Animal coloration : an account of the principal facts and theories relating to
the colours and markings of animals / by Frank E. Beddard ; with four
coloured plates; and woodcuts in the text.

Contributors
Beddard, Frank E. 1858-1925.

Publication/Creation

London : S. Sonnenschein & co.; New York : Macmillan & co., 1892.

Persistent URL
https://wellcomecollection.org/works/hkbjcwk3

License and attribution

This work has been identified as being free of known restrictions under
copyright law, including all related and neighbouring rights and is being made
available under the Creative Commons, Public Domain Mark.

You can copy, modify, distribute and perform the work, even for commercial
purposes, without asking permission.

Wellcome Collection

183 Euston Road

London NW1 2BE UK

T +44 (0)20 7611 8722

E library@wellcomecollection.org
https://wellcomecollection.org



http://creativecommons.org/publicdomain/mark/1.0/

e

e




TN










RUTE OF P,

1‘:"\“ A
o _'_Jr?_
Ll i N ) ’ )
1 L ] [ J :'-} ; 'r-:l Ir' rﬂ)




=}

kel ol khn 4L 2 AL
J.F f.”' WFF i . & P e -J B
! (il :l.f T i i b ll.‘f" fis
I"jll
" ! I
f‘frl
t‘lll
-’fi Il”l’ LIy
’ h’l
: TELETn
n



ANIMAL COLORATION

AN ACCOUXT OF

Tbe Principal Facts and Theories

RELATING TO THE

COLOURS AND MARKINGS OF ANIMALS

Y
FRANK E. BEDDARD, M.A. Oxox.,, F.R.8.E., Erc.
.IIIII.'\-'-'r-'-'-' fev L .Iff--ll.!--rf.-'rr' Sirea Fid il lJ'.-'--.---"'m'. llrrll'{'.!.-'i-'-' R J'I-'ufr-:r_-.- itf rl';u:'!'.-: IJ"."_‘I-'I:.""I!

colith Four @olowred Plates; and weloodeuts in the Test

LONDON: SWAN SONNENSCHEIN & CO,
NEW YORK: MACMILLAN & CO,

1892,



‘)

WELLCOAN T INSTITUTE
LIB=ARY

Coll.| we!MOmaec
Call

No. f(ipj&r

Ll il

oIl Witson, & Viney, [al,. L midom and Ay lesbury,

Proamtasd biy [




PREF A CE.

S + S

Tue present volume has grown out of materials which |
had collected for the * Davis Lectures,” delivered by me
in the Zoological Society’s Gardens during the spring of
[0, This book is addressed, as were the lectures, to persons
having uno special knowledge of zoology, but that general
interest in the facts and problems of the science, which is now
so widely spread. It contains hardly anything novel, but
professes to give some account of the principal phenomena
of coloration exhibited by animals. Some of the facts and
theories, however, have not, so far as 1 am aware, as yet
found their way into works of a popular character ; I refer
particularly to the ingenious theories of Dr. Eisig and
M. Stolzmann.  Inasmuch as Mr. Poulton’s work upon the
Colours of Animals, recently published as one of the volumes
of the * International Scientific Series,” and Mr. Wallace's
sketeh of coloration in his ¢ Darwinism,” deal with colour
almost entively from the point of view of natural selection,
[ Lave attempted to lay some stress upon other aspects of
the question.  The literature relating to animal coloration is
enormots 3 so much so that it is really beyond the powers of
1”|_"|.' IJI‘J'HIFII 'ﬁ"..']lil Canl ol il'.l:i.liltl llli ]!i-"; “'ll”l{! Ii“l!' t{l .IL}l:it.I'iLl_ft,
it thoroughly. To write an exhanstive work upon Animal
Coloration requires a sort of naturalist that now hardly can

exist—a specialist in every group.  However, all that 1 have
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almed at 15 to furnish o general notion of the facts and
theories relating to Animal Coloration, and I trast that
nothing of great importance has been omitted.  Many of my
examples have been selected from animals that may be usually
secen in the Zoological Society’s Gardens. 1 have not used
insects so much as has Mr. Ponlton ; this is not in the least
becanse I do not regard them as furnishing such good material
for the :'xl;n.-:ilinu of the phenomena and theories of colour : it
s Hilll]lf}.' becanse Mr. Poulton’s book iH, Oor {Ill}:".'h[. to ]}l', i the
hands of every one interested in the subject : and acting on
this supposition I have thought it advisable to draw more
largely mpon other gronps.  Nevertheless it is impossible not
to devote a good deal of spaece to insects.  The theory of
Mimiery, for instance, is alinost cutirely supported by evidenee
furnished from that group. 1 am mnch indebted to Mr.
Bateson for numerous references to papers bearing upon the
subject of animal coloration, and to Prof. Flower for kindly
permitting me to have drawines made of some of the heantitul
preparations, illustrating animal  coloration, which he had
caused to be prepared for the national museum at South
Kensington,  Other assistance 1 shall acknowledge in the

course of the following pages.
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ANIMAL COLORATION.

-

CHAPTER 1.

INTRODUCTORY.—THE PRINCIPAL FACTS OF ANIMAL
COLORATION.

L]

Wi must clearly distinguish at the ontset between ** Colour ’
and * Coloration ” : the two terms are frequently confused, but
they are obvionsly by no means synonymons. DBy colours we
nnderstand the actual tints (blue, green, red, ete.) which are
fonnd in animals : by coloration, the arrangement or pattern
of these tints. In ecertain cases the two expressions colonr
and coloration may be practically synonymouns, may coincide :
in a perfectly green caterpillar it is only necessary to mention
the colonr ; but in the vast majority of cases the colours are
more than one, and have therefore a certain arrangement :

there 1s thus a coloration,

The Colours of Animals.

The colonrs of animals are due either solely to the presence
of definite pigments in the skin, or, in the case of trans-
parent animals to pigment in the tissues lying beneath the
skin: or they are partly cansed by optical effects due to the
scattering, diffraction or unequal refraction of the light rays.

Colours of the latter kind are often spoken of as structural

colours : flll‘:l.' are cansed h_‘;.' the stroncture of the ecolonred

1



2 ANIMAL COLORATION.

surfaces.  The metallic lustre of the feathers of many birds,
suich as the humming birds, is due to the presence of
excessively fine strize upon the surface of the feathers. Dr.
Gadow has recently gone into the question of the colours of
birds’ feathers as determined by their structure in great detail,”
and to his paper the reader is referred : In every case the
colonr needs for its display a background of dark pigment ;
that this is so is shown very well in the case of the albino
forms of many birds: the struncture of the feathers is perfectly
normal, but the pigment needed as a background to show up

the effect of the feather structure is wanting.

Colours caused by Absorption of Light due to the Presence

of Pigments.

By far the commonest source of colour in invertebrate
animals is the presence in the skin of definite pigments which
absorb all the rays of light except those of a particular wave-
length, thus giving the effect of a particular colour. Pigments
are found also in the hair and skin of mammals, in the feathers
of birds, and in the horny integument of reptiles. A great
variety of pigments have been approximately isolated and their
chemical nature studied ; but it would be beyond the scope of
the present work to attempt any general account of animal
pigments. Those interested in the subject may refer to Krii-
kenberg’s # Vergleichend physiologische Studien,” to papers by
Dr. Sorby, Dr. Macmunn and others in the Proceedings of the
Loyal Society, the Quarterly Journal of Microscopical Scicnce
and elsewhere,

There are a few facts, however, which may be noticed heve.

The same colonr even in allied forms is not alwayvs due to

the presence of an identical pigment.  Thus the brown colour of

* Proc. Zool. Soc, 1882.
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birds is chiefly due not to one pigment, but to two apparently
distinet pigments, which give different chemical reactionss to
these two pigments their discoverer, Kritkenberg, has given
the name of Zoorubin and Pseudozoorubin respectively. An
inspection of the feathers would not enable one to tell with
certainty which of the two substances was the caunse of the
colour ; but an extract of zoorubin can always be detected by its
change to a beantiful cherry red on the addition of the minutest
trace of blue sulphate of copper. The green colonr of the
feathers of the turacon is due to a pigment, turacoverdin,
which is quite different from that which causes the green colour
of the parrot.” Again, the erimson colour of the same bird is
produced by a very different pigment from those which cause
the crimson colour of any other birds the colouring-matter of
whose feathers has been stndied.

This being the case, it is not surprising to find that animals
only remotely allied are often coloured by quite different pig-
ments, which yet produce the same effect.

But on the other hand there are some pigments which have
a very wide distribution among animals. Zoonerythrin, or
tetronervthrin, as it has been also called, is found in both
vertebrates and invertebrates. The blood of the common
earthworm owes its red colour to hiemoglobin, as does also the
blood of all vertebrate animals, inclnding man.

Pigments may be even common to plants and animals: apart
from 1;:1l|ur-:nl}]1}'ll (see p. 6), it has been stated that cavotin (a
vegetable pigment) is foond in certain crustacea,

Sometimes differently coloured animals have in reality the
same skin pigments. The attention of the reader will be
directed in o later chapter to the remarkable difference in
colonr between the males and females of certain parrots. In

* The actual pigment here is yellow,
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Eclectus polychlorus this sexual dimorphism 1s  extremely
marked. It would be an exceedingly anomalouns fact 1f the
same species of bird were to possess different pigments in the
two sexes ; and as a matter of fact it is not so in this parrot,
different in colour though the two sexes ave. The same
pigments are present, but the structure of the feathers is
different, and thus the resulting colonr as seen by the eve is
different.

Different colonrs may be also produced by a variation in
the amount of the pigment present: the colours are darker
if a great deal of pigment is present : and if there is but little,
the colour of the internal organs may show through the
comparatively transparent skin, and by their admixtnre with
the proper pigment of the skin produce a totally different
effect. The varyving colours of many earthworms, leeches, and
other invertebrates, are instances of this.

It is commonly said that there is no white pigment in
animals : this statement appears to be erroncons.  Mr. Gaskell
finds that the pineal eye of the lamprey has white pigment. This
1s also the case with the butterfly .lrge galatlea. The white
patches on the wings of this insect® turn yellow when ammonia
is applied to them : as the ammonia evaporates the normal
white colour gradually returns.  With fixed alkalies such as
sodium hydrate the primrose yellow colour was permanent,
but the white could be restored by means of acids.

Pigment is present in other organs of the body besides the
skin:in the blood, for example, of red-(vertebrates, many worms)
and green- (certain worms—e.g. Sadelle) blooded animals, and
in the liver. The colour of an animal is sometimes entirely due
to these internal pigments seen through the transparent and
colourless skin (e.g., pelagic ascidians, very small worms).

* Nature, 1884, vol. xxx., p. 571.
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Many of these pigments appear to have no special use in the
animal economy, except in so far as they may be utilised 1n
order to produce a protective resemblance to the snrronudings,
and in other ways treated of in the succeeding chapters. They
are often merely waste produets which are temporarily stored
up in the skin (see p. 126).
On the other hand, there are certain coloured substances
which have been proved to have a functional importance.

Colours associated with Substances of Physiological Importance
to the Animal.

Some animals owe their colonr to substances embedded in
the skin, or existing in the tissues beneath, which play an
important part in the processes of respiration, digestion, and in
other physiological functions.  The coloration of such animals
may be advantageous or disadvantageous as a means of con-
cealment ; if disadvantageous, we must assume that the direct
advantages of the processes accompanying life which the
colonred substances give outweigh the disadvantages in ren-
dering the animal conspicuous, ete. 1If they happen to be
advantageous in the latter way, it must be looked upon as a
fortunate accident. The substances themselves which give the
colonr cannot probably be changed without destroyving or
altering their useful physiological purposes ; nor, in some cases
at least, can they be concealed without rendering them unseless
for their particular purpose.

He=moglobin.

For example, most rivers and lakes abound with minute
worms of half an inch to two inches or so in length, which are
frequently of a bright red colour. These worms belong to
several genera of the Oligochwta—a gronp which also ineludes

the common earthworm.
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A particularly abundant form is Twbifexr riculorum, which
lives associated in great numbers and partially embedded in
mud at the bottom of streams, ete. : the head end is fixed in
the mnad, while the tail waves about {reely in the water : these
worms form exceedingly conspicnons red patches, which must
attract ground-feeding fish.  The colonr is due to a substance
termed haomoglobin dissolved in the blood ; this substance is
also found in the blood of the higher animals, and it plays the
chief part in respiration : it is able to absorb from the air, and
readily give np to the tissues, oxygen,

A thickening of the body walls of the worm, or an extensive
deposition of pigment, would no doubt render them less visible,
but would probably at the same time interfere with the efficacy
of the respiratory processes.

This substance hiemogloLin is a very widely spread respira-
tory pigment, bnt it is not of much importance as giving a
colonr to the animal except in the group of the Annelids.

Chlorophyll,

Another pigment which is of physiological import is chloro-
phyll.  The colour of all green plants is due to this substance
which is found in the cells of the more superficial tissues. The
importance of chlorophyll to the plant is enormouns.  The actual
physiological processes which oceur are not vet thoroughly
understood, but the result is that in some way or other the
living matter—the protoplasm-—of the plant is able with the
help of the green colouring-matter to split up the carbenic
acul of the air into its constituent elements, carbon and oxygen.
The carbon combines with the water in the plant to form starch.
This process can only go on in the presence of sunlight : if
some fragments of a plant that has been exposed to the sun

for some time be teazed np with needles, and stained with a
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solution of iodine, the blne colour of the starch, which com-
bines with the iodine, can be seen under the microscope.
The plant thus gets a large proportion of its food by the help of
this green chlorophyll.

It is a fact of very great interest that chlorophyll also oceurs
in animals : it is a proof of the fundamental identity between
animals and plants ; the living matter or protoplasm of both 1s
capable of manufacturing an identical produet. As might be
expected, chlorophyll in animals performs a perfectly similar
function to that which it performs in plants ; this is partienlarly
the case with certain lowly organised worms in which it ocenrs,
There is a small worm belonging to the Turbellaria, which is
entirely without an alimentary canal : it has neither mouth nor
stomach. This creatuare— Conroluta Selultzei—lives in sandy
pools left by the sea, associated together in masses, which
freely expose themselves to the sunlight. Professor Geddes
fonnd some years ago that they give oft, when thus exposed,
bubbles of oxygen gas, which is of conrse an indication that the
ureen substance is chlorophyll,

Other Pigments of Physiological Importance.

Certain sponges are coloured by a snbstance which was
originally described by Worm under the name of Tetronery-
thrin.*  This orange red colouring-matter is widely spread
in the animal kingdom ; it occurs, for instance, in two gronps
so widely separated as birds and sponges 5 it is very common
in sponges, and is believed by Kriikenberg capable of absorbing
oxygen and converting it into ozone ; hence it is clearly of
sreat importance as a respiratory pigment, and is analogous
in a way to chlorophyll, or perhaps rather to hsemoglobin.

Like chlorophyll, it is very susceptible to light.

* It was afterwards redescribed as Zoonerythrin.
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Another pigment, which seems to be of equal importance to
haemoglobin, is chloroernorin, found in certain green marine
Annelids ; it colours their blood, and performs the office of an
oxygen carrier.

It is very possible that the brightly coloured oil globules
which are found in the epidermis of certain Turbellarian worms,
and in the small fresh-water annelid ~Folosoma, play a part
analogous to that of chlorophyll or tetronervthrin,

The Coloration of Animals.

It is important, as has already been said, to distingnish
between “ Colour ™ and “ Coloration "—that is to say, between
the actual tints and their arrangement and distribntion. It is no
doubt the fact, as Mr. Wallace states, that colonr is * a normal
product of organisation,” entirely independent of utility: on the
other hand, it will be pointed out in the following pages that
there is a good deal of evidence to show that *coloration ™
bears often a distinet relation to the needs of the animal @ it
may therefore have been modified by natural selection.

One example will suffice to render this matter clearer: the
common Peacock butterfly has wings adorned with the most
varied and beantiful colours, with which are associated duoller
browns and Dblack ; if these different tints were scattered
generally over the surface of the wings, the inseet would be
conspicuous to its enemies at all times,—the coloration might,
if it were palatable to birds, render its extincetion a matter of a
very short time. Dut in the actual butterfly the most brilliant
colours are concentrated upon the upper surface of the wings,
and particularly to form four eyelike markings, one at the
corner of each wing: the under snrface is entively mottled with
dull shades; accordingly, when the inscet is at rest and therefore

more accessible to its foes. the inconspicnons underside is alone
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visible: while when flying about in the sunshine and tolerably
free from molestation, as it is strong ou the wing, the brilliant
colours do no great harm ; or possibly, as has been snggested,
the highly conspicnous marks upon the corners of the wings
attract the attention of birds to a part which may be mjuored
without doing the butterfly much harm.

It 1s supposed, therefore, that in cases of this kind there has
been a gradual elimination of colour varieties less in harmon
than others with the peculiar needs of the inseet.

Plan of Coloration not always Useful to the Animal.

Any one who has some knowledge of natural history will
at once remark that coloration is apparently not always in
harmony with the mode of life of the animal; not onlv are
colonrs and coloration which have no use that can be detected
present, but the general plan of coloration is oceasionally
absolutely dangerons; so it at least seems,  Mr. Romanes has
pointed ont that the different patterns on the breasts of
woodpeckers can have no fonetion: for these birds when in
their natural haunts do not show the spotted under surface.
The highly conspicnous larvie of oue of onr rarer Hawk moths
(Lreilephile galii) must fall an easy prey to creatures that feed
npon them, for it has been proved experimentally that they
are not, as gandily-colonred insects often are, distasteful to
insect-eating animals: their eolonrs cannot therefore have heen
acquired “ as an advertisement of their inedibility.”

The advocates of the theory of natural selection as applied
to coloration are apt toexplain cases of this kind by falling back
upon onr ignorance of so much of natural history : they main-
tain that, were we better acquainted with the life and habits

of those ereatures, some explanation would be fortheoming ;

-
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there i, of course, no gainsaying such an argument. But
many instances of coloration are not believed by any one to be
adaptive: *there can be no question of adaptation,” remarks
Mr. Wallace, * in the brilliant colours of red snow and other low
alge and fungi, or even in the nniversal mantle of green which
clothes so large a portion of the carth’s surface.” *  Mr. Wallace
goes on to remark that “it is the wonderful individuality
of the colours of animals and plants that attracts onr attention
—the fact that the colours arve localised in definite patterns
sometimes in accordance with structural characters, sometimes
altogether independent of them, while often differing in the
most striking and fantastic manner in allied species.  We are
thns compelled to look upon colonr not merely as a physical but
also as a biological characteristic, which has been differentiated
and specialised by natural selection, and must therefore find its
explanation in the principle of adaptation or utility.” There
are some cases of internal coloration which show precisely
the same individoality, and would, were they external, be put
down as colonr modifications requiring some explanation on the
prineiple of ntility,

The body cavity of some lizards is deep black: the pig-
mentation does not affect the entire lining of the body cavity,
bat only a part of it which is sharply ditfferentiated from the
rest : the palate of the orang-outan is black, that of the
chimpanzee, flesh-coloured, with no pigment at all. It is exactly
these specific or generie differences in coloration which are
songht to be explained by natural selection ; thongh it is clear
that in these instances no snch explanation is possible. It
wonld not be, therefore, nnreasonable to say that many forms
of external colonr modifications may possibly be also without
any steh {‘HlllEL]HllENII. It is at least too mueh to assume that

' Darwinism,” p. 189,
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they must have some explanation, which may not have been
forthcoming.

A flagrant instance of non-adaptive coloration is the green
tint of the bones in the fishes Belowe, Profopterus and
Lepidosiren, in the amphibian Pseudis and in a lizard. This
ereen colour is due to the presence of vivianite.

These apparent anomalies can, however, be regarded from
another point of view: it cannot be too often or too strongly
urged that we are living now among changes in the organic
(and inorganic) world just as marked as they were formerly:
perhaps even more marked, for the number of species must
be greater now than in the very early periods of the world’s
historyv: hence competition is keener. It is therefore not
surprising to find, among forms that appear to be “ in harmony
with the environment,” others that have not been able to move

with the times, or that are actually in process of moving.

Constancy of Coloration.

It has been urged that the constancy of animal colour
indicates utility ; domestic animals, it is said, are subject to
great variability, which is not seen in their wild relatives: the
reason for this is supposed to be the elimination of such
varieties among the wild animals. They ocenr in them just
as much asin the domesticated forms, but these varying indi-
viduals do not reach maturity, since they are not so suited to
cope with the conditions of their natural existence,

There are, however, a nnmber of facts that must be considered
i relation to this guestion. Firstly, most of our domestic
animals have been domesticated for a long time: so long is
this time that in many cases their origin is lost in the obseurity

of the past.  Who can say, for example, when the dog was first
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domesticated, and what was the original stock, or probably
stocks, from which an infinite variety of dogs have been bred
and selected ?  During this period they have been subjected
to every variety of treatment, have been fed with all kinds
of food, and have been repeatedly erossed with other breeds.
These facts alone give an opportunity for variation such as is
not possessed by most wild animals.  Secondly, variations in
colonr do of course oceur among animals ander natural con-
ditions: the pages of our euntomological journals constantly
contain records of “ varieties ™ ; any one who will take the
trouble to consult the beantiful plates illustrating Mr. Buckler’s
“ History of British Lepidopterons Larva:,”” now being publighed
by the Ray Society, will find that in several of them (e.4.
Lophopterys camelina— four varieties figured) the colonr is by
no means constant.

The Ruff 1s, of course, the classical instance 3 it is sald that
no two specimens of this bird are alike. Oune of the plates
illnstrating Dr. MeCook’s work * upon “ American Orb-weaving
Spiders 7 is devoted to the illustration of eight or nine colonr
varieties of the female of Kpeira trifolivm.  In fact, if colonring
were really constant for a given species, there would be no
chance for natural selection.

Supposing that a marked variety occurs in a wild species,
there is, first of all, a considerable chance against 1ts reach-
ing maturity ; secondly, there is a considerable chauce
against its finding a mate ; thirdly, the hereditary infloences
on both sides are against the perpetuation of the variety. These
appear to be more potent causes of the comparative fixity of
colonrs in wild animals than the unfitness of the varieties
to live.

[n domestic animals the two first diffienlties arve removed.

* Yol. i, PL. 1.
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Occasionallv, a fortanate concurrence of cirenmstances must
have removed the difficulties in the case of wild animals,

It is recorded in the * Proceedings™ of the Zoological
Society for 1860 (p. 206), that nine albino moles were captured
in a field near Beckenham, in Kent. These may have heen, it
is snggested, the offspring of one pair ; but more probably this
was not the case, since moles usunally produce only four or five
voung ones. Here, be it observed, the white moles were in a
position to find a mate, and therefore the colour was handed on
to their progeny.

In the Zoologist® Mr. Stevenson recorded that a pair of
albino night-jars were shot in the year 1856. The night-
jar is a very invariable bird, and so the fact is of interest, if
only as a record of variation. Moreover, white is a particnlarly
unfavonrable variation in a crepuscular bird, coloured, as the
pight-jar is, with hnes entirely suitable to the dusky sur-
roundings of late evening. The isolated ocenrrence of even a
pair is not by itself, perhaps, a very remarkable fact as bearing
npon the question at hand ; what is more remarkable and
important is the fact that an adult bird, also albino, was shot
near the same place in 1858, and another in 18339 ; this
suggests a case of heredity of a variation most nnfavourable to
the well-being of the species,

In the same Jonrnal £ the existence of sixteen or eighteen
vellow rabbits in several adjacent warrens is recorded.  This is
clearly a very large nnmber of individuals of an unfavourable
variation. They disappeared, however, after the winter.

It wounld be of great importance to collect statistics of
variation occurring in nature ; but it is nnnecessary to point
out the great difficulties that would attend this line of investi-
ration.

-

X1v., p. 3278. T p. 6779 I p. 6660,
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The Action of Natural Selection in producing Colour Changes must
be strictly Limited.

Although it 1s reasonable to suppose that the elimination of
nufit varieties may in some cases have led to the perfecting
of say a colour resemblance between the underside of a butter-
flv’s wing and a decaying leaf, calenlated to deceive its enemies,
such action must be limited in various ways., The material
with which natural selection has to work is often very
restricted.  One kind of modification may be possible in one
cronp which is quite impossible in another. Certain genera
of * Whites,” snch as Leptalis, are believed to owe their
striking resemblance to certain species of another family of
butterflies—the Heliconidae

Heliconidie are distasteful to insect-cating birds, monkeys,

to a need for III‘UI"."L'-“UII: the

and other animals ; in consequence, they enjoy an immunity
from the attacks of these animals.

This 1immunity is apparently sharved by Lepfalis on account
of its being mistaken for a Heliconid. It has the same shaped
wings and the same pattern of coloration.  Now, this shape
and pattern are unusnal among the * Whites,” bat it must be
remembered that the actual eolonrs ave present : yellow, white,
black and red are found among members of the family Pierida
which bear no resemblance to the Heliconidie ; the shape of
the wings, too, which is so characteristic of the Helicomidie 1=
met with in at least one white butterfly—the Wood White. It
is, therefore, not so remarkable to find the striking resemblance
that exists between certain Pieridae and certain Heliconidaw :
the impression that is given by some books dealing with sueh
subjects is that the mimicking Pierids have, so to speak, gone
a very long way out of their road in assuming the livery of the

Heliconidae., A mimicry between one of the “ Blues ™ and a
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Heliconid would, for instance, not appear to be possible.
Similarly, we find among the Vanessidie (% Red Admiral,”
 Tortoiseshell,” ete.) a very general dusky eoloration of the
nnderwings, which often bears a very perfect resemblance to a
withered leaf, and, being thus probably advantageons to the
insect, may have been produced by the survival of the best suited
varieties; but among those Vanessidae where such arvesemblance
is not by any means perfect—e.g., the Painted Lady—there is
still the same confused mottling, which might, with but a little
change, be improved in the required direction. There is, so far
as 1 am aware, no case known of a Vanesse with leaf-creen
nnderwings, such as are occasionally met with in butterflies
that frequent trees. This plan of eolonr would probably be
equally advantageous to a Vewessa, for oreen leaves often
sprout out low down on the trunks of trees. There is here
apparently, if not an impossibility of modification, at least a

tendency for progression along the line of least resistance.

Comparative Constancy of Colour in Genera and Families.

The fact is that not only is coloration, with a few exceptions,
constant for a given species, but it is also, with, of course, a
wider range of variation, constant to genera and to families,
There are exceptions, as there are among species ; but some of
these exceptions are often correlated with anatomical differences
which indicate that the supposed genus or family should be
divided. For instance. the  langhing jackass™ of Australia
differs much from other kingfishers in colour ; and so do the
rest among themselves : but tnis family of birds presents a
considerable variety of anatomical structure which argnes a
wider separation between some of the species than has been
vet allowed by systematic Ornithologists.  We find green to

be a very common colour among Parrots, Touracous, and
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other tree-frequenting birds, but this colonr doees not ocear
in plenty of other genera and families which equally live
amony trees.

(ireen appears to bean impossible colour among rodents and
marsupials, and, indeed, among mammals in general, to which
rale the “green”™ Cercopithecns and the sloth* are hardly
exceptions.  The Echinoderms as a gronp are distingunished by
shades of a brown or red to a purple coloration ; but the
wide distribution of certain colours is, perhaps, most strikingly
shown in the Mammalia.

Among butterflies we meet with the same thing. The
Lyvewenidae (*° Bloes ) are generally, as their name denotes,
blue ; but they are also characterised by the eve-spots on the
nnder surface of the wings. The mottling of the underwings
of the Vanessidie 1s another example ; so, also, is the * silver-
ing 7 of the underwings of the frtillaries, and the tawny
coloration of the upper surface.

Besides, constancy of colour ocenrs among animals where 1t
can hardly be of much use. It wonld be difficult to say in
what way one species of earthworm is profited by having
a bluish purple coloration, another in having a decidedly
ereenish tinge, and a third in being bright red. And yet it
is perfectly possible to distingnish species by their coloration,
as any one who takes a walk after a rainy night may see for
himself.  The earthworm has enemies above ground as well
as below @ the colours conld obvionsly not be seen below
sround ; and it has vet to be proved that the rook, as he follows
the plough, exercises a deliberate choice in the colour of the
wortns which are selected as food.  Moreover, the same colours
are met with in earthworms inhabiting different parts of the
world, and as nnlike in structure as they can be : this would

* See, for the real cause of the green colour of the Sloth, p. 96.
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be set down in the case of many animals to a similar need
which has produced a similar effect.  We can find, in fact, in
this eroup, and for the matter of that in others, examples of
most of the remarkable phenomena of coloration believed to
owe their existence to natural selection, which yet cannot, af

least so far as we can see, have that significance.

The Same Plan of Coloration often found in Distantly Related
Animals.

Just as the same pigments may ocenr in animals that are
not nearly related, so the same plan of coloration distinguishes
animals that are occasionally quite distantly placed in the
scheme of classification. Green butterflies, moths, beetles,
birds, lizards and frogs are nnmerous : the transverse stripes
of the tiger are seen in the zebras and in the marsupial wolf
Thylacinus : a spotted coat distingnishes a considerable
number of mammals belonging to different orders.  The raven,
the American Ani, the Molothrus, agree in having a uniform
black covering of feathers ; the colours and patterns upon the
wings of the butterflies belonging to the genus Leptalis arve
exactly repeated in butterflies of the venns fHeliconins—a re-
presentative of an entirely distinet family. Eve-like markings
are fonund in caterpillars, moths, butterflies and shrimps. In
fact, it is not too much to say that hardly any animal has a
general plan of coloration which is distinetly its own, and is
not even closely paralleled in some other animal or animals
belonging to a different group. The reasons for these resem-
blances will be discussed in the following chapters ; they may
be ronghly classified under three principal heads, which are
however not trenchantly marked off from each other,  Animals
which resemble each other in having a uniform green colora-
tion, such as the igunana, the tree frog, certain caterpillars and

L
=
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moths, are for the most part tree frequenters. Their colour
obvionsly assimilates to that of their surronndings ; they agree,
therefore, in conforming to the same environment ; henee ther
similarity of colonr, which is believed to be effective as a pro-
tection from their enemies or as a means of allowing them to
steal npon their prey unobserved.

The patterns of coloration of other animals may have a
similar meaning : the spots of the jaguar arve believed to be
suggestive of ronnd patches of sunlight such as are admitted
through a screen of leaves ; spotted deer may also perhaps be
partially coneealed by a similar impression being ereated.  The
transverse striping of the tiger is always said to enable the
animal to shun observation among tall grasses ; the Thylacine
may benefit by the same plan of coloration. This profective
coloration 1s widely spread among animals.

The salamander, several species of British caterpillars, and
the Heloderm lizard agree with cach other in the startling
contrast of their colours, which are black and yellow : these
animals, as well as many others which are conspienously
coloured, have been shown to possess some disagreeable guality,
rendering them either unfit for food or dangerous to meddle
with. It is believed that this warwing coloration has been
acquired in order to prevent any other animal making the
mistake of attempting to kill and cat them. It isan advertise-
ment—a highly colonred advertisement one may say—ot their
nusuitability as food.

]"illal“}', the particular and minnte resemblances, often Iu"l'l‘t't’[
down to the smallest detail, which animals belonging to quite
different genera or families show for each other, are believed
to be advantageous, in that one animal is mistaken for the
other. In these cases a perfectly eatable and helpless insect

mimics one that is nauseons or dangerous ; it is therefore let



INTRODUCTORY. 10

alone by other animals, which have got to know either by
painful personal experience or by hereditary experience that
the insect mimicked had better not be tonched. This branch
of the subject will be treated of at length in the chapter re-
lating to ** Protective Mimicry.”

The theory of Natural Selection is believed hy most natural-
ists to farnish the key to all these problems. * Among the
numerons applications of the Darwinian theory,” remarks Mr.
Wallace, “in the interpretation of the complex phenomena
presented by the organie world, none have been more suceessful,
or are more interesting, than those which deal with the colours
of animals and plants.”

Nevertheless, there are certain colour changes, which can be
produced by the direct action of external conditions such as
light, heat, cold, ete., and seem to be altogether independent of
any selective process, It is very possible that colour is more
largely affected by snch caunses than has hitherto been ad-
mitted. A few cases where these environmental effects appear

to have come into play will be discussed in the next chapter.

Relation between Coloration and Structure.

Among segmented animals we constantly find that the
pattern of coloration conforms to the segmentation. The
obligue stripes on the caterpillars of certain hawk moths are
repeated from segment to segment.  Mr. Alfred Tylor® has
attempted to show that i the Mammalia there is an analogous
connection  between  deep-seated  structures and superficial
markings. In the zebra, for instance, a dark longitudinal stripe
marks the whereabouts of the spinal colomn ; the striping on
the flanks ronghly corresponds with the ribs,

There is certainly evidence that coloration has some relation

* v Coloration in Animals and Plants.” London, 1886,
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to the distribution of the underlying nerves. Mr. Allen has
stated® that the white marks on the head of the tiger correspond
to the area of distribution of the infra-orbital nerves. The
nerves terminate in or near the skin; and it is clear that there
must be some connection between nerve sapply and coloration,
from the fact that in a hedgehog whose spines were white, the
nerves in connection with the museles for contraction of the skin
were greatly diseased.t  There are plenty of other pathological

facts of a like nature.

Changes of Colour during Lifetime.

Many animals which are hatched from eggs deposited by
the parent undergo a more or less elaborate series of changes
before they acquire the adult forin.  The most familiar
instances of this arve the lLife histories of beetles, butterflies,
and other insects in which the series of changes are most
pronounced ; other insects, on the contrary, leave the egg in a
condition which is not very dissimilar from that which they
nltimately acquire. Many crustaceans, molluses and other
invertebrates are also liberated from the egg before acquiring
their definitive structure and outward form. Among the
Vertebrata the Amphibia constantly are hatehed as © tadpoles,”
which possess only the rudiments of limbs, and have gills like a
fish : after a longer or shorter period under normal conditions,
the gills disappear, limbs grow out, and the adult frog or newt
is formed. Even among birds and mammals the young are
occasionally  produced in a somewhat imperfeet condition :
thongh the differences between the newly-hatched bird and the
new-born mammal from their parents are not nearly so great

as in the case of the Amphibia.

Serenes, vol. ix., p. 30, t Zoologist, vol. ix. p. 3022
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Where the metamorphosis is considerable, as for example
among the Lepidoptera and Amphibia, the structural differ-
ences are so great between the “larva ™ and the * imago ™ that
they are not fitted to lead a precisely similar life.  The food
may be perfectly different : thus, the larvae or caterpillars of
Lepidoptera usnally feed upon leaves, while the imago—the

butterfly or moth—can only snck jnices throngh its long
proboseis.  The tadpole of the common frog feeds npon decay-
ing vegetable and animal matter, while the frog itself is
insectivorous. Seceing that pigment has been proved in so
many cases to be alterable by changes in the food, it is not
surprising to find that as a rale the colours of larvee are totally
different from those of the adult form. There is no indication
of the goreceous coloration of the Peacock or Red Admiral
butterfly in the dusky greenish larvie of these inseets ; here, of
conrse, the change of colonris related to active internal changes
combined with a cessation from feeding.

Indeed, other causes besides food may contribute to these
differences of colonr and coloration ; but it is sufficient for the
present purpose to mention the fact that the differences exist.
(‘nrionsly enough, the rule is not without exceptions. The
common Magpic moth has a coloration which is very similar
in both the larva condition and in the perfect state; even the
chrysalis is not unlike the caterpillar : spots and blotches of
black and yellow on a whitish ground characterise the moth
and the caterpillar : the pupa is dark brown with yellowish
rings.

Some green moths—snch as, for examyple, Halias quercana
—have green larvie.  These cases are less striking than that
afforded by the Magpie moth, since green is so common a
colonr in nature,  But resemblances of the kind shown by the
caterpillar and imago of the Magpie moth are so very rare
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that they may be fairly set down to a coincidenee having no
particular meaning.

While it is easily intelligible that different structore,
different surroundings, and different food may produece differ-
ences of colour between larvie and imagos, it is not so ecasy
to understand the colonr changes which take place during the
aterpillar stage, or during the lifetime of an animal which
is born in a condition practically identical with that of its
parents,

In some cases it may be plausibly nrged that the progressive
modifications in colour have a protective value : but in other
cases this kind of argnment cannot be used.

The leaf insect (Phyllinm) has, in the adualt condition, a most
extraordinary resemblance to a leaf'; the colonr is green, and
the wing-cases are marked with lines which simulate the
veins of the leaf ; some of the joints of the limbs are flattened
and expanded. Mr. Andrew Murray relates® how an Indian
species exhibited in the Botanical Gardens at Edinburgh
deceived every person by its resemblance to the plant upon
which it lived. The deception was ultimately the cause of its
death ; for the visitors, sceptical as to its animal nature, insisted
upon tonching it before they would be convineed.

This inseet when it is hatched from the ege has, as have the
Orthoptera (erickets, grasshoppers, cockroaches, ete.) generally,
a form but little different from that which it finally gets : but
its colour is yellowish red, and not green.  Directly it begins
to feed, its colour speedily changes to a light green : this
colour gets mixed with yellow later in the year, suggesting
antumnal foliage, or at least a decaying leaf.

The first change, from brown to green, looks very much as
il the food were alone responsible, and as if it were cansed by

it Nllﬂli.ﬁ'l' “r t]l‘l.' I.l'.':lll'["!'“"“t." .l;':“rl'll'l'-'r-'. ."'I-ru' .f”!.f;fll .,p‘.-,..l”-,_“”r_ .,! Al I-H-J'.L
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the deposition in the tissues of the insect of but slightly
altered chlorophyll.  The brown colour of the young insect is
probably suggestive of a withered leaf, so that the change of
colonr here is immaterial as far as concerns the protection of
the insect : brown or green might be supposed to be equally
nseful tints for a leaf-feeding and leaf-resembling insect.

Many green caterpillars are of a faint green from the very
first, and the eggs from which they are hatched are also green;
this is the case with the Convolvuins and Privet Hawk moths ;
bat the green of the Iarva bhecomes intensified dirveetly it begins
to feed ; the colour is largely due to the contents of the
alimentary tract seen throngh the semi-transparent walls : but
the blood also becomes rapidly green-coloured.

The larvie of most Sphingide pass throngh a very varied
series of changes from the time when they first leave the egg
to the time when they assume the chrysalis state.  These
colour-changes have been recently studied with great care by
Mr. Poulton, especially with regard to the Convolvulus and
Privet Hawk moths.

The earliest complete observations upon the sabject were,
however, published by Weismann.*  In this work, referred to
in the foot-note, the reader will find an abundance of detail in
addition to that selected for the present purpose.

The eaterpillar of the Large Elephant Hawk moth
( Chevrocamper elpenor) leaves the ege with a vellowish-white
coloration, quite uniform, except for the candal horn, which is
black : later on the skin, at first transparent, becomes green,
the coloration being here, too, perfectly uniform, with the
exception of the caudal horn, which retains its dark, black
colour,

After the first monlt a fine white line on either side extended

© *Studies in the Theory of Descent,” Eng. trans. by Prof. Meldola.
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between the dorsal middle line and the spiracles, from the
horn to the head ; while the horn developed a patch of red at
the base. A little later a rndiment of the eve-spots appears
as a slicht enrved indentation of the subdorsal white line on
the fourth and fifth segments : at this period a second white
line connecting the spiracles s evident,

After the second moult the concavities on the subdorsal line
are filled in by a deposition of black pigment, the spiracular
white line disappears, and the subdorsal line becomes indistinet.

After the third moult the eve-spots become extremely con-
spicuons, the general green coloration is no longer so uniform,
bat darker green sinnons striations are shown upon a lighter
eround.

The fourth moult ushers in some important changes. The
general colour has changed to dark brown, the striations
being vellowish ; the subdorsal line only persists on the three
front segments and on the eleventh ; the red at the base of the
horn has entirely vanished, and that appendage has acquired a
ereenish colonr.  There are a series of stripes, first visible in
the last stage, arranged obliquely on the spiracles.,

In the last stage the eye-spots of the fourth and fifth
segments repeat themselves on the subsequent segment ; they
are, however, merely black spots without the white and violet
“pupil 7 1 a pair of small, light-colonred dots also make their
appearance on each of segments 5—11. The remains of the
subdorsal line on the first three segments is very evident as a
white line edged with black.

