stones and earth, will beé =11g10=5': as well protected on the
sea-voyage as the operculated snails which have the mouth of the
shell closed by a lid or shield, which protects the s0ft part of the
creature almost perfectly «from contact with the salt water.
Henee we may expect to findl in jislands a greater multitude of
different species in those genera which ars most easily trans.
portable.  'We know that the constant introd=ction of the parent
forms in any numbers into & new colony will prevent the
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formation of & new species in that spot. But the difficulty
of transport across the sea must, on the contrary, probably
prevent the friquent importation of new individuals of the
parent form, and consequently the formation of anew species
will be facilitated by the impediment thus offered to free cross-
ing with the original form.

These inferences from the view that constaxt currents con-
stitute an important auxiliary in the diffusion of land mollusea,
#re, as every conchologist knows, in perfect accordance with the
fucts. DMost of the small species and of the operculated species
liave a much wider range than the large inoperculated forms.
While the typical Philippine genera ‘Coshlostyla, Rhysota,
Helicarion, Chlorea, and Obbina, which principally dwell in
trees, are found only, or almost only, in the Philippines, the
small genera, as Subulina, Trockomorpha, and Ennea, among the
Helicidze, and the Operculata Cyclophorus, Alycwus, Helicina,

-

Fi1G, 15.~1rcch morpha eq.

and Diplommatina, have a very wide distribution, and at the
same time a remarkable uniformity of species. Thus Fanca
LicBlor ranges from India to the Pacific Ocean, where T myself
found it in the Pelew Islands; the same species of Helicina,
Lupina, and Leptopoma occur in almost all the islands of
the Philippine Archipelago, yhile, notwithstanding the great
rumber of(species in the génus Cochlostyla, no two identical
forms arh t6 be found in Mindanao and Luzon. The species of
the genus Trochoforpha ave Etremely similar in appearance,
whether they come from Tndia, the Moluceas, the Philippines,
or the islands of the }’nciﬁc; nay, several speciés of this genus
are distributell bﬁxnuglg)'ut this vast region, almost without any
viriation in their sifells. © 5 :

o In the closest conuection *with these facts is the stheory,
which, under the naffie of the Migration theory—or, as it is now
called, the Sepamtfm! theory—has been propounded by its origi-
nator Moritz Wagner in opposition to Darwin’s theory of selec-
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tion. Tts prineipal pmp&;itgons are as follows : The struggle for
existence and the selection it gives rise to cannot by itself lead
to the formation of new’ species ; this can only take place when,
in the first place, one or a few specimehs of a species are intro-
duced at a variable stage into a new home; when, secondly,
these by their removal to a distance are prevented from cross-
breeding with typical individuals of the paventstock ; and wheil,
thirdly, a selettion is effected by the external conditions of
existence among the varicties arising in the new colony. 110

Setting aside, for the moment, the question ss to whether
this theory is really opposed to Darwin’s or no, we will in the
first place inquire whether in its strict application it is actually
capable of explaining all the facts occurring in nature. And I
must at once confess that in this respect I can by no meaus
admit Wagner to be right.

Many kinds of Infusoria are distributed over the whole
globe in sharply defined species. Now it is quite certain that
among these creatures no separation by removal exists to pre-
vent the free interbreeding of any variety with the parent
form. They are most easily transportable, either living in
water, or when dry, as dust by the wind, and indeed we see
that in no other animal group are there species so cosmopolitan
and so universally distributed as among the Infusoria; never-
theless the characters of the different species remain vory
constant. Between the tropics there is no sharply demarcated
breeding period for the greater number of marine animals, so
that fully grown individuals, young ones, and eggs, can at all
times be found side by side in every stage of development,
Moreover the fertilisation of the eggs is effected while they
are freely swimming in the wcean in the case of almost all
Echinodermata, alt Celenterata; many worms, most bivalves,
and many“T'unicata, Brachiopoda, #nd Bryozon 5 and in the few
viviparous forihs of these groups no union of, the sexes takes
place. On the contrary, the fertilisation of the ova s left to
chance ; the spermatozoa or wnale elefnent being expelled it
the sea and oonvéj’ed by currents which bring them irto contact
with theeggs or with the female parent organism. In these
and also in all those marine species which*have free-swimming

U
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larve, absolute separation of all ngw\va.rieties from the parent
species is thus rendered impossible. Nevertheless, these forms
have specific peculiarities as distinctdy marked as those of
insects, vertebfata, andeland mollusca, the only animals which
Wagner takes into consideration in his investigati®ns. Accord-
ing to his theory, on the contrary, all such species, whose free
vrossing with the parent form is not prevented by separation,
ghould remain very variable, and shguld not be distinguishable
into any great number of well-defined species. But, this not
*heing the case with the creatures above mentioned, it follows
that separation by distance cannot be, ns Wagner asserts, the
one exclusive cause of the origin of new species.
Tt is admitted, of course, that Wagner in his argument
influence of the external conditions of existence
and duly allows for them; but since these occasionally act as a
selective power—as in the case of many lower marine animals—
wighut the co-operation of a contenfporaneous separation of the
varieties from the parent form, this last circumstance can never
be the sale cause of the process of forming a species, though it
* may sometimes bear a prineipal part in it. The first question

is thus answered.
The second question is : Is it indeed the fact that Wagner’s

separation theory differs s8 totally from Darwin's theory of

sction that each completely excludgs the other, as Wagner
soems to think? It does mot appear so to me. Both assume
that different species are more or less variable ; both assert that
free crossing with the parent form must be prevented if a new
fpecies with constant charagjers is to be developed ; they agree
1t believing that a selection’ also jmust be effected among those
variabfe ?frms in order to induce the constancy of specific
characters and to increase the?wseful ones by accumulation. I
can detect only two trifling «lifferences in their respeative views,
Wagner appeary to t‘hin.k that physical separation or removal,
which @rtatnly is g very frequent result of migration, is
Yee means exclusvely Qmployed.‘hy nature to prevent free
crossing, ®while Darwin says® that this resXlt may eften be
effected by numerchs other and very dissimilar causes, as for
instance by differeiRes in the size of the male and female indi-

recognises the
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viduals, by antipathy and ’sympathy, by incompatible differences
of structural character, &e. Actual separation, which is often
but not exclusively the result of migration, may no doubt
sometimes prove a stronger means of preventing free crossing
than such physical or structural peculiarities, but it cannot
possibly be disputed that these, in many cases, certainly suffice to
eflect the same result as, in other cases, is brought abont by
Wagner’s favourite means, local separation. Hence, Wagner's
theory lays far too much stress on migration as a factor, so far
as regards the indispensable prevention or crossing, and altes
gether ignores others which, under some cﬂ*cumstxmcas, are of .
quite equal efficiency. Consequently migration must be put in
the same category with all the other causes which, according to
Darwin, may interfere to prevent cross-breeding ; and so
Wagner's theory forms in fact a subsidiary to Darwin's.

THe second apparent difference between their views seems to
lie in the method by which the selection between the atfferent
varieties takes place. Darwin says that it is the struggle for
existence,’ while Wagner vehemently quarrels with this expres-
sion and regards the influence of external surroundings as the sols
efficient means—the influence, that is, of the conditions of exis-
tence, At the first glance this might appear to be a funda-
mental difference ; but the differerice in the expressions used is
altogether superficial and may have arisen merely from a is-
understanding of the Word used by Darwin. Wagner ex-
pressly says, in Lis latest work, in terms that cannot be misun-
derstood, that he is of opinion that the words ‘ Struggle for
Existence’ * are used by Darwin to denote exclusively that divect
combat between two individuals ‘of the same species in themr
efforts t5 possess themselves .of the same prey or of the same
female.!"!  This however, seem® to me a quite erroneous inter-
pretation of Darwin's expression.s For although Darwin him-
self frequeutlyexplains that in his op_inign tl:e personal strug-
gle between two individuals of the same spesies exerts a far
greater sklective power tfign the swrrounding conditions. ~on
effect with all thiéir sudden changes, he by no megns Jgnores

* *Not very happily rendered into German,’ says Dr. Semper him-
self, * by the words, Kampf wms Dascin. v

vl
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these influences, and in various p]ace‘s excpressly states that they
may sometimes have had precisely the same results 12 g
Natural Selection in its most limited acseptation. In short, if
I nghtly undefstand Derwin, he applies this expression, not
exclusively to the struggle or combat between two'individuals,
but conceives of it rather as the sum total of all the efforts
which a newly constituted species must make to succeed in con-
quering all the hindrances to its development, and at the same
time to avail itself to the ntmost of every favourable circum-
stance that offers. It must certainly be conceded that Darwin

~= generally applies the words ‘ Natural Selection’ to those cases

n

only of the most direct competition between two animals, of the
same or of closely allied species, This indeed is the obvious
inference from the fact that he considers it necessary to contrast
Natural and Sexual Selection, although the sole difference
between them properly consists in this: that in the former the
struggie is for a dead ohject, in the latter for a living one, 1.0,
the female. It may still further be conceded, as indeed Darwin
himself has admitted, that in the first instance he somewhat
undervalued the selective influence exerted hy the surroundine
and exterual conditions of life; but to assert that he wholl:
ignored them is far from tl?e truth. On the contrary, thees
influences constitute an essential part of his theory, though
Dazwin himself assigns them but a smyll and undonbtedly too
limited part in it. Still Wagner’s separation theory is not
thereby opposed to Darwin’s, but, on the contrary, an integral
part of it; and it is an indisputable fact that the varions propo-
sitions which constitute the * spparation theory ' had long before,

» if ina giﬂ;t}rent form, been annognced in the chapter on the
geographical distribution of animals in Darwin's work on the
Origin of Species. 4 .

But while I must thus, i the most positive manner, dispute
the idea thnt':\ngner,'s theory is in any way esséhtially opposed
to those of Darwin, I may on the other hand admit, once more,
thaemigration and the separation frequently occasioned by it,
a8 well as by curront‘s, may exert a very decisive influsce on
the formation of species. Such an influence is recognisable in
the fact that such lahd-snails as are difficult to transport by
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currents exhibit a grdit wealth of different species even in
adjacent islands, while those species which are easily trans-
ported have a much #wider range, combined with a greater
constancy of character, than the speciet of the former growj.

It might perhaps be inferred from the foregoing remarks
that it & my view that in every case when faunas widely sepa-
rated by distance exhibit a certain resemblance or affinity “of
species, one and the same influence, i.e. the action of constant
marine currents, must be regarded as the cause of that correla-
tion. But I think I hardly need guard sgainst such a mis-
apprehension ; a brief account of the most interesting cases of
this kind will suffice for my purpose.

n

F10. 76.—Temn ala ekilensis, Blanchard, which lives, absolutely identical in species
(no differonce belng perceptible in either the external or anatomioal ohameter), in
Chill, Java, and the Philippines. Parsitical on fresh-water crabs belonging to quite

different genera.

CHiinther has shown that the. tortoises of the Mauritiug!'®
are very nearly related to those of the Galapagos,which, lymg
near South Ameyica, are almogt the ant.xpodes of the island in
the Indian Ocean. The characteristic species of Bulimus (.x
land mollusc) in South America have their nearest allies, not in
North America nor in the West Indies; buwin. Ne\v Caledonin
and the Fegjee Islands, =s I can aftedt t;rom ‘my own minute
investigation of such animfls. = The extinet birds of Maddgascar
show a near relationship to those of New: Zealand ; many fresh-
water fish of New Zealand are identical or very mearly allied
with those of Chili; Zemnocephala chilensis, a small parasite
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(see fig. 76) on the legs of a fresh-watet crab in Chili, oceurs
identical in species in the Philippines and in Java, but on per-
fectly different crabs. It would be easyto multiply instances,
but trse will suflice, I velieve, to show that any attempt to
explain them by the action of constant marine currents must
altogether fail. Other causes must here have combined to
produce so striking a resemblance between the faunas of
islands lying so far apart; but it would be difficult to discover
them in every case. Wallace has justly observed in his great
work that su¢h cages ought, under the circumstances, to be
regarded as a proof of the justice of the hypothesis that those
types which have occasioned the similarity of remote faunas
must have had a very long historical duration, persisting very
likely throughout many geological epochs, Also it must not
be forgotten that the convergence or parallelism of different
species may sometimes have led to tl}e formation of two simi-
lar favnas in very remote places in modern times. This,
however, i not the proper place for a discussion of this inter-
¢sting point, and I must refer the reader who is particularly
interested in it to the brief remarks he will find in the
Appendix. '

(b) The wind as a means of dispersal—It is evident that
the distribution of all flyving creatures, {.e. the selection of forms
amoag them, must in a great degree dapend on the direction
and strength of atmospheric currents, whether these be regular
winds ov irregular storms; but it is a matter of very great
difficulty to determine what share each mode of atmospherie
motion may have, or how:theymay co-operate.

Instances of animals being cerried by wind-storms far

beyond the limits of their native plovince, or even beyond seas,
are unniversally known, and )it, fnust here suffice to refer the
reader to the chapter on the Means of Dispersal in Darwin’s
work, in which a,great number of independent examples are
given. Still we fire justified in inquiving whether indeed such
anattdidental tmnspdﬂutioﬁ of solitiry individuals to countries
where they' are merdly interlopers, can bave often led fo ‘the
acclimatisation of s species in a new country. For it must
not be forgotten that, independently of the difficnlty they will
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experience in maintaining themselves under the new conditions
of existence, their ultimate establishment there must generally
depend on two individuals or the same species and of different
sexes being simultaneously, or almoest simultanzously, eargicd to
the new cduntry, On the other hand, the strength of regular
winds, such as monsoons, trade winds, &e., would not seem to
be so great as that flying creatures, such as birds and insects,
could be carried away by them against their will, nor, indeed,
with such rapidity as would be requisite to enable them to
reach some distant destination before they hgd' perished of
hunger. There are, however, a few cases in which such effects
of wind are apparently so obvious that they cannot be over-
looked or disputed.

The most conspicuous and often-discussed example is afforded
by the fauna of the islands lying near to, or at no great distance
from Africa, It has long been known that, asregards their ter-
restrial fauna, the Azores; Madeira, and the Canary Islem belong
to Europe, and that even their birds and insects are for the
most part only specifically distinct from those of Eutope. Nay,
Dohrn has lately shown that even the Cape de Verde Islands.
which are divided from Africa only by narrow straits, belong, as
to the greater number of their animals, to the European region,
although a small admixture of* species from the Ethiopiun
vegion can be pointed out. Wollaston, Murray, and others
have attempted to explain this remarkable circumstance ir: the
following manner, They assume that all these islands wern
formerly connected with Europe by the mythical Atlantis; an
explanation which escapes nll“ possibility of discussion and
merely appeals to the greater or less credulity of different in-
quirers, The explanation offered by Wallace in his litest work
is founded, on the contrary. ®n forces of ‘which we ean sac-
cnratelye estimate the efficiency,and it seems to me that his
views are amply supported by their exfmme-pl‘o\mbility. He
pointa out that in this region of the Atlantid)steady winds and
storms alike blow in the"girection which svould be required to
allow of such atmospherio ourrents lmving transportad European
animals to these islands. As an indiiect argument for the
correctness of this view he adduces the tetal absence of all land
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Mammalia and Reptiles from the Cnge ¢dle Verde islands, which
would be incomprehensible if they bad formerly been in actual
connection with the European continentg and as a direct proof
he aduces the &t that almost all the birds are of European
Fpecies: and that all the European species of insect§ which are
found on these islands ave strong flyers, while, on the other
hand, 45 per cent, of the indigenous species of insects cannot
fly at all, being in fact wingless. He has still further con-
siderably strengthened his views by an investigation of the
peculiarities eghibited by the land mollusca of these islands.
These, as I have already said on the strength of Dohrn’s re-
searches, bear a typical European character, but not one species
is identical with a Furopean form, The most important means
of transport for land Mollusea are, beyond a doubt, marine eur-
rents ; the possibility of eggs being conveyed by adhering to the
feet of birds does not here come under consideration. The
directicn of the currents in the Atlantic is, moreover, such that
the &nveyance of European land-snails to these islands might
easily be possible. But it is evident that constant winds would
he able: to transport a much greater number of individual
flying creatures within a given time than that of the land mol-
lusca conveyed by enrrents. Hence these last would exhibit a
considerably less variety of species than the former ; for we know
that the greater facility for free crossing with the parent species
rencers the formation of new species more difficult, while it is
facilitated when a varviable species that has been introduced
into a new home is by any means prevented from constant in-
breeding with the pavent form. And this is directly applicable
to these islands ; there is no sétious hindrance to the transport
to them of fiying creatures from Eyrope in great numbers, and
accordingly we see that the good flyers amongrthe insects of the
Canary Islands are almost allidentical with European species ;
and it is in perfect agreement with this that the land mollusca
which are difficult of tranéport have become differentiated into
a number of new forws, Since the gredter diflicalty of immigra-
tion has prevented the crossing of these varicties with new
individuals of the pafent stock.

This, of course, presupposes, or, rather, it follows from the
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foregoing remarks, that the direction taken by the migrations of
flying animalsis, in a great measure, determined by the direction
of the winds ; without #his, Wallace's explanation would remain
as unsatisfactory as the hypothesis of the'sunken A tlantis. .Sach
effects ought,’as we may suppose, to be most easily recognisable in
the migration of those flyers which of their own free will make
long migratory and serial journeys ; moreover; we might expect
to find some rekable datasin observations made on migratory
birds. But, strangely enough, all the investigators of the
phenomena of migration in birds appear o have taken no
notice of this matter ; my closest researches have failed to find
any data with regard to it, and the only remark which may
have some value is that of Von Brehm, that migratory birds al-
ways fly against the wind. The necessity for this is gelf-evident ;
a bird which is driven before even a moderately strong wind
blowing through its feathers, is prevented flying, and still more
bindered in steering. Even in the most recent and® very
thorough researches as to the phenomena of the migrations of
birds by Von Palmén,''® this point is wholly disregarded, and
though it must be admitted that several of the lines of migration
Iaid down by him from many observations can by no means
be brought into agreement with those of prevailing winds, on
the other hand the number of casés is not small in which a
very extensive agreemenp between the two is conspicuous ; this
i8 the case, to cite a single example, in the west of Europe.

If then the observations at our disposal afford no satis-
factory information as to the question how far the influence,
certainly exerted by the wind, gffects migratory animals, it
is still more difficult to trace its effects on aquatic animals,
notWitbsianding that they u:xdgubtedly come under its in-
fluence. This infifence can naturally only be effective in two
ways, either by flying creatures,” like water-birds, carrying
small animals of eggs on their journeys with them, clinging to
their feet, or by the wind transporting these aquatic treatures
directly through the air. Darwin hd¥ poifited out the pesst-
bility of the first mode in his discussion en the geographical
distribution of fresh-water mollusca, particularly with a view to
explaining the fact, recognised by him, that these animals,
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unlike their congeners living on land, display an extraordinary
range of identical species. Eggs or young individuals, so he
argues, might make very long journeys sdhering to the webbed
foet Gha migratory duck ;-and as such journeys must be frequently
repeated, according to the constant direction of thé migrations
or circuits of the bird, numerous specimens of the same species
of water-molluse must traverse the same route. The accumu-
lation of individuals of the parent speciesin the same colony
thus caused would prevent the formation of a new species, since
‘the selectivednfluence of the struggle for existence in the new
sonditions of life would be constantly counteracted by the re-
peated immigration of individuals of the parent form.

This explanation is satisfactory, and in many cases it cer-
tainly seems to be the right one, as, for instance, in the case
of the distribution of the European fresh-water mollusca, Still
very considerable difficulties stand in the way of its exten-
sive application. Tt must, in thé first place, be observed
that the great similnrit% of the fresh-water mollusea throughout
the globe, assumed by Darwin, does not exist to such an extent
as might be supposed from what he says. This contradiction
on my part requires some explicit verification. The genus
Unio, for instance, is distributed almost everywhere on the
face of the globe; it is absent only from a fow tropical
countries, as the Molunceas, the islands of the Pacific, probably
New (Guinea, and others ; but the species of Unio are extra-
ordinarily various; in North America almost every little
stream has its own peculiar form, and the European, Asiatic,
and Australian species are widely dissimilar. These differences
‘may be even greater and more striking than we now, suppose,
for we have hardly exact knowledge enough of the organic
characters of more than a Few dozen forms to venture to
pronounce a decisive opinién, while hundreds of species are as
yet known fo ns oply by their shells. The .-ot.her genug of
fresh-water massels, dnrodonta, lm.?‘ an even wider range, for it
Secars even in those islihds wherp Unio is wanting. But for

“this genu also these remarks hold good. Among the Univalves
the genera Melania and Paludina (fig. 77) have a very wide
distribution, and @chibit a considerable resemblance in the
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characters of their shelf§; nevertheless, both have been sub-
divided into a great number of different enera, and, as has
been proved by a stud? of the animals themselves, in many
cases this hag been perfectly justified. But hitherto we €5 1ot
know the anatomy of more than a few dozen of these genera,
and o it is at least possible, if not probable, that & more exact
investigation of the animals may demonstrate* precisely the re:
verse of any extensive uniformity in the structure of the species
placed in these genera. Thus we have no longer the right to
speak of the extensive distribution of the gerora Melania, Palu-
dina, Anodonta, and Unio, and it is consequently superfluous to

F10. 77~Two operoulntod fresh-water univalves, o, Melanfa ; b, Palxdln;.

seek an explanation of a fact which, though it cannot be shown
to be false, is as yet ¢ not proven,’ bt on the contrary, cannot be
brought ixto harmony with thé few facts which are mscertained
and established. e .

One more difficulty must heye be briefly alluded to.
According to Darwin’s views it might be expected that all
easily transportable kinds should show a great®y, uniformity of
species thati those which are’less protected against the perils of
a long journey. But the reverse is often the case with fresh.
water univalves. The species of Paludina“and Melania have
an operculum which fits almost exactly intg the mouth of the
shell, so that the animal would seem to be effectually protected ;
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but the species of Limnaa, Planorbis, Physa, and Succinea,
which also live in fresh water (see fig. 78), have no such pro-
tection, and the mouth of the shel: is remarkably large.
Restarch has shown that, as a fact, operculated snails resist
injurious influences far more successfully than those without an
opereulum. According to this the species of the inoperculated
fresh-water univilves ought to exhibit a much sharper differen-
tintion into separate species accordirg to their"habitat than the

- °
F1G. 78.~Various fresh-water snaits Limnaea ; b, Succinen ; ¢, Physa ; d, Planorbis,
e o .

operculated forms; but the Tact is precisely the contrary.
Analogous examples of other Tresh-water animals could easily
.- be adduced. Thus, for instance, it is impossible td explain the

existengp ob Thmnoceplala chilensis (see fig. 76) in Chili, the
Philippines, fnd Jnv%, Dy supposing it to have keen carried
thither Yy birds, for it depogjts fis eggs imits host ; and these
are cleatures mush too large to have been carried” alive by
birds across the scgan.

It would certainly be, T will not say a grateful, but a very
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important task to determfine the share which can with any cer-
tainty be ascribed to the effects of atmospheric agency in the
transportation of fresh¢vater animals, At present we cannot
do this even <npprommxm}l) The mveShg’;txon ‘would by Ain-
commonly difficult, for, in order to get a clear idea of it, it
would be necessary to contemplate at the same time the ques-
tions, fivst : Whether many nearly-allied forme; or forms which®
to our eye appeal as identital, might not have originated in two
or more distinet localities l)y what is known as polyphyletic
descent, and secondly : How old the different, forms may be his-*
torically in the development of the animal world. In every
case we should thus be led to an exact inquiry into the genea-
logical affinities of the animal. -One example will suffice. True
Astacide or river cray-fish occur in Kurope, in America, and -
Australja, while they are absent from the intervening countries
and islands. Now, it would certainly be more than bold to
derive either of these groups directly from one of the othels by
any theory of transportation throngh the air on thg feet of
water-birds ; consequently the question at once arises, whether
we here have an instance of polyphyletic descent or not. Now,
so far as is known, there is no Crustacean living on Jand or in
fresh water, in either of the three continents, which can be
regarded as the parent stock of the Astacidwm living there. But
in the different Oceans ye do indeed find crustaceans—as, for
example, the species of Paraneplrops—which have been. con-
sidered as the nearest allies of the river crustaceans; we will
not here discuss whether with justice or no. Now, if these
different marine Astacide had gone thyough the same mxgm-
tions intq rivers or on land, independently of each other in the -
three continents, and had pnssc& through analogous modifications
corresponding to those migrations, the extraordivary resem-
blance of the river Astacidee at sudn wide distances from each
other would be” satisfactorily explained. But_this method of
explanation obviously presupposes  that, our visws a8 to the
essential affinity of the animals i in queStion riust be i in fact ger.
fectly aceurate.!1®

Though, in the instances we have thus far been consulenng,
it has boen difficult, or even almost 1mpossnﬁle, to point out the
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effects of wind on the migrations of fuesh-water animals, there
ave other cases in which they can be recognised with the greatest
ease. We know that our atmospher~ is densely full of the
dediepated gerihs of minute organisms which are most easily
raised and borne by the wind, but which fall to the ground as
soon as the air is still again. 'We have learned from the highly
important experiments made by Tyndall on lower organisms
and their distribution, that the only-unfailing inethod of freeing
the air of such microscopic elements is absolute stillness. Thus,
if it were pcssible to trace with any certainty this sediment of
the atmosphere, so to speak, we should be in a position to deter-
mine the direction which the different animals oceurring in it
must have taken through the air.

But two conditions must be fulfilled in order that the distri-
bution of animals may thus be effected : In the first place, the

Fia, 70.—a, An Ammba in its plastic state, with small powers of resistanca ; &, the same
encysted, e, enclosed in an envelope which protects it against injurions {nflucnces.

force of the air in motion must suffiee to raise the organisms
high =p’; and, secondly, the organisms themselves must be eapable
of enduring the associated desiccation. These conditions are in
fact fulfilled, but only with microsoopic animals and the eggs of
minute Invertebrata. All Infusoria, for instance, have the power
of enclosing their soft bodies in‘a firm envelope, the cyst (see

g. 79) ; this they do regularly before reproduction or when-
ever the external conditions are too unfavourable. In this
encyst(kl state they are able to endure desiccation without any
injury to their uhhty, and, what is more, they can lie dry for
years—how lofig i is not known-—and then, after tensoor perhapes
evel thousands of yi ymx\, renvg to & new life.c. In this state, being
extrentely light, they are naturally easy to transport, and it will
therefore not surprise the reader to hear that Ehrenberg was
able to detect, in dnst collected in Germany at certain seasons,
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winute organisias of thistlass which demonstrably belong to the
West Indian fauna.  The only possible explanation of this fact
is the assumption that jhese organisms were borne to us by the
higher stratpm of the returning trade-wind and deposifd in
Europe, where the trade-wind gradually sinks. In the same
way all those higher organisms are capable of being conveyed
through the air which I spoke of in a former.chapter as being
able to endure fong periods of desiceation : the Tardigrada, the
Rotatoria, and the eggs of various small Crustacea and Worms,
If, in fact, the wind in this way fylfils she function'
of distributing such organismg, all such passively migratory
" creatures must exhibit n very wide range ; or else—which is the
same thing—a great uniformity must prevail in the fauna of
different countries as regards these forms, since the extreme ==
facilitieg afforded to the migrated individuals for constant cross
ing with those of the parent species which are subsequently
introduced, will easily prevént the rapid formation of new species
in the new locality. The facts, so far as they are knogn, agree
to a certain extent with these hypotheses ; but it is impossible
at present to venture to offer any decided opinion in the matter ;
the gaps are still too great in our knowledge of the distribution of
these animals, the only creatures which for the moment concern
us. We, as zoologists, may perhaps be blamed for this, since it
is our duty to collect the pbservations bearing on the question ;
but such a reproach does not touch us very deeply. Buch csience
must determine its own course without regard to any collateral
outside interest, and it may even oceur that important questions
should be for the time set aside_from absolute necessity, if,
within the province of the spesial science to which they apper- °
tain, no key as yet exists to 'tln.zir solution. And this i§ at
present, or has hithPrto been, itf & conspicnous degree, the case
with the peint under discussion. So long as the vitality of our
museuws is kept up by the constant supply, year ifter year, of
thousands of new butterflieg and other sinsects Smported from
the tropics, £0 long as they csn intere$t the’ public by the et
that so inany new fishes or birds, bats or spakes, are” deseribed
in them, so long, naturally, travelling nutmjﬂists will pay little
heed to the search for those inconspicuous®animals which are
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alone of any importance to the questfon here under discussion.
I myself, having been one of those very travellers, must own
myself guilty of such an oversight ; by if I nevertheless may
ventare here to avail wyself of the few incidental observutions T
have made, they allow me to come to the following conclusion,
the same that we are led to by Schmarda’s observations—that,
S fact, in by faf*the greater number of the Infasoria, Rotatoria,
Tardigrades, fresh-water Crustacea,‘and Worhs, the European
and American species are so extremely alike that they seem
“in many ciSes t¢: be perhaps even specifically identical. If
they were suddenly transferred to Europe, they would scarcely
alter the character of the fauna of our lakes and rivers in any
degree.
I say scarcely, intentionally and with due consideration ; for
a few exceptions, at present unfortunately too little known,

F16. §0.--Cypris ep., from the Philippines.

seriously disturb this nni;'ormity; or else forms are entirely
wanting in other countries which, o fur as our present ex-
perigive goes, belong to the characteristic fauna of the fresh
waters of Europe. To this latter category belong the crustacea
inclnded in the group of Phyllopoda, which, wherever they
.occur, live almost, or qui%e, exclusively in pools or sloughs.
Apus (see:fig. 33) and Branchipus ave the most familiar of the
European forms.of this family. Quite similar species occur in
North America, Aust.mlin,\tbc' Feejee Islands, and Africa; but
for seven years I vainly endeavoured to discpver ‘any species
whatever ofi this group in the Philippines; they are equally
absent from the Pelew islands, and. it would seem that they do
not oceur.in the Malayan Archipdiago. But the Daphnide and
Cypridze, which aremssociated with them in Europe and ‘America,
are nowhere wanting, I have found them wherever I have
sought for them ; nay, indeed, species which were deceptively
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like our own. Thus th8 question arises as to the cause of this
absence of Phyllopoda in countries where other forms can exist
which live under the yame conditions, sinee both belong to the
animal growy whose distribution on the'globe seems to be.sused
essentially by the action of winds. We know that all these forms
produce eggs which can be dried without losing their power of
development, and that many actually require<o have been dridd
before the yourg can devélope and escape. These eggs too are
minute and light, and certainly can be borne as dust before the
wind.  Why then are Apus and Branchipus absént in tropical
localities where the other crustacea nevertheless occur? This
striking anomaly is, however, as is easily shown, more apparent
than real. The establishment of such forms depends not merely
on the practicability of their germs being universally distributed=s -~
in the, manner above indicated, but also on the favourable
accessories in the new conditions in which they find themselves.
Hence it would be very possible that the eggs of Apids-and
Branchipus might reach the same tropical lands as those of the
other erustacea, but not find there the cirenmstances that would
favour their development, What the hindering canses may be
it is diflicult to say, for we are now onl y at the very threshold of
our knowledge of the vital conditions of these creatures ; but if
it were allowable to generalise from Brauer's elegant experiments
we might say that perhaps it is the absence of winter-cold
batween the tropies which constitutes this hindrance, for he has
shown that the eggs of several Phyllopoda, at any rate, develope
wost rapidly, or perhaps only, when they have previously been
exposed to a very low temperature, nearly down to the freezing
point. S : % :
The very general uniformity of the lower forms of fresh
water animals is, ift the second- place, interrupted by the occur-
rence, ameng numerous species of fypical European character, of
isolated forms Shich appear perfectly foreign among their asso-
ciates. 'Thus, among many Rotatoria in the Philippiies which
can hardly be specifically «distinguished from the Eurcpean
species, there are a few quitd divergent forms. "The moss
remarkable of these is one named by me Trochosphara equa-
torialis (see fig. 81) and which T described s long ago as 1872,
X
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1 found this genus exclusively in Mindanao. What is the reason
that it is absent from Luzon and Bohol,where the same external
copditions of existence would seem to pré rail as on the southern
island’, It is impossible to suppose that the eggs have not
been able to find their way thither ; but what the numerous
causes may be \‘;hich affect their development, in one place
favouring and in another preventing it, is not at, present known.

A second example of the same kind is offered by the forms
of Branchipus. Species of this genus live both in Europe and
America, The spevies oceurring in the two continents, though
easy to distinguish, still are so similar that the American
species might be transferred to Europe and wvicz versd without
changing anything in the character of the fauna of either coun-
try. But, associated with them, live a few other very divergent

forms, particxd:\rly the very singular Zhamnocephalud, which

F15. 81— Trochosphara equalorialis, n Philippive species (Rotatoria).

disturbs the uniformity of the Amerftan Branchipoda by its
oscurronce in the south of the Union. Here also the causes are
perfectly unknown which prevent this genus from developing
fully in the higher latitudes of North America; but we are
ooliged to assume that theré” are such hindrances, since it is
difficult otlierwise to see why tl\f.;y chould not develape in the
north just as well as the eggs of. the other Branchipoda which
ave distributed with great uriformity over the whole continent,
and which everywhere develope in the samc manner. It
appears tc mé that Brauer’s researches—so often alluded to—
if not as yot fully-wailable, contpin the germ of future and
more fertill inquiry in this direction, and it is only to be wished
that Brauer may not long remain in sole possession of this field,
for & combination ‘of forces will in this, as in every case, lead
sooner and more certainly to the desired result.



: CO-OPERATING INFLUENCES. 307,
¢ ‘

2. Currents and winds as limiting the distribution of
species,—When we reflect on the mode in which alone winds
and currents can possibly convey animals from place to
place, it becomes self-evident that thes must Very freq.éntly
fact also as hindrances to the distribution of species.  Ships,
drifting ice with the boulders, erratic blocks or drift-swood
transported by it, trees uprooted from the land, and the leaves
and dust often tarried to* great distances by storms—all these
serve from time to time and with more or less frequency for the
transport of many kinds of animals. And gince storms, winds;
and currents, in spite of many variations in their courses, aroe
still on the whole very constant, it necessarily follows that those
animals which either do not come within their range, or which
cannot bear transmission by such means, are excluded from dig-e=,
tribution by these agents. Elephants could never be conveyed
to nny.distuuce on floating trees, as small snails can, or even
such mammals as live among their branches; wingles®and
birds, like those of New Zealand and Madagascar, are_incapable
of migrating to any distance ; but still, in these and all similar
cases, currents serve as a means of separation only because the®
nature of the animals concerned forbids their availing them-
s:lves of them. Thus the action of winds and currents is
dependent on that of the animdls or co-operates with it.
Even in cases where the currents appear to act quite indepen-
dently, their influence is.ulways dependent on other condifjons
which may be associated with them. Thus, for instance, many
animals are extremely susceptible to variations of temperature ;
consequently, if any warm-water animals are borne by a corrent
from the region of warm seas into a cold one; they must in all -
prolmbilﬂy perish very soon. . Here, then, the currents might
have acted as premoting ande %iding distribution, but this
result wag completely neutralised by the contemporaneous
action of a dimimution of warmth. In the same wy very often
some animal may be carried by the wi,ué froth. one fsland to
another without any favouyble issue, for #s establishmert in
the new. locality depends, as wée know, nof merely ¢n its safe
arrival there, but also on the creature’s ﬁndii:g in its new home

x2 .
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all the other conditions of life favourable for its living and re-
producing its kind. .

Currents themselves must no less have a dividing ae-
tiow . in some éases. I% is well known that all ﬁonmnn ob-
jects, such as drift-wood, leaves, trees, &c., gradually drift to
the edge of the stream, even though they may have fallen into
the middle of it. . Every navigator is familiar with the pheno-
mena resulting from this, and knows that the western and
eastern limits of the Gulf-stream are both indicated by a broad
Sbund of accumulated sea-weed, wood, leaves, and other objects.
This tenidency of the current to clear itself—or clean itself—is
stronger in proportion to its rapidity and strength. Hence,
objects torn by a stream flowing between two islands from the

_one lying to the left of it, could be borne to that on the right
side only under specially favouring circumstances ; and vice versd,
those brought from the right could never, or very rarely, be
carr-d to the opposite side. Thusa mixture of the faunas of the
two islands might be hindered, or at any rate rendered extremely
difficult, simply by the action of the current flowing between
them. Only those free-swimming animals which might be
able to overcome the mechanical resistance of the current to
which they would be exposed in their attempt to cross it, would
be in a position to escape its influence. That this action of the
current is theoretically inevitable cannot be disputed ; still,
the gpestion may of comrse be raised as to whether actually it
often comes into play,

Certain phenomena attending the distribution or migration
of animals do in fact leave no room for doubt that this dividing
action may often be detected, above all in marine currents. We
have already met with a few examples in previous sections.
When we were considering the striking cireumstance that the
islands lying close to Africa-have a quite different fauna from
that of the neighbouring continent, we mentionedthis as a factor ;
for that fact ws intelligible only on these grounds, and we
pointed out, on the one hand, that the stream flowing from
 Burope, o.. the north, was, from the course if takes, able to in-
troduce a quantity of European forms into these islands, while,
on the other, any sppcies of animals carried off from the African
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shore m 15t be deprived of e‘very. chance of reaching these islands,
sinee a dividing currenfsflowed between them. I have further
remarked above, how sharp @ contrast is defined between the
marine fmum cast andYwest of the merigian of the Cape of Good
Hope ; to the east, the animals of the Indian Ocean bought
down by the Mozambique current, and a multitude of beautiful
forms are abundant; to the west, there is the greatest poverty
of animal life and a quitesdifferent set of spcmeﬂ. No mixture
of the two occurs, as it would seem; and thisis confirmed by the
statement—never, go far as I know, contradicted—ghat the whale
of the Atlantic never crosses the meridian of the Cape, although
it is certainly one of the strongest swimmers of the deep. I
Lave before shown how difficult it must be for the larger land
molluses to cross arms of the sea, and thisis visible even on aamallc
scale. To the north of Tuzon lies a small group of islands 13
known as the Babuyanes. Their land-snails belong on the whole
to the groups typical of the Philippines; true Cocklostyle
for the most part, but quite different on the eastern and western
islands.  Species occur on the latter which bear a remarkable
resemblance to those of the west coast of Luzon or are quiteiden-
tical, while on the former only such are found as are especially
characteristic of the castern side of that island. This may in
part result from the fact that the %egetation of the eastern and
western Babnyanes seems to be tolerably dissimilar, but this
would not remove the Tafluence of the currents flowing from
the east and west of Luzon—an influence which is phiinly
discernible—it would only make it indirect. For on Luzon, too,
the same difference is perceptible in the vegetation of the eastern
and western portions ; in the east; fordsts without limit ; in the |
west, cultivated land and p'astum It would be efsyf to cite a
great number of similar cases s which the dividing action of
marine cyrrents would be more o less discernible, but it must
suffice here tordiscuss in detail another of the mone interesting’
examples, oy -

The \m'mnce betweel, the fawnd of, the islands of the
Malny'ul province and that of "New Guinea and New }Iollnnd
long since attracted the attention of naturalists, Schmarda
defined the Australian region as in direct goritrast to the Indian.
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Certainly he includes in the Indian ths Sunda islands, which
Wallace, who first attempted to explain this contrast, placed in
the Australian region. The limit-line which, accortling to
‘Wallace, sharply divides, these two regions, runs between the
two islands of Bali and Lombok, close as these two lie to each
other. He reckons the fauna of Bali with that of Java, while
that of Lombok is said to be completely different, and to belong
to the Moluccas. From thence the dimit between these two
provinces runs somewhat to the north-east, between Borneo,
which still belongs to the Indian, and Celebes; it then turns
abruptly to the east; thus all the Philippine islands are thrown
into the Indian region, while a few of the smaller groups, form-
ing a connection between Mindanao and Gilolo and New
. Guinea, lie south of this limit-line and are thus included in the
great Australian region. The line thus laid down has been
designated as Wallace's line, in honour of its founder.

J# cannot be disputed that this line seems, in fact, a very
natural one, if only the birds and mammalia are taken into con-
sideration and the insects not brought into the comparison. In
the Australian region the Marsupials, birds of Paradise, Mono-
tremata, lyre-birds, cockatoos, cassowaries, and the very peculinr
Trichoglosside ; in the Indian region, on the other hand, the
apes, lemurs and flying squirrels, Galeopithecus, and many other
Mammalia which are absent from the Australian region. Among
birds, the Argus pheasant, the peacock and Fuplocamus, the
various pigeons, and of parrots the Loriculus and Palaornis,
with many others, never occur in the Australian region.
‘We must not, however, leave out of the question the fact that
many of these forms, or of “others equally characteristic, not
rarely pass deross into the neighbouring region, where the two
come into contact. Wallace himself points this out. But the
contrast is much less sharply.defined in the Reptiles, Amphibia,
and even the Insects; thus Pascoe, who has the most perfect
knowledge of the' Coleoptera of the eastern hemisphere, says
that, ns regards its haetles,-New Guiifea most positivel} belongs
to the Indian region, and that they are quite clearly distinct
from t.he Coleoptera of New Holland. Hence the contrast indi-
catod is not absolute, throughout, and Wallace himself, in his
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book on the geogmphim‘ digtribution of animals, repeatedly
points out that many ‘spwigs encroach on the limits of the
neighbouring provineg. m a very singular and incomprehensible
manner; and he justly infers that there must*he some peculiar
means of dispersal as yet unknown to us, by which thesd species
are enabled to overstep the limits apparently assigned to them
by nature. Moreover, he speaks of the faupa of the island .of
Celebes, included in the s ustralian region, as exhibiting so re-
markable a mixture of animal types that it might just as well
be included in the Indian region. But irrespgetive of these
forms, which prove that Wallace’s line doch not indicate an im-
passable frontier, there yet remains so vast a number of ex-
tremely different species, peculiar to each of these regions and
belonging exclusively to one, that the sharp distinction so loné
recognised between them appears fully justified.

Tho question now is whether this distinctive contrast can
be explained, and more particularly how it happens that two
islands lying so close to each other as Bali and Lombok should
by Wallace’s line be placed in two different regiong of animal
distribution. Wallace himself—who, so far as I know, was
the first to attempt to explain this phenomenon—does 5o as
follows :— ‘

He assumes that at some formter period the Indian continent
and the Indian islands as far as Java, Borneo, and the Philip-
pines, were connected$ and that, in the same way, Ausfralia
with New Guinea, the Moluccas, and Celebes, were in connec-
tion, and that only the group of islands from Timor as far as
Lombok were perhaps excluded. This last must probably have
been divided from Java by a deep sea”; and it was not till a later,
period® that Bali by the sx‘t!e of Java and, the saker islands
as far as Lombok by the sidesof Timor, were raised from the
bed of the sea. The differonces of the fauna which nevertheless
oceur on the dndividual islands of each region he endeavours T.
account for by their separation at “differens periods from the
Indian br Australian cortinents. o ¢ 1 e

Now, it certdinly cannot be disputed that very many cirenim-
stances in the distribution of the land aflimals on these islands
argue in favour of this view; thus, for. ifstance, the fact, un-
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known to Wallace but discovered by myself, that at a former
period an elephant!!? was found on, Mindanao, the most
southerly of the Philippines, can scarcely he explained except by
the supposition that a direct connection ‘existed between this
igland snd the Indian continent, or an indirect one by a junction
with the larger Malayan islands. For any transportation of
this species, which is very nearly allied to the dwarf variety of
Indian elephant, by a passage across the sea isnot to be thought
of. Nevertheless, I believe that this hypothetical connection of
the islands and mainland i not sufficient by itself to explain
even those facts that are already known to us as to the distribu-
tion of Indian and Australian forms on the islands lying between
the two continents. Even Wallace himself falls back on a
number of other causes, and in order not to abandon his general
‘principle he suggests a hypothetical history of upheavals and
subsidences, so numerous and various in the different islands
that, in the total absence of all geological proof of them, we feel
ourselves gradually withdrawn from the terra firma of Jjustifi-
able speculation and floating in the clouds. It seems to me
that there is a very general predilection for too readily construet-
ing sunken continents. Whenever any extensive resemblance
between the faunas of two distant countries is discovered, or
even imagined, a bridge of mainland is always freely brought in
a5 the only mode of accounting for this resemblance. No doubt
it is the most convenient of instruments; and all the more easy
to woik with, .e. to use as evidence for a theory, because it is
absolutely impossible to prove the fallacy of the hypothesis by
the method of observation, the only way open to the natu.
ralist. . o
But uitil the question is finally, settled whether two parallal
 series of animal development might not haves proceeded inde-
pendently in two countries remote from each other, we can
~aver venture to regard the resemblance of two faunas as con-
clugive evidenca ¢f their primeval actual connection ; nay, it
even scems to mé that, thé twvo historjml series of specie§ of the
ho_""&!, 'l"ﬁcen&]y discovered both ir Europe and Rmerica, may on
the tontrary be regardid almost as & proof that each series was
developed independently in the two continents and yet led 10
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the same result : namel t’he production of the horse. How-
ever, I leave this an opr question ; thus much only 1 think
may be insisted on: that in such speculations this possibility
should never be lost sight of, and, at the same tfme, that all the
different cauSes which may have had a share in inﬂuenciﬁg the
distribution of animals must be fairly investigated and weighed
before it is possible to set up any one special ryethod of explana-
tion as the onlyecorrect on® to the exclusion of all others,

At any rate it is perfectly certain that winds and marine
currents sometimes promote and sometimes hinderasthe diffusion:
of species, both directly and indirectly. One species may beable
to cross a pretty strong current at a sharp angle, while another
may be prevented by a feeble wind or current from reaching an
island lying very near ; certain kinds of seeds can only be trans- -
ported by the wind, others again only by the sea; where, on an
island or a group, some particular plant is absent because its
seeds could not reach it, there of course the animals also we!l be
absent which depend on it for food and are monophagons. The
relations thus occasioned between the faunas of islands in two
contiguous regions, such as the Indian and Australian, are of -
course extraordinarily various, complicated and difficalt to in-
vestigate; but this does not justify us in neglecting them. It
may be more convenient to argu® from upheavals and sub-
sidences which may be imagined in any required number, or
from hypothetical intervéhing continents whose former existence
can be neither proved nor disproved ; but the easiest method is
certainly not always the most accurate—I may almost assert
that it havdly ever is. But in this particular case it does not
appear to me to be so exceptiounlfy ditficult #o detect the rela® .
tive conditions if we do not wiJfully shut our eyes to"tiom.

If we now refleet more particmlarly on what has been said
here and ip a former chapter as tosthe mode of action of cur-
rents, the view 4s irresistibly forced upon us that -it is possible™
that the differences here pointed ou'b'iﬁ the® distrivution of
animals may, without exception, be explained by their agency
without. assuming any former material connection bedween the
islands and the nearest continents. Granting that the larger
number of the Malayan islands and of thoge“in the vicinity of
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New Guinea did not rise from the seaSuntil quite recent times,
still the colonising of the islands froﬂ'x the neighbouring con-
tinents might have taken place in suck a way as to involve a
distribution snch as is zetually presented to us there. All the
larger Mammalia, being ineapable of overcoming the strong cur-
rents prevalent there, would have been excluded from immigra-
tion into the newly formed islands; only the smaller species,
that cling to trees, could have befn carried across seas by
those currents; and it agrees ‘with this that we find all the
«Marsupials cut of Australia, as in New Guinea, the Moluccas,
and Celebes, belonging exclusively to the climbing genera. And
that these should not have succeeded in crossing Wallace's
limit-line is the inevitable and very intelligible result of the
.- tendency of eurrents to ‘clean themselves,” as before deseribed.
This tendency results from the circumstance that such a cmrent
i3 always a little higher in the middle than at the sides. Hence
objects flonted off by the right margin of a current flowing
through the straits of Timor or Celebes, or between Bali and
Lombok, could reach the left shore only under some specially
- favourable circumstances; they would usually remain on the
same side, particularly when they were passively borne along,
as would be the case with uprooted trees and so forth. In
looking at a map on which the currents in question are laid
down, it is at once seen that the currents flowing from Australia
and the southern part of New Guinea are suddenly diverted
from their slightly westerly or quite northerly direction to a
north-easterly or quite easterly flow, exactly by the very island
—namely Celebes—where the mixture of Indian and Austra-
lian forms is most conspicuous. Land animals—such as land-
snails—of which the transportation can only be effected by cur-
rents must have been subjecé %o the same influence, and it is
_therefore quite intelligible when we find that two islands lying
0 close together as Bali and Yombok exhibit less similarity
than, for instande, Celebes and Java; for the current that parts
t!lo&o two little islands is-so strong that it must be ql.lite 1mpos-
Bxl{!e for Lnolluses, or other créatures that avail themselves of
drifting trees for their voyages, ever to pass from one island to
the other. On the contrary they might, under certain circum-
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by the current on the onger voyage to Celebes ; very easily,
indeed, when, by slight, variations in the strength or direction of
the monsoons and in the surface curments caubed by them, a
temporary c’hsuge was produced in the direction of the normal
cmrent flowing between Celebes and Borneo—known as Wallace’s
current—which is merged in the return curgent of the Pacifre
Ocean. All titse animdls, on the other hand, which wight
have other means of transport at their command, would be ren-
dered independent of the agency of this currenk, whether i
separating or in mingling the faunas; but of course only so
far as they were not monophagous, and thus absolutely depen-
dent for food on certain plants of which, again, the extension of
range was subject to the action of the said current. In PUISI- g
ance of this mode of viewing the matter we should then have
to inquire whether those insects and birds which appear to have
migrated from the Indiane region to the Australian, an®.viee
versd, may not be polyphagous and easily satisfied wit.h various
kinds of food ; and, on the other hand, whether, as an inevitable
corollary, those forms which are confined to particular islands®
or districts may not be monophagous or dependent on certain
forms of food whose extension of range from one island or
region to another is prevented by the agencies under considers-
tion. -

This, however, is not the place for pursuing this ingRggy in
detail, nor do we as yet possess sufficient materials for it in the
form of well-confirmed observations. But so long as the
geweral observations we do possess allow of no positive conclu-
sions, we are, on the other hgnd, not justified in rejecting any e
possibility as erroneous, and consequently _Wallace’s hypo-
thesis must for the present yofain open to discussion ; the
arguments here laid down in opposition to it are so too, in the_
same degree arnl for the same reason, and it must *be left to the
fature to decide between them, Still, Lam of “pinion that the
hypothesis I have put forwiyd may daim the advantage of aji
pealing- for proof only to such elements as can 1% hrought
under direct observation, while Wallace's is intrinsically in-
capable of demonstration by obscrvation, o

.
. ]
stances, easily cross the ‘oundxv'y originally set to their passage
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Tt follows from all this—as it.‘seeo to me—that the action
of marine currents, as means of separ‘:@n and amalgamation in
the distribution of organic life, mist bé made to bear a larger
part than it has hithertp done, in inquﬁrics as to the origin
of the present fauna of the globe from those of forfner periods.
For if we conceive of this course of development as a mechanical

r and make it our purpose to trace those determining
causes which have been merely mechanically operative, this can
never be done by propounding a more or less plausible hypo-
thesis, but only by methodical investigation ; nay, only by the
method of modern physiology—as much by a due referonce to
all the factors together which must be taken into consideration,
as by successively identifying the influence which each of them,

_ separately, may or must have had.

3 -
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CHAPTER X.

-
A FEW REMARKS AS TO THE INFLUENCE OFeOTHER CONDITIONS
OF EXISTENCE. e

Besioes those external conditions of animal life which T have
treated of in the foregoing chapters, there are others of whicle=
the effacts in certain cases may be of much greater consequence ;
which may indeed not unfrequently neutralise the effects of
apparently more importar’t ones, while they may neverfteless
at present escape any close investigation, Such, foy instance,
ave the effects of gravitation or pressure, of electricity, of the
aggregate condition of the surrounding medium, and many'
others.  They are often apparently insignificant as compared
with temperature, light, nutriment, &c., not because they are of
themselves unimportant, bnt only because we know much less
of their normal effects qu the life and growth of animals than
of the conditions we have hitherto bheen discussing s=ahieir
action almost entirely eludes those methods of research that T
have hitherto employed and which alone I acknowledge as the
right ones; consequently in the follogving brief discussion Qf
these pqints I find myself wholly thrown bacdk on hypothetical
interpretations of such observations as have been incidentally
made. Nay, the Shumber of %ifese observations is in itself so
small, thet in many cases they do®not even suffice as a basis fo
such an hypothesis ; and finally it mpst be ackifywledged that
sometimes the interpretation hithertq, offered of ceftain facts
has been founded on grose errors fhichg however, are widedy
diffusedl and, as it would seem, almost inewadicable.® . .
The effects of gravitation and pressyre.—The selective
influence of gravitation and its bearings om the organisation of
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animals are in many cases very consicuous and intelligible,
Thus, for instance, it is perfectly ov%nb, and has long been
acknowledged, that by it a certain stan J‘d i8 fixed for the bulk
of the animal’s body which cannot be"exceeded ovithout en
dangering the life of the individual, 1f, for instance, we grant
that the structure and specific gravity of any animal are factors
bearing a relation, to each other that does not allow of any con-
siderable variation, and also admit tht possibilify of its growing
beyond the normal standard of size, the animal would finally
be o large that it could not move its own weight, since its
grayvity must increase in geometrical progression, Of course the

" maximum of height or length attainable by particular animals

varies with their organisation, and hence must differ .in different
Sroups of animals, Birds are the most remarkable in this par-
ticular; in them the standard of bulk generally attainable
would be remarkably small with a specific gravity the same
as thnt of mammals, and their life in the air. But there
are in their organisation certain adaptations which make the
maximum bulk they actually attain tolerably high ; these are
the pneumatic bones and the air-cavities between the muscles
and in the body, which are sometimes extensively developed,
particularly in the strongest flyers, as for instance the Albatross.
By these the bird is enabled to attain a volume of which thg
weight could not long be carried by the most powerful flyer if it
corresponded to that which any quadruped of the same size
would have to move. A very interesting illustration of this
peculiavity is afforded by one of Professor Marsh's latest dis-
coveries in Amevica. The wonderfully rich deposits of fossil
remains in the Rocky Moun'tains have yielded to his search
a Reptile which, aceording to careful estimates, f:rom a restora-
tion of its hind limhs, must htve attained & height of at least
eighty feet. . .
~ According to the calculation made by a mathematician—a
friend of Profesdor Marsh's—this creature would in that case
actually have c‘xooe(]g;d the maximypin size it could have con-
trolled, under the sanosition titat in general organisation, and
therefore in the specific gravity of its body and bones, it
exhibited no dovizh;ign from that of the largest reptiles now
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living, the procodiles. t‘in point of fact the specific gravity
of its bones was less, for they are traversed by very large
cavities which, Professor®Marsh says, have all the appearance of
having beex%nh-m\'m, and after carefal investigation he does
not hesitate to pronounce them decidedly to be such. *1, in
company with him, examined these bones, though not, T must
admit, at any great length, and I confess thafyfrom their struce
ture alone it difl not seeh to me possible to prove that this
reptile had actually had pneumatic bones like those of hirds.
It is, however, possible that the caleulation, which must haves
been intrinsically one of great difficulty, may have been erro-
ueous, and in that case, in my opinion, the most weighty argu-
ment for Professor Marsh’s view would disappear. But if in
fact his friend’s calculation as to the maximum size of a reptile .
having the specific gravity of the crocodile is correct, I believe
also that the large cavities which undoubtedly exist in the
bones of that fossil creature can have been nothing elseethan
airscavities, whose function it was to render the animal light
enough for it to carry the still considerable weight ingepamble
from guch an enormous mass. 5
*  The media in which animals live also exert a certain pressure
depending on their mass and specific gravity, and it is easy
therefore to imagine that all creatifres which either fly in the
air, swim in water, or creep in mud, must be affected by the
pressure of the supcrincl?mbcut mass, This, of itself, iﬂ%iete
true ; but this true view has, even in quite recent times, often
led to perfectly false issues. The most striking instance of
thiwperverted application of a true idea is offered in the case
of animals living at great depths’in fresh as well as in salt®
water. 1t used formerly to begsaid, and the idea is o uncom-
monly expressed even at the prgssut day, that ¥t was most won-
derful that,animals generally, and wore particularly such deli-
cate structures ws Polypes, many Worms, Univalues, &c., were™
capable of enduring the enormous preee'suxé of mg *vasd volume
of water 2bove them, amdinting ineofeary, depths to that of
many Mmospheres.' But, pu.t. ire this form, the ideaeis .simply,
absurd ; for the soft-bodied creatures living at the bottom of
the sea are no more conscious of the press.m% above them of a
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column of water, theoretically entimat{il as that of many atmo-
" spheres, than we human beings, in thé normal condition of our
bodies, are aware of the weight above ws of one atmosphere ;
and simply for this reason, because the pressure is equal on all
gides, and because they are themselves permeated by fluids
which, as is well known, are almost incapable of compression,
The weight of ¢ high column of water can never affect an
animal at the bottom, excepting wheén the animal has cavities
in its body which are filled either with a fluid of less density
than the waser, or with gases. In the latter case particularly,
the effects are, as is well known, easy to observe, since gases are
in a high dezree compressible. Divers who plunge info great
depths—as, for instance, the pearl-divers in the Indian seas—
rsor, on the other hand, people who climb mountains to a great
height, often suffer severely from the difference of pressure in
the external atmosphere and the tension of the air in their
lungs, or the pressure in the internal vessels: the divers
because the increased pressure causes compression of the air in
the lungs; the climbers because, on the contrary, the heavier
air in the lungs tends to expand under the reduced atmospheric
pressuré at a great height. When a man has accustomed
himself to the lighter ntmoaphere of high mountains—4.e. to the
smaller pressure—he frequently finds it more healthy and agree-
alle than that of the plain, or at least equally so. Birds, which
often,ppme down to the plain from the giddiest heights with
extreme rapidity, must evidently be capable of aocommodatmg
themselves much more promptly than man to the alteration of
pressure, since not their luus‘s merely but their pncumntic bones
+ and all the other air-cavities of thg body are filled with air,

On the other hand, there ars animals which have cavities
filled with gases in their body; but which™are not capable of
effecting a change from thy compression which muvst be the
condition of such gases at considerable depths, so rapidly as
birds nor even as man ; nob so rapidly indeed as quick alterna-
fions,in the external. prcsmvc would’ require. This is the case
with fishes provided, with a swxmmmﬂ-blnddor An interesting
instance is afforded by the little fish of the Lake of Constance
known as the Kilch, These fish, allied to the Trout family,
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are a fivourite avticle AF food. They are caught in nets and
brought to the snrf»ceé' the, water; they come up invariably
with the belly much distended ; the air in the swimming-blad-
der, being relieved frofh the pressure ¢f the column of‘,water,
has expanded greatly and occasioned this unnatural distension,
which renders the fish quite incapable of swimming, Under
these conditions the fish s naturally unabla to live for aiy
length of time” But thé fishermen of the lake have a very
simple remedy ; they prick into the air-bladder with a fine
needle ; the air escapes with some force, the,disterfsion subsides,
and the fishes are enabled to live under totally changed condi-
tions as to pressure, even in quite shallow water and at the
surface, swimming quite as freely as their companions, the

F10. 82—The Kiloh of 1 Lake of Constance (Coregontss A emalis), showing the
distonsion caused by the Bxpansion of the air in tho swimming-tladder,
-

natives of the surface water. Hence the Kileh is confined to
4 certain depth, because it is not capable of accommodating the
tension of its swimming-bladder to tlie change of pressure in
the column of superincumbent water, Since, moretvér, in the
Kilch the pressure from within eutwards is tiie same as the ex-
ternal pressure, or must at any rate be very nearly the same,
the mechanical problem stated above has no_ existence for this
fish, nor for any other creatures living ufider %hé same condi-
tions. It Gan arise, in fact, Only in thesé uncommon cases—such
as would scem to e offered, for+instance, by the whele—whera
an animal furnished with internal air-cavities plunges from the
surface of the sea down to considerable dépths and remaius
there for some length of time; in these it is evident that some
Y
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contrivances must exist which neutrajse the ill efficts of the
compression of the contained air—whic) must undoubtedly take
place.

Tn the instances hero adduced, and in other sippilar ones, of
the action of gravitation on animals, the effects are obviously
merely selective ; all the individuals which are not qualified to
accommodate ther:sel ves to the actual conditions of pressure must
perish or seek a more suitable habiat. But gravitation may
perhups have also a direct determining action, perhaps in a
mode analogous to that by which the growth of the roots of
plants, or the structure of the underside of leaves, and other
things may directly depend on gravitation. The theoretical
possibility of this influence is bo‘,ond dispute ; but we know
very little of its actuul effects and extent. Nor can there he
any doubt that animals, in consequence of their greater freedom
of movement, are in a great degree ludepcndcnt of it; and any
extensive influence of this kmd such as is undoubtedly mani-
fested in plants, must be out of the question, except as regards
sedentary animals, such as corals, sponges, bryozoa, &e. How
far, in such creatures as these, gravitation may have an effect in
determining the general form of the colony, or of the individual
animals and their organs, is perfectly unknown, and it is diffi-
enlt to sea by what means it would be possible to ascertain
er.penmentallv the effects of gravity upon such animals. For
all, these contrivances which have been successfully employed
on plants, to allow gravitation to exert a perfect'y independent
influence on their growth, cannot be applied to animals, and,
so far as can be seen, we can only fall back on the interpre-
tation of those experiments which Natuve herself performs on
gmwmn' animals under the normal conditions of their existence,
It is evident that we ean thasonly arrive-at more or less buld
or plausible hypotheses ; for-the fact cannot be too often insisted
on that experiment alone can ever enable uy to explrun the
canses I)mf' at the mgt of any particular phenomenon in the
'Ievelopment of an ~nima’, . All theories deduced only from the
visible puenomens, without the counter-check of experiment
are mere clever suggestions, which only serve to conceal our
jgnorance, and in fyet hinder any advance. Thus, for instance,
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mining the direction of the growth of the embryo in Mammalia.
But it scems to have’been forgotten that in most cases of
viviparous animals the position of theembryo in the uterns is
by no means constant, but alters in many ways during its deve-
lopment. If, in fact, gravitation were here of so much impor-
tance as has frequently been assumed, scarcely any normally
developed animals would'be born ; for we know, from the re-
markably complete experiments of Marcel de Serres, that such
embryos as normally assume a position of equilib¥ium for their.
development in the ovum—as, for instance, those of birds—are,
invariably deformed in the most irregular manner, if they are
constantly moved into other positions and so the original equili-
brium is disturbed. In the ova of many invertebrate creatures
the developing embryo floats in a surrounding fluid; so that
under @ny inversion of the whole ovary or cluster of eggs all
the embryos recover the. same position, since the certre of
gravity, lying out of the centre of the body, always sinks to the
bottom. In such cases as these gravitation evidently acts to
prevent any disturbance of the equilibrinm 5 but it is very
questionable whether at the same time any effect is thus pro-
duced on the process of development of the embryo itself within
the egz. That the limbs—as our Arms and legs—are suhject to
the conditions of gravitation allows of no doubt, and its efipets
may very possibly tell on the same parts of the body in the de-
veloping embryo while still in the uterus. But how far this
influence, which, no doubt, actually exists, may contribute to
determine the normal formation of animals and their organs, is
perfectly unknown, and cannot Be ascertained by any merely .
theoretital discussion. 3 2 R
Darwin adduces many instgnees which prove that even the
bones of the skull way be modified by gravity, or by pressure
in whatever manner exerted. Burns and repeated convulsions
in certain museles have heen known to &ffectt the ferm of the
hones of the face ; the sarfie effects hinve been produced when
lhuman, beings during youth have been forced to keep the head
constantly in a fixed position ; it is supposed that in certain
persons—for instance in shoemakers—who dre obliged to keep
Y2

3 o
it has "been asserted thg: gravitation has an influence in deter-
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acquires & prominent development of thd frontal bones. Darwin
has shown, moreover, that the forwarl lop of one ear of the
long-eared rabbit induces a corresponding forward growth of
almost’ every bone of the skull on the same side, so that it is
perfectly asymmetrical. Nay, even the growing brain appears
1y exercise & decided influence by the pressure it exerts on the
shape of the surrounding bones. But in all these, sand many
other cases which might be enumerated, the only fact ascertained
_with any certainty is that the growing parts themselves, as well
_ as other organs connected with them, may be modified by pres-
gnre and by their own weight ; no determineq standard for
estimating this influence is in any instance fixed, and we learn
from them absolutely nothing as to how far this influence may
be efficient in determining the production of the normal types
in animals now living. So far as I know, as yet only a few
atterrpts have been made to refer the normal form of the skulls
of vertebrate animals to the effects of such constant pressuve ;
the most rmportant of these arve certainly those of Lucae in hig
researches as to the skulls of mammaha, and those of Gudden in
bis investigations as to the growth of the skull of the rabbit.
Lucae, however, altogether disregards any experimental treat-
ment of the question ; and woat we learn from Gudden, valnable
s it may be to physicians, physiologists, and anthropologists,
is of no present value as affording any methodical standard for
oar inguiry.
The influence of solid bodies.—The aggregate condition of
golid bodies must decidedly have a certain influence on the
animals whose life is passed in digging or boring into them,
The highly'sensitive nose of the mole, for instance, must Sertainly
exhibit a quite different strucsupe from thas of the pmirie-d()g,
or Dipus, which uses it, as 1 myself have seen in tame indivi-
'duals, to beet the earth down firmly in its dwelling. "The
various snd “exéremély “dissimilar structures which occur as
organs for burrowing”in both ‘;ﬁ'tebmw and in¥Vertebrate
animals, ave so perfect in their adaptation totheir function that
from the structure of the legs, which are the limbs most com-
wonly employed ﬁrothis purpose, it is easy to infer the mode of

0 .
their head bent down for many hom%{togeﬂxer, the forehead
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using them ; nay, the ahole form of the body may be thus
determined, as in the yurnsplt, a dog with o propensity for
digging, or in the cylindrical form of the boring beetles of the
genus Bostrychus. It is clear that ghese adaptations of the
organisation of certain animals to the resistance offered*by the
conditions under which they live must be a powerful means of
selection by which all the individuals which are not strong
enongh to overcome the) obstacles opposed to them must be
¢'iminated. And since any variation in the aggregate condi-
tions of the soi!, wood, or stone, in which such greatures live,
must be either very insignificant or perfiaps wholly absent,
the point of ¢ stable equilibrium’ must soon be reached between
the strength of the digging organs on one side and that of the
obstacle to be overcome on the other ; the variations which easily
may occur in other surrounding conditions—as in the tempera-
ture, moisture of the atmosphere, salt constituents of the water,
nutriment, &e,—ecan in such cases but very rarely be efficient
causes in effecting any modification in animals exposed to the
former influence. Nevertheless, such modifications of the
organs of many animals as were dependent on the aggregats

conditions of solid bodies must have occurred in the course of

their phyletic or generie development ; for, if we are to suppose
that boring or burrowing animals descended originally from
such as did not bore or burrow, in the process of modifying the
organs adapted for mdtion above ground into such, as were
fitted for subterranean progress, organs which were originally
destined and contrived for walking, running, or swimming, must
hawe abandoned these functions to assume new ones, and thus
have been o far modified in strubture that they could be usid,
in the Best way for the purfose. But we know flothing as to
how such nlteratious in the habits of certain animals—urged
by some inward prompting—may have been able to occasion
these modifications in the structural characters of the organs 1n
question. It is well known that n déterinine& niode of motion,
or on the other hand tlic strength 6f the obstacle to be con-
quered, may have a certain efféct on the strength ofithe musecles
called into play, and, through them, on the power of resistance
in the fulerum joints of the bones, and” ultimately on the
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structure of the skeleton. But betwefn a merely thechanical
modification of a bone during the Jifetinde of an individual and
the differentiation which the leg of some primwval mammal
must have undergone before it could hafe given rise to such a
strikingly peculiar limb as the foot of the mole, there lies n
great gulf which no experience hitherto attainable enables
us to bridge over. The most we can say is this: That, beyond
a doubt, some cause unknown to us must exist—or 1w ust have

I

Fi6., 83,—A picce of wood bored by Limnorit terebrans, from Heligoland,

existed—in the nature of different animals, which has oceasioned

them sometimes to abandon their original habits or to alter
them.

F10, 84,—A Jiteca of solid limestona bored by Zimnoria ferebrans, from Teeland,
»

e ~

The two woodeuts here given illustrate a very striking case

it point. It has long been known that a small Crustacean,
\ Limnoria terebrang, attacks the hardest kinds of wood—Ilike the
} well-known ship-worm, Lepedo navedis—and piei-ca %it in all
directions with its cylindrical gallefies (see fig. 83). Butit is
perhaps less well knibwn that the same species attacks solid
limestone in the shme manner. The stone of which the an-
nexed cut shows a gmill portion (see fig. 84) T myself picked up
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in Trelardd, one of thgu-mnds, both lerger and smaller, whicl
were pierced in the sa Je way by myriads of these small boring
animals. Unfortunately it “was impossible to examine the
unimal very minutely at the time, and T could only ascertain
that it certainly was the Limnoria, so familiar to me on tha shores
of Heligoland and elsewhere, which in Ireland had not disdained
the hardest limestone. Very likely closer investigation might
raveal certain differencesdin the different individuals of the same
species boring in wood and in stone. as to the structure of the
organs used in boring, and which might show an gvident relation
between those organs and the hardness of® the substance bored
into. It is known, too, that certain species of gea-urchin some-
times bore into very hard rocks, while in other places they do
not. TIn other instances the form of the animal shows the
direct effects of contact with solid bodies; this is the ease
with many sedentary animals or those enclosed in a solid shell.
Many oysters, and such ,shell-fish as establish themselves on
rocks or wood or in fissures, frequently adapt their shells very
exactly to their position, and the form thus given tothem right
casily become constant, and even a fixed specific character, if
similar position were adopted by all the individuals of the species.
But here again, we do pot kmow how far the determining
influence of the solid object, whidh in some measure moulds the
yhell, may extend, for no experiments exist which ecan conclu-
sively prove that in sudh cases the moulding power of the posi-
tion has lLeen exclusively effective with no assistanes=from
inheritance, and we therefore are mot in a position to assert
that this explanation of the observed cases, though in itself
extremely phmsible, is in every Pespett the right one. Inorder
to verify this usual and dpparently correct interpretation ot
these forms of shalls, it would be necessaryto prove by experi-
ment that species which had biherto lived in some particular
gituation loss the form thus impressed on their ghells a8 soon a8
their young,were compelled to establish¢hemgselves in a position
diﬂ'erén‘t in character ; and, yet mqre, thj‘t' they coul.d be made
regularly to assume qui'te different sht:pes nccol',dmg to “the
differences in their new habitat. Experiments of this kind that
have been made with oysters undoubtedly prove that a certain
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conditions of their position. Neverthelsss, they yield no satis-
factory conelusion as to the amount of foese mechanical effects,
thongh their existence cannot be disputed.: .

And wae are still worse off with regard to other influences,
which certainly exist, although they remain up to the pre-
sent time perfectly unintelligible to us. Thus it can hardly
be doubted that the electric tension nf the atmosphere or of
terrestrial magnetism must have some effect on animals, and
attempts have not been wanting to refer certain phenomena of
animal life to these causes. Thus, for instance, at one time the
view was put forward that migratory birds directed their flight
towards the magnetic poles in the Old and New World; an
opinion which certainly seems to have been based on the tempt-
ing but usually misleading principle of Posthioc, ergo propter hoc.
We may, however, congratulate ourselves that the latest and
most thorough work on the migration,of birds—that of Palmén
—sets aside this mysterious power of the magnetic poles as
purely fabulous. Even with regard to the effects of atmospheric
electricity, we may surmise their existence, but cannot grasp
it, and remain unable to come to any decision ; that the dis-
charge of electricity in the form of lightning can occasion death
is all that is certain. But thik, of course, is of no great impor-
tance, as it never can be a factor in the origination of a new
species or the extirpation of an old on®; with regard to such
resulis as these, only the feeble electric teusion of the atmosphere
Jieed be taken into consideration—and this probably is not even
perceptible to most animals—since that alone is capable of
exerting any constant iniluente, Tately, and particularly in
France, natwralists have begun té investigate the effécts of
electric currents on*animals and o1 their develospment, and have
alrendy arrived at very remarkable results. Thus, Onimus
found that the pva of frogs developed more rapidly at the nega-
tive pale of a constant Current than at the positive pole;
Wagner supposes that hehas obsm'\'ﬁd an effect of el('éctricity
in altering the colours and the form of the wir]‘gs of butterflies,
These and the observations of Pigeon, Chauvean, and others
do not, however, at present, allow of our applying them to

) ¥
and somewhat extensive influence is exykd upon them by the
Lol
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the qucsh*)u of immedigte mtcrest to us here; for our pur-
pose it must first be pro¥ed, or Yat any rate shown to be proba-
ble, that electicity ger rally may exert a determining and
ascertainablg influence on the normalsgrowth of animals, and
this has not been done by any experiments hitherto made
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SECTION IIL

THE INFLUENCE OF LIVING SURROUNDINGS.

CHAPTER XI.

THE TRANSFORMING INFLUENCE OF LIVING ORGANISMS ON
ANIMALS.S

Introductory Remarks.—It is self-evident that all animals,
without exception, are to a certain degree simultaneously depen-
dent on various other animals as well as on plants ; for even
such species as appear to depend for their nourishment exclu-
sively on a particular kind of vegetable food also come under
the indirect influence of other organisms, often of a great num-
ber, by reason of that very limitefion. Examples of such
highly complicated relations and interdependence are familiar
to all, and this relieves me from the necessity of repeating here
all that has been: said so often and with so much emphasic. by
Darwin and othe>s on this phrt of my subject.

Occasionally alterations taking place in these complicated
relations may even lead—as i~ actually kncwn—to the destruc-
tion of a species, For instsnce, if the food-plant supplying a
strietly moncphagous animal is by any circumstance extirpated,
that specias fnutt inévitably die ont. When plants on which
nny species of animal is-dependent for food are atiected and
modified by any accidental variation that ‘may occur in the
temperature, the moisture of the air, or the nutrvition they
derive from the <oil, the animals living on these plants will
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necessnrik' be sensible df the changes and possibly perish in con-
sequence.  Again, if cprtain, insects whose function it is to
fertilise certain plants Wie out, others living as parasites on
those plantg wonld nefessarily saffer it a variety of wavs. A

few species, being wholly monophagous, would perish com-

pletely ; polyphagous species, as it would secm, might be able
to adapt themselves, without suffering in thesleast, to a changed

form of nourisiment and mode of life ; others ngain, if they were

not extirpated, would probably find themselves affected in some

way or other by the change of food, and thg effects might very

likely exhibit themselves by a‘certain modification in the struc-«
ture of their organs. We have mentioned some cases of this

kind in the chapter on Food ; it will therefore be superfluaous to

dwell on them here, and all the more so as I have dealt witl

food as_one of the inanimate conditions of existence,

But the reciprocal action of living organisms gives rise to
yet other modifications widch can be in no way connected with
those occasioned by nutrition, even though this may he derived
from the organic kingdom, Thus, for instance, there are highly
intimate relations between the different individuals of the same
species and between the two sexes of a species ; many animals
are directly dependent npon others, althongh not using them in
any way as food ; to these belong the commensals or messmates,
which do not feed on their host or on its organs, although tkey
make use of them as a theans of procuring the food that saits
them.

As arule the species thus thrown into Jjuxtaposition are
reciprocally dependent on each Other.  If a parasite only
destroys_the internal germ-gland of its hosf—as is not upfre-
quently the case with parasitic worms and, crustaceans—the
host will not be refilered incapaile of living, but only of propa-
gating its species. Thus I have néver yet heard of the hermit- -
crab, Pagurus, being found infested with parasitic Uirrhipedia of
the genus_Peltogaster and at the same time cartying éggs on its
hind feet ; nevertheless, theat;mbs continue t5 grow, and are to all
appeardnce healthy, In a similar manner #he peculifir Jarva of
certain Trematode worms eat away the reproductive glands of
pond-snai's so complately that they are incapable either of fer-
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tilising or depositing their eggs ; in spite of this the§ live just
as well as the individuals not atticked by parasites, and it may
bo inferred from the size of their shell} that they live equally
long.''® : 0 o

Now, it certainly is a fact that the influence exerted by one
living creature over another is in most cases selzctive only. A
transforming influeice, on the other hand, occurs, and can occur,
only when the two species come into direct bodily contact. But

Fiti, 85.—Part of the sten: () of n i;)‘»lrn»ﬂ Polyp, CGrmpanularia, with closed pear-shaped
) glis (&) within whick: lives the larva 1) of o sea-gplder, Pycacgonumi.

oven then a selective influence 1s the first to come into play.
For example, if a certain species of hermit-crab were sn equally
good host for :t.he,]mm of all the parasitic Crustaceans which
float or swim in the ses, it would in all probability soon be
wholly exterminated ; consequently‘the continued existence of
the parasites themselves depends not merely on their being able
to attach themselves to a suitable host, but also on the selection
which the host hims¢lf may be able to effect among the guests
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to wht;mlho offers a residence—though he cannot be said to
invite them. v /

The modifying infijlence of living organisms on living
animals—In a former chapter wes have already become
acquainted with a case coming into this category ; namety, the
cysts or galls formed on certain corals by the presence of
crubs, In these cases the crabs do not seem to be particularly
affected by thefr host, uifless we are disposed to attribute the
Hat shape of Hapalocarcinus or the cylindrical form of Zitho-
scaptus to the direct mechanical influence of sheir peculiar
dwelling-places. The corals, on the contrary, exhibit such great_
and peculiar deviations from their normal growth that the
efiects of the parvasites on their host are plainly perceptible,
both as stimulating and as checking its growth., There are a
not inconsiderable number of such cases known. Certain sea--
spiders, Pyenogonida, produce exactly similar galls, but com-
pletely closed (see fig. 85)s on the stems of a small polyp—as
Hodge informs us.  All the larvee of our fresh-water mussels,
after leaving the parvent, require to attach themselves to the
skin of a fish before they can develope any further ; there they
occasion an excrescence which gradually swells to a capsule
visible even to the naked eye, and in this cavity the larva lives
for months and goes through itd metamorphoesis into a true
bivalve. 'We must include in the same category the gall-flies
forming galls on extrenidly various plants, R

We are now accustomed, in all such cases of deviation from
the normal growth, to regard them pathologically, as the result
ofadisease, and certainly not altogether erruneously, since we
know that tney constitute moré orless frequent exceptions,
But supposing that the rccip‘qoa\l relations betweentwo animals
or an animal andsa plant were of such a character that each
was dependent on the other in arxequal degree, so that neither
conld exist without the other, any deviation from the normal
growth must, evidently no longer be regardedsas indicating dis-
ease.  We must £ven cofisider the dpparent abnormity as a
peculierity or character of the species, since it must necessarily
occur in every individual of the species. The constancy of the
causes which first led to the association of the two kinds of
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animals would inevitably result in the constancy éf ‘the de-
viation, and. consequently the tfansforination of a pathological
phenomenon into a normal character would depend solely on the
uninterrupted constancy of the active cinses. We arrived at
the same result when investigating those modifieations of struc-
ture in animals which were occasioned by the first class of ex-
ternal conditions of life; every variation induced by a change
in temperature or nutriment, in the Jivection ér strength of a
curent, or in the salt constituents of the water, must always
recur, and thns become constant or even be increased, so long
as the efficient calses remain unchanged. Now, in point of
fact, several cases have long been known to us of pathological
changes in animals which have become normal modifications,
and the causes of which can only consist in the association of
two species of animals. I will proceed to investigate these, and
a few others which are new or have met with less attention.

A very singular genus of small corals, called Heteropsammia,
15 found living in tropical seas (see fig. 86), of which each in-
dividual yegularly harbours a worm, Aspidosipkon, belonging to
the class of Sipunculide. It is difficult to understand what
advantage each animal can derive from their association ; yet
some must exist, for a coral is never found without a worm I
myself have fished up numecous specimens of Heteropsammis
Mickelini in the Philippine seas, and never found one without a
worm ; and in every representation aid description of all the
species of this genus, the dwelling of this companion of the
coral is always found. Now, the presence of the Sipunculide is
the canse of certain very conspicuous deviations from the normal
structure of the gorals vhey live in—peculiarities which have
indead bewr: regarded and described as specific characters of the
species or genus, In young specimens thy base of the free-
growing coral is scarcely larger than the circumferelzce of the
cap ; in fully-grown ones, on the contrary, it is much larger.
This is the first ~eneric ¢haracter which appears tq be occasioned
by the presence of the steanger. Kot the intruder settles on the
h'lse of the quite young coral and grows alo'ﬁg with it ; but, as
It would seem, quicker than the coral, so that the worm, in
order not to outgdw the base in its rapid progress, has to curl

(8
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itself rourd i1 a spirale At the same time it appears so to
stimulate the base of the coral‘that it grows faster than the cup
itself, and thus the basp gradually but conspicuously outgrows
the cup. Many coralg are affected in g perfectly similar manner
by parasitic crustaceans ; Diaseris Freycinati by certaineCirrhi-
pedia of which the shells often greatly ontgrow the foot of the
Diaseris, though this too is abnormally extended. Certain
species of the Zenus Hetfrocyathus also ave infested by Sipun-
culidw just like Heteropsammia, and their growth is modified
by them. Even in fossil species of this genus holes ave often
observable in the foob which can scarcely have been anything
else than the dwellings of Sipunculide.!1® There are also, it is
true, some species of the same genus, [Heterocyatious, which

T10, 80,—Heleropsammia Mickelini. a, soon from above with the brond hase: b, from

below, with the tube of the As_;nidmiplmn partly opened ; ¢, nlso from below but intasct,
ehowing the large entrance ojthe tube nxl the small gide openings. b

establish themselves on the shells of univalves; the animals
which have formed these are invariably dead, and the cavity of
the dead shell is always occupiegd by.another of the Sipuncu-
lide ; hut in this last case the worm has had no,_ effect on the
growth of the coral, which has followed the normal course of its
species and is at most so far modified that the coral, in order to
ohtain as secure a hold as posibl%, has extended its base rather
more widely over the surface of the shell than seems to be its
natural kabif, s v .

In the genera Heteropsammia®and Heterocyathus, in the
second place, another generic character becomes modified in a
very peculiar manuer by the Sipuncwlide. All the species
attacked, of both genern, display both on. the under side of the
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base and at the sides a very variakle numbar o" .peri'om-
tions which, in all the works th&.b treat of them systematically,
are described and particularly pointed $ut as specific or even ns
generic characters. Bué these holes do#not in agy way agree
with the pecunliar characteristics of the families to which these
genera belong ; for in Heterocyatlus the side walls of the coral
ought properly toghe quite withont perforations, and in Hetero-
psammia, which belongs to the gmup'of corals With porous walls,
the holes which we find are quite different from those proper to
the coral itsslf. In both cases these perforations, which are

o clearly visible in the illustration (see fig. 86), are occasioned by
the worm, as is plainly shown by their irvegnlarity of number
and arrangement, They open directly into the spiral cavity

Fio. §7.—n, af, Helerocowhns philippessis, a fullg-grown spocimen, At a the loje
formed by & Sipaneulus is vizible in the otherwise solil wall of the cup. 8, a young
individaal showing the terminal hole of the tube of a Sipunculus 3 hore it s visible in
ot side wall, but the growth of the corul Eluhcﬁ it to tho bottom. ¢, Heferocyathns
Parasilicys, establlshed on o species of Cerithium, @ .

o -
in which the worm lives, and correspond exactly to its growth ;
that hole which is neavest to the opening of the tubular dwell-
ing, out of which :tlm werm protrudes its head, being situated
® exacyly as if must necessarily be with reference to thesposition
of the anus of the worm to servd as a pasgage for the ejection
of excrement. Finally, these Holes have no connection with
tao cavity of the coral itself. 31 A, ar®
Thus the enlgrged foot and the large holes observable at the
base or in the sides of éhe corals, kave originatéd i the same
why % thgse puthoR)gicnf deformi®ies in a%imals and, plants
previously mentionefl, and this is more particularly proved by
the fact that no such holes are formed in the Heterocyathus,
which establishes imelf on the shells of univalves. But as
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they are perfectly constint—no specimen having hitherto been
found without such holes, sufficiently proving that a Sipunculus
lives as commensal in the coral—they here bear the aspect, or
disguise, of 3 true specific character.

Many years since, a very interesting case of association or
commensalism between a molluse and a coral was deseribed by
Steenstrup. The young of Rhizock ilus awtipethum (sce fig.
88) have all the appearance and characters of a true Buccinum,
When they have reached a certain size they attach themselves to
the slender branches of a horny coral knowp as Antipaties, and
at once so modify their normal growth that it is quite impossi-
ble to name any other mollusc in which any alterations of

growth at maturity are to be met with in the least resembling
1

Fio. 88 —Rhizochilur antipathum, Steenstrop, * 7o the right the young shell exactly
resembling Huccinwm ; to the left the old skell frmly aitachiod to the brancles of Aufis
pathes Ly its irregularly formed margin.

.~

)
it. The shell throws out processes in every direction, by v-hich
it clings to the coral, in the mode here shown in a woodeut
copied from Steenstrup, till at last the molluse loses all
power of motion and lies, anchored &s it were, to the Anfi-
pathes. + Of what use this cah be to the animal it.s-difficult to’
say ; but we may yenture to’ put forward the hypothesis that
it must be, and is, of some service, and also that an originally
socidental connection and growth of some true species of Bee-
cinum with the slender branches of a Goigonig nrust have given
riso to tHis extraordinary habit. [ *

Certain parasific Crustdiceans offer another exarzple of such
a peculiar action of one animal on another. The species of Pel-
togaster often live attached to the hind part of the body of the
hermit erab, and they then assume the forfli necessitated by that

Z
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of their host and of bis dwelling. PachiyBdsllz lives in [frefelence
on the hind part of other crabs, fnd particularly on the under
surfuce, which, as is well known, the cilb always carries folded
in under its body towafds the front; it® occurs alsnost exclu-
sively 3n the abdomen of the female crabs. The parasite always
(see fig. 12) consists of a somewhat flattened sac, adhering closely
on both sides to the surface of the cpab's abdcgmen; the side
edges of the parasite, when seen in its natural position, perfectly
agree with the form of the crab’s body and correspond exactly
W 1th the lateal symmetry of the crab itself. The structure of
-one surface of the Pachybdella almost always differs from that
of the other, and one of these surfaces has hitherto been always
regarded as the natural hinder side of the Pachybdella and the
ather as the front or belly ; but this is quite an error, as has
been proved by the careful researches of Professor Kossmann.
The old view seemed quite established Ly the presence of a large
opening which was generally recognised as the month, and it
cannot be denied that a median line of the body seemed to be
indieated by this opening. and by the situation, exactly in a
Tine with it, of a style by which the animal attaches itself to
the abdomen of the crab, and these allowed of our dividing it
into two symmetrical right and left halves analogous to those
observed in most other animal forms, But after Kossmann's
obsgrvations and an exact investigation of its internal anatomy,
pregousky but little known, there can’no longer be any doubt
that the flat surface is in fact only one side of the body, and
that the two corresponding halves constitute the front and
back., Thus, in form, this .unm.tl reminds us somewhat of The
- later: 11]3 com.pressed flat- bshes, in which the back and be]ly form
two ed,;os while the right and leftsides are broad and flat; and
like them it always lies on ont® %ide, sometiles the nght and
sometimes the left. & .

I canuot rgsist the temptation to attempt to explain this
extraordindly corflition of things by an hypothe-is put forward,
by Kossmann, The Jurm! of all 4]10 Cirrhipedin—to which
Pachybdell# belongsa-are distinet from those of their fiearest
allies among the Crustacea by the circumstance that they must
pass through a secon!ﬂ larva-stage before they can assume the
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form of ‘the fully devéioped sexual animal; during this stage
they have two shells, oonnectﬁ,‘d, like those of bivalve mollusca,
by an elastic ligament Ut the dorsal margin. It is probably at
this stage #hat they'attach themselvés to the abdomen of a
crab ; this compels the Cypris-like larva to lie on one side,
since there is no room for it to occupy a perpendicular position
between the tohomx and the folded-up abdomen of the crab.
Sines, moreover, they establish themselves, almost without excep-
tion, in the centre of the crab’s body, and ere long cast off
the hard shells of the larva form, to allow gf the%rowth of the
somewhat . soft permanent skin, the back and front of the
Pachybdella will continue to grow in similar directions, and it
is easily explicable on mechanical grounds that the two edges
must be symmetricgl in their growth, in consequence of the
symmetry of the form of the crab’s abdomen. In most animals
it is not the back and belly that are symmetrical, but usually
the right and left side. Now, sinee the left side of the larva of
the Pachybdella is applied to the thorax of the cgab and the
right to the surface of the abdomen, it need not surprise us to
find that the two sides of the body, which in other animals are
usually symmetrical, have become dissimilar in consequence of
the unusual pressure upon them, and so their normal symmetry
is lost. This is actually what takes place, as Kossmann has
also proved ; the markings and the hairs of the skin of many
species of Pachybdella are extremely different on the righteside
and on the left. This renders the comparison with the unsym-
metrical flat-fish—as Plaice—even more striking, but in them
the” false symmetry of the front and back’ is less distinctl

-

marked, than in the Pachybgella. ST, |

The method here suggested as an explanation of the false
symmetry of Pachybdella présipposes, however, that only one
individug! at a time shall have atlached itself to the crab, for
in that case only can the abdomen .of the crab be capable of
pressing the Pachybdella, gs it grows, into thi particular form,
And indeed onlysone individual if commonly found en each
crab. “But when—as sometimes, though very rarely, happens—
more larve than one establish themselves almost simultaneously
on a crab's tail, these must mutually hinder each other in the

22
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form of growth, otherwise determined® by the pressu’re of the
crab’s abdomen, and we might expect to find that such false sym-
metry would disappear, since the mechahical causes determining
the growth of the Pachyddella would no Pnger be able to act in
the same way. This anticipation is not, however, justified ; in
the cut here given the abdomen of a crab is shown which bore
on it three such-uninvited guests,, and although a certain
irregularity is plainly perceptible in the form and dissimilarity
of the three Pumsites, the false symmetry is quite normal and
well developed in all three. This proves that in this case the
false symmetry induced by pressure has already become an heve-

Fi6, 53— A spocimen of Crefmys manas, from Heligoland, with three parasitic specimens
of Sueculinn carcind.  All three, in spite of their irregular growth, exuibit the fnlse
sytimetry proper Lo the genns,

~ ditary character of the’ species; otherwise it must have dis-
appeared. Thus in this case, wh:.;t was originally an abnormal
and pathological * character spems to have become a normal
specific chavacter, transmissible by inheritance.

= A still mare wonderful instance of the samg kind was long
since deseribed pby €ount Pourtalés. During his dredging
ezpedition in the Wese Indies he discovered a hérny coral
(see fig. 909 invariably associated With an Ahnelid. The worm
lives in a tube formed by the abnormal growth—which in this
species has become normal— of the slender branches of the coral ;
they grow togetherinto a rather fine network, and thus form
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a cylirfdrical cavity lying parallel to the main stem of the
Antipathes. Among the pumerous specimens found by
Pourtalés not one occ\;u-ned'thnt. had not a tube, and thus
the same thing has happened here as in the other instances
adduced. “An abnormal peculiarity caused by a modifieation ins
the mode of growth has, by the constant recurrence of the
exciting cause, become a distingnishing mark of the species.