We may thus distinguish a number of well-marked charvac-
teristics ocenrring at different periods of' life.  The voung
caterpillar is green, with no markings. In the next stage it is
furnished with longitndinal stripes. Finally it becomes hrown,

and the loneitudinal stripes have disappeared, except on the
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first few segments, where one of them has given rise to eye-
like markings ; a series of obligue stripes, quite nnconnected
with the longitudinal ones, have appeared. An important
result of these observations, which were carried out with a
large number of species of Hawk moths. is that the same
markings are repeated in the same order in allied forms : one
stage or other may be omitted, but the obligue stripes never
precede the longitadinal striping 3 nor does any caterpillar
commence life with one of the later developed characters and
recar to one of the earlier.

Dr. Weismann considers that this series of stages, which is
more complete in some forms than in others, is an indication
of former influences that have been at work : originally, for
example, a longitadinal striping was advantageous to such
caterpillars, perhaps for the reason, as it has been ingenionsly
sugeested, that monocotyledonons plants were more abundant in
former epochs of the earth’s history. The ribs on the leaves
of these plants are arranged longitudinally, and therefore
caterpillar with a similar striping would be less conspicn-
ons 3 even now it is found that grass-feeding caterpillars are
very generally longitudinally marked ; for instance, those of
such butterflies as the Meadow Browns and Gatekeeper.
When these markings ceased to be nseful, others more in
accordance with the surronndings were developed ;3 but a
residue of the original coloration, only preserved in the earlier
stages, 1s left to tell the history of the species ; this, at least,
is the case as to some species : others have, on the contrary.
remained at a stage of coloration, which is, ex Aypothesi, dis-
advantageons.  Dr. Weismann mentions a remarkable Sp/ina
larva preserved in the Berlin Musenm, which appears to have
remained of a nniform colour thronghont the greater part of

its life.  Gireen was no donbt the earliest colour of these cator-
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pillars, cansed simply by the slightly altered pigment (chloro-
phyll) derived from their food. TPossibly the advent of birds,
which are after all the chief foes of caterpillars, caused a
necesgity for some change of colour, to escape their keen sight.
Dr. Weismann has pointed ont that green, althongh thoronghly
protective as a colonr to leaf-feeding caterpillars while they
are small, is not so advantageous later : * the large size of
the body alone would render them conspicnons ; but this is
remedied by longitndinal or oblique striping, which breaks
up the large surface into a nnmber of small areas, and thus
renders the insect less eonspieuons.

It may therefore he wondered why this particalar eaterpillar
has still retained the primitive coloration : it 1s as Welsmann
has said, ** a living fossil.”™ It must always be remembered,
however, that animal life is not stationary : modification must
be going on before onr eves : and the very fact of the rarity
of this caterpillar is so far an argument either that it is
becoming extinet owing to its inadaptability, or that it is a
variety of some form which has really become modified in the
required direction.  The fact that many Sphinx larvie just
before pupation become brown-coloured is considered by Dr.,
Weismann to be an adaptation to a change in habit : they rest
by day, and deseend to the ground for concealment : a green
colonr would be therefore not nearly so snitable as brown.  Bat
we have to consider the fact that sneh larvie are dimorphic ;
some remain green, others turn brown. This, however, is not
to be explained, as snggested by Mr, Poulton (p. 135), as a

halving of the risks ; some caterpillars resembling leaves and

It will be noted that this sugoestion applies with equal force to
tree snakes, frogs, ete., which are usually brought forward as excellent
examples of protective coloration (see p. 145) : they arve, of course, much
larger, and so the need for breaking up the surface is greater.
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others stems or the bare surface of the carth ; it is simply a
new and better adaptation which has not yet thoronghly esta-
blished itself. The green caterpillars are to be looked upon
as individnals of a class that will nltimately disappear owing
to their retention of a less perfect form of adaptation.

One difficulty in the way of this view of the origin of the
marking of the Hawk moth caterpillars is that the markings
are not always adaptive. With regard to the persistent reten-
tion of the longitndinal striping in the Macroglossinae (the
Humming-bird Hawk moth, Bee Hawk moth, ete.), Dr.
Weismann remarks that it is not difficult to perceive how
a whole gronp could have made shift with this low grade
of marking [longitudinal striping] up to the present time.
Colour and marking are not the only means of oftfence and
defence possessed by these inseets 3 and it is just such simply-
marked larvie as those of the Macroglossinie which have the
protective habit of feeding only at night, and of concealing
themselves by day. Moreover, under certain conditions of life
the longitndinal stripes may be a better means of protection,
even for a Nphinx larva, than any other marking ; and all
those species in which this pattern is retained at the present
time live either among grasses or on Coniferwe,”

This last statement is not absolutely true, since Macroglossa
Juciformis feeds upon honeyvsuckle, which, thongh it may
occasionally trail among grasses at the bottom of a hedgzerow,
also climbs to a considerable height. It has longitudinal
stripes until an “ advanced age.”  So far as the habit of nicht-
teeding 1s coneerned, many of these larvie might have remained
in the first stage: for it would not matter what their colour was.

But it may be always said that we have here an indication
of a former state of affairs; sach an argument can no more he

refuted than those of the elievers in Special Creation.
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On the whole, however, it is clear that there is a great deal
to be said for many of the phenomena of progressive change in
coloration being advantageous, and therefore conceivably dne
to the action of elimination of nnfit varieties.

Mr. Poulton has studied the life history of a caterpillar
belonging to quite a different group of moths—the Geometre.®

The adult larva of Selenia illunaria (one of the *“thorn
moths ) has the usunal twig-like appearance and coloration
fonnd in the group to which it belongs.

When first hatched, the caterpillars are almost entirely hlack,
with four transverse white stripes ; these stripes gradnally
disappear, and the ground colour becomes browner. During
the carly stages the attitnde, as figured by Mr. Poultou, would
seem to render the caterpillar rather conspicuons ; the twig-
lilke attitude assumed doring later stages would probably be
more advantageous in the earlier stages in spite of the colonr.
In fact, it is difficnlt to see any adaptation of colonr and colora-
tion in this first stage.

[t is still harder to detect any meaning of this kind in the
colonr changes of some birds and mammals, The Tapirs are
for the most part of a grevish-brown colonr, which is uniformly
distributed. The Indian species has, on the other hand, a
vood deal of white on the nnder parts,

Now, the yonng Tapirs are invariably spotted with white
spots on a brownish gronnd colonr : the brown is decidedly
different from that of the adult animal. In the same way the
voung of many Carnivora differ from their parents ; the vonng
Lion is distinetly spotted, and traces of this are to be seen
in the adult —particularly in the female; in relation to this fact
it must be remembered that the female is less differentiated
than the male.  The voung Pama is even more darkly spotted

Trans. Futownl, Sae., 1885, Pp- o) et seq.
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than the lion whelp. The young of deer that are uniformly
coloured when adnlt are also, in some species, distinetly
spotted when young.

On the theory that every colour change has a meaning in
relation to the needs of the individual, it is not easy to see why
animals that are of a uniform colour should commence life by
being spotted. It has heen snggested that the spots on the

voung—in the case of the Carnivora, at any rate—enable their
parents to recognise them in the semi-obscurity of the caverns
or dark places which they inhabit ; but it is not likely that an
explanation of this kind can apply to all the cases mentioned.

It might, however, with some reason, be urged that the defini-
tive coloration is soon acquired : and that in conseguence the
ca hypothes')y disadvantageons coloars of the voung would not
have time to do their possessors much harm.

But even this way out of the difficulty is barred in the case
of Gulls,

The bluish and white colonr of many gulls is generally
allowed to be of protective value ; in any case, they are not
unlike their nsnal surronndings.  For three years several of the
common species of gulls have a brownish speckled plumage,
which is totally unlike that of the old bird; if one colour
is advantageous, the other mnst be the reverse: and three
vears is either a considerable period, or net long enough.

The fact of the matter is that the colours of the voung in
these cases are to be probably explained as a recapitula-
tion of ancestral characters, as in the case of the cater-
pillars investigated by Weismann. It is agreed among all
Ornithologists, since Professor Huxley’s well-known paper
upon the * Classification of Birds,”® that the gulls are
most nearly related to some of the Waders. Now, a brownish

* Proc. Zool. Sve., 1867,
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speckled plamage is very common among these birds (e.g.
Golden-Plover, Thick Knee, ete.), and might therefore be
expected to oceur in the nearly related group of the Gulls.

In the same way many Carnivora are spotted ; hence it is
not surprising to find a remembrance of this condition in those
species which are self-coloured,

Professor Eimer has lately published an elaborate memoir
npon the markings of the Carnivora in which he maintains
that there has been a gradual progression from longitudinal
striping to spots, and that these have later united to form
cross-bars, a uniform coloration being the last term in the
series,  This order is invariably maintained—a uniform
coloration, for example, never preceding a longitudinal
striping.  Acecordingly, though we find the young of the self-
colonred Puma spotted, we do not find a uniform coloration
in the young of any spotted or barred species. It must be
mentioned, however, that this conclusion of Eimer’s has been
disputed by another zoologist, Dr. Haacke, who has found
cross stripes in the young of a certain Anstralian fish, which
is longitudinally striped when adult.

The regularity in the development of the markings of
the Carnivora corresponds to the regularity which Prof.
Weismann found in the markings of his caterpillars : and in
hoth cases Prof. Eimer sees a definite law of variation altogether
independent of natural selection.

Prof. Eimer does not quote in lhis “ Organie Evolution,”
as e micht have done, an interesting observation to which
Mr. Wallace has referred on the authority of the late Mr.
Alfred Tylor. It is that the cross stripes in the younyg of
certain hug.—: are ]I!'El‘-L‘lllH] I}:-,' spots which 111.'t11=l-||"'|' do fuse
tocether to form the cross-bars,

Still, these examples, like those described by Prof. Weis-
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mann, are, many of them at any rate, capable of explanation
on the theory that the markings of the young are a sur-
vival of a form of coloration that was once useful, but has
ceased to be so: bat this explanation is obviously much
strained if it be applied, for instance, to the gulls. Further-
more, while it is quite intelligible that the remains of traces of
longitudinal striping upon the very young, and therefore very
small, Sphinx larvie could do no harm, it is not obvions that
the persistence of analogous conditions in large mammals
would be equally harmless : it might have been expected,
therefore, that the spots or stripes would have been entirely
lost in the young. There, again, it must be of conrse borne in
mind that evolution is not at a standstill ; perhaps, if we
knew it, there is an elimination of the spotted eubs of Carnivora
coing on. The whole matter, like the problems of animal
coloration in general, presents us with an involved and
complicated question, to which the answer is probably no more
simple.

Absence of Brilliant Coloration among Mammals.

In view of the theories which have been advanced with
regard to sexnal selection, it is, as M. Stolzman has pointed
out, a remarkable fact that brilliant colours are wanting in the
Mammalia. To this rule there are no conspicnous exceptions ;
the sternal callosities and naked patches about the face of
monkeys are often red or blue, and some of the froit bats have
as bright a coloration as can be got from a contrast of black,
orange, and white ; but there is no mammal which can
compare in point of brilliancy and varviety of colour with even
such a comparatively plain bird as the chaffineh.  The colonrs
of mammals are generally confined to dull shades of black,

brown, orange, and white. Considering the supposed ad-
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vantage of a green colour to tree-frequenting animals, it is not
a little remarkable not to meet with green in some of the
smaller arboreal mammals.  The sloth, it is true, has greyish
green hair, and there are monkeys in which the far has a
ereenish tinge: but there is nothing like the leaf-green colour
of the Iguana or Phyllornis. These facts show in a very
striking way the limitations of the action of natural selection.
The colours of the mammals are mainly due to the presence
or to the absence of pigment in the hair: the hair is white when
it contains air and no pigment, or very little pigment. There
are apparently rarely stroetural peculiarities in hair which can,
in conjunction with the contained pigment, give rise to brilliant
colonrs,  The Cape Golden mole (Chrysockloris) appears to
be one of the few exceptions, and it is remarkable that this
exception shonld be found in an animal which passes the
areater part of its time underground.

The Colours of Deep-Sea Animals.

One of the most remarkable biological discoveries of the
last thirty years is the proof that animals can live in the deep
abvsses of the ocean.  The first actual demonstration of this
truth appears to have been made =o long ago as the year 1515,
during the Aretic voyage of SirJohn Ross ; from a depth of
=00 to 1000 fathoms an _h_e.l'r(}f;ﬁlr‘ﬁ'.-},r: was bronght up on the
sounding line; but little attention, however, was paid to the
matter until the cruise of the Lightuwing and the Porcu-
pine, in the years 1861-70. Since that date the memorable
Challenger expedition, and numerous other expeditions fitted
out by foreign governments, have resulted in the acquirement
of a vast amount of knowledge about the inhabitants of the
deep waters.

Next in importance to the actual proof that animals, differing



INTRODUCTORY . 33

in no essential peculiarities from shore-hannting forms, can
live at a depth of more than five miles, is the fact that brilliant
coloration is so generally met with among them.

This discovery obviously disposes of the old idea that colonr
always depends for its development upon sunlight. Experiments
with sensitised photographic plates—a most delicate test—
<how that the sun’s rays can only penetrate for a few fathoms.
It is, however, believed by some naturalists that some rays of
light can reach even the greatest depths. Nevertheless there
seems to be one objection to this view, and that is the fact
that the sea-water contains too many opaque objects to permit
of any such passage of rays.

The snrface fauna consist of creatures which arve, for the
most part, transparent or but faintly coloured, such as Meduns:a
of all kinds, minute Crostacea, many worms, such as Sagitta,
and various speeies of ascidians and molluses, besides radio-
larians and other Protozoa, and a few plants,

Some of these organisms are so transparent as to be invisible
when placed in a bowl of sea water ; but many of the more
highly developed, such as the Sulpa, are to be easily detected
by the vellow “liver™ or by the contents of the alimentary
canal.

The surface waters often swarm with those minute Algw
which have been termed Diatoms ; these are so abundant in
some oceans, and so far ontnumber other pelagic organisms,
as to produce, by the constant raining down of their siliceons
skeletons, a characteristic deposit upon the sea bottom.
Diatoms are coloured vellow by a pigment belonging to the
chlorophyll series, which is somewhat opaque; the Salpw
and other surface animals feed upon Diatoms, and the vellow
colour of the alimentary canal is due to their presence in large
numbers.  Now, the surface fauna are not confined to a thin

3
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layer of living organisms upon the actnal surface of the sea,
but extend downwards to some depth ; henee it follows that
light coming from above must be greatly prevented from
passing throngh the surface water by the innumerable spots in
the otherwise transparvent organisms.

Near to the shores of continents the opacity of the ocean
waters is increased by the presence of sediment washed down
by rivers or by rain and carried far out to sea by rivers and by
the movements of the sea water itself.  Such sediment ocenrs
at as oreat a distance as two hundred miles from the shore ;
but it is, of course, more abundant as continental land is
approached. In any case, the total absence of chlorophyli-
bearing plants from abyssal depths seems to point to an
absence of light 3 for chlorophyll, with a few exceptions, is
not produced in darkness.

It may be, therefore, admitted, in agreement with the
opinion of most persons, that the ocean abysses are profoundly
dark.

One of the most noteworthy discoveries in view ot this fact
was the occasional, in some groups of deep-sea animals usual,
oceurrence of eves. This discovery led to the formulation of
the celebrated theory of abyssal light, which was first put
forward by the late Dr. W. B. Carpenter and strongly supported
by Rir Wyville Thomson.  This theory acconnted for the
presence of eyves, on the view that the phosphorescence of deep-
sea organisms farnished the requisite light to render the eyes
available.  That phosphorescence is a common phenomenon
among  deep-sca animals is an undoubted fact 3 it oceurs
among representatives of the most diverse elasses : Crustaceans,
Alevonarians, Hydroids, Fishes and other groups are often
phosphorescent.,

The light is sometimes remarkably intense : Professor



INTRODUCTORY. 35

Moseley stated that the brilliant illnmination ereated by a large
Anthozoon enabled him to read print ;: even if it does not
cenerally attain to this degree of brilliancy, a large pateh of
phophorescent  Aleyonarians wonld give oft a considerable
amount of licht. Round snch spots it is believed that the
eved forms congregate. It is not, of conrse, supposed that the
light emanating from the sessile Gorgoniwe and the Anthozoa
has been prodneed by natural selection, acting on behalf of the
creatures to whom the light is considered nseful ; that wonld
be an application of the theory too extended for even its most
extreme supporters: the phosphorescence, it is thonght, protects
these Gorgonians from their enemies ; incidentally, it happens
to be nsefunl to the crustaceans and fishes that hover round
these well-lighted areas.

In some cases, however, it is conceivable that the phos-
phorescence may have been inereased by natural selection as
being nseful to the animal emitting the light ; certain deep-sea
fishes and crustaceans have phosphorescent organs developed
on the head or along the sides of the body ; these may even
be furnished with lens-like transparent bodies serving to con-
centrate the rays of light ; an animal of this kind swims abont
in the abyssal water, and is guided to its prey by a series of
“ bunll’s-eye ” lanterns.

Professor Moseley made, during the vovage of the Chal-
lerger, some very important observations upon the nature of
the light given ont by phosphorescent organisms.  Among
Aleyonarians, red, yellow and green rays only were detected ;
* Hence,” remarks Professor Moseley, “ were the light in the
deep sea derived from this source, in the absence of blue and
violet, only red, yellow and green colours could be effective.”
As a matter of fact, these colours do exist commonly among
deep-sea  animals—particularly shades of red and purple
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(among crinoids, sea-urchins, ete.) ; blue, however, is not absent:
Professor Agassiz remarks that “no blue animals have been
noticed among the deep-sea types,” excepting only in the case
of a small spouge not uncommon in the neichbourhood of the
hundred-fathom line in the Gulf of Mexico. I am not aware
if Sir Wyville Thomson’s deseription of a star-fish, Porcellana-
stery as being of a blue colour was at all exaggerated : but the
late Dr. Von Willemoes-Snhm described a large species of the
Isopod genus Seroflis as“ of a fine blue colour,” which colonr is
partially visible even in the preserved specimens of that species.

So far, therefore, there appears to be nothing unreasonable in
this theory, which depends upon two apparently undounbted
facts : (1) licht due to phosphorescence, (2) the general
presence of eves,

But while eyes are apparently often present among deep-sea
animals, they are not unfrequently entirely absent : this fact
would not fit in with the theory, if the eveless forms belonged to
oenera or families of which the shallow-water species invariably
have eves.  As to the blind gastropods and fishes of the deep
sea, many of them live in mud, where eyes would be useless to
them in any case.

Among the Crustacea, where the eyes arc more conveniently
studied than in many other groups, eves may be present or
absent ; but this does not necessarily offer an unsurmountable
obstacle to the theory cf abyssal light, becanse some shallow-
water species may also be without eves ; among the Isopoda,”
for example, the genus  Plewrogonium, confined to shallow
water, is 'thL“}.'hHl]d : 80 are the enera .”r-'r.-.rru‘.r;.w‘ﬁ. f;*ff."_f.ﬁ'frpr'.
Ischnosomn, Typllotanais and Cryptocope, whether they occur
in deep or shallow water,

* See my Report on the Isopoda collected by the Challenger (** Zool. Chall
Exped.,” Pts. xxxiii. and x1viii.)
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The real obstacle to the theorv—to my mind a fatal objection
—is the fact that in many cases the eyes are evidently in conrse
of degeneration.  This is not apparent on a mere inspection of
the eyes ; they require to be studied microscopically. 1t often
happens that the external part of the eye—the facetted
“ cornea "—1is the last part to vanish, and that even the
pigment may persist long after the visunal elements have
become so degenerate as to be unrecognisable.

There are so many cases among the deep-sea animals of
degenerate eyes, that it seems reasonable to suppose that vision
is impossible ; the presence of well-developed eyes or the total
absence of these strnctures are, as has been explained, intelligible
on the theory of abyvssal light ; not so the existence of eyes in
an intermediate condition. The inevitable conelusion, there-
fore, from these factsappears to be that the brilliant and varied
colorations of deep-sca animals, is totally devoid of meaning ;
they cannot be of advantage for protective purposes or as warn-
ing colours, for the single and snfficient reason that they are
invisible.

It might possibly be argued that the colours in guestion had
at one time a secondary use, and had in fact been produced for
such purposes,—at the time when the animals were restricted
to shallow waters, accessible to the snulight. These have been
preserved, it wonld then be snggested, owing to the fact that
sufficent time had not elapsed since migration into deep water,
for their disappearance or modification,

In the case of some organisms this snggestion may be
allowed, as it is really not worth combating: but it is generally
admitted that a great part of the deep-sea fauna dates from
extreme antiguity., Professor Moseley fixes the (retaceous
epoch as the commencement of the colonisation of the abysses ;

3

this period is guite remote enongh, thongh others would put it
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farther back. It can be hardly disputed that, were pigment
simply distributed by means of natural selection, sufficient
time has elapsed for the effects of this action to have ceased
or been reversed. Aund yet the coloration of the deep-sea
animals is, on the whole, similar to that of their shallow-water
allies.  If natural selection has been the cause in the one
case, it onght to be in the other ; but there are serious reasons
for disbelieving in the shave taken by natural selection (that
is, of course, in relation to environment, ete.) in affecting the
coloration of deep-sea animals 1 the question, therefore, 1s
pressing: neced natural selection be responsible tor the colora-
tion of the shallow-water forms 7

“ Protective resemblances ™ are shown among deep-sea forms,
just as they are in the shallow water,

Professor Agassiz remarks opon  *the many species of
Ophiurans attached to varionsly coloured Gorgonians, branching
corals, and stems of Pentacrinus, scarcely to be distin-
ounished from the part to which they cling, so completely
has their pattern of coloration become identified with it.
There is a similar agreement in coloration in annelids when
commensal upon starfish, mollusea, actinia or sponges, and
with erustacea and actinia parasitic upon corals, gorgonians or
mollusks.”

In my own opinion these cases of resemblance are to be
explained by the parasite actually assimilating and depositing
in its own skin the pigments of its host 3 bat they are entirely
parallel to instances of protective resemblance among the
littoral creatures.

Since the conditions of life in the deep sea are so different
from those of shallower coast water, we mig‘hl {~:~;]u-rt. hn'ill'ill;__{
in mind the primary meaning of pigment (see p. o), to se¢ some

differences i the colonr,
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Apart from darkness, which we have already considered,
deep-sea animals are subjected to enormous pressure : at a
thousand fathoms this pressurve is something like a ton to the
square inch.

The temperature, again, is low; the heat of the snn does not
apparently extend to a greater depth than a hundred and
fiftv fathoms. The investigations of the Challenger have
shown that there is everywhere a progressive decrease in heat
from the surface water downwards in the great sea basins, In
the deep abysses the average temperature is about 347 ;3 it is
occasionally below freezing point.

These temperatures, it must be observed, do not fluctuate.
In the shallow waters there is of conrse fluctuation.

As to the colours of the deep-sea animals, the tints are
sometimes deeper.  Croastaceans ave often brilliant searlet, the
pigment being much more abundant than in the pelagic
forms. Professor Agassiz states that © the echinoids dredged
beyond the hundred-fathom line are many of them dark-
colonred 7 ; black 1s a common colour in deep-sea fishes. 1In
examining the Challenger collection of the curions Isopod
genus Serolis, which bears so striking a superficial resemblance
to the extinet Trilobites, I found that three ont of the four
deep-sea species were much more darkly and uniformly
colonred than any of the shallow-water species ; I imagine
that the pigment is the same, only more abundant.

Change of Colour after Death.

It is, of course, well known that the colonrs of insects,
lizards and other animals frequently change after death : the
change generally takes the form of a diminution in depth of
colonur,—the colours fade: the delicate greens of many moths—

the Emerald moths, for example—become a pale straw colour.
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Sometimes, however, the changes are different, and there
may even be an increase in the darkness of the eolonr, due
possibly to chemical change in the pigments slowly taking
place. At a meeting of the Entomological Society of London,
a few vears since, the well-known coleopterist, Mr. (. 0.
Waterhonse, exhibited some phytophagons beetles, which had
been exposed for twenty-five years in the public galleries ot
the DBristol Museum, in which the colour changes were most
remarkable.

Jeetles whose npatural colonr was a brilliant red had not
diminished in brillianey, but had changed to green ; pale
vellow had deepened into brown, blue into black : while the
areen colonr of some forms had become converted into purple.
It such changes take place after death, it is quite conceivable
that they may take place during the life of the animal. The
pigment itself is no more alive in a living animal than it is in

a dead one.

Connection between Integumental Pigments and Excretory
Products.

An interesting case of the connection between an integu-
mental pigment and  exereted matter has Deen recently
published by Mr. Hopkins, of Guy’s Hospital.  This gentleman
found that the vellow pigment of a number of butterflies—
inclnding the following : ¢ Brimstone,” * Clonded Yellow,”
“Common White,” # Orange-tip,” and © Swallow-tail "—could
be extracted by hot water, giving a solution with an acul
reaction : the solntion when evaporated gave the * murexide
reaction 73 it vielded crvstals of Lrie acied when treated with
hvdrochlorie acid, and, after a more prolonged treatment
with the same acid, {rea,

There is thus no gquestion that the colouring-matter of these
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Imtterflies is related to ordinary producets of the metabolism of
the hml}'.*

Mr. Poulton has recently found that the red flnid exereted
by the Tortoiseshell and other Vanessida, immediately after
they escape from the chrysalis, contains nric acid : the fact
that this substance is evacnated in these buttertlies may
perhaps have something to do with the absence, or at least
the presence of only traces, of a yellow colouring in these
butterflies ; metabolism must be nearly at a standstill in the
butterfly.

Dr. Urech has also pointed out that there is a close con-
nection between the pigments found in the urine of butterflies
and the colour of their wings.

- We might expect that caterpillars, which lead such extra-
ordinarily active lives, as far as devouring food is concerned,

wonld normally store up a quantity of integumental pigment.

* Jouwrn, Chem. Soe,, 1889, and Jalresh. f. Thier. Chemnie, 1800,



CHAPTER II.
COLORATION AFFECTED BY THE ENVIRONMENT.

There are numerons cases where the eoloration of an animal
appears in part to be due directly to the influence of the
surroundings, and to have no possible rvelation to natural
selection. I shall reserve what is probably the most striking
instance of this—viz., the fauna of caves—to the last, and
commence with some other cases.

The Scarlet Ibis of South America is frequently exhibited
alive at the Zoological Society’s Gardens. It invariably
happens that the brilliant colonr fades in captivity, and
becomes much duller as well as paler. Such a change does
not happen with all birds, and cannot therefore be set down
at once to insuflicient food or neglect of any kind. It may
depend upon the nature of the food, or upon temperature :
many other eauses might be sugeested, but the real cause is
not certainly known.

such differences of colour, dune to obseure causes, are also
frequent in pature ; they give rise to * local varieties,” which

are familiar enongh to entomolowists.

Local Colour Varieties.
The Isle of Man produces a small dark varviety of the
common Tortoiseshell butterfly. Mr. J. Jenuer Weir has
discovered that in the Shetland Islands the Glost Swift

(Hepialus hwmnli) has a tendeney to lose the secondary
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characters which distinguish the two sexes.  Normally the
male insect has the upper surface of the wings of a shining
white colonr, while in the female they are brown. In the
Shetland Islands, but not in the Hebrides, a proportion of the
males captured were like the females.

The same naturalist noted a tendency in a number of species
of Geometrides * taken in the Hebrides towards a greyer colora-
tion than the normal : but it is suggested that this is due to
the prevalent grey guneiss ; by natural selection only those
forms which approached the gneiss in colonr were preserved.
A similar explanation has been given of the black Lizard
(Lacerta Simonyi) found on an island of the Canary group : it
does not greatly differ, except in coloration, from Lacerta
ocelluta ; it 1s saad that the black colour renders it less con-
spicuons to predaceous birds, which arve its only enemies, since
the rocks upon which the animal lives are very dark in colour.
On the other band, this black colour may be referable to the
same causes—namely, moisture, which Eimer thinks have heen
effectual in the case of certain melanic varvieties of lizards in
the Mediterranean islands.

A large moth, Bombyx trifolii, appears, from the observations
of Mr. Milford,7 to have a distinet local variety in Rommney
Marsh, Kent; it is paler than the normal insect.  The larvae
were first found by Mr. Milford, « in May 1866, feeding in the
tufts of a very wiry grass growing in the shingle above hieh-
water mark ; they were again found and bred in May 1876,
Iu August 1868 two dead moths, exactly  similar, werce
observed in the same locality ; and in August 1871 eighteen

* Entomologist, 1881, p. 220. The following are the species : Buarnin
i'-'Jr-l"rJ'ie'rl"Hh!! f)n'.l;_rjr.li'.!'rf ruffj'lq.-c.:'nf”, foaventia rﬁu".«;mrra’u_ L. evegiota, Cidorio

J‘-rr{{e:{{fr11 _II’J"FHH;_!JIH’ fm:-'frr.frr, Af. wrecindir e i,

'F' .l"';lel'iHn'iarrr_rJr.rl,ﬁf. "i'i_}l_ 'l'i" Ir. _'1-_,_
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examples were bred.”  These facts seem to indicate a marked
persistence of this form in the locality.,

In Ireland a dove-coloured rariul:r of Pieris rape, one
of the common white butterflies, is abundant, and has been
imported into America, where the variety is now the typical
form of the species,

Local races are of course not confined to reptiles and insects:
there are plenty of instances among birds and mammals.
Dr. Gadow, in one of the British Musenm Catalogues of Birds,
has recorded the interesting fact that specimens of Lanius
collaris from the Congo have a red under-surface ; sonth of
the Congo this colonr 1s changed to orange, and in the

(‘ameroons to lemon-yellow,

Geographical Distribution of Colour. .

Dr. L. Camerano has attempted a geographical distribution
of colour which may be thus briefly snmmarised.® The
Palwearctic region—that is, Europe and Northern Asia—has
as prevailing tints grey, white, vellow, and black : in Africa
vellow and brown are most abundant : green and red are
the prevailing tints of the Neotropical region (Central and
South America), yellow and red of the Indian. Australia is to
be distingnished from the rest by the great abundance of black
animals,

A closer seratiny of many of the above instances and
of others which seem to indicate some connection between
locality and colour, will probably show that other causes are
probably responsible for the colonr changes,

Additional Instances of an apparent Connection between Colour

and Locality.

A curions instanee of what appears to be an association

» ‘?‘"'..u_u"..-_.llll_rncf;.lr ‘Inlf.-;:f yi. ]HHL I'I_ Adl.
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between colonr and locality is shown by the fauna of Ceylon:
there is a great prevalence of green® among the insects of that
island; Haeckel pointed out that this might be merely pro-
tective: in a forest country it is not surprising to meet with
oreen as a 1#1‘1‘\‘!1]&'11? coloar.

But green is not confined to the forest fauna; it is quite
common also among the marine animals; and thongh there are
abundant algwe in those seas, green is not altogether so common
a colour among the inhabitants of the sea as it is among the
inhabitants of forests. Besides, animals which seldom show
any ereen in other localities are green here : for example, sea-
urchins, brittle-stars and star-fish, among which various
shades of brown, pnrple and red are as a general rule the pre-
vailing colours. Particularly is this the case with corals, which
are not often green,  Ransonnet, in his work upon Ceylon, gives
two beantiful plates which represent life upon a coral reef, and
which were sketched by the anthor from a diving-bell ; green
is the only colour which is at all prominent in these plates, and
is not by any means confined to the Corals,

Professor Haeckel ¥ himself, though inclined to put down the
green to the necessity for protection, admits that the pre-
valence of green among the corals is a very remarkable and
noteworthy fact. He speaks, in describing a coral reef, of
“a vellow-green .lleyonia growing with sea-green [Heteropora,
and malachite-like Anthoplylla side by side with olive-green
Millepora; Madre pora and Astrea, of emerald hue, with hrown-
ereen Wontienlopora and Weandrina.”  Lven a species of the
gigantic clam Tridocna 1s green, and so are many other
marine creatures. Fven if this particular instance may be

" Even the great four-feet-long earthworm of Ceylon, which is usually
spoken of as blue, appears from Mr. Bourne's sketeh to be green

T * Ceylon,” p. 154,
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explained as a need for protection, an explanation of that sort
canuot possibly be advanced to acconnt for a still more remark-
able instanee of a connection between colonr and loeality which
has heen lately bronght forward by Dr. Adalbert Seitz.

In a forest of sonthern Brazil Dr. Seitz found a perfectly
civenmseribed region in which the insects were almost entirely
blue : a few miles away from this locality the inseets were red,
vellow—any colonr but blue; but in the particular locality
blue was so characteristic a tint, that ont of twenty butterflies
ten were entirely blue and the remaining ten partially blne.
Nor was blue found to be confined to the lepidoptera: the
flies and hemiptera were also largely blne.  We must therefore,
as Dr. Seitz remarks in commenting npon these facts, not at
onee put down every colonr phenomenon to mimiery, need
for protective resemblance, warning coloration and so forth:
there arve plenty of phenomena which do not seem ecapable of
explanation on any of these theories,

The connection between colonr, form and loecality was dwelt
npon by Dr. Andrew Murray.,  Some of the examples quoted
by Murray have bheen since explained by mimicry; but others
annot, at least in the present state of our knowledge, be =o
explained.

The Clonded Yellow (Colins edusa), one of onr handsomest
inglish butterflies, has a well-marked variety known as Helice,
[Helice eniefly differs from Edusa in the paler ecolour.  In the
Arcentine Republic ® there ocenrs an allied species oft Colius,
. leshia, which has also a varietal form differing from it about
as much as Helice differs from Edusa.  But a more striking
instance still is also to be met with in the same part of South
Awerica, showing that there is a tendency in the widely
separated localities, which presumably resemble each other

. ..-'-'fu.r,u"u!rl,r.r'xr'frr' Joahebieher, vol. w.
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in some climatic or other condition, to produce similar
~forms.

There is a butterfly common in certain parts of the Ar-
centine, which Dr. Seitz at first mistook for the European
Vanesse (Araschnia) levanae, so closely does it resemble that
batterfly in colour, in the notching of the wings, and in other
ways. Moreover, there is a variety of this form which i1s 1in
the same way exceedingly like the form prorse. A closer
examination of the insect showed that it did not belong to this
species at all, or cven to the same genus ; it is a member of
another genus, Phyciodes. 11,7 says Dr. Seitz, * these were
found in our country, no one would donbt that this was a case
of mimicry as perfect as any which exists.” It might be
suggested that it /s a case of mimicry, but the mimicking and
mimicked forms have each gone their own way, one migrating
to one conutry and one to another; they might possibly at one
time have both lived in North America, and later on separated,
one going south, and the other east, crossing over into Asia
by way of Behring’s Strait. Such an explanation would be,
as Dr. Seitz points out, entirely contrary to what is known of
the distribution of these insccts; for the genus Araschnio is
absolutely confined to the Old World, and Phyciodes to the
New World.

We see here a particular type recurring in regions widely
separated, which may be reasonably supposed to be due to
similar environmental conditions,

The resemblance between the Danatdae, Aerweidae, Heliconidae,
and Pieridae of South America may be mentioned here; they
will be treated of in the chapter relating to mimicry; there
15 also a Satyrid in which the wings have partially lost their
scaling, and there are other examples among South American

lepidoptera of the same transparency in the wings,
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Effects of Food upon Colour,

Food has certainly an important effect upon the colours of
many anmals,  Semper, in his ¢ Animal Life,” although he
quotes a number of eases where ool seems to have had in-
fluence in affecting  colours, is indisposed to accept the
evidence,

If the nature of animal colours is borne in mind, it seems
impossible to doubt the modifyving action of food: those that
are due to stractural peculiarities of the parts colonred (e.g.
feathers of many birds) may be altered just as much as those
that are caunsed by the deposition of pigment : for the
“structural ” colours depend largely upon pigment for their
manifestation.

The mere increase in the deposition of pigment may lead to
an alteration of colour, oftenest perhaps in the direction of
melanism : and there is evidence that varions substances when
taken into the body do inflaence the amount of excreted matter.
Where there is an obvious relation between waste matter and
the skin pigments, it cannot be doubted,® that variation in the
amonnt only of the food may lead to colour changes.

The most interesting case of a colonr change produced by
difterent food, with which 1 am acquainted, is that of the
larvie of the large Tortoiseshell butterfly when fed upon
nettles. The large Tortoiseshell (Vanessa polyelloros) nor-
mally feeds upon elm, while the small Tortoiseshell (V. artice
is addieted to nettles.  Mr J. Tawell submitted to the Ii“l.‘
Mr. Edward Newman some imagos of the large Tortoiseshell

* In making some experiments upon the colours of earthworms I
confined a large individual in a Hower-pot.  After the lapse of a month,
during which the specimen had been overlooked and the earth allowed to
dry up, the worm was found in a cavity in a lump of dry earth, perfectly

healthy in appearance, but bieaehed ; this Lattrbute to its not having fed

for a long period.
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which he had bred from caterpillars found upon nettles : these
showed, according to Mr. Newman,® “ a wonderful similarity to
Urtice,” thongh the colonr was * nearver to that of Polychloros.”

Plenty of other instances of a similar kind have been re-
corded, and by entomologists of experience ; I do not under-
stand why Professor Semper should throw a doubt npon the
validity of their statements, especially as he sees no intrinsic
improbability in the influence of food npon coloration.

Professor Eimer + has quoted the researches of Koch in
this department of entomology. Koch was able in the case of
Chelonia hebe (one of the Tiger moths) to alter the colonr of
the nnderwings from a fiery to a dull red, and bring out more
strongly either the black markings or the white ground
by feeding the caterpillars upon different plants, Similar
experiments were made upon the common Tiger moth (4.
eaja ), and Nemeophila plantaginis, also a British insect.

Mr. Goss found that the larva of one of our fritillaries ( Melitewa
artemis), when fed npon honeyvsuckle, which is not the usual
food plant of the caterpillar, became very dark-coloured imagos.:
One of the “Thorn moths ”  (Ennomos angularia) shows
variations in colour according as to whether the larva has been
fed upon oak, hawthorn, lime, or lilac.§

In the Zoologist, on p. 7903, Mr. Gregson has tabunlated the
resnlts of a careful series of experiments dealing with the effects
produced by different food plants upon a number of different
species of moths.

Pygera bucephala was finer and darker when fed upon sycamore,
Nylophasia polyodon was dark, sometimes black, when fed upon heather.
Huadena adusta was darker when fed upon heather,

Avronyeta wmenyanthidiz fed on sallow produces var, Salivis,

. .I'r':.li."r.-.ru.r.u"--.u_.r_lrn';-;:.fT vol. vi.. p. 8K
T ¢ Organic Evolution,” Eng. Trans. by J. T. Cunningham.
b Entomologist, vol. vil., p. 203, § Ihid., vol. ix., p. 263,
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Aeronyeta wienyantlisdis fed on heath produces light specimens.
Hybernia defolinta fed on bireh produces beautifully marked specimens :
;i i fed on elm produces dull-coloured specimens, almost
without markings,

Noctua festira fed on thorn gives specimens of a rich red colour and well

marked :
” . fed upon grass, light yellowish, rarely well-marked specimens.
Abricras grossulaviatn, fed upon red eurrant ; light specimens :
. fed upon blackthorn : darker specimens :
g s fed upon bullace ; darker still, the white sometimes

becoming yellow.

Not only does the nature of the food, as shown in the above
instances, produce colour variations, but the guantity may
have an important effect in the same direction. Mr. Ramsay
('ox,® in relation to this matter, writes as follows :—* We
captured in the New Forest a number of half-grown larvee of
Vanessa lo (the Peacock butterfly), which were carefully fed
for a few days ; but, owing to my boy’s neglect and to my
being busy with the net, they were left several days without
food ; all dead leaves and stalks had been devoured. They
were a very long time changing, and many fastened themselves
to the bottom of the cage, as if too weak to spin upon the
top or sides, in the ordinary manner. Very few died, either
in the larval or pupal state. Nearly all the imagos were, of
course, rather small; they varied much in the intensity of their
colonring, and two specimens are very singularly marked. In
one the yellow costal spot is only represented by a very small
white mark. There is scarcely any yellow in the ocellus, a large
]:;n't of which 1s filled up with black; the usnal chocolate |ril-t['h
in it is also black. The chocolate gronnd-colonr is also darker
than usual.  In the hind wing the ocellus contains only twao
small, round, violet spots., The other specimen is similarly

marked, except in the hind wings, in which there 1s no ocellus

.I":ufumufuya'ﬂ-". vol. 1x., P- n8.
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at all of the ordinary character, but merely an irregularly
shaped, dull whitish bloteh, containing a very indistinet small
brown mark. Vawessa wrtice and polyehloros were similarly
treated : the latter produced no pecnliar-looking specimens,
excepting that the ground colonr was darker than in ordinary
bred specimens. The urtice, in spite of their starving, came ot
nearly the natnral size. Many have a thick black nervure in
the centre of the wing, also a brownish patch between the
middle costal spot and that in the inner margin ; and the dark
margin round the wings is wider than nsnal. The effects of
starving these three species wonld therefore appear to be
similar, as far as the causing of dark spots, patches, ete., goes.”

The change of colour in canaries when given red pepper,
and in certain parrots when provided with the fat of particular
fislies, are instances that are quoted in every book dealing with
these effects. There are even dealers in animals who have got
the reputation of being able to * colonr np ™ birds such as the
flamingo by jndicions feeding.

Another remarkable instance of the apparently direct effects
of food in producing colonr change was originally put forward
by Darwin, who obtained the information from Moritz Wagner.
It has been referred to by Prof. Mivart,* and also by Mr.
Lloyd Morgan.+ * A number of pupie were brought in 1370
to Switzerland from Texas of a species of Saturnia widely
different from European species. In May 1871 the moths
developed out of the cocoons (which had spent the winter in
Switzerland), and resembled entirvely the Texan species. Their
voung were fed on leaves of Juglans regia (the Texan form
teeding on Juglans nigra), and they changed into moths so
different, not only in colour, but also in form, from their
parents, that they were reckoned by entomologists as a distinet

* “On Truth,” p. 378. T * Animal Life and Intelhgence,” p. 163.
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species,” It looks very much as if this change, which is one
of the most remarkable among those, which have been recorded,
were due to food : bat it is possibly a question of® climate,
In any case it seems evident that the action of the environment
is the canse,

The common }.:'iLI'lll‘l] snail (!'.(uf.r.r H.u",ur'.f'mr} 15 sald to hecome
darker when fed upon lettuce.

The “ Tiger moth ™ ( ¢ helowia eatyir) whose caterpillar is the
familiar * Woolly-bear,” is almost the classical instance of
the effects of food upon colonr. It appears to be in any ease a
most variable species ; the pages of the Eatomologist and other
journals devoted to entomology contain numerons records of
arieties, some of which have been traced to food while others
have not a known history.  The orange red of the hind wings
may be replaced by vellow, and the proportions of brown and
white in the fore wings are subject to immense fluctuation.
Eimer * quotes from Koch a number of colour changes whicl
accompany and are probably caused by a change of diet.
Thus, if' fed upon lettuce, the white gronnd of the fore wings
predominates over the brown ; the precise contrary is produced
by feeding the larvee npon the leaves of the deadly nightshade :
in moths bred from larvie which have been fed upon the
leaves of this plant the white becomes almost obliterated,
while the bluish marks upon the hind wings fuse together and
displace the orange vellow ground colour.  Koch concludes
the acconnt of his observations with the following remarks :
“ AMust not similar processes occur l'EllliLE[:'.', and even on a
larger scale, in the natural life of the conntless forms of the
class in question?  When a great number of individuals
ll{-l‘i:-ilt t]ll'nll;_r']] all oceasional hL‘.ilI'l'it"‘n' of their proper tood
plant, must uot, nevertheless, considerable numbers survive by

" * Organie Evolution,” p. 150,
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contenting themselves with other allied food materials, and so
wive rise to varieties whose origin we do not dream of, and
which therefore we are led to regard as new species ? 7

The effects of food upon the colour of the imago or perfect
msect do not in these cases, curiously enough, affect the larva :
it wonld seem to be the larva which onght to be altered before
rhe imago. There are, however, examples of a connection
hetween the coloration of the larva and the imago.

My, Jordan ® observed that whitish larvae of Sphine populi
(the Poplar Hawk moth) gave rise to albino moths ; on the
other hand, melanic caterpillars of the Magpie moth resunlted
i imagos which were not specially black.

That the yvellow colonr of canaries can be altered to an orange
red by mixing cayenne pepper with their food, has heen known
for a long time. This curions fact was first discovered in
Fngland, as was also the fact that the different races of canaries
vary in their snsceptibility to the action of the pepper ; some
kinds are more, others less, affected, while one race is absolutely
without any power of having its coloration altered by these
means.  The colonr change is produced by feeding the newly
hatched yvoung with the pepper conveyed in their food or the
old birds while sitting upon the nest are furnished with food
containing the cayenne, with which they in turn feed their ofi-
spring.  The colour change can, in fact, be only brought about
i very young birds whose feathers are not completely matured;
It is quite impossible to produce any alteration upon the full-
grown canary. Clearly, therefore, here is an instance of the
direct eftect of food upon colonr,  An interesting paper npon
the subject, which has also furnished me with the facts alveady
mentioned, has lately appeared,t and it will be of interest to

* Ent. .|I"ur.l."1".l|!'l.l; _|.|'rr.-.;,l.:, vol, i.., . (3.
t  Archiv. Anatomie und Physiol.” 1589 : Physiol., Abtheil. 543.
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give some account of the anthor’s (Dr. Sanermann’s) experi-
ments, for reasons which will appear. Cayenne pepper, of
course, is a composite substance, from which a number of
distinet chemical substances can be extracted : the red colonr
is cansed by a pigment termed capsicin, which can be separated
from the pepper: and 1t might easily be snpposed that the
change from yellow to red in the feathers of the canary was
simply caused by a transference of the pigment, as in the cases
mentioned on p. 127: but Dr. Sanermann has shown that it is
not so. Yellow-coloured canaries were not in the very slightest,
degree aftected by the pigment alone; but, enrviously enough,
parti-colonred birds did react,—the brown parts of the feathers
became distinetly lighter in hue. It is a fatty snbstance
(triolein) which appears to convey the pigment, and produoce
thus a changing of the colour from yellow to red: and further
experiments were made with other birds, showing that it is
not only canaries which are influenced by their food in this
way. Some white fowls, belonging to a special breed, showed
traces of yellow among the feathers after feeding with cayenne :
but in this case there were not racial but individnal difterences
in susceptibility, for all the specimens of the birds experi-
mented with did not react to the stimulus,

A similar series of experiments was made with some other
colours: it was found with earmine that the vellow colonr was
destroved and the birds became white.  This nnexpected eftect
is explained by the fact that a mixture of violet and yellow
produces white. The proof that the fatty constituent, triolein,
plays the chief part in the colouring of the feathers may
perhaps help to explain the very singular fact that the Amazou
parrots change from green to vellow when fed upon the tat of
certain fishes,

With regard to the white fowls referred to, the experiments
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made by Dr. Savermann were particularly interesting. The
interest lies in the fact that the pigment was not absorbed
equally by all the feathers : only special tracts were aftected:
the breast feathers, for instance, became red, while the head
remained white. It is therefore quite credible that in a state
of nature partial alteration of colonr may be prodnced by a
change of diet.

In the chapter relating to protective resemblances will be
found an account of several examples of animals which have
apparently acquired a resemblance to their surronndings by the

transference of pigment to their bodies iu their tood.

Effects of Temperature and Moisture.

A common colour phenomenon in animals is that known as
melanism : by melanism I understand not necessarily a pre-
dominance of black, but a general darkening of the coloration.

Dr. Scudder, in his magnificent work upon New England
butterflies, remarks that melanism is confined to the districts
sonth of New York : while the reverse condition (viz. albi-
nism) is hardly ever found, except north of that city ; this
is obviously suggestive of a climatal canse for the coloar
modifications in  question.  “ As we go north,” says Dr.
Sendder, * the colours become less sharply defined, then
gradually fade away or become blended with surrounding tints;
the red first disappears, the blue follows, the yellow longest
maintaining its hold.”

Furthermore, according to the same writer, loss of purity of
colonr and suffusion of markings characterise northern  and
Alpine forms of butterflies.  Varieties of similar species are
commonly met with which exhibit the same suffusion : these
varieties almost exelusively oceur in temperate regions, and

they have also been artificially produced by cold.
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Al these facts are clearly in harmony, and indicate a direct
vartation of colour in corvespondence with changes in tem-
perature, which would be very diffienlt to be proved useful to
the sects, and therefore III"I'IJ-I_‘T'I'I:I_.T!‘II_ by natural selection.

Professor Leydig (quoted by Eimer™®) gives an interesting
account of certain colonr changes which are apparently pro-
dnced by greater abundance of moisture in the atmosphere.
“The influence of light and warmth,” he says, *“is very
distinetly evident in the colowving of Helie wemoralis in this
region.  The fine citron vellow exhibited by the shell of this
snail at Mainz, and in the sunny vinevards of the Main valley,
Is wanting on the banks of the Lower Rhine. . . . . On the
other hand, it is interesting to notice how in the neighbourhood
of Bonn and lower down the Rhine the red of this snail deepens
into chocolate brown, and thus forms the beantiful variety
above mentioned, which must attract the attention of every
collector. It is, perhaps, too much to say that the moisture of
the plain of the Lower Rhine determines this change of colour,
but we must keep in view the possibility that the moisture
coming np the valley from the sea, which certainly here at
Bonn has a distinet effect on the vegetation, has something to
do with the matter.,”  The colours of snail-shells, so varied as
they are and frequently so brilliant, can hardly have any other
signification, if we seek to attribute them to natural selection,
than * warning colours ™ or sexual.  With regard to the latter
possibility sexnal selection in hermaphrodite animals is a little
difficult to believe in; and Eimer has stated that a number
of snails in his garden, which he kept nnder observation for
some years, did not appear to exercise any choice whatever n
pairing.  So faras concerns warning colours, the above instance
would have to be explained by the greater abundance of

* = Uprganic Evolution,” p. 137,
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thrushes and other snail-eating birds on the Lower Rhine than
at Bonn, or riee versa if the “citron yvellow ™ variety 1s the
more Consplenons,

The suffusion of the markings and the duller colonr which is
said to oceur among Alpine butterflies 1s in striking contrast
with the unusual brilliancy of colour which 1s noticeable in
Alpine plants,

The latter change is said to be owing to the less numbers of
insects which cross-fertilise the flowers; and hence the need for
a greater effort, so to speak, on the part of the plant to attract
them and thus seenre the desirable effects of their visitations.

This might be urged as an objection to the climatic
influence, on the grounds of unlike effects in the two cases.
But it is perhaps hardly necessary to point out that the
pigments of the butterflies” wings are different from those of
the flowers, and that the physiological processes which take
place in the bodies of animals without chlorophyll are in the
first place different from those of chlorophyll-bearing plants,
and in the second I}I;‘uft! the same conditions may ]H'{u]ilm'
different effects.

Examples of Melanic Varieties found upon Islands.

There are a good many other examples of a tendency towards

melanism—more or less realised—among the inhabitants of
1slands.

The Galapagos Islands consist of a group of islands, of
various areas, situated some five hnndred miles to the west
of the Sonth American continent.  One of the most charae-
teristic inhabitants of these islands is the curions marine
Ignanoid  lizard, Oreocephalus. It is  thus described by
Darwin: “ It is a hideous-looking creature, of a dirty black

colour, stupid and sluggish in its movements, The nsual
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length of a full-grown one is about a yard, but there are some
even four feet long. I have seen a large one which weighed
twenty pounds.  These lizards are oceasionally seen some
hundred yards from the shore, swimming about: and Captain
Collnett, in his “Voyage,” says that they go out to sea in shoals
to catch fish,  With respect to the object, I believe he is
mistaken, but the facts stated on such good authority cannot
be doubted. When in the water the animal swims with
perfect ease and quickness, by a serpentine movement of its
body and flattened tail, the legs during this time being per-
feetly motionless and collapsed on its sides. A seaman aboard
sank one with a heavy weight attached to it, thinking thus to
kill it directly: but when, an hour afterwards, he drew up the
line, the hzard was quite active.  Their limbs and strong claws
are admirably adapted for crawling over the rugged and fissured
masses ol lava which everywhere form the coast. In such
situations, a group of six or seven of these hideous reptiles may
often be seen on the black rocks, a few feet above the surt,
basking in the sun with ontstretehed legs.”  These powerful
beasts would hardly need protection: and as they feed npon
vegetable substances, they do not need to resemble their
snrroundings for aggressive purposes,

There are other examples among the inhabitants of the
(ralapagos archipelago of a darker coloration than that of
their allies npon the neighbouring mainland,

Mr. Salvin, in his exhaustive acconnt of the avifauna of this
group of islands,* mentions several instances of birds which are
hardly to be distinguished as peculiar in the species except by
their darker coloration.  An owl (isio galapagoensis) closely
resembles the world-wide Short-eaved owl ( Asio brackyotus), and
is only to be distinguished by its darker hues. Similarly a

: I:||r1,l'{1'.'.l:-', ..:"':'-'J. .‘\:JH'., \-'U‘I. i."{“ 1-‘17[;.
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night-heron (Nyeticorar paunper) is, according to Mr. Salvin’s
diagnosis of the species, * similis N, wiolaceus sed mnlto
obscurior.”  Larus fuliginoses 1s o gull which might be con-
founded with the Chilian L. modestus, were it not for its bhlack
hm r[l.

Coronella phocaram, of Robben Island, is nearly allied to the
South African (. cana, a variable snake, but generally paler

in colonr.

Further Examples of the Effects of Temperature and Moisture.

The English fritillary (L lrgynnis paphia) is known to ocear
as a dark variety, which has been called “wzalezina™ : this
variety appears to be almost confined to wooded conntries,
and the question is whether the moisture of such localities is
responsible for the darker coloration.

The dark coloration of lizards in oceanic islands has been
already mentioned: such sitnations are, of conrse, pre-eminently
1M01st,

There are other facts which show that moisture, rather than
temperature, is the cause of a darkening, Dr. Eimer has
commented upon the prevalenee of a dark colour in the slug
(Arion empiricoram) during wet summers in the neighbonr-
hood of Tithingen: but the same naturalist found dark-coloured
sluogs on the summits of hills where there was but little
moisture: and there are other cases of darker-colonred varieties
of animals found in elevated localities.  Dr. Eimer considers
that in all probability elevation, as well as moistare, is
effective in prodncing such colour changes.

There is no reason whatever against accepting this sugges-
tion : seeing that there are constitutional differences among
idividuals of one species, it may easily be believed that there

are such differences between different species and genera ;



tif) ANIMAL COLORATION,

moisture may affect the formation and deposition of pigment
in one animal, temperature in another, while a third may be
entirely uninfluenced by either cause, but will vield to some other
environmental influence.  Until all these matters have been
more thoronghly investigated than thev have at present, the
theories of modification of colonr by selection or elimination
rest upon a basis which is manifestly insecure.

The colour of the wings of the beautiful Indian Moon moth
(Aetins selene) is very susceptible to dryness and moisture: the
normal colonr is a delicate pale green; pieces of the wing of
a specimen chloroformed for the purpose of this experiment,
became very soon straw-coloured in dry air of a temperature of
a little nnder 607 centigrade ; when the same fragments were
Hoated in a sancer containing cold water they rapidly recovered
their green colour, which was even intensified. I am not at
present concerned with the chemical or physical reasons for
their change: it is sufficient that it oceurs. On the other hand,
the ereen colonr of an Emerald moth (Hewmithea thymiaria),
thongh bleached when heated and dried, was not restored by
moisture,

It 1s at least I]:IHH“]I{'. that the tawny colours of desert animals,
which have been so often brought forward as an instance of
adaptation to the hues of their environment, may be due to a
<imilar canse,

Mr. Wallace has justly pointed ont that the older theory,
that colonr was dependent for its development npon light and
heat, is npset by the colonr characteristies of the inhabitants of
sandy and dry loealities; on this theory colour should be most
intense and varied where light and heat are at a maximum.

But any one who will take the trouble to mspect a most
interesting case of stuffed animals in the central hall of the

Natural History Musenm, will be convineed that the contrary
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is true. These animals comprise representatives of all the
principal classes: and they are withont exception of a uniform
sandy or “isabelline ” hue. There are rats, birds, lizards and
snakes in this eollection: plenty of instances will ocenr to any
one at once which might have been exhibited, as well as those
that actually are,

In relation to this matter Mr. W. W. Smith has remarked
that the prolonged dronght recently experienced in New
Zealand  prodneed.  pale-colonred varieties : and that the
Lepidoptera of that conntry arve generally paler on the plains
than on the hills ; “the higher we ascend the Alps,” he
remarks, “ the more humidity we meet with, and the greater
the darkening of the Lepidoptera, nntil we reach the snmmit,

when they become perfeetly black.”

Influence of Light.

At one time light and heat were regarded as indispensable
for the development of colour, and the gorgeons hnes of
tropical birds and butterflies were instanced as proving this
view. Mr. Wallace has, however, abundantly shown that
there is not necessarily an intimate connection between lighi
and colonr. It is troe, he admits, that there are more brilliantly
coloured animals in the tropies than elsewhere : but then
there are more animals of all kinds ; animal lLife 1= at its
maximum in the tropies. Besides, there are plenty of dull-
coloured insects and birds.  The temperate regious, too, pro-
duce some of the most brilliantly and diversely coloured
animals that are kuown.

The metallic blue of our “ Clifden Blue ™ rivals in brilliancey
of hue that of the * Morphos ™ of South America; there are
o inscets in the tropies belonging to the same gronp more

brilliant in their coloration than the * Red Admiral.”
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The Gold pheasant, which is always well represented in the
Zoological Gardens, and is undoubtedly, as are the pheasant
tribe generally, one of the most beantifully and strikingly
colonred of birds, is found in the temperate regions of China ;
many brightly coloured pheasants have a similar range into
temperate climates,  Mr. Wallace has instanced the Gold
pheasant and also the tiger, which, althongh found in the
tropics, ranges into the Amir, to the extreme north of China;
we  have also the deep-sea fauna (see p. 32), which are
brilliantly coloured and yet live in absolute darkness. It is,
therefore, impossible to trace any general connection between
brilliancy of coloration and light.

Nevertheless, in certain cases there appears to be a con-
nection between light and colour ; the connection is. however,
ather between absence or paleness of colonr and absence of
light, than between brilliancy of colour and abundance of
licht.

Colour sometimes dependent upon Light.

It is perfectly true that there is not always an intimate
connection between light and colour : the instances already
eiven show that this is the case in a sufficiently striking way.
Nevertheless, there are some instances which point exactly in
the opposite direction, showing how difficult it is to generalise,

Werneburg * has given a nnmber of examples of Lepidoptera
which go to show that light has an important effect during
the formation of the lli.u‘ml*ll'[ that 1s, 1n the ]:H}l;l state.

As a general rale, thosze insects whose pupae are exposed are
brighter in colour than those insects whose pup:e are concealed,
cither in the gronnd or in a dense cocoon. Contrast, for

instance, the |:]'i;_4_'hf colonrs of the Vanessidie—the * Red

* Quoted h}" seitz Aouolog. Jalebiicher, vol. v,
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Admiral,” the * Peacock,” and others—whose chrysalids are
naked and freely suspended, with the dunll eolonrs of most
Ratyrids, which undergo their transformation in the gronnd.
Similarly, the “Tiger moths ™ and the “Crimson Underwings ”
contrast with the Cossidae and Agrotidae and most other
Noctuae: and among the Geometers the bright vellow Swallow-
tail moth, Urapteryr sambucaria, dngerowe prunaria, ete.,
may be compared with the sombrely-coloured species of the

cenera Doarmia and Biston.

Absence of Colour in Animals which live in Darkness not always
due to Absence of Light.

It has often been pointed ont that internal feeders among

caterpillars are usually devoid of integumental pigment: the

caterpillars of the clear-wing moths—Sesiidae—are thus ilis-
tingunished, and they all feed in the interior of stems. But
Professor Meldola has suggested, in a note appended to
his translation of Professor Weismann’s “Studies in the
Doctrine of Descent,” that this is really due to the absence
of chlorophyll in their food, which is so frequently, direetly
or indirectly, the canse of coloration in eaterpillars. This
snggestion is supported by the existence of certain small
leaf-mining caterpillars, which are green : in the thickness of
the leaves in which their tunnels are made, colour would be
neither advantageous nor disadvantageons : and, as it is present,
it seems fair to attribute it to the chlorophyll which ocenrs,
thongh less abandantly, in the deeper tissues of the leaf.

An instance rather different from the above is afforded by
the “ larva of one of onr 'I'igl'l' beetles r:f'fr‘g'rrrr'ﬂg’g. Cltinpestires ),
which lives in a hole, from which its head and thorax alone
protrude ; and these are of the same green as the perfect

msect, while the rest of the body is of the usnal whitish vellow
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of a grub™ (Audrew Munrray, * Disgnises of Nature,” p. 9).
Here light may have been inflnential in distingnishing the two
halves of the body.

Bright Colours in Subterranean Animals.

Absence of light seems to have had no effect in the ecase of
mammalia which habitnally live below the sarface of the soil,
nor i earthworms or snakes which live andereronnd.

Uropeltid snakes (Lhinophis ocyrlynchus), which live *deep
in the ground,” and have degenerate eves, are nevertheless

often marked with brilliant red and yellow colours,

Influence of Light upon Colours of Flat Fish.

It has been supposed that flat fish, which habitually rest
upon one side, are examples of the modifications of colonr
which have been caused by natural selection: the exposed side
ix coloured,—protectively coloured and variable (see p. 140),
while the nnderside is white. In the voung of these fishes,
which are symmetrical and swim in the position of a roach or
perch, both sides are coloured alike.  When the asymmetry
has been acquired, and the fish has come to lie upon one side,
it is believed that the pigment has disappeared from that side,
on account of its nselessness.  This explanation has an air of
reasonableness, which might lead to the inference that it had
been amply tested by actnal experiment.

Mr. Cunningham, naturalist to the Marine Biological
Assoeciation, has made an interesting series of experiments with
a view to testing the validity of this explanation. The fish
nsed for their experiments were young flonnders.*  After
keeping the fish in tanks with a mirror at the bottom, the
nsually white under-surface was found in several cases to
by l:l,l';_’,':'l}' ]:1j_"]11|It|’r|-|1. which seems to show that =ome environ-

. ,:":f-f.llril:lf;.\'r'flri i _'IH', flrll' I, !.".l."lli. 1841,
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mental cause—probably light—was responsible ;: there is

obvionsly no room here for natural seleetion.

Absence of Colour in Cave Animals.

In certain parts of the world, notably in Kentucky and in
(‘arolina, there are immense caves excavated by the agency of
water in limestone rock, and possessing a pecnliar fanna and
flora of their own. The Mammoth Cave, in Kentucky, which
is one of the best known, consists of a complicated network of
ramifying passages, the total length of which is no less than
150 miles. Some parts of the cave are drier than others, as is
shown by the absence of stalagmitic deposits, Streams course
throngh some of the passages, and there are deep pools here
and there ; there is thus provision for both aquatic and terres-
trial animals and plants. These caves are, of course, quite
dark, and their temperature is remarkably uniform. Dr.
Packard * made a series of observations upon the temperature
of the Mammoth Cave, and found that it never rose above
567 Fahr., or fell below 52° 5 Fahr.: the mean temperature for
the summer being 54° Fahr., that for the winter 53° Fahr.

These conclusions were confirmed by another observer ; and
it appears, therefore, that the variations of temperature through-
out the year are very small, and, small as they are, are no doubt
eradnal, It wonld be expected that such remarkable physical
conditions, so different from those which obtain outside the
caverns, wonld produce some effect upon the animals and plants
permanently resident in those caves. There is a certain
analogy between life in these caves and life at the bottom of the
ocean : the chief resemblance, of course, lies in the darkness of
both sitnations. As to temperature, there is a uniformity in

* Ree, for a detailed account of the North American caves and a general
summary of the facts known about the subject, Dr. Packird’s * The Cave

Fauna of North America,” ete., Mem. Nat. Adead, Sei., vol. iv | 1¥89,
0
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the ocean abysses, no less than in the caves, but the temperature
is much lower in the ocean. Corresponding to these physical
environmental differences, we might expect to meet with
differences in the fannas of the two loealities, coupled, how-
ever, with certain resemblances due to a certain similarity
between the localities.,

And this 1s precisely what investigations into the fauna of
caves show to be the case.

The darkness of the caves has produced an effect upon the
cave animals, just as the darkness of the deep waters of the
ocean has upon the abyssal fauna. The structure of the eyve
and brain in many cave animals has been worked out by Dr.
Packard as well as by others; it would be out of place here to
do more than give the general results of these inquiries, which
show that there are various stages of degeneration to he met
with, culminating in a total disappearance of the orcans of
vision. In the same way there is an absence of chlorophyll-
bearing plants in hoth places: the common ffyd/ra and the fresh-
water sponge flonrish in some caves, bat theyv are entirely
without chlorophyll.  As to plants, Dr. Packard finds that not
only are Algwe and the higher green plants absent from the
caves, to which their spores and seeds must nevertheless have
casy access, but even Fungi, independent thongh they are of
licht, do not flonrish there: with a few exceptions, including
Oozoniwin auricomm and a colourless .-":.j-_":ll'it', there were no
fungi in the caves exploved by Dr. Packard.

The animals of the eave fauna belong to all the orders of terres-
trial and fresh-water animals; there is no restriction, any more
than there is in the case of the abyssal fanna, of particular
gronps to the caves.

A very important difference between cave animals and

abvssal marine animals is in their colonr, and this ix, of course.
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the point to which I wish to direct special attention.  Deep-
sea animals are by no means bleached: on the contrary, their
colonrs are oceasionally even darker than are those of their
shallow-water allies ; the brilliancy of the coloration of abyssal
animals iz one of their most marked characteristics, becanse it
seems at first sight to he 1I]I'|IH!-‘-{'("I to what would have been
expected.,

The eave animals are, without exception, * either colourless
or nearly white, or, as in the case of Arachnida and Insects,
much paler than their ont-of=door relatives ”—* Incicolons ™ as
opposed to “ cavernicolons 7 forms Dr. Packard calls them.
The bleaching seems to be more marked in the Myriapods
(centipedes, millipedes) than in any other group : our British
centipedes vary in colour from a golden yellow to dark amber-
brown, as do those of the United States : the colour of the
cavernicolons species 1s white, “ like a freshly-monlded myria-
pod of normal habitat.,” It should be explained, perhaps, that
this change of colour is not due to any bleaching of the
intecuments, or to their replacement by a white pigment which
is so rare in the animal kingdom : it is simply caused by the
white fat body showing through the transparent pigmentless
€ gkin.”

The Planarian worms and carthworms living in caves are
not entirely bleached, but are distinetly paler in colour thau
those living beneath the open sky: but, as Dr. Packard remarks,
the normal environment of these ereatures is not very different.

There do not seem to be a great nnmber of observations upon
the capacity of cave animals for regaining their coloration
when exposed to light and ordinary  temperatnres.  Mr.
Poulton® has, however, recorded one instance of great interest:
a Proteus (a blind, whitish amphibian, living in caves at

* “The Colours of Animals,” p. 91,
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Adelsberg) in his possession became gradually darker since its
removal from the cave: this, however, may only show that the
degeneration of the pigment was not complete, and that a few
pigment cells still remained which were liable to the inflnence
of light, having been previously in a state of paralysed
activity, This explanation, however, is not altogether satis-
factory, for light wounld contract the pigment cells, and so
canse, if anything, a more marked bleaching. As has been
already pointed out, a frog, or a sole, or any animal with
chromatophores supplied bynerves, becomes davker in darkness,
owing to the expansion of the chromatophores, and paler when
the light is strong and caunses their contraction. It seems
very likely that Mr. Ponlton’s Profess is another example of
the production of pigment under the influence of light, such
as that which Mr. Conningham has recently described in the
case of flat fish.*

The colour, or rather the absence of eolonr, in cave animals
has been made use of as an argument for the purposeful-
ness of colour in the animal kingdom. It is urged that the
colour has disappeared because it is uselesss the cave dwellers
have no eves, or imperfect eves ; and besides, they live in
darkness.  Henee, there could be no use for warnine colours,
for protective colonrs, and so forth,  In my opinion these facts
not only do not lend such negative support to those theories,
but they are to a certain extent opposed to them.

[t has been explained over and over again that the theory
of natural selection, as applied to the elucidation of colour
phenomena among animals, is concerned only with the dis-
tribution and arrangement of colour—with coloration, in
fact, and not with the pigments themselves, though it is of
course claimed that if pigment is huartful (e.g. in the Pelagic

* See p. G4,
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fanna), it may be made to disappear. Mr. Poulton, indeed,
savs, “Just as the useless eve has become rudimentary in these
animals, so has the useless eolonr gradunally disappeared from
the skin. The energy necessary for the prodoction and
maintenance of such structures has been diverted, either wholly
or in part, to other and more useful ends.” It is troe that
these remarks are specially applied to the Profeus, where the
pigment corpuscles may be regarded as definite  structures.”
But as the section which contains these remarks is headed
* Loss of Colour in Cave-dwelling Animals,” the observation is
probably intended to apply to insects, erustacea, ete., also.

Now, in these animals, however much it may be moditied in
arrangement by natural selection, we must regard the pig-
ment as a normal product of their organisation : this is Mr.
Wallace's view of pigment, and it is the only reasonable one.
Accordingly, we should expect to find in animals, which, like
the cave dwellers, can reap no advantage from protective colora-
tion and other such modifications, an irregnlarly arranged,
but not diminished deposition of pigment, perhaps even an
increased brillianey on account of the absence of any check.
What we do find is a uniform absence of pigment, which is
highly snggestive of a direct action of the environment —and
an environment obviously different from that which has cansed
or permitted the bright and varied coloration of deep-sea
animals.

Nor ecan it be urged that the cave-dwelling animals have
lost their colour through what Professor Weismaun terms
“ Panmixis ™ or the “ Cessation of natural selection™ alone ;
tor this would also imply that the pigment itself had been
called into existence by natural selection.

If the pigment were to gradually diminish to the very verge

of disappearance, becanse, its presence having become useless,
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natural selection had, so to speak, ceased to enconrage its
production, this would necessarily imply the first formation of
pigment under the inflnence of natural selection ; whereas
those who advocate the important effects which natural
selection has cansed in the patterns of coloration admit that
they do not explain by this theory the origin of the pigment.
[t must be there before it can be acted upon, and modified in

this or that direction according to the needs of the animal.

Seasonal Change in Colour,

A change to white at the approach of winter is well known
to occur commonly among Arvctic animals.  But it is not so
well known—or, at least, so much stress has not been lTaid npon
the fact—that many avimals which inhabit more temperate
climates have a winter and a summer dress,

It wili be well to commence with a few instances of the
latter, before proceeding to discuss the nature and meaning of
the complete change to white which oceurs in certain Arctic
mammalia.  In the Manchurian deer ( Cervus manteluricus)
the summer dress is a vellowish-brown with white spots : in
the winter the colour of the hair becomes much darker, and
the white spots are barely visible at all, exeept just on the back
above the shoulders. A quite similar change takes place in
the Japanese deer, bt a conspicuous white patch by the tail is
nearly as evident in winter as in snmmer,

In other species of deer there is no such alternation between
a spotted and an unspotted condition.  In Cerreus duraucelli
for example, Mr. Sclater® deseribes the winter coat as of *a
dullish brown, which, however, changes in summer into a

* In a monograph of the Deer in the Zoological Society’'s Gardens

( Trans. Zool. Soc., vol. vii.), from which paper the other facts abont deer
are drawn,
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brilliant golden vellow, glossed over in the male with purplish
black in front.”

In many birds there is a corresponding difference in the
snmmer and winter plumage, which may be more or less
marked.  Any ornithological work will furnish abundant
instances of such colonr changes, which are, in many cases at
least, not of such a nature as to suggest any advantage in the
way of protection, ete.  Indeed, the change of colour is some-
times a merely incidental result ; part of the feathers break
off In the spring, and the colours of the deeper parts of the
feather are thus bronght into view, which frequently brings
about a marked alteration in the tints and patterns of the bird;
this change 1s of course comparable to the change from a
thicker winter to a thinner summer coat in many mammals.

The snow bunting is whiter at one season of the year than
at the other : but curionsly enough the change is precisely the
reverse of what one would expect. It is whiter in summer
instead of in winter,

The grey phalarope undergoes as marked a change from
season to season as is shown in any animal ; in the winter it
has a grey-and-white plumage which closely resembles that of
a gull.  In the snmmer it is coloured with varions shades of
brown.

Some of these and similar colour changes, which appear to
correspond to the seasons, may have some connection with the

renewal and decadence of sexnal activity.,

Seasonal Change in Orthoptera.

Leydig has ealled attention to the change of colonr exhibited
by the green grasshopper: in the antumn it becomes vellowish
red. A change of this kind might be set down to natural

selection: as the foliage becomes vellow a corresponding
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alteration in the insect would preserve its harmony in eolonr
with the environment. It has even been snggested that the
colour change is the same as that which ocenrs in leaves,—that
the insect owes its coloration to chlorophyll, —but this has
been disproved by Kriikenberg.

The colour of the grasshopper is caused by several different
substances in the skin, which can be separated by treatment
with different reagents. If a green or brownish individual be
treated with ether, the flmid is stained yellow, and the inseet
remains of a cochineal red. This effect is produced by the
removal of the green pigment, a red colouring matter heing left
behind.

In Locusta viridissim« the green colour is relieved here and
there by reddish spots: these alone remain when the green
pigment is dissolved away by ether or aleohol.

Dr. Kritkenberg was able to prove that the green colouring
matter is affected by light : a piece of paper was thoroughly
soaked in, until it became dyed by, the green extract: one half
of this was exposed to the licht, and the other half covered by
a slip of metal ; the light was found to partially destroy the
colonr. It is concluded, therefore, that licht mayv effeet a

change under ordinary conditions darving the life of the insect.

Seasonal Change in a Beetle.

Besides these Orthoptera, something like a seasonal change
of colour ocenrs in beetles.  The green colour of some of these
insects changes in the autumn to a brownish tint : here agaiu
we have what appears at first sight to be an excellent instance
of adaptability to environmental colour. This case, however,
is a little different from that of the grasshoppers : in those
insects the colours are due to pigments; but in the Beetle

(Carabus auratus) the stroeturve of the chitinons wing-cases
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is, as in the feathers of mauy birds, the proximate canse
of the colour. The green of this beetle changes late in the
vear to a dusky colour : but the same effect is produced
by ‘unusnally frosty spring weather,” and is seen in insects
captured in high altitudes.

Though the actual nature of the change does not appear to
be thoronghly understood, it is clearly to be set down to direct
effects of weather, and not to a regularly recurrent change
which has been fixed by natural selection.

Experimentally the same change can be produced, according
to Dr. Kriilkenberg, in the wing-cases of Cantharides Dy
boiling them in water, or soda, or hydrochlorie acid.

This canuot of course be compared with the effects produced
by natural temperatures, but it shows that even colonrs which
are not due to pigments can be affected by similar processes,
which possibly canse an alteration in the strocture of the parts
coloured (see the reference to the “ Moon Moth,” on p. G0).

Change of Colour in Arctic Animals.

But the most remarkable changes of colour which have a
definite relation to environmental changes are shown by those
Arctic animals which become white at the approach of winter,
and regain their darker colour in the summer.

Such a change, however, is not nniversally found among the
inhabitants of the polar regions. Among those in which no
such change ocears, some are white all the year round, while
others are not white, bnt some other eolour. The lmlm' bear
15 white all the year round, and so are (he snowy owl, the
American polar hare, and the Greenland faleon.  On the other
hand, the raven, the musk ox, and the glutton, undergo prac-
tically no change at the beginning of the Arctic winter. The

reindeer is somewhat intermediate between snch extremes s
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are oftered by the raven on the one hand and the Arvetic fox
on the other ; it does underco a certain amount of change at
the beginning of winter, becoming not white, but greyer.

Sometimes closely allied forms show a difference in their
susceptibility to these elimatic chanees.  One species of hare
tnrns white in the winter, another does not.

The Hudsow’s Bay lemming (Cuniculus torquatus) under-
coes the change of colonr, but its near relation the Scan-

Fiz, 1. -Arctic Fox,

dinavian lemming ( Myodes lemmns) does not undergo this
change.  The principal animals which change to white in
winter, in addition to those already referred to, are the
ptarmigan, the American harve ( Lepus americanus), the ermine
and stoat,  With recard to the Avetic fox (Canis lagopus) it
has been stated® that this animal does not alter its colour
according to the season, and that the change is merely a
question of age and sex ; only the old males are white, and

. TT-(“|[.~,"‘-T:'II‘1'._“ LH fr'q":r.l!'l;,l'r!‘.lr.lr.f.::' zr.llnlrri:!;i!!.l" ," ]}I_]'I‘]I.‘-t_ ]H'.FI'L ]_'.L 49,
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intermediate stages are found. This view 1s not the one
cvenerally accepted. It is, however, certain that this animal
does not invariably undergo a seasonal colour change ; and
there is a highly interesting connection between the capa-
bility of undergoing this change, and the habitat of the
individual. In its extreme northerly habitat, the Aretic fox

almost always, if not always, changes its bluish brown

snmmer dress for a pure white in the winter. The aspect of

Fig. 2. —Ermine.

the animal in the suommer and winter dress may be gathered
from the woodent on opposite page, and specimens may be

nsnally seen at the Zoological Gardens.

[n Iceland, which is the most sontherly arvea of the animal’s
range, a change to white is the exeeption.®

The Alpine hare illustrates the same prineiple : in Secandi-
navia it alwayvs becomes white in the winter; in Scotland
this change generally oceurs, but seldom in Ireland. So, too,
the stoat : it always becomes white in the Alpine districts of

* Proc. Zool. Sor., |Hlm__ - 248,
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Scotland : occasionally the change ocenrs in the Midlands.
and white stoats have been recorded from Cornwall, and from
Gloacestershire even during a mild winter. The accompany-
ing woodeuts (figs. 1, 2) illustrate the winter dress of some
of the animals referred to in the text ; the Arctic fox (fiz. 1)
is shown both in summer and winter dress.

The actnal mode of the change in the colour of the fur has
been carefully worked out by Mr. Welch ™ for Lepus americanus.
The change in the summer coat is accomplished withont the
shedding of hair ; but there is a new growth of white hair.
Naturally the winter coat is thicker than the summer coat.
Besides the increase in the thickness of the fur produced by
the growth of new hairs, the coloured hairs change their colonr
and become blanched. This blanching usually commences at
the tip, and does not always involve the whole of the shaft.
The entire change occupies three months ; it begins about
the first week in October, and is completed by the last week
of December.

The change is more rapid in other animals. In a lemming
Sir John Ross found the change to take place in a week.

It is thought that it is the change of temperature which
produces the change in the hair: but it would be very im-
portant to ascertain whether this is really the case, and, i’ so,
what are the limits of cold within which the change will or
will not oceur,

The experiment of Sir John Ross upon the lemming appears
almost to settle the point.  The animal was kept in the cabiu
through the winter, and first exposed on deck on February
Ist : on the next day it had several white patches, and, as
already stated, hecame white in a week, bat the creature died
a few days afterwards.  On the other hand, the whitening of

* Proe. Zool. Soc., 1869,
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the fur in an Arvetic fox (one of several) in the Zoological
GGardens, seems rather to indicate the persistenge .of an
acquired habit than the direct effect of environment ; but
it may, perhaps, be explained on the assumption that the
stimulns (7.e. the cold) was not sufficiently great to affect one
individual, but was sufficient to affect another of (presumably)
a slichtlv different constitution. Moreover, the experiment of
Sir John Ross was so far inconclusive that the cold was
administered in a sudden dose, which may have produced an
effect analogous to a nervons shock : we know that in human
beings the hair may turn white from the effects of a sndden
shock.