In conclusion I candot refrain from mentioning one more
very singular and hitherto little-noticed case of the association
of two organisms which seems closely allied to the well-known
case of Lichens among plants. These, ateording to Schwen-
dener’s researches, are to be regarded as colonies of true one-
celled Alge and Fungi, and though individual botanists still
raise their protest against this view, the latest investigations on

R DAL (%
P16, M0, —Antipathes fitlr, Pourtalds, & horny cornl Uf the West Indian seas, which by

coustant sssoclation with an Annelkl has been foiced to form o tube for tho worm,
Deop-sea coraks,

the subject seem to prove that they are no longer justified in
doing so. " o LAk
The Sponges are now universally classed with animals;
their soft parts consist exclusively of cells which are scarcely
evér co-ordinated to form special organs sfich as occur among
the higher animals. These, soft portions afe usually strfngt,‘h.
enedand supported by a network of fibres secreted from the cells
and extremely variable in stiucture. In the forms which are
generally regarded as the simplest and most typical, all the parts
unite to form a funnel attached by the pointed endl, and of which
the free.end has a large opening leadjng intd! a central cavity ;
this, for brevity,swe will gall the fhoutk of the sponge. Put,
besides this, the internal cavity commusiicates with the sur-
rounding water by a system of fine canals avhich penetrate the
lateral portions of the spongefunnel in every direction. A
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stream of water, produced by the cdls of the spgnge, cir-
culates through the system of tubes thus formed, and this, it
would seem, supplies the animal with fopd, consisting of micro-
scopic organisms. By a4 couwrse of growth and %ubdivision,
after the manner of plant-growth, a compound sponge is fre-
quently formed; one, that is to say, which has a number of
months, more or less, and in which the central eavity—which
in caleareous sponges is often quite simple—is tiinsformed into
a highly complex structure of internal canals and cavities,
These soft and perfectly harmless organisms, sometimes, how-

Fir. 91’.—41, longitadinal section throogh a ealeareons sponge, showing its simple central
cavity. &, thesponge nnipjured. (Frog Haockel.)

o e
ever, growing to ar extraordinary size, offer a welcome shelter
in theik innuferable cavities to a host of other creatures, which
vetire into them, as I might say] for rest and refreshment, and
can easily find in their labyiinthine passages a place,of con-
cealment from f;he pursuit of their enemies; sometimes these
are true pariisites,sometimes only commensals, wkich establislr
theraselves there. Sueh a Specimen of spongs freshly dredged
up from theea offersto the collector & rich mine of Annelids
mul' Planarians, Nemertide and Polypes; Crabs of every kind,
various Mollusea, and even Fishes, may be found, and Plants,
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as Algm and Fungi, also éstablish themselves there. Some of
these last have very singular habits ; it was Lieberkiihn, so far
as I know, who first pointed olit the fact that certain alge—the
TFloridew—are invariably associated with certain species of

sponge, and%hat they grow, not on the soft portions, but on the
hard fibres. Other alge, again, serve as a base for the sponges
which cover them like an incrustation. Both of these cases
might be designated as imstances of parasitiSin if we knew that,
in the former, the Floridem, living in and penetrating the fibres,
derived their nourishment from the sponge; or that, in the
second, the alge supplied food to the sporige growing upon it.
But we have no certain information on these points '

Ti0. 92.—Sparain cartilagina, I‘}cr Half the natural s'ze. The Loles inse of the
branchcs are tie moutls or stomata of the sponge, By far the greater portioafof the
gubstance o, the broad branches 15 compased of the matted Alaments of wi alga, Floridea.

“While following up the question as to avhether such pecu;
liavities of structure might g:ot fn fact be more common than
was supposed, and what the nature might lze of “the reciprocal
relations betsween dwo organisms thus associated, I unexpectedly
met with an ohject which at the fu-st: glance has all the norgml
appearance of s highly ramified species of sponge. It seems to
have been soleseribed already by Esper,’and {§ believe I am cor-
reet in designating the organism représented in the cut (see fig.
92) ad the Spongia cartilaginea of thatwriter. The branches,
which ave sometimes cylindrical and somgtimes flat, divide in
one place and reunite in another, thus forming an irregular net-
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work, with the meshes and branchés Spreading alolost in a
plane; such forms are tolerably common among the true
sponges. Besides this, all the branchesphave lavge perforations
on ons side, which in living examples—if I may judge from the
points of attachment—appear all to be firected upwards. If
such a franch is cut across, certain peculiar thick transparent

-

F16. 97 —Spongie avn’lhym{:, Esper” Rectfons of branches showing the skeloton formal
# Ly tio Alnnents of the sala-weed and the stomata, o, of the sponge.  The sprule and
protogasmic Ciscae are only visible wider a bigh magnifying power,

=
LR

fibres appear which do not greatly resemble the wsual fibres of
spofiges, and which penetrate the whole organism in every direc-
tion and through all ifs anastomoses. Still, when wp again
study the wninjured organism, even g"‘ilh a lens, we feel once
more inclined to agrge with Esper in regarding it as 4 true
sponge,

But & more minu'te'__in\'esﬁgntion with the microscope shows
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us, beyond the possibility,of doubt, that this body consists of two
distinct organisms, namely, of a sea-wesd associated with a
sponge exactly as is the with the lichens among plants, and
it is impossible, with oniy specimens preserved in aleohol, sand
without invéstigating their vital properties, to decide whether
the form of the whole mass owes its origin to the sponge or to
the vegetable growth. The thick and somewhat vitreous, trans-
parent branches: of the iuternal network (see fig. 93), which
give rise where they anastomose to the broader branches, on one
side of which we find the stomata of the sponge, are un-
doubtedly filaments of a sea-weed—probably an undetermined
species of Floridea; and the spaces between these internal
branches of the sea-weed lead directly into the cavities which,
on one side of the main stem, pass into the stomata of the
sponge. Hence the margins of these are actually composed of
the filaments of the alga. On the other hand, the soft tissue of
the sponge proper lies in a very thin layer on each filament ;
the sponge has no true fibres, though it has spicule which are
scattered through the soft substance. Unfortunately thie spiculm
are so far from characteristic in their structure and their arrange-,
ment that it is impossible to determine the genus in which the
sponge should be systematically placed. If we assume that its
normal growth is neither hindered nar modified by its association
with the sea-weed, it may with some probability be included in
the family of the Chaline,

But it is highly probable that in point of fact both the or-
ganisms are to a certain degree reciprocally influenced and
modified by their association. Although T have examined very
numerous examples of these colonizs, I have never succeeded in,
detecting the smallest trace of*fructification on the Glamenis of
the Florides ; they even seem not to grow in the usual manner
of the Floridew, so far as I could determine, and I am supported
in this view by those specialists whom I have asked among
botanists. In the first place an inteinal union, by, secondary
coalescenca, occurs between, the large primary branches, which
continue growing ab the ends only; that a.iu_a_v are tguly coales-
cent and not merely superficially connected 1s proved by the fact
that in many places the original scar or line of contact. is still
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visible, while in others the union has proceeded to suclia point
that even the cell-walls have merged in one. This appears to
me to be a very conspicuous devintion{rom the normal growth
of the Florides, for, so far as I know, two separate filaments or
branches never, or most rarely, anastomose in these marine
alge. Even the absence of all fructification seems to prove
that the sea-weed is forced to an illegitimate mode of growth,
g0 to speak, by its'association with the sponge. +
But it is, moreover, very probable that the sponge, on its
part, is affected by the Floridea. The greater part of its stomata
occur only on that ‘side of the broad primary branch which is
* directed upwards, but sometimes we meet with some which, by
a twisting of the branch, have quite lost this normal direction.
Now, if the sponge alone could determine the direction of
.growth, all the mouths would be turned in one direction, and,
as this does not occur, the presumption is obvious that'this de-
viatign from its normal behaviour is occasioned by the influence
of the sea-weed on the sponge. As it would seem, the direc-
tion of growth of the stomata is determined by that of the
filaments of the alga ; this extends its blunt tips—which, as is
well known, are its growing points—in every direction. They are
found everywhere, at the broad free end of the primary branches,
as well as within the oldest:portion and all round the mouths
of the sponge. As the encrusting layer formed by the sponge
is ‘excessively thin, it may be supposzd that round about the
stomata the growth of the sea-weed is as vigorous as that of
the sponge, or even stronger; it is then forced by the filaments
of the alga into g direction of growth perhaps not originally
natural to it. Be this‘as is may, in any case the compound
organisny I have here described niust be of the highest interest,
and I make no'doubt that, a careful investigation, not of
dead specimens, but of living individuals on the spot, with an
Mmquiry into their mode of life and physiological characters,
will furnish in answer to the question whether, as I believe,
the organisms—sea-wccd apd sponge ~—have a reciprocal influence
analogrous 2o that wiitch it has beeh proved that the algm and
fungi have in the compound organism known as a Lichen.
The degeneration of the organs of parasites.—Besides all
r
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these influences to whicls two organisms living in association are
exposed, there are yet others which exhibit their results in the
degeneration of the organs of true parasites. Most parasites
dispense entirely wifh many organs. indispensable to the
existence of free-living species; or else they possess ther in so
undeveloped a state that they appear almost incapable of ful-
filling their functions. They are then called rudimentary
organs. It is dsually said that this extinetion of organs which
in other cases are so important, is the result of the parasite’s
mode of life ; but this is only a brief way of steting the fuct
that such extreme degeneration has been obterved to any great
extent only in those true parasites which actually feed on the
Juices of their host. The statement is in no way an explana-
tion of the phenomenon itself, and up to the present time we
are absolutely unable to assign with any certainty the causes
by which, in any individual case, an organ may have been
affected in such & way as to reduce it to the rudimentary condi-
tion or to cause it to disappear altogether. It is self-evident
that all sedentary parasites, or such as live in the’organs of
other animals, must lead a free life while young, in order te
secure the perpetuation of the species by seeking a new host.
In accordance with this, we see that all those parasites with the
history of whose development we dre acquainted, go through a
stage of free larva-existence during which the Jarve live under
the same conditions as sther independent creatures. _SuchL a
free existence is, of course, impossible without organs of locomo-
tion, such as legs, fins, and so forth ; these again would be use-
less if they were not under the control of volition and its
auxiliaries, the organs of sensatidn; all thess orgngs must be .
supplied” with nourishment,”.which the free-swiminfhg Arve
could not obtain urdess they had grasping organs to seize their
prey ; and finally, they could not digest the food thus obiained
* if they wére not endowed with organs proper for *hat function,
Vessels or other contrivances must be piesent in t:em which
may convey the food-juices to the remiotest part of the body ;
other internal parts must fulfil the task af carTyirg away all
the products of that decomposition of the food-constituents
which results from the process of combustion’ carried on in the
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body, since these waste products are im the highest defree pre-
Judicial to life, Parasites permanently attached to their host
and living on its juices have no need uﬁ;f most of these organs,
and, in fact, in all sugh parasites or most of them have
totally disappeared or are extremely degenerate; the degree of
degeneration is, however, certainly very different in different
gpecies of parasites.

With reference to this it will suffice to select a few of the
best-known and more instructive examples from the abundance
at our dispossl. A‘x’nong mollusca there is first and foremost the

-

P16, 04.— Entoconcha mirabilis, Milller, 8, when sexually mature, in the form of o spiral

worm-lke creature (n the body cavity of Synapla digitate. B, the larva of tho
moliuke, . Q

- [

well-known Entoconcha (see fig.“94); this consists of a simple
sac containing mnothing but the hermaphrodite organs and
the embryos of a univalye molluse. These embryos have.
precisely the form and structure of the ordinary larve of
univalves adapied to a, free existence; an oval shell with an
vpercalum to fit the tmouth, an orgen for swimming —known as
the velam, such as decurs in many similar larve—a brain and
auditory organ, iutestines, gill cavity and all the other parts.
But all the organs here enumerated are entively lost when the
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creature is transformed into a mere parasitical pouch-like

molluse living in a Holothurian. The Cirrhipedia, Copepodn,{
and Isopoda among the Crustacea offer numerous examples of
equally extensive degeneration. The. extraordinary Z%omp-

sonia globosa, describéd by Kossmann (see p. 47), is nothing

more than a small perfectly closed sac attached by a short stalk

to the leg of a crab, Melia tesselata ; it contains larve in the

Cypris-stage without a trace of any other organ whatever, and

the other two above-named orders of Crustacea contain several

equally degenerate forms. In the same way the lgrve of many

parasitic worms are often more highly Jrganised than the

fully grown and sexually mature individuals, and in many
other groups of animals between ‘those here mentioned *degene-

rate metamorphosis’ often appears simultaneously with a para-

sitical mode of life.

Now, at the first glance, it seems tolerably easy to explain
the gradual disappearance of many organs in these different
creatures by the principle of disuse. We know that a muscle
which is not constantly exercised in the proper way gradually
loses its power and precision and at the same time materially
diminishes in size, The organs of sensation may be rendered
keener in their perception by use, and our mental activity in-
ereases with exercise and diminighes by lack of employment.
Thus, applying this principle a%:he foregoing cases, we might say
that the Entoconcha o pallsitic crustaceans had lost ‘their
organs of motion because, after attaching themselves to their host,
they no longer used them. In the same way we might under-
stard the disappearance of a true stomach,in Sacculina and
Thompsonia, since it becomes usdless ‘from fhe moment when
the animal establishes itselt, in the cavity of its “host mxd by
plunging a sucker into its body, i enabled to suck up the absorb-
able juices-of its host, and so to convey them into its own body
cavity, Without any circuit vid a stomach. Fyes and ears,
brain and neryes, muscles and other similar q{-gilng;, dependent
on the will of the animal? might in, the same way easily have
become extinct from desietude. But, "Rlnusible 4as this
sounds, certain not unimportant difficulties seem nevertheless to
stand in the way of this method of explanation.  An investiga-
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tion of these will once more set some of the general prix;ciplos I
have already laid down in a cleag; light.

If desuetude were invariably to bf regarded as a primary
cause of the disappearsmce of organs ng longer ig exercise, it
would be very difficult to understand why, under apparently
identical circumstances, identical vesults should not follow, t.e.
the disappearance of an organ. All the free-swimming larve of
the lower Crustacea have similar swimming orgiins, namely legs,
and all alike are thrown out of use by the settlement and
attachment of the parasite. In spite of this, the legs are by no
means universally absorbed in the same way. In some species
one disappears first, in other species another ; sometimes too a
few limbs are spared and remain attached to the body, thongh
nerfectly useless. Hence the same eause affects the same organs
very differently in different species ; and this proves that the
absence of a disused organ is not a mere mechanical result of
desusiude, but, on the contrary, is subject to other determining
influences according to the peculiavities of the animal whose
organs of motion are no longer exercised. We arrived at the
same conclusion in a former section when considering the inani-
mate conditions of existence, and I will endeavour in this
chapter to illustrate this point more fully by a few other striking
instances,

As a rule a tolerably sharp distinction is made between ecto-
and endo-parasites; the former being cuch as live on the outer
skin of animals, e.g. the louse, the latter living in the interior
organs. It isalso regarded as an almost universal rule that
ecto-parasites areof less degraded forms than endo-parasites;
Lowever, there ara some very striking exceptions to this rule,
The most remarkable exceptions known to me are the following,
which T myself observed in the Philippine Islands,

. Holothurians, like all animals, are infested by a great num-
ber of various parasites. ‘Besides the Ficrasfir (a fish) and
Pinnotheres (see; p. 80) which live in the water-luggs, other
pirasites, molluscs, and’ worms arg' found ;on and in them.
Among the former Fulima occurs very frequently on the skin
of the Holothurim (as also on that of Star-fishes) ; it exactly
resembles other univ'tlve mollusea, and its parasitic mode of life
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has only" led to its losing®the organ for gnawing and masticating
which is universal and peculiar; to univalves. Tt does not need
it, for it seems$#o suck up the slimy secretion from the skin of
the host. Hence FEwulima has neversbeen included in the
category of true parasites; and rashly dogmatising from this
view, the actual observation of Mr. Cuming (the well-known
traveller and conchol gist), who found similar specimens of
Eulima inside the stomnch of Holothurians, was at once rejected
and explained away by the quite unfounded assertion that the
univalves had only been eaten by the Holotlturians; but
Cuming was perfectly correct in his statement, for I myself.
have found living Eulime in thé intestine of large Holothuvize,

F19. 95.—Two undescribed species of Fhilime. o, lives creeping freely in tha stomacd of
& Holothurian, 618 seasile on t7n skin of & Holothurisn, through whick, it phgagu
its sucking proboscis. ¢, the front of the proboscis with lte simple mouth,

and that very often and by no means as a great rarity. Here
they ¢veep about rapidly on their broad fo6t, on the wall of
the intestine, and they have, );mreover, all thé organs proper to -
univalves, as a mervous system, organs of sensation, an intes-
tinal canal, &c., exactly like thé form living on the outer skin ;
the only organ wanting is, in the same way, the mnstxmtmg
organ, rachis or tongue as it is called. With these; certain small
flat worms live in the same intestine ; theso Lave the internal
structure of the Trematoda, but glide calong the intestinal
canal after the fashion of the Planarian worms, by means of
the cilia on their skin; and, lastly, a few species ‘of minute
Crustficea, belonging to the Copepodn,, flont and eraw! within
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the intestinal cavity of the Holothurite, These have recently
been described by Kossmann under the name of Lecanurius;
but these small creatures have not sisumed t# organisation
of true and degeneratc endo-parasites, :but possess all those
organs which are found in free-living species or in ecto-parasites
and which enable them to change their dwelling-place rapidly
and at will.!??

On the other hand, T found on the skin of the very same
species of Holothuria which harbours in its intestine the crea-
tures just desseribed, a Eulima which is far more degraded in
structure than any other species of the genus.” The front of the
head which bears the mouth is* drawn out into an extremely
long proboscis, which pierces quite through the very thick skin
of the Holothuria, and the molluse is just as securely anchored
by it as is the Pachyhdella by its style or holdfast. But this
proboscis must also act as a food-sucker, since it bears, at the
end i¢ ingerts into its host, & simple mouth without any gnawing
apparatus. The foot, which in other species living on the skin is
well developed, has here wholly disappeared (see fig. 95), and
uyes are likewise wanting, Thus we perceive that the effects
usually produced by the condition of living in the intestine, in
this instance have not been able to impress the character of endo-
parasites on these living in tue Holothuria ; while, on the other
hand, a true ecto-parasite has been, modified in the way com-
mon to pndo-parasites, although it belungs to a group of animals
of which the numerous species live, without exception, on the
skin of Kchinodermata, but nevertheless are thereby modified
to so insignificant un extent that their parasitic nature has®ven
been altogether denied.

r'he ciuzes which have so far.come under our consideration
as lying within the agency of diving organifms and occasioning
modifieations in animal forms, sink altogether into the back-
ground as comapared with one now to be discuiised, and about
which much has.been written, and not a little -that is false;
namely, Hybridisation. ~Rhis word Signifies the fertile union of
two individuals which’according to our systematic classification
are supposed to belong to two different species, and which are
supposed, by a certain school of naturalists, never to have'been



HYBRIDS IN CONFINEMENT. 353 .

intended by nature to bé capable of actual sexual union. Hence
the opponents of Darwin's thegry—maintaining, as they do, the
immutability of species-rhave always denied the occurrence of
hybrids, or have declayed that even if 2hey could oceur the off-
spring of such an unnatural union must inevitably prove barren,
or, finally, that the fertility of the progeny of a successful case
of hybridisation affords a proof in itself tha$ the animal forms
previously regarded as distinet species must henceforth be con-
sidered a mere variety of the same species.

The importance of the subject induces me to pass the fucts
briefly under review. >

In the first place, it must be stated that those persons who
deny, even now, the general possibility of hybridisation, by that
very denial display their ignovance of the subject. It is simple
folly, in the face of the increasing number of cases of successful
hybridisation in our Zoological Gardens, to insist on maintain-
ing this negative position. = Hybrids are already known to’us in
the most widely dissimilar classes of the animal ingdom.
Among apes, Cynocsphalus mormon and Macacus cynomolgus
have crossed and produced young; the hybrid race of Leporidae,
& cross between the rabbit and the hare, is very generally
known ; the tiger has bred with tl‘;’e lion, the leopard with the
Jaguar, the polar bear with the brown bear, the masked pig
with the common Berkshire pig, Dama vuljaris with Dama
mesopotamica, Equus okager with Equus hemippusy Equus
Burchelli with the common horse, and then again with the
common ass and Eguus hemionus, and all these crossed conples
havé" repeatedly given birth to offipring” Quite lately a
hybrid snake was born in the, Zoological Gardens in London, a«
cross between (hilobothrus inernatus and Epicrates angulifer.
Among ducks hybrids are extrémely common; Anas sponsa
crosses with Fulicula ferina an® nyrocen, Anas boschds with
Anas crecea.  Among fishes hybridisation between two species
of earp ar of drout is veryaeasily eﬁ'ectgdﬁ' Hybrids of inver-
tebrate animals aresless comunon ; thi, 5loi'r'evcr, may be becanse
they have been less experimented on by min, or bicause they
have generally attracted less attention than the vertebrata.

* Salmo saleclinus and S. fario; Cyprinus carpio and C. carassins,

AA
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Among insects, however, there are several species known which
readily breed together and produce hybrid offspring; thus a
cross has been produced between the lavger and smaller peacock
moths and between the avillow and the poplar hawk-moths. I
have iatentionally mentioned here only some of the more recent
cases (there is a mass of well-established older examples which
may be found briefly enumerated in the fourth edition of Claus’s
¢ Lehrbuch der Zoologie ').1%!

This must suffice ; the fact that two different species can
unite and be<ertile must be regarded as established, for in most
of the cases here enumerated the individuals breeding together
stand so far apart in the systematic scale that no systematic
zoolokist—not even the most virulent anti-Darwinian—could
venture to assert that they were only varieties of one and the
same species, 3

However, to deprive these numerous instances of hybridi-
sation of any universal application and.value, it is further
asserted that the newly originated hybrid forms are always, or
almost always, sterile. But even this statement must be
weclaved to be inaccurate in its naked and literal form. The
race of the Leporid® is, as is well known, perfectly fertile, and
has produced other cross-breeds with both the rabbit and the
hare. Hybrids between the dog and jackal or between the dog
angd wolf remain fertile for many generations; those of Phasia-
nus colehicus and torquatus arve pedectly fertile; so are the
well-known hybrid geese, and those between Cervus vaginalis
and Cervus Reevesii; a female mule in the Jardin d’Acclima-
tation at Paris hes produced two foals to a horse and two to

- an ass ; in the Zovlogical Gardens (London), a hybrid female of
Bos indicus has had young by a male of Bos frontalis. Newton
states that a hybrid female bettveen the com’inon duck and Anas
hoschds proved fertile with armale Mareca penelope, :md 1 have
no doubt thet many similar cases have escaped my notice.
The mfu't.?hty of hybiid races is certuinly not a amiversal law,
fir besides those cases Which are al¥vays, or, under certain cir-
cumstances, infertils, ‘oo meet with others, as we hate scen,
not less numerous, of which the undiminished fertility is nn-
doubtedly establu;hed by reliable observers. We may conse-
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quently assume it as proved that cross-breeds may originate
from hybridisation which are both fertile and capable of trans-
mitting their chavucters to their descendants, but that certainly
there is no must in the case.

An attempt. MKy, “howey rer, be made to invalidate this posi-
tion by the assertion that, although the formation of such hybrid
races mnybepossxble, it can only succeed with domestic animals,
and never in the freedom of nature and without the co-operation
of man, since in all the examples here adduced the cross-breed-
ing has been intentionally effected by man in apimals kept in
captivity. I may at once admit that though I haye so far men-
tioned none but such cases, it is not because cases of hybridisa-
tion in a state of nature have not been observed ; I bave pur-
posely reserved the mention of them, and will now first briefly
allude to some rather doubtful examples. Felis forquala,
described and correctly drawn by Cuvier as a distinet species,
appears to be a hybrid, produced in a free state, betwesn the
domestic cat and Felis bengalensis ; Anas bimaculata is a freely
engendered hybrid between Anas boschas and Afas crecca;
A'etrao medius, in the same way, between 7. urogallus and 7.
tetriz.  Siebold's view is certainly well founded, that the vast
number of intermediate forms which constitute the erua of the
zoologist who endeavours to determine the species of the fresh-
water fishes of Germany, must have originated from cross-breed-
ing in a state of natuvp; this naturalist, in his well-known
work on the fresh-water fishes of Germany, enumeratds no
less than eight hybrids, most of which have been described
by other zoologists, even as types of special genera. According
to Von Loewis, Lepus timidusoand” Lepus, variabilis not un-
frequently produce hybridst Dr, W, Wurm stales that he
has often seen cress-bred partzidges. J. von Fischer ® asserts
that the polecat and ferret are two different species and
pwduce‘hylmdsm afree state. 'The case noted by Mr. Buxwon
is perfectly verified, of a male white cockatoo and a female rose-
coloured Leadbeater's cockatoo, w hieh had never bred in conh-
finement, and which whes set at liberty*in the wonds néar that

* Director of the Zoological Gardens at C’olot'ue His sketches of
animal life are well known in Germany.
Ar2



356 THE INFLUENCE OF LIVING SURROUNDINGS.
4]

gentleman's house bred two years in swecession.  The processes
of such attempts at hybridisation have not unfrequently been
detected. Thus, G. Koch observed the union of Zygena peuce-
dani with Zygana trifoliv, of Zygena minos with Zygena loni-
coren and of Smerinthus populi with Smerinthus ocellata. A,
Meyer detected that of various species of Phryganide ; Peragallo
that of Luciola lusitanica with Ragonycha melanura ; Kuenckel
that of Strangalia melanura with Leptura livida ; Gerstaecker
that of Zipula oleracea with Pachyrhina scalaris.  Heynemann
also tells us that Limnea stagnalis and Limnaea auricwlaris have
hred together. Of-course the question remains unanswered as
to whether in all these cases the union led to the production of
offspring ; but the mere fact that in a free state of nature such
attempts at hybridisation are certainly made, renders it in n
high degree probable that they may frequently lead to such a
result, and we can no longer doubt the possibility of Liybridisa-
tion in a free state of nature.

Now, I began by saying that such hybridisation might be
one of the'means employed by nature for originating new forms,
tiat is to say, for producing offspring, and, moreover, fertile ofi-
gpring, which varied from their pavents in form, colouring, and
other characters, thus offering to Selection fresh material to ex-
periment upon. To justify ¢his statement it will be sufficient
to examine one or two of the above-quoted instances rather
more minutely, )
"The hybrid cockatoos which I have mentioned were distin-
guished from their parents very conspicuously, for while one of
these was white and the other rosc-coloured, both the broods of
young birds had lerge orange®coloured tufts. All the hybrids
of fidfhes spbken of by Sierbold dispfay a peculiar mixtufs of the
characters of both parents, “esides others which cannot be
referred to either with any eertainty. The descriptions given
by many systematic naturalists of recognised abikity, of various
liybrids as distinet spreciés, prove that n these cases—as, for
instance, in Julis torquattodnas bimacululaa and others—cha-
racters occir which A8 not positively belong to either parent.
The hybrid between the masked pig and the Berkshire piz was
black with white eet, and the hybrid bear born at Stattgart,

<
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which tvas recently described, the offspring of a cross between the
brown bear and the Polar bear, is described as follows.® *The
change of colour undergone by the hybrid young was very in-
teresting. All four caths into the world quite white, but pre-
sently assuthed a silvéry grey or bluish hue, and at the age of
three months were of a dmk brown colour, shot, as it were, with
a blue gleam. They at no time showed any trace of the white
necklace whicheis characteristic of the young of the brown bear.
The two that are six months old are at present for the most
part greyish-brown, but not uniform in colour ; all about the
thront they are conspicuously lighter, almest w lute The two
that are eighteen months old are much lighter altogether ; the’
backs and sides are a light bay-brown ; a dark median band in
one of them is tolerably broad and extends all down the back ;
in the other it is only faintly indicated in the fore-part; the tdp
of the‘head is light brown, the under part and the rump
whitish, all four e\'tremltxcq a rather dark brown.! It is easily
seen from this dcscnptlon that in this case changes in the
colouring have been produced in the hybrids whicl exhibit a
very considerable deviation from that of the parents. <
At the same time this last-mentioned instance is pm'tlculnrly
adapted to bring into prominence another phenomenon which is
at least as conspicuous in the hybridisation of animals as of
plants, namely the mixture in the hybrid young of the colonring
of both parents, particularly in the hybrids of insects and bivds.
In these a very distinet combination of part of the colourifig of
the female with differences taken from the male is regularly re-
produced, as the mixture of colours in the hybrid (or mule) of the
canary-bird and goldfinch ; in the hy bmls above mentioned,
betweers the poplar and willow moth, the pe('ulmr.m.uk:- G tha
hind wings of the former may be,_,plainly seen’ over]ying the eves
of the latter. But the extent of this mixture is exhemply dif-
ferent in the Jdndividual pmﬂeny, as has been evident in the
minute descnpmon of the hybrid beais ; sometinies the colours
of the feinale" predominate; somehmgs(hose of the male, and this
may oceur in different yousg of the samé@brood. Thusit iz evi-
dent that hybridisation does not result menﬂy inan aggregation

> * In a German periodical, * The Zoological Garden,’
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9
of new characters in addition to guch asgare already present in
the parents ; but these too ave rendered to o certain degree fluc-
tuating, so that any exact, or even approximate, repetition of them
in the offspring is put ouf of the questiofi. The rigid constancy
of the pavental characters maintained by interbreéding is so
completely interrupted by hybridisation that the organisms
thereby exposed to the means of selection acting on the young
animals ave to a certain extent perfectly new. Cortainly, we as
yet know very little concerning the mode in which hybridisation
affects any othgr characters than the colouring ; the comparative
difficulty of breeding such hybrids, and the short series of years
tnat have elapsed since more atfention has been paid to such
cases than formerly, leave no room for surprise that available
material is so extremely scanty in this direction, But this
cannot alter the results that have been attained so far; for if
after longer investigation we should be brought to the éonclu-
sion that in the animals at our command for experiment the
colouring of the skin, or of its covering, still seems especially
adapted to‘exhibit the effects of hybridisation, while other organs
a8 4he skeloton—for instance—are not affected atall, orin a very
insignificant degree, neither of the principles above laid down
would be disproved, but merely restricted in their application.
If we now compare and centrast inbreeding and hybridisa-
tion—cross-breeding—it is well known that the very essence of
the former process is the union of very glosely allied individuals
of the same race or species, while that of the latter, on the con-
trary, is the union of individuals very distinct from each other.
And since this contrast, <o far as we learn from the numerous
experiments now within ‘onr knowledge, points to one and the
same- cause #5 that by which theifferénce in the results of
the fertile union i% determined, in each case, we may deduce
another. general prineiple which will lead us to still wider con-
clusions : namely, that the more remote the systematic aflinity
is of two animils that unite to produce young, the ter is the
prabability that, togetherawjth & perfectly undetermirftd mix-
ture of the parental ghifracters, new daracters may arise svhich
do not oceur in either parent. The cause of the distnrbance
thus arising'in the donstancy of the specific character is the,act
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of sexusl union. Hence we may further infer that sexual union
15 in itself an auxiliarydw the interruption of the constancy of
species, even when it is effected between two individuals of the
same species ; only in this case it is worked out by nature with
fiar less violenee, as Iomay say, than i cases of true hybridisa-
tion. And this agrees with the results of investization‘in the
domain of botany, for Sachs, in his *Text-book of Botany,
expressly says that there«is no essential difference between the
self-fertilisation of pure species or varieties, and fertilisation by
other species or varieties, and that in the case of true hybridisa-
tion many peculiar characters attributable to sexiial differentia-
tion and agreement are brought into gmatei' prominence. Frow
all that we know at present thé interruption of the constancy of
specific characters may be regarded as one of the most conspicn-
ous of these peculiarities. =
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CHAPTER XIT.

THE SELECTIVE INFLUENCE OF LIVING ORGANISMS ON ANIMALS.

Iy the foregoing chaptcr we have seen that two organisms com-
ing into physical contact may'be able to exert a permanent
transforming influence over each other. But this purely
mzchanical transforming or modifying process must always
have been preceded by selection; for if all the larva: which
creep or swim on the earth or in the water were equally capa-
ble of ‘settling on any plant or animal that accidentally came in
their way, these species would certainly be extirpated. Thus, in
order that such animals may continue to exist as are capable of
nﬁordmg shelter or food to a certain mumber of others, they
must be enabled to make a selection hetween the species which
crowd upop them as commensals or as parasites, This selection
may under Lome circumstances have been nlre'l(ly effected by
the other conditions of existence, as we saw in the first section ;
but & second process of selection may be performed on those
forms which have been able to outstep the limits thus imposed
upon them, by the animal they choose to settle upon. This is
of course always undesxﬂned A very striking example of this
Lelective paower of individual animals on the larve of parasites
is offered by the different forms of the family of the Bopyridwm
among the Crustaceans. Many “of the species, and particularly
those of the genus Bipyrus (see fig. 38), live in the branchial -
cavities of crabe or of tailed Crustaceans, in which they always
produce an enlnrg'.ment,—aometnvcs a yery considefable®one—of
the” bm.lchlal cavity. @We may suppsse that®the young larve

piss into it with the éirrent of water which enters the branchial
cavity close to the mouth ,to supply the gills with fresh water,
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for ther® is no other angd certainly no more convenient way.
This stream enters both the gill-cavities at once ; it is therefore
easy to understand that the lsrvee sometimes get into the right
and sometimes the left Pavity, and alsg that in the course of
their growth, which i probably very rapid, they must hinder
other larve from settling in the same spot, or perhaps they feed
on the later arrivals as an easy prey. But it is highly remark-
able that when ene indiviflual has established itself in one bran-
chial cavity it is impossible for another animal of the same
species to settle in the other unoccupied gill-cavity; so at least
we may conclude from the fact that hitherfo no case has been
described of the simultaneous occurrence of two individuals
in the gill-cavities of the same Crustacean, I myself, thougl
I have collected and studied hundreds of these animals, hnve;
never met with one exception to this rule, and my observations
have been confirmed by so distinguished a student of the
natural history of Crustaceans as Professor Gerstaccker.® So
far as I can sce, there is only one possible way of explaining this
striking fact. The guest already in possession of ome of the
cavities—let us say the left—cannot of course directly prev
upon or turn out the larve brought by the current into the
other unoccupied cavity; it can only do this indirectly, by so
influencing its host that after the sstablishment of the first in-
truder it is no longer fit for the reception of u second.122
‘Where, as in this case, the two different animals do fiob
come into actual contact and yet exert a definite influence on
each,other, this under all circumstances can only be a selective
actiop, and this selection, a5 is well known, may he effected in a
variety of ways. With regard te the end [ have in view, it
would be superfluous here te discuss all or even most of these
ways ; the general gesult will beset in a full light by consider-
ing & small number of examples.  But before we more glosely
examine «the means which nature has bestowed on animals 1o
give them the advantage in their relntions.towurds'othem, it will
be desirable t6'say a foew wordsdn gepqw:l consifleration’of those
mutual, relations df any two animals Which are called forth

* The well-known editor of the section on Crustaceans in Bronn's
greatawork on General Zoology.



.362 THE INFLUENCE OF LIVING SURROUNDINGS.

by their respective struggles for the same conditions of
existence.

The competition for similar‘conditions.—It is self-evident
that different nninmls,“ or different #adividuals of the same
species, must often come into antagonism®in their seavch for food
or for other things. In such cases the struggle will be the
ceverest when they belong to the same species; for as they then
will have approximately the same &ims and about the same
gtrength, skill, and powers of resistance, the combat for the
hunting groupd, the female, or for dead prey must be more
severe than when the antagonists, belonging to different species,
have in consequence different needs and tastes, and exhibit a
conspicuons difference in their strength of body or in their
weapons of offence and defence. In the latter case even, under
cortain circumstances, the struggle to obtain possession of the
same ohjéct may come toan issue without any personal combat
for if, the two creatures attack the prey in a different manner
both may be satisfied before they come into collision, and a
personal combat will be averted. When, on the contrary, two
ipdividuals of different species can apply the same, or nearly
similar, means for appropriating and keeping possession of the
booty, just as virulent a contest must ensue as between two
individuals of the same species.

Any such direct battle between two animals, whether of the
saung or of different species, must always result in selection.
Thi: phrase ¢ Survival of the Fittest’ 3s a happy one, but it is &
somewhat rough and not perfectly exact expression of the out-
come of such cases; for it is certainly not always the fact that
g species which ig not gualified to conquer in such a personal
contest with one species not its own, must be equally incapable
of triumphing in' a struggle with anothey, and so inevitably
perish.  This could be the invariable result of such a struggle
ouly when the life of an individual or the existence of a species
depended solely, and in-every particular, on those conditions
which hid oceasioned thg strife of the two combatants-

Biit, begides this\as has already been femarked on many
sides, this selection by direct personal combat does not depend,
as many imagine, exclusively on it and on the moge in
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which it is more or lessosuccessfully conducted by this or that
individual, but also on the reaction of those very conditions for
the possession of which the striggle took place. An example
will here be npproprintg Supposing that two suitors of the
same distracting beauty agreed to fisht a duel for the possession of
the fair one, thesurviving lover could be designated as fortunate
only in the event of its having been understood that he wonld
thus win the lady’s affections. This example illustrates, with a
little exaggeration of course, the indisputable fiact that in every
case of a competition between two animals for-one and the
same object, this olject itself must have a cértain, and indeed &
selective, influence on the ultimgte results of the contest. Sup-
posing that two lnrve of dissimilar species of Bopyrus should
meet at the entrance of the same branchial cavity and begin a
struggle for the possession of it, under certain circumstances the
parasité’ to which the cavity did not properly belong might
come off' victorious, but this would avail it but little, since it
could not live in the branchial cavity of which it had obtained
possession. The larva of an insect boring and livin} in wood
might perhaps in the same way be able to conquer anothar
which was accustomed to live and bore in leaden bullets ; but
it is extremely doubtful whether the wood-borer would thus be
enabled to live in the lead. Exactly the same thing oceurs
between two individuals of the dame species, - We might
perhaps be inclined to assume that the tendency of two indivi-
duals to possess themselves of the same object was of itself a
satisfactory and sufficient proof that both animals must be
equally well fitted for the condition of life in dispute, but
nothing could be further from the truth than this assumption.
If, for irstance, two men coritend for the same office, a prosic
deney or & professomship, undeg o]l the given circumstances one
will be better fitted for the post than the other, and if among
men thisbetter qualification were the sole conditinn of selection
the post would always be filled by the'bect candidate; the post
itself wotild effect the selection by the qualifieations which it
demands. Tt is precisely the same with'animals. MWhen two
lions or wolves fight for a prey, the stronger will undoubtedly
win g but if the conqueror happens to have & bad digestion, in
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spite of his victory he will not be akle to derive the same
benefit from it as the weaker might linve done in the same cir-
cumstances. @

The capability of an animal for wilning a suitable position
in life gan never depend on one qualificatidh alone, asYor instance
the possession of powerful weapons. If we suppose that all the
Naupliuglarve of & Pachybdella were simultaneously produced,
and that they consequently all started’simultaneously on a race
for their place on the abdomen of a crab, the victory would
naturally resh with the best swimmer. But the very orgun
which had secured i this success would subsequently be of no
further use to it, since its powers of attachment and therewith
its final success in life depend on the clinging antenn® of the
larva. Supposing, then, that the individual arriving first were
ill-furnished in this respect, all the benefits of the victory would
be lost to it, since the crab might possibly be ablg, by a
vigorcus movement of its hinder parts, to get rid of the unwel-
come guest. If the conquered laggart and inferior swimmer
were to acrive at this moment, and if it possessed better organs
fers clinging than the foremost one, it might, though originally
beaten, finally become the possessor of the fiell—on the abdo-
men of the crab.

Thus the selection effectsd by the issue of a direct combab
for any particular condition of existence can only lead to further
resulis when the surviving party is also qualified fo secure the
benefits of the victory. This point, as it seems to me, hus not
seldom been lost sight of by Darwin's followers, and still more
by his opponents, who have frequently designated direct comabat
as the only means of selections Darwin himself, I am perfectly
conxinced; maver meant to say that a direct strnggle -between
two individuals was the only or even the most important means
oi: selestion made use of by nature in the process of natural
serection. Navertheless, the struggle for existence cannot but
be rendered more severe by the occurrence of such personal
cqm!aet. toan it aiveady is; and sinee this will chiefly octur when
the individyals are as wearly alike a@possiblé; it must, nodoubt,
very frequently be a means brought into play by nature to
effect a selection between several varieties of the same species
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lying at her disposal forothe end and purpose of forming a new
species.  But this must depend not only on the reaction of the
object or condition fought fof, but also on the qualifieations
which the individual—or the variety—brings into the contest ;
and it will be advisable here to examine somewhat move slosely
the relations thus originating between different animals.

The relations of the pursued and the pursuers—The
means adopted 'by nature to give one form the victory over
another are endless in variety. Muscular strength and power-
ful natural weapons give the advantage in some cazes ; swiftness
of limb, nfmbleness and skill in others. Neither cunning nor
instinet, nay, not even really, intellient characteristics, are
always capable of contending success wlly with antipathy or
sympathy ; persevering inactivity or even overweening stu-
pidity sometimes secures a great advantage in ‘such a contest.
The proverb is a familiar one, * The gods themselves cannot
contend against stupidity '—a firm belief in any dogma, be it the
mosE stupid in the world, givesit a cortain power and affords its
adherents the confidence they need under the attacks to which
it is subjected. The weak or the timid will often find a protec-
tion in the semblance of courage which they may bo able to
put on. In short, there i= no quality of body, of mind, or of
instinet which may not, on occasicn, prove a powerful weapon
of offence or of defence.. The very various external weapons used
by animals in’ personal combat are familiar to every one, One
species uses its teeth, another its feet, or both together, like the
elephant ; the bird usesits bill, wings, or legs and spurs; the
appavently ponderous horn on the nose of the rhinoceros is a
formidable weapon, and the rattlesnake has ene no less danger-
ous at tlie end of its tail ; th¢abdominal glands of seoipions and
ants, or the poison glands in the mouth of venomous snakes and
in the maxillary glands of spiders.and centipedes, the fobid oil-
glands of many caterpillars, of bugs and beetles, and of many
faetid species among the Vertebrata, are all so miany Weapons
availablealike for defence ar atiack,, Many of them—probakly
Ly far the greater nimber—are very constidng in their oeeurrence,
and in their structure, size, and form ; other characters, as those
known as secondary sexual characters, particularly in insects,
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ave frequently very variable in their peculiarities. This Jast
circumstance has given rise quite recently to an objection to the
applicability of Darwin’s principles which I will here take the
opportunity of discussicz briefly. -

Kramer asserts, on the ground of a very elaborate mathe-

LI o
Fic. 86, dogmathus d is, Eriohs In the foar carners are four different forms
ﬂ;ﬁ:lo: n'.'e )'r')‘wo‘l"rf‘::#l Jf:"tdl.‘?o t 1.;; nu:ndihles Lardly Jarger thay thoee of the
36 in the middie. Naturnl size.
O .
. < ~ *
matical ealculation on the method of the doctrfne of chances,
4 . a < . .
that, assuming Darwig’s principles as the bilsis of sucha caleu-
Iation, the extreme”forms of n series of varieties must be less
numerous than thedntermediate forms, and in the same way that
the production of excessive deviations must also be possible ;
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¢he result would be a chios of male forms gradually passing into
each other and all belonging to a single female form. And he

“ adds that this result, mathematically calculated, stands in tren-
chant contrast to the ficts, for it is known on the contrary that
the secondary sexual characters of male beetles, in by far the
greater number of cases, are extremely constant.

©
o
F1o., 97— Chalcogama aflas, from the Ph(l['m:inc’; the upper onie ta the loft is the horned
form of male (€, Atlas, Linn,), the appoy o to the right is the almost horhless form
(€. Phidiae, Biaiy.). Below is the femsle, Half nutnrl size.

But Krarfler has not {pken: one elpment irto his @leulation
which ought, und® the circumstanices,“to have been duly ¢bn-
sidered ; he calculates only the results of ah unlimited capacity
for variation in the males, while it is precsely this variability
which, according to Darwin's views, will be limited by sexual
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selection, though not wholly prevented.” Thus Kramer’s caleula~
tion only holds good for those cases in which the causes that gave
rise to the occurrence of deviations from the parent species con-
tinue to act unchecked and uniformly, and alone determine the
final result. He denies, indeed, that such cases can occur, but,
as it seems to me, without reason. For, particularly among
tropical species, there is a not inoonsidemblc number of such
instances, one of which is exhibited in the accompanying cut (see
fig. 96) of the extreme forms of the male Cladognatlius. Here,
according to eny enumeration, the varieties standing about mid-
ey between the two extremes represented occur in by far the
greatest numbers ; towards each extreme the number of indivi-
duals gradually diminishes, till at last, of the two extreme forms
oply one of each was captured among hundreds of others.