The fact that the change to white at the approach of winter
1s not seen in all the inhabitants of the polar regions, appears
to be an objection to the view that the change is a direct effect
of the environment. It is not, however, a fatal objection,
for 1t is a reasonable assumption that different animals are
differently affected : if individuals differ in their susceptibility,
we need not be surprised to find that different species vary
in the same way. Another view of the matter is that the
change is one which has been brought about by natural
selection ; the white coat being unseful for concealment in
the winter, and useless or rather harmful when the snow has
largely melted, we get the need for such a change. Here the
exceptions seem to prove the rule. The sable, the musk-ox,
and the raven retain their summer colouring thronghout the
winter ; but the sable and the raven are strong and active
animals, which have no encmies to fear; the agility of the
sable in pursning birds among the boughs of trees, and
perhaps also the dark colonr of the boughs, renders un-
necessary the adoption of any concealment ; while, as regards
the raven, it is mainly a carrion feeder.
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The musk-ox being a comparatively defenceless animal, it
is perhaps a little surprising to find that it does not assume
a white colour in the winter. But here union is strength :
it is more important that a straggler should be able to regain
his companions, which would be difficnlt if they were less
conspicnous.  One is inclined, however, to suggest in the case
of this animal that its scent may serve for recognition purposes
perhaps more efficiently than even its conspicuouns appearance
against the white snow. It is difficult to decide offhand in
every case how far the white coloration is useful, whether
for protective or aggressive purposes.  The polar bear, for
example, always quoted as an instance of an animal that has
reaped advantages from its protective coloration, according to
Nordenskiold, hunts rather by smell than sight : its colora-
tion, therefore, can hardly be for aggressive purposes. It is
important to remember in this particular case that, although
the hairs are largely depigmented, they are not entirely so :
at any rate the colour, except in very young bears, is of a
creamy tint rather than white.  So pronounced is this some-
times that the Scotch whalers know the animal by the name
of * Brownie,” *

Even the Arctic fox does not always change colour in the
winter in its native country, any more than it does with uns ;
Mr. Brown statest that white and blue foxes are met with i
the winter, that the colonr is not dependent on the season.  Both
these facts look more like the direet effect of cold and dryness
than of natural selection,

Professor Semper has pointed out another difficnlty in the
way of accepting the theory that the change of ecoloration
in Arctic animals is due to natural selection.  Fven supposing
the usefulness of the change, which is not entirely obvious,

* Proc. Zool. Soe., * Mammals of Greenland,” 1868. t Loe. eit.
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the intermediate stages must be useless: a piebald animal
wonld be just as conspicnous as a black one—perhaps even
more so, by the unusnaluess of its appearance ; even if we
postulate a gradual whitening of the fur the difficulties are
hardly removed.

[t may be replied, however, to this that albinism, complete
or incomplete, ocenrs in many animals, and it has been known to
be hereditary : for the most part such albinos or partial albinos
are weeded out on account of their conspicnonsness, bnt iu
the Arctic regions the albinos would be just the ones to be
preserved, the others dying out.  In this way we may possibly
account for the origin of the white coloration in the polar
bear and in other animals which are white the whole vear
ronnd.  But this line of argunment will hardly apply to those
creatures which only change in the winter. It is diffienlt to
avoid the conelusion that here the depigmentation of the hair
is directly dune to cold, or dryness, or whatever the true environ-
mental canse may be. Nor, on the other hand, can it be
urged that the delicacy of constitution which allows of this
vearly recurring change has been produced by natural selec-
tion. It must have oceurred suddenly, to be of any nse ; but
when it was once established it may have been perpetnated by

natural selection.

Seasonal Dimorphism.*

The classical instance of this remarkable phenomenon is of
conrse aftforded by the spring and summer broods of the conti-
nental Vanessid ( Vawessa provse levana).

* I confess myself unable to understand the necessity for Dr. Weismann's
apologies for making use of the above—Mr. Wallace's—term : nor can I see
why Professor Eimer should stigmatise it as * in every respect monstrous.”
They are true Euglish words—an adjective and substantive : we might as

well object to such expressions as = complete metamorphosis " and “ mimetic
resemblance.”



=0 ANIMAL COLORATION.

Formerly it was held that .1. prorsa and A. lerana were two
different thongh closely allied species : but as long ago as
IN30 it was shown that they were merely the spring and
summer broods of one species, and produced from identical
caterpillars which feed upon the same plant (the nettle).
A lerana is the spring form, A. prorse the summer form ;
the first-mentioned passes the winter in the chrysalis stage.

Professor Weismaun tried by raising the temperature in
winter to rear prorsa directly from the offspring of prorsa, and
conversely by lowering the temperature in summer to rear
leeana from the offspring of lecane. By lowering the tempera-
tnre three leeana were produced ont of twenty, and twelve
porima, an intermediate form, the rest remained prorsa ; by
raising the temperature only three out of fortvy chrysalids
produced the form prorse.  Professor Weismann remarks, in
his concluding chapter, * that differences of speeific value can
originate throngh the direct action of the external conditions
of life only,”—a conclusion which appears to be justified in
spite of the comparative failure to make the influence of
artificial warmth felt. Eimer has snggested that it is possibly
casier to imitate by artificial means the conditions of winter
than those of summer : and this may account for the failure
to convert the winter into the summer form.

But it should be borne in mind that Professor Weismann’s
experiments were made npon the chrysalids only, not the
caterpillars ; besides, Dorfieister, who made the same series
of experiments, failed just where Weismann suceeeded, and
stneceeded where he failed ; that is to say., he found the
infloence of warmth more potent than that of cold.

In spite of the sentence quoted above, Dr. Weismann is
melined to consider the lil'ublum of seasonal rlmug.;u more

complex.  Apropos of some important investigations upon
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;"Lllli‘l'it'm] H‘[H't‘-il'ﬁ ll:l.' Mur. [‘:ll‘n‘-‘m‘tls, l'l‘ul‘:-:-ir-t{ll' “‘Ti‘iﬁlllzlllll Im..q
contributed, in an appendix to the English edition of his
“ Studies in the Theory of Descent,” some further remarks
upon the subject. Mr. Edwards experimented upon several
American butterflies, including  Grapte interrogationis, a
species allied to our *Comma.” The summer form of this
butterfly is known as . wmbrose, the winter form is (.
Fabricii 3 but there are intermediate generations which arve
mixed. that is, they consist of both forms in varyving propor-
tions. Some cggs laid by a female wmbrose of the second
brood were hatehed under natural conditions, confined by a
muslin bag upon a branch of the food plant. As the pupae
formed, they were removed at intervals to an ice box, in
order to find ont if it were essential that exposure to cold

should take place immediately after pupation for an effect

to be produced. If left to nature, it wonld be expected
that the resunlting butterflies, belonging as they do to an
intermediate brood, wonld be of both forms. The result was
that every specimen belonged to the form wmbrose, but they
were darker-coloured in parts. Professor Weismanu points
out that as two out of the four annnal generations are mixed—
that is, consist of summer and winter forms—* the conelusion
is inevitable that these forms were not produced by the
gradual action of heat and cold.”™  When the same conditions
produce two different results, neither can be said to be due
to those conditions. So sayvs Professor Weismann ; but is
this conclusion certain ?

It seems quite conceivable that the same condition may
produce different resnlts npon different individuals, ift we bear
i mind that one result is merely a maintenance of the status
g#o, while the other is a change : individuals must, indeed do,
vary in susceptibility to external inflnence, as 1 point ont

(¥
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(p. 77) with reference to the Aretie foxes at the Zoological
Gardens.  Professor Weismann goes on to show reasons why
wmbrosae and not Fabricdd was really the winter form (they
neither of them pass the winter in the pupa form) ; hence
the eftects of cold upon the pupa: are more intelligible.

It 1s not only butterflies which exhibit a scasonal dimor-
phism ; the same phenomenon is exhibited by certain moths.
One of the “thorn ™ moths (Selewia illustrariay is an example ;
Mr. Merrifield has published in a vecent part of the Transee-
tions of the Futomological Socivty a good acconnt, accompanied
by a plate, of his experiments with this insect and with
Ennomos autiwmnaria=tilioria,

By icing (a temperatuve of 33°) pupae of illustraria of the
summer brood, a darker colour was produced upon the resnlting
imagos ; on the other hand, by forcing (at a temperature of 507)
pupee of the summer brood, moths emerged which were inter-
mediate in colour between the summer and spring broods, 7.0.,
paler than they would normally have been.

There are varions interesting questions concerning seasonal
dimorphism, the disenssion of which would be bevond the
limits of this book : I am only desirous of pointing ont here
that colour change may be directly cansed by environmental
causes ;3 that this is so with secasonal dimorphic Lepidoptera

there can be no doubt,



CHAPTER III.
PROTECTIVE COLORATION.

TrE resemblances in colour and in shape, often perfect to the
most minnte detail, which many animals bear to their in-
animate surronndings, is a fact familiar to most persons.

Tree-frequenting animals are often green in colonr. Among
vertebrates numerous species of parrots, iguanas, tree-frogs,
and the green trec-snake are examples. There are several
oreen moths, snch as the Oak Tortorix, and the Emeralds,
(zreen butterflies are not common, but there is one species in
this conntry—the green Hairstreak (7Theeln rubi). This is
a particularly good example, since the green colour is only
developed on the underside of the wings. Now, this butterfly
when at rest folds the wings over the back, so that it is
precisely the green unnderside which is alone visible. On
the other hand, the moths, if not entirely green, have the
upper wings only of that colour. This is equally advanta-
ceous, for the upper wings alone are displayed when the inseet
is sitting upon a leaf. Among beetles and other insects arve
numerous speeies which frequent plants, and are green in
colour ; and of course innumerable caterpillars are green.

The very general tawny colour which animals that frequent
arid deserts exhibit, is equally striking, and is to be scen in
many gronps of the animal kingdom. A beautiful case of
stufted animals illustrating this varticular class of “ protective
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colours ™ has been placed in the central hall of the Natural
History Musemm at South Kensington.

Mr. Wallace inclndes all these instances under the heading
of “General Protective Resemblance,” to distinguish them
from other instances, to be treated of immediately, in which
the animal shows a special resemblance to some particular
object, such as a leaf or twig.

Perhaps the “autumn tints,” so remarkably shown in
certain moths which emerge from the chrysalis during the
latter months of the vear, are to be referred to the same
category. Several species of British moths belonging to the
genns Nanthie have the upper wings of a yellowish brown
colour, like dead leaves, often mottled with darker colours in
a way highly sngeestive of more thoroughly decayved portions
of the leaf ; and these moths are found in the perfect state in
the autumn months,

The white colour of many Arctic animals has been treated
of in Chap. IL, as they come into the class of colours which
change in correspondence with changes in the environment.

The dusky colours of nocturnal animals—particularly of lepi-
doptera and birds —have been used as an instanee of a similar
compliance with environmental conditions ; dusky colonrs and
darkness seem to suit. It is troe that there are no brilliantly
colonred mnocturnal birds ; but there are brightly coloured
nocturnal moths.  Any lepidopterist who has * sugared ™ in
the New Forest knows the brilliancy of the tints exhibited by
the Crimson Underwing, the broad-bordered Yellow Under-
wing, and the more delicate bat equally beantiful and con-
spicnous colonrs which adorn the upper wings of the * Peach
Blossom ™ and * Merveil du Jour.”  One would, in fact, expect
that brilliant coloration would be the rale rather than the

E?«Ll‘.l‘lﬂiull among noct urnal insects, for, however laright and
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varied, the colonrs would be invisible at night, and conld do
their possessors no harm or good. During the daytime most
of the noctnrnal insects hide themselves among herbage, or in
nooks and crannies. A few brilliantly coloured species, like
the Red and Crimson Underwings, have these brilliant eolonrs
confined to the second pair of wings, which are covered over
when the insect is at rest by the dull-coloured npper wings.
The dull eolours of moths, which habitually fly at night, ought
rather, perhaps, it we accept the influence of natunral selection
npon coloration, to be regarded as useful for protection
during the daytime.

Special Colour Resemblances.

These are so numerous that it will be impossible to give
more than a few examples, which will be selected from as
many groups of the animal kingdom as possible.

Most persons who had only seen these animals in the
Zoological Gardens would be inelined to look npon the giraffe,
the zebra, and the jagnar as among the most conspicnounsly
coloured of the Mammalia ; and yet we are assured, by those
who have seen them in their native countries, that they are
most difficult to detect. The spots upon the jagnar harmonise
with the oval patches of sunlight which penetrate between the
leaves of the trees npon which it lives.

Sir Samunel Baker, in a very interesting work recently
published, and entitled *“Wild DBeasts and their Ways,”
remarks (vol. i, p. 191) of the tiger:—*The striped skin
of the tiger harmonizes in a peculiar manner with dry sticks,
vellowish tnfts of grass, and the remains of burnt stumps,
which are so frequently the family of colours that form the
surroundings of the animal.”  With regard to the giraffe,

another apparently conspicnous animal, the same author
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remarks (vol, i, p. 151):—*It may be readily imagined
that, owing to the great height of this animal, it can he
distinguished from a distance, and does wot require an
elaborate search : nevertheless it 1s exceedingly deceptive in
appearance when found among its native forests. The red-
barked mimosa, which is its favonrite food, seldom grows
higher than fourteen or fifteen feet. Many woods are almost
entively composed of these trees, upon the flat heads of which
the giraffe can feed when looking downwards., I have fre-

quently been mistaken when remarking some particular dead

tree stem at a distance, that appearved like a decayed relie of
the fervest, until, upon nearver approach, I have been struek by
the peculiar inclination of’ the trunk : suddenly it has started
mto movement and disappeared.”

The =loth, when suspended from the branch of a tree, has
heen compared to a broken stump clothed with long, tangled
lichens, and an oval mark upon the back is saud to produce the
impression of the broken end of the stump.

Mr. W. H. Hudson has deseribed a Sonth American bittern,
which affords an excellent instance of the advantages which
result from a protective coloration. This bittern, when dis-
turbed, flies among the reeds, and suddenly disappears from
view by eclinging to a tall reed, which its colour, and even
shape, canse it to resemble very closely—so closely that Mr.
Hudson was frequently deceived, and passed Dy,

The curious resemblance which flowers, particularly those
of orchids, bear to inseets is possibly of no more importance
to the flower than is its fanciful resemblance to a lamb to the
[ill'!.-]I.T- ..'I-‘fjfﬁlf-"‘ln‘l-f-".f.-'f Fromets; i:':‘('lltlh state that wolves have a
peculiar liking for this plant,

The Butterfly Orchis and the Bee Orchis are well-known

examples of what 1s probably a mere “Areak ol natare.”  On
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the other hand, the resemblance of insects to flowers may
conceivably be of nse to them in various ways. The flower-
like Mantis— /ymenopus hicornis—has been referred to ou
p. 187 as an example of what has been termed alluring
coloration. Mr. T. W. Wood has figured, in the [Intellectial
Observer, the Orange-tip butterfly when at rest on an
nmbelliferons plant, its favourite resort. The scattered green

spots npon the under surface of the wings (see fig. 3) might

Fig. S.—Ovange-tip

have been intended for a rouch sketeh of the small flowerets
of the plant, so close is their mutnal resemblance.  An
American entomoloeist, Mr. C. M. Weed, has called attention
to a small white Geometrid moth ( Tetracis lorata), which he
found adhering to the stamens of the * May Apple,” its wings
giving the impression of petals : two were found in the same
position.  The Lappet moth (fig. 4) looks like a bunch of dry
leaves, owing to the peculiar way in which it carries its wings.

It is among insects, indeed, in corvelation with their im-

mense numbers and diversity of form, that we meet with the
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most numerous as well as the best examples of special
protective resemblances.

A most instroctive case of butterflies has just been added to
the Natural History Musenm at South Kensington, illus-
trating the colonr resemblances of a species of Kallima.
This butterfly is a native of the East ; it is of larece size, and
adorned with blue and orange patches upon the upper sarface

of both fore and hind wings. It is therefore one of the most

Fig. 4.— Lappet Muoth,

conspicnons of insects.  Dut this is at once changed when the
insect settles upon a twig. The under side of the wings is
brownish, and marked with a median line, from which
branches are regularly given off.  The contour of the wings 1n
this position is oval, terminating in a sharp point anteriorly,
while the tails of the hind wings tonch the stem of the plant
and perfect the remarkable resemblance to a decayed leaf.
Furthermore, just as the processes of decay in the leaf are

not absolutely alike in any two leaves—that is to say, the spots
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and patches of mildew are varied in extent and position—so the
nnder sides of the wings of the Kallime show a considerable
range of diversity. This instance is perhaps the most
striking case of resemblance to the environment that has

heen vet deseribed and illustrated (sce plate).

Protection afforded by Resemblances of this kind chiefly efficacious
against Vertebrate Animals.

As a matter of a fact, are animals concealed by their
*protective resemblances ™ from their foes?  This is a question
which really cannot be answered in many cases ; sufficient data
npon which to found a reply are not forthcoming., A few
points, however, bearing upon the matter may be noted. No
doubt Mr, Ponlton is guite right when he says that no species,
however perfectly it is concealed by these means, can wholly
escape.  If this means of protection and that afforded by
warning colours were entirely snccesstul, insect-eating birds
would disappear altogether for lack of food. And Dbesides,
caterpillars—to limit ourselves to that class for the present—
have other enemies besides birds.  They are eaten by monkeys,
lizards, frogs and toads, and by other insects, such as wasps;
[chnenmon flies deposit their eggs in them, and thus ultimately
destroy them. It is jost as important for a caterpillar to he
protected from these Hymenoptera as from birds, which are
perhaps the chief enemies among Vertebrates—in this country
al any rate,

In disenssing these and similar questions, there is always too
areat a tendeney to endow animals with senses exactly similar
to those possessed by ourselves,  This tendency is, of course,
more dangerons when we are dealing with the lower animals.
Mr. Platean’s experiments in the vision of Arthropods® are thus

[]I'. hIIHT'IfH maost 'I.!‘-'i..‘fll] :lh'\tl‘;ll't Il'-'. i]"l. '_llr'!'.l.ru.,-‘ }:“f”“i. ."';-;.'..I-rll'il;. IJ”"dl"].
for 1889,
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summarised by Dr. Sharp.  “ There is at present no evidence
at all that the light perceptions are sufticiently complex to be
entitled to be called seeing 3 bat that, as the large develop-
ment of the compound eye permits the simultaneons pereeption
of movement, its direction, and of lights and shades over a
certain area, a dragon-fly may pursue and capture another
insect without secing it at all, in onr sense of the word seeine.”

Nor is it gquite certain that the colonr vision even of birds is
precisely the same as ours : their sight in general seems to be
much keener, and possibly therefore they ean see through an
insect disguise far more readily than we ean, particularly when
keenness of vision is aided by hanger. It is said that when
a photograph of a green tree-frog or snake is examined the
animal is quite easily seen.  The deceptive colour being
removed, the difference in form is at once apparent.

[t 15 clearly, therefore, premature to assert that colour
protection is in any way a means of defence against insect
encmies. It has been observed that animals which simulate
their surroundings constantly remain withont movement ; this
is specially well seen in the case of varions twig-like Geo-
meter larviae, which, claspimg a branch firmly by the posterior
lews, stand ont rigidly at an angle with the branch : this
attitwde, which of conrse inereases their resemblance to a twig,
is maintained for hours.  Indeed, absence of movement is
abzolutely essential for protectively colonred animals, whether
they make use of their coloration for defensive purposes as
in the case of the caterpillars, or for offensive purposes like the
Mantis or spider.

The power and the will to remain motionless is in iiselt
a most advantageous possession for an animal subject to the
attacks of carnivorous foes.  Many insects will = feign death ™

when pursued: toads and frogs, as well as many rveptiles, will
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as a rale only seize their prev when moving: in these instances
a protective coloration would be no additional advantage : if
would be simply superfluous,

These arguments do not, however, apply to birds, which
admittedly search for inseets assiduously on the ground and
among trees.  Insectivorous birds are mostly small and very
keen-sighted: 1 have |'1‘{'||1‘-lt'I|I1_‘|.‘ulr.-am’\‘:':l that they will I‘t*mli]}'
detect the smallest insect or particle of food when thrown
amongst eravel ; and the observation is by no means new,

Judging of birds by our own standard—which is the way in
which nearly all the problems relating to colour have been ap-
proached—does it seem likelv that we should fail to see a cater-
pillar, perhaps as long or longer than the arm, of an obviously
different texture from the branches,and displaying in many cases
throngh its semi-transparent skin the pulsations of the heart,
for which we were particularly searching? In the elaborate
* Report npon the English Sparrow ™ lately issned by the U.S.
Department of Agriculture, it is asserted (on p. 109), on the
anthority of Dr. Leconte, that a Geometer larva ( Eunomos
subsignarie) abundant on the trees growing in the streets of
Philadelphia had been exterminated by European sparrows :
although this statement is demnrred to by the editors of the
volume, on the gronnd that other causes besides the sparrows
had probably contrilmted to this end, it is admitted that “ from
different parts of New England nnimpeachable testimony has
come as to the good work done by the sparrow ™ * in feeding
on another Geometer larva ( Paleocrite vernata).  While it is
not ]tl'l-tf‘lldvll that this evidence settles the 1t=|li.':~'t5'nu ns ug;litlﬁr
those who hold that Geometer larvie are protected by their
colour and form resemblances, it is contended that it les with

* The Sparrow, moreover, unfortunately for the agriculturist, does
not confine his depredations to inseets.
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these naturalists fo prodoce conclnsive evidence that birds do
constantly pass over these larvie before the theory can be
recarded as firmly established.

In the meantime the excessive fertility of the parent moths
appears to be a sofficient gnarantee against extinction, apart
from any subsidiary advantage to be gained by colour pro-

teetion.

Some Evidence showing that Caterpillars are concealed by
Protective Coloration from Enemies.

Mr. Pounlton gives a few instances which tend to prove that
lizards do pass over and leave nunoticed protectively coloured
caterpillars. 1 may quote here an observation to the same
cffect made by myself and Mr. Finn. A small creen cater-
pillar (of one of the “* Whites™) npon a nasturtinm leaf was
put to a case with Lacerta ciridis. The caterpillar was, so
far as could be jndged by similar experiments, quite snitable
i point of size as food for the lizard, but it was certainly
entively ignored. It must be mentioned, however, that the

caterpillar was absolutely motionless,

Protective Coloration of the Iguana.

Each instance of apparent colowr resemblance must be dis-
cnssed on its merits 3 it is quite unphilosophical to assume
without further inguiry the general action of natural selection
in producing, or at least intensifying, the similarity of colour
between an animal and its usnal environment.,  The onues
probandi lies with those who advocate the action of natural
selection.  The nsefulness of each ease of colour resemblance
must be demonstrated 3 and any facts which tend to prove
that it ix of no particular nse have far ereater weight against
the theory than sugeestions, mercly based upon hnman wdeas

of resemblance and difference, have in its favour. The green
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ignana, resting motionless upon the branch of a tree, seems to
be a perfect case of protective coloration.  We learn, however,
that a species in the island of Sta. Lucia is easily captured in
spite of its colour : the iguana in question is highly esteemed
as an article of food, and is hunted by means of dogs; it is not
pretended that the dogs can see their quarry, but they detect
its presence by the sense of smell. The iguanas of Soutl
America, some of which have the same coloration, may fall
an easyv prey to jaguars and ocelots guided by the same sense.
It is true that the cat tribe do not appear to have quite so
keen a nose as dogs: but they belong to those Mammalia whiel
have been termed, on acconnt of the large development of that
part of the brain which is concerned with smelling, “ osmatic ™
as distinguished from the Primates and aquatic mammals.
which have at most a very slichtly marked “ rhinencephalon.”

Protective Coloration occasionally appears to be Superfluous.

It is not, of course, fatal to the theory that various eolour
modifications have gradually arisen through elimination, to be
able to show that disgnises are sometimes seen throueh, and
warning colours occasionally disregarded.  Any quality whicl
vives to its possessor the smallest advantage in the strngele
for existence may be seized upon and perpetuated by natural
selection. At the same time we must carefully avoid assuming
that a given disguise is effective, without abundant experi-
mental proof.  Nor does it necessarily follow that a gaudily
colonred caterpillar rejected with signs of disgust by one
lizard will be refused by another. Animals have their likes
and dislikes, just as we have. Experimental evidence that
this is so is given on pages 164, 165, All these matters must
be carefully considered before framing hypotheses s the difti-

culties arising chiefly from onr imperfect knowledge, and
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part |:.‘ also tfrom the {'nlll':‘:tiﬁi'l‘.ul'}' results of u};]wri||w|jl.-:, are
so great that it does not appear to the present writer that we
are anywhere near a real understanding even of the problems
that have to be solved—let alone their solution. Dr. Seitz
has pomted ont * that certain insects, for the most part pro-
tectively coloured, often select for their resting-places * quite
circmmseribed  sitnations on trees.”  Biston  pilosarins, for
example, 1s constantly found, according to that writer, at a
height of § to 1 metre on tree trunks. The male of Ilibernie
progemmearid sits for the most part at the foot of o tree, while
the female rests higher up—from 1} to 2 metres, The same
regularity is observable among caterpillars : those of Saturnia
carpind frequent only the lowest bonghs, while Stawropus fage
selects the loftiest branches of oaks.

Sinee many birds habitually seek their prey vpon different
parts of the tree,: and have, as has been pointed ont already,
their likes and dislikes, we may often account for the preva-
lence of a well-disgnised species wof by the efficiency of its
disgnise, dut by its choice of a feeding-ground or a resting-

[rlzu'r.

Protective Resemblance in an Annelid.

In examining water from fresh-water pools and streams, it
is common to meet with examples of a little worm belonging
to the Adwnnelida Oligocheta, a group which also contains the
FEarthworm. These worms, of which there are five species
known to oceur in Great Dritain, have received, on account of

® ool. Juheb., Abth. 1. H}I'Ht... IHH-‘":: P (e

+ This fact may account for the rarity of the Lobster moth caterpillar
in England. T only saw, during five years’ active collecting of Lepidoptera,
a single specimen of this larva.

+ Sitta searches for insects at the very foot of a tree, and in the herbage
round about. Dewdrocopus investigates only the upper branches, ete., ete.
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the bright-coloured spots on the body, the name of Folosoms.
In two species these spots are bright green in colour, often
with o bluish tinge ; in a third species the spots are vellow-
oreen, sometimes almost brown 3 while in the remaining two
they are orange-brown. I have already snggested the possi-
bility of this pigment having a physiological importance : but
it also bears a most striking superficial resemblance to chloro-
phyll and to some other plant pigments. The bluish-green
colour of the oil globules in . Hewdleyi recall the bluish
green pigments of certain Algae, and the other colours recall
pigments of an almost identical hue in other plants, thongh
apparently they have no chemical relationship to them what-
ever. As the bodies of these small worms are transparent,
they present no small resemblance to a living or dead (with the
chlorophyll altered) filament of an Alga. DBut we can hardly
suppose that this resemblance is of much use to the worm
which is preved unpon by animals that cannot have the least

appreciation of its colours.,

Protective Coloration in Man.

[t is even said that man himself may assimilate in colour to
his surroundings. The traveller Schweinfurth remarks that
“the Bongos have a reddish-brown skin similar in colour to
the soil of their conntry; the Dinhas (a neighbouring race), on
the other hand, are as black as the allnviom of their native
soil.,” It should be added, however, that Dr. Schweinfurth
instances this fact rather as a eurions accident than as an
example tending to prove the trath of any theory respecting

P tective resemblance.

Green Colour of the Sloth.
The greenish colour of the hair of the sloth is very sug-

gestive of a lichen-covered branch ; and, considering the
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slugeishness of the animal, this colonr may have a protective
value. The colour, however, euriously enough, is purely ad-
ventitions, and is the only example of the kind among the
Mammalia.

[n captivity the sloth gradually loses this green colour, and
becomes grever ; this is not a change comparable to the
gradual fading of the brilliant red of the scarlet Ibis, but is

simply dne to the disappearance of certain minute Algeae,

Fig., 5. —The Sloth.

which, as Mr. Sorby first discovered, are the canse of the
peculiar coloration ; doubtless it is the absence of a damp
and warm climate that is fatal to the Aleas, and is the cause,
therefore, of what appears to be an actual change in the colour
of the hair itself. It would be difficnlt, therefore, to set down
this case of what appears to he an adaptive coloration to the
action of natural seleetion : though it mnst be admitted that
we still have to explain why this animal alone should be

subject to the intrusion of the Algwe: possibly its slugeish
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mode of life may encourage the growth of these vegetable
parasites, which could not gain a footing upon the hodies of

1more ot AYE ;Illillmlﬁ,

Protective Coloration the Prevailing Device among
Leaf-feeding Caterpillars.

The majority of the caterpillars of the Lepidoptera are pro-
tectively coloured ; it is the rule, for instance, with the extensive
families of the Noctnae, the Geometrae and the Tortrices : there
are exceptions to this rule, as to every rule: for example, the
larvae of the Aecronyetides, the Dageer moth and its allies,
including the * Merveil duJonr 7; thdse larvee are usnally hairy
and briehtly coloured; this exception, however, may possibly
be explained as due to affinity : the larvie closely resemble the
brightlv or at least conspicuously coloured and hairy larvie of
the Bombyees: and this gronp of Noctuae are sometimes classed
apart from the rest as Bombyecoidea, & term which gives ex-
pression to this view. On the whole, it seems more profitable
to a caterpillar to adopt protective resemblance to its sur-
roundings as a means of escaping its foes ; at any rate, this
is what actnally occurs. “The main purpose in life of a
caterpillar,” says Mr. Scudder, © next to feeding, is not to be
seen”  LKven some larvie which are commonly regarvded as
exhibiting warning colours are by no means conspicuous,
particularly if they feed among flowers, or upon low-growing
plants in situations where there is a varied vegetation and
abundance of flowers.  Larvie, as well as other animals which
have not a very marked protective resemblance to any special
object, or have not a colour which is in general harmony with
the environment, are nevertheless by no means invariably

consplenons,
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Longitudinal Striping of Caterpillars.

SirJohn Lubbock, in a very interesting survey of the colonrs
of Caterpillars,® comments upon the connection that exists
between longitudinal stripes npon caterpillars and a habit of
feeding cither npon grass or low-growing plants among grass.
The green or brownish colonrs of these caterpillars, of course,
heightens the resemblance to grass leaves, the longitndinal
stripes representing the veins npon these leaves.  The bulk of
the caterpillars (found in Great Britain) that frequent such
situations exhibit these characters. They arve also for the

most part motionless during the day—an absolute necessity for
protective coloration to confer any benefit.  Without any
further statement it might be at once inferred that this mnst
be a case of protective resemblance brought about for purposes
of concealment.  But, before aceepting this conclusion, it will
be desirable to examine the facts a little more critically.
Grass-feeding caterpillars are not confined to any one gronp
or order : they are confined neither to butterflies nor moths :
plenty of instances ocenr in both these two divisions of the
Lepidoptera.  The striped caterpillars particularly referrved to
by Sir John Lubbock arve those of the Satyridee, a family of
butterflies typified by the abundant * Meadow Browns.”  The
(ialiwm-feeding larva of the Humming-bird Hawk moth has
also these longitudinal stripes : the Bedstraw or ffalium,
however, often grows in patches where there 1s no grass.  The
Skippers or Hesperidie, a family which seems to be a con-
necting link between the butterflies and moths, feed npon
small plants, and are longitndinally striped.  So, too, are the
larvie of the genera Leucaniea, Nonagria, Coradrine, Apamea,

and Miane, among the Noctnie.  The caterpillar of the * Duke

*  Seientific Lectures,” London, 1874,
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of Burgundy ™ fritillary  (Newmeobius (ucine) shows a similar
relation between markings and habitat, and there are other
instances, some of which will be referred to later.

The striping is not, as a rule, to be fonnd during the whole
lite of the caterpillars; when just hatched they often show no
markings at all, and are uniformly green. But a minute green
caterpillar is sufficiently protected; it is only when it becomes
larger that the striping becomes necessary as an aid to con-
cealment: this, at any rate, is the usnal view.

Longitudinal Striping found in all the Species of the Butterfly
family Satyride.

Now, the Satyrids all possess striped larvie.  There does not
appear to be a single known exception to the rule ; this is the
case not merely with the European forms, but with the genera
and species from other continents. It must be remembered,
however, that a very large number of these butterflies are only
known in the perfect state.  The statement *Larva nnknown ™
is of constant oceurrence in the deseriptions of species—even
European. IFurthermore, they all, with one doubtful exception,
feed upon grasses, sedges, and such plants. The doubtful
exception i1s a North American species of Faeis (a genus
which ocenrs in Europe, but not in England); Mr. Sendder
relates that he found a larva of this butterfly in such a position
with reference to a partially-caten patch of lichen, as to snggest
that it was a lichen feeder. On other occasions, however, it
was always found on sedges ; so that its feeding npon lichens
is doubtful.  Here, again, it must be remembered that excep-
tions may be met with as our knowledge increases.  We find,
therefore, that all the members of a large and widely dis-
tributed family of butterflies are, so far as we know, striped in

the caterpillar stage and met with npon grasses and other low
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plants occnrring among grasses,  This very fact does not look
like selections it looks much more like a family characteristic.
Still there is the coincidence of eolonr and habit. It has been
mentioned that the very voung eaterpillars arve not striped; but
among tufts of bright green and luxuriantly-growing grass is
there any need for even the adult caterpillars to be striped ?
One does not notice the striping produced by the venation of
the grass leaves in many eases.  As a matter of fact, some of
the Satyrid larvee are greener than others, and the striping is
redunced to the minimum of visibility., These species are
equally well, if not better, provided for in the way of protective
coloration than the brown ones with strongly marked lines,

These Larvae usually feed by night, and often conceal themselves
by day.

The larvie of these butterflies feed chiefly by night ; under
these circumstances striping or no striping would be quite
immaterial, ~they would ron an equal risk of discovery with the
most brilliantly coloured of caterpillars.  DBut although these
caterpillars usnally, if not always, feed by night, they often
rest during the day freely exposed upon grass stems, so that
their protective coloration wounld stand them i good stead.
Immobility, as has already been remarked, is an absolutely
necessary concomitant of protective coloration. It the matter
ended here, there would be considerable  gronnds—almost
perfectly convincing indeed —for regarding the coloration of the
caterpillars as due to adaptation.  But this is not all.

Several species hide themselves by day : Newman * relates
that this is the case with the “Grayling™ butterfly, Hippearchia
semele. A nmmber of these larvie were observed not only to
feed durine the night, but to hide themselves during the day

* = British Butterflies and Moths."
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by burrowing into the sandy soil npon which their food-plant
was placed. Sendder also says that the larva of the (Fneis,
already referred to as being possibly a lichen-feeder, feeds by
night and hides itselt by day under stones.  Mr., Sendder never
sneceeded in finding these caterpillars during the day except
nnder stones.  Now, in these eases the colonr obvionsly does not
matter; if, therefore, the longitudinal striping is kept np by
constant selection on account of its utility, and has no other
signification, we might expeet that in these two species, and in
others with similar habits, the cessation of natural selection
would have permitted the high standard veguired in the other
cases to be lowered,—perhaps, even, as has been snggested in
the case of the cave-animals, the colonrs being nseless to their
possessors, might have disappeared altogether,—but they have
not ; the caterpillar of the * Grayling™ is a typical Satyrid
caterpillar,

As an alternative sngeestion to modification of coloration to
suit environment, may not we suppose sometimes a change of
environment to fit in with colour ?  This is, perhaps, a crude
way of stating it, as it suggests a deliberate picking and
choosing on the part of the caterpillar of a plant or locality
best adapted to the concealment of its otherwise conspicuous
livery. (See, however, the case of the black moth quoted on
p. 113.)  Prof. Drummond * suggests how easy 1t 1s to produce
changes of strneture, which free the animal so changed from
any need of alteration of habit. A few danbs of colour, a
little modelling of thorax and abdomen, a deft turn of antenna
and limb, and the thing is done,” he sayvs,  If natural selection
chooses the easier path, which we must obviously assume to be
the case, a change of habit will be often much easier.  There
are plenty of examples of change of habit in the animal

L]

“ Tropical Africa.”
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world. I need only refer to the classical instauce of the New
Zealand Parrot, which has, in the last ﬁ["[_‘n' vears, taken to a
purely carnivorous living. Caterpillars often feed upon many
different plants: the Gooseberry caterpillar will eat almost any
shrub, including lanrel : and I have * beaten™ the larvie of
Notodonta trepida from both oak and beech in the New
Forest. A change from shrubs to grasses may therefore have
been found necessary by the larvie of these Satvridie ; those
that remained upon the shrabs were decimated by birds, while
those that dropped on to the grass underneath and staved there,
survived in greater numbers ;3 thus the habit micht be in-
herited.  Among the thick-bodied night-flving moths—the
Noctuwe—there are many genera in which the larvie are
invariably striped, and as invariably feed upon the tissnes of
reeds, grasses, amd other low-growing plants. T have already
mentioned the genera, the larvie of «// the species of which in
this country ave striped. This again looks like a race character,
independent of selection, but there is still the coincidence
between colonr and surroundings. It must be remembered,
however, that there is nothing peculiar in longitudinal striping;
the patterns of coloration among animals are limited to very
{iw tj.'lu-:-:; we have ;-'.]ull.u', Clioss :-'.n*il}ll:-:, and |u:|j_=,'f’£1ulilml ﬁit'iIu*:—
turning up in all orders.  There are longitndinally-striped
quirrels, just as there are longitndinally-striped caterpillars.
If there were something unique and remarkable m the colora-
tion, more stress might be laid upon the resemblance  to
grasses, Most of these caterpillars, however, are night-feeders,
and a large number hide themselves during the day; it may be
suggested that they begin to feed carly in the evening, when
their colours, if conspicnous, would be readily seen. I this is
s0, it does not much matter, for the birds would, the bulk of

them at any rate, have gone to roost.
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Internal-feeding Larvae sometimes Striped.

But many of these larvie have a far more eflicient means ot
protection than that afforded by longitudinal striping.  They are
internal feeders, devouring the pith of reeds and other stems;
and vet they retain the longitudinal striping in a situation
which insures immunity from the attacks of all bat entomo-
logists ! I am not aware whether birds ever do extract
such caterpillars from their galleries, but it is quite immateriaf
to the present argnment if they do.

Striping sometimes occurs in certain Species only of a Genus.

The caterpillars that have been hitherto dealt with helong to
aenera in which all the species are striped.  There are other
genera, among British inseets, in which some of the species
are striped and some not striped; though all feed npon low-
crowing shrubs.  Of the genus Xylophasia the species ruren,
J'.rr'jﬂ.r.i"frrr an .w*m’ri!;r.r{‘fﬂd are *.-ifl'i]]'l*ilj while f.e-.l".l".'rﬂnr'_fﬂ'.rw {l,.nl{
polyodon are not.  X. polyodon is one of the commonest of
British moths; it is often quite a pest at ** sugar,” and tarns up
everywhere: it is the commonest species of the genus, and does
not therefore seem to have lost much by its (hypothetically)
less perfect adaptation in the larval stage. Still these instances

:illg‘;;‘t-:it  gelection 7 more than the others.

Striped Larve do not always feed on or among Grasses.

It is perhaps not a very strong argument against the view
that longitndinal striping is protective in origin to point to
caterpillars which frequent sitnations where the striping does
not appear to be of so moeh value: but in a discussion of the
subject these instances must be mentioned.  Many of the
“ Prominents "——all of them apparently that have not larvee

with exerescences and humps upon some of the pigments—
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have longitudinal stripes: for instance Notodonta chaoma,
N. dodonea npon oak, Ptilophore plumigera, which feeds npon
oak and poplars Lophopterye cormelita, which feeds upon
birch,  Acronycta megacephala and ligustri ave also striped,
and so is the genns Cymatophora. (‘uriously enongh, most of
these larvie are day feeders, and so their eoloration is less
nseful still. It has been ureed that stripes are useful in
breaking up the large area of a caterpillar’s body, and so
rendering it less conspicuous than it would be if all of one
colour.  But on an oak leaf a different method wounld he more
advantageous, one might suppose.  The longitndinal striping
Is very snggestive in these cases of some more deep-seated cause
of coloration,  We must therefore conclude, after considering
the examples brought forward in the last pages, that the
longitudinal striping of caterpillars is a phenomenon the
explanation of which must be still regarded as sub judice,
There are many facts which favour the view that it is to
bhe explained on the very simple hypothesis of a need for
resemblance to the environment:; but there arve other facts

which do not altogether suit this hypothesis.

The Resemblance of the Larve of Geometers to Twigs.

A very large percentage of lepidopterons eaterpillars are
vreen ; the colour is due not only to the coutents of the ali-
mentary canal, but also to the presence of a pigment known as
metachlorophyll in the blood : metachlorophyll is a slightly
altered derivative of the chlovophyll of the food plant.  Where
the integument is but little pigmented, the caterpillar under
these cirenmstances appears green, It more pigment 1s present
it is brown. In other eases the integnmental pigment 1s so
abundant and varied as to entirely conceal the green colour.

The colour alone, apart altogether from the form of the cater-
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pillar, renders it inconspiencus.  There is one group of cater-
pillars which, in addition to a prevailing green or brown colour,
has a most striking resemblance in form to twigs or buds.
This resemblance has been long noticed.  Messrs, Kirby and
Spence, in a chapter dealing with the “ Means of Defence of
[nseets,” in their © Entomology,” remarked npon these cater-
pillars as follows :—* There is a certain tribe of caterpillars,
called sarvevors ( Geometrar), that will sometimes support
themselves for whole hours, by means of their posterior legs,
solely npon their anal extremity, forming an angle of various
degrees with the branch on which they arve standing, and looking
like one of its twigs. Many conceurring circumstances promote
this deception. The body is kept stiff and immovable, with the
separations of the segments scarcely visible ; it terminates in a
knob, the legs being applied close, so as to resemble the hud at
the end of a twig: besides which it often exhibits intermediate
tubercles, which inerease the resemblance.  Its colour, too, is
nsually obscure, and similar to that of the bark of a tree.
No that, doubtless, the sparrows and other birds are frequently
deceived by this mancenvre, and thus baulked of their prey.
Risel’s gardener, mistaking one of these caterpillars for a dead
twig, started back in great alarm when, on attempting to hreak
it off, he found it was a living animal.”

The protective colour and form of some of these geometrid
larvie have been earefully studied and described by Mr. Poulton
mm an admirable series of’ papers,” the results being summed
up in his book “The Colonrs of Animals.”  The caterpillars
are generally long and ceylindrical in form, of the same or
nearly the same diameter throughout : the greater part of the
body lies Detween the anterior and posterior legs, and this
structural fact is largely responsible for the twig-like appear-

* In Trans. Entom. Soe., | 88h—8,
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annee, u‘iliq'll wun]lI 'Ew- l_'lill‘.-iili.l"[':l-illi".' lHI]lilliHII{‘{l l{hl the Illjllt][l‘
segments have legs.  The anterior legs are often directed
forwards when the larvais resting outstretehed from a braneh.
and suggest buds at the extremity of a branchlet. The two pairs
of posterior legs, with which the larva grasps the branch,
in the Drimstone moth (Ruwia crategate), and the tract of
body lying between them has numerons minnte fleshy taber-
cles, which soften the contrast hetween the caterpillar and the
branch, aud thus heighten its resemblance to a twig. These
Geometer caterpillars are very plentiful ; and any oue can
observe them for himself even in a London garden.

A resemblance to-a twig shown by a tree-feeding caterpillar
seems to be so ﬂln‘inllﬂl}' I'l:-u'f'lll, that 1t llli:;‘:llf b ;I.:-i:-'llt];ll‘ll,
without any further discussion, that the need for proteetion
was the canse of the whole likeness which these caterpillars
bear to twigs. The Geometree form a large group of moths
spread over the whole world, and feeding in the larval con-
dition upon every variety of tree, shrub, and plant.  They have,
therefore, to cope with most varied conditions, and with encmies
of all kinds,

Although the prevailing deviee for protective purposes which
they exhibit is a likeness to a twig, there are some species
which appear to imitate bits of curled-up and withered leaf,
or even cempty snail-shells : while others lose their resemblance
to a twig by their strikingly untwig-like eoloration (e.g. Magpie
moths), or by their habit of extending themselves along leaves
instead of resting stretched ont from a branch. And yvet, 1o
spite of these varied vesemblances, the same general form is
found in all Geometer larvae, and in no others excepting in
some genera which are nearly allied to these moths,

We must, therefore, not too hastily assume that the chief

features of resemblance whigh the eaterpillars of the Pepper-
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and-Salt moth and of others bear to a branch of their food-
I:I:mI are due to natural selection :u'.tfll}.:‘ in this II:H"[iI‘I!]:I]'
direction. All that we are justified in saying is that these
resemblances may have heen perfected by that canse.  The
very fact that the majority of the Geometer caterpillars simulate
twigs seems an indication that natural selection has taken
advantace of a considerable initial resemblance ; otherwise we
might have expected to meet with more numerons examples
of wm‘uiu_u' ru|ul‘:ll.{u||, 1'L||11 nl' I'L':-H'llﬂrlmu't‘ to ntiu-t* “h.i“*'r""-
ruu]rlwl with and hvightvuud Il}.' stroctural as well as colour

modifications.

Occasional Absence of Coloration in Internal-Feeding Caterpillars.

The fact that internal-feeding caterpillars arve white or
vellowish has been used as an argument in favour of the
effects of reversed natural selection—or Panmixix as it is termed
by Welsmann.,  The green colonr of the leaf feeders is pro-
tective : and this form of protection is not needed by internal
feeders, protected as they are by their position : hence the
green colour tended to disappear and finally did disappear i
these caterpillars, because 1t was useless and no longer pre-
served by natural selection ; a green colour came to be not
disadvantageous, but simply unnecessary. The caterpillars
being no longer selected for their greenness, gradually lost it.
Prof. Meldola, however, pointed out that the explanation was
in reality the simple one that there was no chlorophyll in
their food, and none, therefore, to colonr their tissues.  Leaf
miners, which feed upon the internal tissues of leaves, are often
ereen because these tissues contain chlorophyll.  The larva of
Nonagria sparganii is green, althongh it feeds in the interior
of Iris stems, and needs no protection by colour. It is pro-

bable, though it has, I believe, to be proved, that this green
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colonr will be found to be dune to chlorophyll existing in the
internal tissnes of the stems of that plant,

I have :'lil'd':lllj.' referred to this Hll}rjl*t'f in connection with
the divect influence of light upon colour,

Comparative Rarity of Green tree-frequenting Animals an Argument
in favour of Selection,

[t 15 not a little snrprising to find how fiw green animals
there are: this assertion may appear to be rather hold : but if
we consider the great prevalence of sandy coloured animals in
arid and sandy localities, the absence of a correspondingly laree
number of green animals among trees is striking.  As regards
birds, we cannot fairly take this conntry as an example, be-
cause, as Mr. Wallace has pointed ont, the deciduous foliage
wonld expose green-colonured birds in the winter and in the
early spring, when they most need protection; but inseets,
which only snrvive for a summer, may be fairly taken as a
crucial test. There is only one butterfly—the green Hair-
streak (Thecla rubi)—which is distinetly green; the mottling
or veining of green on the under surface of the wings in the
Pieridse is supposed to be a special adaptation to a particalar
plant.”  Among moths the number of green species is not
proportionately mueh greater, there are eight species of Emerald
moths, which are all of a nearly uniform green colour; four or
five Tortrices with the upper wings green : and a few Noctuae
in which green forms a large component part of the coloration in
the upper wings at least; finally, we have the two * Forester”
moths.  Green  Lepidoptera do not appear to be relatively
more abundant in tropieal conntries.  There are plenty of
green beetles 3 but on turning over the plates whieh illustrate

* Mr T, W. Wood has figured i Student,” vol. i1.) the orange- tip at rest

upon an umbelliferous Ihlil"l. to which its h‘[h.rl.'ln.lud green l|lull.'l'-‘n'-'l.1|g~*
bear a striking resemblance.  See Woodent, fig, 3, p. %7,



PROTECTIVE COLORATION. 104

Mr. Jacoby's papers in the Procecdings of the Zoological Socicty
one cannot help being struck by the large absence of green
among the phytophagous Coleoptera. There are plenty of
areen tree-frogs, but, as has heen alveady mentioned, there are
more that are not so uniformly colonred.  Even about birds
living in tropical conntries, and especially arboreal in their
habits, the most that can be said is that there are a good many
green species.

Now, the reader must not assume that these few facts Lave
been bronght together for the purpose of throwing discredit
upon the theory that a green coloration has been gradually
produced for protective purposes. Any one convineed of
the truth of this theory would at once trinmphantly point
out a large number of omissions from the above very scanty
list 3 it seems to me, however, that a presalence of green
among arboreal animals cannot be proved: and thus there
might appear to be a certain weakness in the theory of
protective coloration as applied to these instances.

In my own opinion the apparent weakness of the arguments
constitutes the real strength of the theory: it is precisely
becanse the sandy colonr of desert animals and the trans-
parency of pelagic organisms 1s so universal, that some general
environmental canse appears to be necessary for the explanation
of the facts; on the other hand, the picking and choosing among
arboreal animals savours distinetly of natural selection. There
are gquite enongh examples of green tree-frequenting ereatures
to call for some f]!{%ul'}‘ to explain the facts, but there are not
too many to render a selection improbable. When a whole
gronp of animals shows a similar modification, adaptation
seems less likely.

Deceptively-coloured African Mantids.
Every naturalist traveller appears to have some instance to
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relate of how he was taken in by a protectively-colonred insect.
These stories are told with a curiously exaggerated delicht at
the deception, and often with a framework of details tending
to throw the deception into still greater prominenee.  Professor
Druommond, in his most fresh and interesting little book,
*Tropical Africa,” tells us that he went to that country
resolved to be proof against the frands of insects, and sns-
picions that “the descriptions of Wallace and the others were
somewhat highly coloured.” The insect which sncceeded in
deceiving  Professor Drnmmond  was one of the Mantids.
Professor Drummond, however, relates with somewhat of an
improdent (and, I am lliH]H wed to think, nmintentional ) eandonr,
that his black companion recognised the animal natare of the
supposed wisp of hay at once. It seems to me that that part
of the story 1s the most important. I have not been to Central
Africa, but I have seen twenty people pass a * Tiger moth "—a
conspicuons insect anywhere, and particularly so when it was
sitting, and not one of them noticed it, and yet it was probably
new, in spite of its being a common insect, to most of them.
The fact is that we must get ont of the way of judging
istances of this kind from the human standpoint.  The most
acute observers among us are dull compared with uneivilised
man and many animals.  Any one who will take the trouble
to inspect the plate of Prof. Westwood’s recently published

1 the members of

monograph npon the Mantids can see how a
this croup resemble sticks and bits of straw. This resemblance,
as we think it, is a race character.
Protective Coloration in Spiders.
Mr. H. O. Forbes, Proc. Zool. Soe., 1583, p. 9846, relates how

he was taken in by the coloration of a spider :
“On June 25th, 1881, in the forest near the village of

Lempar, on the banks of the Moesi river, in Snmatra, while my



PROTECTIVE COLORATION. 111

“hoys * were procuring for me some botanical specimens from
a hich tree, I was rather dreamily looking on the shrubs
Lefore me, when I became conscions of my eves resting on a
bhird-excreta-marked leaf.  How strange, I thonght, it is that
[ have never got another specimen of that curions spider
[ found in Java which simulated a patch just like this! |1
plucked the leaf Dby the petiole while so cogitating, and
looked at it half listlessly for some moments, mentally re-
marking how closely that other spider had copied nature ;
when, to my delighted surprise, I discovered I had actually
seenred a second specimen, but the imitation was so exquisite
that I really did not perceive how matters stood for some
moments. The spider never moved while I was plucking or
twirling the leaf, and it was only when I placed the tip of my
little finger on it, that I observed that it was a spider, when
it, without any displacement of itself, flashed its falces into
my flesh.

*The first specimen I got was in West Java. While hunting
one day for lepidoptera, I observed a specimen of one of the
Hesperidae sitting, as is often a custom of theirs, on the
excreta of a bird on a leaf; I crept near it, intending to
examine what they find in what one is inclined to consider
incongruons food for a butterfly. 1 approached nearer and
nearcr, and at last canght it between my fingers, when I
found that it had, as I thoneht, become clued by its feet to
the mass 3 but on pulling gently, the spider, to my amazement,
disclosed itself by letting go its hold.  Only then il I
discover that I was not looking on a veritable hird’s exereta.”

There are numerous other examples of protective resemblances
in spiders,

Prof. Edonard Heckel has described and illnstrated * with

Bulletin Seient, France et B lqg., t. xxiii. ( |H‘.||}_
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two coloured plates the colour variations of Lhomisus onustus
~—a species abundant in the south of France. This spider
frequents the flowers of Convolvulus arvensis, and is so
abundant during the months of August and September that
nearly every plant has its spider ; it is evident, therefore, that,
in spite of the numerous insect visitors to these flowers, there
must be a certain amount of competition for food among the
spiders : this 1s especially the case if it be true that the spider
limits itself almost exclusively to two Diptera, ignoring the
other insects. The flowers of this convolvulus show three
aricties = one 1= pure white 3 another ]1i||1-:‘ with traces of a
vinous red externally : while the third is a paler pink tinged
with green externally. These three varieties of the convolvulus
are inhabited by three varieties of the Thomisus, which corre-
spond exactly in their hues with the flower, with the exception
of the one which lives in the white flowers : this variety of
spider has a blue eross on the abdomen, and the extremities of
its legs are likewise bluish. Blue, however, may be snggestive
of shadow, and not render the animal very conspicuous.  These
three varieties do not embrace all the colonr modifications
of which the spider is susceptible ; it becomes a dark red
when upon the flowers of Dalklia versicolor, which has a similar
colour, and yellow when upon the flowers of the yellow
Antirelinum majus.

The term * variety 7 has been made use of in referring to
these spiders ; but the nse of the term is misleading in so far
as it implies a fixed colowr form, for Prof, Heckel found that
the spiders were capable of changing their colour when trans-
ferred from one flower to another, but that the change took
three or four dayvs for its accomplishment.

[t is only just to mention that the experiments, as described,

were not absolutely conclusive. Three spiders were taken
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and [rlm'wl in a II{IH, 1‘.‘]]1.‘.‘1’1.‘, after the hi,}h-'v ol some ll:l.}'r-a
they became bleached.  One of them was placed apon a red
Dahlia, another npon a vellow Antivrhinnm, the third upon a
white convolvulus.  They were all marked with an ink spot to
ensnre recognition : but a storm of rain washed ont the marks,
<0 it is possible that the individnals found npon the flowers
and colonred like them were not really those originally placed
there,

The distingnished British Arachnologist, the Rev. O. P.
Cambridee, has :lll‘vml}‘ referred to the same spider as imitating
the colonrs of flowers.®  He found it pink when upon heather
blossom, and gnotes the Rev. (. W, Penny to the effeet that it is
vellow when npon yvellow blossoms. Mr. Cambridge is, however,
mclined to doubt thns, since he found more matnre examples,
which are generally devoid of colonring, also upon the pink
heather blossoms ; the yellow colour, therefore, is not adaptive,
but simply due to age. The two series of observations must

be set against each other,

Do Animals select Resting-places which are in Harmony with their
Colour?

It is not generally believed that inseets and other animals
that are protectively coloured deliberately select for a temporary
resting-place a sitnation—whether it be a trunk or a leaf,
that harmonises with their own colonr. The theory is that their
colonrs have been modified in accordance with their nsnal
environment : those that habitnally settle among trees heing
areen, and so forth. It has, however, been stated that a small
black moth (Phyris carbonariclle) is coustantly met with in
patches of nnderwood that have been burnt ; its dosky hnes

approximate to the colonr of charred wood, The Snowy Owl,

* = Spiders of Dorset.”



114 ANIMAL COLORATION.

too, appears to seleet o snowy pateh of ground to rest upon,
n ]J]'Eﬂ‘i‘{'ljtl‘ to rocks and stones which are not covered with
snow: so at least says Bishop Stanley, in his “History of Britisli
Birds ™ (p. 149) of a pair of these birds shot in the severe
winter of 1523, in Northumberland. These birds had, we are
told, “ been noticed in the wild and rocky parts of an open
moor, either perched upon the snow, or on some large solitary
stone ]I!'l!_ii.'l.'filllﬂ' from it, from whence, without EI”]'EI{'HIIIL!'
notice 1!}' any t'HIITI'H:AHII,L‘.' colonr, I‘ili*_\' could look ont tor their
||l‘1"‘l.'.“
Indifferent Colours.

There are numerous examples of coloration the reverse of
protective, which nevertheless cannot be recarded as “warnine,”
inasmuch as they are not accompanied by disagreeable qualities.

The most prominent instances are animals which are entire

.
white or largely marked by white.  Mr. Wallace has pointed
out. that the defenceless inhabitants of islands® often show
such conspicnous  colours : the butterflics of some of the
islands of the Eastern Arvchipelago have more white upon their
wings than their relations upon the mainland ; this he
attributes verv ingenionsly to the smaller need for protection
owine to the less numerons insectivorous animals.  The
struggle for existence 1s, in this partienlar, less keen ; henee the
elimination of unfavourable varieties proceeds with diminished
severity,  Among British Lepidoptera there are a number of
white species—Dbutterflies as well as moths,  As to the batter-
flics—the Cabbage White and its allies—it may reasonably he
urged that they have not so great a need for protection as
many other insects : as a role, butterflies do not appear to he o
favourite an article of food with bivds and lizards, as do moths:

* Sir Walter Buller has remarked upon the abundance of albines
among New Zealand birds.
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but this is a fact which may be made use of in several ways.
If Mr. Pounlton® is right in assigning a protective value to the
hl'i_ﬂ'h[-t'ii]um':-nl willgs of butterflies ““as a {'frlls[lic'liiulrt mark
¢asily seized by an enemy, and vet readily tearing withont
much injury to the insect,” it seems nnnecessary to pay muels
attention to the supposed utility of protective colours, such as
are shown by the Kallima or the Green Hairstreak,

The conspicnonsness of the white butterflies is, however,
diminished by their fondness for settling npon the vellow and
white flowers of eruciferons plants: hut they eannot he recarded
as goold examples of protective coloration, as they iy mneh and

are. of course, conspienous durine flicht.  Both Mr. Wallace

t"lg, r:. —J”-f 'III"IrI-l'I"" I:ill' |'|.._l'..,_‘

and Mr. Pounlton have dwelt upon the protective value of
white under certain cirenmstances.  White coes laid in an
open nest such as the pigeon builds, and the white under-side,
of many pelagie fish, of whales and dolphins (fig. 6), and even of
aquatic birds such as the penguin (fig. 7), are stated by these
writers to be inconspienous when seen, as they would naturally
be, from below, and against a bright sky. It appears, however,
that this is really not the case. It snowflakes, which are of
a purer and brighter white than any egg, are watched as they
fall from the sky, which is naturally overcast aud dull, they
appear almost black., If we can imagine for a moment the

* ¥ Colours of Animals,” p. 200.
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possibility of snow falling from a clondless sky, the darkness
of the flakes seen aguinst the bright sky wonld be more
marked still,  This difficulty in the way of accountine for the
above-mentioned facts was sugeested to me by Prof. Weldon.

There ave several species of white hirds which, not being

inhabitants of the polar regions, can get no advantage from

voe—dpteandptos petegonice (Trom Brehm),

their coloration.  Some of them, like the pelican, are strong
birds, which can defend themselves without the help of any sueh
adventitions aids ; but others are distinetively not o, Mr. W,
H. Hudson has ealled attention to the way in which the White
Feret of Sonth Ameriea is singled out from a flock by pre-
daceons ||E|'l[:-. :ItH] wonders how it ean he so COTLn i the

face of this obvious perseention.  Herve again we may emphasise
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the remarks already made, that a few unreconcilable instanees
do not of themselves overthrow a theory like this which we are
discussing : but they do not lend much support to Prof.
Drummond’s contention  that  “ mimicry is not merely an
occasional or exceptional phenomenon, but an integral part of
the economy of nature 73 that “it is not a chance relation
between a few objects, but a system so widely anthorised that
probably the whole animal kingdom is more or less nvolved in
it.”  On the contrary, the instances of mimiery, using that term
in the earlier and wider sense that Prof. Drummond uses it,
do not appear to be by any means so numerous as he wonld

lead ns to nfer.

Certain apparently protectively Coloured Animals probably do not
owe their Coloration to the Action of Natural Selection.

One of the commonest of British Moths—the * Garden
Carpet ™ (Melawippe fluctuaria), abundant everywhere in the
carly summer, and again later on, is an insect which would be
regarded by most people as an instance of protective coloration,
[t is met with under the copings of walls, and upon tree
trunks, and in fact in nearly every kind of place ; the varied
browns amd white of the wings are not unsugeestive of a
lichen @ and lichens are often found where the moth is found.
Several of the allies of the moth—which are distingnished
from each other by the varying amount of bhrown (sometimes
black) and white, and its distribution, are found in similar
localities.  On the other hand the moth is as commonly found
upon the leaves of trees—Dboth the under and the upper surface;
in fact, it will select any handy resting-place.  When upon «
leaf, with the wings more or less extended, it resembles, as
Mr. Poulton thinks the Goose Egg—Cilia spinula—does, a

patch of birds dropping flattened out, throngh having fallen
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trom a considerable height,  Which of these two models does
the insect most resemble ? Perhaps it will be said that the
summit of achalk enttine, where the white chalk is beginning to
comnmingle with the brown earth lving above it, is a still more
likely model.  Now, if we accept * natural seleetion,” it is
quite evident that the main principle npon which Nature works
Is economy: a new organ is not made for the performance of a
new funetion when an old one a little altered will do as well.
Accepting the analogy, we might be led into forgetting the
difference between this kind of economy and the more hnman:
and into believing that the colour of the insecet was bronght
about in order that it might resemble as many * environments™
as possible. It might he nrged that only one of these different
models was successfully nnitated by the moth, the hikeness to
the others being accidental ; in fact, this is the only possible
view that could be taken. Bat if the resemblance is accidental
in the one ease, why not in the other?  The fact is, that with
a varied environment—sueh as a wood for instance —we may
i':J:-ailjr oet a laree number of 1*:{;!111‘[#]1'.* of coloration among its
insect inhabitants that are purely accidental.  After all, the
same colonrs ocenr among animals as among plants, even
amonnting in a few cases to an identity in the pigments
(e.e. chlorophyll; and carotin—which has been found by Prof.
Blanchard in a erustacean). Among moths, for instance, yvellow,
browns, erevs and white, are the prevailing colours : and these
are just the colours which predominate upon the tree trunks
and decaying vegetation at roots of trees, where moths
chiefly pass the day.  To assume that the second is the reason
for the first is to assume too much. It is not the pigments
themselves which arve supposed to be produced by the action
of natural selection, but their distribution; it is not the eolowr,

bt the eoloration of animals, which forms the subject of
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mvestigation by those who wish to colleet evidence in favour of

modification dne to natural selection.

Specifie Characters retained even in Insects which imitate the same
Environment,

In referring to the changes of colonr nndergone by flat fishes
in order to assimilate to the ground upon which they happen
to be resting, Mr. Conningham remarks: * “ A large number
of different speeies belonging to different genera lies within the
same area or gronnd of uniform colour : to rhis eolour they
all have to assimilate their general tint, but each species has
its own permancut characteristic marking. As these markings
are all different, they cannot all aid equally in the protective
resemblance: some of them, at least, must either be indifterent
or disadvantageons to the attainment of the useful result.  As
far as we can judge, all the specific markings are indifferent.”
This is equally trune of other animals besides fishes. There are
a large number of moths which habitually settle npon lichen-
covered trees: for instance, Biston betularia, Cleora glabraria,
F punda lichenaria, ete: all these insects have white or brownish
wings dusted or marked with black., But not even the veriest
tyro among entomologists wonld fail to recognise the specific
distinctness. It may be (I am not aware if it is =0) that
one species resembles more closely a particular lichen than
another does, which is more like a second species: buat in this
there is not much advantage, for 1 can say from personal
experience that the insects are fonnd upon different tree trunks
and among various kinds of lichen, to most of which they have
a certain likeness,

Protective resemblance, thercfore, even if' due entirely to

natural seleetion, has its limits; and we must regard as an

" Preface to his Translation of Eimer's work, p. xiii,
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exceptionally fortunate (for the insect) result the wonderful
“mimicry 7 of the Kallima butterfly. Indeed, such cases are ex-
ceedingly rare.  On the other hand, there are a few inseets which
are absolutely alike in the imago stage, only known to be differ-
ent species by the differences in their caterpillars.  One of our
leading entomologists, Mr, Stainton says—or rather said (I
do not know whether he has changed his opinion)—that it i<
quite impossible to discriminate between the two Dagger
moths, devonyeta Psiy and A, tridens : if the pattern has been
produced for purposes of concealment, which is rather difficult
to believe, as there is no object in nature which they resemble
caretly, Mr. Caonningham’s objection will have to e recon-
sidered.

Protection often due to Multiplicity of surrounding Objects.

When a conjurer intends to surprise his andience by the
production of an object from some nnsuspected quarter, he
places it beforehand, with no attempt at concealment, upon the
table, which is generally covered with varions mysterions
objects not meant in the least for nse. It is concealed nntil
the right moment among a multitude of objects, some more,
some less like it.  Every one knows from experience how
diftienlt it is to find an object which has fallen upon a carpet
with a complicated pattern.  We  find  exaetly the same
prineiple in Natore.

Prof. Drummond gives a good instance of this®  * One of

the wost beautiful and ornate of all the tropical reptiles is the

puft-adder.  This animal, the bite of which is certain deatl,
is from three to five feet long, and disproportionately thick,
being in some parts almost as thick as the lower part of the

thich. The whole body is ornamented with strange devices

* “Trepical Africa,” p. 170
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in green, vellow, and black: and lying in a musenm its glitter-
ing coils certainly form a most striking object.  But in nature
the paff-adder has a very different background. It is essen-
tially a forest animal, its true habitat being among the fallen
leaves in the deep shade of the trees by the banks of streams,
Now, in such a position,at the distance of a foot or two, its
appearance so exactly resembles the forest bed as to be almost
indistinguishable from it.”

The puft-adder does not specially resemble fallen leaves, hat
among the variety of objects in the situations which it atfects
it escapes notice.  The colours cannot be exactly protective,
becanse the reptile (does not mlwavs coneeal itself in sucl
sitmations as Mr. Drummond deseribes. It often lies half
baried in sand, and would not probably be very conspicnous
then.

I refer later (p. 257) to the sexunal differences in this reptile,
which are not consistent with a theory of protective resem-
blance, but are thoroughly consistent with the view that
concealment is effected by frequenting sitnations where the
ground is broken and varied in colour by living and decaying

vegetation of all kinds.

Colours of Pelagic Organisms.”

The surface of the sea, whether near to shore or in mid
ocean, appears to any one looking down from a boat almost
devoid of animal life : from time to time a solitary mednsa or
a shoal of these animals will be seen, and less frequently
some of the rarer sarface organisms will break the monotony ;
but with these exceptions the water appears to be absolately
free from living creatures.

A general account of the pelagic fauna may be found in Moseley's

“ Natoralist on the € hallowger.)” and in Agassiz, = Three Cruises of the
Blale”
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[1, however, a gquantity of sca-water be strained through a
mmslin bag, a gelatinous mass will be left bhehind,  On a eloser
examination this proves to consist entirelr of the hodies of
mnumerable animals, so perfectly transparent as to be prae-
tically invisible when floating singlv.  So abundant in every
latitnde 15 life in the surface waters, it has been calenlated
that there are eight hundred tons of oreganisms to every
square mile on onr coasts. At night the phosphorescence
of these organisms renders their presence obvions.,

The surface fanna of the oceans comprises representatives of
all the groups of invertebrate animals —chiefly, perhaps, larveae,
but also nmumerons adult forms : and these all agree in the
entire absence of pigment, or in having but o small amount;
and when colour is present it seems to =uit their special eir-
cnmstances,  The Salpe, for example, are colonrless and
transparent, with the exception of a =small portion of the
alimentary canal : this has a brownish-vellow colonr, and
suggests a fragment of floating seaweed. The nltramarine
blue of the floating Velelle has been compared to the blue of
the sea. Among pelagic fish it is common to find the upper
surface dark-coloured and the lower surface white, so that the
animal is ineconspicnons when seen either from above or below.

The transparency of the greater part of the pelagie fanna is,
.-'n-i'11|' as owr senses are concerned, an undoubted protection to
them, rendering them, of conrse, invisible,  Inasmuch as many
of these oreanisms have close relations which are brightly and
varionsly  coloured, it is believed that natural selection has
effected the change from a colonred to a colourless condition ;
the supposed advantage is naturally the concealment attorded

by this change.  The Ascidians that live attached to stones or

weed are generally brilliantly colonred, while the pelagic forms

sieh as the Salpa are nearly perfectly transparent.,
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I have already veferred on another page to the gor-
oeous and diverse coloration of' the littoral and deep-sea
nudibranchs.  This evoup of mollnses has one representative
among the pelagic fauna; the animal was named by its dis-
coverer, Forster, the companion of Captain Cook, Glaucns: it is
of a dark bloe colonr. 1 have never myself had the opportunity
of secing (Flaucus in a living condition, but I have seen Velella
on the south eoast of Spain ; in the shallow water it was a
tiny but extremely conspicnous object; perhaps this is not the
case when it is floating in waters far removed from the shore.

Perhaps the most remarkable case of apparent adaptation
i accordance with a pelagic life is atforded by the transparent
tish Leptocepladns 3 this long and narrow, perfectly trans-
Incent fish received the name Leptocephalus in the belief
that it was an adult form ; it is now known to be merely the
voung of the Conger. It is not only perfectly colourless as
recards the skin, but the blood, which shounld be red as in all
other vertebrates, is also colourless : this instanee, npon which
stress is generally laid by those who are convinced of the
effects of natural selection in rendering pelagic organisms
transparent, certainly offers to that view strong support. This
1s not the place to attempt any comprehensive account of
the characteristics of pelagic life : those who desire farther
information upon the topic are referred to the books mentioned
in the footnote to page 121, Enongh has been said in illustra-
tion of the fact that pelagic organisms, if not perfectly pellneid,
are coloured in such a way as to render them inconspicuons to
our eyes at least,

The members of the surface tanna—the more highly organ-
1sed members, at ANy rate—possess, hiﬂ\-’l"l.'t’l‘,l.“fl'l'}' ﬁl["“ﬁ}' for
secing each other, Their eves are, as a rnle, very well developed.

The ;Hrlirhi]u 1 Cristaeenn Plroni mie {ﬁﬁ- ™) Is " not s:nri.-«ﬁwl,"
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says Prof. Agassiz, * with a set of eves enabling it to see both
laterally and downward,—it has also an immense pair facing
dorsally, so that the animal has a free field of vision in all
directions.”  The eyves of many Zoewe (the larvie of decapod
crustaceans ), as well as of many voung fishes, are entirely out
of proportion, so large are they, to the eyes of the adult. If
we are to assume that eves are meant to see with (which is,

however, by no means elear, in onr sense of secing, in some of

P
£ J‘d—ijl:"‘lr?'

the lower forms) these pelagie ereatures muost be endowed
with unusnal clearness of perception. It this he so, are they
deceived by the transparcucy of the animals npon which they
prey 2 The great marauders of the pelagic fauna ave, accord-
ing to Prof. Agassiz, the copepod crostaceans and  Wysis
(fig. ), both well oft in the matter of eves, the latter especially.
A large part of the pelagie fauna is formed by fishes in various
staves of {|{=.'l.'n'|::|+|||rt|t,_, from the ege 1o the adalt; and these,

althongh pellucid and invisible to our eyes, nnless a minute
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and prolonged attention be given to them, arve dotted over with
pigment spots varying in number and position.  If the reader
will take the trouble to refer to any work in which snch pelagic
larvie arve fignred,* he will at once see that the general trans-
parency is interfered with by these spots.  The accompanying
figure of Mysis shows the ramified pigment patches: they (the
spots) are, it is true, not very evident to our eyes:; but if we

Fiz., .—Mysis,

imagine ourselves of the same size as the minnte members of
the pelagic fauna, or imagine them of the same size as onr-
selves, it is difficult to believe in invisibility.

An animal floating about in the sea, perfectly transparent but
decked with dense black patehes, of the size of saucers, would

" For example, the elaborate and well-illustrated Memoir of Prof.
Macintosh and Mr. Prince, Trans. Roy. Soe., Edinburgh, vol.
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betray its whereabouts even to the least observant ; if the
observer were stimulated by hunger or by fear, the conspienons-
ness would not be lessened. It s not necessary to apologise
here for viewing these matters from the human standpoint; it
would be, perhaps, if those who have advanced the theories
of protective coloration had been able to take up a line of
argument a little ditferent from the one which they have taken.

Besides the internecine wartare which is continually going
on amongst the smaller surface organisms, they are devonred
wholesale by the larger pelagic fish and by whales and other
Cetacea. A whale, rushing through the water with open
mouth and gulping down all before him, is not in the least
inconvenicnced by the invisibility of the oreanisms devoured
in such enormons quantities; nor do a solid phalanx of herring
or mackerel stop to look carefully for their food : they take
what comes in their way, and get plenty in spite of * pro-
tective absence of coloration.”

If the transparency of the pelagic organisms be due entively
to natural selection, it is remarkable that there is so little
modification in this direction among the species inhabiting the
bottom at such depths as are aceessible to the sun’s rays:
the advantage enmed by this transparency and consequent
invisibility would be equally great.  And yvet this is not the case:
the bulk of the bottom fauna of the coasts are Dbrilliantly
coloured animals, and those that show any protective coloration
at all appear to be coloured so as to resemble stones or sea-

“'{"E‘ll."'u.

Protective Resemblances due to Causes other than Natural
Selection.
The eurrent |*\' recelved u}u{uinu about these resemblances

between animals and their usual surronndings is that they
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have been produced through natural selection. It is supposed
that variations in the dircetion of o more perfect resemblance
have survived, and that by a cumulative effeet, which may
have taken generations to produce, the wonderfully faithtul
likenesses between many caterpillars and the twigs of their
food-plants, ete., have been arrived at.

There are. however, certain cases to which this line of

reasoning cannot wel EL'[IIIII"{.

Dr. Eisic® found an annelid of the genus Fuwiee living
parasitically upon a marine sponge in the Bay of Naples.
The sponge is of a yellow colour, caused by the presence in its
tissues of small particles of a colouring-matter in all proba-
bility belonging to that class which I have referred to in
Chapter L. as of physiological importance. The annelid is
similarly coloured, its body being decked with numerous
orange spots.  This resemblance is not comparable to that
between Aecolosoma and various filamentous plants : for the
pigment is identical, and has been simply transferred from the
tissues of the sponge to the skin of the worm, having first
traversed a portion of the alimentary canal of the latter.

It is possible that this explanation of protective resem-
blances may be applicable to many other cases, and do away
with the necessity of assuming any special action of’ natural
selection.

In an interesting series of articles upon protective colours in
the Nudibranchiate Mollusea, Prof. Herdman has described in
some detail the habits of these creatures.  Many nudibranchs
are furnished with simple or branched processes upon the
back : these forms are chiefly carnivorous, feeding nupon hydroid
polyps, among the colonies of which they may be frequently

“ Fauna und Flora des Golfes von Neapel : Die Capitelliden.”
T Life-Lore for 1840,
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discovered,  Tritonia J.r.r."’.r'.-"n‘f}f is, according to Prof. Herdman,
venerally  found  ereeping over the surface of  colonies of
Alesgonium rfﬂ'yifr!fmﬂ -+ Dead men’s fingers ™ 5 its colonrs, like
those of the polyp, are various shades of yellow, brown,
and grev.  [lendronotus (see fig. 10) is marked with purple,
brown, and vellow tints, and it is to be met with among

masses of brown and yvellow zoophytes. It is troe that the

:‘. = - i = ==

Fiz. 10, Folis and  Dendronatns,

similarity between these molluses and their living environment
is heichtened by the dorsal processes already referved to:
these processes simulate the polyps in varions degrees of ex-
pansion and ret saction : but this resemblance wonld not be of
much advantage, were the colours in striking contrast, That
the resemblance in coloration is due to the action of natural
selection, and not to the direct transference of ||i_:'[11r|LE from

the |:n]~.'||-; npon which the nudibranchs browse, cannot be for
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one moment admitted until the pigments themselves have
been studied.  There is no inherent improbability in the view
that this canse of protective coloration is very widely spread :
many colouring substances, as has been already mentioned,
are extremely resistant to chemical action. Carmine is used
in every physiclogical laboratory as a means of detecting the
paths traversed by substances taken into the body by the
alimentary canal, or injected into the blood ; the particles of
carmine can be readily traced from one tissue to another,
becanse of their chemical stability, It s at least possible that
this may be the case with other snbstances,  From this point of
view the variability in the tints and patterns of many animals
can be more easily understood : it will depend upon the
variability of the pigments in their food, and npon the amounnt
absorbed and transferred to the skin.

The fixity of the markings of animals has frequently been
made nse of as an argument in favonr of their secondary
meaning : but there are also plenty of instances where there
is an infinite diversity of markings and tints, which can he
more readily explained in the way that has been suggested,

An interesting suggestion to the same efteet is made by
Kirby and Spence in their © Introduction to Entomology.”  On
p. 405 (of the Tth edition), in commenting upon the many
insects which escape destruction by simulating the lichens
upon which they live, it is remarked that *the eaterpillar of
Bryoplila alge, when it feeds on the yellow Licken juniper-
inns, is always vellow ; but when upon the grev Lichen
saratilis, its hone becomes grev. This l_*|Jﬂl|g‘|} 18 ]:ruhuh[}-
produoced by the colour of its food.”

Another instance which may be very possibly explained in
the same way has been recently made known in Ameriea.*

* Scienee, vol vi. (15883), p. 9.
9
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Crgaliwm wni plicatum is a shell-fish which lives npon the sea fan
( f,;‘f}fﬂﬂ{]j"‘fﬂ'ﬂ' rirgulata).  The latter has a stem of an orange
vellow colour, and is frequently found to exhibit swellings
ansed by the presence of a barnacle which has been covered
over ]:}' the }'L*]lnw tissne of the sea fan. Now, the Owvulwm has
a vellow shell, and its soft mantle, which is protraded from the
shell daring life, is of a darker orange.  With another species
of Leptogorgin, of a deep rose colonr mottled with white lines,
1= tound an Oewlum of a perfectly similar coloration,

Another example of the same phenomenon is given by Prof.
J. Brown-Goode : * On certain ledges along the New Encland
coast are rocks covered with dense growths of searlet and erim-
son seaweeds,  The codfish, the ennner, the sea raven, the rock
ecl, and the wrymouth, which inhabit these brilliant groves,
are all coloured to match their surronndings; the cod, which
has naturally the lightest colour, being most brilliant in 1ts
scarlet hmes, while others whose skins have a large and original
supply of black have deeper tints of dark red and brown,”

Mr. Brown-Goode suggests that the pigment is derived
direetly from the red algee: directly in one sense, but indirectly
in another, for the fish in guestion are animal feeders: the
same reefs, however, swarm with crustaceans and other marine
organisms which are vegetable feeders, and whose stomachs,
therefore, are full of the algee and their pigment: it is from
these erustaceans that the fishes ]II‘:J]J:I]II}.' derive their colonr;
qust as, according to Dr, Gimnther, the red flesh of the salmon
15 coloured by a pigment derived from the crustacea npon
which it feeds.  There is, it Is true, no positive proot oftered
that this is really the case; no analysis of the pigment in
the fishes was made for the purpose of comparison with the
pigment of the algee. But in the first place it is exceedingly

* Science, vol xv. (1890), p. 211.
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probable that the pigment is divectly transferred to the skin,
just as the skin of a man 1s discolonred by nitrate of silver
taken as medicine: in the second place it is very significant
that the red pigment is apparvently present in addition to the
normal pigments.  If natoral seleetion had in the course of
long ages brought about the colour resemblance between the
fish and their surronndings, it would be, one might fairly
imagine, rather by an alteration of the existing pigment than
by the formation of a fresh pigment red in colour, deposited
side by side with the original pigments. It is too remarkable
a coincidence that the fish normally with but little pigment
should be when among these weeds dright red, and that the
fish normally possessing black pigment should be darf red,
to permit of a settlement of the gquestion offhand by the easy
help of the theory of natural selection —withont at least some
further inguiry.