The Lamellicornes in general, beetles with flat leaf-like
antenne, exhibit a marked difference in the form of the two
sexesp the males very frequently haye large or small horns on
the head, whils the females are usually devoid of them. This
15 most cohspicuous in the Goliath beetles, as they ave called, of
wiich many species are very common in the tropics. Some-
times the horns of the males vary in a quite extraordinary degree ;
as an illustration I here subjoin the extreme forms of the male
of Chalcosoma atlas, a specits mentioned by Darwin (see fig.
97) ; one form is the original typical Chaleosoma atlas, of Erich-
son, the other, smaller one, €. Phidigs of Blainville. I have
capﬁured many hundreds in the Philippine Islands, and from
among them have selected the two specimens here accurately
drawn from nature, They are the two most extreme forms. of a
quite distinet series, and’I céa positively assert that they are
botli of the sume species. It can 'be seen that the laryer indi-
vidual has four large horns, ons of which belongs to the head
and theee to the prothorax ; the smaller specimen shows only
a trace of the horn on the head; the middle born on the pro-
thorax has disappeared entirely, while the two lateral horns are

not mgré]y absofutely sma)ler, ‘but ‘much smaller in_propor-

tion. r s n
Darwin has adduced similar cases, and not only of insects, as

Kramer seems to stippose, but of Crustacea, Spiders, Birds, and
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Mammals. All these dxamples consequently display, in a con-
spicuons degree, those very phenomena on which Kramer calcu-
lates, but with the omission of an essential factor, namely, that
very factor which, according to Darwn, is, under the form of
¢ sexual selection,’ one of the chief agents in effecting the selection,
i.e. the preservation of extreme and particularly favoured varie-
ties. If, on the other hand, we take this factor into the caleulation,
the numerous cases so st:rongly insisted on by Kramer, of great
constancy in the distinetive characters of male beetles, may be
very well explained by Darwin's principles. A ccording to these
the selection effected in these instances by the physiological
bearings of the organs in quertion has already acted, and has
selected, and consequently rendered constant, those species
which had special advantages in the struggle which led to the
selection ; while in those cases of still prevailing variability for
which Kramer’s caleulation holds good, no such physiological
bearings can have been at work. For it must not be fo: gotten
that neither natural nor sexual selection can originate new
characters, but can only come into play when some active
mechanical causes have given rise to such modifications in
organs already existing, as are capable of introducing some new
physiological correlation. So long as this does not take place,
the foree which originally gave iisa to the deviations, 7.e. the
variability, will still be able to act.’unchecked. Now the gues-
tion as to how an old ovgan may come to have a new physio-
logical value, in relation either to the other organs of the same
creature or to the external conditions of existence, is evidently
one of great importance ; and this seems to me a suitable oppor-
tunity for studying it with reference to an actual exampie.
namely, the eyes recently detected by myself on tie hack of an
Onchidium, a naksd molluse.

It is universally known that almost all univalye Flollusea
have two eye: either at the tip of the tentacles er at their base,
These eyes are extremely different as to'structure £rom those of
the Vertebrata. Inall eyes, withqut exception, the optic nerve
is gradually merged in a layer of tissue awhich incrades the ter-
minating fibres of the nerve and is known as the retina ; these
fibr2 ends are the rods and cones, or columnar layer. In Verte

BB
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brata (see fig. 98, b) the optic nerve pen@trates the outer kkin of

the eye, and spreads out on its inner swface between it and the

lens in such a way that these ends of the nerve are turned away

from the lens and thus lmve their free engs directed outwards.
.

°
Fra, 08— Sectionaof 6503 (o) of a unfvalve. & i the Iayer of rods and cones enclosed in /7,
the Sbeais layer of the reting, 4, the gre of & yertobrate animal at the spot where
kg optioc nerve enters it, Tho norve traverses all the layers aud spreads ogt, forming
the fbrous layer ¢ ; the columnar Iayer lies outside it, and tRus in the reverse
Tosition to wlm.t i® ocoupies ig theeyeof the molluse,

o ° ° of To S S8
InYhe ¢yes fgund on tl’ t:ntac]es of enails (s® fig. 98, a) these
rods aye i the cont.m.ry position ; the surface of the tips is tnrned
towards the lens. ¥hus, in the former, the layer of rods and
cones itself is pierced by the optic nerve, and in that spot of
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course none can be fornted ; henee vertebrate animals are blind
in that particular spot, which is in fact known scientifically
as ‘ the blind spot.’ Such a ef‘pot is absent in the eyes of the
second category ; the optic nerve extends over the outside of the
eyes, and the rods and cones situated within cover the, whole
inner surface of the retina uniformly.

So far as concerns the eyes placed on ,its head the genus
Onclidium in no way differs from the allied groups. But the
greater number of species in this genus are further distinguished
by having other eyes situated on the shell-less but coriaceous

Fa, 90.~Scotion of the dorsal eye of Onehidium verruculatum, lettors a3 in fig, 98

back of the animal. These dorsal eyes (see fig. 99) are extremely
interesting, for, simple as they are in structore, they are ‘iden-
tical in type with those of ihe vertebrata. A comparison of
the two sections here given of tue eye of a vertebraté animal
and of one of these dorsal eyes will suffice to exhibit the
resemblence;- in both there is the ‘blind <pot,” breause the
optic nerve must jierce the externiil 'ia_,:er of the retina ; and in
both the layer of rods and cones forms the outer layer of the
retina.  This is the only example hitherts krown of an eye
80 constructed in an invertebrate animal,
BB 2
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It is evident that these eyes must-be of the greatest im-
portance in the life of the animal possessing them. In the
first place it is simply inconceivable that well-developed eyes,
capable of fulfilling their functions, should be useless. If eyes
oceurred in other univalves in the same prace as in (Snchidium,
we should naturally think at once that the dorsal eyes of
Onchidium were degenerate eyes; buf they are found exclu-
sively in this genus, whence we may infer with considerable
confidence that they must have originated in it. But suppos-
ing they werc, nevertheless, rudimentary eyes inherited from
extinet ancestors '*3 of this family, they must in some way
prove themselves to be such; we should expect to find some
part absent—the lens, or the rods and cones, or the pigment of
the retina. All these parts, however—recognised as being
essential to the normal use of the eye—are present in the dorsal
eyes of the Onchidium,and not in one species only, but in above
twenty forms that T myself have examined. Finally, all these
twenty different varieties of dorsal eyes represent an unbroken
series, from those of very low development up to the highest,
and they sll exhibit the essential parts of a seeing eye, varying
in arrangement, it is true, but quite normal in structure. This
irrefutably proves that these eyes have originated independently
in thefamily of Onchidiadwf and that they are no doubt of
great importance in the life of the molluse.

During many years of travel in trgpical regions these eyes
were perfectly unknown to me; but on other grounds I had
devoted much attention to the mode of life of the Onchidia,
They live exclusively on the seashore or in brackish marshes ;
thny creep along close to the edle of the water, hiding in clefts
of the rocks b: under large stones. JTogethor with them, in the
same spots, live numerous speciwens of two genera of fishes,
Periophchalmus and the nearly allied Boleophthalmus ; these
skip along the rtrand with long leaps, evidently seeking their
food, which, .besides incects, consists principally of this very
genvs of mollusea. This, &3 *t seems w me, affords a way of
accounting—though .onky hypothetically, it is true—fof the
development of these dorsal eyes. The Onchidia are terribly
slow creatures, perfectly incapable of eseaping or of withdrawing -
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rapidly into a rift fos shelter. They eat nothing but sand,
which they shovel into the gullet through the mouth, as do
some of the Echinoderms ; offcourse they only digest the nutri-
tions organic particles® \\hlch are mjxed with the sea-sand.
Thus, in drder to fifid suitable nourishment, they must often
be exposed to the gaze of the swift fish that leap rapidly
along the edge of the sea, as well as to that of other animals,
Flee they c:mn?)t a house into which to creep—like many other
molluses living equally exposed—they have not; they have
neither spines nor jaws with which to defend themselves ; and
the eyes on their back, which are capable only of warning
them of the approach of danger, do not avail to provide thein
with protection; in short, even with these dorsal eyes they

F16. 100,= Perfophthnimus Koelrenteri, n fish which parsnes Onehidium—a land molinse—
on the soa-shore.  The large vontra? fins sorve for n farwant Jeap.

seem to be perfectly defénceless against their pursners.  Still, it
would certainly be very strange that such edes should be deve-
lopgd here, and only in this particular genus, without being
qualified to be of any real advantagh to_ them, since they oe'r-
tainly sannot require eyes®n their back—useful, 0 doubt, for
looking up to hesven, but qmte useless fdr looking down on
earth—in order to find their food, which lies close betore them
in the sind vader their mouth.

Hence, lf these eves were in fact to be of soﬂ)o.senme to the
mollusé, it mmt have been "also, provided vith some sart of
weapens, and in pomt of fact such w\apgns do exm in every
species that has such eyes. The skin of the back is very thickly
setevith minute glands, of which the contlnts are not perfectly

“
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fiuid, but rather a kind of concretion? and the pores for its
emission are excessively fine, so as to be hardly discernible.
Moreover, these are closely smrrolinded by a circular muscle, so
that by its contraction #he openings of the glands are easily
closed., Feeble contractions of the skifl, such as inevitably
oceur mthe act of creeping, cannot consequently express the
minute globules of the secretion out of the glands ; the moisture
cannot exude. But supposing thataPenophthnlmus approaches
suddenly and with rapid leaps (see fig. 100) ; it rises—as [ have
often seen—scveral inches into the air, and may thus not un-
frequently throw a ghadow from some distance off, on the back
of the slowly creeping Onchidium, and of course alarm it greatly.
The molluse has all its eyes—and I have positively counted
nipety-eight on one specimen— turned upwards in various
directions ; suddenly aware of the fish, or of its shadew, it
quickly draws up its whole body, thus contracting the glands in
the sk’n on all sides with considerable forge, Granting that
this force is gufficient to express the globules of secretion from
the pores of the glands, these, as the skin contracts, must inevi-
taliy be expelled from them ; instead of flowing over the skin of
the creature’s back, they will be shot into the air in hundreds
—or thousands—towards the pursuing fish; the fish, now
alarmed on its part, and hiv by the shower of minute shot,
which may be in some way injurious or offensive, retires from
the pursvit, and the Onchidium is safe

course, a8 I have already said, this is merely an hypo-
thesis ; the question nevertheless arises whether it may not be
pomble to show hy m(hred, evidence that it is extrernely
paobable,

1t would, no doubt, be quite conceivable that the Onchidium
might be able to defend itself ir the mode I Have suggested, not,
merely against the Periophthalmus and Boleophth'ﬂmus but
ug-nnat other ‘oes. But |f as 1 believe, these ¥wo fishes are
actually the mlv, or as any rate the most dangerous, enemies
it has to dread, *and 11' thr eyes and glands thus serve as
Wenpcns of lefence ag'inst these fisles only, we must bxpect
that w hemwer thme fishes oceur Onchidia with dorsal eyes will
be found, This is"in fact the case, The Periophthalmdy is
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founds in North Ausfralia and the western portion of the
Pacific, in the whole of the Chinese Seas as far as Japan, in the
Indian Ocean and the Malyyan Archipelago, and on the east
coast of Africa. The#*Onchidia with dore..xl eyes have precisely
the same distribution.

Only one exception existed until lately, On the toast of
Congo, where, from Giinther's catalogue of rvecent fishes, Peri-
ophthalmus has long been known to exiss no Onchidinm had
been found, and even in the latest list of African land-mollusea,
which we owe to the industry of Martens, no Onclndnun is in-
cluded. However, in answer to an inqgiry from me, I was
informed by that admirable malncologlat that he was in posses-
sion of several species which Bad lately been brought back from
Congo by the German expedition to that coast. He was good
enough to send me a specimen to examine; but unfortunately
it rewched me in so bad a condition that it was impossible to
arrive at any positive conclusion with regard to the presence or
absence of dorsal eyes

It therefore is possxl)le that the Onchidium found on the
West African coast may not have such eyes, and thereby a
strong argument would be raised against the hypothesis I have
put forward. For, according to that view, we should be inclined
to regard the dorsal eyes as an organ indispensable to the genus,
since by them only could its exdirpation by the fish be pre-
vented. However, there are gpots where the fishes whick we
rezard as the chief enelnies of the Onchidium do not live, and
where nevertheless the molluses oceur and are by no means
rare. Ong species, long since described by Cuvier as Onchidium
celticum, is found on the Atlange share of "England and France ;
another occurs in America, on the bigh nc’nthex 1 poast ; Otﬁk!‘a
again live on the, west coast of both North and South America ; -
the Galapagos Islands havé their peculiar species, and in the
castern parts of the Pacific, as in New'Zealand and Auafmlm
many species arve found. In all these placis the fishes are
absens, and all the sppcies,of Onclndlum,.here mentioned—
almgst all of wiSch T have examihed gnatomically—are devoid
of dorsal eyes, and at the same time of the glands which, acting
ag,weapons, can alone serve to demonstrate the usz of the dorsal
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eyes themselves. Here, where the mollyses seem to be exempt
from pursuit, the eyes and the weapon would alike be useless,
and it is quite intelligible that they should not be developed on
the back in these species. It is easy too to understand that
they must have degenerated if ancestral Orchidia provided with
* eyes migrated to these regions, where, in consequence of the
absence of the fishes, hoth the organs for defence and those for
warning immediatel ceased to be of*use. In-this way the
absence of dorsal eyes in the species living in localitics where
there were no hostile fishes would seem to be a confirmation of
the view suggested: That the eyes of those species furnished
with them are of use in the way above described. One single
difficulty, however, remains ; the West African Onchidia perhaps
have no dorsal eyes, and one single species living in the Western
Pacific certainly has none, though it lives associated with those
fishes, the hereditary foes of its race. But even this excoption
may easily be explained by a somewhat closer consideration of
the structure of the genus, and of the'mode of development of
the dorsal eves,

In a former chapter T have already pointed out that every
living cell or group of cells must possess every attribute of living
protoplasm ; they must be able to move or change their form ;
they must bo capable of assimilation, reproduction, respiration,
and_ secretion, and finally tbcy must be capable of elaborating
externnl impressions, and, if I may say so, of trnsmitting
them %0 tleir consciousness. We knoW, moreover, that a lens
has the property of collecting in a focus the different rays which
combine to make white light, and hence it follows of course
that in every papilla bf an animal’s skin, that is cither sphenw.l
or formed on any other regular  curve, a similar conver-
gence of the rays fal‘mrv upon it must ensue if these portions of
the skin are only suﬂlclently smdoth and transparent. The
chereical rays or heat-rfiys which are thus concentrated by the

papilla on any point lyi ing svithin the skin, must be able to act
upen somewof the colls they lmpm"o upon differently to others,
sinca tho reaction of tero contiguour cells “nust always be
slightly different. Thus certain cells will be particularly stimu-
lated to an increased - exertion of the secretive achon which is
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common fo them all, amd these will become gland-cells; while
others will not be stimulated at all, or be modified in some other
way. Now, supposing that the cells, as yet unmodified, and
lying in the focus of the lens or the, papilla, were to come
into contac® with a #nsory nerve, they might easily be con-
verted into true sense organ-cells, since they, as living cells,
possess the inherent capacity of reacting on external impressions
in the way to which we give the name of seffsation ; in the first
instance, no doubt, these sense cells could only transmit general
senzations, and in this respect would at most be distinguished
above the other contiguous cells by posseesing that general
sensibility in a somewhat higljer degree. If now, in conse-®
quence of any influence, the cells of the epidermis subjacent to
the lenticular prominence became surrounded with pigment, so
that the rays concentrated by the lens could penetrate no
deeper, tt would seem that the first impetus would be given
towards the development of a true eye. It may be asguned
that this primitive eye would in the first instance only be ecapa-
ble of distinguishing different shades of light and daskness—a
full light from a shadow. From this, by itself alone, he
animal would derive no advantage, since this eye, though sensi-
ble of the shadow of a pursuing fish, would only give warning of
the danger. But the same cause which originated the eye—i.e.
the regular convex curving of the pfominent part of the skin—
will also have been capable of modifying some of the ceMs%f
that primitive cellular maSs into gland-cells, and thus n.weapon
will have been formed. Not till then could Natural Selection
step iy with its stabilitating and extending influence, and develope
from this simple eye, capable onlp of #istingpishing light and
shade, a perfected organ qualiied to give an exact iamge of he
fish in pupsuit ; andehe glands wlen necessard, in the same way
could become more effective weapops than. they were afe their
first origim. L4 =

A pretty theory ! may perhaps be'sayl—hbut finfortunately
merely aft hyfothesis. Guanted. Negerthelest, T was®ible, in®
the counse of my in?'est.igutbns of the dew\lomnent of the Horsal
eyes as it takes place in nature, actually to ohserve™all the
stagesajust as I have here deduced them from an hypothetical
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construction of the possible process of levelopment of such an
eve from the simplest conditions. A short account of these
observations will here be of seryize.
All the species of (Onchidinm observed by me, the blind as
- "

* Fi6. 101, —The davelopment of the aye of Onchidium, Above, to the left, the first stape;
amall vesicular oells (#) close under the eyidermis cells of the jrominent point of
the papilla, Above (right) s larger mass of theso vesicular colis, which gradaally
increasea and grows spberical. Bewws(left), this body of lomogeficons cells ia
encla = in plgment layer. Below (right), the eyeball thus formed communicates
with the optic nerve (opd)) and its cdilular mass has been differentiated iuto o large
lens lylng in fremt, and reting-cells belind It

<well a8 “hose that can see, ave covered with a gieat rumber of
tibercles of various yzes, of which the suface is everywhere
curved very reguliirly and is at the same time quite smooth.

The intervening portions of the skin of the back are, pn the
contrary, distinguished by much roughness and granulation or



ODSERVED DEVELOPMENT. 379
L

wrinklifig ; hence in these intermediate spaces no uniform re-
fraction of rays of light can take place in any one point, while
it can in the smooth rounded papille. These vary greatly in
size, and they constantly®increase in numgber with the age of the
animal, Tife smallest®have beneath the cuticle, or outer skin,
merely a simple cellular layer—the epithelium—Ilike all uni-
valves. The next in size show, exactly in the centre of the
papille, a cellulfr mass g;-owing inwards andl downwards from
the epidermis (see fig. 101, the upper fig. to the left), in which
one or two cells may already be discerned as the bgsis of future
gland-cells ; in the mext this group of glaad-cells are pushed
aside by another cellular masg proceeding in the same way®
from the epidermis at the summit of the papilla (see fig. 101,
right, top fig.) and of peculiar aspect. Subsequently the inner-
most cells of this last-named mass become conspicuously modi-
fied, they increase much in size, their contents become peculiarly
granular, and their circumference highly refractive, and then a
fine nerve may he seen proceeding from the interior of the skin
towards this cellular mass. In still larger papill® we find
roundish cell-hodies which are in direct communication wite a
nerve, and which at the back are already partly surrounded by
pigment (see fig. 101, bottom, left fig.). At the spot where the
nerve enters, and where the pigment layer is not altogether
closed up, there are a few peculiar celts which are of precisely the "
same size and aspect as thg cells above mentioned in the Ls.%ksc
papille without pigment. Finally, the pigment layer cl®ses
round the central cellular mass, and the primifive rudimentary
eye is complete. 3

The strncture is not, of comrse®therkby dafinitely completeds
Very sttiking modifications$now take place inethe central”
bodies, aomposed O homogengogs cells and enclosed in pig-
ment; one of them, lying nearest fo the prominent smace of
the papilta—the cornea—grows more than its neighbours ; schn
others do the same, and a true lens, cdnsisting of*ap least four
cells, is thus f(.;rmeﬂ. The stil® unygoslified celfs, Iying*between
the lens thus formed and ®%the pigmeut\lwath, nOW are trans-
formed into a retina of which the structure has been above
described. The process and conditions here deseribed, and con-
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firmed by actual observation of the development of one of the
most highly devcloped dorsal eyes of the Onchidium, coincide—
as I think must be allowed—wtth the phases of development
previously set forth op hypothetical “grounds as being those
proper to the formation of an eye, if we assume’ that by the
simple property of a regularly curved and smooth surface of a
papilla of the skin, ull the light, heat, and chemical rays of a
Leam of light must be made to converge in one’point.

If the foregoing chain of argument is correct, as I cannot
doubt, we heve here detected an organ of extremely complicated
structure in the vary process of formation; and this instance
proves, if indeed further proof were needed, thnt, as Darwin has
often insisted, an organ can never be created by natural selec-
tion, but can only be modified and improved by it. Sometimes,
no doubt, expressions are used, even by naturalists, which
might lead us to suppose that they were of opinion  that an
orgar might originate from its use—thus, in this case, an eye
from the act of sight ; this, of course, is absolutely erroneous.
Sight, on the contrary, cannot occur till from other causes—
o= n this instance the divect stimulus to the skin —those parts
have been formed which must be in existence before sight is in
any way possible. Here, in the dorsal eyes of Onchidium, in
the first instance it was tho concentration of light on a certain
point within the skin, which was occasioned by the form and
structure of the papille, and the consequent modification of
ceraain cells, which gave rise to a prfmitive organ of sight, and
this organ was capable of still further development through
natural selection, since, from the very first, it contained within

itself the elements of further perfectibility and modification.
) It folluws, moreover, that if at any time such a prirmitive eye
were developed in an animal w}nch wus aot exposed to this
procers of natural selection by its association with a fish that

pieyed upon jt, the org-m, being useless, would disappear or at
any rate degenerate.  And this actually is the case, as we have
‘seen ; for all tie species of this genwvs which Yive Where the
Penophthnlmus does fiot, are devoid of thesé eyes. Only oneas-
certained exception is as yet known—the abov&ment.wned specics
of Onchidium which lives associated with species that san see
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and with the preying fish, though it is itself blind. But this
species is found exclusively on the outer limits of the region

_inhabited by Periophthalmus, damely, on the south-east-coast of
Australia and in the céhtral region ofethe Pacific. Also the
species spoken of as Wving on the West coast of Afrieg, and
which is probably blind, belongs to such another frontier dis-
trict. Now it is, of course, not much to be. wondered at, that
in these frontief districts a blind form should occur among
those that can see. But there is & much more striking argu-
ment for allowing this exception again to serve ae confirming
the rule. While all the truly blind speci®s of those regions
whence Periophthalmus is absent, are devoid, not merely of®
developed eyes, but of the first elements for forming them, and of
the accompanying weapons—haying no dorsal glands whateveg,
since without these the eyes would be useless—the blind species
of the Pacific has both the glands and the cell-gronps inside the
papille agreeing precisely ip structure with a middle stage m the
series exhibited in the formation of the very highly developed
eyes of Onchidium verruculatum. Thus here we seerfl to have °
a species in which either eyes formerly existing have begufeto
disappear from desuetude, or the construction of a true organ
of sight has been begun by the coincidence of the three factors
which would give rise to i1 .

1 have treated of this example sonfewhat in detail, on purpose
to define as clearly as possible the limit-line where the gxte'nfnl
mpdifying causes which we discern as giving rise to a few
organ—or rather as transforming one n]mn:(iy existing into
anotler—cese to be effective, and where tijose selective influ-
ences begin to act which determifie the further perfecting of 8,
newly déveloped organ. 2 A S

1 ame moreover, convinced that in every case, by u corre-
sponding method of research, the game liggit-line will beeasily
detected.® That it is not yet recognised, nor evenin most cades
supposed to exist—so that it is often’ difficult td svoid a con.
fusion between the ‘mnxfo’ming cargies and thd® purely gelecﬁvg '
ones—i8, in my opinion, &tirely due N\ ogr haviag hitherto
been satisfied with mere general speculations on Darwin's theory,
and Mving neglegted to investigate the innfimerable problems
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which it suggests, but which can only e solved by experiment.
T shall here discuss another important instance of the same kind
which is very much to the poiht—the DMeans of Protection,
namely, bestowed by nature on both pursuers and pursued to
enabls them to attain their end, that is to say to capture their
prey on the one hand, or to escape capture on the other.

Protection by imitation of surrounding objects—It is well
known that a great number of living animals are enabled to
escape their pursuers by their more or less strong resemblance
in form and' colour to the objects among which they live, in
which case the resemblance is protective; while others, on the
contrary, are specially qualified by the same circumstance to
pursue their prey with success, Thus a crowd of new agents of
salection among forms are added to those already discussed in
the former chapters. For it is self-evident that every alteration
that takes place in the co-ordination of the conditions which
surrdand any given species of animal must deprive it of the pro-
tection it derives from its resemblance to a particular plant, let
us say, if"that very plant is exterminated ; and in the same way
tifat an accident of colouring, which has hitherto occasioned no
gpecial resemblance to any object, may suddenly become a
powerful instrument in facilitating attack or self-defence. Thus
a selection will be eflected Detween' different forms which had
previously been equally protected.12

It iv, of course, impossible to investigate in this place the
greéater number of the known cases of such protective resem-
blance, and it will suffice to discuss afew of the most instructive
examples. I shall here adopt the arbitrary division of these
cases into two classes, whicn has become general : mto those,
namely, of the resemblance of anfmals to inanimate objects—as
stones, sand, the soil, and liviny plants—and those of resem-
blancé to other living animal~ ; but merely for convenience sake,
since T can fiad no principle on which such an artificiul division
can be bascd. - !

It fias long' been a° wall-cstablizhed fact that very many
animals are effectvall, protected agiinst their enemies by their
resemblance to stones or sand, lichens, leaves and twigs; and
every one who lias at any time been engazed in co’lzeting
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insects iS familiar with nitmerous instances of this kind. Many
birds and quadrupeds that are regularly hunted by men have
* become extremely rare in_many*places, because, though they are
to a great degree protected against theie enemies among other
animals, by fglre resembfance of the colours of their feathers or

4
o~

- P

F16. 109.—Grasshoppers that are protocted by their rosembiance to leaves. ael 'k ylitvm
siecifolfum, fo(-ll!]on lc;vn an':l mimics fresh leaves. e, Acanthops spl ane of Jhe
Mantido, Aoding ea creatures wlileh it captures among dry vegotablematter ; it exnCtly
miimics dry leaves, From the Philippines.  Half natural sire. o

far to th® obfcts among swhich they.li\-'.e, mam can employ, &
variety of means ofYattacken pursuit ageinst which, the protet-
tion of resemblance is ineffectual. The zoologist whd should
attemnt to eapture the perfectly transparent creatures which
swim at the surface of the sea without using a net for straining
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the water, would certainly catch but®a very few individuals
with a glass vessel, for only under the most favourable cireum-
stances would they be visible toshim. A resemblance of colour |
to that of various parte of plants is in many cases increased in
efficagy by the habit many creatures fave of squatting close
nnd motionless when they are pursued, so that their resemblance
to a leaf or branch is greatly increpsed. The caterpillars of
several species of butterflies are familine to évery one, as well
as the ¢ dry leaf insect ' (see fig. 102) ; this belongs to the class of
leaf-eating grasshoppers, to which also belong the Phasmidz,
walking-stick insétts (see fig. 32). They are perfectly harm-
® less, and their resemblance % the objects which surround

them is evidently only a means of escape from their pursuer.
Jt is quite otherwise among the predatory Mantidwe, the best
known of which is the * praying mantis” (Mantis religiosa)., In
the accompanying cut I have represented a species of the genus
Acawthops which has an extraordinary resemblance to dry
leaves, but in this case the resemblance must be available in
facilitatilg attack. Thus the same character may conduce:to
1w different ends, attack or defence.

Besides the cases of protective resemblance in form and
colour, which I have here briefly indicated, there are others
which we might feel disposed to regard as the exaggeration of
such a means of protection” In all the instances here mentioned
the chagacter of the form and colouyng serves for purposes of
oongcealment, irrespective of whether the ultimate end is offgn-
sive or defensive. But im many instances of brilliant and
conspicuous colongng the cgse is quite otherwise, partisularly

Semong insects ; their colours®are so splendid, and the markings
or® the whas or body so strikihg, that they must thevitably
attract the gaze “of every ingegtivorons dreature. Thus they
would®seem to be acfually fgreed on the attention of their ene-
nfles, and it s probable that not one of thesesvividly painted
forms could [bng escape dnnihilation if they had Dot some other
Ipeans of proteltion ; bt Jthis, in fect, scems to be mvariably
the case, s we legrnffrom Wallaceh admirable and exRaustive
researches into thiz subject. Thus the gaudily striped bees and
wasps have o sting connected with a poison-glagd; other dsects,
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as the'stingless Clirysidide and many proboscidian beetles, are
protected by a strong coat of mail; bugs, lndy-birds, and many
~ butterflies have dermal glands from which the secretion—as
every one knows in th® case of the bpg—is excessively objec-
tionable to%he pursuet, or even in some way injurious; others
can escape pursait by extreme rapidity of flight, while ‘others
again assume a peculiar posture by which—as it would séem—
they can actually frighten away their enemi®s, It is in connec-
tion with these facts that, according to the statements of this
distinguished naturalist and of other inguirers, such brilliantly
eoloured inseets are usually, if not invarisbly, avoided by the
generality of insect-eaters; birgs—as well as frogs and lizards—=
showing a preference for the dull-coloured over the gaily
colonred species. This view is strengthened by the fact adduced
. by Wallace that those insects or larve which are inconspicucus
in colotir are commonly devoid of any kind of defensive weapons
such as are found in the more splendidly coloured species,
Hence, according to Wallace, the use of the bright colours is
evident ; the creatures which pursue these insects seon learned
by experience, and communicated to their progeny, the useless-
ness of pursuing these harlequin insects, as any attempt to
attack them might be bitterly avenged.

At the first glance this view sgems a striking one. It may
be the correct one in many or all of the cases here adduced, but
it is certainly open to doubt whether it can be unhesitatimgly”
applied—as has sometime® been done—to every case of splendid
colouring in the skin of animals. Darwin has already raised
this question as against Wallace, and he proposes to substitute
the view that all or most casss ofs brillfg.nt colouring haye
originatad from a variety 4f natural selection wldch he tgrmd
Sexual Selection, s Accordin t»o. this view, elouring has resulted
from the determining selective influence of the sexes apd their
preference for certain colours and modds of colonring.  Still,
Darwin himself had already mentioned, though only inciden-
tally, that there are pany»animgls charagterised sby their
splendid motley O metadlic colotrings which cogld mot have
preserved it through sexual selection; for exampie, all the
differgnt Polypes, and more particularly tle sea-anemones and

ce



386 THE INFLUENCE OF LIVING SURROUNDINGS.
.

true oorals, are conspicuous for their cofours.  The surfate of a
reef lying just under water has often been compared to & gay
garden of flowers, and the splendcur of such a “bed”’ of animals
is in fact quite astonishing. Itisas thSugh Mother Nature had
here gjven free play to the fancy she is elewhere cBmpelled to.
restrain in some degree, by indulging her delight in Iavishing all
the colonrs of the E\iubow, and by inyiting a motley company
of creatures to disport themselves among the fidwers and fruit
of her submarine garden—Dblue and red star-fish, Holothurie of
every hue, amd gandily painted fishes,

The fishes, in wiich the sexes are separate and which swim
about freely, may perhaps have preserved their brilliant colour-
ing by sexual selection, or even in the way put forward so
empphatically by Wallace; but neither hypothesis suffices as a
satisfactory explanation of the equally bright colonrs of polypes.
No kind of sexual selection ean here come into play,for the
simple reason that the sexes do not seek each other ; they are all
sessile animals, male and female alike, and are obliged to throw
off the sextial elements into the water and leave it to chance, or
rathar to the eurrents, whether fertilisation is effected or not.
Wallace's explanation is equally inapplicable.  All polypes
are predatory creatures, feeding on fishes, crabs, worms, &e.;
hence their striking and ornamental colouring would seem

,mather to be a disadvantage ‘o them, for, since they cannot move
abouf, they ave fisted to catch such animals as approach too near
to them with their long arms and the q\"enpons with which these
are furnished ; and their colouring, therefore, would seem cal-
culated to warn all creatures swimming in the seq, even jt a
distance, against coming #ithin range of their perilous embrace.
“[hiz apparéné disadvantage mighto perhaps be ountweigked by a
greater advantage connected with this brighteeolouring, namely,
that it -varns the fish that prey upon them not to approach—
which, of course, presupposes that those enemies have real
canse to dread the weapons of the polypes. This, however, is
by no méans thease ; the fshes which feed on tlie true corals
—as the Searidaamor(y the Labridse (Wraises) and the Dio-
dontide among the Plectognathi—-are perfectly indifferent as to
whether the creatires they feed on try to clutch them avith
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their téntacles or pierce’their skin with their microscopie dart-
like stinging-threads. It is impossible—so far as our present
knowledge extends—to discover the faintest trace of usefulness
in the brilliant colours of the polypes, d it is highly probabla
that they ‘are in falt perfectly unimportant as regamds the
selective influence caused by their reciprocal relations. with
other animals. , To this gxample of a modeyof colouring which
is insignificant with regard to selection, we might add many
others, particularly of invertebrate animals ; and the question
even arises whether in many cases the distribution’of colours, to
which we are at present disposed to attribute a marked valug
in the process of selection, may not be considerably overrated
in this respect. .

But it follows from all this that not the colour or pigmest
itself merely, but its distribution—i.e, the markings of the animal
—may under certain circumstances have been produced by other
causes than those on whase effects selection seems to d¥pend.
It is perfectly evident that under no coneeivable circumstances
can the pigment, the colouring-matter itself, originate from
selection ; this point has already been gone into in Chapter (1L E
(see pp. 99 and 115). It was there shown that the origin of the
pigment must depend on physiological processes acting in the
body of each individual, and which_scem to be of the greatest
importance to the Lealthy life of each. Hence the particujar
mode of its distribution throughout the skin must insthe Jirst
place be the result of causes acting entirely in the animal itself,
perfectly regular from the very first, or, it may be, wholly

irregular; and this will depend ont whetherdhe internal physio-
logical causes have determined the deposition of the colouring
matter ih the skin in a certdin regular order, or n8.1 It this
order is very sharply defined, thesdistribution of colour must, of
course, be extremely regular, and many ¢of the characterigtic
markings in Actinie, corals, and the shells of Mollusea may
have arisen in this way. But, on the*other hand, gelection
can control this colouring ®f the skim ®md can _%onﬁrm any piv-
ticular* nrtangement whicl is especially advantagddee to the
creature in the struggle for existence, can make it more regular
or en®qnee its hrilliancy. The possibility that selection may
ccl
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control a mode of colouring that has driginated by a physio-
logical process, by no means proves that in every case without
exception the distribution of cobouring in the animal world
must have originated irs the same manner, any more than the
establighed fact that chlorophyll is formed in most dheen-leaved
plantg under the influence of light, alters the other fact that in
certain cases, as in the Conifers, the same matter can be elabo-
rated in the dark. ks

A very striking instance of protective colouring is exhibited
in the so-cal®ed Chromatic Function which las only recently
been made the subfect of exact investigation. It has already

en discussed in the chapter .on the influence of light (see
p- 92 and note *7). Tt consists in the power possessed by many
Fishes, ®rustaceans, Amphibia, and Reptiles, of adapting their
general colouring—often by extremely rapid alternations—to
the colouring of the surrounding objects, so that they seein to be
helped by it in the pursuit of their prey, or especially protected
against the attacks of their enemies.

Hence® it is perfectly evident that all such adaptations of
colgfiring to that of surrounding objects must be a powerful
instrument of selection. Those individuals which are best
qualified in this respect must have a conspicuous advantage
over their less well-fitted cosapanions in the struggle for exist-

o ence. Thus every cause which might give a species the capa-
bil:t)' of wapidly assuming certain changes of the colour of the
skin by a contraction of the chromatophores, would indirectly he
the cause of a further perfecting of this capability by natural
selection ; but this_selection could not come into splay till the
gontractile power ef the thromatophores was actually existent
and a protéltive mode of colouring=was already produced by it.
Neither selection, nor the strnggle for exigtence, could in this
case, afy more than in any other, by itself effect a modification of
the functions or of the morphological peculiarities of am animal.

And the same’is evidently the case in those instances, now to

L:gcougiﬁered, off protectivg resemblance in forfh amM colour
which is commonlyaknfwn by the nime of #iimicry.
The mimicry or imitation of one animal by another.—Bates

and Wallace gave the name of mimicry to all those cams of

-
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protestive resemblancg in which a creature, other.wise defence-
less, imitates the form and colouring of another which has
some specinl means of protection, and thereby, as is probable,
escapes the pursuit o its enemies more easily than it could
without sich a digguise. * But here ngain the protection
obtained may benefit the pursuer as well as the pursifed ; the
former by disguising it in the eyes of the alert prey, the latter
by protecting a defenceltss animal which mixes with the better-
armed species whose aspect it has borrowed. I need not insist
once more that the words here used must be taken in a figura-
tive sense, since it is clear that no anima} can ever be capable
of designedly mimicking another. .

We owe the most important researches that have yet been
made on this interesting subject to the abovelmentioned
Jjudicious and acute travellers. No doubt we lxu\'ﬁ(‘mg Been
acquamnted with insects living here, in Europe, which in form,
colour, and mode of flight bear a great resemblance to others of
different species; I may mention the Sesiez among the Butter-
flies, which greatly resemble bees, and owe to this resemblance
many of their specific names.}?  Formerly, little attentipn was
paid to this circumstance ; at most it was incidentally noted that
those butterflies were apparently protected by this resemblance,
but any attempt to explain this mimiery was never even
thought of before Darwin and Wallace; and it was partly the
new views which, from Darwin, rapidly extended among 205-
logists, and partly thesvast number of striking eXamples of
such resemblances in tropical Brazil, which led Bates in the first
ius}nnoe o examine the relations of these cases more exactly,
during his many years' residenc® in Sout® America.

A, brief enumeration gf the most im'portm.u. exampleseof
such mimiery will here be desirable ; but = complete list is all
the less necessary because The labours of Wallace, Bates, and
Trimep are gasily accessible, andl populir essays on the subject
have appeared in many periodicals. Amorss the American
buttelies she species of Leptalis, Eryeina,gnd Tthenia minic
the Heliconiaday, whichy ave disfinfragshed by a gharp and* un.
pleasant smell. In the same way the Danaide and deraide of
thQ‘cnstcm regions of tropical America ave protected by feetid

-
-
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glands, and here again there are cPrtain species of these

families which are imitated by the defenceless species of Papilio

and Diadema. In North Amertca, Danais archippus, a very

common butterfly, is cdosely copied by Limenitisﬁarchippug;
.
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P16, 108, —a, Dotiope sp. nﬁnﬁcs b, Puehyrhymelius ordifer; e, Doliohs exrenlionofdss mimics d,
Fackgrignehos p.; e, Seepastus pachyriiheldides (n grassbopper) mimics 7, Apocyr=
s g, Lgdtops sp. miimics A, Prehyrhynclus 8. . Pheraspis sp. (s grasshopper) mimics
l'.’%(‘m-fndlu. All from thePPhilippind, of nat, sive. It {5 evident that the great simi-
Inrity of the crestyres to those they mimic is less conspiouons in e engriiving than
in real lfe, since the exact correspondence in the colouring cannot be glven Lere.
o -
L d R 3 e P -] o
spesies of Sesia and of, £8riidea 0 closedy resemble small
5 )
wiasps that-every oné fears to handle them, but they have no
sting like wasps, and are in every respect perfectly harmless.

Among beetles, the Hispide and Eumdrphide, Which are pro-
&
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tectedsby fetid glandseare imitated by varions species of stag-
horn beetles ; other tropical staghorn beetles look extremely
like certain Curculionide—the Pachyrhynchide (sez fig. 103)—
which have an integinent so hard that insect-eating birds
avoid them, probably on that account ; other beetles, as, for
instance, Clharis melipona, resemble true bees; Odontocera
adyneroides resembles a wasp of the genus Odynerus ; the arass-
hopper Condybdera tridonduloides is wonferfully like a beetle,
Tricondyla of the family of the Clicindele, Many flies ave

8.

- F16. 104, ~Spiders which mimio ants and live aasocinted with them ; it Is yery diffienit
" to distingglsh them.
- .
. -

very Iike wasps ; spiders Wwhich live associated eith ants have
assumad the fornf and colony of the ants (see fiz. 104), and Bates
nientions a singular instance When a Jlarge caterpil®ar fright-
ened him extremely by its extriordinary mesemblance’ to &
poisonous snake. Kven among Vertebrata, sich cases are not
rare.  Wallace §ells ue that sewemal specils of th® 'poiso}wns
gends Flaps (snakes tat ave comufon én Brasil) are closely
imitated by quite harmless snakes—thus Elaps fulvius is
coyd by Pliocerus agualis; a vaviety of Elaps corallinus—
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known as the coral snake—by Homalo®ranium semicinctum ;
Llaps lemniscatus, of which the bite is said to be absolutely
fatal, by Pliocsrus elapoides ; and alb again areimitated by varions
species of the qmte harmless genug Oy _/ﬁfo;mv w hlch live asso-
cinted with the poisonous kinds, The twd cases, comnunicated
by \an’nce, of birds which mimic other birds, seem certainly to
come under this head; the Z'ropidorkynchus, dreaded for its
strength, is mimicked h) the helpless Mimeta, and Accipiter gale-
atus, a bird of prey which feeds on other birds, exactly resembles
the insectivoreus vulture Harpagos, wherever the two specigy
ocenr together. Bu® the only instance adduced by Wallace of
nfimicry among quadi upeds—the gesemblance of an insectivorous
Cladobates to the squirrels (10(1011t~1)~iscenm to me, on the other
hxmd to Be included with less reason in this class of resem-
I)l:mcea. The assumption seems to me without fonndmmn that
the squirrels are barmless creatures and cannot alar m the
insects aronnd them by their movements, so that the Insectivora
which resemible them easily capture their food. The European
siquitrel, at uny rate, is omnivorous, as are many rodents ; and
grantimg even that they never eat insects, it does not appear to
me to be by any means established by observation that inseets
wounld remain motionless when the squirrel, as he leaps from
bowgh to bough, shakes every deaf and twig.

Thus, omitting this case of the imitation of a squirrel by an
xnsu.\tvongus animal, the cases of mimicry that are here men-
tioned seem to be well established on the whole. In each case,
it can be shown that the mimicked species is in some way very
effectually protected by an offensive smell, weapors of seme
kigd, a hard skin, a .po“ex'ful l'r.una, &c., while the mimicking
folmais, withewt exception, weak and dcvoxd of defence, 85 as to
begretlﬂym need of protection., It, can, mofeover, be proved
that in anany cases, if not in all, the xmmxckmn species live
assoctated with ghose thoy resemble. ° o

From the fabts thus.established by observation, Bates and

Willace #rgue a= follows, [JThey show thnt all® minticking
forms hidve  eequired, by their disguish, an undeniable advan-
hlge i théstr uggle for existence over those less well equi ppml,
since, in conscquerte of the disguise, eithey they es~opd

o
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notice by the animalsethey pursue, or they are no longer
liable to pursuit, because the predatory species to which they

might perhaps afford a dainty morsel regard them as being—
 like the creatures they r@emble—bad egting or even injurions.
In this case®he prey deceives the pursuer; in the former case,
on the contrary, the pursuer deceives the prey. The mode of
origin of this wonderfully strong protective resemblance cin be
explained by the well-kndwn principles of s@lection ; protective
resemblances, at first small, have been developed by elimination
to a greater, and at last to a perfect pitch of mimaiery in form
and colour, and also in mode of life. Whis theory seems
extremely plaosible, and I belicye that in many cases it is the®
right one; whether it is in all is another question. Under no
circnmstances can this theory account for the first appearance
of the resemblance, as seems to be tacitly assumed by many
writers.® But before I enter on any further discussion of this
point, T will describe a few new cases of mimicry observed by
myself.

True cases of mimicry among Mollusea have not yet—so
far as T know-—been observed, although instances of protective
resemblance are not rare even among them. This is surprising,
since we might suppose that mimiery might originate where
a protective resemblance to inanimgte objects or plants already
existed, for there seems to be an ®a griori probability that
mimicry may have been developed from this. Perhaps this"aild
other gaps result from chr very meagre knowledge of Yhe
habits of life of the animals, particularly fhe invertebrate
animals, of other countries. { .

Before describing the cases observed by mé of mimicry among,
land moHusea, however, T mast make a few remasks on the®
system of classification of land mollusea noWw in vogue. The
system according to which they are classified is based almost
exclusively on the practical requirements of the collector, i.e. 3n
the comparison of the empty shells; op the otber hand, the
investigation of the animals themselves has until quite Pecent]y
been very much negltcted. But the anatomica] researghes darried
on during the last ten years—to which I believe T have contri.
buted.g no inconsiderable share—prove thatthe shells of such
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land-suails as have, like the great vino snail (Heliz pomatia),
a wide mouth to their shells are extraordinarily variable.
Genera which had been constitutyd merely on our knowledge of
these variable shells, sugh as Helixz, Biflimus, Vitrina, Nanina,
&e., have proved guite untenable, and wesnow knowtthat species
which, by a comparison of the animals, must be placed actually
in different families, often have shells so exactly alike that
conchologists and phleontologists—ihé latter hitving, of course,
nothing but the shells to judge from—have placed them in the
SaMe genus. s
These recent investigations have, moreover, proved that the
Treat majority of the genera of land mollusea have very narrow
limits of distribution, so that with regard, for instance, to the
numerous shells resembling Vitrina which have hitherto been
deseribed, their local origin supplies a far surer index as to
their affinities of relationship to this or that genus than the
charaaters of the shell itself.  Setting aside a small number of
cosmopolitan and for the most part minute forms, most of them,
and particularly the larger kinds, are highly characteristic of
the <ifferent countries where they are indigenous. Thus the
three genera, Cocklostyla, Helicarion, and Rhysota, are quite cha-
racteristic of the Philippines ; for only a few of the species extend
into the neighbouring islands of the Moluceag, while they oceur
_in a very great variety of diffevently characterised species in the
Philippines themselves. Pfeiffer, who as a conchologist was
beyénd a doubt the highest n.ut.hox-it’y, included the species of
Cochlostyla in thyee different genera, and those of Helicarion in
two; but anatomical investigation has proved tosme that the
gpecies of these thyee gerera, in spite of the great diversity of
their shells; are quite as much alike as the different racks of the

y 3 Sy
Germanic or Romance nationality. o .

The species of these three gharacteristically Philippine genera
are mimicked in a very rémarkable manner, both in form and
eolour, by spedies of other genera which are not characteristic of
ths Philfppines éhly, but.of, the ‘neighbouring grdups 3f islands
as well'; grm of thege chses is, beyond a doubt, one of the most
striking instances of true mimiery.