Possibly the Gulf-weed fauna is an example of something of
the kind. Prof. Moseley, in his work * Notes by a Naturalist
on the Challenger,” comments, as have many other writers,
npon the extraordinary colour resemblances which exist
between the animals living upon and among the weed, and
the weed itself.  The Gulf weed is of an olive yellow colour,
and = the erabs and shrimps which swarm in the weeds are
of exactly the same shade of yellow as the weed, and have
white markings upon their bodies to represent the patches of

.l.-’:fmffa;'rr_Jr—a'f,rc;rrrr. The small tish Asfenpnerius ® 15 11 the same

* The .lntennarius referred to is really Pteropliryne histrio—an apt
specific name. It is suggested by a writer in Proe. Adead. Nat. Sei.
(Philadelphia, 1889, p, 344), that the white patches on the Gulf-weed animals
mnitate the shells of a minute worm Spirorbis. The writer also velates
that this little fish was first mentioned by Osbeck in 1757, who remarked ;
“ Probably Providence has clothed it in this leaflike manner, in order that

the predaceous fishes might confound it with the scaweed, and therefore
not exterminate it.”
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way weed-colonr with white spots.  Even a Planarvian worm
which lives in the weed is similarly yvellow-coloured, and also

a molluse, Seyllwn pelagica.”  Mr. Wallace * guotes the above
passage to exemplify protective resemblance among marine
animals  presumably bronght about by the action of natural
selection. It would he highly desirable to ascertain whether
the colonr of the animals is not simply due to the pigment of
the algee, just as the colonr of caterpillars is sometimes due
to i.'.lllul'ulill:l.'ll abzorbed tlil't't'ﬂ}' from their food. Here again
we should have to suppose that the pigment passes unaltered
through the bodies of two animals, for the carnivorons forms
conld only get it from those that fed upon the algwe.  This
(-xlrlzmﬂtinll :I]n'iullﬂ]}' does not include the * white |II:ITI.'IH".‘1."
which look much more like natural selection.

(lfonsidering the resistant nature of many pigmentary snb-
sEances, Tl'lﬁ't"ri].llll' as well as animal, it 1s at least |-|'n|m1rh~ that
a larce number of cases of colonr resemblance, often set down
to the action of natural selection, may be due, as in the case of
Eunice, to the simple excretion by the skin of these pigments
which have been taken in as food.  Until more is known about
the chemical composition of animal pigments it would be rash
to adopt an elaborate explanation when the more simple oue
wonld possibly be sufhicient,

That the oreech colour of iy t':lIl‘l'lbi“ElI':—i 1= lHI't'i‘TI:\' duie
to their food has been shown by Mr. Poulton in some of his
highly important contributions to the colour question.  This
green colour may be partly due to the food contained in the
alimentary canal, but it is also in many cases cansed by the
green colonr of the blood and of the epidermal layer.  But this
green pigment is chlorophyll in a slightly altered condition.

There remain, however, numerouns cases which eannot i

< s Darwinism,” p. 208,
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the present state of onr 1{|1|}w|1'¢l-_1_'1* hie d'?{]i]:Iillc‘d in this way.
There is no obvions relation, for example, between the green
colonr of the Ieuana or Tree Snake and its food.  And it is
still less easy to explain the wondertully close likeness between
the larvie of certain Geometers and the twigs of their food
plant, and between the spider discovered hy Mr. Forbes and
the droppings of a bird.

To explain these phenomena by natural selection demands,
of course, as an essential preliminary, that the resemblances
shonld be useful. Admitting for the moment that this is
proved, we have still the apparent objection that comparatively
fow creatures have suceeeded in availing themselves of this
means of protection. Mr. Poulton has grappled with this
diffienlty, and has suggested * that * the antagonistic principle
wonld be found in the too complete success of the method
itselt.”  1f all animals acquired a perfect resemblance to their
surronndings, the senses of their enemies wonld have to he

proportionately sharpened, or they wonld get no food.

Combination of Many Methods of Defence.

Mr. Poulton quotes the Puss Moth caterpillar as being well
defended from its enemies in more than one way. This cater-
pillar (fig. 11), being green, is inconspicnous ; but when it is
discovered it retracts the head, the effect being **an intensely
exaggerated caricature of a vertebrate face, which 15 probably
alarming to the vertebrate enemies of the eaterpillar.”  Besides
this, it can eject, from glands near the mouth, a liquid which
has been shown to be a mixtnre of formic acid and water, and
15 therefore naturally irritant ; it is also stated by De Geer
(quoted by Kirby and Spence) that this insect can bite very

* Mr. Poulton has used this argument in relation to warning colours,
but it must hold good in the present case if it does in the other.
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sharply.  But we have not yet done with the defensive weapons
of the Puss Moth : two pink lashes ean be protruded from
the bifurcate tail which the creature lashes about : these are
believed by Messrs Kirby and Spence to be rather a protection
against ichnewmon flies ; but they terrified Rosel, who, when
he first saw the caterpillar darting forth these menacing eata-
pults, in addition to its grim attitude, was afraid to toneh it.
Mr. Poulton found that a marmoset was N'i:h-llﬂ:n' terrified :
but Weismann found that Leecesrta viridis would eat it.

An interesting case of a combination of several modes

Fiz. 11.=Fuss Moth amd Coaterpillar,

of defence is given by Dr. Adalbert Seitz in his very read-
able paper already rveferred to. The © Eyed Hawk™ moth,
common enough in some districts where willows abound.
appears, from the red eve-like markings upon the blne nnder
wings, to be a conspicnons inseet.  Such, at least, would pro-
bably be the opimon of a person who had only seen the inseet
in the cabinet with its wings “ set.”

Under natural civeumstances it rvests with the brightly
colonred lower wings covered by the brown upper wings : in
this attitude it comes to resemble a withered leaf.  When not

too roughly disturbed, or when abont to take flight, it clevates
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the upper wings, and produnces, according to Dr. Seitz, a re-
semblance to a terrible-looking creature with red, fiery eyes
and vibrating ears ; the abdomen plays the part of a pointed
snout projecting between the eyes,  This, it is supposed, is
sufficient to appal the most conrageons and stout-hearted of
hirds.

In many of these cases the infinite vesources believed to be
possessed by an insect for evading or terrifying or actually
Cinjuring its enemies, are only paralleled by those of the
White Knight in ¢ Alice, through the Looking Glass.”

Dimorphism in Coloration.

If it is nseful to an animal to resemble its surroundings,
either for aggressive or protective purposes, the advantages
must be greater when the colour ean be changed in responseé
to changes 1 the environment, or differs m accordanee with
different environments, A ereen caterpillar is safe =0 long as
it remains upon a green leat's but upon a twig or upon the
trunk of the tree the conspicuous green colour betrayvs it, It
Is quite common for caterpillars to exhibit a colowr dimor-
phism : some individuals of the same species being green,
others brown ; this is the most nsnal form of colour dimor-
phism, and it will be observed that both colours assimilate to
tints found in Nature.

So far as is known, this difference of colonr among individoals
of the same brood has no relation to any feature in the perfeet
insect ; it is not, for instance, a mark of sex.

Mr. Poulton has justly pointed out the advantage which a
larva: such as that of the Large Emerald moth ((feometra
papilionario) would have over other species, in being dimor-
phic : the larva itself is not unlike the eatkins of the bireh s

there are green and hrown larvae just as there are green and
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brown catkins : thus a lareer nnmbor wonld have a chanece of
eseaping the attention of insect-eating birds than if the eater-

pillars were all ereen or hrown,

Variable Protective Resemblance in Chrysalids.

The chrvsalids of most moths which lie in the gronnd
at the foot of the tree npon  which the larva has fed
are brown in colonr, and therefore assimilate more or less
closely to the colour of the soil.  Sunch pupie are, however,
commonly enclosed in a slicht cocoon,  Probably the immo-
-!J]]IH of the papa (nunless it he T[Ilit'hi‘ll} has more to do with
their escaping enemies than the colour s the colonr is dne
chiefly to the thickness of the chitinons laver : this substance
(ehitin) forms the * shells ™ of crustacen and inseects, and is
transparent when in thin layers: as the thickness of the chitin
15 inereased, it becomes golden vellow, and finally brown.
The resemblance of pupwe to the soil can, therefore, hardly be
recarded as an adaptive colour ; fortunately for the inseets
it happens that the colowr of the pupa coincides with that of
the unsual environment. If there has been adaptation any-
where in this case, it is probably in the assumption of the
habit of pupating underground.  Many insects, however, par-
ficularly  batterflies, form themselves into a chrvsalis in an
exposed sitnation ; in these cases the chrysalis is either naked
or wrapped in a cocoon formed by the eaterpillar. Sometimes,
as in the case of the Puss Moth, particles of the surrounding
surface are woven into the cocoon, which in this way very
perfectly protects the enclosed chrysalis.”

The pupae of butterflies which have no cocoon possess a
remnarkable power of :I1];1]|Iitlj_" themselves to the hae of the

In this particular case the cocoon is not only like the trunk of the

tree against which it is placed, and from fragments of which 1t s con-
structed, but exceedingly hard @ thisis, of course, anadditional protection.
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surface upon which they rest.  Apparently Mr. T. W. Wood
was the first to call the attention of naturalists to this faet.
He exhibited a series of chrysalids of the Swallow-tailed
sntterfly and of the Garden Whites, which were darker or
liehter in colour in correspondence with the situnations where
they were fonnd. The subject has heen recently studied in
oreat detail by Mr. Poulton, who has published an important
and beantifully illustrated memoir,” deseribing his experiments.
These experiments dealt with several species ; among others
with the common Tortoiseshell Butterfly,

When the caterpillars were compelled to * spin up ™ upon a
dark ground they were extremely dark in colour, with, at
most, only a trace of gold spots. With white surroundings
the pupa were light-coloured,t and the gold spots were often so
oreatly developed that * the whole snrface of the pupa glirtered
with an apparent metallic Iustre.”

A point to be noticed is that colours were produced which
are “ every rarely [the italics Mr. Ponlton’s] seen in nature.”
Prof. Eimer speaks f of the production of red-colonred chry-
salids, when the larva was enveloped by a red cloth at the
time of change : but he does not mention the species of butter-
flv in which these effects were artificially produced.  Clearly,
theretore, the pupa is highly susceptible to the colours of sur-
ronnding objeets, and to an extent which is not limited by the
colonrs of its nsual surroundings.  Mr. Morris sueceeded § in
producing white, red, salmon, black, and blue pupre of Dannis
chrysippus 1 they are only green or pink in nature,

The metallic colonr of the pupa, which is so often met with

*  Philosophical Transactions,” 1884,

t By an ingenious arrangement the pupa was also made to assume a
light eolour upon one half and a dark eolour upon the other.

t Loc. cit., p. 144,
§ Jowrn, Bomboy Nut. Hist. Soe., 1890,
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i that family of butterflics (Vanessidie) to which the Tortoise-
shell belongs, is puzzling.  The very name “chrysalis ™ or
“aurelia,” as some of the older entomologists termed it, is
derived from the golden colonr which is so distinetive a featnre
of many pupie.  Mr. Poulton has most ingeniously snggested
that the angular shape of these pupne combined with their
gilding might be protective when the pupa was attached to
surfaces of rocks containing glittering particles of mica.

It has been sugeested that natural selection has inl::.}‘ml 1)
part in the production of this sensibility to colonr,— that it is
purely a question of the diveet influence of light.  Prof. Eimer
snggests * that * The substance composing the envelope of the
pupa possesses, as a fact, the property of being changed by
light, like a photographic plate: and the relation of this pro-
perty to the onter world may be useful, but it does not neces-
sarily owe its origin to seleetion.  That this substance is so
constituted as to exhibit in action a process of colonr photo-
araphy, the goal of =0 much human longing and striving, leads
to another consideration.  Sinee the discovery of visunal red
in the retina of the eve, a substance which guickly bleaches
under the action of’ Light after death, and which is sitnated
in the very cells of the retina on which the light falls, we
are brought near to the conception that sicht, especially the
perception of colours by the eves of the higher animals and of
mai, is likewise a chemical process, a kind of photography, A
short step farther in the specialisation of nervons stimnlation
or unervouns conductivity might well render comprehensible
the wonderful fact above referred to, that the colours of the
environment of an animal may be refleeted in the colours of its
skin.  For it is self-evident that the path of action of the
coloured light is principally through the eves.  Experiments

Eimer, loe. eif., p. 140,
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prove this : after the eyes have been removed, the action of
the colonr of the environment on the colonr of the skin ceases.
Thus, in many cases, chemical action and stimulation of the
optic nerves may be closely connected in the process by whicli
the colonrs of animals arve affected by light.” The use of the
term “ photograph 7 is apt to prejudice the question : nothing
of the kind occurs in the soft tissues of a caterpillar about
to change into a chrysalis.  Furthermore, Mr. Pounlton has
shown that the eves have no share in the production of a
harmony in coloar with the environment : he covered the eyes
with a varnish, so as to entirely exclnde the light, and yet
there was no failure in the adaptability of the larva,

The case is not to be compared with the change of colour in
froes and fishes, where the pigment is contained in chromato-
phores connected with nerves, and sabject, therefore, to reflex
action—the stimulus coming through the eve. Nevertheless,
My, Poulton considers it probable that the change of colonr is
due to nervous influence exercised upon the nerve terminations
i the skin.  This influence can, however, be hardly exaetly the
same as that exercised npon the contractile chromatophores
in the skin of the frog : an actual bleaching possibly ocenrs in
a bricht licht, which probably also favours the production of
the gold colour ; this colour, it should be remarked, is not duoe
to gold-colonred particles deposited in the skin of the larva or
in the pupa ease,—it is a strunetural colour cansed by uneqgnal
refraction of the light through thin films of air (or some cas)
and chitin.  Possibly, therefore, intense light may canse some
cas to be given off in greater abundance.

In any case, the action of unatural selection here must he
quite different from the action of natural seleetion in producine
fixed resemblances to the environment—such as is seen, for
example, in the hutterfly illustrated on Plate 11, In Awllima
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we may suppose that there was originally no particnlar like-
ness to a dead leaf, except that the colours corresponded more
or less 5 those individnals which were most like a withered leaf
were passed over for those which were less like ; and thus the
protective resemblance was heichtened, until it attained to the
wondertul perfection which we now see.  On the other hand,
the variable pupa may be supposed to have been, as many
pupie still are, originally uninfluenced by light ; the acquire-
ment of snch a susceptibility, being of manifest nse,was favoured
by natural selection, In fact, we assume in this case not a
positive change of any kind, bat the acquirement of the
capability of change when necessary.

The whole matter, however, is very difficult of comprehension.
An investigation of the colouring snbstances which vive the
colour to the pupa may show that they are sensitive to light
directly-—~that is, without the intervention of the nervous
system.  In this case natural selection wonld hardly be
required, or wonld have had so roandabout an action as to
be incapable of being followed. At every step, in fact, in the
stiudy of animal coloration we are met with closed doors, which
can only be unlocked by keyvs furnished by an intimate chemical
and physiological knowledge such as we do not at present
|MO=BEeSS.

Variable Protective Coloration in Vertebrates.

Another kind of variable coloration is seen in certain animals
which possess the power of rapidly adjusting their colonr to
that of the environment.

The ehanges of colonr in the Sole forms the subject of one
of the most interesting chapters i Mr. JJ. T, Connngham'’s
work I that Ii.-']:|," |£|I1'|I".‘ |II1|J|i:~'-|H'{I h}' the Marine lﬁu|l1j_r:ir:t|
Association.  Altogether, five species of sole are found npon

* & A Treatise on the Common Sole ™ (Plymouth, 18000,
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our shores, but one of these is as vet only known from a single
specimen, 8o far as is known, all these species show a change
of colour in response to changes in the environment 3 it isonly
in Solea vculgaris that they have been carefully studied by
Mr. Cunningham,

A series of beautiful plates illnstrate the changes of colour.
The colonr of the living fish is yellowish-grey with large,
irrecular, dark blotehes and small white spots ; this colonr is
confined to one side of the body ; the opposite side, which rests
upon the ground, is, as in other flat fishes, white.

When the fish was lving upon a “coarse, bright, clean
aoravel,” cousisting of vellow and orange-coloured pebbles
mixed with others black and white, itz colours were very
conspicnous, thongh nothing approaching an exact similarity
to the ground could be seen ; on the whole it is inconspicuons,
though the white streak alone the edee of the fins was very
evident.,

When a sole was placed in a white porcelain dish and ex-
posed to strong daylight, the colours beeame mueh paler ; the
blotches, instead of being brown or black, were pale orange:
but, curiously enough, the white marks, which might have been
expected to increase in size, or at least to persist, disappeared.

A sole placed in a tub containing some washed coal and
removed from the light became very dark in colour 3 hut the
result of this was to render the white band along the fins
extremely conspicnous.  The changes of colour depend not o
the nature of the ground, but on the amount of light : for the
blackest ground did not produce the darkest eoloration in the
fish until the amount of light was diminished. The sole does
not become nniformly coloured ona nniformly coloured gronnd.
The fact that it does hecome, on the whole, lighter on light-

coloured ground and darker on dark-coloured ground, is to he
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i.“.\:|lial-ill1'|l by the fact that more light is veflected in the former
ease than in the latter.

g, 12.— Chameleon,

This is a simpler explanation than that which Semper offers.*

* * Animal Life” (Internat. Scientific Series), p. U7,
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Semper’s explanation is based upon eertain researches into the
different effects upon the eyes of different colonrs. The eye
is stimulated most by pure white lieht, and least by black,
the intermediate colours having an intermediate effect : thus,
vellow canses a stronger stimulation than violet. If, therefore,
the animal is surronnded by a black environment, the stimu-
lation of the eye will be slight, and not enough to aftect the
chromatophores. * If the light is reflected from a red or blue
object, the somewhat stronger stimulation causes the black or
brown chromatophores to contract, while it does not affect the
red or yellow ones ; the animal then exhibits a reddish or
bluish tint. The light reflected from green or yellow bodies
produces a still stronger effect on the chromatophores, till a
pure white light makes all the inmost layer of the chromato-
phores contract, and the animal is almost colovrless,” The
chameleon * is naturally the most familiar example of power
of colour change ; the physiology of this change has Dbeen
mvestigated by several naturalists, ineluding the late Dr.
Kriikenberg of Jena. It appears that contractions of the
chromatophores can take place throngh stimuli, not only
to the eye, but to the skin ; other effects, therefore, hesides
those of light, may produce a change of colour.t Varions
emotions are well known to do so: if the chameleon be
somewhat roughly handled, it shows its anger, not only by

* Mr. Poulton. as well as others, has remarked that the chameleon

becomes very dark-coloured before death : this is not invariably the case
for I have had in my hands a dead chameleon of a bright bt lightish
green.

t+ Practically, however, a change of colour seems always due to stimu-
lation through the eye and optic nerve : blinded frogs, ete.. have been
shown to have lost the power of colour change ; and there are instances
on record of individual fish having been noticed whose colours did not
correspond to that of their fellows, and to the ground from which they
were taken. These individuals proved to be blind.
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movements common to most infuriated beasts, but by changes
of colonr.  So, too, does the cuttlefish,

The power of changing its colour to suit the environment is
not confined to the chameleon, but is found in other lizards,
According to Drs, Elliott Coues and Yarrow, species of the
cenus Phrynosoma (the ** Horned Toads ™), Uta and Seeleporus

have a like power.  With regavd to (e symmetrica Dr. Clones

Fig. Lo =The Horned "Tool {MPhapansmi,

writes (loe. eit., p. 997) « * Out of great numbers of specimens
procured in one locality . . . and unquestionably the same
species, almost the only colonr mark common to all was the
]r:ilu,' In-iluw throat. Some were |r|zlftl :-ih't_'l'j.' white below,
others were bricht greenish-olive on the belly.  Above, the
colour ranges from a deep grevish-black to a dull greyish-
brown with dark lateral streak. 1 satisfied Itl}'m'lf that the
same individual assnmed these ditferent colours according to

the kind of rocks it happened to be upon.  The blackish
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specimens were invariably found upon dark lava rocks, the
lichter ones npon vellowish sandstone.”

L Although it has been stated that no insect has the power of
rapidly changing its colonrin correspondence with the changing
environment. certain Crustacea can.  The little swimming
crab Nawtilograpsus shows temporary changes of colour ; so,

too, does a shrimp, Aéyoida, vecently deseribed by Fritz

Mg 14.—Tree Frogs.

Miiller ; this ernstacean is dark green when among weeds, hat
becomes pale brown when placed in a glass vessel ; a dark
brown individual was placed with a number of others which had
a greenish hue 3 it assumed their colonr directly.,

Frogs also have this power of colonr change ; it is well seen
in the little tree frog (Hyle arborea) of Eunrope, which is
oreen when among leaves, and browner when npon stems ;
this colour change appears to have an obvious bearing upon
the habits of the ereature. Mr. Ponlton surmises that the

10)
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'I':u-nlt}' of colour change may here have a twofold value ; it
may be both defensive and ageressive,

The European tree frog has not, perhaps, so many enemies
as those of some tropieal countries which oceasionally fall
victims to tree-frequenting snakes.  There are green tree
frogs in many parts of the world, just as there are here and
there green tree snakes.  In Guatemala there is a green tree
viper which, according to an illustration accompanying a paper
by Mr. Salvin® on some of the reptiles of this region, preys
npon green free frogs 3 and there are non-poisonons green
and greenish-brown tree snakes, which are probably guite as
destruetive to the tree frogs ; so also, no donbt, are many other
snakes. It cannot, of course, be urged against the advantage of
this coloration to the species, that there arve tree frogs in which
the colonr is not so thoroughly protective : in Hyla Cerulea,
for example—a large Australian species—the green colonr is
just as bright as in the Eoarvopean /fyle, but its value for
defensive or aggressive purposes is to some extent interfered
with by a nnmber of white spots and patches along the side,
At the moment of writing there are several of these frogs in
the reptile house at the Zoological Gardens,

Assuming that snakes are the principal enemies of tree
frogs, it is necessary to make observations upon the habits
of the snakes before admitting the defensive value of the
coloration in the frogs.  Generally speaking, snakes only
strike at a moving object ; if this is the case with the tree
H]Il'l'iE'H. no amonnt of ]}l'nh'rTiTn' coloration will avail the
roes.t

As to the aggressive valne of the coloar, it does not seem
at all elear how far insects are affected by the cirenmstance ;

* Proe. Zool. Soe., 1800,

7 Snakes will, however, Dr. Stradling informs me, eat pieces of meat
1 1.':||rti‘b'i ty.
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there is a tendency to assume their gnllibility without bringing
forward any proofs. As a matter of probability, it seems
likely that most insects would be indifferent, fo the appearance
of an object, provided that it remained motionless ; the frog,
of course, does remain motionless.  The European tree frog
has been stated to have an inordinate appetite for wasps,
which surpasses that of other frogs : there are enongh wasps
and other brightly eoloured Hymenoptera about trees to attord
sufficient food for the tree frogs, and it would be opposed to
the theory of warning colours to imagine that a gaily coloured
wasp, trusting to its formidable weapon, would be especially

Wil ry.



CHAPTER 1V.
WARNING COLORATION,

Ix the preceding chapter attention has been direeted to
numerons instances of colonr and arrangement of  colonr
which appear to have the resnlt of rendering the animal
similar to its surroundines,

The colours known as * ‘ﬁ‘;lt'!till_ﬂ‘ * have a p!‘vrim*[}' nIblmr-'iIr-
tendency-—viz., to render their possessor conspicuons.

As the explanation oft warning colours was first devised by
Mr. Wallace to account for the brillianey in the tints of certain
aterpillars, and as the whole subject has been prineipally
studied by experiments npon these animals, we shall commence

here, and afterwards pass on to other groups.

The Magpie Moth Caterpillar as an Instance of Warning
Colours.

One of the most abundant eaterpillars in any garden is that
of the * Magpie ™ moth (Llbraxas grossulariata) : it belongs
to the Geometers, but has not the habit, which most of its
allies have, of remaining during the day stretched out rigidly
from a twig, Nor does it approximate in colour, as do nearly
all other Geometers, to the plants upon which it feeds. The
colour of the Magpie caterpillar is white, with black stripes
and dots, and some reddish marks below.

Mr. Jenner Weir, Mr. A. G. Butler, and Mr. Poulton, found

that severa

birds. lizards, froes and spiders, almost invariably
] o &
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refnsed to toneh this caterpillar when offered to them : ocea-
sionally it was tasted by the tree frog, and once * chewed
for some time,” but finally rejected, by a hungry Lacerta
muralis.,  Mr. Weir once found that a specimen was eaten
by Leacerta vividis. Some experiments made by myself at
the Zoological Gardens partly confirm and partly contradict
the conclusion to which the above observations appear to
point—viz., that the larva is regarded by birds as inedible.

Several birds, including the Kagn, Psophia, and one or two
species of Cnrassows, pecked several times at caterpillars which
I gave them. Two species of Tanager and a White-cye
(Zosterops), took a caterpillar in- their bill and masticated it
for a long time ; the White-eye, I am inclined to think, ended
by swallowing the insect. In any case a large ground cuckoo
(Carpococeyr radiatus) nndoubtedly did swallow a caterpillar
after one or two preliminary pecks.  Several other birds made
more than one ineffectnal attempt to conquer their dislike for
what was evidently a disagreeable morsel : but only one bird
(a small finch) absolutely declined to have anything to do
with it. It should be mentioned, however, that this individnal
had observed a neighbonr industrionsly pecking at the cater-
pillar, but evidently disinelined to swallow it.

[ also experimented with four monkeys, which are well
known to be great eaters of insects. A marmoset (Midas
rufimenis) ate one ap quite greedily, to the very last bit ; two
Cehus monkeys and a Cercopithecus callitrichns sucked at the
caterpillar and threw away the skin after the contents had
been entirely extracted : they pansed every now and again to
snift snspicionsly at the caterpillar, bnt nevertheless they
steadily persevered in munching it.  These experiments show
that, with a few exceptions, the eaterpillar of the Magpie moth
is distastefnl to animals,
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Earlier Experiments with Warningly Coloured Insects.

Now, before these experiments had been made, the brilliant
hues of caterpillars—which were useless for protective pur-
poses, and could obvionsly have no sexual meaning—had
puzzled Darwin; he drew the attention of Wallace to the
subject, who ventured to predict that gaudily-colonred cater-
pillars would prove to possess some unpleasant gunalities ren-
dering them unfit for food.

The purpose of the conspicuons coloration is to advertise
their inedible qualities,  * They require some signal or danger
flag which shall serve as a warning to would-be enemies not
to attack them, and they have usually obtained this in the
form of conspicnons or brilliant coloration, very distinet trom
the protective tints of the defenceless animals allied to them ™
(Wallace).  This 1s shown in the case of the Magpie cater-
pillar : it has been proved to be uneatable, and it is about as
conspicnously-colonred as any caterpillar.

Ixperiments have been also made with other caterpillars by
the above-named gentlemen and by others, which arve caretully
tabulated by Mr. Poulton,® so that the results of the inguiries
can be seen at a glance,

The larva of the Cinnabar wmoth (Fuchelia Jucobea) is
banded with alternate rings of black and yellow : it feeds
during the day upon ragwort, and is extremely conspicnons. s
conspicnons appearance is largely inereased by the fact that it
lives in companies,

Many gregarious caterpillars (e.g., the * Lackey ™ and the
“Buft-tip™) possess warning colours, and it has been supposed —

the sugeestion was originally put forward by Fritz Miiller—that

the advantages which acerne to them by the advertisement of

their colonr are rendered greater by this habit.  The mass
* Proe. Zool. So., 1887, p. 11 el seq.
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of colour thus produced must obviously stand ont in greater
contrast to the sarronndings. This snggestion is partienlarly
applicable to the larvee of many of the Vanessidie; several
species of these butterflies lay their eggs upon nettles, and the
larvie remain associated together in herds, sometimes entirely
defoliating the plants,  Now, the caterpillars of the Tortoise-
shell and others are greenish-hlack : seen singly, their appear-
ance is not very striking : indeed, it is almost a case of pro-
tective resemblance @ the {'I!fl‘l"l]illil-l'. with its Imil‘}' or rather

spiny coat and greenish-black colour, is vot unlike a halt-

Fig. 15— Butt-tip Moth and Caterpillar,

withered and rolled-up leaf of nettle.  But a whole battalion
of these ecaterpillars conld hardly he passed over by any inseet-
cating bird: and, like the other instances mentioned, they have
been proved to beusually unacceptable to birds, lizards, andfrogs.

Some of the experiments made may be fairly eriticised,
notably those upon the larva of the Elephant Hawk moth.
This insect when disturbed retracts the head and distends the
anterior end of the body. Two pairs of large eve-like markings
are thus bronght into great prominence, and sugeest the head
of a serpent. Dr. Weismann found that a tame jay ate the
larva at once, but that wild sparrows and chaffinches were

frightened by it, and would not even approach the trough in
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which it was placed. Fowls were evidently afraid of it, hut
finally cantiously attacked it and ate it. Lady Verney made
some experiments with the same caterpillar : it was placed on
a tray with some erumbs, and no small birds would approach
the tray: they were evidently frigchtened by the snake-like
appearance of the caterpillar.  So far, the experiments do not
strike one as very conelusive @ small hivds wenld have possibly
shown just as mnch hesitation or alarm at an equally large
caterpillar of any kind; and the jay, which was of a snitable
size, ate it. The behaviovr of the fowls was not so intelligible,

Mr. Ponlton’s experiment was better: he found that a
Lacerte vividis, which had often devoured /orge Hawk moth
caterpillars of other species “without any ceremony,” evinced
some suspicion at the sight of this terrifving larva of  hero-
TR L a':’!n':mr; ultimately, however, it must be noticed, the
caterpillar was eaten. And that appears to be rather the
important fact. The question is, whether in a wild state the
lizard’s attention might have been drawn off by the sight of
<some less alarming-looking prev, or whether it wonld have
overcome its fears in the same way that the captive lizard did.
If the eve-like markings of the caterpillar are of the very least
use in frightening away encmies, we can understand that they
may have originated, or at least become perfected, to this end.
ut it they only temporarily disconcert a lizard who has possibly
not seen the insect or anvthing like it before, and who finishes
by eating it, it is not intelligible that they can have arisen
for so useless a purpose.

It is to be noted, however, that warning coloration ot the
kind referred to in the foregoing pages does not always seem
to be effective.

I have already mentioned my own experiments with regard

to .. grossulariata 3 this same caterpillar, as well as many
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others, has been tested from this point of view by Mr,
Ponlton. These experiments show a very complete series of
transitions between conspicuonsly-colonrved caterpillars that ave
disregarded by all foes, and conspicnonslv-colonred caterpillars

that are always eaten with avidity.

Some Experiments upon the Palatability of Various Animals.

The following experiments were conducted during last
simmer at the Zoological Society’s Gardens by Mr. Frank
Finn and myself. The larva of deronyete psi—the common
Dagger moth—a brightiv-coloured larva, was left nuntouched
by a rose-coloured Pastor, but immediately afterwards seized
and struggled for by two common thrushes ; the issue of the
strugele was not witnessed, but it must have gone hard with
the caterpillar. A specimien was eaten by a green lizard.
A wasp-like fly (Syrphus) was eaten, though with no great
relish, by a Bramble finch. A drone of Bombus lepridarins
was refused by a Golden plover, but tried at, though missed,
by a Troupial. A drone-fly ( Kristalis tenar), which presents
so remarkable a likeness to a bee, was seized and dropped by
a thrnsh ; and then was tried and refused, as if nnpalatable, by
an Australian plover : a third was entirvely disregarded by a
rose-colonred Pastor.  An Australian crow was oftered one,
which it took and carefully pinched with the tip of the hill
before eatine,  Marmosets seemed afraid of it : but in some
casex they soon found out the deception, and ate the insect
_!.‘.'l'l*l‘tlil:lu'. A '|1|11£1 I]':I,}'({-'ﬂrrrm.lr'.f'f.i’rf r"r;f-',-m!m{r;rm) ate an f‘:f'r'-ﬁ.rr."lf.l:
withont making any fuss abont it ; and this bee-like fly was
taken withont hesitation and eaten with relish by a chameleon,
green lizard, and sand skink. The sand skink, indeed,
snatched one from a specimen of Zowurus cordylus, which had

:1]|'1-:ul:.* commenced to eat it. Toads, of conrse, will eat this fly .
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but they will eat wasps, bees, and the most gaudy of cater-
pillars, A specimen  of  Fristalis was offered to a Great
Spotted woodpecker, which seized it and flicked it away at
once.  Some smallish larvee of the large White Butterfly,
found upon nasturtinm, were placed in a glass ecase containing
a coreen lizard and dmplibolurus muricatus, an Anstralian
hizard : both these species ate them readily,  An  African
Zonnrus (4. cordylus) ate one, but refused a second : and
another individnal of the same species would not touch the
larva at all. A small sand skink in the same ease ate two.
A chameleon looked suspiciously at the caterpillar, but was
not to be tempted.  The Greater Spotted woodpecker ate
several, but pinched them carefully first ; the woodpecker ate
larvee of this species on two consecutive days. Two rose-
colonred Pastors also took these caterpillars after rubbing them
arefully on the ground. They were readily eaten by marmosets.
The conspicnons larva of the * Buff-tip 7 moth was eaten by
marmosets, though they evidently found it to be very tongh.
One was oftered to a Great Spotted woodpecker, and partially
caten, though after some time and mueh pecking.  Its skin
appears to be very tongh. A great tit ate a little of the
protruding viseera, but did not seem to care very much abont
finishing it.  The insect was well tasted, and curiously enough
rejected nohuort, by o duck ; they were not noticed by fowls.
The hairy larva of Spilosoma Lubricipeda was eaten by a green
lizard, which had previously snatched it away from an Awphi-
holuras 3 the lizard rubbed its jaws afterwards and declined
another specimen.  The marmosets smelt and  rejected  this
caterpillar, but they had been recently fed.  The Great Spotted
woodpecker tried to get a specimen of this caterpillar, thrown
into its cage, but was anticipated by a great tit, who was

busy with the insect for a long time, and rubbed it on the
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oround. A magpie ate two caterpillars after it had carefally
rubbed off the hairs.

[t is quite clear from these experiments that insects which
exhibit warning colonrs are by no means always exempt from
attack. The opinions of insect-eating mammals, birds and
reptiles, appear to vary as to the edibility of this or that insect.

It may be said, of course, that these experiments, having
been conducted upon foreign animals, ave of less importance
than those upon British animals ; this, however, cannot he
allowed, because the theory of warning colours implies—not
a special recollection of any particular type of insect—but a
general association of bright colour with poisonous or dangerous
(ualities.

But these experiments do appear to show that very generally,
thonrgh not always, a disagreeable taste 1s associated with a
conspicnons and varied coloration,

On the other hand, precisely the same dedunctions can be
drawn by watching the behaviour of animals when offered in-
conspienonsly-coloured nsects,

Mr. Pounlton has directed attention to the apparent inedibility
of the cockroach : this insect is, however, eaten by various
animals, thongh not by all to which it has been offered.  As
will be now mentioned, a protectively-coloured caterpillar is
distasteful to some insect-eating species.

Mr. Finn found that the larva of one of our common Noctuze
— Mamestra persicariee—was not a universal tavourite.  This
caterpillar is inconspicunonsly coloured, and might fairly e
addneed as an example of protective coloration.  There are two
varieties which oceur together on the same plant ; one is brown,
the other green. These caterpillars were eaten, after being
well pinched, by a Glossy starling, and by the Greater Spotted

woodpecker ; if the eaterpillar had been one of those which
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are distingnished by brilliant colonr, this experiment would
have been sarely quoted as an instance of the hesitation and
reluctance with which a bird, probably compelled by hunger,
satisficd its appetite.  The instance shows the pitfalls
which surronnd the path of those who wish to dednee
theories from experiments of this kind, which are necessarily
made in very great ignorance of bird psychology or even
physiology.  The same larva was readily eaten by marmosets,
bat treated very doubtfully by a laree American monkey (the
marmosets and monkeyvs had been recently fed). The larvee
were also readily eaten, without any preparatory pinching, by
the rose-colonred PPastor.  On the contrary, the Australian
plover pinched the larva carefully before swallowing it.
Another kind of larva, with which I am not acquainted, of a
brown colour with black marks ranged segmentally along the
sides, were eaten by the Great Spotted woodpecker, after a
very little pinching. These larvae were well pinched, but tinally
rejected, by a Tonean ; a small individnal was taken by one of
the * Hang Nests ™ in the pavrot house (Leterus chrysoceplalus):
it was pinched to a pulp and held in the bill for a long time :
oceasionally the bird put it down and pecked at it ; it was
finally swallowed. The same species was eaten after pinching
well by the Motmot and by Hypocolins, A number of other
birds took the caterpillars with varying degree of pinching and
pecking before swallowing them.

The common wond-lonse was rejected by the woodpecker :
this seems to he o very remarkable fact, becanse wood-lice must
be almost the commonest creatures met with by the wood-
pecker under normal circumstances,  That they are not dis-
tasteful to many birds has been shown ]l_'l.' other observers :
and we found that they were eaten at once by magpies, and

after a few pinches by a piping crow.
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Earthworms are creatures that ave generally acceptable to
insectivorous birds ; but there are three exceptions, which are
remarkable for different reasons. A :_:[igll,lt'fit'. HIH'L'il'H., reaching
to a length of six feet or more, which I deseribed some years
ago,® from the Cape Colony, appears to be free from the attacks
of many animals.  Mr. De Witt Meulen informed me that no
domestic animal whatever, inclunding fowls, will toach them.
This instance may be used by those who are disposed to believe
in the theory of warning coloration, for the worm is very
conspicuons—dark green above and reddish-yvellow below,
Another exeeption is an equally large species from Australia,
whose habits and strueture have been recently well deseribed
by Prof. Baldwin Spencer: t this species is not conspicuonsly
colonred, but it has a powerful odour resembling that of ereosote.
Fowls refuse to touch this worm living or dead.  There is little
doubt that in this case the powerful smell acts as a deterrent.
More remarkable still is the fact that our common earthworms?
are refused by the Guinea towl (Nuwmida mitrata) and by the
blne tit and Great Spotted woodpecker : no less than three
Guinea fowls declined to taste the worms, which are certainly
eaten by the common fowl. The comparatively large size may
perhaps have deterred the blue tit. The woodpecker seemed
afraid of it, only pecking at it once and rapidly recoiling when
it wriggled.,

The Tiger moth and the Leopard moth are particularly
referred to by Mr. Poulton § as being inedible forms.  They

* Trans, Zool. Sec., vol xii. (1886), p. 6.

+ Trans. R hif. Sae, Vietoria, vol. 1., Pt. 1.

1 One of the most conspicuous of our British worms is the Brandling
( Allolobophora fictida), found upon dunghills ; it is conspicuously ringed
with dark brown and yellow. Dr. Stradling has told me that it was eaten
by several lizards kept by him, but that it caused them * epileptiform fits.”

§ * Colours of Animals,” p. 175,



1 5% ANIMAL COLORATION.

are both hghly conspicnons and easily eaptored, particularly
the second nseet, which 1s ﬁ'u'lllh']lﬂ}' met with on the u'rrmml,
nnder trees, where the larva has no doubt fed np. Neverthe-
less both these moths were greedily eaten by Lacerta ocellata,
the large South European * Eved Lizard ™ ; this lizard, it may
he observed, would be guite likely under natural conditions
to meet with the two moths ; they live where the lizard lives,
and they are constantly met with on the gronnd.  But even if

this were not so, no nse conld be made of the faet. The

Fig. 10— Leopand Moth,

theory of ** warning coloration ™ is not based npon particular
cases of recognition ; the broad principle which is believed in
by the supporters of this theory is that a gaudy and striking
coloration is assoeciated with a nasty taste and with a corre-
sponding impression m the minds of animals that these two
facts vo together. Reference has been already made to the
inedibility of the larva of the Cinnabar moth (Euchelia
jacobee) i a caterpillar was offered to a lizard, Lacerta galloti,
which had not been fed for some time previously, and was
therefore probably hungry : it took one without any hesitation,

bat refused, or rather declined to notice at all, a second.



WARNING COLORATION. 1 59

Another specimen of the lizard licked, but did not take the
caterpillar. A Lacerta  viridis licked, tasted, and finally
refused another caterpillar. A sand skink (Chaleides viri-
i) licked and refnsed the same caterpillar. Uromistiz
spinipes went rather farther: it chewed up one, but did not
swallow it in the end.

The most remarkable results were obtained by experiment
with two toads—one a common toad, the other a green one (Bufo
ciridis).  The common toad is a creature which will apparently
eat anything in the shape of an insect ; nothing seems to come
amiss : the largest humble bee and the most irrvitable of
wasps are swallowed without the least indication on the part
of the toad that they are capable of nsing their stings. A
common toad seized and swallowed a Cinnabar moth cater-
pillar directly it began to move, but almost immediately threw
it up, and the caterpillar did not appear to have suffered the
very least inconvenience from the events.

Another toad in the same case ate a caterpillar, but neither
of these seemed disposed to try another.  But these toads had
been fed, and were not particularly hungry. A green toad,
which was hungry, eagerly swallowed a ecaterpillar, and as
eagerly took a second. In experiments of this kind it is
always important to give an animal more than one of the
msects experimented with, in order to see how far experience
may tell in influencing its behaviour,

Another caterpillar was offered to a brown Capuchin
monkey, who ate it, though perhaps rather slowly and reflec-
tively,

The larva of the Vapourer moth (Orgyie antiqua) is con-
spicnonsly colonred and armed with tofts of hairs. One was
offered to a green lizard, which seized it, and seemed at the

same time both anxious and unwilling to eat it. The lizard
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appeared to ntimate that it would eat the caterpillar if it were
not for its hairy covering. No such hesitation was exhibited
by another lizard, {raniscodon plica, which captured and ate
one with the greatest rapidity,

The large ground beetle (Caralbus riolacens) was eaten by
Lovcerta ocellata,  Lacerta rviridis ate at once a Doristichns
#iger.  Another example of the same insect was placed in a

small cage containing a number of British finches : the birds

Fie. 17+ -"l.illllﬂ.ll'l.'l Moth ¢ mnle, femnle, aod Jaryvi.

gave one the impression of bemg rather afraid ; but neverthe-
less they attacked it, and nltimately it was eaten.

The wasp is one of the best examples of a conspicuous
appearance associated with a dangerous gquality, and yet it has
many enciies: toads and bee-eaters eat wasps readily.  Ow
October 16th of last vear two queen wasps were offered to
and taken by the lizard -l.r.u,fn‘:'ffuu"m'fe‘x moricatus.,  The lizard
certainly seized them by the head and thorax first and crushed
these parts before proceeding farther; but there was not the

least appearance of hesitation in the attack, nor did the lizard
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appear to get stung, thongh the wasps had every chance of
stinging. The second wasp was eaten much more slowly than
the first, the lizard holding it for some time in its month with-
out chewing it. This experiment recalls that made with the
drone fly and recorded above. They show how difficult it is to
interpret experiments, apart altogether from the formulating of
wide-reaching generalisations. The wasp presumably advertises
its sting by its bright colours, while the drone fly is supposed
to delnde its would-be enemies into the belief that it could
produce a sting if it liked. There is not supposed to be any
question of unpalatability, and yet the hesitation of the lizard
looks more like the recognition of a disagreeable taste
than the fear of a sting. Another queen wasp was eaten by
a Laughing Jackass, but was well crushed first, and the head
bitten off.

Lithobius jorficatus is instanced by Mr. Poulton as an
example of a protectively-coloured animal; it is like the soil in
which it lives, and is inodorous. Its mandibles would be hardly
formidable to a bird or to a lizard which does not care for the
sting of a wasp.

Prof. Weismann found that it was greedily eaten by Lacerta
cividis. Mr. Finn and I found, on the contrary, that the same
species of lizard bit and refused one with what are generally
termed, by those who make such experiments as these, “ signs
of disgnst.”  The lizard rubbed its mounth on the ground as if
trying to get rid of some disagrecable snbstance. A lareer
specimen then attacked and bit it several times, wiping its
mouth afterwards in the same way. The centipede ended by
getting away in safety.

Another l:l‘lll'i]uHIt' was offered to a grecn ".'l.'u::l]l:uv.lq{'i': the
woodpecker picked up the centipede, but immediately flicked
it away as if it were unpalatable,

11
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An earwig was given to the same woodpecker, which made
a great deal of fuss over it, but ended by swallowing it.

The wireworm is not a conspicuous larva; it is no doubt
tough, but should be, on account of its colour and habits,
eatable.  And yet one was flicked away by the woodpecker,
just in the same way that it treats a decidedly unpalatable
mnsect,

The woodpecker was clearly hungry, for it ate a house fly
immediately after declining the wireworm. A great tit
subsequently declined the same wireworm.

The small garden slug is an animal which cannot be said to
be conspicnous; it is eaten greedily by ducks, but fowls will
not touch it.

We made some experiments with the large brown slug, an
animal which has been instanced as an example of warning
coloration (perhaps, however, the black variety alone is meant).
Two of these slngs were eaten readily by the Kagu. Another
was caten with equnal readiness by the Thick-knee ((Fdicnemus
grallarins). A curlew refused both brown and pale specimens.
Oyster-catchers ate them, but not very readily after they had
been fed.  The South American Trumpeter (Psophio) refused
them. A blackbird ate one after a long and diligent rubbing
of it on the ground. The Laughing Jackass ate two large
brown ones and two pale ones. The Great Spotted wood-
pecker seized and swallowed at once a small slng, but de-
clined the laree ones. A dark brown slug was offered to the
Sun bittern, which did not touch it; a song thrush in the
next cage, who was greatly interested in the proceedings, took
it, and, after much rubbing on the ground, devounred first of all
the viscera, which had protruded owing to the rongh treatment
the slug had received, and then the body.  During the time

which the thrush was oceupied with the slug, a rose-colonred
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Pastor took it away from it, but left it; the thrush (or perhaps
another one) then recovered it, and, as already mentioned,
swallowed it,

Three speckled brownish and whitish slugs were refused by
a magpie and jackdaw: another three were eaten withont any
signs of hesitation by a woodhen,

A small black slug was eaten by a Glossy starling after
much rubbing on the ground.

On another day a brown slug was offered to a Langhing
Jackass and eaten, though after some time,

The larva of the small Ermine moth ( Ypomoneute padelia)
has been a great pest in London during the past summer,
disficuring with its webs and defoliating the trees; it will feed
on almost any tree or shrub,  Mr. Jenner Weir found that the
“ Jarvae only which ventured beyond the protection of the webs,
were devoured by birds, which “ appear very much to dislike
the web sticking to their beaks.” Mr. Poulton considers that
this instance favours Mr. Wallace’s converse suggestion that
inconspicuous caterpillars which evade their enemies (in this
case by a web) will be fonnd to he palatable. Mr. Finn and 1
found that the caterpillars of this moth were not invariably
palatable.  Lacerta galloti ate several readily, but Zonurus
cordylus, though it ate one, bit and refused others.

It may be convenient briefly to tabulate the results of these
experiments for puorposes of comparison with the results
obtained by Weismann, Jenner, Weir, Pounlton, and Butler.

The names of insects (and other animals) supposed, on
account of their colour, to be edible are printed in italics, with
the exception of those that have a sting, or mimic inscets with
a sting,

The tables would clearly have more significance if a larger

number of larvee had been experimented with.,
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A great number of conspicuons larvie belonging to the
Bombyees and Bombyeoidae are, on account of their rarity,
omitted from this list. These experiments may perhaps be
made in the futnre.  But it wonld need a very ardent disciple
of Mr. Poulton’s to sacrifice, for the purposes of philosophical
zoology, the larvae of the rare and beautiful “Merveil da Jour ™
(Diphthera orion) !

These experiments certainly bring out the fact that the “likes
and dislikes of insect-eating animals are purely relative.”
They are a further proof of the old saying that * one man’s
meat is another man’s poison.” They perhaps also show that
birds are more fastidious in their taste than either lizards or
monkeys. But none of these experiments arve thoronghly satis-
factory : it is so difficult to interpret them, and they are often
contradictory, for a bird will eat one day what it has refused
before.* The experiments that have been made are like most
other statistics,—they may be made to prove anvthing, A
careful series of observations npon the contents of the stomachs
in wild birds would be the nearest approach to a satisfactory
solution of the difficulty : but there are obvious objections to
this mode of investigation,

Now tasting, especially of birds, wonld be quite as dangerous
to the caterpillar as swallowing it ontright. If rejected by a
frog it might certainly be completely uninjured, and it appears
that even a very prolonged tasting by a duck may not result
in any injury.

Mr. Poulton has pointed out how very important it is that
an uneatable caterpillar should be at once recognised and
avoided: owing to the thinness of the body wall which contains
the blood under considerable pressure, the .~i|i;__'f|lh*.-=l illjlll‘_}' nay
prove fatal: for the blood will eseape in considerable amount,

* Butler, in Ann, and Mag., Nat. Hist. 1500,
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(quite incommensurate with the size of the wound, or the pres-
sure of the blood may force out the viscera ; hence the means
of protection are chicfly passive, depending upon concealment
or advertisement by warning colours.

I have myself noticed that a caterpillar twice bitten by a
large spider crawled away apparently unconcerned ; in these
cases, therefore, the disagreeable taste itself is the protection,
and not the brilliant colours. In many cases the snpposed
protection afforded by the warning colour is reinforced by other
means of defence. Mr. Wallace accounts for the development
of warning colours by the need for advertisement of dangerous
or uneatable qualities. I do not see the absolute necessity for
this, excepting only if various other causes shounld prevent the
caterpillar from having recourse to protective coloration.
Moreover, evidence has been got together by Mr. IPoulton
which proves that one species of protectively-coloured larvie
at least is uneatable.

The instance which he brings forward is Mania typica, but
other examples are given from other orders of Arthropoda, and
I have referred to a few above.

Insects with Warning Colours often protected in Other Ways.

In the Magpice caterpillar the habit of feeding upon many
kinds of shrubs may be an adequate set-off’ against its con-
spicuous appearance ; and the same remark will apply to
Aeronyeta psi (the Dageer moth ), and to the Bufi-tip eaterpillar,
A considerable toll might be taken by many destroyers of insect
life (among them ichnenmon flies, which do #ot avoid gandily-
coloured eaterpillars) without undualy diminishing the numbers
of these insects.  With regard to the Magpie moth, I have

noticed that, like other Geometers, they do not begin to feed
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until evening. I have a quantity of these caterpillars on some
thick-leaved shrubs in my garden ; during the dayvtime none
are i‘iﬁﬂlh’. but in the v\'vllill:.f TIIU}.' commence to crawl about
quite actively.

Again, a large number of conspicuously-coloured larvie are
also hairy 1 with the exception of the cuekoo, birds dislike
hairy larvee 5 it may be also difficult to pick them up, or they
may escape with the trifling loss of a few banches of hairs,

Among the “ Tussock ™ moths, the localisation of the hairs
into tnssocks (see figure of Vapourer Moth caterpillar on
p. 160), and the attitude assumed by the caterpillar, almost
compels the bird to peck at these thick bunches; other larvie
produce odoriferous seecretions, which are, probably, at least
as eflective as their appearance in keeping oft’ enemies.  Still
there is no reason why a caterpillar shonld not have more
than one means of defence at its command ; there are some
species, indeed, which undoubtedly have. For example, the
larva of the “* Puss ™ moth : its general green coloration may
be fairly considered protective ; if’ discovered it can adopt a
terrifying attitude and eject a quantity of fermic acid : the
flagella may perhaps be considered rather as a weapon for
warding off the attacks of ichnenmons than for repelling

vertebrate foes.

Warning Colours can only be safely adopted by a comparatively
Small Number of Animals.

It has beei pointed ont by Mr. Poulton that warning colours
an only be safely adopted by a small proportion of the msects
in any country. The means of defence is so simple that it 1s
remarkable not to find more examples of it ; but this result
is prevented by reason of the fact that a too complete success
would frustrate its objects : if all insects became distasteful
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and exhibited warning colours, or exhibited warning colonrs
without becoming distasteful, birds and other insect-cating
animals wonld be compelled to feed npon them : and it has
been proved by Mr., Poulton and by others that it pressed by
hunger animals will eat such distasteful insects,

[t appears to me, however (as I have already said on p. 133),
that the same objection might be applied to other characters :
]It‘t![t"!.ltf\‘L‘I}‘—L‘ululn'l‘ll {':lh'l'llﬂlilt's are suffered to escape their
enemies by their powers of concealment ; but if all, or the
majority of insects became thus difficult to find, some improve-
ment in their foes—additional keenness of sight or smell—

would tend to render these disguises easier to detect.

Objections to the Current Theory of Warning Coloration.

The larva of the Swallow-tail ( Papilio Machaon) is colonred
with green, black, and orange : it possesses, in Prof. Weismann’s
opinion, *a striking appearance,” and when offered by this
naturalist to Lacerte viridis, was untouched by the lizard.
This ecaterpillar becomes specially conspicuons when touched
or interfered with in any way ; it then everts from the neck a
glandular apparatus of a red colour.

When at rest upon its food plant the colours are by no
means conspicuous.  These invisible glands referred to have
been termed “ osmateria ™ or * stench throwers ™ ; they secrete
an offensive-smelling substance ; the caterpillars are no doubt
to some extent protected by them.

Mr. Wallace thinks that their function is chiefly to ward off
the attacks of ichnenmons; but they may also, he considers,
frighten small birds,

We may consider, perhaps, that this larva is inconspicuous,

but when found it possesses a means of defence in the osma-
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terta. However, there are other Papilionid larvae which
are undoubtedly conspicnons.  The North American Laertios
plilenor, the * Blue Swallow-tail,” is ; and it has the same
osmateria as the European Papilio machaon,

These facts are hard to reconcile with the theory of warning
colonrs.,  Presumably, the bright colours of the larva of
Leaertins philenor are an advertisement of the osmateria ; and

vet these same weapons of offence are not advertised in

Papilio machaon and in other species with a defensive or
at least a non-conspicuons coloration.

Mr. Seudder thinks that possibly the explanation is that
the larva of the American Swallow-tail conceals itseltf under
leaves, and is therefore less readily found.  DBut this explana-
tion is not consistent with the theory of warning colours : the
very essence of the theory is that brightly-coloured larvie
display themselves in the most open way,

Another great diffienlty in the way of accepting the theory

of warning colours is the actual change which must take
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place in many cases. The pigments themsclves mmnst be
altered, not only in their amount and distribution, but in
their nature and chemical composition.  Assuming that there
is no change of habit (of diet, for instance), it is almost im-
possible to conceive of such important physiological changes
evoked by what is, after all, so small a need.

There are so many other easier ways of defence, and one
would imagine that the action of natural selection would
proceed along the line of least resistance. To take a par-
ticular instance,—Mr, Poulton suggests that the larva of the
Cinnabar Moth caterpillar was originally entirely orange-
coloured, like the flowers of the ragwort upon which it
feeds. In this case, what is the need for any change?
Why should the insect, so to speak, tempt fortune when it
is well off ?  Mr. Poulton, however, partially disposes of this
difficulty by the suggestion that the black bands have been
only accentuated by natural selection ; they =tood in the
way, it may be assumed, of a perfect protective coloration,
and were increased so as to produce a warning coloration.
The suggestion is ingenious, but it is of course purely hypo-
thetical. It might be imagined with equal reason that the
aterpillar was originally almost black (like the IFox Moth
larva), and is now gradually acquiring a protective instead
of a warning coloration, by the inerease of the vellow and the
diminution of the black. The most probable suggestion of all
(based, be it observed, like most theories of animal colour,
upon absolute ignorance of the pigments) is that the cater-
pillar owes its yellow coloration to the yellow pigment of
the flowers of the ragwort—the black being possibly a denser

deposit of the same, or due to the chlorophyll in the leaves, or

3
formed anew. If the caterpillar took to the leaves more than

the flowers it might lead to the production of the black
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pigment or to its increase, The field of hypotheses has
no limits : what we want is more study of the actual pigments

and their formation.

The Wings of some Inedible Butterflies resist Injury.

The immunity of gaudily-coloured, slow-flying butterfiies
is not always due entirely to their uneatable qualities.
Mr. Trimen has pointed out that the wings of these inseets
have often a very elastic structure, and can endure very
rongh treatment without serious injury ; in this wayv they
can frequently recover from the mistaken attacks of inex-
perienced foes.  Looked at from this point of view, the
strength of the wings is merely an additional protection,
like the nocturnal Labits of many protectively-coloured cater-
pillars. It may also have another meaning, which is not
suggested by Mr. Poulton.

The wings call attention to the distastefulness of the inseet :
they are the danger signal, and it is highly important that
they should be kept intact if possible ; a large piece bitten
out of the wing by a lizard or a bird in the hastiness of youth,
would not only impair the wings as organs of flight, but would
diminish their efficacy as danger flags by redueing their size:
the next animal that passed by wounld be less impressed by the
warning coloration, and might kill the insect.  Mr, Skertehly
considers that nauscous insects are often very strong and
less casily injured ; the experiments with the caterpillars of
the Magpie moth and Bufi=tip caterpillars (pp. 164, 165), quite
bear out this opinion. '

Dr. Eisig's Theory of Warning Colours.
The suggestions of Dr. Eisig* seem to afford a more relinble
clue to the phenomena of warning colours ; his suggestions

* Die Capitelliden, * Naples Monographs.”
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have been largely neglected by those who have thought and
written upon the subject ; but it may be reasonably urged that
one would not expeet to meet with valnable physiological
observations in a work devoted to a small group of Annelids.

Dr. Bisig points out, as has been already mentioned in this
book (p. 127), that pigment in the skin has been actually
proved in some cases to be excreted matter; and it may be so
in other cases where no direct evidence is forthcoming.

In earlier times, when there were no birds—and after all,
the chief enemies of caterpillars are birds—Dbrilliant zolora-
tion, due to abundant and varied pigment, would be the rale.
Dr. Eisig is of opinion that this pigment is itself largely the
cause of the distastefulness.® It so, we arrive at an interesting
conclusion—that the brilliant colonrs (e, the abundant secretion
of pigiment) have cansed the inedibility of the species, rather
Lhen that the inedibility has necessitated the preduction of fu';:r;f.-f
colowr as an adrertisement,

This is an important alteration in the usual view of warning
colours : but it is obviously not entirely antithetical to the
views of Wallace, Poulton, and others ; for we may still sup-
pose that the bright colours are actnally * warning ™ colonrs,
althongh they have not been evolved for this express purpose.

On the view advocated here brilliant coloration is the
normal condition of caterpillars ; the advent of bird-life
proved a disastrous event for these animals, and compelled
them to undergo varions modifications, except in the case of
those forms which combine brilliant coloration with uneatable-
11ess,

Dr. Eisig’s ingenious suggestion may possibly apply (o

* I may remark that a Cebus monkey sucked a Magpic caterpillar, and

threw away the skin, as a boy sucks an orange and disposes of the peel.
This 1s so far evidence that the pigmented skin 1s the distasteful part.
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other animals besides lepidoptera—to many invertebrates,
for instance.

Warning Colours of Nudibranchs,

Some interesting experiments have been carried out by
Prof. Herdman and one of his pupils® npon the palatability
of nudibranchs : these animals form a group of the Mollusea,
and are nsually marked by a very varied and brilliant colora-
tion. Sometimes this coloration is such as to conceal the
molluses when feeding amid their usnal surroundings ; in
other species the colours are so disposed as to render them
conspicnous anywhere.  Experiments were tried with both
kinds of nudibranchs—i.e., those that resemble their unsual
environment, and are therefore, as it is termed, * protectively
coloured,” and those that exhibit * warning colours.”

Doris lawellata, an instance of the first kind, was eaten by
no fish, but * seized and rejected ” by a number,

Ancula cristata, a species conspicuonsly ornamented with
brieht vellow, was “seized and rejected ™ by thirty-eight
fish, “touched and rejected™ by a few, and eaten by three
individuals,

Dieneronotus arboreseens, aprotectively-coloured species, was
eaten by some fish and rejected by others.

Folis, another nudibranch exhibiting warning colours, was
taken into the mouth but never eaten.

These experiments certainly prove that the nudibranchs
nsed are, on the whole, distasteful to the fishes which were
attempted to be fed with them ; this even applies to the
[.mlw:tiw.wl}--l-nluurvd forms. Mpr. Bateson has morcover shown
that certain fishes do not seck their food by sight at all, and

therefore no amount of colour protection or warning would

Treriig, fj"'l.'”fl‘ N, L}q'.';'j.luﬁ."_, \'Ul. Il‘l'.:. P 131, ete,
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delude or dissnade them from eating, or at least trying to
eat, these nudibranchs. It is trne that the majority of fishes
do use their eyes in hunting, but the list of those that do not
comprises a good many forms that must often fall m with
nndibranchs, and possibly devounr them.

It cannot, therefore, be admitted that the experiments with

nudibranchs offer any support to the theory of warning colours
as generally understood ; but they do support the sugeestion
that nnpalatability is associated with brilliant colour, even if

that colour is protective,

Warning Coloration in Wasps.
Many stinging Hymenoptera are brightly coloured, and even
those that are not arve frequently conspicuous. The striking

colours of the wasp and the hornet and some of the humble
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bees are helieved to have been aequired for the purpose of
reminding their foes that there is a sting in the background,
and thus warning them off.

But the males of these Hymenoptera are not armed with
a sting, though, being sometimes weaker and more slightly
built than the females, they would appear to have, if anything,
a greater need of one,

The male hornets, however, when captured, move their body
as if about to sting, and against human assailants who do not
happen at the same time to be naturalists, this pretence is no
doubt very eftective. The sting of the worker bee or wasp
is simply the somewhat altered ovipositor ; the workers are
nenter in sex, or rather imperfeet females,  The vellow hand-
ing which characterises our British wasps 1s not contined to
them ; many exotic species have the same colours, which, as
I have already mentioned, are often met with in insects that
are, for one reason or another, undesirable as food. The
bright colours of the male Hymenoptera must be looked npon
as a sort of mimicry, due to ** arvested divergence.”

The matter, however, is not guite so simple as it might
appear.  Originally, it may be presumed, commuuities of
wasps, hornets, ete., consisted of males and females only : later
on, the stunted workers were produced, perhaps, by defeetive
nutrition.  Seeing that the females and workers are the main-
stay of the wasp colony, it is intelligible that useful variations
which happened to ocear micht be perpetuated. The males
prineipally stay at home and perform the duties of scavengers
in the wasp city 3 and as they have no sting, it could hardly
be supposed that gawdy colours were first produced in them
and then handed on by inheritance to the female. There is
another fact, however, which shonld be taken into considera-

tion.  Manv Hyvmenoptera have a strong odouar: thus Pelopeeus
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_u._hf”f,f'na:JJ-.HH'H.u.-.F.w * has both Hl’ill;{ and odour. This ]Hll'l’il‘llIil.T
Hymenopteron is not so conspicnons as many others : its hody
is black, though the legs ave ringed with black and yellow,
Is it the odour and the consequent disagreeableness of flavour
which is advertised, or the sting 2 We know that the sting
is by no mears always a protection ; perhaps the odour may
he effective in other cases, where the sting is disvegarded. 1
mention later the enrions fact that certain Sesiidae (Clear-wing
moths) have not only the look hut the smell of hornets,

These facts lead one to believe that odours as well as colours
may he protective. It is just possible that the Clear-wing
may escape by its resemblance in smell fo a hornet guite as
often as by 1ts resemblance in colonr,

Speaking broadly, it is safe to say that the sense of smell
is mueh more highly developed in animals than the sense of
sicht.  Odour has usually been supposed to have a sexnal
meaning, to enable the sexes to find each other, or perhaps,
as in the case of the musk ox, to enable a straved individual
to regain its companions. Particular odours, like partienlar
plans of coloration, are sometimes found i animals which
are so far from each other in zoologieal position that they
have no special resemblances at all.

The odour of musk characterises the musk deer and certain
species of crocodile, as well as other mammals. The odonr of
the erocodile may perhaps be a lare to entice musk-flavoured
mammals, who fancy that they are approaching one of their
mates—a case of aggressive mimiery in smell. This subject,
however, is rather out of place in the present work.

The fact that I desire to emphasize is the association of a
disagreeable, or at least a characteristie, odonr with a con-
spiecnons coloration in animals, supposed to be protected in

Messrs, Horne and Smith, Tieans, Zool, Soe., vol. vii.

12



178 ANIMAL COLORATION.

another way (sting), no less than in the weak-flving Heli-
conidie, which are believed to be entively protected by the
satd disagrecable smell and taste.  As has been seen. the
explanation of warning coloration wonld be greatly facilitated

if this could he proved in all cases,

Dr. Eisig's View not Universally Applicable.

Dr. Eisig’s snggestion, however, will not apply to many
cases @ for instance, to the brieght colours of birds which owe
their colours largely to structural modifications of the feathers
themselves,

There iz, however, only indirect evidence (furnished by
inimicry) that any bird is distasteful.  Nor are there many
cases of warning colours in which the disagreeable qnality
advertised can be lT{*I‘]n]'ttzl:..' Ilt'm;wl not to reside i the skin
itselt : but there are some.

The Warning Coloration of the Skunk.,

The skunk has been instanced by Mr. Wallace as illus-
trating the accompaniment of a conspicnous coloration hy
some disagreeable quality.  Neither one fact nor the other
can be donbted in this case.  Buar the skunk has its enemies,
and is not so unmolested as has been stated,  In Patagonia the
skunk is one of the most abundant animals,  The traveller
D’Orbigny wrote that in that conntry the skunk formed the
chiet food of the Crownad []:11']:}' encle @ but :dthnngh
If{}rlyi_i_r'n:."r:. statement 1s, according to Mr, Hudson, “opure
ru]:jwt'l‘nl'v.."* Mr. Hudson® admits that most of the cagles shot
by himself in Patagonia, including a dozen Chilian cagles
and one Crowned Harpy, smelt of skunk.,  Pumas also some-
times evidently commit the same mistake, for their fur in
some cases smells strongly of skank.

* Argentine Ornithology,” vol. ii.. p. Go.
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Mr. Hudson, however, thinks that this does not necessarily
mean that the birds of prey and the pumas feed upon skunks
habitnally : for the smell of the skunk *is so marvellonsly
persistent, that one or two such attacks a year on the part of
cach eagle would be enough to acconnt for the smell on so
many birds.” Bnt it clearly does show that their lives are
not passed in absolute peace.

There are a considerable number of species of skunks (a
dozen or so), and they are all white, or yellowish and
black.

Mr. Wallace has pointed out the slow, leisurely movements
of the large skank (Mephitis mephitica), which are the result,
he thinks, of its freedom from persecntion ; armed with its
offensive secretion, the presence of which is so strikingly
advertized, it has no need for unduly hurryving itself. Some
of the smaller skunks, however, which have been placed in
a separate genus—>Spilogale—are spoken of by Dr. Merriam
as being ** active” and “agile ™ ; they are also arboreal in
habit, and would therefore perhaps have fewer enemies than
the gronnd sknnks. Nevertheless the coloration of Spilogale
1s similar in principle to that of MWeplitis.  With regard to the
colour of these animals, it is stated that in the young the
colonrs are intense black and pure white ; as age advances
the black becomes browner and the white creamier. This
fact, however, is quite in accord with the application of the
theory of warning colours to the sknnk: they might be
reasonably  supposed to need more protection when young

than when older and better able to fieht.,

Warning Coloration in Other Mammals.
There are other mammals coloured black and white, and

therefore highly conspicnous in their nsual surroundings ;
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these, however, are by no means always animals that it
would he obviously dangerons to meddle with.

Mr. Salvin deseribed and fieured some vears ago ™ a con-
spicuous black and white squirrel from the Arrn Islands.
An arboreal mammal of this colonr would under most eirenm-
stances be conspicnons 3 it would be intere: ting to ascertain
if there were any objectionable qualities such as to render it
distasteful.

The curiouns little marsupial, Myriwecobins s as conspicnonsly
coloured as any other mammal, except perhaps such as are
black and white. It possesses a complicated glandular
apparatus sitnated upon the under surface of the thorax.f
which may possible secrete an offensive fluid ; but this is
simple guessing, as nothing is known of the unaturve of the
secretion and its nses.  Suoch glands are very common among
the Mammalia, and it is quite likely that in certain cases
they may, as in the skunk, secrete a nauseous fluid. It cannot
be said that a conspicuous coloration 1s always associated
with the presence of these glands ¢ bat they may even possess
one function in one animal and a different one in another.

I have referred to them in another connection on e

Warning Coloration in Reptiles.

In the hotter parts of North America a large lizard (/felo-
dermea) is met with, colonred in the way that is =0 common
among animals which possess some dangerous or distasteful
quality. The body is blotehed with black and pinkish-yellow,
the colours being thus much the same as those of the wasp
and the caterpillar of the Cinnabar moth,

A plan of coloration of this kind might lead to the sup-

- f‘.r'nc,ﬁ-mf. Fur'., IH-'IH. Pl:ltt' |"EIII 'I' f.".l;rl",. :-‘"3‘:7, 'EL o2y,
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position that the reptile was for some reason or other to b
avoided by its foes. Now, [leloderma is the only certainly
known case of a poisonouns lizard : it has grooved teeth, which
conducet the poison from the glands which secrete it, con-
structed on a plan similar to that of many poisonous serpents ;
and it has been proved, by actnal experiment upon some
specimens exhibited in the Zoological Society’s Gardens, that

the bite of this creature is fatal to many small animals,
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Fig. M.=—Coril Smnake.

It 1s slugeish in its habits until thoronghly roused and
infuriated.  For a creature of this kind some advertisement
of its deadly qualities is most useful. The poisonons snakes
are, perhaps, not as a rule brilliantly coloured, but there are
plenty of exceptions to this rule : the deadly £ tups of Central
and South America (fig. 20) is ringed with black and red
and thus furnishes another example of the common plan nt
coloraticn and the often similar colours which are utilised for

warning purposes.  This has been emphasised by Mr. Ponlton,
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One of the pelagiec sea snakes beloneing to the cenns
FHiydrophis * is similarly ringed with black and yellow : these
slender serpents, which often grow to a considerable length,
are extremely poisonous, but not generally so conspicnonsly
coloured.  On the other hand, the common English viper,
the Pnft’ adder, the Fer de lance, and the Rattlesnake are
rather protectively coloured, if anything : and the accounts of
travellers abound with instances of the narrow escapes they
have had from the invisibility of these reptiles. Mr. Salviu
has deseribed a green tree-viper from Guatemala.t  Warning
colours in snakes, as in other animals, have not been bronght
about to assist them in impressing human beings with their
venomous naturve ; they have to contend with much more
important foes than our own species, but these cannot he said
to be very numerous.

There are a few snake-cating birds, such as the Secretary
bird and that large Anstralian kingfisher ealled the Laughing
Jackass.  The Ground hornbill of Africa will also eat serpents.
Among mammals the mongoose is an enemy to snakes, and
swine are said to be impervious to the poison of the rattle-
snake and other venomons serpents, which they will kill and
devour : but their immunity from the effeets of the venom has
been denied.  In India the formidable Opliophagus lives, as
its name denotes, npon snakes ; and it will kill and eat «
cobra with perfeet indifference,

There does not, thervefore, seem to be so much need for
wm'ning colonrs amony Imi:-.'um:»us snakes as i other roups =
suake-cating animals seem to disregard the bite of the suake,
either because it produces little or no effect upon them, or
becanse they possess speeial means of defence against the bite:

* Wee Troans, Sool. ;"':m‘*_, vol, 11.. |"|:|tl: Ay,
|' Proce. Zool, ey, 1RGLY, - 457,
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the thick coating of fat of the hog, and the feathers of the

Seeretary hird, protect these animals from the serious conse-
quences of meddling with a poisonons serpent. A protective
coloration would be much more useful to the snake, and the
very fact that poisonous serpents are generally not unlike their

environment is in accord with this opinion.

Warning Coloration in Amphibia.

Warning colonrs are also known among the Amphibia. The
brightly coloured frog discovered by Mr. Belt in Nicaragua,
was avoided by ducks and other ereatnres that habitnally or
oceasionally devour frogs. A singular combination of warning
and protective coloration has been believed to be shown by
the little Envopean IFirve-bellied toad (Bombinator igneus) :
it is small and inconspicnous, being of a dusky greenish-grey
colour upon the back, like many other toads, but the under
surface is bricht oranee red, whenee the name of the animal.
It annoyed or interfered with in any way the Bombinator turns
upon its back, displaying its brilliantly coloured nnder parts to
the reputed discomfiture of the assailant ; it has, at any rate,
been fignred in this position,

Mr. Pounlton draws attention to the contrasting colours of
the salamander (Selamandre maculosa), and sugeests that it
probably possesses some |1i.-'ag1'1-a=:lh|v attribute, It miay be
remarked incidentally that both this and the last-mentioned
amphibians may be nsnally seen in the reptile house at the

2 n:]ug‘ii.'.:ll Gardens.

The salamander is black and yellow—a combination of

colours so often scen in distasteful or poisonons animals.*

* In wasps, hornets, certain flies which resemble wasps, the larva of
the Cinnabar moth, the Heloderm lizavd, a species of sea snake, Magpie
moth. ete.
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Mr. Ponlton thinks that the frequent recurrence of this type
of coloration may be particnlarly advantageons, as it assists
enemies of the animals so colonred in learning easily to avoid
them. This is a very interesting suggestion, and seems highly
probable.

Mr. Howes ® relates an experience in keeping certain am-

phibians, waich is decidedly confirmatery of the poisonous

nature of the salamander. A small frog (Newowus loris),

which is interesting as being in some points a connecting
link between the tailed and tailless amphibians (frogs and
newts in the broad sense), was kept i a vessel with a
salamander 3 one morning hoth ereatures were found appar-
ently dead, the frog covered with a quantity of its own
secretion and the salamander showing evidence that it had
heen trving to swallow the former:; the frog nlt‘illl:lh-l_‘n'
recovered, bat the salamander was quite dead.

This fragical ]Jiﬁh:l'}' seems to show that both creatures

* Hoologist, Aug. 1801,
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can secrete a poisonous substance, but it points to the more
deadly properties of the frog’s skin. It is well known that
the skin of the common toad produces a secretion which will,
if injected into the body of a fowl, cause death. This was
proved by the late M. Paual Bert ;* it is probably common
among Amphibia, but does not necessarily lead to their being
refused as food. Even toads are taken by certain birds, as
I have myself proved, thongh the toads were not perhaps
relished so muoch as frogs are. Newopus is not a more con-
spicuous animal than the common toad ; they are apparvently
both instances of a disagrecable guality being concealed by
a well-protected exterior. The small newt is also eaten by

several birds, but with no particular signs of enjoyment.

Bright Colours not always used as a Warning.

Although it has been proved, particnlarly amoug cater-
pillars, that a conspicnouns coloration is often a mark of
inedibility, this is thonght to be not always the case: 1 do
not now refer to brilliant colonrs, distinetion of' sex, or what
has been thonght to be the result of sexunal selection,—this
part of the subject will be gone into later.

Mr. Savile Kent, in a very interesting presidential address
to the Royal Society T of Queensland, relates an instance of
commensalismm between a fish and a sea apemone. (om-
mensalism, 1t should be =aid, is a term used to express a
kind of ]lill’ﬂsitiﬁlll where the p:LI':Lﬁih' recompenses its host
for favours received by material benefits rendered in return.
Among the coral reefs in the neighbourhood of Thursday
Island an enormous sea anemonc oceurs ; it is at least two

=

P'rof. Howes informs me that he has repeated the experiment. and
verified Paul Bert's results.

* Nov. 22nd, 1801, For the loan of this pamphlet I am indebted to
Prof. Howes,
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feet across the dise when fully expanded.  In the interior—
in the gastral eavity, that is to say —of this gigantic polyp
there is often a small fish helonging to the species dwmphiprion
‘u-'f'-"ifr’rrrr.

When this fact was first observed it was thought that the
occurrence of the fish in the interior of the polyp was simply
a preliminary to its being digested by the latter.  Mr. Kent,
however, found that the fish when dislodged by a stick
invariably returned to its singular dwelling-place, apparently
oblivious of the danger likely to result from a contact with
the stinging arms of the anemone. The fish is very brightly
coloured, being “of a brilliant vermilion hue, with three hroad
white erossbands.”  Mr. Kent snggests —and the idea is very
plansible—that benefits are mutually conferred by this habit.
The fish, being conspicuons, is liable to attacks, which it
escapes by a rapid retreat into the sea anemone ; its enemies
in hot pursuit blunder against the outspread tentacles of the
anemone, and are at once narcotised by the ** thread cells,”
shot out in innumerable showers from the tentacles, amd
afterwards drawn into the stomach of the anemone and
digested.

The plansibility of this very interesting suggestion is in-
creased by the fact that there is a similar association between
an allied species of anemone and o prawn.  Singolarly
enoneh, the prawn has a plan of coloration similar to that
of the fish. The reason for this is not at all apparent, and
Mr. Kent is unable to offer any explanation of the similarity
of the colours and coloration of the two animals, He
helieves, however, that in both instances the active animals
play the part of a lure to attract prey within reach of the
motionless anemone, and in return get protection,

This sngwestion is of course gunite at variance with any
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theory of warning colour in the fish or prawn ; and, though
the matter elearly requires further investigation, it is at least
probable.

It is likely that other cases of bhrilliant coloration may
have a similar signification.

The remarkable Mantis, first deseribed by Mr. Wood Mason
and ficured by Mr. Ponlton, may be an stance to the point.
Both Mr. Wallace and Mr. Ponlton ™ dwell npon the form re-
semblances of this insect to an orehid, as well as its colour
resemblances,  These are, it must be admitted, not a little
striking. The proximal joints of the limbs are flattened and
radiate out from the body like the petals of a flower, which
thev also simulate in their pink coloration. It has, however,
vet to be proved that insects have any definite perceptions of
form. A white buttertly will, ax Messrs, Geddes and Thomson
remark,T ** fly naively to a piece of white paper on the ground,”
evidently inflnenced by its colonr alone.

In the vegetable world bright colonrs appear to me to have
an attractive rather than a repellent funetion. The red berries
of the service tree and other shrubs are much sought after,
as any one can prove, by birds, The advantage of this to
the plant is sapposed to be the dissemination of the seed : it
has been proved experimentally that the seeds of many plants
will pass nninjured through the alimentary tract of a bird,
being still perfectly capable of germination. It was Dr.
Grant Allen, I think, who made the ingenions suggestion
that poisonous berries secured a twofold advantage by their
bright colonrs : the seeds are disseminated, and the death
of the bird provides abundant manure for the plant when it
pushies its way ont of the seed coats,

'he Colour of Animals,” p. 74,
T *The Evolution of Sex,” p. 25.
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Mr. Ponlton admits the attraction of bright spots and
patches npon animals, which may serve two purposes : they
may either lare on insects to their destroction, or may direct

attention to less vital parts; and so serve as a protection.

Instance of Alluring Coloration in a Lizard.

As an instance of the former may be cited a lizard which
is to be seen at the College of Surweons Museum. This
creature is protectively coloured, being like the sand in which
it lives : Imt o fold of skin at each corner of the month is
“produced into a flower-like shape, exactly resembling a little
red flower which erows in the sand.”

Both Mr. Stewart and Mr. Poulton believe that inseets are
deceived by what they think is a flower, and approach the
lizard only to fall vietims to their lack of intelligence,

While agreeing with these natnralists as to the probability
of snch events h:l]i[u.'lll-lt}_'; [rln-}- have got to be lll'un'{L how-
ever), I would lay stress rather upon the bright colour than
the likeness to a flower, which I shonld not ventare to describe
as *“*exact.”

Other Examples of Alluring Colours.

[t is said hat the brightly coloured crests of many hirds
act. in the same way as a lure: here, of course, there can
be no guestion of any special resemblance to a Hower. It
15 well known that many imsects are attracted |:|}‘ the llI'H]iIiiII.ER
of animals.  Mr. Forbes discovered in Java a spider which
showed the mest ]1|.'||'k'1'|]ut1.~'~|_1n.' detailed resemblancee to the
excreta of a bird 3 this will be admitted by any person who will
refer to the figure of the insect in the paper guoted on p. 110,

The .ﬂllliluhitiml is that the H]lftl-'l' ]H'Hlil'ﬁ Il}' this resem-
blance and secnres an ample harvest of inseets.  *The whole

l'lﬂtt'lii]iltiﬂll ol hnlriln‘., ﬂﬂ't!l., :_I,IH] i'u!ull]'h]:_",” CH Mr. |}HI'IITHII..