The animals of ‘the species of Helicarion (sep fig. 105 )—of

.
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which the nearest alliecshre found in Australia and the islands

of the Pacific—are easily recognisable at the first glance by the

' mantle lobes, which cover the thin transparent shell, and by their

remarkably long, narrow, higheridged tal, which ends abruptly
in a gland ; ‘a kind of fiorn, sometimes of some length, pyojects
from the tip of the tail. The Nmerous speciecs—of which the
various distinguishing chayacteristies aye mugh more conspicuous
in anatomical details than in the shell—live on trees in damp
woods, often in great multitudes ; they are very active and creep '
about with considerable rapidity upon the twigs &nd leaves of
-

F16. 105.~a, Rhysotn Antonfi, s 1and mollnsg of 4.
mindonaensis, svlich lives associnted wity, ‘tld) Fhilippincs, mimicked R G

t 7 grin ed
Xeate Cumingii from tho same locality, ﬂnlﬁ.;: }‘-ﬁ.f"“‘“’" s Y
2

the trees. Every species that I personally examined possessed
the singular property, which "many lizards have—partjeularly
the Geckpes—of shedding their tii] whentthey are seized some-
what roughly, at a little way behind the shell. "Bhis they do by
whiskinge the stail up and down with extraogdinary sapidity,
almost convulsively, till it drops ofi’; if she creaturg is keld by
the tail, it immediately falls to the ground, where it éusily hides
among the leaves. If it is laid flat on the hand, the rapid
wagging movement is strong enough to raise the body with a
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spring into the air, so that it falls over on to the ground,
These snails at first constantly escaped me and my collectors in
this way, and not unfrequently we had nothing but the tail left
in our hand. According to Guildings observations the same -
peculiarity of parting with the hinder prolongatioft of the foot
characterises the West Indian snail Stenopus. 1 ascertained by
further investigation that in a free state of nature such self-
mutilation not unfiequently occurs, for out of ahout a hundred
specimens of Helicarion gutla, which is extremely common in
the north-eaat of Luzon, I found perbaps ten individuals that
had shed their tails; or, to speak more accurately, the hinder end
of the foot, and had the stumps partly healed, or the foot to
some extent grown again. Now, this hinder portion of the foot
is the most conspicuons part of the snail's body, and it may be
snpposed that it is, in most cases, the part first seized by the
reptiles or birds that prey upon them; but, startled by the
escape of the body itself, they would soon learn to recognise, by
the form of the tail, those species which were capable, by this
self-amputation, of depriving them of the larger and probably
thewnly valuable portion of the prey. In this way the species
of the genus Helicarion can escape the pursuit of their enemies
Dbetter than they otherwise could on account of their exposed
mode of life, and it is in agreement with this fact that, in the
spots where they oeccur, they are commonly to be found in
numbers together. But other land-snails which ave not in fact
protected by any such peculiarity wflight very well be equally
effectually protected by mimicry of the appearance of a Heli-
carion, since they might thus be mistaken for them.

., One single species of snail does, in fact, exist in the Philip-
pines whicl actually bears an extraordinary resemblance to the
species of Helicarfon, although in internal stincture it is, syste-
matierlly speaking, very far removed from it, and does not even
belong to any of the genara’ which are characteristic, of these
islands ; this’is Vifrina Cwmingii, & species long since known as
ngving been disovered by Cuming in Mindanao (see fig. 105, d).
An examination of the living animal cofivinced me that it
belonged” neither to Vitrina nor to Helicarion, but to a
thoroughly Indiart genus, Xesta, of which the very numerous



XESTA AND HELICARION, 397,

specied which live in ti islands of the Malayan archipelago are
distinguished by their very thick and brilliantly coloured shells.
Xesta Cumingii has, on the gontrary, a thin {ransparent shell,
which during life is 'covmpd by the lobes of the mantle
in the sam® way as the species of Helicarion ; indeed, i‘t. is on
the ground of the form and texture of the shell that it has
hitherto been placed in the genus Vitrina. It has, moreover,
the long foot hich distinguishes Helica%on, and, in fnct, T
supposed this species to be one of that Philippine genus, until I
had examined it anatomically, and so had conyinced myself that
it belonged to the Indian genus, though it *has almost no exter-
nal resemblance whatever to gthe other species, Thus Xestd
Cumingii has assumed to a very great extent the appearance of
a Helicarion ; moreover, it lives, as T can aver from my own
experience, in precisely the same spots as Helicarion, namely on
the upber side of leaves in damp woods, and so mixed with that
genus that it frequently happened that I captured a specimen
of Xesta when I thought I had a species of Helicavion. But
it does not possess the power of self amputation which is charac-
teristic of that genus, and hence, when caught by the tail*by a
snake or any other creature, it cannot escape in the same
manner,

It follows from all this that we may assume on good grounds
that we have here a case of tra®mimicry—at least it seems,
bardly possible to think that it is only a singular cojneitiehce.
$iven Wallace's test and%riterion of true mimicry is perfectly
applicable here; while the model form (a2® we may call it)
whigh has & real means of protection is extremely commonf, the
imitating and defenceless form s fotnd in, solitary specimens,
Hence,*the question arises, whether, perhaps, there fnay not wlsd
be in the West Inflies land mollusca mimicking the Stenopus—
which is provided with the same means of protectiom as the
species of Helicarion in the Philippmies—so0 as {0 be protétted
in the same way as Xesta Cumingii, If this Shguld prove to
be the thse, i% would affogd, aseit sep1gs to me, & strong rgunment
for the aceuracy %of theeview here put forwards that Xesta
Cumingii is, in_fact, effecbually protected by the disgtiise it has
assurgpd in imitating the soecies of Helicaribn,128
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Moreover, there are very many irfstances of simil;ﬁty of
colouring between two creatures very remote from each other,

and in which it is very difficelt to' discover any relations .

between the two animals thus, characterised. 'Il.hus, many
Annelida, Mollusca, Planariz, and Ophiufide live on the stocky
of the keratose corals, which they resemble greatly in colouring
though not in form, In the same way all sorts of creatures
may be found, on the disks of star-fish and Comatul® or on the
spherical shells of Echinidem, which have perfectly assumed the
colour of the animal on which they live. Here, certainly, we
cannot speak of miniicry in the strict sense ; it is far more pro-
‘bable that this resemblance serves only to enable these creatures
to escape detection, living, as they do, exposed to a certain
degree of danger on the surface of others. But, in the case I
shal now describe, it appears to me that it can he of no use
even in this way. ¥

Tegether with Xesta Cumingii a second species of the same
genus lives in Mindanao which differs quite as much from Yesta
Cumingii as this species does from those inhabiting Java or the
Moluceas.  On the other hand, its shell looks exactly like those
of the species of Riysota, a genus in the highest degree charac-
teristic of the Philippines (see fig. 105, ), These have shells
of a uniform brown ecolour, often wrinkled and somewhat
(depressed, and not overlapped at all by any marginal develop-
ment of the body—the lobes of the mantle. The foot is flat,
broad and short, and bears at the end’a gaping gland. All the
species of Rhysota live on the ground under trees; and when,
on particularly damp days, they quit the groundsthey mever
climb trees, but only low plants growing in deep shade. It was
trom its shaving these characteristios that I regarded the new
Nesta~—which I cilled Xesta mipdanasnsid, from theslocality
where it exclusively oceurs—as being a true Rhysota till T had
the opportunity of exn?min!ng it anatomieally. » :

Xesta minflanasnsis and Xesta C'umingit are the only two
8lecies of this Indian genys that®are widely distrfbuted in the
Pliilippines 5 the lagter & found from ®findartio as far as ‘Bohol
and the southern part of Leyte; the former occurs exclusively
i Mindando, the %southern island. But whilp their gearest
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allies in’ Celebes, the Motuceas, Java, and elsewhere, exhibit all
the typical Indian characters both of the shell and of the animal,
\ both the species that have migrated into the Philippines are so
completely metnmorphoﬁd as Jto the ferm and colour of both
animal and %shell that®it would have been impossible to guess,
without the closest anatomical investigation, that they dﬁl‘ not
belong to the genera proper to the Philippines. With régard
to Xesta Cumingit the explanation is avallable that here we
have a case of true protective mimicry ; but how can we account
for the even more striking resemblance between Aesta minda-
naensis and a Rhysota? This resemblance ®annot certainly be
regarded as protective mimicry, since the species of Rhysota®
have absolutely no peculiar property by which they are better
protected against their enemies than other mollusea, and conse-
quently an imitation of their appearance can be no sort of
advantage to the other imitative species.

The difficulty which is jevident in the case just described is
«till further enhanced by the fact that other similar cases are
known, and actually in the Philippines. By far the greater
number of the brilliantly and variously coloured laud-snafs of
these islands live on trees and belong to the highly charac-
tevistic genus Clocklostyla. Theforms of their shells, too, are s
extraordinarily various that they dave hitherto been ineluded
in three or four genera (ov sub-genef), and Tam convinced that |
any palmontologist to whom the various species—aboye 200P—
cyould be submitted in a fssil state would distribute them Tnto
at least six, or more, genera. Anatomically, fowever, they are
so nearly alike that it may be confidently a.saertcd that thete is
1o other genus of Jand mollusca at on%e so gich in species ang
co exclisively distinet as tlsis of Cochlostyla; ale, with &h®
exception of six, of at most g
gmall islands in the vicinity, ¥

pines, °® . .
With them, there occur there only two small fgoups of true

Helicida®; on® of which, ¢'Alor®a, 1jves on treea while the othef,
Dorcasia, is found amonge grasses and dowgrowing plihts, &r
even half buried in the soil. Neither genus inclRdes many
speciegg and the greater npmber of them occhir in the northern

hey, are eo.nﬁncd to the ePhilip-
° L

eight, forms, which occur on the -

’
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part of the island of Luzon ; not a sivgle species of Chlorea is
found in Mindanao, and only one of Dorcasia. Now, the anato-
mical investigation of several species of both groups (see fig, 73) ¢
has proved that they are very nearly fillied to each other, and,
at the sume time, to one of our comfionest Eiropean land-
snails, Heliz fruticum. But as regards their shells they differ
g0 widely that in systematic classification Chlorea is placed far
from Dorecasia, and also from Fruticum. The'shell of Doreasia,
however, is easily recognised as allied to Fruticum from its
rezemblance to that type in colour, form, and marking, so that
it is to me quitevincomprehensible why conchologists should
hitherto have disregarded so striking a similarity iu the shells.
On the othec hand, all the shells of the group of Chloraa so
singularly resemble those of Cochlostyla, of which the animals
follow the same mode of life as the species of Chlorea, that they
have hitherto been generally regarded as species of the Philip-
pine-genus, and in many of the species it is, in fact, quite impos-
sible to decide which they belong to, so long as the shells alone
are compared. Thus, on one side, a few species have preserved
their resemblance to Fruticum, and with that the same mode of
life; and on the other, a fow have assumed the aspect of another
genus and live on trees associated with certain species of it.
Hence Heliz fruticum ought properly to be included in one
genus with Ollorea and*Dorcasia, and thus combined they
woiild be closely connected with the genus Cochlostyla, Sup-
poking now that a form represented by Heliz fruticum were the
original form—as there are various reasons for supposing—
gome fow species of that genus, when they migrated into the
Philippines, would have prescrved their original externul appear-
ance and @t-the same time their ald habits of life; while others,
aequiring the habit of climbing trees, woald have become so
much modified in form, colouring, and senlptured marking, that
the closest serutiny of whé shells alone would not suffice to
decide the qaestion whether they belonged to Cochlostyla or
mot.  “Ne might then casily beetempted to attribute this simi-
laxity"to a process of psotective mimivry ; but such an assumption
would be at once contradicted by the fact that the species of
Chlorwa and Cocldostyle which most resemble each other, do
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not live associnted tdirether, and even for the most part occur
on separate islands. Hence, it is impossible in this case that
the resemblance should hade originated by seleetion through
ummcr), since probecfion hy imitatien against pursuit is here
out of thé question.”

The questlon that then occurs is, how such a remurkablc
likeness in form and colour between two quite distinet crea-
tures can have originated. I will mvestlgate this problem by
means of yet another example, because it is by this means that
we may most easily succeed in aseribing to the influence of
mimicry its due proportions, and in showing that this branch of
natural selection, like every other, can do no more than avail
itself of such characters as already exist for its own purposes—
50 to speak—but can never be in a position to act as a funda-

Fr0. 100, —Myxicola fiifundibulum, copled from Claparide.

mental cause, originating dxﬂ'erentmtnon in the form and colour
of animals,
During my last stay at Port Mahon in the Balearic Iblands
o1 found among the po?ypes of Cladocora_cespitosa—a coral
which is there very common—a species, as 1!: seems to me new,
of the gentis Myxicola (Annelida). 1 have here given a repro-
duction of Claparéde’s represerftation of another species of this
genus'(fig. 106). The spedies of this genus spread out the ten-
tacles svith which the head, isfurnished—and which are often
regarded as branchim—in the fogm of a funnel ; the sidles of this
funnefnreparfectly closed and aré formed of-the filaments of
the branchie which lie in the closest conngmt,yg the section of
the funnel’is ¢cjreular? Each brenchinl fllament has cn its
inner surface a multitude of fine and Tinute haii ‘which, how-
ever, are rendered rigid by having in their interior cartilaginous
cell~y these bairs radinte towards the centre of the funnel, so
DD
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that the space enclosed within the funnel is divided perperndicu-
larly by a great number of septa into a corresponding number
- of chamberz. '

The new Myxicola of Port Mehon I found, as I have said,
among the polyps of Cladocora ; they lived in long mueilaginons
tube% which they had formed in the rifts in the coral, and in
which they could move about freely. As long as nolight was
thrown upon them they protruded themselves just so far as that
the top rim of the corona of tentacles was on a level with the
tentacles of the polyps, so that when the worm and the polyps
were both extended the coral itself presented a perfectly level
surface of cups.  Moreover, the feanels of the Myxicola were of
precisely the same chocolate-brown colour as the polyps ; and
when fully extended the interior of the funuel formed hy
the tentacles looked exactly like the oral dise of one of the
neighbouring polyps, for the radial pinnules were in the same
position: as those lines which, on the oral disc of the polyp,
radiate towards the narrow central oral slit; in the Myxicola
also a small central slit was observable, and all the parts which

~ corresponded so exactly in siza and position also displayed
exactly the same colouring of greenish-grey with radial lines of
a lighter hue and a narrow white streak in the middle. In
short, the resemblance, in sizepposition, and colouring, of every
nart of the two creatures was so perfect that for a long time I
took the ¢prona of the Annelid for a polyp, until by an ‘acciden-
tal blow I caused all the Myxicole of a large coralstock to.
ghrink suddenly into their tubes, though it was not severe
enough to induce an equally rapid movement in the polyps of
thn apathetic Cladogora. At the first moment I must confess
I fely an almurt childish delight at having detected so flagrant
an instance of protective mimiery : here was 1. defencelesg tube-
worm evidently most effectually protected by its resemblance to
= poiyp well defended by po erful weapons. W ‘

However, | soon found reason to doubt this interpretation
of the facs ; why should the Amelid yequire any such protec-
tion, smce it vould withdaw ‘itself wih the swiftness of light-
ning into its tube imbedded in coral, where probably no enemy
would be able to follow it? Still, the wonderfully oon}plcm
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reserblance between fhe two creatures could not be disputed,
nor could the fact that this resemblance was perfectly normal.
Among the hundreds of specimens of Myxicola which I found
in various pieces of corale procured from the most various
loca]ities,o I never found one that had not these same points of
resemblance to the polyps. One day, finally, I found a marine
sponge in which hundypeds of this same Myxicola were hvm
and in every port.lou of it their funnels of tentacles extended
Jjust to the level of the surface of the sponge; but the sponge
was coloured very differently from the Annelidajso that these
when protruded were very easy to distinglish from the sponge.
I then sought for the Myxicala in other spots, and succeeded in
finding it almost everywhere; in the rifts in rocks and in the
sand, between marine plants or the tubes of other worms—in
short everywhere—and wherever I examined it closely it was
exactly of the size and colour of the polyps of Cladocora cas-
pitosa. Mimiery, it is plain, is out of the question ; the resem-
blance between the two creatures is gimply and wholly acei-
dental.

It seems to me that the obvions conclusion from all'this is
that, under some circumstances, the most perfect and complete
resemblance between two creatures not living associated, may
originate without its being referable to the selective power of
mimiery, i.e. & protective resemblance. The possibility might
certainly, howeyer, be conceivable that that resemblance may
coriginally have been acqhired by such means, and subsequent!v
retained after the Myxicola had been enabled, by the aid
of some other means of protectipn, to establish itself in-virions
other places. We have not, howe¥er, auy single am\logaus
instan®e to support this mssumption ; besides,ét should be
observed that all“the spec:eq, without excéption, of the genus
Myxicola have the same funnel-sbnped arrangementoof their
tentackes, and the colouring of their heall generally harmonises
with that of ms any po‘jl)a, they are comuionly bl'OW'nh]l,
greenish, or®red. *A general res,em,hlancc antweeu ¢he Wwoim
and the polyps is Pthus of common ocenrrence; and al we are
compelled to assume other canses than selection by protective
vesemblance in_explanation of this likeness, it will be equall:

DD2
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easy to deduce from analogous causes the Somewhat more perfect
likeness in form and colour between Cladocora and the un-
deseribed Myxicola. °

Still, true mimiery might, no doubt,%e developed from such
a case of extreme resemblance between two quite distinct crea-
tures. Supposing that some animal not hitherto living in the
sea at Port Mahon were to be introduced there which was able to
capture the Annelida wherever their unlikeness to the objects
around them—as the sand, sponge, &c.—rendered them con-
spicuou‘s, they would only find the protection they would need
by living associated” with the coral, because there only could
they be effectually concealed. And if the enemy—pursuing
them even among the polyps of the Cladocora—should have
learned to regard the polyps as dangerous foes whose fine sting-
ing threads were capable of inflicting much injury, a perfectly
characterised case of true mimicry might be developed from this
instance, originating in simple shelter.

The theoretical possibility of the process thus indicated can-
not, I think, be denied ; but then the question arises whether
many ‘cases of mode of colouring and resemblance which we
have hitherto heen disposed to regard as cases of exquisite
mimicry may not have originated in the same way as the
spurious mimicry of the Myxirola. And here we find ourselves
brought face to face with tlle same conclusion that we have
become familiar with in each separate chapter of this work, and

which T must once more repeat : Namibly, that no power which,

is able to act only as a selective, and not as a transforming
influence can ever be exclusively put forward as thesproper effi-
cient canse—causa efficieny—of any phenomenon. In all cases,
including thiose of mimiery, the point finally must be to in-
vestigate the cause$ which may have availod to produce, by
their direet action, any advantageous and protective change of
coloaring; it was not until-the change had actually taken place
that selection between the better or worse endowed individuals
cotild lead to the “urther developirent nf the advaitagecus cha-
racter, ° It iz extremely cifficult to decide in pirticular cases—in
most, indeed, it isimpossible—the precise point where one ceases
and the other begins to act. But it is precisely by reason of the
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L
universal difficulty of .deciding whether a certain modification
which has taken place is to be ascribed to some direct determin-
ing and transforming cause, pr to the enhancing of a previously
modified character, which is%frequently connected with selection,
that it hecomes imperative‘that we®should in the first place
carry out the most exact research possible by means ofs experi-
ment, and also wean ourselves of the convenient—butf, as it
seems to me highly pernicious—habit of theoretical explana-
tions from general propositions. Otherwise there is great danger
that the bright expectation which Darwin has opened out to us
by his theory may be baflled—the prospect of gradually bring-
ing even Organic Being within reach of that method of inquiry
which seeks to discern mechénical efficient causes.

S
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INTRGDUCTION,

Note 1, page 10. Professor Marsh has Iately discovered a colossal fpesil
reptile, belonging to the family of the Atlantosaurida, and which wis
of suh enormous size—more than eighty feet long—that it could hardly
have becn able to drag it¢elf along on the ground or even o raize itself,
if its bones bad been as hewy in proportion as those of the reptiles or
mammals now extant, And in fact the bones of this fossil Saurian are
remarkably light in comparison with their size, so that Professor
Marsh's view that the peculiar large cavities which oceur i all the
bones of the skeleton were air-cavities, and that they wereé thus
actually pnenmatic \)Bncs, seems highly plaunsible,

Note 2, page 17, There must, of course, be 2 number of characters
of adaptation, of which we cannofavail ourselves as hereditary cha-
racters of general importance, from tifeir appearing only in small groups,
or merely in genera and species, or even in single individuals; these
o lose all diagnostic value ™ an inquiry as to the relations of %affinity

among the Jarger categories to which the animals under comparison
may belnn;;. Hence arises the necessity, insisted on in the text, for
induiring Now far hereditary charasters of general value are to be dis-
tinguished from charncters of adajtation. Buk every character which
can béregarded asa true signeof the common descent af*large groaps of
animal forms, may be ultimately traced to thi stage at which it first
appeared, and where it was @ cffaracter of adaptation. An example
will help to explain this. We know th@t inmll the Vertebrata, without
- cxocpﬁon. th¥ first appearance of the skeleton, whizh is the most im-

portant organic system of the vertebrata, is inseparable from the
presente of Mn axial corda knowh g the notocherd, o chorda darialis.
This does@ot beoSine merged in the vertebral column, but i8 dispiaced
by it ; it is perfeetly inarticulated—a shmple s‘t’ring of celts, The great

uniformity of the conditions of its first appearance, siructure, ard position
] o )
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in the embryo of every vertebrate animal, show that we here have to
deal with an hereditary character, and its remarkable persistence and
constancy are evidently due to the fact that its presence is essentially
bound up with the development of ax organ so wonderfully fitted for
the most various morphological and physiciogical differentiation as
the vertebml column (and skeleton) of the Verfebrata. But, working
backwargs, in the scries of invertebrate animals we first lose sight of
the skeleton, and presently even the chorda dorsalis disappears.

From this it would seem that suchan axial cord must have appeared
at first, once or even ufbre than once, in some group®of invertcbrate
animals, i.c., was elaborated from cells already existing in other forms,
This primitive chorda must from our point of view have had some defi-
nite function, and from everything that we know of the histology of
the cells of the chorda, we must regard it, even in its simplest form,
as an elastic prop or fulerum for the movements of the anfmal; conses
quently the primitive chorda was an organ that derived its fitness to
exist from its adaptation (and consequent modification) to the function
of alording support to the whole animal structure, Thus in the first
instance it can only have bad the value of a character of adaptation.
Moreover, it must inevitably bave preserved this value only, if it bad
not contsined, in itself, and through its influence on the other org:ms
connected with if, the elements of the most varied differentiation into
numerous dissimilar forms. It is only by the fact that it and the
tissues immediately surrounding it were in the highest degree plastic,
that it acquired its value as an hereditary character. An accurate
analysis of cach scparate organ will bring us ultimately to a stage in
which its existence seems to be wholly dependent on its special adapta-
tion to some definite purpose, or to gome condition of existence.

Note 3, page 17, Rudimentary organs ar¢ extraordinarily numerous,
aad ncenr in a more or less ignificant form in most animals. Their
high theorexical importance has been sufficiently indicated by Darwin,

%o whase works the reader is referred. Their most essential peculiarity

is their incapacity for fulfilling the functions for which, by their
structuce and position, they would seem exclusively intended. The
question, however, still temains, ag Leunckart has pointed out, as to
whéther we are justifie® in saying that such rudimentary organs are in
fact wholly usclefs. The teeth of the Veftebrata are, as we know, used
only for biting and masticating, or as, wgapons, The male dugorg does,
in fact, 2o«se his tusks, as is shown by the invariably worn condition of
the point, on the external stirface of ‘each. The female has gqually large,
nay, even larger tusks; but they are not used—at any rate, not in the
SAma WAy, f}ut. it'seems not ilnprobable that, merely by l.hclr‘;mnl‘ weight,
they oy assist ineertiin moventerds of the héad, foripstance, in grazing
on sea-weeds ; and in this 1®spect they ma¥ actually bave acquirtd a
physiological significance without losing their character as rudimentary

. 0} »
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teeth. Tge most extreme cage in the whale series of rudimentary organs
which have lost their original use is offered by the roots of the Rhizo-
cephala (Peltogaster), (fig. 12, a, p. 47); the parasite plunges them into the
body cavity of the host it lives mpon, and absorbs its nouriskment
through them. When the $arasite bas reached a certain age, it falls
off, leaving ite roots in the body of'its host 5 they live on, though their
purpose as organs of nutrition for the Peltogaster is, of course, emtirely
lost. -

Note 4, page 22, This usgof the clinging foof of the Geckotida is
well known. In handbooks of Zoology— even in Claus—we read that
these clinging hairs or suckers are formed by the secretion of a glu-
tinous matter from the glands of the toes. Ido not know: on what this
assertion rests, but there is, in fact, no truth in it In the first place,
there certainly are no glands present on the feet and toes; the clinging _
power is, on the contrary, effectedsin a wholly mechanical way, and
derived from the rows of bristles beneath the toes, resembling the
sucking discs of flies or of leeches, By the pressure of the foot on a
gmooth wall, the air between it and the wall is quite driven out; whe
the preseyre is removed, the inner surface of the foot is raised by the
elasticity and rigidity of the hairs, and this effect is increased by the
special muscles which move the lobes, each of which bears bristles;
thuos a vacunm is formed between the wall and the sole of the foot, and
atmospheric pressure secures the foothold.

-

”,

o
CHAPTER®L e

Nute 5, page 27. Thacker has lately attempted to solve this problem
on®morphological grounds (Connecticut Academy, 1877, vol. iii, On
Median and Paired Fins, a Contribution to the \History of Vertebrate
Zimbs)» He istof opinidh that the four extremities of the vertebrata
are to be considered as the survivals ¢f twé longigndinal folds of the.
skin, such as are 1o be <cen in the living Amphioxus. If this attempt
counld be successfully followed up, we should no longer have to seek the
analogues Of the extremities of the Vertebrata among the Invertebrala,
s Dolin has lately done.  But the physiologica] side of the question is
not touche®l by its; it is this: Why could ¢hly exactly four extremities
be developed, and not six, eight, or more out of this skin-fold ?
Thacker dses nog go into th‘ss question. Dohrn certainly thinks’he-
has found the use of the number four as lpp'lyigg to the limbs ; accord+
ing to him & long narrow fish swims best when it pissesses two pairs of
fius as far as possible from each other, one pair in front and one belind,

Q ) .
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This idea at first seems striking, but it it orposed alike to the facts, and
to the laws of mechanics.

Note 6, page 87.  With reference to the constancy of such characters
as have arisen under external infiueuces, Sgchs says, in his Text-book of
Hotany : ¢ We may infer rery decidedly that hereditary characters, or
such as might become hereditary, are nut produced' by extomnal
elementary influences, from the fact that seeds from the same fruit
produce several varieties, or one variety side by side with the here-
ditary parent-form; "«and further on: ¢ Wa come to the conelusion that
hereditary varieties first arise independently of direct external in-
fluences, but that the possibility of their continued existence depends
on such infliences.’ There can certainly be no doubt that a great
number of modificatfons which are in a high degree hereditary were
dite to causes which—like sexual reproduction and hybridisation—we
are not accustomed to designate as external influences, although I
reckon them as such; and it is equally little donbtful that those con-
ditions which are universally recognised as external—sucli as climate,
nutrition, the pature of the soil, &c.—are able to acquire a modifying
influence on livihg and growing animals; thus the modifications called
forth by such canses must constantly recur as long as the causes them-
eclves remain constant. In the course of our investigations I shall have
occasion to discuse a few examples which may be regarded as having a
direct bearing on this. 8o far as I know, it was Helmboltz who fret
poinced out that the constancy of an altered condition of life must
result in the permanence of any deviation from the parent form of the
species—or of the organ—to which such an alteration had given rise,

Note 7, page 38. I need here adduce only a few quotations, ‘There
can be no doubt that changed wonditions induce an almost indefinite
amount of fluctuating variability by which the whole organisation is
rendered in some degree plastic' (Darwin, Descent of Man, i. 114).
* Such changes are manifestly due, not ¢ any one pair, but all the indi-
viduals having been sabjected to the same conditions ' (Darwin, ifd.,
in ppeaking of horses, page 286); and finally, * We do not know what
produces the numberless glight differences bc{ween the indivicuals of

,ach species, for reversion only carries the problem a few steps back-.
wards ; but -~ach pecnliarity must heve had its own efficient cause, If
these causes, whatever they may be, were to a.t more uniformly and
energetically during a lengtheucd period (and no reasén can be
assigned why this shor1d not s ymetimes oceur), the result would pro-
bably be not Tuere slight individual differences, but well-marked, con-
Stant modifications (ibid. p. 153). And in other places in the same
bpok, as well as i1 his other works, Darwin expresses “imseif in a way
that proves that he no Ionger rates the influerse of the conditions of
1ife (external causes) on the transformation of forms (in species as

in organs) €0 low ae he seemed to do in the first edition of Iiis Origin
of Speeles.
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Note 8, page 40. Hitherto only one single genus of animals is known
of which the species are occasionally able to go through their %hole
cycle of development without their requiring to take nourishment £rom
the time they escape from the egg till their death. The-male indi-
viduals of some species of Zrodes never take any food after they have
left the egg, and they perish after fulfilling their sexual function.
Hence the amount of food contained in the egg must haye been suffi-
cient for the requirements of the creature throughgut life.

Notz 9, page 41. Numerous instances are known of such long- .
enduring resistance to want of food im the Invertebrata as well as in the
Vertebrata. In this respect those snails must be mentioned which were
kept for years with their shells glued down, in the collection in the
British Museum, and at last, under specially favourable meteorological
conditions, were enabled to creep away. At all times those cases have
excited much attention which have seemed to prove that Amphibia,
such as toads, salamanders, &c., have been preserved from the remotest:
timee, thongh shut up in a perfectly hermetically closed stone. But
the data in these individual cases are always so far from exbaustive that
it is impossible to found any explanation on them ; it therefore seems
to me saperfluous to give here any gpecial cases, and I refer the reader
to the literature of the subject given by Schmarda (Geographie der
Thiere, vol. i. p. 101).

But it is highly probable that they ail, without exception, might be
explained in the same way as u case deferibed by Frauenfeld in the
year 1867. A stone of about the size of the palm of the hand had jn 16
two cavities which communicated with each other, and in one of these
an®@mphibian about two inches long—probably Zrifen eristatus—was
living curled up when the stone was split open. MThe cavity communi-
cated with the vuter air%y a small hole. which was 1 millimdtre (about
1 of an inch) in depth, and about Fomillindtres, wide. Fravenfeld.
= ¢ fhe larva found ite way into the inner cavity, ¢here grews,

assumes tha
and at last became too0 big to get ont again. Tt had, ‘moreover, not been

to obfhin’ enough food (it wes Spparently at least a year or two
;2.-1:9 l::dd) to grow geyond two inches-in length. According to this
the ZTritor had not, however, been absolurely‘without food ; b‘ut we
may regard it as quite certain that it had obtained a very jn.:ngnxﬁcgnt, :
amount ofsnourishment, sincg throngh so0 Darrow ay opening: it m
impossible that it shonkl have l%ccn supphed iq,suﬁi?x.ent qu%mn,:v‘ Ex+
s been made on this matter, for living amphibia have

ts have even
g::i;nee:c]‘:)sed in masses of gypsum, and left thus enclosed, and they have

- a o



. 412 NOTES.
lived more than a year, However, €0 far as I know, no satisfactory
series of experiments have been carried out to the end.

Note 10, page 43. Even the stptements in handbooks (see Milne-
Edwards, Legons d'Anatomie comparée, viii. 169, 184) or in special®’
treatises, as to the requisite maximam (of optimum) of the amount of
food, show great errors, bechuse it is impossikle to obtain‘by experiment
any perfectly satisfactory information as to the relations of consumption
and ejection. Thus Hermann says: ¢ Even far more uncertain are the
statements as to the absolute amount of. the minirgum of excretion or
the minimum of food required to cover it, in consequence particularly
of the uncertainty of the methods of inquiry formerly pursued ;' and
he therefore forbears mentioning any absolute figure for the minimuom
of assimilated matter, as ascertained by these methods, Moreover, the
subject has never been, to my knowledge, treated from any more general
point of view than a purely medic.l one. Thus, for instance, the fact
that a kilogramme weight in a pigeon needs more nutrition than the
same weight in a dog, and this, again, more than a kilogramme in o
"man, is explained by a reference to the greater energy of the vital
processes in the smaller organisms. This argument is just, ifit is con-
fined to the warm-blooded animals, but it is false with regard to the cold-
blociled animals ; for as, in these, the varintions in the temperature of
the body agree perfectly, or very nearly, with those of the surrounding
medinm, water or air, no more warmth need be preduced in the small
anizals than in the large, nor need a correspondingly larger amount
of nourishment be consumed. Beyond this we know abisolutely nothing
of their relations in cold-blooded animals.

Note 11, page 50. At p. 46 a similar example was mentioned, where I
pointed out that the assimilation of food in Limnea stagnalis did not
depend merely on the circumbtance of the food being obtainable in suffi-
uieut quantity and of suitable composition, but also on the osmotic
.action Of the skin itself, If the tempergture is too low, below 12° C. for
instance, assimilation ceases in these snails although they continué to
feed ; at 20° C. the &reatest proportion of food is digested and the
most’ rapid grawth attained.  But even thén, this oaly takes place
when the influencgof the voluxe of water, which can only be exer-
*“ cised by the osmotic action of the skin, is exercised in, the most

favourable mannei. For more details on this point see Chapter V. and
the notes, 0.0 2
Nite 12, page 60. For all who think that the number of cases men-
t{oned in the text are insuflicient evidence for the position heru advanced,
1 here briefly give a number of other similar ones. Eels, which nsually
~live on animal fogd, will also eat bread. Spiders feed rlmost axclusively
‘On Articulata; a few speciés, s our European 1typus Sulzeri, feed on
snnils;_tbc'lropical“spoc‘n‘cs of Mygale are said to eat small birds; bere
in Wilrzburg, I and Menge fed them with young mice. The Loach

:
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Cobitis fessilis, which is speeially adapted to animal feeding, frequently
cats species of Lemna. Many caterpillars, among the Noctuidme—for
instance, specics of dgrotis—eat eagh other if they are shut up together
in a box, though in freedom they feed only on roots and leaves. The
larvee of the common frog et plants, the fullesgrown frogs only insects,
worins, or evéh amphibia.® All apes, althongh their tecth are apparently
adapted to a frait or vegetable diet, are passionately fond of shimal
food, as birds, eggs, insects, &e. ; they will even gnaw bones, Many
parrots eat butter, bacon, lard, snails, raw eggs, bectles, the brains of
small birds, and marrow. Most Nematoda live as parasites in animals,
but a few live in plants—Zlylenchus tritici, forinstance, which lives in
the flower of wheat, and Dylenchus dipsaci. L

Most. Holothurime shovel sea-sand into their, mouths with their
tentacles, and leave it to the intestine to select the organic particles
of nutriment that are mixed with it¢ Thyonidium molle, on the Pernvian
coast, feeds, on the contrary, on sea-weeds. Almost all Hymenoptera
are phytophagous, excepting only a few wasps and hornets, and antg
which feed on dead flesh, Certain snakes—Leptognathus and Amdly-
eephaluso(see Giinther, Ann. Mag. N, Hist. 1872, ix. 29)—feed on snails,
while all other species cat vertebrata or sometimes minute inseets,
Cyclura lophoura, a species of iguana-like lizard in Jamaica, is Berbi-
vorous, although it belongs to a carnivorons gronp. Most tortoises live
on animals; only afew land tortoises eat vegetables. All birds of prey
feed on mammals, birds, or reptiles; but the secretary-hird, that sialks
“,b"“‘ on long stilt-like logs like a heron, rummages about in the mud,
like a duck, for aquatic creatures of all kinds. One of the most interest.
ing examples is afforded by the genus Onchidium among the pulmonate
mollusca. The lingual tongue of those*mollusea which live exclusively
on animal food is very sharply distingfished from that of the herbi-
vorous species ; a few of these last, as Limnaa stagnalis, are, np doubit,

o

Carnivorous also (see p. 59 of the text); but in general we may consider
offrselves justified in determining those molluscs as herbivorons of
which the rachis has the same structure as thoselof Heliz or Limnaa.
All thospeciesdT Onchidium which I haye hitherto been able to examine,
about four-and-twenty, have exquisite herbiVorous feeth, and, neverthe..
less, do net use them for eating off plants, but exclusively fer shovelling
in sca-sang or mud, HMence we see that even the organs of mastication,
which yet'must be quite specially addpted to the nutriment obtainable
at the time and to the mode of obtainipg it, myy under some circum-
stances bé used i very varions ways; and we must thegefore conclude
that in comparing living creatures with fossi] ones these organs can
afford no &bsolugely reliable rgeans for determining the food asd mode
of life qf these primewal creatgres. Thése qcgpcptipna, moreovery afford
us a further example of the propesition stated in the texi, that even
organs which appear to us to be adapted to a spegial office are never.
0 o '
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theless able, and by their internal nature raust be able, to accommodate
themselves to others. i

Note 18, page 64. It seems to.me desirable to add a few more in-
stances of voluntary change of food by monophagons animals to those
given in the text. The falm-orab, Birgus latro, in a free state feeds on
fruits, namely cocoa-nuts, but in confinement eats its fellows (as 1 know
by eéxperience). Canary birds, and fowls, often and readily eat lard.
Thé' American prairie dogs Hans and Gretel, which I have already
mentioned in the test, quickly accustomed themselves to a diet of fish,
which was wholly unknown to them, with mollusca and meat. I owe
t0 my friend Professor Hagen (of Cambridge, Mass. U.S.) the following
interesting ilotes. At Cape Cod, the cows are regularly fed on herrings’
heads; in Norway:a mash is prepared for the cows by mixing and
stirring horse-dung with the heads of dorse boiled down; this serves
them for fodder only in the winter : in the summer they eat grass, as they
do everywhere else. The reindeer, according to Brehm, sometimes eat
Jemmings.,

Note 14, page 68. The change of structure which takes place in the
stomach of the pigeon and the gull in consequence of the 'change of
function is as follows, The stomach of a4 bird subsisting on flesh has a
camparatively fecbly developed musculdr Jayer and a goft mucous mem-
‘brane, which panetrates the coats of the stomach, forming long tubules ;
these tubules are the glands which sccrete the gastric juice. In the
grafh-eating birds the muscles of the stomach are particularly strong;
instead of the soft mucous membrane a thick brown membrane covers
the inner surface of the larger part of the stomach, while the small
anterior portion exhibits the same soft skin and glandular layer as are
everywhere distributed in thé stomach of birds of prey. This brown
skin in the gizzard of the pigéon (see fig. 18)is very strong ; it has long
fine flaments which penetrate the cavities of the tubules which extend
péfpendicularly into the muscular layet of the stomach. Now, if the
stomach of the pikeon is acted on for a sufliciently long period by femlfng
on flesh, this brown fkin (called a cuticula) withdraws entirely from
the tubules and is ~+jected ; ¥ae tubules now no longer secréte any
~solid matter, but oy a fluid, ax'd so become true glands. Tt would be
interesting to ascertain whether the czeretion now produced by these in
the gizzard is to be compared, chemically and with respect to ifs diges-
tive qralities, to the gastric juice in‘the stomach of birds of prey. In
gollg, on the other hand, whiclbave become nccustomed to agrain diet,
the hitherto Buid secretion from the glands opening” into the stomaoch
+ becomes rigid, and a more or lws firm thick skin is formcd in the
‘interiofof the stomach.

*  Fibm the text it might pc'hmps he ‘nlerre(r that the storanchs of
graminitorous and of carnivorons hirds were two distinet forms of
stomach corresponding nniformly and exactly to these modes of feed-
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ing, so that the former ofourred only in birds that feed on grain,
and the latter in thase that feed on animal fond. This, however,
would be an error, since there is a gonaidemblo number of flesh-cating
birds of which the stomachy (the muscular stomach, as it is called) is
constructed exactly like that of pigeon, ot a hen. Podiceps minor
(the little Grebe) lives on fishes, worms, and soft-bodied agmatic
creatures,  Cornus Cornia (the hooded erow) and . Coraz eat insects,
birds, and small quadrupeds. The lapwing liveson soft aquatic animals,
and the kingishertn fish. Th all these the musefiar stomach has quite
as thick a muscular layer as in the pigeon, and the internal coat isa
hard, brown pseudo-cuticle, such asis always presentin the graminivorous
birds, Even among true birds of prey some have the psefido-cuticle, at
any rate for a time—as the recently fledged kesttel—though not, it is
true very strongly developed. In these birds a meat diet does not zecm =
to effect so rapid achange in the stomach— from a graminivorous to a
carnivorous type—as in the gull and the pigeon, nor, indeed, to affect:
them in any way. e
Note 15, page 69. In the text I have not mentioned a number of
effects of food which in part are not suited for discussion in a popular
lecture, butin part too have no bearing on the question we must steadily
keep before us, .. how far the maintenance of the speciesor the origin
of new forms may be indaced by them. Thus, for instance, Voit's ex-
periments on the assimilation of fresh-water mussels secm to have
established beyond a doubt that the greater part of the ashy consti-
tuents of their bodies, which they deposit almost exclusively in
their shells, are derived from the water which, according to him, is
taken up by the kidneys. But then t'.,he question as to how the water
penetrates the body of the mussel is still under controversy, Some
authors entirely set aside the old view that the kidneys, wholly or in
part, have the famction of absorbing water: according to ther ib takes
pedce through pores in the &kin; but this, notwithstanding all that
has been said on the subject, is not absolutely béyond dispute. In
fact, s0 long 4s the morphological bases of physiological speculations
are as little aszured as in this case, any disqussica must be regarded as
premature. o e
The second point, to be her® only lightly touched o, regards the
influence of food on the sexual fungtions and in the external distine-
tions of sex which partly depend on it. It is known that certa’n foods
or stimulants at, the approach of sexiial aatuYity have a stimulating
cffect on the secretion of the semen. Too small a supjily of food is as
injurious to the germinal glands as too largeda one; forithis predomi-»
nantly importafy sideof animil life, also, Sicre is andoptimumof nutri-
tion, atid anygexcess Towardsthe maximum,wr deficiencystowards the
minimum, must exert a proportionally injurious influence. Unfortu-
nately \:’0 know of bardly any serviceable experiraents on this subject,

-
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for those made on domestic animals can Scarcely be regardell a3 such,
since their results, cannot be considered applicable to other animals
living in a state of nature. Sansom has lately made some very interest-g
ing experiments on domestic animdls, whgeh seem to prove that sexual
maturity can be very m®ch hastengd by o careful and special hygiene,
by an increased amount of nourishment and® by the addition of certain
- substances to the diet. (Sanson, Comptes Rendus, 1874, Ixxix. 1768 ;
and®Journal de I Anatomie et de Physiologie, 1872, p. 118.) The animals
thus brought up are said to assnme a quite special development—to
become races ; the signs of their earlier development and precocious
maturity are the cutting of the permanent teeth and the growing
together of he epiphyses (the osseous portions of the hollow hones) at
an age when, in smimals fed in the usual manner, these tokens of
® approaching maturity are not yet visible. As we shall presently see,
precisely similar effects follow froh raising the temperature. In con-
clusion I will only mention that Von Willich states that in frogs adefi-
eoiency of food causes darker colouring of the skin.

J CHAPTER III,

Note 16, page 70. A comparison of the eye of the animal and the
chlorophyll bodies of plants as standards of equal value for estimating
the intensity of light was, in §act, attempted by Prillicux. Sachs has

. controverted this attempt indis nsual brilliant and thorough way, and
hamset it aside, let us hope, once for all. ¢All comparisons as to the
.imef\sify of differently composed ligw, made by means of the eye,
have, from the nature of the eye, no independent value.! Hence éhe
intensity of the diffegnt colours of the spectrum as thus estimated can-
ndt Be made use of to measure_the gas disengaged by plants by means
.ol the chlorophyll hodies, ms Prilienx has done.

o _ MNote 1% page 72. 1here give a_complete list of those species of
animals in Which ehlorophyll or similar bodieg—as xanthophyll, &o.—
are said to occur, oLt ®

Pr8tozoa: 'y

. K ®  eRuglena viridis. . %
o Stentor viridis,

- .
S ®Alnfost all Reliclaria. oy afhorig¥eie marine Madiols¥ia most of
.
the Atanthg-metrige aw excepted (Hueckel, Monagragh of the Radio-
laria); hn': among the fresh-water Radiolaria, Actinophrys, Actino-
spharium,&e, .
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Notsto be confounded with these chlorophyll-bodies of the Protozoa
are certain peculiar green or olive-green discs of colouring matter
which oceur in many Monadina, as for example in Qhrenuling, Chilo-
monas, Paramecivm, Uvella virestens, Mallomonaz Ploeslii, &e.

Spongilla viridis (SorDy, Quart. Jortn'. Mio. Sei. 1875, vol. xv.
p- 47.) . x

Ceslenterata: Hydra viridis. =

Platyelmia : Forter viridis.

An undescribed marinc Planarian, accord'ng to Geddes. Tt is
stated that this creature decomposes carbonic acid; no exact Teport,
however, has as yet been given, 50 that it is not possible to decide
whether this statement rests on experiment or is only” inferred from
observations, which alone prove nothing. |,

Gephyrea: Bonsllia viridis (Rolando). Schenk says that the greer.
colouring matter of this worm i® true chlorophyll.  Sorby, however,
(Quart. Jowrn. Mie. Sci. 1875, 1viii, p. 166), after a very careful in-
vestigation, proves that this matter is quite distinct from chlorophyll,

Leydig has lately propounded the hypothesis that chlorophyll may
oocur even in insects, He founds it on the observation that the vivid
green of various beetles, orthoptera, &e., changes towards nuh’:mn in
the same way as the leaves of treesdo, I regret that I cannot agree
with him on this point; no such conclusion can be derived, in my
opinion, from the observed phenomens. The view that insects can
themselves elaborate chlorophyll cannot be supported by any argument,
and it is equally improbable that chlorophyll, as such, can be stored up
from the food in the circulating system of an insect, and then deposited
in the skin without being wholly altered ; but even if after this process
it could preserve its green colour and ‘other original properties it must
certainly bave lost the characteristic Property of chlorophyll, namely, .
that of decomposing carbonie acid under the influence of light. " *

Nute 18, page 76.  Foreign bodies occur by no means rarely as ‘inte-
pral constituents of the tissue of animal organisms: Irrespective even
of those cases in which parasites becomo normal’d.e. constantly present),
constituents ‘of certain portions of the body in every individual of a
species—as for instance the Nematods livink in tha foot of certain nake X
mollusca—there are numerous other examples, Among *Ms Ceelenteiata
there are, besides Sprenopws, various other generd which take up grains
of sand directly into their skin—forinstance, all the Zoanthins (Zoan-
thus, Palythoa, &e.)—whereby it acqui~as the firmnessit wonld otherwise
lack. The sporiges often have the habit of including foreign siliceons
particles, the caleareons shells of Polythalamia, fragments of coralsand
of the skells of molluscs, oramere’y sand, in their horny filltes; sucl,
foreign bodies oceurdn by for the larger number of keratose Sponges,
That the siliceons spiculm are in theso cases very ofter merély foreign
bodies is proved by the circumstance that they are found withont excep-

EE
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tion with broken points, and this could not be the case if thay were
formed in the horny fibres by the creature itself. Since the horny
tissue, even in living ‘sponges, is much too tough passively to allow of
{Le intrusion of foreign bodies during the life of the sponge, their being
imbedded in the fibre can ogly result from tfe sponge drawing them to
itself by a voluntary act and ’ncludiné them between the leyers at the
growins apex of the horny fibres. One of the most remarkable
instanges of the utilisation of foreign bodies as an integral constituent
of an animal structure is offered by the spgcies of Xenophora among
the mollusca ; they voluntarily incorporate into their shells, in regular
order, other shells and fragments of stone or of coral. Their intimate
adhesion showsthat this combination must be effected before the shell
has hardened, and cacln particular species of Xenophora seems also to
l.mve more or less choice among the materials at its disposal. Bergh
has recently shown that Stauredoeris Jonuarii, a naked marine mollusca,
cats the spicule of sponges aud deposits them in its skin.

We may here allude to the use made by the larve of the Phry-
ga»ﬂtida: of leaves, snail-shells, roots, &c., in building their cases
{caddis-worms). .

The above-mentioned regular association of two kinds of animals,
one of which lives in or on the other as a constant parasite, offers many
remarkable phenomena. It is known, for instance, that the hermit crab
2 Pagurug) is sometimes infested by dark-brown Crustacea ofthe group
of the Rkizocephals ; when these are present the female germ-glands
never develope in the host, and eggs and parasites are never found
together in the same individual. TIn certain localities the parasitesare
s0 common that out of hundreds of hermit crabs scarcely a single
individual will be found withous one, althongh their numbers are no
less than in other spots in the vi#inity where there are no parasites, or

aralv-any. This proves that the growth of the Pagurus is not in the
leastshind®red by the foreign parasite, whije the development of sexual
m:;turity 158 wholly agrested ; and we see, moredver, that the condition®
for the reception of the farasite or for its avoidance may be quite dif-
ferent in two contignoug spots, o . -

_ I myself have magde simidur obscrvations with regard to ZLimnaa
wagnalis. The Jnrvrc of Trematoda which infést these water-smails, in
the first place at anywate, and almost exclusively, as it would seem,
destroy the germ-glands, but they ®o wot check the creat uro'u'g-rowth.
In howevbr great o uuml‘cr the garasites may be present, the molluse
growh all the same, but propaftion is completely prevested. How far
ihe sterility thusinduced in certain individuals may possibly give rise
tootitr c’;nngc’s in their external orjutomel conditionsgis witnlly un-
knawn, zad has not been inv®t®ated. The Jarve of a fly, Cutgrebra
emasculator, atroys the tedtes of various American species of squirrel
without affecting the other vital functions; and the number of such

-
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enimads, healthy in all gtier respects, annnally shot by hunters seems to
be very considerable. (Dr. Hagen.)

Note 19, page 78.  There are but few totally Blind vertebrata—abso-
lutely deprived, that is to say, of cyes. All the species of mole have
rudimentary eyes, as hav® the Proteus and the blind-fish, as they are
called, of®the Ameritan caves; Amdlyopsis spelens, Typhlickthya
subterranens, Stygicola dentatus and sulterranons (from caves i Cuba),
Gronias nigrilabris, Stygogenes cyelopum—or of the caves of Asia, Ailia,
Shilbizhthys, Bagroides, &a  Actually eyeless §sh have hitherto been
found only at great ocean depths, and we owe our knowledge of them
to the *Challenger' expedition. They are Swpelide or Lophivider.
What makes them especially interesting is the occurrenee of the peculiar
organs on the head, first obgerved by Von Willgmoes-Subm, and subse-
quently accurately described by Giinther, who regards them as organs
of phosphorescence (see note 23). Truly blind invertebrate animals
are far more numerous. Most ento-parasites are perfectly eyeless.
The number of species of blind cave-insects, which is being add
every day, already amonnts to hundreds. The reader who is specially
interested in these creatures will find a very complete review of the
literature of the subject in an admirable paper by Simon and Bcdell in
the Recue Zoologigue. Associated with the blind cave instots we
find blind spiders, Crostacea, and Myriapoda; the blind crab of tha
Kentuckyscaves has, according to Hagen (Monagraph of the North Awori-
can Astacida), certainly only rndimenlnry eyes ; while other Crastacea,
as Cecidotea, Stygia, Titancthes albus, and others, seem to be totally
blind. In the work of Putnam and Packard on the Mammoth Cave of
Kentocky there is a list of these forms with excellent illustrations.
Various Crustaceans which are calle® blind are known from the caverns
and subterranean waters of Burope ; té*these belong Niphargus puteanis
Titanethes allus, Crangonyz, Asellus Sieboldii. Univalves sger “alivays
to have eyes, with the exocmion of a few which live as parasites, but &

® Hydrobia found living'in Munich by Rougemont, and which inbabits
deep springs, seems to have no eyes. Wiederiheim found rudimentary
eyesin the Hydrobia of the Falkenstein caverp.

The ¢ Challenger * expedition alsc'has firnished ns with rich materials
on this subject, Willemoes-Suhm, whose prematurg,‘leath we sust
deeply deplore, made us aoquainted with & large number of peculiar
blind Crustaceans, some of which®ive at a depth of more than 2,000
fathoms ; for instance, Petalophthalwus of various species, all the, Min-
opsida,'several Mysidee, several blind larva belonging to the Zoea and
Megalopsis forms, Astaous calewcus, Aspepdes caca,, Deidamia, &c.
Noticed'of these occur ingthe narrafives of the yoyage coxnmunimted
to Neturo ; Ann, add MagNat. Hist.; Prgc. R, 8.5 Lign, Sve. Trans.
And a tolerably complete guide to !'he literature of the snbject is to be
found in bxebold s supplement to Willemoes-Subm's Challenger- Briefen

. : EE2
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(Zeitsohtift fiir rwiss. Zoologie, 1877, v. 27). {The recent treatise by
Pagenstecher, Urber dje Thiere der Tigfen, also contains a list of blind
as well as other deep-sea animals, though in a somewhat different
arrangement from that which I have given here.

Note 20, page 82. The following apimals, furnished with well-deve-
loped eyes, live in caves: Mdoharites, 7 specids (Coleoptefa); Antho-
iy Fhora (Diptera) ; Hadenacus, 2 species (Orthoptera) ; Spivestrep-
ton, several species in caves (Myriapoda); Nestious, 2 species; Liny-
phia, 3 species (Spidersin the Kentucky cares). Animals having only
rudimentary eyes must be partly included here. A Melania having eyes
I myself found in a cave in the Pelew Isles, and in the same spot was
a grasshopper tiat could see.  Also among fishes, Ohologaster Agassizii
(in Kentucky), CUmdre Crameri (in subterranean lakes in Aust rin,
aecording to Schmarda, Geog. der Thiers, i. 18), In the caves of Utah
(according to Packard, Bulletin N.*S. Geol. and Gevg. Swreey, iii.
1877), a Phalanginm — Nenastoma troglodytes—with eyes; a Univalve,
Hyglina subrupionia ; and a Podurida, Tomecerns plumbens, equally with
eyes, are associated with a blind Myriapod, Polydesmus caricola. Fries
states that the blind Gammarus puteanus of the Falkensteill caves
sometimes quits the regions of absolute darkness.

Note 21, page 81, Many creatures furpished with well-constructed
eyes live associated with the actually blind species which have been
partly enumerated above. An attempt to account for this apparent
contradiction is mentioned in the text. Of the very considerable num-
ber of such denizens of the darkness which nevertheless can see, T will
partienlarly mention the following : Bathytroetes, 2 new genus named
by Giinther, 6756 to 1,090 fathoms ; Bathylagus, 1,950-2,040 fathoms ;
LPlatytroctes, 1,600 fathoms ; (ﬁloro/)btkalmm gracilis, 1,100-1,450
ht.hgmg—ull forms of Fishes distovered during the * Challenger " expe-
dition. .Begides these, among Fishes, Macrurus and Halosaurus, 1,376
1,600 (Willemoes-Suhm, Challenger-Briefé); among mollusca, Chifor,
and Patella, 1,075 fathope (Willemoes), Pleurotoma, n. Species, 2,090
fathoms and Fusis sp‘,z.EO'I fathoms (Thomson, Depths of Hm~&-m
p. 465); Crustacea, a Pelinngus i€, 700 fathoms; a Nephrops and an
Agephion, botw’een 1,875 and 3,125 fathoms, Various crabs, Gglatltm,
Caluppa; Tsopoda, Sgrolis; Macroura® Penaide, Caridide. "Bathy-
womus gigantens (M. Edw.), a giggntic Isopod 3 centimdtrss long,
having Jawge eyes, each with 4,000 facefs, and others. It is impossible
liere ko give a complete 1&t, ner i€ it within the purpos¢ of thig work,
Other deep-sea fokms have rudimentary eyes, as, for instance, dphyons
gelgtingsus, 1,609 fathoms ;> Lyphlonus nasus, 2,150 fathoms, from N.I
Aunsjralia, Lo S LN 2 s a ?

Note 2.2, pags 85. Phwsphierescent creaturs are extremely comuion on
the surface of the sea, as is well known. They belong to the most
various classes ‘but are for-the most part invcrtebmte animals, Infusoris,

4]
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Medse, Polyps, Worms, Tunicata, &c. Phosphorescent fishes have
been brought to our knowledge by the ¢ Challenger " expedition.  Wille-
moes was able to observe directly the phosphorescence in Sternopty ;
and according to Giinthgr (see*below) it is highly probable that the
peculiar organs oceurring in bliyd fishes ar® phosphorescent.  The fisher-
men of Nice assert that the moon-fish, Orthagoriscus mola, is lominous.
But few phosphorescent animals live on land ; only a few Myrifpoda and
Annelida, besides the well-known Lampyris, Elateridse, &c.  The litera-
ture of the subject is wonderfully extensive; ESrenberg, who gave more
attention to it than almost anyone else, in the last year of his life gave
us a work with the following title : Die das Funkeln und Avfblitzen des
Mittelmeeres bewirkenden wnsickibaren Lebengformen (Berlin, 1873).

Note 23, page 86. Theanatomy of the fishes in which Gilnther found
these phosphorescent organs is not yet described, and I owe the notice 1
am enabled to give to a verbal communication from my esteemed
friend in London.

Note 24, page 89. See on this subject the brief remarks in Sir
Wyvillo Thomson's The Depths of the Sea (ed. 2, p. 465). Many
observations on the brilliant colouring of Holothuride and Crustacea
oceur in Willemoes' reports. This proves that the lack of light cannot
directly binder the development of pigment. But it is quite possible
that it may have an indirect influence throngh modifications in the
processes, at present unknown, which lead to the formation of the
pigment, . y

Note 25, page 89. Higginbottom, ‘ Influence of Physical Agents in
the Development of the Tadpole of the Triton and the Frog,' Pkil.
Trans. 1850, p. 431. He reared larve in dark cellars and in com-
plete darkness without discovering ﬁgy difference in their development
beyond its retardation by the diminished warmth, =7y

Note 26, page 91. Within the lust few years I have repeatad a series
of experiments with a vidw to investigating the effects of different
light on the formation of pigment in animals ; the creature selected for
the_purposg was the Axolotl. The more géneral results attained by
these experiments are given in th¥’ text, The origin of the pigment
does not depend directly on light, as Bert states; nor do’albinns or wijte
Axolotl ocenr in the dark. IE remains a mystery to 1ae how Bertcould
have escribed the  occurrence of white Axolotl to the influence of a
deficiency of light, and I am equally ignorant as to the crases which
led to the production of albinos anfongs the¥xolotl kept by Kol'iker at
Wiirzburg. -

I found, precisely on the contrary, that when the light jvas ex-
cluded, or in'a dagk red “light, thesyoang animals were always. dark-
coloured ; in a yéllow lidht the pigmert wa3 abundant though less
dark; in a white diffused light, but to the exclusion of the direct rays
of the sun, they were of a much lighter lae, but still not white,
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Specimens which I kept for a year and a half™ in white vess.ls, and aa
close as possible to a wirow with white blinds, assumed a very light
yellow-green colour in wnich a very¢few scattered specks of black
pigment could be detected ; but the small silvgry spots which sometimes
appear on these creatures when about six months old attained so large
& size, particularly on the tail, that the animal might be described as
yellow-green with silver spots; in some cascs the silver spots predo-
minated. In young specimens of this year's brood, which were also
from the first reared in ardiffused white light; the greentolonr isalready
beginning to show, and the silver spots also on the larger specimens on
the face of the external branchie. (This is in August; the young
Axolotl are abot 50 days old, and the larger-sized ones about 7 cent.
long.) These results %f my experiments agree tolerably well with
tlose of Pouchet and Lister if we assume that the colouring of the
Axolotl is produced entirely by the action of chromatophores. The
black pigment and the silvery hue, at any rate, appear to reside in such
cells, but the pale yellow-green ground hue of the specimens kept in a
white light appears to result from a pigment distributed and diffuged
throughout all the organs, Hence any pronounced adaptation of
colouring to the surrounding objects such as occurs among fishes and
crustaceans is certainly not in question, and nevertheless the whiter
light induces paler colouring.

The pigment of butterflies of which the pnpm lie buried in the
earth is developed in total or almost total darkness before they escape ;
the chitinons skin of many pupwe (of moths, &e.) is so dark as to be
almost perfectly impenetrable to light ; nevertheless pigment of very
various characters developes in thep. We may, indeed, presume that in
most viviparous animals the development of the embryo takes place in
tbtal daskness ; nevertheless they are all born with bright colours. Here
too must-bé mentioned the observation made by Kerbert that in the
emlityo of the chick certain pigment celld which appear in the cutis®
about the fifteenth day bive wholly disappeared by the twenty-third.
It may be supposed that not much light, or none indeed, con penetrate
to the embryo through the 'xgg-sfcll and membranes; nevertheless,
pigment cells are formed and disappear again during the course of
the embryo stagh. "Ne, explanation of this remarkable circumstance
has as yet been given, It is not uncorpmonly supposed that the pre-
fence of @ dark pigment in the skin of human beings is due to the
greatet intensity of light, as proved by the predominance of dark
races of men towdrds the equator and by the darkening of the skin
in samuner., As) however, fio experiments are before us by wlich the
chersical or heat ryb have bedn excluded from acting on the skjn at
the same time 4 the 1i2ht fhys, while the hetion of the air and that
of differonce of nouris!‘xment. have remained disregarded, we cannot
consider the conclusion s proved, or even admissible, which asserty that
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the dgvelopment of the skin-pigment is influenced by llgl:t. even with
regard to man.

Note 27, page 92. Heincke describes the colovrs of Gobius Ruthens-
parri as follows : ¢ Inthe first insfance a black velvety spot is conspicuous
lying at the base of the cakdal fin and surropnded by a beautiful golden-
yellow mangin. A similar blac® spot, Eut without any yellow rim, is
found in the male, on each side, at the base of the pectoral firs; this is
absent in the female, The ground-colour of the back of the maie
is, in the breeding season, of a dark brownish black, cutting in on the
green; on the Head it is lighter with a reddish tinge ; there are five
light-coloured saddle-shaped spots with a metallic sheen, and the under-
curface of the head is of a vivid copper-colour with g golden gleam.
On cach side, between the light and dark colour of the {ody. and rather
below the lateral line, there is a Tow of vivid Spots as bright as jewels,
glittering now blue, now green, gnd there is a similar spot on each gill.
covering, which is otherwise red. The two dorsal, the candal and the
anal fins are cherry colour and yellow, or show green stripes and bands
on a dark ground, The pupil of the eye shines a deep blue,’ To'thia
somewhat abridged description be adds: ‘1 have given these elaborate
details that the reader may form some idea of the beanty of the Gobius
at certain moments, for all ghis gorgeous colouring may vanish within a
shart time and not reéurn in its pristine splendonr for along time.! He
then fully describes the chromatophores and their function.

Note 28, page 97. Dewar, ‘The Physiological Action of Light,'
Nature, 1877, p. 433,

Note 29, page 99. Darwin himself frequently uses the word colour '
where ¢ distribution of colours ' or ‘mode of colouring ' would be better,
8l it is always clear from the econtext that he attributes to origin
through Sexnal Selection only such viriations in colour as occur for in-
stance in the male and female of the same species, and to Neiural
Selection such as have pmvgd & protection, and therefore auvantageous

»to animals, To assume colouring, i.e. the determiped mode and arrange-
ment of colour, i3 to assume the pre-existence 4f colour; the question as to
Liow, this originated has never, to m\% knowledge, been inquired into in
these later times, and perhaps it is for this very reason that it has fre-
guently been confounded with the origin of the mode ofiits distributiun.
(Compare Darwin, Jescent of Man, chap. on Sezual Selection,) Other
naturaiists, at any rate, have carteinly made this confusion. Thus, for
instance, the variation of green to brown which is exhibited by many
Sphinz-caterpillars has been attributea to natural selection (sce Weis.
mann, Studien sur Descondonz-Theorie. Die Entsdeliung der Zeichnuny
bei den &'kqmcrh'ﬂg:rau{w, ;s 80). Selection, however, codld not
possibly effect any alterat on in thd p:gment, but could orly opurate
atter such a change had aciually occurred. '

Note 30, page 100, 'There are many works, not Lerc: referred to, on
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tlie effeets of light on the animal organism. Some are of too special a
nature and too exclusively addressed to medical physiology—as, for
instance, the observation that frogs disengage more carbonic acid in a
green light than in a red one; those dn the dependence of the colour
of the skin on certain constitutional diseas®s, &c., while some are not
safliciently detailed to allow of their béing useddere. To these belongs,
for instgnce, Strethill Wright's observation that polyps of the higher
Acalepha are said to multiply abundantly in the dark by buds, while in
the lighit, and with insafficient supplies of food, they bring forth Medusw,
To these also belongs alf that has been said of the depefidence of lighter
ordarker tones of colouron the various intensity of light. Thury's obsor-
vation that, under a green light, tadpoles retain their gill-respiration,
while their legs are not formed, and that finally they die, comes under
the same category. Liflewise the phenomena of melanism and hyper-
¢éhronism (see Ridgway, ¢ On the Relagion between Colour and Geogra-
phical Distribution in Birds ;' Silliman’s Amer. Jowrn., scr. 8, vol. iv.,
1872, p. 464), which are attributed sometimes to the influence of heat
or ¢f light, and sometimes to the general climate. The statement, too,
that white rabbits are most easily and certainly reared in a white re-
fieeted light, is worthy of attention. I uwe this remark to Dr. Braun of
Wilrzbuzg, who met with it recently in an agricultural journal. In this
case, a8 in all cases of experiment, it is requisite to distingunish between
the different causes, and to investigate separately the effects of each.
Hitherto we, the zoologists, have made very light of these physiological
labours. Hartmann, and a certain Herr Hesse, declare that a combina-
tion of absence of sunlight, cold, and damp, is the cause of the occur-
rence of albinos (!) among snails; if it is not the one it may be the
other,

-
: ICHAPTER IV.

Note 31, page 104, The methcd of meteorological diagrams cduld
. At most be applicablesto cafes urfinfluenced by annual and diurnal

afia’ions of temperature ; as those of crsatures living in the degths of
the sea or of fresh-watér lakes, in deep springs, or ih the intestines of
warm-blooded animals. And even irf thése cases such curves would be
of no practical applicatioy, ginge we cannot transfer tbdom' from the
animals for whiolythey hold good at the present time, b as to draw
any conclusion with regard to unknown, i.¢. fossil forms ; norean we form
any“opinion’ as to how the crejtures fiving ander such Jquable tem-
peratures srould behave jf thgy were sudden}y or gridually exposed to
the effects of a djfferent degree of heat. In point of fact. the applica-
tion of climatic’ curves-seven in, its more limited form—has only hin-
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dered the progress of our knowledge of the real effects of temperature
on the life of animals, -

Note 32, page 105. *In the shallow seas of temperate latitudes, only
such animals can exist and presdrve their reproductive powers as are
quulified to endure every v&rintior_x of tempesature which may oceur in
the course o the seasond—Eurythermal animals, as they may be desig-
nated in one word. The number of eurythermal marine animalsis very
much smaller than the amount of species which can only live fa such
provinces (maring) as exhibit an equable or slightly variable tempera-
ture—Stenotbermal animals, as they have been called.”

Note 33, page 109. I must, however, warn the reader against the
assumption that every such dwarfed race was produced by*the influences
here described, In many places, for instance, swhere formerly really
gigantic pond-mussels were found, now only quite small ones oceur ;
and it is well known that the Eurdpean oysters are gradnally becoming
smaller, This results from the circumstance that both these mollusca
are capable of reproduction while they are still quite small, and now
never grow to their full size, because they are destroyed before they
have aceomplisbed their full growth, The dwarf races of certain Libel-
lul® in the south of Europe appear again to depend on other causes.
The multiplicity of circumstances by whose co-operation dwar races
are produced appears to be very considerable ; we shall have occasion to
examine them somewhat more closely in another chapter. Unfor-
tunately no satisfactory experiments have ever been mede.,

Note 34, page 110.  Winter-sleepers—i.c. animals which during the
winter fall into a dormant state, and remain in it for weeks, or even
months, without dying—are to be found in almost every group. I may
refer the reader to the enumeration given by Schmarda (Zhiergeogra-
phie, 1. 9+11). It might be well to distinguish two groups of such
animals, according to whether they are warm-blooded or cold-blnoded.
These last—as we infer fromgsome observations merely, it is true, and
ndt from experiment—appear to possess the faculty of living a Iatent
life at a very low temperature, i.¢. to sleep ; andrif we snppose that no
alteration takés place in the processes of assimilation, buf only a retard-
ation, every cold-blooded animal might fail intoswinter-sleep. Wit
warm-bleoded animalg it is otherwise. These, as is woil known, are
easily frozen; according to Horvath's experiments—to be more
exac‘tly described preseutly—it. is extremely probable that ne warm.
blooded animals can become winter-slsepers bat those which are eble
to become actually cold-blooded at a sufficiently low temperature.
Even young animals of other species which have at birth a remark-
ably low \emperature, almost, as low ag that of colc?~blooded' ‘a'nimn'ls,
are incdpable of endming low femperatures forany length e time ; they
fall asleep, it is true, but at the same time they die. Of course, even
the winter-sleepers among mammals cannet bear te be actually frozen,
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Note 35, page 111. The high body-temperature of the trub warm-
blooded creatures, hirds and mammals, oscillates witkin very narrow
limits. In man it rises to 86-88° C. ;#in dogs to abont 397; in the sheep
to 40° or rather more; in birds it is higher, rarely under 40° and
usnally as high as 42° to 4%° 0. (For weryample data see M. Ed. Anatomie
at Physiologic Comp., viii. pp. 16-18.) In cold-blooded animals even it is
always a little higher than that of the surrounding medinm, but it
rises &nd falls with this, while the true warm-blooded animals maintain
the same, or nearly tie same, temperaturd’in spite ¢f the variations in
the air or water. How far this may also prove to be the case with
such cold-blooded animals as have a temperature considerably higher
than that of fhe surrounding medium has not yet been investigated;
we know, for instane, from Davy, that in Bonitos the temperature

“is 10° C. above that of the water; in Pelamys sarda, 5°; according to
Czermalk, the Proteus of the Adelsberger grotto has an internal heat
ot sometimes 56° O. above that of the water, It may also be men-
tioned that some species of Python, when depositing eggs, have a body-
warmth of 6° C., and that sometimes a very considerable degree of heat
prevails in a bechive.

Nete 36, page 112, The facts given by Horvath are of the greatest
interest, The following is perhaps of the highest physiological impor-
tance. It is usually supposed that the awakening of winter-sleepers
is occpsioned by a rising temperature ; but in Horvath's investigations
this wns never the case ; during two hours and forty-five minutes, which,
in the one experiment communicated, were needed for complete awaken-
ing, the temperature of the room remained exactly the same—10° C.—as
during the three previous days when the animal was still asleep. This
proves that the waking up of the weasel must be caused by some internal
cousr which we do not ns yet know. But his other observation is far
more cersarkable; namely, that during the awakening, the body tem-
perature of the weasel rises rapidly, and fore rapidly during the second
half of the process thau at the beginning; for instance, in the experi-
ment which is given in detail it rose in the first houx and fifty-five
minutes only about 66°°C,, and in the following fifty minutes about -
179, This remarkably rapid increase of hody-heat took place, moreover,
without any v&orour. movements, which might ot!;erwise have been sup-
posed to cause it—even the rapidity of breathing showed rv increase
correspinding to the rise of temperature,

L must not here pass over’in silence the view lately,expressed to me
by Dr. August Forel, of Munich (well known by bis admirable researches
o Aats); a view foundedl on certain observations, hitherto unpublished,
thut winter-sleep Goes not dupedd at all onl the diminished temperature
in winter, bt rathei’ on influences determined by food. A dormouse
that ke kepti went to sleep even at a high temperature of the air, in
August and September, and ‘slept as soundly as in a true winter-sleep,
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while itssbody temperature,saccording to the fignres he was so good as
to communicate to me, was never more than a few degrees higher than
the air, 5

Note 37, page 112, 1t is & fact that frogs often deposit their spawn in
water hardly above the Iree’dng-point, and @ vast number of inverte-
brate creatui¥s live in etjually cold watet. These same individuals,
however, do not perish when even their body temperature is raised in
the summer to more than 30° or even 40°. How far they suffercfrom
it is, however, not gstablisheds .

Note 88, page 114, An enumeration of the observed or reported cases
of the resuscitation of wholly frozen animals is to be found in Schmarda’s
Lhicrgeographie, i. pp. 8 and 98, Insects, fishes, tohds, Actinia,
Crustacea, Mollusca, and Nematoda figure in this Yist. It is well known
that fish can be conveyed in ice, or even quite frozen up, and revive on -
being thawed again; but in all thebe cases the thawing must be very
slow and gradual ; if it is too rapid the creature dies. Plants exhibit the
same characters, 3

Note 39, page 116, It is difficult—in some cases quite impossible—to
decide witether the data given are to be depended upon or not ; isolated
and incidentally made observations are often made to serve as evidence
for general statements. Thus it has been said that the Arctic fox is white
in winter, and in summer of various colours; but Payne says this is in-
accurate, and that Canis lagopus may be found white, blue, or grey at
all seasons of the year, »

Note 40, page 117. Weissmann succeeded in transforming all the
individuals of a summer brood of Pieris Napi to the winter-form by
maintaining a low temperature. With reference to Weissmann's estimate
of the facts communicated by him as to the rearing of Vawessa levana-
prorsa, 1 must observe that I cannot agree with him ; interesting as his
rescarches are, they do not seem to me either to have been ca-ried ont
sys}tenmtically enough to allow of the deduction of any definite cors
clusion, nor to prove that the speculations propounded by him are
thoroughly well founded. 1

Notd 41, page 119. < Assimilation it plants is only possible between
a specific minimum and maximum of temperatured between these two
extremes ‘lies an optimum for the development of the \species.” 1o
says Pleffer, and this sdows that the same law obtains for plants as for
animals. Unfortanately we cannot assert that we have ascertai=ed the
curves of temperature for animals, as Hoteniste' have already done 4or
many plants. This, it is true, results in great measure “from the diffi-
culties offered in experimenting on animals ;) the phenomena of Jife
are far more conlicated in them thin in plants, the: grow muth more
slowly dod at the samd’time avs far less easy fo measure ard to donfine,
However, there are a number of mpidly-growing cold-blooded aquatic
aniwals (water-snails, Naidie, Branchipus, Apuss &c.) which are not

= \
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particularly difficult to rear and which cax even easily be nfeasured ;
systematically conducted experiments on them wonld undoubtedly
yield very pleasing and valuable results, Brauer's researches on the >

Phyllopoda afford a striking proof of this.. He found that individuals
of a species of Clhirecephavus lived fo woeﬂ in a temperature of 19° C,,
bat never attained sexual miturity ; but they %cquired sefbal functions
withid two days when exposed to a temperature below 11° C. The
egzsof a species of Branchipus could not be induced to develope
until after he bad crewn them on slowly meltigg ice broken into
small fragments, It is much to be regretted that Braner has given no
exact carves of temperature for the different species he reared; but
even as it is, & would seem that we may infer from his remarks that the
optima of temperaturo are often very different for quite nearly related
forms. ‘
Note 42, page 120. With referchice to these animals I must refer
the reader to Schmarda's list (Zhiergeographie). The highest degree
¢£ temperature hitherto observed as endurable by any fully grown
animal without inconvenience of any kind is 76° C.; in Sparws Des-
JSontainesii in the hot springs of Tozer and Cafra in Tunis. Plateau’s
obseryations (Recherohes physico-chimiques sur les Articulés aquatigies,
2me partie, Pruxelles, 1872) only appear to contradict this; for he
only experimented on such animals as live in cold water or thermal
springs of moderate heat. There is ‘even a certain contradiction
between the resalts of his experiments and the facts he himself records
as to the existence of animals in these thermal springs. These springs
bave, according to Plateau’s list, a temperature corresponding exactly
to the maximum which can be generally endured by such animals;
thus, if we regard his experimgnts as conclusive, they would live and
propagate in a temperature which, being indicated by the extreme limit
of tha corve constructed to show their power of living, could not
therefore be regarded as actually favourable to them. However, the
experiments themselves were not conducted on a conclusive plan, for
the* geadual cooling of the water was not prevented, .nor were the
investigations carried ‘on for a fufficiently prolonged period. But we
vmust not be led to Sonfound with these certain well-known cases of
great resistante fo oxtreme heat exHibited by the eggs of the lower
animalg, Insects, Rotatoria, Nematoda, &c., or by the capsuled«Infusoria,
or by cértain larve. It would seem as though these were thrown into
a gite of latent vitality'—exactiy as under conditions of extyeme cold
—during whicl their vital functions remained inactive ; while in the
anireals living in hot eprings exactly the same processes of assimilation
must take place a. in those.lizing in colder water. An experimental
investigatio® on an txtensive scale of thh power of resistance to high
temperature,in the eggs or germs of the lower animals wonld certainly
amply repay the trouble., Brauer states that the eggs of Apus canemi-

bl

>
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formis ahd Branchipus st@gnalis and torvicornis may be exposed to
the utmost heat of the sun without perishing, -

Note 48, page 121, Summer-sleepers are found among the most dis-
similar groups of animals. The “Tenrec of Madagnscar (Centetes) is
well known.  Darwin founzf insects, spiderg, Mails, toads, and lizards, in
a summer-sléep, in Brazil. Most of the Jand mollusca of the Mediter-
ranean province pass the summer in a dormant condition, and thé same
i5 true in the tropics. (Comp. Schmarda, Thicrgecy. i.12.) As Thave
said in the text, im most caSes, perbaps in all, she true cause is the
dryness of the air which is usually nssociated with a high tempera-
ture, No experiments have been made that can prove that during the
sammer-sleep the vital processes are not merely reduced fo a minimum
of energy, but also altered as to their nature—as they are in winter-

sl

ecp. -

Nots 44, page 122, 1t is knowh that in man for instance, sexual
maturity is attained at a much earlier age between the tropics than in
northern climates; girls of twelve are in Cuba regarded as fully growg
and marriageable. This phenomepon is far more striking in swine. 1
myself lve seen pigs in Manila of which the males at three weeks old
were ready and fit to be put with fully grown females. - Bul the great
variety of circumstances whicli co-operate to produce such early maturity
leave it doubtful whether it is solely due, as is assumed, to the high
temperature of tropical climates. We have seen, in note 15 to Chapter
11, an instance of early maturity induced by snitable pmtrition. *

Note 45, page 125, It is known that during the winter frogs eat
little and bardly grow at all, nevertheless their eggs are formed during
that season. Precisely the same obtains with regard to Limnea; I
have proved that the minimum of temperature which allows them to
assimilate®food and so to grow is much®above the winter-temperature €
at which they deposit their eggs. Itisknown, moreover, that \he‘lnr;m
oéirogs which have not growrsfast enough in the first year to allow of
their transformation taking place in due time, live through the winter
as tadpoles and do not begin to grow again till the following summer,
Now, it would be interesting to investigate whether in larve thus
retarded by cold the germ-glands aré any further developed than is
normally‘the case in the larva stage. X e -

Nate 45, page 125.° According to t'he result of researches conducted
by me during many years, in lafge individuals of the Axolosl about
48 hours are safficient to allow of a latre pumier of unfertilised ova to

\3S fnon'; the o:'ary into the oviduct, to b.ecomc surrqunded with an
albuminons envelope, to be fertilised and deposited. I have repgated
the cxperi'mcnmwbich prove this mang supcessive ysars with the same
results® If the Axotl is hept in small aguaria withyut plarts or
gand, individuals that are sexually matare will deposit no ova, even
though the water is changed ‘daily and they are weil supplied with food.

0 4 .
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1 have by this process reduced to sterility*for two whole yedrs eight
old Axolotls, which bad pmviomsl\ produced seven generations of young
oneg; when I replaced them in a h.rge aquarium with running water, =
sand, pebbles, and plants, in fifty hours they began to deposit eggsagain
and produced from 900 td71,000, of which at least 700 devgloped, This
in no way depends on the season of the year; ab least three broods of
¢igs can be obtained from the same female inone year. But the experi-
ment'is apt to be rather a dangerous one, for the males not. unfrequently
perish if the sexual plocesses are interrupted too socs.

Note 47, page 126. To these larva-forms belongs the much-talked-
of Axolotl, whose capability of becoming under certain circumstances
a gill-less Jand-animal —~Amblystoma—has been moest undeservedly
celebrated as a perfuctly marvellous phenomenon. It was assumed
that in Mexico, its native home, it never underwent any such transfor-
mation. But this is incorrect, for in the museum at Vienna there are
specimens of Amblystoma and of Axolotl which were collected at the
#ame time in the lake of Mexico. I owe this observation to my friend
Steindachner, The Axolotl of Luke Como, by the Central Pnc:ﬁc Rail-
way on the summit of the Rocky Mountains, according to My, Carlin,
always is transformed into Amblystoma—it is Amblystoma mavortivm.
But the effects of an insuflicient body of water, which is said by Weiss-

- mann to cause the transformation of the Mexican Axolotl, cannot ocea-
sion it in that of the Rocky Mountains, for it takes place in the water ;
and the Amblysloma, so long as they are little, actually live exclusively
in the water, as I know by my own experience. A young Amblystoma,
which I kept alive for a long time, never went out of the water of its
own free will, while one nearly twice as large lives entirely on land
and only takes a bath now and then. Tt always goes into the water
when the temperature of the ‘air in the cellar, in which my aquaria
stand. fslls below that of the water—down to about 6° or §° C.

v Note 48, page 129, Brauer’s researclfs on the Phyllopoda containa
mass of valuable obsenvations on this point, which I will here collect
and reproduce for the yake of their wide general interest ; unfort unately
they cannot be tabulaked. .

-¥ In all the species of anchxpmt e.g. Chirocephalus Braueri, which
first appear in‘early spring in pools of “snow-water, a rapid rise of tem-
petature from the freezing-point is the first and dhief condition of de-
velopmint. These species perish at a temperature of 19°0. At asuitable
1emperature—about 102 . f—~ther development of Chirocephalus from the
ege to sexnal waturity takes only twelve days.

Freezing the soil acts apon Apuz caneviformiz, Branekipus stagnalis,
aud B, torrizorais, in the sarse way as desiecation, and’in warm spring
days they de elope irsnovi-water pools just as quickly as at midsummer
in warm rain-water poals,

Egps of Lepidurs prodictus kept in damp earth from April til)
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Decembygr, and then exposed to freezing for 14 days, at 6° C., yielded a
large number of larve. The fully developed Lepidurus productus can
bear a temperature only of from 0° to 18°C. * *

The eggs of a species of Apus Jrom Khartoum, on the other hand,
developed in great numbers®t 25°C. -

Compare en this snbjet the data given # ¢ Saison-Dimorphismus* by
Weissmann, as to the accelerated development of different indiwduals
of the same species of caterpillar under a raised temperature. o

Note 49, page 182. Mébias says : ¢ Mollusca, Crustacea, and worms
which oceur in the deepest parts of the Arctic Ocean, are also fonnd in
the shallow portions of the Baltic ; but they are much larger than those
in our milderlatitudes, because no extreme changes of temperature there
interrupt the quiet order of the vital processes, as they do in our more

variable scas.’ 3

Nate 50, page 133. Mr. Buxtonshimself has not given any account
of the matter. I have taken my information from an interesting paper
by Herr E. Friedel, in the Zoologischen Garten, 1871, p. 65. In the
winter of 1867-68, the cold in Mr. Buxton’s wood marked —7° C., ard
yet not ane cockatoo perished. Sfrangely enough, the Carolina parrot
( Prittacus carolinensis) suffered most, though in America it is distributed
as far as Canada; while the true tropical Cockatoos of the Mdinccas
throve extremely well. It is to be regrelted that this experiment of
Mr. Buxton, who is now dead, should not have been still further carricd
out by his brother. .

Note 51, page 136. Mobius says: ¢ We onght not t8 ve surprised at
finding eggs of mollusea and of worms in the depths of the Gulf of Kiel
at every season of the year, even when it is covered with ice, (m
January 26, 1862, a stake was pulled oxt of ice which had been formed
eight days to which clung clusters of thewggs of Dendronolus arborescens
and ABolide. Nevertheless, most of our Opisthobranchiata spawn *mést
freely from May to July.' Hencea certain periodicity is disf)layed in
+pe Gulf of Kiel ; and it would seem, according to Mobius, that the young
brood is canght in the greatest abundance goon 'n.fwr the time when the
deposibion of eggs has reached its greafest height, while large spetimens
are found all the year round. . SIS & 2, 2

Note &2, page 186, In the Gulf of Kiel the mean mophly tempeza-¥
{ure varies, at the depdh of 16 fathoms, between a snaximum of 14° and
a mintmdm of 1-5° C. In the Philinpines the difference between the
extreme monthly mean of the temperature of the air reaches at the
utmost 75, In the Baltic and in England; as }emnrkeﬁ by Meyer'gm]
Mibius, at the same depth, the water is moch less slmﬁgb' affccted by
variations in th%tempemturc of the air, Towhatdepth these wvitltions
doin general affect ogr seadis not kn&wi and it dust at any.ate bo
greatly influenced by local cofiditions. s Y

Note 53, pege 136, The largest number of dyridockiyote in the

» . .
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Philippines live in 0° F.; in the Mediterranean, in 20-30° Fy; in the
North Atlantic, in 30—-Go° | O

The largest number of Dendrockirate in the Philippines live in 1- -
10° F.; in the Medjtenanean, in 10° 1‘ in the North Atlantie, in
20-60° F, ;

The largest number of Synaptide in the Phlllpp!nes livéin 0°F. ; in
the Méditerranean, in 1-10° F. ; in the North Atlantic, in 1-10° F.

Bimchiopoda— Lingula—which occur only at great depths in the
North Sea, in tropicabeeas are found near‘the surfage, and even some-
times exposed to the ebb and flow of the tide.

Note 54, page 187, If we assume that the place where we find the
greatest number of individual gpecies and genera living together is to be
regarded as their primary habitat—or centre of distribution—then the

+Crinoids, Sponges, and many other remarkable forms now living at the
bottom of the sea must decidedly be'flesignated as cold-water animals,
For by far the larger number of them liveat depths where the tempera-
tm réemains without any conspicuous variation throughout the year at
tlie low point of from 1-2°C.

Note 55, page 139, Schmankewitsch’s observations on Artéinia and
Branchipus promise to be of the highest intercst in this respect. He
found that in individuals which had their assimilation interfered with
by a too considerable increase or diminution of the saline components
of the water, the injurious effects of this saltness conld be entirely neu-
traliséd by adininution or, on the other hand, by an increase of tempera-
ture. He forthermore observed that the size of the gill-sacs of Artemia
was directly dependent on the temperature of the water, inereasing in
size with a higher degree of warmth. However, he detracted from the
value of his observations by intfoducing into his estimates one whally

Y unknown quantity, namely, thé amount of air contained in‘the water
(in his experiments), and by attempting to explain everything by the
vexiable proportion of air contained incwvater of different salinity ot
different temperatifres. - General propositions, such as he puts forward
hypothencally as to the part played by the air contained in the water,
are in such a case of ne use, or e.en misleading.

' \
Vaa, *

" o

1 CHAPTER V.

" Note 3%, page 145, It wae impofsible t> enumeraté/in the text all
the freshi-watsr animels thntlive in salt weter; I Hive sabjoin a tolerably
complete list, which, howe‘ er, makes no pretension to being absolutely
exhaustive, -
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1 .
Turbsllaria. .
Aierostomion lineare, at Greifswald, in the Baltic (3. S. Schultze,
Arch. f. Naturges., 1849, g 15)." =
. . >
Annelida. w

Enchytrans spicuins)  Froy and Leunckart, at Heligolandy on the

Sanurus neygrosoma [ weashore in mud (Fgey and Leuckart, Zur
Kenntniss wirbelloser Thiere).

Tulifex papillosus, Clap.

Heterochata costata, Clnp.} In the Atlantic (Claprdde).

Ctenodilus pardalis, Clap. °

Pachydrilus, Clap.—All the species live in brine-pools, as Kissingan,
Krenznach, &c. .

Pontodrilus Marioni.—Sea-coast near Marseilles, in pure sea-water,

Oystobranchus viridis, Verrill.—A leech, living equally in freshgand
galt water (Report of Prof. Baird on Fisheries for 1872-73, p. 686).

-

o .

Arthropoda. .

1. Crustacca.
Found by me in estuaries which occasion-

ally contain strongly salt water, at Zamboanga,
S.W. point of Mindanao, Rpilippine Mlands—
Gammarus, species October 15, 1859, by my diary, The typical

Cyelops, species genus Palemon is a true fresh-water form ;
Cypriz < almost all the species live in pure fresh water,

Phlemon Tde (Heller) |and manyg &enr high np in mountain streams
Palem®n, species n. as far as 6,M0 feet above the sea. Quiy 3ld
two species here mentioned oceur gn, brackish
wagger or on the sea-shore. Palewmon Jde Isalso

L Ufound in the harbous of Mong Kong.
Astacus.—Two specics in the Caspian Se®; associated wityi gnarine
spefles (Eichwald, Aroh. fir Natur, iv. Jahw). 2

Branchipus stagnalis,a t ypical sh-Water ferm, is said by Bramgo
ow huch larger in salt tham®in fresh water, but he @%es not medtion
whethe the Crustafean remains otherwise unaltered.

Daphnis rectivostris and otifer !pccies live, according to §ehmanke.
witschy equally well in salt and frah grates, but they exhibit eertain
differences depending on the medium. 2 ©

9. Arachnida.—Sea-mites are by no meags rare, Goese hing gf;c ihed
three gng]isl’species (A, Nat*Iig., §er. 2, vol gxvi. pp. Ly 05),.

Pontarchus wadound by Philippi on tye shere at K‘plcs.’

Phalassarackna Verritlii (Pack.) lives in deep water off the American
coast (Silliman's Awt. Jouwrn., 1871, February), T myself have { Sind

.
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true spiders in fizssures in blocks of coral whsich were under w#ter at
every high tide ; the Were very common in Bohol and at Zamboanga
in the Philippines, but as yet remain yndescribed, for my collection of
Arachnida is in the Hamburg Musetm, arold has not been worked
upon. °
3. Insecta—Darwin, in hif well-known Natfralist's Voylige, allndes
in mang® places to warine insects, principally beetles and bugs. Many
insectschave lately been discovered on the coast of North America by
Baird (Rep. on the Condition of the Sea-fisherdes of the Ssuth Coast of Newo
England, 18712, p. 1) and Packard ( Proo, Eesex Tust. vol. vii. p. 44, and
Silliman’s Journal, 1874, p, 181). These are beetles, bugs, and flies, I
foond a few nfarine insects in the Philippine seas, but they unfor-
tunately remain undesgribed. Of older observations I may mention
Slabber's dipterous larva, probably the larva of a species of Chirononiix;
and I found an abundance of a very 8imilar species in the Philippine
seas, where swarms of flics sometimes cover the surface in still bays;
then Audouin, who observes that Flemus fulrescens surrounds itself,
like the fresh-water Argyroncta, with a bubble of air. Among the
Hemiptora—Salda, Corica, Hygrotrechus, and Halobates—the spfies of
Halohates are most conspicnons, for they are found in every stage of
development running about on the surface*of the sea, often hundreds
of miles from land. Eight species of the genus, as T am informed by
my friend Dr, Hagen, have been described ; that described in “the text
and distovered by me is o new species and the largest of all, They are
found in the Atlantie, Indian, and Pacific Qceans, as well as in the
Chinese Sea, bat only in tropical or subtropical regions,
Insects are aleo fonnd in salt-water lakes inland. Packard found
eight different species in Clear Lak& (Silliman’s Jornal, 1871 yand ondfin
" Lake Mono. Numerons insects éxist in the brine lakes of Eubpe, but
no colleetion or complete desegiption of them is known to me. 1 experi-
mented this year on same larvie of flies which I found in a basin in the

courtyard of the Wdérzbnrg University; they lived in sea-water very .

happily for five orsix days, but then perished. I suspect, however—and -
shidl test it more accuratsly next yxar—that they died for want of food.
Compare with this Plateau’s experifiient ; see below,
 2Molivsea,—8yelas, Unio, and Anodorta live in the Livonidn Gulf
associated with 7olliva and Venws. Tn the Baltic we find Limnen
auricnlaria and orata, and Neritinafusiatilis with marine mollusea.

Paluding and Neriting, are fornd in the Caspian with My?ilus and
Cardium, according to Eichwald. i 3

I’Ia.mrtbid plaber (Jeffreys§'is fonnd in 1,415 fathoms north of Cape
Tenez, Alglers, 3 B2 o 0 -

g nio 3p., vithin reach Of ‘the salt-water flow®in Brishane ver;

Yoy, of Rattlésnake, vol. ii. p. 362), Paer found Unio at the mouth of
the' Dwina, ' oluil

a s o
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Nblsson found an Anddonta on the sea-shore in Sweden and Norway,

Neritina viridis in the sea, in 8-10 fathoms,and in estuaries in the
West Indies, ¢

Neritina matonia (Rirkao) at Nice.

There are many brackish and salt water‘species among the Neritine
and seve¥dl of them are highly characteristic of their habitat I my-
self found not less than 16 or 17 species in the Philippines. In pure
salt water (3-4 per cent.) T found Nerifine Mortoniana, pulehella, and
panaensis newesp, all bélonging to the safie group. In brackish
water, or in spots bathed by salt and fresh water alternately, were
the following: N. Mortoniana, paradoza (new §p., gassioulim ; then
subauriculata and four allied species; in the mangrove swamps, NV,
communis, siczac, and a few other species, ahd finally, in the same
locality, but exclusively on the trees, N. dubia, cornea, and subsuleata.”

Melanopsis vostata, in the Dead Sea (Schmarda, Geog. der Thiere,
i. p. 53).

Rissoa ulve, a Hydrobia, in slightly salt water or in very salt waler,

Vertebrata. £

Glasterostens acnleatus i«

AngWills fnviatilis } Galt of Kiel.

In the brackish water of the Baltic Archipeklgo, accofding to
Eckstrim, the following fresh-water fishes are found living :

Cottus gobio, Lota vulgaris, Gasterosteus, Averina, LZucioperoa, and
thirteen Cyprinidwe,

Eichwald found the following fishes in the Caspian Sea: Cyprinus,
Leow, Pyrea, Incioperea, and Cobitis, azsociated with true marinc.speci@"
— Clupea, Syngnathus, Gobins, Ly

If we regard the Crocodjle as a typical fresh-water animal, we ranst

emention here-that Crocodilis Wiporcatus of _thes eastern bemisphere,
and an American species, according to Humboldt, live in the sea, Andly-
rhynehus ater is also a marine reptila. : )

The mammalia and birds that 1¥%e in¥ the sea can scarcely be ip-
cludedgnnder this head, and an enumeration of themgiould be SuUper-
flirous, as they are very generally known. £ §

Noté 57, page 146. All sea-snaks are viviparons, The females retire
to hollows in the rocks in low islangs wherg the young are born, and
they de not immediately abandon them, ﬁmnghit is et known how long
they remain with them, T found once oa ghe east coast of Mindanao
an enormous female, apparentlysof Platurus Jagciatuz, Tymz qnié:tly
curled up between I{mestone eliffs, afid among its rings, and Yartly on
its body lay at least twenty yonng ones which already measured, as 1
should estimate, more than two feet in length, Tt was by the narrowest
ch:mc;: that in climbing over the cliffs I did not walk into this nect of

Fv2 <
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suakes. My foot was raised, and not more thoh two feet from thé spot,
whon I discovered the a#enomous brood just below me.

Note 58, puge 148. The following 13t of marine creatures living in
fresh water is not complcte.u 0
s Ceelontorata. ¥ =
Cordylophora lacustris (see text),

* Bryezoa,

Membranipora bongalensis (Stoliczka, Proc. dsiat, Soo. Beng. July
1878).

Victovella pavida (Kent, Quart. Journ. Micro, Soe. 1870).

A Flustra of a closely allied species in a fresh-water tank at Nagpoor,
on the shells of Paludina bengalensis and on water plants (Ann. Mag.
Nat. Hist., ser, 3, vol. 1. p. 168).

W -
Annelida.

Nereis and Nemertos of various kinds were found by Tschermawsky
in a lakn in Mingrelia of which the waters are drinkable. Manaywikyd,
a Cephalobrauchiate discovered by Leidy in fresh water at Philadelphia.

Arthropoda.

The number living in fresh water i8 extraordinarily great; I will
here mention only the most important, and refer the reader to the great
work of Ed. von Martens,

Species of Balanusin Lake Pal®otoma, according to Tscherniawsky.

Cypris salina and Cypridopsic aculeata in quite fresh water, accord-
ing o Brady (Naf. Hist. Trans. Northumberland and Durham, vol. i,
par i g 121),

"Bopyrus, sp. div,1 Besides those in"the Philippines (see text)
species occur in Indin ; and in various musenms, as in Munich, I have
seen them with a fresh-water Palwmon, 2. indicus,  To my knowledge
they' have not yet been described. «

" A species of Ponolla, according to Peters, lives ona Gobius in pure
fresh water in the Laguna de Day at Manila. 5

Tife marine forms which now ar¢ found at the bottom of the
Swedish dnd Norwegian lakes are of the highest interest: Mysis rolicta
(Lovén) is still living al’ Afsis Deulata in the sea near Gresnland;
Pantoporeia afiinis lives in the Baltic and in northern fresh-water lakes,
Both s; ~cles have lately béen fonnd by Alleyne, Nicholson, and Smith,
in .l¢ great North American Lakis Ontario, Superior, ana Michigan (see
Silliman's Jow.n. ser. 3, vol! v, 1878, p. 887 vol. if. 1871, pp. 373, 448;
yol. vil. 1874, p, 161,

1 may add to the list of fresh-water crabs given by Martens Taruua
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literaia, of which I havs found identical specimens on ’g'ncus, on the
high seas, in brackish water in the estuaries of the Philippines and in
pure fresh water highup the gountry in ®Luzon; it aiso lives in Lake
Taal. Three or four still undescribed species of the marine form
Hymenosoma 1 discovere& in the bogs and eivers of the Philippines and
in the rivét near Cantdn, Birgus, Cenobifa, wany Grapsvida, Gocarcinus
and others—Crustaceans living on land—properly speaking do not
belong here, but they may be mentioned, for at least they do net live in
sew-water and pye certaindy often enough expoged to rain.

A species of Penauslives in a tributary of the Sutlej at the foot of
the Himalayas (Huxley, Proc. Zol. Soc.1878, p. T87). Penaus brasiticnss
goes ;)th up the rivers of North America. (Baird. Rep. on Fiskeries,

872. :
-

: Jfollulca.

No marine mollusca living in fresh water, besides those named in
the text, are known to me; perhaps, however, Teredo senegaiensis
(Blainy.) may be added. Aucapitaine's statement, that Cyprea mdheta
is found in the waters of the interior of Sudan and caught by the
natives with call’s bides, has been disputed, but Ancapitaine repeatedly
maintained the truth of his assertion. It does not appear, however, to
have been confirmed by later travellers,

Vertebrata, .

Many migratory marine fishes might be added %o the list given in
the text; for instance, the species of Shad, many Plevroncotes and
allied forms—a flounder occurs as high up as Mets and Trives (Tricr)
according to Leuthner. Cat-fish sud the well-known Manatus live
in theivers of S. America (the Inditn sca-oow—llnlicore—t.h:: nearest
ally of the Manatus—is found only in the sea) with numerous ‘other
fishes whose nearest conggners are typigally marine, such as a species
of Diodon. In the eastern hemisphere seyerad species of the genus
Hemirhamphus live in fresh water which are only specifically distinet
frolm their marine allies, » c

Note 59, page 151, According'to Bérnard’s rescarches on the frog
and Platean's on Crustacea,sve might almost bo tgilipted to snpﬁbm
that in all animal’ that migrate from the gea Yo rivers, and vioe vorsd,
the different degree of saltness bétween their tissnes nnt! the surrouyd-
ing water wonld be rapidly equalispd !fal.l@ csmotic action of the skin,
In many créatures, as, ¢4., the Stickleback, this is po doubt the case—
though no conclusive experiments havé been made gven on _t.bm.ﬁsh;
in others, ay the Crocodile, it may be, doubted whether evei in ‘indi.
i : ‘She 0 salts No %
viduals actnally lwing in the sea the flesh would ba o ‘exact
investigations exist. From the easily obeerved fact that a fresh-water
stickleback when suddenly transferred to salt water’ cannot at* first

o ' ;
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£wim at the bottom of the aquarium, on acconnwof its relative ligh8ness,
and that, by degrees, it nc(‘uires the power of doing so, it has been
inferred that this acquired power is dependent on the impregnation. of
its tissues by the salt water. This, however, has not been proved, and
there is another way by whkh.tho ﬁsh.muy b® able to alter its spucific
grayity—by the reabsorption of the air contaifed in its #P-bladder
and cong®antly renewed in it, In highly acrated fresh water so much
uir is deposited in this air.bladder and in the vessels generally, that the
fish is rendered lighter ¢han the water, and®cannot gae to the bottom
even in fresh water. In my aquaria I have seen Sticklebacks, Bleak,
and Axolotl perish from the superabundance of air in their tissues in
consequence of e constant addition of highly aerated water. On the
other hand, a diminutiomof the air contained in the air-bladder might,
olcourse, easily occur, and thus the specific gravity of the animal would
be raised while the whole volnme of it®body remained the same.

Note 60, page 154. As Bendant's small work is not easily accessible,
1 shall present the reader with an epitome of his tables on the next
page.

It must, however, be observed that in this inquiry no regard i€ paid
to tcmpgmture. Now, since, under variations of temperature, the
respiratory requirements of the cold-blooded animals are extremely
different, we may beallowed to assume that a due regard to this cireum-
stunce wonld have led to somewhat different results from the same
experimdhts,

Note B, page 154, At four miles east of Kiel there is a fossil oyster-
bed. ¢Thousands of years after the oyster-bed of Waterneversdorf had
hecome dry land, oysters lived in such numbers on the consts of the
Danish islands that they were used %ox foed by man of thio “stone age"
i th&% !?gion.' Mibius is incline® to attribute the failure of the®oyster
in the Bgltie to its low degree of salthess, combined with the long
durassion of o low winter temperature, and ghe absence of any regular
movement of the sea By the tide; he assigns the same reasons for the
abscencg of the lobster, the large crab, Platycarcinus Pagurus, and the
ediblesea-urchin, Eo)uiuunm'ulcnth" 2 .

ote 62, pgge 155, Peof. Vetrill, of Yale Coll,, U.S., one of the most
accurfte studenfSeof thg American Crust®cen, in a conversation 1 had
with him on this subject, disputed the accuracy of this estimgte of
Schmankewitsch, He said : ¢ The on,y cfharacters which can be relied
upon fer distinguishing the geger® Branchipus and Artemia are the
male prehensile o&uns. and these bave been entirely o:crluoked by
Schqmn%wilschi I have ndtﬂer time nor materials at my dispogal for
i clogs in @Btigation gf this poipt, gn®I willenly observe that In his
Iatest worl® he @oes takg thegrehensile antepne of ®he male into dn-
sideration.

° : E A
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Note 63, ‘ﬁtgn 159, Tt isquite evident that, in point of fact,a modifi-
cation of the animal does not always result frdfm a change from fibsh to
salt water, and vice verzd, singe migratory fishes exhibit no effects from
the change of medium. Here it might, no doubt, be said that these
changes have not time to take cffect, Gcing &00 rapid. But there are
animals which occur simulta'nopusly in fresh, brgckish, and &t water,
and yet exhibit no differences, while other species display widely diver-
gent forfns according to their habitat. To the former belong Crocodilus
biporcatis, Varuna literata, and others; to thel’atter Nevitina Mortonianda,
which in the sea is smo¢th, but which in brackish or ffesh water often
developes spines, the distinguishing mark of the sub-genus Cliton, which
is characteristic of fresh-water streams.

Aite 64, pags 169. The remark that only small animals ocour in a
small area is an old ok, Lut not altogether accurate. The saying is
f¥miliar that the largest mammals ocetiy only on continents. Even man
is to a certain extent subject to this law. Seafaring men, who pass the
greatest part of their lives, from their youth up, confined in an extremely
nardow space, are generally small, often below the middle height; but
it may, at any rate, be questioned whether their small stature is a result
of this mode of life, or not: rather of the nutrition, the lack of air, hard
labour, 4c. In other cases, as those of land mollusca, insects, land-
vertebrata, and others, of which the same observations bave been made,
it seems scarcely credible that their small size should be attributable to
the direct influence of a narrow area and to nothing else. Thus, for
inatance, the fact ‘hat only small land-animals occur on small islands
of recent origin is easily explicable; for as each of these has received
its fauna from beyond seas, the smallest animals have most, easily reached
them, being the most casily transportable, while many large species
must be wholly excluded. All in'ves'dgntions on this question of the
influencs of area ought at any rate to begin with fresh-water a‘uimals,
since in theke the combined causes exhibit the least diversity.

HNute 65, page 163. The fadt is not new. ¢ Mr. Jabez Hogg observed
it long ago, but he arrived®at no general results from experiments, and
even hisineidental observations are not particularly satisfgctorily set
before, ns.  (See Journa® of the Jﬂ‘ic,'"lc{)}’iml Socicty, vol. ii. 1854,
¢ Tyénsactions,” p, 91.) Blanchard’s observations are neither nseful por of
general interest, = 3 ] 2

Note 66, page 166, In order not Jto oceupy too much space 4n my
text, I have forborne from mentioning wany details of my experiments;
but a fall report of them witl besfoitnd in my treatise, Usber die Waoks-
thumsbedingungen Rer  Limnahs stagnalis (n Ard. ans dem Zool.-Zoot.
Lnat., Wiggburg, 1874, vol. i, So far as I ean detect, every objection is
met by the facts thercidetailed pvsorme dven and fully discuied, particu-
larly one not nfentioneéd abewe—that the ©lative proportion of ‘the
surface of the water to itz volume may affect the growth, because the

’ )
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amount,of air ahsorbed depends npon it. This objection 4 positively
refuted by experiment, and I have given the figures, which prove that it
is quite immaterial whether the surface of the water exposed to the air
is large or small ; and in the same,way the vardety of forms and sizes in
the vessels employed in ths experiments sefs aside the idea that the
lateral pregsgre could haye any apareciable effect,
Note 67, pago 167. This seems to have been the case with the
Asellus reared by me in an hermetically closed aquarium (see p. 150),
Note 68, page 167. In vigw of the obscurity which prevails on this
poiat, I think it aflvisable to appeal to a physiologist of acknowledged
repute. Paul Bert says in his Legons sur la Physiologie comparée de la
Respiration, word for word, as follows : ¢ Ln question dp savoir & quel
organe il convient d’attribuer . . . 1a fonction respiratoire est souvent
débattue avec une insistance pour le moins inutile, Toute membrane
animale (tant susceptible de disspudre l'oxygine et, par guite, de se
luisser traverser par lui, il est évident que la surface extérienre du corps
sty tout entidre, ine surface respiratoire, ct que toute surface intérieure,
comme le tube digestif, peut ¢t doit étre elle-méme, i le milicn oxygént
&7y introgluit, une surface respiratoire.’ (‘The question to which organ
we should attribute the function of respiration is often discussed with a
persistency which, to say the least, is useless, Every animal menibrane
is capable of dissolving oxygen, consequently of being penetrated by it 5
80 it i5 avident that the whole external surface of the body is a respira-
tory surface, and that any internal surface, s, for instance, the digestive
canal, can and must also be @ respiratory surface, if the oxygenated
medium can but reach it.') We naturally designate as an *organ of
respiration ! in the stricter sense, one which by its laminated or fnhfmed
structure and highly developed vasculgr tissue appears to be specially
qualified for the function of respiration. , Eise)
Note 69, page 167. All animals living in waterare not characterised By
a soft skin—for instance, crocodiles, turtles, many snakes, the whale,
pany insects;, &e, In all thels respiration is .,‘Yected by vessels fitted
for the passage of air, by lungs in the vertebrata, and by tmcl!e? ‘in
insects, Butamong these last, when gills do occur, 45 is the case With
many larve, the membrane which covers them is extremely thin, and
easily pepetrable by the air, y b,
A'at';qg(). page l'Iyl.,, These mantle-gills of Lncins pkitﬂp‘m“'_ have
not been® bitherto described, and, arg figured for the first ﬁmghm the
text. They are large tufts which forn& two pairs situated on the L
face of » membrane which begins at the :ﬂ:!eﬂ‘ﬁr udduc{ornnd traverses
the pallial cavity, and which has in its post:rior part & namv: rlit for
the passage of the very long and s|ender foot, These tufts o :A-um"h
gills are during fife v ry large ; they Eontuin, intqmally.g:n extremely
daveloped vascalar network ; (he vessels nnitu at the root o the g\lls.to
forma large trunk, which passes, without becoming confounded with
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the gﬂl-ve?ns. directly into the ventricle of the heart. Tho other
speeies of this genus are not endowed with these mantle-gills, *

Note 71, page 17T1. Desides the two modes of respiration proved
by experiment to exist in water-animjls (by the outer skin or by the in-
testine), yet a third mode of respiration se¢ins sometimes to occur, In
all mollusea, beyond & doubwu certain amount of water is tqken up into
the bedy and actually into the blood; this certainly serves to dilate
the tigsues—e.g. in the foot—but it is probably useful also for respira-
tion. But this is at present merely an assumption, founded on no exact
experiments. The ways in which water, whether fréth or salt, is said
to penetrate to the blood are twofold. Many authors assert that it
tukes place through the pores and the margin of the mantle; others
fay that it must first pass through the renal organs, which are never

_absent from mollusca. After carefully weighing all the treatises on
the subject, even the most recent labours of Griesbach, I must declare
that neither the one nor the other is absolutely proved; the second
hypothesis, however, scems to me, judging too from my own investiga-
tihns, to be the more probable. Both perhaps may be correct, bat here,
ag in all physiological questions, experiment can alone supply the
answer.

Nove 72, page 172. Comparing an esl with & guadgeon of equal
weight, the cylindrical form of the eel giving it a much greater extent
of surface, the gudgoon consumes in the same time —three hours—on an
average 138, and the eel only 7'4 of oxygen (sce Bert, Zecons sur la
Plysiologie compdrée de la Reapiration, 1870), His critical observations
on the popular, but erroneous, hypothesis that fishes which are tenacious
of life, as the eel, can live for a long time on land because their gills
are kept free by means of the waier contained in the gill-sac, are well
worthy of attention.

“Nite 73, page 172, Many important observations have been made
as to tue  interesting 'phenomenon of intestinal respiration in Cobitis
fossilis, 'This fish swallowd'the air, taking it in through its mouth, anc
it is deprived of a portion of its oxygen in the intestine. Many other
fishes, “however, do the same, as species of Cyprinus (sce Note 75
beldw). Jobert has receritly showr. that various Brazlian fishes breathe
. the same w-¥ a8 the Cobitis, and even have in the intestine certain
processes br folds cf the mucons membrane which seem especially
adapted to that end; these are species of the genern (lichthys
(Siluriday), Joras, and Hypostomus. We might almost venture to ask
whether the Cy»rinide*of Duropean waters, when they take in air
through the mouth, do not sand only a portion of it through the gills
aud ¥ yswallow the remainder, so as to keep the mucous membrane
of ' the intestine dlrectly suiplivd with oXygen.. If Wwe prevent the
species of Leoisens from Loming to the surface of an aquarium by
placing a wirs net just below the surface of the water, so that they

NOTES.
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pannot gelp the air, they soow die, even when an ample snpplyoot highly
aerated water is constantly added ; frogs, on the contrary, it is almost
(dmpossible to kill in this way. This, however, depends to a great extent
on the tempeérature. The lower the temperature the greater is the
fish’s power of resistance. w
Note Th, pidge 178. Blrt's experiments Were extremely interesting.
He proved that at a temperature varying between 0° and 13° C. the
oxygen held in the water sufficed frogs for & considerable time, for
they need but little, At 10° €. (water temperatugg) a frog died in 36
hours when enclosed in a bladder which contained almost five litres (less
than five quarts) of water ; the frog had ahsorbed all the oxygen con-
tained in the water, as was proved by analysis. This glows that at
19° C. the requirements of the frog are very Jhigh.  The Axolotl
(Siredon mezicanws) can endure not merely the excision of the gills
but even the complete removal of 8 lungs, 50 that in this animal, as in
the frog, respiration by lungs and gills can be perfectdy replaced by
respiration through the skin. I will also obeerve, incidentally, that it
does not appear to me to be clearly proved that those Amphibia which
are proviQed with both lungs and branchiwe—as Siredon, AMenobranchus,
Menopona, &e.—do actually breathe through their lungs ; i.¢. that the
air they gulp in through their houth is distributed to the lungs. The
anatomical structure of the glottis does not seem to me particularly t.o
support this assumption. May not their lungs correspond physiologi-
cally rather to the nir-bladders of fishes? (See Note 75.) ol
»  Note 75, page 178. Since the publication in 1857 of Milne-
Edwards’s great work, which treats of the processes and organs of
respiration in animals, some newer and not unimportant works have
appeared. Emery snggests the questiop whether Amphibia may not store
up oxygen fn their lungs, as it has been JGemonstrated that fishes o in
theirair-bladders, Gréhantshows that a fishabsorbs the oxygen nprmally
existing in its air-bladder when, it is kept ingvater of the temperature
of'the air. Morean asserts that the amount of Gxygea contained in the
alr-bladder increases with an increase of the actior of the air-bladder ; a
tench, it whicll he tied up the air-passage leading to the air-bladder, at
the end of a fortnight had in it more than the normal proportion of,
oxygen, "Dividing the sympathetic nerve causes the amoght of oxygea
deposited jn the air-bhdder to augment continnally. Puncturing the
air-bladder occasions at first an incréhsed deposition of oxygen, The
researches of Gourlet contirm these stafements of Morean ; they were,
however, institated rather with the object of detecting the value of the
air-bladder as determining the swimming Thotions of the ﬂsh.' In a
few cases" the gir-bladder pf fishes scoms actually to exerviss the
functiors of lungs. My, Burt G. Wilder {Proo. Awmer. Acs. Adv. S,
1875) showed that it is very probable that the spongy ait-bladder of
Awia calea and of Lepidostens osseus ‘acts. as true lungs, und he has

1 ' .
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recently published a further treatise on tlie same subject. J8bert has
lately shown that the spongy air-bladders of Swdis gigas, Erythinus

treniatus, and F. brasiliensis, actually take up air; and the dut.nbnhon(,

of the vessels in these fishes as wéll as in Amia and Lopidostews is
such as we generally finid i‘p true lungs ‘In thesc instances, according
to Jobert's experiments, t.ymg up the air-passage by which the gullet
communicates with the air-bladder, and by which apparently the air is
intréduced, was speedily followed by death.

" Nute 76, page 173> Besides the Rotatoria, Tardigrada, the Anguil-
lulidm in mosses and a few little-studied Worms, the following Crusta-
ceans have hitherto become known, of which the ova can endure
Jesiccation without suffering the smallest injury: Apus, Branchipos,
Artemia, Cypris, Cypridina, Daphnia, Limnadia, Estberia, and many
Copepoda. How long the eggs may generally lie dry without perish-
ing is at present unknown. To the'data given in the text I may here
add the following which I owe fo the kindness of Professor von Siebold
.of Munich. Mud containing Artemia, collected in 1872 by Professor
Zittel in the oagis of Dahel (or Dahleh?), produced several broods in
the beginning of May 1877, but none in the previous years. © Mud out
of a_ditch at Ingolstadt, collected in 1871, produced a quantity of
Fitheria in the winter of 1876. Mud containing Branchipus produced
‘a Nauplinsin 1877 after lying dry for ten years. The ovaof Zepidurus
productus, singularly enough, cannot endure desiccation.

Note 77, poge 175.  Brauer has studied this subject, Egps of
Branchipus ( Chirocophalus) diaphanwus doveloped aftera long time, four
to seven months, even without having been kept dry ; and those of the
marine species of Arfemia also dispense with drying. But for other
species of Branckipus and for snany species of Apws, according to
Drajier, desiceation is an indispensable condition for the deveélopment of
the ezg . .

Note T8, page 176, Tke geographicgl distribution of the species of
Apus and Branohypus, for instance, offers many singularities. The eggs
aro minute and can cartainly be easily transported by a high wind to a
great distance, and evan more easily by migratory birds, such as ducks,

_ snipe, &c. We should therefore suppose that both these genera would

hLave a )vide')geographlcnl distribution like Cypris and Daphnia, of
which I found several species in tropical countries extremely like those
of thes Enropean continent, though perhaps specifically distinet, But
g0 far as I have sought. for Ap.s and Branchipus in fresh water I have
found none elzher in the Philippines or in the Pelew Islands in the
,Pndﬁo. Godefroy’s catalogue mentions no species of these genera o3
cominz from the tropical iglgndg,of Polyneiia, and I fing none mentioned
ns belonging to Seath America, Centra’. America, or India, ‘Inis may
perhaps be attributed to the fact that circumstances have not been
favourable to travellers; it is well known that we may often seck in

e
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vain, for years, for Apus in spots where it bad previously been found in

«warms. The best method of filling up this gap in onr knowledge will
% the transmission of mud, with sxact information as to the place

where it was collected, to scientific’experts, as to Professor Von Siebold

at Munich or Professor Brauér at Vienna ; and\sy this means the amount

of material 1 the form of animals for investigation will also be in.

creased in a considerable and very desirable degree, 4

N ¢ u

CHAPTER VI

Note 79, page 178, Tt was Leydig, the founder of all truly scientific
—that ig to say comparative—histology, who first pointed out tha%
excessively fine ramifications from the trachewm traversé every portion
of the body of insects and lie between all their constituent, parts, He
showed that even in the eye, in the ganglia of the brain, and in many
glands, &c., trachem are to be found between the cells of the organs,
that they constantly lie quite close to them and not unfrequently end

. in a peculiar manner. Thus Leydig first discovered th«ivcmcn!ur' ends
of the trachems among the constituent parts of the dioptric apparatus
of the fly, in the crystalling spheres. Even the cells of the fatty tissue
—on the presence of which the survival of many insect-larvee through
the winter, seems to depend—are in difect connection with the tips of
the trachem, : A

Note 80, page 179. From what is stated in the text it might sedm
tp follow that the distinction Retween arterial and venous blood car-
siot exist in Insects, which breathe by tracheaf sinde by that m‘;‘f"u"'
respiration the air is distributed to every partand ponse?:?nuvm‘e
afferent and efferent vessels may oona-“h: blood ahich in each 18 oq;;;imy-
rich in agygen, It must not, however, be forgotten that even u; 3
malia the difference between Ah6 two kinds of blood—giie hl‘{';’ oﬁ”{;
genated %rterial blogd and the poorly oxygenated VEROST B il
essentially occasioned solely by the*absolute, or relative, (00-‘: 'At.—:ho

+  of the fanetion of respiration in orgtns,espépially fitted for lw\hose
gills and lungs. Thus, if in ingects also t}..em ahould‘:oc Ol‘g:::‘ g
sole task, it was to extract more OXygen _fl‘Ol" the :mlfh‘-":’“m._“ a
parts could, off—when the respifatign 18 cn‘cc!eﬁl Y Sah aucihés
deposit it more abundantly in the trachem at one P M‘;. bl s
sich arrangements would certainly contribute to mak.e t :'Izbe::ce & w;
in oxygcnnled particles in :f}lch spots thaw elsewherc; an '
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could prove such a difference in the degre® of oxygenation of the blood
in different portipns of, the insect, we must speak physiologically of
arteries and veing, Now this, it weuld seem, is sometimes the case, a¥)
in the external breathing organs of many insect-larve living in the
water, or in the very cuYiqus conichl structures at the termination of
the intestine of flies, which, on account of their extraordinary develop-
ment of trachem, there is now a very general disposition to regard asin-
testinal branchize, In this last instance certainly it is not very clear
how they are to acl as organs of respirition, since it i§ certain that
flies do not. carry oxygenated water in the end of the intestine, and no
ohservations as to the inhalation of air through it have been made to
my know]cdgc. However, a small difference in the oxygenation of the
fluids must, no doubt, exist in different portions of the body even in
insects.
Note 81, page 181. T will here Brieﬂy desoribe an observation acei-
dentally made, but frequently repeated, which suggests the idea that
ssome animals, and especially Infusoria, may possibly be capable of
absorbing (and even assimilating 1) carbonic acid. In infugions pre-
pared with the water procurable at Wiirzburg, which contains a great
deal of lime, an excessively thin film is rapidly formed of earbonate of
lime, beneath which various Infusoria crowd in masses. If the water
is slightly shaken, the fragments of this film roll up into little cylinders,
thus enclosing a minute quantity of air, as may be seen by examination
with a microscrpe ; since these can be obtained only from the surface of
the water, they must certainly be rich in carbonic acid, If now we trans-
fer these little tubes containing air with some infusoria to a moist
chamber, we see th-t they are not unfrequently consumed by the infu-
soria, and if we then watch for some length of time one of the specimens
whigh has just fed, we shall soon detect that the air in the lime-tubes
disappo.rs, and finally the tubes and the air contained in them are com-
pletely absorbed. T haves frequently whpeated this observation, ani
have particularly nioted® whether or no the air might not escape in the
form of minute bubbies from the oral opening or be removed_in the
pellets of food ; but this was never the case, and I can most positively
ussert that all the air was perfectly absorbed. Of course this is nat
hereby proved; stil), though T was wot able to carry the observation
any further, I regard it as sufficiently interesting to be recorded here,
Bert says very decidedly in one of his papers read at the Sorbonne, ¢ On
thednfluence of Light on Living-Beings: i * On the other hand, infusoria
containing green matter decompose carbonic acid in the same way as
vezetphle cel’s.”  On what ground of exact experiment. this bold asser-
tipn is olade I do pot know. ¢ ~ A ~
Note 82, page 181¢ Ondy an incidenta? refererive is made in the text
to those other gaseous constituents of the atmosphere which, like car-
bonie acid, are endurable in amall proportions, but extremely injurious
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{n largegones, To these belong all the effluvia of decaying l:mttcl'. sul-,
phuretted hydrogen, &c. But besides the fact that many insects actually
depend on such effluvia for their existence, and many larve of insects,
though air-breathers, live in putrefying matters, we must conclude that
gnch gases are not univerfilly injurions tosall animals alike. Even
among the furtebrata the differeste in this respect is considerable, 1T
once kept, in Manila, a large sea-snake at least two feet long, in a glass
vessel hermetically closed, and three parts full of water ; the water in a
few days became putrid, butsthe snake lived for taventy-one days in the
pestilential atmosphere of the vessel containing it. It is even a question
whether then death ensued from the direct evil effects of the mephitic
vapour, or not merely from the lack of oxygen after the‘absorption of
the small portion contained in the creature's lungs,and in the airenclosed
in the glass, »
The reader can also compare tia observations of P. Bert, Physwlogic
comparée de la Respiration, with those of Milne-Edwands, Legons @’Ana-
tomie et do Physiologie compardée. »
Note 88, pagé 184.  The view is sometimes put forwand that certain
stripes running parallel to the mouth of univalve shells—of the Helicide,
for instance—afford an indication as to the age of the animal, each stripe
being supposed to correspond*to a year's growth (like the annual rings
in 2 tree). This may perhaps—but only perhaps—be true with resnrd
to our northern forms; but even among the land-snails of the Med.lw'r-
mnean, it ceases to have any application. 1 myself sgw that in®Spain
and the Balearic Islands, after a summer's rest of aboul two months, or
even more, almast all the species began to couple, to lay eggs, and to
grow again as soon as the autumn rains fell in September.  Now, as the .
egws of land-sails develope very mapidly, and never remain, like those
of many sinsects, undeveloped throngh he winter, the young must be
hatched ont in the autumn ; their growth is probably interrupted during
the winter, as is, in fact, not knfreqnently iydicated by the presence af
f stripe. They begin growing again in the'sspriug, and apparently
deposit their first eges before the summer drought comes on ﬂf“gf their
sammar rest \hey lay eggs a second time, but peverthicless continue to
grow, and thus form a second line of gowth. | This, at least, “"’“"l.
seem to%e the inference from the fact that in the autygfin, along with
the fully grown spechmens, small anes are to be Tound wxfh only one
stripe, and which sesm to have baen®atched ont in thc_BP“DZ-s So far
as T know, 1o attention has hitherto bgen paid.to this circumstanog.
Note' 84, pige 186. Planarian worms Are worms vt low type and
simple structure, for the most part flat, li\'in.g chiefly \.n,the water ; in
the sex they o(t?n attain a gonsidemsble size, and (ixlﬂbm the west brii.
liant hnes, The firsh discovery of ajand Planagait wzuvmndc: by ﬂ}o
well-known Danish zoologist, 0. F. M {tller, but his rom:\rl-& on F Iam_xrm
terrestris excited little attention till Darwin published hifobservatioks

- 5
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on the lan Planarinng of South Americas Since then these animals
have been examined anatomically, particnlarly by Schultze, Metschnikoff,
and Moseley, and we are Sequainted, with & great number of such formsg,
through the efforts of travelling aaturalists (Schmarda, MoSeley, I,
Miiller, and others). It.may be stated thit they are generally tropical
animals, though three speciés have diready ben discover&® in Europe ;
here Zhey live only in damp soil, under stones, while in tropical regions
they 2ake long walks in the early momning, on trees, rocks, and honses.
T found most of thoge that I collected i the Phijippine and Pelew
Islands—about 12 or 14 species—in such situations, and among them
a few of really colossal size. Of the genus Bipalium, represented in
fig. 63, I have one species which attains the enormous length of four
inches. A complete Jist of all the land Planarians hitherto described

, is to be found in H. Moseley’s * Notes on the Btructure of several Forms
of Land Planarians, with a Desciiption of Two New Geners, &c.'
( Quart. Journ. ilic. Sei., new ser., vol, xvil.).

Noto 85, page 187. Nemertidm are also for the most part water
worms, moving in the water by means of the microscopic cilia on their
skin. They are systematically allied to the Planarians, but distfhguished
from them externally by%heir perfectly circular, elongated form, and
particularly by a proboscis opening at thd fore end, which is wanting in
the Planarians,

Note 86, page 188. This Balearic species seems to be Zalitrus platy-
cheles, Guérin. L have seen species of true Orchestia, both in the Pelew
Tslands and in the Philippines, where they live far from water, under
stones and brushwood, in damp woods.

Note BT, page 188. The arboreal Neritinm usually live in mangrove
swamps, high up on trees, I n@ver saw them in the water, but they
deposit their eggs on the surface of water, so that they are, dt any rate
ocdasionz]ly, tonched, or covered by brackish water. I found the follow-
ing species in the Philippirgs : Neritina dyubia, communis, cornoa, subsul:
cata, siv-zae, Owmingiard, plumbea, and a few new and undescribe
spegies, -

AVote 88, page 189, (Giinther civides these fishes into the folibwing
families: Luciocephalide, Lubyrifithici, and Ophiocephalide. Of these
2 first two lidge both the secondary cavities of the branchiaPcavities
furnished with convoluted labyrinthine folds; thé species of ghe third
family bave only simple secondary cavities with feebly developed folds,
or npne, The species of, Sacepbnynchus, allied to the Shad, and Amphi-
Prous cuchia, aneel-like fomm, allied to the Symbranchidas, bave also
n subsidiary soe fo the bm'néhia.l cavity, but without any fo]ds.’ |

ANow (4, page 190, The obseryations of Sir Francip Day are to be
found in: the Proo. Zoal. Soo., London, 1868, Part 17, p. 274. v

Note 90, page 192, I have, in the Philippines, frequently had the
opportunityor observing these eréatures alive, and I can assert decidedly
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—whaty to my knowledge,pther travellers had already desdribed— that
the Ampullariz breathe not merely with both gills and lungs, but that
they do %0 in regular alternation  for a cert®in tilhe they inhale the air
at the surface of the water, forming a hollow elongated tube by incury-
ing the margin of the mntle, so that theghollow surface is enclosed
against thwater, and’open only at the’top. When they bave thus
sucked in & suficient quantity of air, they reverse the margin,of the
mantle, opening the tube into which the water streams. The changes are
tolerably frequeng, once on twice in a few miputes, depending, pro-
bably, on the temperature. No physiological explanation of these
hythmic alternations can, however, be at present assigned.

Nate 91, page 192, Fritz Midler,” the well-knowm naturalist in
Brazil, in his admirable essay, Faots and Argupients for Darwin, has
given us a quantity of observations on the mode and way in which
crabs breathe air. The modes by which this is accomplished are very
varions: and even the structural relations implicatad in the process,
which are sometimes extremely peculiar, irresistibly prove tliat the
different air-breathing Crustaceans no more constitute a natural famfly
than dv the Labyrinthici among fishes.

Note 92, page 193, Tn a few works, distinguished for their dogmatic
style, and intended for the use of students in medicine, it is stawed that
these land-crabs, and above all Birgus latro, breathe no air, but only
water, and that the branchie are exclusively the organs of respiration.
I cannot understand how so incorrect a statement can have besome so
common, for the authors of these works cannot addudk o single experi-
ment which proves that in fact the introduction of oxygen into the
blood takes place exclusively by means of water, and through the
branchie. Since absolutely no ;nhysblogiml experiments exist on this
snbject, this erroneons view can only zest on an interpretation-«which -
is acknowledged to be insafficient—of the morphological featurés,® So
far s here regards Birgus lgtro, 1 have shown in the text}and in the

¥out on page 5, that the views hitherto entertadned as to the structure of
the branchial lungs of this animal are altogether false, and that every
morphological attribute is to be fourdl in them which we should expect
to find in a true lung. i . .

Nof? 93, page 195,, 1 havesbefore alluded to the ‘Bju? that msy
sometimes Tesult from a supembundance of airin water, By which so
large @ supply may be taken ineby* fish (a stickleback or an Axolotl)
that it may become lighter than tha water and so unable to find its
food al the bottom, s .

Note 94, page 198, Dr. August Pamy3 With regard to the lasg
point allnded.to in the text I must, be allowed to make a.fuw ndies.
Pauly says that Timnws, when they ang kept under water And
have no opportunity of inhaling air-bubblés into their ungs, keep the
lungs closed. & molluse, baving its lungs filled with air, will abrorb
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the oxygen‘oontained in that air if it is kep§ under water, and gnstead
of it carbonie acid will be deposited in the lungs. This gas, being
positively injurious %o th® creature,jmust presently be expelled, and
consequently the lungs mnst soon kecome empty and so collapse, or
they must be replenished gwith air or wate® In Pauly's experiments
the former was the case; heexpressly says theslung-cavitmevas empty,
*as cosld be seen by its shrunken aspect from outside,’ But he con-
ducted the experiment in a somewhat energetic fashion. He forced
the animal to expel all the air from its lung-cavity ugder water, Now,
he himself says that the expulsion of the airin consequence of irrita-
tion may sometimes even occasion the death of the animal; hence the
question is allewable whether the persistent closing of the lung may
not have been a diseasgd result of the irritation initself so unendurable,
ollie experiment must be repeated in some way differing from Pauly's
before it can be regarded as perfectlyoconclusive evidence of the infer-
ences §iven above in the text,

CHAPTER VIL

Note 95, pagcgos. Some mollusca, as Patella and Navicella, are 1m-
moveably attached to the rock for the whole period of their existence ;
they never quit one spot, and not unfrequently make a more or less con-
spicuous impression in the stone, ®How? This is not known.

WRen they are not disturb®i, they usually lift the fore-p#rt of the
shdll fust.og much as ig requisite to admit a fresh supply of water to the
branchial cavity, and of fosl to the mough., If they are touched they
shrink back, and the she#? adheres so closely to the stone that it is ime
possiplg to loosen it faom its hold without injuring it. I have often
endgavoured to loosen agNavicel® hardly an inch in lenfth frdfm its

isuation on a stone imea swif® mofutain torrent, by lateral pressure on
ﬁno shell, got 1" insipuating a knife weder it; but I most rafhly suc.
ceeded—never, indceff, unless 1 took the creature Wy surprise ; {f it were
in any vy on the alert, I could Rot&lo it but by application of the
knife and a consequenfginjyryeto the ghell. The case is the same
with Patella (lifipet), and enany other mollusca; even the Creeping
kindsgns Chiten, can adfjere uncommonly tightly by suction, and in
every @ the foot s the orgag egp®yed. o PRI
® Note®0, »@ye 2059 A fe‘\- deep-water Siphonojhora have latelf been
described h_v’g;ndcr. Two species were dredged up from a depth of
fr8m 800 to ’,000 fathoms, bd«.m’ging to the genus Riizophysa, which.
° - L] °
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ke mény others, has an dir-bladder at the upper end of the sac. The
air-bladder has an opening at the top bygmeans of which, when the
creatures are kept in smali vessels, the air easily escapes. Iam asto-
nished to find that Studer does ndét seem to have particularly remarked
this feature—and yet it secmed to offer sp Gbvious a parallel with the
fishes living at great depths, and provided with air-bladders! In these,
as has long been known, the air contained in the bladders is expOsed to
very considerable pressure ; if this is suddenly removed by the fisf being
rapidly brought ts the surfdce, the air, previously compressed, expands
and distends the belly ; a prick allows the air to escape, the air-bladder
collapses, and the fish, restored to its natural size, can swim again. It is
evident that the air in the deep-sea Rhizophyse must also be much
compressed, but in them the perforation alreadytexists by which it can
escape when the animal is raised to the surface, and the expanding air*
threatens to burst the bladder. Btuder says nothing about this very
conspicuous expansion of the bladder, and we may therefore suppose that
the Rhizophysws had parted with the chief portion of their air befare
reaching the surface., This illing and emptying of the air-bladder, which
must unfoubtedly exist in the Rhizophysx to enable them to rise or stnk.
riccalls the hydrostatic vacuoles of the Arcellide, .

Note 97, page 205, Limnaa and Planorbis are frequently to be seen
with the sole—so to speak—of the foot spread out on the upper surface
of the water, and thus swimming in an inverted position; but this
swimming is more accurately described as creeping oighe under surfacs
of the air, the plane of contact of the air and water. At first we are
inclined to imagine that the adhesion of the foot to this surface is strong
enough to bear the whole weight of the animal ard its shell. This, how-
ever, is not the case ; for if the snail 8 induced to retract its foot so
slowly thilt no air-bubbles are expelled trom the branchial orifice Juqng
the process, the animal turns over in the water, but it remairs floating

t the surface, so that at that, moment its @egiﬁc gravity must be 1éss
than that of water, -]

Note 98, page 207. It may, perhaps, surprise inany readers to hear of
the finis of birds, But most water-bnﬁs dg in-fact use their winge for
rwimming in the water quite as well as for flying*in the air. The wings
of ducks, divers, cormerants, &¢., are not the less trudhwings. In fhe
penguing however, the same hmhx morpholcglca“y speaking, have
become true fins, which the ereature can use in the water, bl can no
longer yse in the air as wings. In thémpaltliongh the portions oi the
skeleton still correspond in all essentialé.with thos< of a true wing,
there is, absolutely no external rescmblnnce to the true mngs of “othar
birds. Anyonomay convitoe him3elfoof *his in a znological Conccﬁqn

Nate 99, page 209, This amsertion is fonnded orf a caretul analomical
investigation of a good many differgnt species—at least six—of the
genus \ancdla. thnrall_; there are visible differences between it ard

GG2
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Neritina, otherwise the two groups would loftg since have beenfunited
in one genus. But the diffgrences in their structure, irrespective of the
form of the shell and the structure am situation of the operculum, are
5o trifling that we are justified in regafding the Navicella as a modified
form of Neritina. *

Notg 100, page 212, It is in accordance with this view ffiat we find
great variability in the forms of the operculum of Navicella. We kn.ow
that truly rudimentary organs which have lost their principal function
and have not become sd@viceable for any other well-defined function are,
as a rule, remarkably variable, That i3 the case here. While the oper-
cula of the mogt dissimilar Neritinm are of very uniform structure, in
thosa of Navicella we find the widest dissimilarity. My own researches—
which certainly are no? yet completed—make it seem probable that the
Ueviations from the normal form in a species, even in individuals, may
sometimes be very considerable, It ls.‘moreover, a very interesting fact
that even the operculum of the male may differ from that of the female.

© Nute 101, page 218. The structure and origin of the shells of mol-
lusca are not, even at the present, thoroughly understood ; for although,
as to the first point, a vast mass of interesting researches lies befofe us, no
one hay yet sueceeded by purely histological investigation, and a know-
ledge, however exact, of the minutest structure of the shell itself, in
establishing any fundamental character as common to all shells. At
the same time too much attention has been paid to the general relations
¢f the shell whey? fully developed, and not enough to the development
and bearings of those relations. We know, for instance, that in the fresh-
water mollusca three distinct and very dissimilar-layers are to be found.
The external layer is a purely organic cuticle ; next comes the prismatic
layer i.and inside this the nacreousdayer. It is admitted that the pris-
maticelayer is offen wanting. “Now, if we are considering merely the
details of Biructure, the correctness of this view cannot be doubted, but
it would be guite an errog £3 suppase thagevery shell in which the prisgy
matic layer was wun?ing(fherefore consisted of two layers only, the outer

 caticlerand the interngl nacreous layer. In point of fact, these shells

alsc.have three separate fayers, m??l that lying next beneath the ofganic
adticle differs from atrue p%sma ¢ layer only by its deviation from it
in"the phzsicalvprocgss of formation Pthe matarial composinﬁ it does
not form distinct prisys as it is_secreted. Buf the spot whence it
originatis is, on the other hand, %n &sential character, The organic
cnticie and the %)rismatiu layer-=the extegnal caleareong Iayer—are sc-
creted only and {pvariably af] the margin of the mantle ; the former fre-
quently l'».elween two lobgs, or folds of the margin of the mantle, the
sesand irom the nagrow edgebetmedn the mwargin of thy mzman. and a
ling, not alwiys present, syhich indicates the ifisertion of thesmall
muscle of thy mantle. From this line as far as to the top of the shell,
nothing can besecreted but nacreous material; the growth in thickness
e o o
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of thel shell, therefore, must. depend greatly, or exclusivel}, on the de-
velopment of the nacreons layer. It is only when the secreting power
of the surface of the mantle is eytremely small, while that of the narrow
edge which secretes the prismatic layer is unusually strong, that the
thickness of the shell can*be determined byethe growth of the prismatic
layer. Inslch exceptidnal cases’the margin of the shell is always thicker
than the main part. Any more minute description of these facts seems
to me to be here out of place, and unfortunately I cannot refer the
reader to other works, as I’have not published gnything on the subject,
nor am I at present likely to do so.

Note 102, page 217. Graeffe says that he has sometimes fonnd a whole
family in these galls or cysts. It is not quite clear to the how a family
of the Crustaceans could find room in a cavity which is hardly twice the
size of the fully-grown Hapalocareinws. It is possible that young larvg:
might be found there before the¥ escape, but thisis not clearly expressed
in the text, ’

Noto 103, page 221, This crab, living in Trackyphyllia, & West Indian
coral, is extremely like Cryptockirus, and perhaps belongs to the same
genus® this can only be determined by future and more exact exami-
nation. But the ¢ cave dwelling ' of this West Indian crab is perfectly
anlike that of the Eastern gpecies, which is found from the Red Sea as
far as the Pacific Ocean ; it is not cylindrical, but has one side quite
flat, so that its transverse section is almost exactly a balf-circle; the
under side of the crab rests against the flat side of, the cavity. With
regnrd to the pouch, I have not yet been able to mike any investiga-
tions. :

Note 104, page 223. The conditions here described will under some
circumstances bo.nvuilnbln for engWling us to form a much more exact
estimat® of the rate at which a block¥f coral grows than hasditherto
been possible. The data here given, and pwspntl? to be jvorke& out
more fully, are certainly ily to be reggpded as the result of ‘perfectly
exact investigations; the only really exact ofservation—carried out, too,
in minute detail—is that of Le Conte (in Silfiman’s Journal, sexies 3,
vol x., 1875), and he found that @ coral plateau in Key West (West
Indies) exhibited a perfectly reguldr dependence on the beight of, the
watef® at different sepsons, gocthat it was always pogrible_to ascqrtiin
with great accurady the rate of growth of the one specie? of coral ob-
served thero—a kind of madrepo®—which was about 8} inclhes in the
year. Now, if the period og’gmwth #f g specimen of Cryptochirys conld
be esactly determined, the rate of grawth of thy coral to which it
belonged could also,be determined with"n‘mthemnﬁcn; accuracy, much
wore bxactly, than it copld be ascertained by direct measuragent o{ the
corisl ftself. If weassume —what at present, it {8 irue, gannotbe proved,
though it is not improbable—that the Crijptockirus acGuires the first six
millimétres of its length in the first year, that wonld give an avaage
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rate of gmwt"h for the massive Astrieida of 18:feet in & wwousand tyears,
whereas Dana allows at the utmost & feet, It is not, however, to be
supposed that either of these estimates is universally applicable, since
the different species of corals, like all cther animals, have different rates
of growth, and the rapidity might also vary under different circtm-
stances. It wonld, indeed, be éxtremelyinterestid if only thé Inaximum
rapidity-of growth in individval corals—as those of different reefs—
could be established by observation ; but to do this would be a highly
complicated and difficulf, task, since the vigour of growth of the animals
must depend on a great number of different influences which combine
to affect it.

Note 105, page 229. T have been at great pains in seeking in books
of travels or descriptions of the different species of corals for dataas to
the various forms which coral-blocks are capable of assuming in diffe-
rent situations, but the results of my starch have been terribly meagre.
I found, in fact, orly the observations made by Ehrenberg to the effect
that Stephanocora Hemprickii, Ehren., in the Red Sea, forms branched
or flattened stocks according to whether it lives in still or in rongh
water (see Ehren. Corals of the Red Sea). This, in my opinfbn, is
the inevitable result of the faulfy methods of investigation hitherto
appliedto these creatures; naturalists are’ desirous of distinguishing
the species, and accordingly they have above everything paid attention
to the distinctive character—as with insects, shells, &o.—and at the
time—lile Dana in his magnificent work on corals, connected with
Wilkes's expediticn—they have bestowed the utmest pains in ascertain-
ing the limits of variability for individnal species, as be has done with
the greatest care in regard to certain madrepores. Klunzinger’s new
work on the corals of the Red 5S¢ supplies an abundance of material
of thiskind. But up to the jresent time mno systematic Observa~
tions*have been catried out bearing on the question which we are
espegially studying—as to dwow far currgnts in the sea, variations
in temperature, or the salfie constituents und other physico-chemical
influences, may affect each specics individoally. The excuse to be
offered is evidently this: that the fundamental essence of Darwin’s
theqry is only now beginning t& exerd its influence, and that we are only
now beginning fip recognise the necessit- for nof, merely puttifig off
these reactidg conditions with an attempt at a hypot¥etical explapation,
bat for throwing on them the light ofscarefully conducted research, and,
wherever it is possible, of act experiment. Another and a very
serious hindrance Ees in the difficulty of obtaining the living material
that is indispengable for such. investigations; stationary zoologists,
quiified to-zonduct them, are not masy in the tropics, and tralellers
Gan jiever have fime €ngugh to make any really vadnable” observations
of this kind. We wust hope that we may ere long see a few zoological
stations established in the tropical Seas, such as that inaugurated with

o0 o
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w0 mugh energy and talept at Naples by Dohrn ; for it is ‘only in such
institutions—which supply, as it seems to me, a real want—that it can
be possible to carryon a series of observatifns thiough successive years,
which is indispensable for clegring up biological questions. Mean-
while let us be thankful that we have that opf Dohrn, and a few others
recently setablished, hiere in Jurope, #] cannot omit to record my
catisfaction that Dohrn has decided henceforth to publish a, special
journal of his own Transactions, for I am convinced that the Institute
jtself, as well as zoologists,at a distance, who desire information abount
it, will find it advantageous. The complaint that it constitutes a new
scientific journal seems to me ill founded, for such an objection is nevet
raised against a new book, and the work begun and coptinned in such
an institute appears to me to constitute a whole, quite a3 coberent as
the different chapters of a book, or indeed of many monographs, and
often of much greater value. 5 L
.

CHAPTER VIIL

‘Note 106, page 259, According to Wiechmann the rocks of the Kokeal
oformation contained the following fossils:— S -
Tridacna, Strombus, Mactra, Cyprina, Madrepora, Serpula, Lucina,
Tellina, Venus, Spondylus, Fistulana, Balanus.
He regards the eruptive rocks as of tertiary or post.-tertiary date.
Notg 107, page 276. It would be ﬁi;.;hly advantageous now to criticise
the Theory of Subsidence not merely in its application to a pérticular
instance, as I have done, but in its universal bearings, so a5°tc come to
some conclusion as to whegher my theof} of currents, sit zenia vérbo,
deserves, or does not deserve, general prefer ce.” This, however, is not
the place fpr such a digcussion, I will only observe that I bellere that,
in fact, my theory presents fewer d}ﬂculﬁie@ than the Theory of Subsi-
dence; and may therefore be regarded’ as mbre in accordance $with
nature, On the other hand, ¥ readily concede that dametimes—ak, for
instanse, in the Afidaman Jslands—an atoll may be formed during o
period of subsidence, and yet it mz‘S' not be exclusively the rcsult of the
subsidence, Still, ender the assumpsiop thes absolutely no influ-nce of
{he nature above indicated could have farmed atollgi among the Anda-
mnns,”lbia conld only have been possible if the subsidece had through-
out been sloyver than the growtk of the coral., This appenrs tp be
sometimes the casé’; for the Andamans are sald to_b¥ sinking at the
rate of a foot in a century, while Le Conte gives the maximum growth
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of a coral as one foot in three and a half yearssand another obscrration,
in Port Darwin, gives one foot in twelve years,  On the other hand, how-
ever, there are other island¥ which prove that the upward growth of
corals is certainly never so rapid, and ic often remarkably slow. In the
Sandwich Islands—which, secording to Dana,®re sinking—all the corals
live at several fathoms below the level’of the water, and thévase is the
same invthe Galapagos and the Gulf of Panama. Here, by assuming a
sabsiderce, the growth npwards is less rapid than the rate of subsidence,
and it must be even slower, much slower, if We assumg an apheaval as
going on in these islands. Hence I regard it as quite possible that
under certain circumstances a subsidence may be combined with the
formation of alolls, and even that it may once have been the sole
cause of their formation, ; but I cannot admit that subsidence i3 alone
suflicient to explain all the conditions and relations of coral-reefs, or
even of predominant importance, w
The following fetter from Mr. Charles Darwin to the author refers
to the Subject under consideration :—
‘ Qclober 2, 1879,
¢ My dear Professor Semper,—I thank you for your extremedy kind
letter of the 19th and for the proof-sheets. I believe that T understand
all, excepting one or two sentences where my imperfect knowledge of
German has interfered. This is my sole excunse for the mistake which
I made in the second edition of my Coral-book. Your account of the
Pelew IHlands is » fine addition to our knowledge on coral reefs. I
have very little l(g'su_v on the subject: even if I had formerly read your
account and seen your maps, but had known nothing of the proofs of
recent elevation, and of your belief that the islands have not since
subsided, I have no doubt that I shBuld have considergd them as formed
'durixgg_anbsidcnco. ~ But 1 shoula have been much troubled in foy mind
by the seanob heing o deep as it usnally is round atolls, and by the
reef*on one side sloping s fradually bencath the sea ; for this latter
fact, as far as my meinory serves me, is a very unusual and almost un-
paralizled case. I always foresaw that a bank at the proper depth
Ueneath the surface would- give rife o a reef which, could not be’ dis-
‘tinguished from an atoil formtd during subsidence. Imust still adhere
t0 riy opinign It the atolls and barribi-reefs i _the middle of the
Pacific and Indian Oceaps indicate subsidence; but I fully agree with
you that gnch cases as that of the Peldw Islands, if of at all frequent
occurrsnce, would make riy gancial conclusions of very little value.
Future observers ipust decide between us. It will be a strange fact if
there has not been subsidence of the bed of the great oceansgand if
this las vt affected he formsof e Coral relfs, 0
A iy * Yours very¢incerety,
= o © ¢ CHARLES DARWIN!

Ls
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CHAPTER .IX.

Note 108, page 284, Zoologists and geoigists alike are wont to re-
gard all the land mollusca, or rdther their shells, as peculiarly fitted to
indicate the affinities and relationship of living and extinct® faunas.
Now, I do not dispute that they may sometimes be of the*greatest
utility inthis respect, but 1 must here express ray conviction—a convic-
tion derived from years of study of the animals as well as of their
shells—that in many cases we bave absolutely no right whatever to
dvail ourselves of the shells of land mollusca forsuch oo%npm-tnons; and,
moreover, that their classification by the shells, which is universally
adopted by conchologists and geologists, and which they have aceeptesd
asa natural one, is absolutely and totally worthless and nnnatural, Thus
every argument based on the assumption that thé genera and sub-
genera as at present distributed are natural divisions, indicating $he
true affinity of the species they include, must be purely imaginary, 4
mere ‘Gastle in the air (such, for example, as Geotrockus, Bulimus,
TRachis, Homorus, Hapalus, Nawina, Lencockroa, &c., &0, ; comp. Wallace,
Geog. Dist. Animals, ii. 512 et seq.). C

Note 109, page 287. The careful investigations which I pursued for
years, extending over many hundred species, have brought me more and
‘more to the idea that it may be possible to determinc he ronte df migga-
tion followed by many genera of land mollusea by a’diligent examina-
tion of their natural affinities. This evidently cannot be done by
an examination of the shells exclusively. These, of course, must not be
neglected, but their systematic valfle has hitherto been greatly over-
estimat®ad, especially by geologists, anid without a close familiarty with
the animals themselves we can but very rarely detérmine the affiffities
of the species with avy ccr?inty. Hence 2ur first task must beé toexpa-
rate those groups of the lan mollusca whos#shels do, in fact, afford a
eure indication of their systematic position from those in which the
shell is quite or almost useless for Such & wurpose. To what a great
degree this is often the case is shown by the Philippine genus Cochio-
xtyla,eOf which the 7hells arc so excessively variablg—in spite of the
similasity of strucfhre in the animals themselves—that no conchologist
could possibly describe the gesud*from the shells, Hither'o we have
always had g genu? under, the nams af Vitrina, but species wore in-
cluded in it which belong not merely ty different i”cnem, but even to
different families ; these are so much édike as to the shells that,
according tofhat charater alofie, it was inevitable that Jey should

ot classed togethe>.  In my work on the land :ﬂoll_us.‘,n 1 kave shown
that almost all the shells of the Philippines known o3 Vitrina belong to
the genus Helicarion and the family Zonitide, while Vitrina is ove of
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the Limacide. From mere external resemblasce a host of shelléifrom
India, Persia, &e., have copstantly been described as belonging to
Helicarion which, so far as it bas hitherto been possible to inves-
tigate the creatures anatomically, all belong to the typical genera of
the neighbouring Indian sifainland, to whicd indeed they often ex-
bibit but little similarity even in their shells, Tne Philippin@ mollusc
Lfeifferis micans is often placed under Vitrina, and the shell certainly
has some likeness to that of Vitrira, but the animal is in every par-
ticular a true Cocklosty’a (and thus a true Helix), and is one of the
innumerable variations of this variable genus, the structure of the shell
completely disguising its true character. If these and the other 200 or
80 0f species of Cochlostyla could be discovered somewhere in 2 fossit
slate, geologists would. undoubtedly make at least eight distinct
genera of them, This instance must here suffice to justify the assertion
I bave made. »

Note 110, page £89. Wagner's phrase, which T have somewhat altered
in the téxt, runs as follows: ¢ Kach closed cycle of forms (a species or
constant variety) originates in a mechanical process of isolation and
colony-formation by individual emigrants from a parent-stock cipable
of variation ; the indispensable conditions of the formation of such a
cycle are variability and inheritance. The sum of morphological cha-
racters which distinguish it are the result from the sum of differences in
the external conditions of life on the one part—such as food, climate,
chgracter of the aol(li—as supplied by the habitat of the isolated colon ¥,
when compared wich the native province of the 0ld stock, and from the
sam of phyletic and individual capacity for variation on the other part
as imported by the colonist itself, and transmitted as morphological
characters to its progeny and posterity, by direct descent, The constancy
of the rew form always depend: on a long-eonunu&l period“of iso-
lations’ Ya €

Note 111, page 291. I can- ot understand in any other sense the vari-
ous passages in which Wagabr distinetly opposes his theory of *isolation *
to the {struggle for existence.' I will here quote only one passage ;
‘The Achatinellw are harpmless vegetable-feeders, content with any
sitnztion, and their overwhelm’ag wmltiplication is kept within bounds
not by the R:m“.ﬂé of enemies, but by eridemics. .- They have né'vital
struggle to carry on for food, since this is aupplied ia any quantity by
the abundent herbage of the soil, norxeaw we discover that any strnggle
for propagation can take place gmong them, since each animal is herm.
aphirodite, and pairs with any ot her. If here and there one of these gnails,
which generally find sufficient shelter by a rapid retreat into their shell,
is by chanas devoured by a bird ora jwedatorg beetle, or accidetitally
crusbied by a gra: ‘ng bepst, these are purely accidentalocourrences, which
would be far less'likely to reduce their numbeérs than the constant per-
secution to which the ladybird for instance, is exposed, Nature has at

'
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her digposal an all-sufficieat means of reducing the too exuberant mul-
tiplication of all very fertile species, in epidemic diseases, and no coms
petition is needed or available here.' No?v, it scems to me that this
sentence can have no other meardng than that I have attributed to it ;
according’ to Wagner the ®struggle for existence ' means nothing else
than a comfetition between two animals for a cerlain possession. But
is there no strugzle for existence when a snail endeavours to escape the
causes which produce an epidemic ! Epidemics among land-snails are
commonly cansed, by too great moisture or drought; those that cannot
escape rapidly enough perish ; those that cannot endure drought are
destroyed. In an epidemic of rot, or rather of saturation, the old and
feeble individuals will perish first ; parching heat is least endurable to
the young animals, as their shell and disphragm gre not thick enough to
protect them against desiccation. Nay, even a direct struggle is not;
always entirely avoided. In ord#r to escape from drought, many land-
mollusca creep into cracksand fissures in the rocks; the first-comers are
the best off, for they can creep furthest in, and those that come after
¢lose up the opening and prevent the escape of the moisture. Thus,
during #the dry season in the countrics of the Mediterranean, for
instance, we find the outer rows of snails almost invariably dead, while
any considerable number of living ones are only found at some depth.
The conditions are reversed when the rainy season comes on. All the
rifts and crevices are filled with water ; those lowest down are the first
to be immersed, and strive 16 escape the too abundant supply thit soaks
their skin ; but the dead shells remain attached above tiem, or thosestill
living, but not yel aronsed by the wet, hinder them from creeping out, the
water penetratestheir pores, and in a few hours they are so ‘ water-logged'
and dropsical as to be incapable of a®y rapid movement, (Itisa great
error to suppose tfat a snail cannot lave too much moisture ; /£ one
is plunged into water and prevented from escaping within twenty-four
hours, it is so completely sodden as to be guite incapable of crawling.)
s not this a struggle for exfitence ! It seess tome that it is a very
obstinate struggle for existence when one snail, aven after its death, can
bar the road *to life and freedom to ome of its companions. Bub many v
of the premisses in the passage above quoted from Wagner are false.or
quite pafounded. Hg says thet Achatinella i3 one o({ha very fecuni
species of which thefoverwhelming multiplication is more “effectually
hindered by epidemics than by somepetition or rivalry. This is cither
false or devoid of foquution; Achatiqclla is oviparous, and produces
only a few young at a time; Hbw often in the year is perfectly unknown,
The pssertion that every mature hermaphrodite individial is always ready
to pair & certainly not proved. 15 has nevér been actually disproved
by ouservation®that ;many snails di without pairing fram axrtipathy,
though {ully grown and mathre, and the exteaordinary toivolutions and
gymnastics performed by gnails before pairing lead to tue conclusion
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{lat even in these apathetic organisms liking and dislike'play a gertain
part, Whether Lehatinells is, in fact, spared all struggle in the matter
of food, cannot possilﬁy beﬁetermine@ to judge from the investigations
of Gulich, The merely hypothetical seperabundance of food is no proof
of its real sufficiency ; if,dor instance, the #pace where this abnndanca
i supplied is very limited, tif% animals desirous of feedingwill get in
each cther’s way, and it is possible that this might give rise to some
quite mknown psychical influence. Many animals, a5 is well known, eat
freely only in solitude, This is very certainly not the case with snails,
but they may nevertheless desire a certain amomnnt of elbow-room, a
point that has never been observed, or even thought of. But even sup-
posing that thbse positions of Wagner's were all proved to the ntmost
extent of their very positive assertions—which is by no means the case
—still, the struggle of the Achatinclle against the causes of the epi-
demics that decimate them is necessarly a competition, though of course
not in the same sense as is a duel fought for life or death between two
indivifnals.

Note 112, page 292, Notwithstanding that Darwin’s works are univer-
sally accessible, I will here quote the passages to which I parscularly
refer. In the first place, with reference to the external conditions of
existeﬂce, I offer a few extracts: *Neithe? migration nor isolation in
themselves can do anything. These principles come into play only
by bringing organistms into new relations with each other, and in a lesser
degres with the surrounding physical conditions ' (Origin of Speciez).

" ¢Hence, thou'gh it must be admitted that new conditions of existence
do sometimes definitely affect organic beings, it may be doubted
whether well-marked races have often been produced by the direct
action of changed conditions without the aid of selection either by
man cr nature * (Animals under Domestication, ch. :&m.). o

& Such changes are manifestly due not to any one pair, but to all tlie
individhals having been svhjected to the same conditions, aided, per-

haps, by the princip'e offeversion’ (Desbent of Man, . 236). * Althongh’

witl) onr present knowledge we cannot account for the strongly marked

+differences in colour between thesraces of man, either throngh carrela-

tinn with constitutional pectliarifies or through the direct action of
tlimates, yet \\"{ must not quite ignorethe latter agenocy, for Shere is
good reason to believe that some inherited effest is thus produced '
( Descent af Man, i. 245, and on p. 46 he adduces reasons in support of
this statement). o 0 .

One more qu¢tation :™ Tkere can, howéver, be no dout that ¢hanged
conditions induce’an almost Indefinite amount of fluctuating variability
by whick the whole orgal'isation i rendered in some degredplastic ’
(ifid. 1p. 1189,  Chmpare with this what Darwin-gays %s to thedirect
external infludngbs which dffect the skull {ibid. p. 147). But it seems

tc me to be’proved by numerovk passages in Darwin's works that he
a

L2]
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regarafl the principle of iso‘laﬁon‘of new forms and the hindering of in-
breeding with the parent form as an integrgl portion of his theory. I
will here quote the most striking examples. He says (in Awimals under
Domestication, ch, xv):' The frevention of free crossing and the
intentional mutching of ifdividual anim%s Jre the corner-stone of the
breeder's art. No mah in his “senses would expect to improve or
modify a breed in g particular manner OF keep an old breed tiae and
distinct unless he separated his animats, The killing of inferior
animals in each gtnomtion"oomes to the same thing as their separation.’
The siruggle for existence combined with other causes produces the
jsolation which ig indispensable to the phenomena of arace or species
by causing the necessary separation from the parent fofm and by hin-
dering its crossing with it again. Elsewhexe Darwin says : *A country
having species, generd, and whole families peculiar to it, will be thr
necessary result of its having betn isolated for a long period, sufficient
for many series of species to have been created ou the type of pre-
existing ones.’ &
Aote 113, page 293 Giinther on the Tortoises of Mauritins and
Galapdos, Ann. Mag. Nat. Hist. 1874, vol. Xiv.; Silliman’s Journal, 1874,
ser. 3, vol. viil. p. 403, Thegc tortoises are also interesting from their
enormons Size. Giinther comes to the conclusion that those of the
Mauritius and those of Galapagoes must have originated independently.
‘Note 114, page 204, The question whether gimilar forms can have &
polypbylctic origin (be derived, that is, from independent pareny stocks)
or no, has gradually become the cornmer-stone of that extreme and
dogmatic form of Darwinism which in Germany has been designated
as Haeokelism™ Haeckel himself, the {ounder of this creed, allows of no
doubt that all thgse characters celftctively of a species or of a genus
which plesent themselves to us a3 identical can only and uncorlition-’
ally, as being jdentical, have been derived from.a single perent-s.ck,
This is known as .!Iouophyk&:ndesoent, axd according to this view. all
the species of a genus must ve descendeasfrom one parent species,
all the genera of a family from one parent genus, and so forth. In
oppdsition %o this is the view thata Jolyphyl-tic origin may be possible,
ie. that the forms comprehendcd dy usiin a genus or family may
have descended from,more thea one parent species or yenus, ;
The, theoretical’” correciness of the monophyletic hypothesis may
be conceded uanconditionally witlfaut any nevessity for admitting its
practical corpectness. Fungnmenta’}y.’tlxe only correct view is that
any definite phenomenon must have ha:l a definits cause, and that

g

P [T .

+ Many of Haeclel's works are ‘#nown to English -,acadc?s through
excellent translations, as Ihe Nat. Hist. of Ureation, aud-the Erolution of
an (C. Kegan Paul & Co.). ¢
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a repetition of the same causes in ‘zhg realm of ur,;';mlc n&ure is
simply impossible; thus the twofold origination of one and the

same Epecies from differént parents forms brought into existence (A

by dissimilar causes is physically fnconceivable and hence impos-
sible. Granted. The ermor_and logically Walse conclusion involved
in Haeckelism does not lie” in this*but in fhe presumption which
assertssthat the forms or individuals which it declares to belong to the
same species must be identical. This they certainly are not, and
though zoologists may.include them under®the concapt of a species’
this is done on extremely various grounds that are without exception of
a subjective character. No one is competent to déliver an objective
decision as to Whether these or those individuals actually constitute
only one, or two, or more species; the criteria for such a determi-
nation are wholly wanting,  Moreover, the monophyletic hypothesis
entirely ignores the fact that in by faithe greater number of cases two
individuals are netded for the propagation of new individuals, and these,
ir;esp&:tivo of their sexual differences, certainly veed not invariably
belong to the same gpecies; the possibility of hybridisation, i.e. the
fertile union of two individuals of different species, is fully estafilished.
We know, moreover, that hybridisation is a favourite method employed
by*Nature for the origination of new formS—perhaps,indeed, the most
powerful means at her command. Now, if the hybrid union of a
species, A, with three others, B, ¢, D, resulls in each case in an analogons
Lut different deviation from both parents, if this new character, com-
mon to the three*families of hybrid progeny, A 8, Ac,and A D, justifies
us, according to our subjective views, in establishing a new genus, we
here have three different species of a second genus derived from the
three originally different species®», ¢, p; they haye originated by a

" polyphiyletic process. The Arfiphioxus is one of the cosiopolitan
spelivs, bet the specimens from different localities exhibit some not
incnsiderable differences, “Now, if new fgrms were to arise from these
dissimilar individoals, t¥8e might still "possibly belong to one and
the same genus; still, the Brazilian, the Philippine, the American, and
the Australian species of this neW genus would not have origifated
from a transformation of the descefldants of a single pair, as the mono-
phyletic hypothdsis requires. I can make thise discussion quite in-
telligible simply by quoting the following lines fréin  Darwin ¢ 1 will
only remerk,’ he says, ¢ that if two fpecies of two closely allied genera
prodused a number of neyw and djvergen?l specieg, I cag believe that
these new forms 1fight someg'mos approach each other so closefy that
they would for conVenience’ sake be classed in the same genus, agd thus
lwbﬂgcneﬁh would con\'erg“q igto @’ Thwa Darwin gegards it as
possible ‘that “the grncivs of one and the san® genus may flave
been derived frofn species ‘hot merely of one but of two different
genern. Al the most careful snd’recent irivestigations make it seem
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probakle that the polyphyleticthypothesis is nearer to thie truth than
that which opposes it.

Note 115, page 301, These wgrds had 16fig been written when, quite
lately, a paper came into my hands by Huxley on the affinities of fresh-
water Crustaceans. Accexding to him, tho river. Crustaceans of the
northern hemisphere belong to one family, called by him Potamobiide,
while those of the south he calls Parastacide. He points out that the
two groups are easily distinguished by certain peculiarities in the struc-
ture of the gills, but he nevertheless suggests that the two forms, in
themselves so distinct, might have descended from a common primitive
form which peopled the tropical seas—where they are now for the most
part wanting—and in their migrations into the rivers of 1he islands and
continents of the north diverged into the structure of the Potamobiide,
and in the south into that of the Parastacide. ’

Nute 116, page 302. A noticesof Tyndall's recent investigations may
be found in Nature for 1877. The unprejudiced reader will here find,
as it seems to me, an irrefutable disproof of ¢ Abiogenesis,’ as it is'h;llsd,g
and will be greatly interested in following the course of brillineddigpe-
riments; and the crowd of mew facts elicited by them. . Any further
details ave not here to the purpose, as Tyndall's experiments were made
on the development of the germs of Fungi. -

Note 117, page 312. In the centre of Mindanao, on the upper conrse
of the Agusan, among the Manobos living there, I found a fossil
clephant’s tooth, which was worn by the Baganis, or chiefs, of tiaat can-
nibal race on solemn ocoasjons, such as going out to Wktle, strung on to
a necklace with other objects, as small images of gods, crocodiles’ teeth,
&c. When a foe is killed, his breast is opened with the sacred sword,
and all these objects, sacred to the ged of war, are dipped in his blood ;
and it isenot till fhe god has thus slakod his thirst in the blood.of the
enemy that the Bagani may eat a vortion of the hedit or lupgs.” Soth
the specimens of fossil elephant-teeth thatJ brought thencé aré novsin

Othe Tehnological Museum atSresden, w
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Note 118, page 832, Compara Ngolp 18 to Chap. IIL

Nate 119, ptge 335, It wats formerty Suppo.ed thatthe slightly ‘spiral
{ubes in the corale, in which the Sipunculide live, vere the shellz of a
mollusg, and that the worms bad first estab'ished themselves in them,
and then the gjral had formed upottheL.. ! This ylew wps thé resul, of
a superficia] examinktion ; there can be ng doubt tha', t'he worm set i
on the coral, grows with it, and makes its own tube
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Note 1203 page 352. The minute Ubpepod here desortbed
in the stomach of Milleria loecanora is Loy

g

NOYES.

ag, living
Rurins intestinalis,

. ANote 121, page 354 TheFollowing list is extracted from varions papers
in o Gérman periodical, the Zwlogicgt Garden, edited by De. Nofl, of

Frankfurt. I have omitt

tioned in the text. 2

: Carnivora.
Polecat and ferret,
Wild cat and domestic cat.
African leopard and black panther
of Java. ©

Ruminants:
Yak and common cow (at Halle).
Bison and black eattle,
Ovis fdusimon and 0. cycloceros.
reus  virginianus and  Cereus
macrotis (in Cincinnati).
Lina-sheep (in Chili), a cross be-
twebn the sheep and goat—
somewhat doubtful.
Cerrus minor, a cross between the
A Axis and tbe}iog-deer.

Paoky}‘crmm‘a
(with solid hoofs),

Lguus teniopus, M., and v}
zebwa, Fem. (at Berlin), 0
Hot.e] M. ,and Busehell’s zebra, F.

Ase, M; and Burchell's zeb-a, ¥,
Suz serofa persica and S48 sorofa
#ondgica (at Rotterdam).

such examplesas have already been men-
L]

0 Q

| Rodents.

Lepus‘eariabilis and Lepus tinidus,
in a free state.

Birds.

-

Modena pigeon, M, and turtle-dove,
Fem.

Phasianus versicolor and  Gold
pheasant (at Antwerp)a

Gold pheasant and Zhawmalia Am-
hérstie (at Paris),

Anas superciliosa and Aiz sponsa,

Greenfinch and goldfinch,

Insects,

i Phigalia pikmf;ia. M., wnd Nysia
hispidaria, Fem. (as described
by Midford). See Packard,
Wuide to the Study of Indects

i
@ AHARTER XII. .

p. 54,
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Aote 122, pagé 861. Sinilar relafions exist betwoen various other

mi‘l‘tqals.. . The singular Nymerteg
whiere, 2 solitasy paZagite in the b

bere have a viry' plausible' ‘explan
eoTrect one, teing confirmed by otcasional observations of

0

nchial cavity of a
ation which is almost

oWMalacoiella lives almosd every-

nﬂ»llnsc; bat we

certainly the

the co-exist.
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’

encegof twoPor three spacimerl} in the same mollusc. When the young
animal, having just found i¥s way into its dwelling, begins to eat, it will
catch at every organic object ghat is brotight into the branchial cavity .
by the current, and so hinder glater comer from cstablishing itself in
the same place. But ma instance observid by K. Vogt is quite unin-
telligibleowithout: some such hypothesi? as I have put forward in the
text. Among hundreds of specimens of a species of Labrus;:of which
about 43 per cent. were attacked by a parasitic Crustacean, Zevosphilus
only two were gound whizh had two parasites, onc on each side; all the
others had but one, sometimes on the right and sometimes on the left ;
*but the number of those that had settled on the right side was consider-
ably greater than those on the left, as 27 to 16 per dent. They were
always attached to the lateral line. Whatin this case can have hindered
the establishment of several parasites on the same fish7 As it seemgto
me, the only thing that proves snfavourable to a second parasite is some
deterioration fn the juices of the fish by the first.

Note 123, page 872. Thisassertion that no mollusca but these of the
genus Onchidium bave such dorsal eyes is based on the investigations, at
oncef great extent and of extreme anatomical accuracy, conducted by
Bergh, of naked marine mollusca, and on my own researches, carried on
with a view to this particular, into the structure of other land and v ater
mollusea, Here and there, certainly, we find eye-like specks of pigment
on the back or sides of the body, as in Spharederis punctata and papil-
lata among the naked mollusca, and Margarita in the Conclifers, but
all Bergh's researches my own, with all the n:¥st modern instru-
ments, show these to be merely concentrated spots of pigment with no’
connection in any instance with a nerve, and exhibiting no trace of
the typical elements of a true eye. o

Note 124, pilhe 381. A case peyfectly analogous to tha% of the
Onchidinm described in the text occurs among fisiies of the faiily of
Scopelide. These are deep-sea forms, tg which indeed’ beiong some
of those described by Giingher as having besningns organs ; at the side
of the body or on the belly they have a number—varying gceording
to ghe spacies—of large silvery spats of different sizes, and which bad
already been spoken of as eyes bysLeuckart in 1865. Still, until qunite
recently, the accuracy of this view been doubtf in spite of the
statement of thas ery skilful naturalist. Quite Tately, however, an
exact’description by Dr. Ussow (ublished id the Bulletin of Moscow)

" 'of the structure of certain eye-like spots in some bony fishes leaves no
room for dubt, 50 far as £ see, that Lenckart was perfectly right ; all
the attributes of true eyes aiy to be fodnd in the genera Chauliodus,
Astronesthes, and S&nmt‘ga. Buofyaccordiny to Ussow other mnecies have
organs in sinlilar positions, which'se def‘sﬁénat@,u glaids, ¥ musl con-
fess that his représentation bas not corvinced me- ol the accuracy of
this interpretation, and I should venture to hazard ax opinion on the

L) - HH
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contrary that these so-called glands are &ither illuminatingorgans- like
those detected by Gilnther, or sensitive orngns which have not yet been
dc\'elopqd into eyes. The gehera in which he has discovered these sup-
posed ‘pigmented glands® are Scopelw’, Gonostoma, and Mawrolious.
¥inally, there ave two genery, Sternoptyz and®Argyropelecus, in which
the pigment-cells existing in ﬁorrespon(’ing spots in the bod, are said
to have a character between pigmented glands and true eyes.

Nota 125, page 882. My brother, Georg Semper, has communicated
to me the following case, lately observed by kim, of the adaptation of
an old species to the colotr of new surroundings—or rather of its avail-_
ing itself of it for protection. During the last ten years the well-known
white-leaved vafiety of Acer negundo has been largely planted in

rdens in Hamburg, and since this the common white cabbage butterfly
accustomed itself to settle by preferemce on this shrub. It is then
extremely difficult, as my brother infornts me, to distinguish the butter-
fites as they sit on the leaves, their yellowish colour being lost in that
of the 1&ives, Here it is guite clear that the colour of the Pieris cannot
havé been produced by selection, since it had the same characteristic
colouring long before the introduction of the white-leaved Maple.® But
if now one or another species or variety could benefit by the similarity
of eolouring which has thus accidentally arisen, in the struggle for
existence, it would be at an advantage over any other species which was
by any cause disqualified from availing itself of this protection, and
thus the protective resemblance might occasion a sclection among the
different forms., I. this case, beyond a ques{ion, selection had abso-
Intely nothing to do with the origin of the protective colouring, and 1
am convinced that in many cases, if not in all, the oceurrence of pro-
tective resemblance is not to be explained by sclcclioné, Some very in-
teresting cases of protective miriery are mentioned in Bralily the
© smaz ) and the Uoast, by Herbert Smith (Sampson Low & Co.),
chap. vii. Vol e
Nute 126, page 887,. Tk pigment-form.ng matter—chromogene, as
it is called —is conveyed by the blood to every organ in the body. It
depends on local conditions whethel it is in some places deposited in
-abundance and in others not a* all. L Consequently the primary distri-
but.gn of colonr arpends on the structure ef the organ or of that portion
of the skin where such a deposit normally takes plice. Examples to
prove this are absolutely mnumerabl ; they may be found in almost
every animal, The gay colours of many shells—both bivalve and
univalve—are in gre.t measure produced by the deposition of pigment in
the external, orgx}nie skin, which coversghe calcarcous portion of the
shell; the p'zment itsell is el borated ¥y glands which exist exclusively
in the'tnargin of She r.entle. ®IF is fccording to the, regufarity of thie
arrangoment of thasy pigment-2lands and the interruption in the exercise
of their functiont that certain pattents and colonrs ocenr in the shellg—
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aput';s. stripes, bands, orhzig-zag lines, &e. In butterflies the microscopic
scales on both surfaces of the wings hdve th& pigment depgsited in
them ; in quadrapeds it is in the hair, in birds in the feathersy here the
distribution of colours must depend on the aflinity of these organs far
the chropogenes, and, consequently, irfdirectly on those organs which
grow out of the skin. But the usefulness of certain colourirg, whicl
does not occur until later, can have no influence on the origination of
these organs or on the different degrees of affinity of these parts to the
chromogenes ; hence it follows that it is onlyhby the more or less regu-
lar arrangement of such organs that animals can acquire a mode of
colouring which corresponds with similar regular coléuring in the sur-
rounding objects. Hence a striped bnt!ex;ﬂy can never originate.
directly from an irregularly spotted one by natural selection, since this
presupposes a previous transformation in the organs containing the
colours ; but if, through any physiological cause acting in the organism,
the spotted colouring had already been altered to any confiderable
extent to a striped arrangement, then selection might gradually ledd to
the cxtermination of the spotted variety by angmenting any protective
resemblances the striped form might possess. But it would, of course,
be absurd, in such a case us this, to speak of selection as the priczary
cause of the mode of colonring. ‘

Note 127, page 889. Sexia apiformis, vespiformis, erabroniformis, &,

Note 128, page 397. According to Quug a Gaimaro, the Species of
{farpa, a marine univalpe, possess the same peculifyity as Polydontes,
Stenopus, and Helicarion. Although T have caught s considerable’
number of living specimens, I never discovered this by my OWn expe-
rience. At any rate, the mode in which Harpa sheds its foot is quite dif-
ferent. from thatfof the species of Helicarion. If by some extrasrdinary
accidertt it is unable to withdraw its foot, which # very large, itr'o its
shell, it pressesit against the sharp edge of the‘shell, and %o clis off the

¢ hinder portion of it in order’to protect itselfy,
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&cnoxm’u, effects of food on, 65

4L Algwm, associated with sponges,
842,548

Amblystoma, note 47

Amawba, 15, 302

Ampullaria, 191

Anabas scandens, 148

Anodonta, 36 - 79

— distribution of, 208

Antipathes, associated with an An-
nelid, 341 .

— with n Mollusc, 337

Aphis, effects of temperature/ m, 123

Apus, 128, 175 [}

— distribution of, note 23

Axolot], 88
—witite vanety of, 90

~
B.4BELTII UAP, 4, 244, 26
Beles on mimicry
Bernard, C., experiments, 150 ©
Hert, Paul, on respiration in frogs, nofe
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4
— on light and pigment, 88
— on organs of respiration, 163,
Bendant's experiments, 153
— tables, note 9
Birgus latro, 5,103 © p
Bleak, anatomy of, 7
Boleophthalmus, 189
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Bopyrus, 147, 860

Br;l;ochipm, effects of temperatare on,

- of salt water, 155

— distribution of,-804

Brawer's experiments, 176, 506

Braun on the usdne of the shell of
the river crayfish. 20 .

Brxton's experiments on Parrots, 133

OARTIF.‘R on the casting of the
skin in reptil(y, 20

Cestodon, 49

Chameleon, structure of, 4

ir::ll:. 2?27 (Ehlomnl. ?85‘. 399
rtemia, .| ©Chlorophyll in plants and in animals
Armr'ryeifntnll of, 204 70, 8%,)nnle lg &
Ascaris nigrovenosa, 44 Chromatophores, 92 '
Ascidians, 3 Chrysotis festiva, 67 ¢ <
Astacidm, 801, note 114 Chenha sky, on yellow cells in Redio-
o Atlantis, 205 Iaria, §4
Atlantosauride, note 1 Cladocorn, 401

Cobitis fossllis, 171, notes 1042105, 107
“Corals mnd reefs, 224 ' <
Co;‘t_i-\:llfghon, migration from frie sen

-

Coregonus hixmaliy 521 o

Cossol bank, see Kossol

¢ Coypu, 61 ¢

Crocodilus biporeatus, 68

Creatoe! irus, 221, 281

— aygustacean ref 3mbling, 28, note 103

Cymothoe, &3
’
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DA VA4 on comal rvefs, 281, 272
Darwin on reef formation, 216,
280,272 ) ;
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Darier on external conditions c $life, 87

Dasypeltis, 55

Day, Sir F., on the respiration of
Labyrinthiei, 190 5

Desoria glacialis, 117 (=

Detcar on the optic current, 97

Diploze n, 124

Dorcasia, 899

Draco, parachute of, 10

Dugong, 17 s

QCTOPARASIYES and Entopara-
sites, 276, 350

Eleplhiants’ teeth fossil ir Mindanno,
note 117

Liwery on respiration in Amphibia,
note 75

Entoconcha, 848

Ervthrinus, respiration of by the air-
bladder, 190 >

Etiolation, 88

Euglena, 75

FEulima, 851

LEeylectells, 137

Luprepia, change of*colour in, 67

Eurythermal and Stenothermal, 105

Exocetus, 9

Flgl}; DEA nssocﬁllatedwilhnspomge,

Forel on the Limnwmide of the Lake
of Geneva, 53, 197
Frauenfeld on a triton enclosed inia

stone, note 9
Friedrichsen s mop of (the Pelew
[='ands 245 :
Frog, skin of, 92 a2
GAI.S,S on Corals, 218 -
(Gecarcinus, 19 .
Gutko, 21 -

G entry’s observation on tL: effect of
) tood on Lie chidopteu. 66
“Geonemartes palaensis, 187
Gobius Ruthensparr?; 93
Gourtet 0n the air-bisdder, note’ /5
Graeffe on Hapalearcinus, mote 102
Ciiather or, Labyrinthici, note lE 4
— ail the ‘ortois.s of L3 Mavlitins, -
note 113 S '
— on‘deep-sen creatures, 86, note 21
Gulick on Achatinells, note 111
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HAECKEL’S hypothesis, note 114

s Hagen's observations, 83

I¥alicore or Dugong, 17

Halobats, 144

H_apnloenmhns, 221, 281,

Heincke on the colours of Gobius, 98,
note 27

Helicarion, 285 ;

Helix fruticum, 400

Heterocyathus assieiated with Sipun-
culus, 835 ¢

Heteropsammia, 885

Higgi fom on the formation of
pigment, 89

—on lhle 2gﬂ‘ects of arizsing tempera-

fure,
Hincks on the effects of food on
Polyps, 66 T
Halmymnl onf t::: effects o‘l_;afood on the
stomach of the pi s
Holothuriwe, 44 X
— parasites on and in, 851 .
Horvath on winter sleep, 112
lluuteé;: experiments on feeding gulls,
+ 61,
Huxley on the distribution of Asta-
cidm, note 115
Hydra viridis, 78

1
INFUSQRIA, distribution of, 289
=~ possible decompasition of car-
bonie acid by, note 31

“{+ Intestinal worms(gevclopment of, 276

Ixodes, note 8
JACIIUS ris, 50
Jbert on the respiration of fishes,
note 75

) KLE!N_%‘NBERG on Hydra viri-

dis, 7 )
Kokenl, its sty scture and distribution,
260, nate 106
Killiker's section of the Germinal
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Kossol 242
Kramer or sexual characters in male
i Asects, B66
F fiangle, Atoll of, 284, 237, 26,
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Lacerta agilis, 59
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2




'NDEX,

LAR

Larus, gulls, stomach of, 60, 67

Larva forms, 126

Lecanurius, 852

Leposphilus, note 122

Leuckart on cbdominal eys in fishes
note 124

Leydig on organs of a sixth senze, 21

— on chlorophyll in beetles, note 17

Licherkiibm on the association ¢f algwe
and sponges, 848

Lhénorin. terebrans in wood and stone,
326

Lister’s experiments on colour, 92

Lori Rajah, 67 .

Lucina philippensis, 170

Lupea, 196

Limnaxa stagnalis, 209 C

- its mode of ewimming, note 97

— its growth, 108, 160

MA LACOBDELLA, note 122

Mulawnavi, veef of, 227

Mammoth cave of Kentucky, 82,

Marsh, on pneumatic bones in reptiles,
519

Mauritius, tortoises of, note 113

Maximum of temperature, note 42

Meduse, 166

Melania, distribution of, 208

Miépdtriés on changes of struture in
birds, 08

Milne Edwards's experiments, 179

Minimum of tempera rote 4
Mitins on the deposi of eggs, 156

— on the sinking current, 53

— on the effects of temperature on
Mollusea, 136

 follusca, sinclls of, 827

— development of, note 101

Monotremata in New Guinea, 52

Moreaic on oxygen in the air-bladder,
naote 76

Mozambigue enrrent, 202, 279, 302

Miiller on the respiratiCa of craps,
note 91 N

Myopotamus Coypu, 61 ¢

Myxicola, 401

AUPLIUS, 128
Navicelln, 208, 209
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Nestor mirabilis, 62
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CYPGDA, 136
Onchidinm, 281
- distribution of, 8756
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ACHYBDZLLA, 338
Pachydrilus, 145
Pagurus, 351
Palnén on. the migritions of Virds,
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Paludina, 29
Panlsen on carnivorous horses, 62
Pal;lg on the respiration of Limnwen,

~— remarks, note 94 ‘
Pelelew, 249

— fossils in, 202 -

— elevation of, 268

Pelews, north island, 234

— geological structure; 2084, 202

— Andesite in the S.uthern reef, 260
Periophthalmus, 189, 878

Philippt on carnivorous horses, (2
Plilippines, Mollusea of the, 183, 284,

Phosphorescent afmals in  great
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Phyllopoda, distribution of, 804
Pigeon, stomach of, 53, note 14
“Tigment, note 26
Pivnotheres holothurize, 80
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lateard s experiments, 15
I'lntums,f."_gu "
Polyphyletic descent of fresh-water
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