WARNING COLORATION, ] 84

¢ affords a wonderful example of what natural selection can
accomplish.,”  The very same resemblance, thoneh serving =
different purpose, is shown by several greyish white moths,
such as the common Carpet moth, so abundant in gardens :
these insects rest with their wings expanded and pressed against
the leaf, and are by no means unlike the excrement of a bird
which has fallen from a height and been therefore flattened

Fir, =2 —Fishing Froz,

out. Mr..J. P. Barrett © has also compared the young cater-
pillar of the rare Alder moth (. Aeronyeta alni) to the dropping
of a bird. In these cases the theory is that the resemblance
protects the inseets from birds,

To return to the subject of the attraction of special markings.
Mr. Poulton ineludes among his instances of “ Alluring Colora-
tion 7 which have been quoted above the waving tentacles of

P

the Fishing frog (see woodcut, fig. 22); the fish is provided.

,l'-',.rﬂ.frr.mru'lﬂfl{;ﬁl'. TU!. Koy 1!. 208,
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with a number of tentacles on the head, which wave about
and attract  little fishes into  the neighbourhood of the
creature’s immense month. It has been suggested that a
little vibratile tag in the month of the Terrapin Macro-
r‘-"r'.'w.i'.iejm Tewminki serves a similar puarpose : but these in-
stances do not strictly come within the scope of a book
devoted to Animal Colonrs,

right-colonred patches may also, it is thonght, play an
important part in diverting the :ltrvntimi of an cuemy to the
less vital parts of its prey.

Of such use are the eye-like markings on the wings of
the Peacock butterfly, and, Mr. Pounlton thinks, the bright-
eoloured ander wings of certain moths like the Red and Yellow
Underwings,

The last-mentioned insects are often  eaptured showing
mutilations of the hind wings, implying that they have only
just escaped at the expense of these wings, It may be
remarked, however, that the reason for this may be not
necessarily the bright colonr of the hind wings first attracting
the attention of the bird.

The Yellow Underwing when disturbed flies rapidly, and
more or less in a str i,L:‘|II line. 1 have observed one of these
moths hotly pursued by a band of sparrows, who joined in the
chase after the moth had ool i little start : it must have been
a little time before they came up with it if' the bird made
a peck at the moth flying just in front of it, there wonld
be o considerable chance of its touching the hind wings first,
whatever their colonr micht he,

It is, morcover, not at all sale to make any such generalisa-
tions with regard to eve-like markings, even it it be admitted
that those 1o the win;'.-: of the ** Peacock ” have the unsetul

funetion which has been assigned to them,  The John Dorvy
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has a pair of enrious marks—the thumb-marks of St. Peter,
according to the legend—on ecach side of the body; these can
hardly be seen in the fish when exposed for sale in a fish-
monger's window, but are very conspicuons during life.  An
enemy, whose attention was drawn to these spots, would
inflict a very serions injury upon the fish if it attempted to
take a bite at this place. So, also, with regard to the bright
eve-like markings upon a species of shrimp fignred * a good
many years ago by the late Mr. Spence Bate,

It will be noticed that some of these instances of attractive
coloration are absolutely opposed to the theory of warning
colonrs: this is, of course, especially so with the Yellow Under-
wings. In these moths the black bands upon the yellow
aronnd-colonr present us with precisely that contrast of colonrs
which is believed to be so efficacious in protecting the wasp
and the Cinnabar Moth caterpillar from being interfered with,
This is a serious dilemma.  Any one ignorant of the faet that
the Yellow Underwing is quite palatable to, or at any rate
pursued by, birds, wonld regard the insect as affording a
remarkable combination of protective and warning colorations
the warning coloars, it might be arguned, are displayed only
after the protective colonrs have failed to play their part with

i‘.lt”llg]l SNeCess,

Bright Colours and Large Size of the Fins in Certain Fish may
have a Protective Value.

At the moment of writing there are a number of specimens
of one of the most beautiful of British fishes—the grayling—
m the fish honse at the Zoological Gardens. The beauty is
chiefly in the fins, which are of large size and shot with iri-

descent green and ved.  They remind one, in a very striking

* Proe. Zool. See., 1863, PL XL, fig, 1.
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- way, of a butterfly’s wing, and it is just possible that they
may play an analogous part in protecting the fish from its
foes. It has been already mentioned that the butterflies’
wings may be in some cases an actunal defence, on acconnt of
their very conspicnonsness: they may divert attention from the

Fig. 25, —Flying Gurnard,

more vital parts.  So, in the case of the grayling, a young and
mexperienced pike may make a futile attack upon the con-
spicnons waving fins, and thus give the grayvling time to escape
before the attack can be renewed.

The large and brightly colonred fins of other fishes, for
example of the species depicted in the woodent (fig. 23), may

be very possibly used for a similar purpose.



CHAPTER V.
PROTECTIVE MIMICRY.

Mr. Bates' Theory.

Tue theory of warning colours is Dbelieved to obtain very
strong support from a series of remarkable facts of which
an adequate explanation was first offered by Mr. Bates.®

This naturalist spent many vears in South America, being
principally engaged in  studyving the Lepidoptera of that
country.  Among the most abundant butterflies in the
Amazonian region are those of the family Heliconidie ; the
prevailing pattern of these insects’ wings is shown in the ac-
companying woodent (fig. 24). The contrast between vellow
and Dblack suggests at once that they belong to that group
which are protected from attack through being distasteful :
this snggestion is, to a certain extent, borne out by Mr. Bates’
observations. He found in the first place that they counld
seerete from certain glands in the abdomen a disagrecably
smelling flnid : it does not, however, follow from this faet
alone that the butterflies would prove disagreeable to the
palate of a lizard or a bird : many animals are attracted Iy
odours which to us appear in the highest degree objectionable.
An attentive observation of the butterflies convineed bhotl

Mr. Bates and Mr. Wallace that Hli*}' were :n'q}itii_‘qt. or ar

* Transactions JIJF'I"'r" Linnean Socicty, vol, xxiii.

18
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any rate not pursned, by birds and other creatures. The
late Mr. Belt fonnd that a tame Cebus monkey invariably
rejected these inseets when they were offered to him: ocea-
sionally he went so far as to smell them, but they were never
tasted.

On the other hand Mr. Belt also discovered that the
Heliconias were hunted by a wasp, and that thev exhibited
in the presence of their enemy o greater alertness than at

any other times,”

Fig, &=, L grfeiles Phewie, var, Leavooaad ([ Pheri=), o, Ftfeoueion e i (Tl
mimicked Heliconinsy,  (After Bates)

Although the three naturalists whose observations have just
been quoted believed themselves justified in stating that the
Heliconidie were not captured by bivds, Iritz Miuller has
bronght forward evidence which points to the opposite con-
clusion.  He captured several Heliconidae with pieces torn

III-'1|':||=~'|n.~-'~ appear, according to M. Platean (Le Naluraliste, X1l p. 188),
to be exceedingly stupid and dull of sight. It is possible, therefore,
that their attacks R RTRLH the lrl[[tl't‘!lj‘ are -"|m|11}‘ caused h_‘n' an iIIL':I[1;I|.‘i1.\'

for comprehending the iig’]li!il':ltll.'t' of i1ts coloration.
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ont of their wings: sometimes the lacerations were symmetrical
on both wings thuns indicating that the insect had been seized
when at rest with the wings folded together over the back.
Mr. Ponlton has admitted that * there is, nofortunately,, too
little direet experimental proof of the unnpalatability of the
specially proteeted  gvoups which are the chief models of
Mimiery.”

The observations of Fritz Miiller must be set against those
of Bates, Wallace, and Belt ; they do not, of course, prove that
the species is eaten by birds, but they do prove that the
insect is occasionally pursued by birds. It is suggested by
Mr. Wallace that the injuries were produced by the attacks
of vonng and inexperienced fledglings ; this must obviously
for the present remain a suggestion.

In the same situations as those in which the Heliconias are
fonnd there also occur, more rarvely, specimens of butterflies
minntely resembling the Heliconias, but belonging to a per-
feetly distinet family—the Pierid:e.  They belong to the two
genera, Leptalis and Euterpe, consisting of numerous species,
each of which shows a striking likeness to some one particular
species of [leliconin.  This likeness 1s not a mark of near
affinity ;* it affects no important character, but only the
shape and coloration of the wings,

Now the Pieridae, as a group, differ in these last-mentioned
characters from the Heliconidae ; there is not, excepting in the
genera Leptalis and Futerpe, this remarkable saperficial imita-
tion of the Heliconid type. These facts, therefore, evidently
require some explanation.

Mr. Bates snggested that the resemblance had been bronght
abont for the protection of the Pierids. It is obvions that
if a species which is perfectly catable, and therefore greatly

* This has, however, heen denied,
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sought after by birds, should come to resemble an uneatable
butterfly, it might often be mistaken for it and so escape
destruction.  Natural selection, it is thought, has acted upon
the originally slight variations of certain Pieridee, and produced
the often wondertully close similitude to the Heliconide which

wWe now soee,

Mimicry often found only in Females.

There are plenty of examples of this phenomenon, which is
ALk 'il:-tin!lu-“}' confined to the female sex. It is more im]um*’rmlt
for the continnance of the species that the female insect
should be preserved ; and, just as among birds we often
meet (see p. 208) with examples of protectively coloured
females and brightly coloured males, there are instances among
buttertlies where the female alone shows a protective mimicry.
Mr. Trimen has described and figured an African * Swallow-
Tail ™ iu which the female is entirely without the ©tails™
which are usunally so conspicnous a feature of the gcroup.
There are three distinet varieties of the female inseet, cach
of which mimics a particular form of Daenais occurring in the
same distriet.  fanais is said to be an unnpalatable hutterfly,

and avoided on that account.

Are the Danaide strongly scented, like the Heliconide?

[t is not reasonable to lay much stress upon the fact of
insects possessing unalities which are disagreeable to our-
selves 1 for it by no means follows that these same qualities
affect the enemies of the inseets : indeed, there is experimental
evidence that the reverse is the case.  With respect to tlie
Danaidae, Acrwacidae, and  Heliconidie,—the typical families
which are models for mimierv,—Mr. Poulton says that *“a

peculiar and frequently unpleasant smell has been noticed by
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all observers who have stadied these croups.”  In view of this
statement, which certainly expresses the general opinion, it is
surprising to learn from Dr. Seitz that this is by no means the
case invariably—even with the species referred to by previous
writers.,  Dr. Seitz tested as many as fifty species of Danaids,
both African and American, but conld not recognise the least
odonr, disagrecable or otherwise: and a number of these
species were models for mimicry. It is clear, therefore, that
every one interested in the subject must test this matter for
himself and form his own opinion,

Distastefulness sometimes limited to a Few Individuals.

In some, but not in all, Heliconids Dr. Seitz fonnd an
odour decidedly objectionable to human nostrils, which he
compares to that of mnaphthalin., In [eliconius beskii, a
species with a particularly evil odonr, it was fonnd that only
a few individuals were odoriferons, as is also the case with
onr common lacewing fly, Chrysope. 1If the odour is as
objectionable to birds and lizards as it is to us, it looks as
it the majority traded on the unpleasant reputation of the
few : and that the odour is not persistent, bnt depends upon

<ome variable eircumstance, such as food.

Resistent Structure of the Wings in Danaids an Additional
Defence.

The elastic structure of the wings in conspicnons huttertlies
which Mr. Trimen first noticed, is a highly interesting faet.
The wings are often so flexible that they ean be bent without
breaking,

Dr. Seitz has remarked in Tropical America that a species
of leren is constantly fonnd with its wings much rubbed,

with the scales largely removed. He attributes this to the



198 ANIMAL COLORATION.

clnmsy flight of the inseet, which canses it to come against
obstacles instead of neatly avoiding them, as other butterflies
do who thread their ight among the most confused network
of branches of a tropical fovest. It is a more obvious sugges-
tion that the wings of this insect have been rubbed through
contact with birds™ beaks—their elastic structure saving them
from breakinge.

Dr. Seitz, however, particularly sayvs that birds do not
attack this lerea : he never saw a bird attack one of these
insects, nor observed their wings lying abont on the ground,
as one sometimes (rarvely, however, be it remarked) sees the
wings of lepidoptera in this conntry.

Another suggestion may be made to account for this rubbing
of the wings ; and that is that they have been produced by
ineffectnal attempts on the part of bats and nocturnal birds
to seize the insect. Now, butterflies are for the most part
dinrnal in their halats, as the name * fiwrnd,” sometimes
applied to the group, attests : but they are not exclusively
so. I have myself seen butterflies on trees *songared ™ for
the purpose of attracting moths, and I Delieve that this
experience is not nmcommon. These instances are probably
due to exceptional circumstances, such as the proximity of’ the
resting-place of the inseet to the sngared tree.  But in Central
America Heliconids have been found lured into the towns by
the electrie licht ; and there seems to be some evidence for
the partially nocturnal habits of certain Heliconids.

[f these Acrieas are not nocturnal, it is possible that they
pass the unight on a leaf or tree trank, and might often e
snapped at by a passing bat or goat-sucker. The particalar
species of Aerea which is referred to is normally covered with
scales, but there are other species whose wings are normally

nearly transparent.
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This opens up an interesting quest ion, which may be referred
to parenthetically, as it does not strietly bear upon the matter
at hand. Dr. Seitz ealls attention to the coincidence, hut
does not pursue the matter farther. The question whether
mutilations are ever inherited has been hotly disenssed ; the
inheritance has been aflirmed and denied. A South American
bird, the Motmot, has the eurious habit of plucking oft the
barbs of some of the tail feathers, leaving only the tip un-
injured ; this produces a racket-shaped feather, which is very
characteristic of the bird. It is said that the voung birds
have the tail feathers narrower in the middle where the barbs
are placked out. It is difficalt, however, to understand how
any alteration of a dead structure, as a feather is at the
extremity, conld affect the living tissues and so produce in
course of time a modification.  The same difficulty also occurs
in the butterfly, though it is perhaps not so great : the wing
is permeated with air-channels, and by blood vessels also,
which may possibly send minute branches to the “roots ™ of
the scales.

To return to the flexibility of the wings of Acrivids and
Danaids :  this peculiarity is less important to distasteful
insects than it would be to protectively-colonred insects. Ti
would be nndonbtedly a useful form of protection : but if the
attacks of insect-eating creatures are so frequent as to have
led to this modification, one is disposed to question the advan-

fage of the warning coloration.

Mimicry between Protected Forms.
The case of Leptalis Theonoe and [thomia ilerding, illus-
trated by the woodeats on page 194, is a typical case of
mimiery ; a sweet-tasting Leptalis gains protection by imitat-

ing a disagreeably flavonred /thomia. The mimicry is not,
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however, always limited to cases of this kind. Heliconias
belonging to different species or genera, often show such minute
resemblances as to snggest a mimiery ; and such facts, which
are numerons, do not appear at first to fit in with the theory
of mimicry.  On the principle of utility it is easily intelligible
that an edible Leptalis wonld score a point or two in the battle
of life by being mistaken tor an inedible [thomia. But one
would have thonght that the inedible and highly conspicuous
Heliconida might each have traded on their own peculiarities,
withont needine a mutoal resemblance in coloration.  The
method is one which should perhaps have been treated of in
the chapter devoted to * Warning Colours™ : but it is impossible
really, to draw a hard-and-fast line between these two classes
of phenomena,

For instance, attention has been ealled to the fact that there
15 a tendency among animals, which are believed to be pro-
tected by warning colonrs, to develop only a few patterns, and o
simple, striking coloration, The larvae of the Fox moth, the
Cinnabar-moth, the adult wasp, and the wasp-like beetle
Clytus, agree in being marked with alternating rings of black
and vellow. Are we to call this mimicry ?

It iz believed that the simplification of the colours aml
patterns is bronght about to diminish the difficulties which
insect-eating animals must experience in distingnishing eatable
from uneatable insects. The fewer the patterns aud colonrs,
the more casily will the lesson be learnt.  The amount of
“experimental tasting ™ will be reduced, and thus the insects
will profit.  In the same way may perhaps be explained the
similarities amone  the Heliconidae.  Dut there 1s another
explanation : it is certain that no form of protection—neither
resemblance to surronndings nor warning colowrs—is absolutedy

safe. (1t is no objection to the theory that such colonrs have
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originated by natural selection to be able to show this : at the
same time the amount of protection given must be caretully
inquired into. There is too great haste in assuming that
because an insect is like a leaf or o twig it must be greatly

protected by this resemblance ; and that another is nauscons,

and let alone on acconut of its warning coloration ; and where
experiments  have been made, they have been very few,)
Hence insect-cating birds and reptiles must take a certain toll
of even the most warningly-coloured butterflies, betore they
learn, by unpleasant experience, to associate bright colours and
a bitter taste.

Now, if’ this be the case, it 1s clearly advantageous to the
insects that these depredations should not be confined to a
singl = species ; one species might be entirely obliterated, par-
ticularly if it was rare to begin with, by these experiments.

On the other hand, it' the necessary amonnt of destruction
were divided between, say half a dozen different species, the
loss to each s}n*r_i:’ﬁ would be t'{lill]11Ll"¢1Ii\'{:|}' []'iﬂill}.‘;‘. The
need for co-operation is guite evident. It will be noticed, how-
ever, that this explanation presapposes, not so much a general
association between warnine colonrs and disacreeable taste
in the minds of birds, as a particular recognition of certain

patterns and colours, which Zaee to be learnt by cack hird, and

?
are not hereditary impressions.

This 15 not altogether in accord with some of the experiments
aiven on page 16G4. If the reader will turn to that page, he
will find there recorded that certain birds objected strongly to
certain caterpillars, which they conld not possibly have seen
before.

Mr. Sendder has suggested a third way of explaining this
mimicry among mimicked species.  There are, no doubt,

varions degrees of distastetuluess among disagreeablv-flavonred
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animals,  More bivds and reptiles, for example, will eat the
caterpillar of the large Garden White Butterfly than will eat
the larva of the Cinnabar-moth ; and this latter, in spite of its
more conspicnons colours, is apparently, if there is any difference,

less objectionable on the whole than the Gooseberry caterpi

lar
(Abrarcas grossulariata), If there are these differences we
might be justified in putting down the mimicry of the dis-
tastetul fleliconins encrate by the also distasteful Mechanitis
[ysimnin, as a case of mimiery between a highly disagreeably-

Havoured mmsect and a l'i‘i:_l.ti\'{‘i}' p:]l:ﬁ:lhh- one,

Mimiery between Insects belonging to Different Orders.

Mimicry among insects is not, however, confined to a more
or less close resemblance between individual species of allied
families, as in the examples already selected. Perhaps the
most striking facts concern the resemblances between insects
belonging to quite different orders,

[n this conntry there are a number of moths—popularly
termed Clearwings—which wonld be taken by the uninitiated
for wasps and fliecs.  The wings are but slightly covered with
scales, and the body is often banded with yellow. It has even
heen stated that some of the species, when handled, writhe the
abdomen as if abont to sting. It has been stated that some
species at any rate give off the characteristic odour of hornets,
In spite of this superficial resemblance to varions species of the
orders Hyvmenoptera and ”illh‘l‘:l, the Clearwings nundonbtedly
belong to the Lepidoptera.  Some instances of mimicry among
the Clearwings—in some respects even more striking than is

afforded by the British ‘.‘-'~|Ill."l."i:'.‘-'-

have been |:I|'l'|.\' described

-

in the Peapisactions .r"-fd the n't:‘..n"-"lrf‘ﬁl“”frf{'fl':f'”fr ﬂ.ru'f.-'f.vf; one or

In a paper by Col, Swinhoe, Trans. Eat, Soe., 1500,
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two of these species cannot fail to impress the reader with
their bee-like form.

These resemblances, undonbtedly striking though they arve,
must be discounted by the fact that the whole family of Clear-
wings have a general resemblance to Hymenoptera.®

Dr. Seitz has published from a diary kept in Brazil a number
of interesting cases of mimicry among Lepidoptera,

A species of Trichiura closely resembles an ichneumon fly :
the ichnenmon in question has brownish wings, with a vellow
spot on each : the wings are kept folded against the body
when the insect is settling upon a leaf : the Lepidopteron gets

the same appearance by an altogether difterent method, which

Fig. 25~ Hornet Clearwing.

is most remarkable, and exceedingly suggestive of purely
adaptive mimicry. The wings are nearly transparent, but while
they are kept closely pressed against the body they appear
brownish (the colour of the body ). and a yellow spot upon the
abdomen is seen throngh the transpavent wings, and thus pro-
duces a precisely similar effect to a spot #pon the wing, whicl
ocenrs in the mimicked ichnenmon,  The ichnenmon has, of
conrse, its long ovipositor with two sheaths, or rather the two
halves of the sheath : these are imitated by three processes in

* Mimicry has even been the cause of mistakes in entomology, the
mimicking species having been oceasionally confounded with the mimicked.
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the other insect, which has given it its name of Trichivia ®
(Thread-tail).

Dr. Reitz also deseribes ¥ a4 Humming-bird Hawk moth,
which elosely imitates a particular humming-bird.  The re-
semblance, althongh elear enongh to onr eyes, does not deceive
the insect ; for it makes no attempt to pair with the humming-
bird,  And it 15 notorions that insects are sometimes deceived
mto believing an iusect of a different species to be a snitable
mate.

If the inscet, with its limited and imperfect vision (see p. 228)
= proof against a deception which is enongh to strike an
observant natnralist, would birds bhe ?

A more remarkable case still is perhaps that of a Sestid
belonging to the genus Melitte.  The singular resemblance
which the Sesiidae, or Clearwing moths, bear to various Hymeno-
ptera ad Diptera is a fact which almost every one can have
the opportunity of verifying, since one or two species are fairly
common-—S. tipuliformis very common. But the Sesiidwe, as
a rnle, are not active in their habits ; they have a fonduness for
sunning themselves upon leaves.  This Melitta, which Dr. Seitz
observed, resembles an Awthophora, not only in colour, It in
habit. Contrary to what is generally found in the Sesiidee, this
particnlar insect hovers in front of a flower just like the bee,
which it mimics, does,

Mr., H. O, Forbes, in his * A Naturalist’s Wanderings,”
HOTEeS IIH' ]1]i|l|il'.]'+‘.' Hi. a1 tli‘:t:_'.‘ull-ﬂ_‘n" ]]"u ik iJ'IiTl'II'I'I'I}'. .ir,.f*‘,r_r-"-fi.r'.;.l'r':r.w

CLICSCORS | the IIIIHUI'H}‘ Wi r.'iirT]ll'wlI on the lllEl'!‘j.:‘ill of o small

* 1t is suggested by Kirby and Spence (* An Introduction to Ento-
mology,” Tth edition, p. 473 ) that these processes serve as a kind of
raddder to assist them when flying. We get, therefore, a clue to thewr
origin quite apart from mimiery.

+ Stettiner finl, 2 f-’*i'frl'f'f}, R IR P. 208,
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stream, among a crowd of dragon-flies. 1t flits over the top
of the water, fluttering its tails, jerking up and down just as
dragon-flies do when flicking the water with the tip of their
abdomens.  When it settles on the ground it is difficult to see
as it vibrates, in constant motion, its tail and wings, so that «

mere haze, as it were, exists where it rests,”

Unprotected Insects sometimes Mimicked by More than One
Species,

It 15 not invariably the case that a given inseet whicl
possesses a sting, or some other means of defence, has only one
mimicker. Very often quite a large number of inseets have
sheltered themselves under the protection afforded by a rve-
semblance to one particular insect ; thus., according to Dr. Seitz,
Apis mellifiea, the common hive bee, is imitated by no less

than five :-i]u’i'il.‘h of harmless mseets,

Mimicry of Vertebrates by Insects, and of Insects by Vertebrates.

A more fanciful case of mimicry, as it appears to me, is one
communicated to Neafwre by Mr. 8. E. Peal. A eaterpillar
found in Assam, when swldenly surprised, ereets its head in
an attitude strongly suggestive of a shrew, probably the very
animal that prevs npon it.

The resemblance is cansed by two lateral ln:‘qm]n}|1;;;1ti.nu.-a, and
a pointed tip to the head : these, when lifted in the peculiar
attitnde assumed, simulate ears and a long muzzle, while the
mouth parts in profile look like the mouth of a vertebrate,

[t seems very nnlikely that a shrew, with a strong odonr,
and power of perceiving it in other animals, would be taken i
in this ready fashion ; and even if it were, shrews are a pug-
nacious race, and the caterpillar might not gain much by the

deception,
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These instances, and many others which have been quoted,
savour of such fanciful resemblances as were detected by
naturalists of the sixteenth and seventeenth centuries between
animate and inanimate ohjects,

A flving lizavd ( Draco sp.) tonnd in the island of Mindanao,
by Mr J. B. Steere,* is compared by that naturalist to a
butterflv : the wing membranes are colonred blune and red,
and it is snegested that this mimiery of a butterfly may aid
the lizard both in escaping its enemies, the hawks, and in

capturing its own food of inseets.

Mr. Wallace's Statement of the Conditions under which
Protecting Mimicry occurs.

All the examples of mimiery that have been given in the
preceding pages fall within the definition given by Mr. Wallace,
which is as follows :

(1) That the imitative species oceur in the same area and
ocenpy the same station as the imitated,

(2) That the imitators arve always the more defenceless,

(:3) That the imitators are always less numerous in indi-
viduals.

(4) That the imitators differ from the bulk of their allies,

() That the imitation, however minute, is external and
visible only, never extending to mternal characters or to such

as o not affect the external appearance,

Objections to the Theory of Mimiery.

Although the safficiency of this ingenions theory appears at
first sicht to be obvious, a number of objections snggest them-

selves on further reflection.

+ Rix Weeks in Southern Mindanao,” Auerican Naturalist, J'Lp'l’il 1 558,
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An objection which strikes at the rvoot of the whole matter
has been combated by Mr. Belt. 1 quote the passage which
relates to the matter in full :—

“ The extraordinary perfection of these mimetic resemblances
is most wonderful. I have heard this urged as a reason for
believing that they could not have been produced by natural
selection, becanse a much less degree of resemblance would
have protected the mimetic species.  To this it may be
answered that natural selection not only tends to pick ount
and preserve the forms that have protective resemblances,
but to increase the perceptions of the predatory species of
insects and birds, so that there is a continnal progression
towards a perfectly mimetic form. This progressive improve-
ment in means of defence and attack may be illustrated in this
way. Suppose a number of not very switt hares and a number
of slow-running dogs were placed on an island where there
was plenty of food for the hares but none for the dogs, except
the hares they could catch, the slowest of the hares would be
first killed, the swifter preserved : then the slowest-rauning
dogs would sufter, and, having less food than the fleeter ones,
would have least chance of living, and the swiftest dogs wonld
be preserved : thus the fleetness of both dogs and hares wonld
be gradunally but surely perfected by natural selection, until
the greatest speed was reached that 1t was possible for them
to attain. 1 have in this supposed example limited myself to
the question of speed alone: bat, in reality, other means of
pursnit and escape wonld come into play and be improved.
The dogs might inerease in ennning, or combine together to
work in couples or in packs by the same selective process ;
and the hares; on their part, might acquire means of conceal-
ment or stratagem to elnde their enemies: but, on both sides,
the improvement would be progressive nntil the highest form



2ON ANIMAL COLORATION,

of excellence was reached.  Viewed in this light, the wonderfal
perfection of mimetic forms is a natural conseqnence of the
selection of the individuals that, on the one side, were more
and more Illilllc'Tit', and, on the other (that of their enemies),
more and more able to penetrate t|n*mlgh the assumed dis-
onises,”

If the few instances of mimicry given in the preceding
pages were typical of the colonr and form resemblances that
exist between animals not showing any special affinity, no
other theory than that of Mr. Bates conld be considered. and

its truth wounld be very convincingly shown.

Resemblances among more or less remotely Allied Animals which,
perhaps, cannot be put down to Mimicry.

But these instances are only a part of @ much wider series
of resemblances between more or less remotely allied forms ;
they are only the extreme cases. Soch resemblances have
been long familiar to naturalists, and they cannot be ex-
plained on the theory first sneeested by Mr. Bates,

Many of the cases of mimicry, which fall within Mr. Wallace's
definition, show a resemblance in form as well as eolonr and
markings between two otherwise dissimilar creatures,

Resemblances in form alone may exist, and have given rise
to erroneons systems of classification on the sapposition that
external form implied affinity.  Belon and other naturalists
before and after, classiticd the Whales among fishes : while
there are several Lizards, of which our common blindworm
is a familiar example, and the Amphisbaena, which have »
snake-like habit,

No donbt these animals, in departing from the form
characteristic of their nearest allies, and acquiring that of

more distantly related species, have simply vielded to the
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influence of their surronndings : the fish-like form of the
whale is more suited to progression through the water : it is
possible that the blindworm ecan more easily force its way
throngh the tangled stems of a hedge or through dense
herbage, owing to its snake-like form. Canses of this kind
may possibly have had a share in producing these form re-
semblances that are seen in true mimicry.,  The genus Leptalis,
for example, among the Pieridee, imitates the Heliconidae not
only in its colonr markings, but also in the form of its wings,
departing in both particalars from most of its immediate allies.
The similarity of flicht between these butterflies, npon which
stress has also been laid, is of course a consequence of the similar
conformation of the wings.

If Leptalis and Euterpe were the only genera of * Whites ™
which showed this deviation from the normal wing stroetnre
in the direction of the Heliconidse, the assertion that this
was due to causes other than natural selection producing a
resemblance for the sake of protection, conld hardly be sub-
stantiated.

But we have in this country a white batterfly—the Wood
White (Leucoplasia sinapis)—in which the male has the fore
wings terminating in a somewhat pointed outer extremity, hut
i which the female has oval wings by no means unlike those

of varions Heliconidae,

Instances of Developing Mimicry in Butterflies.

In the genus Leptalis and some allied wenera, the bulk of
the species not only show a general resemblance to the [ro-
teeted Heliconidie, but are like partienlar forms.  But there
are other examples of mimiery in which one particular species
differs from its congeners, and is colonred after the same

14
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pattern as some poisonons or uneatable creatnre. A re-
markable instance of this is the genns Bosilarehia among
North American butterflies : with one exception the species
are dark-coloured with blue spots ronnd the margins of the
wings : the exception is B. hipparchus, which has a tawny
brown colour diversified by black bands and marks.  This
butterfly almost exactly copies Awnosia plewippues® @ the re-
semblance is more striking in this and some other similar
instances from the very fact that it is only one out of a number
of species which is colonred after the pattern of an insect
belonging to another family, and in acquiring this coloration
has departed widely from the plan of colonr found in its
immediate relatives.  On the theory of mimiery we interpret
this divergence as due to natural selection : and if an insect
is found whose coloration is strikingly unlike that of its allies
we immediately assume that some other species will be found
which it imitates. This assumption, however, is not always
borne ont : and the existence of such forms constitutes to a

certain extent a difficnlty in the way of accepting the cnrrently

received theory of mimicry : if a divergence from the norma
style of colonr and marking does not always go with the
existence of a prototype belonging to a different genus or
group, a certain amonnt of doubt is thrown upon the validity
of the explanation in other cases where there is a prototype.
This difficulty has heen suggested, and has been grappled with,
by Mr. Sendder in his magnificent work upon American
Butterflics to which I have so often had, and shall have,
occasion to refer.  He quotes two snggestions with reference
to the matter : the first is the obvious one that the prototype
which is imitated does exist, but has not been found ; this
explanation is easy to make and difficult to disprove.  Another

* 1 follow Scudder's nomenelature of the species.
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suggestion is that the prototype oid exist—:z.e., that it has now
become extinet : the mimicking form has established its
position by the help of its vanished model, and by its great
numbers is able to carry on the deceit, just as a dishononrable
firm may trade for a time under an old-established name no
longer rvepresented in the firm. This again is a snggestion
which is easier to make than either to prove or refute.

The third explanation is the most satisfactory : Mr, Sendder
believes that in such cases we have a general mimiery in course
of formation into a special mimicry, —that is to say, the
mimicking insect has got so far as to bear a certain likeness to
the members of another family or genus, but as yvet has not
acquired a particalar resemblance to any one species of that
genus or family. The general resemblance might in the
meantime profit the insect. Arge galathea, a butterfly which
bears a certain likeness to the Whites, may be such a case ;
it is not particularly like any one species of White ; but a
comparatively slight change in the relative amount of the
black and white in its wings would certainly cause a close
resemblance to any of the Whites. The * Gate-Keeper ™ or
* Wall Butterfly ™ is possibly another example: it has the rapid,
strong flight of a Venesse, and is not altogether unlike the
“Small Tortoiseshell.”

In the earlier periods of the eartl’s history reptiles were
no doubt the principal enemies with which butterflies had to
deal ; considering the obtuseness of modern lizards (see * Fx-
periments on Warning Colours,” p. 153) to the most glaringly
obvious warning colours, and the possibility that the ancient
lizards were, iff anything, still less discriminating, it is probable
that the butterfliecs of that time trosted more to protective
resemblance than to any other way of escaping their foes.

With the advent of birds, keen-sighted and apparently more
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delicate in their taste than lizards, came the necessity for
warning coloration and its concomitant mimicry.  If we believe
thatmimieryis a comparatively new phenomenon, it is reasonable
also to believe that it is still developing nnder our eyes,

A closer resemblance still is shown between the Common
Blues ( Lycana argus and L. agestis—in the case of the former
species the female only )—and the type of coloration shown by
some of the  Ringlets ™ (/1. eassiope, for instance).

The * Merveil dn Jonr™ (Agriopes oprilina) closely  re-
sembles the * Searce Merveil da Jonr ™ {_.f!a};ﬁmf'ru orion). It
is no doubt a matter of opinion, but I should be inclined to
regard this likeness as being guite as close as that between a
species of Papilio, and a species of Danais figured by Mr.
Poulton.®  The very names of these two moths imply a
likeness, and yet they appear in different months |

This particalar case might be, donbtless, explained by sup-
posing that the two inseets have been coloured after one
pattern, the model being afforded by a green lichen : their
resemblances to each other wonld be thns dne to their re-
semblance to a common object.  Certain recognised cases of

mimicry may possibly be explicable in an analogons way,

Difficulty of distinguishing between Mimicry and Warning
Coloration.

It has been pointed out that the Danaidie, themselves an
nneatable race of buttertlics and models for mimicry., resemble
in South Ameriea the uneatable Heliconidae @ some of' the
Danaidae of that conntry are spoken of as Heliconoid Danaidee
on that account. This, it 1s !n-ﬁl'\'[-tl, Is not a case of troe
mimicry ; it would not fulfil any of the conditions (p. 206) of
true mimi{-.r}'. The resemblance is .'-.-'IIIl]ur.-'-L'd rather to be hke

* +The Colours of Animale.” Plate 1,
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that which is seen between various other nnpalatable animals.
Stress has been very justly laid npon the prevalence of such
strongly contrasted colours as yellow and black among un-
eatable caterpillars, which are, moreover, disposed in more than
one form in alternate rings. This tends to the advantage of
the inseets, for their enemies have to learn fewer colours and
patterns, and thus are less likely to make mistakes, than if the
lesson to be learnt were an excessively complicated one,

[t is just possible that this principle may be also applied to
the mimicking Pierids.  The general belief appears to be that
these insects are sweet and palatable : but L find in Seudder’s
* Buatterflies of New England ™ the observation guoted that the
females of two genera of Pierids—viz., Melite and Callidryas
—have similar oreans to those of the Heliconidie which secrete
a strongly odorons substance. Even Leptalis, one of the
mimicking genera of Pierids, gives off an odour whicl, ae-
cording to Miiller, * is disagreeable to human noses.” It may
be that the primary object of these to us disagreeably smelling
substances 1s to attract the opposite sex; but the same sugges-
tion might, of conrse, be offered as explanatory of the scent o1
the Heliconidae,  Mr. Poulton has expressed the opinion that
no hard-and-fast line can be drawn bhetween sexnal and warn-
ing colours : the same brilliancy which delights the female
insect or bird may, it is thought, warn oft an enemy. Perhaps
the same 1dea mayv he extended to embrace sexunal attraction
dne to the secretion of strongly smelling snbstances: these may

also serve the same double parpose.

Butterflies more attacked by Birds in the Tropics than in
Temperate Regions.
In this country butterflics are not greatly persecuted by

birds ; moths are—when they are to be found ; hut a moth has
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generally a larger, softer, body than a hatterfly, and is in con-
sequence more worth eating than a buatterfly, which is chiefly
wing, It is stated that in the tropies butterflies are greatly
sought after by birds,  But even in temperate regions they are by
no means entively avoided.  Prof. Eimer * velates the following
incident which hears upon the matter :—* Some vears ago . . .
on a hot summer’s day, I was on the high platean of the
Swabian Alp : far and wide no water was visible, bat at one
spot. 1 the field path there ran over it the ontflow of a
little spring, foYming a shallow, clear pool in the track., Here
sat hundreds of butterflies, all whites and blues, closely erowded
together, drinking thirstily.  On my approach a number of
birds (stone chats) flew from the spot, awd when I came up I
found a number of maimed butterflies lyving fluttering on the
aground ; pieces had been bitten from the wings of most of
them—indeed, the wings were often torn to pieces before the
birds succeeded in getting the bodies of the bhutterflies, althongh
hese were sitting quietly on the ground.™

Mimicry possibly Originated between Forms much alike to

start with.,

If it be difficalt to understand how the wonderfully pertect
copyving of one insect by another—that * palpably intentional
likeness that is perfectly staggering,” as Mr. Bates wrote in
an uf’f-qnnit*d rassage. has been bronght abont, it s harder
still to understand the first commencement amd the early
stages of the development of the mimiery.  Probably, however,
mimicry is always based upon a considerable initial resem-
blance,

To take, for example, the classical nstance of mimiery, that
of the Heliconidae by the Pieridae 1 the typieal Pierid (our

* = Organic Evolution,” Eng. trans. by Cunningham, p. 115,



PROTECTIVE MIMICRY. 215

common Whites, Clonded Yellows, Brimstone, ete)., is totally
different from the Heliconida, not only in colonr bat in the
shape of the wings ; the Wood White, however (Leucophasia
stnapis), presents a certain likeness to the Heliconida in the
shape of the wings, and also in the comparative feebleness of
its flight
tion in the future. The feeble flight is perhaps a necessary

4 cirenmstance which will perhaps cause its extine-

concomitant of the shape of the wings ; it is not at all needful
to believe—the snggestion has been made—that the genus
Leptalis mitates the Heliconidae in its wretched powers of
flight as well as in the form of the wings and their markings ;
it 1s much more likely the insect is a poor flver on account of
the shape of its wings, and that this very circnmstance rendered
the mimiery necessary as an alternative to extinction. But,
even starting with a form like the Wood White, there is a
very considerable distance to be traversed before the Leptalis
becomes at all like an fthomia,

This diffienlty has been met by Fritz Miiller * ; a com-
parative study of a number of different species of Leptalis led
him to believe that the banded forms are the most archaic ;
comparatively little modification, therefore, was needed to pro-
duce the detailed resemblance between the several species of
Leptalis and the protected Meehapitis and . ereea.

If this is generally the case, it is far easier to believe in the
efficiency of natural selection in bringing abont mimicry ; but
it raises the further question—How are we to account for the
mitial likeness?  The answer to this question may bring us
back to the neighbourhood of the theory of *like conditions ™
—to the view expounded by Murray, and the earlier opinion of

Mr., Wallace.

Y Jewwisele Zeitscheift, 1876, This important paper is noticed in the
Awerican Naturalist for 1876, p. 535.
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There remains, however, in the mimicking genera the re-
semblance of colour, which ix superadded to that of form : and
the colonr resemblances in these cases of mimiery are perhaps
to be recarded as more striking than those of form.

In some instances, however, which have been used to
illustrate the phenomena termed mimiery, the form resem-
blances are as =triking as, or even more striking than, the

colour resemblances.

Spiders mimicking Ants.

Mr. E. (. Peckham has recorded several instances of
spiders which appear to mimic ants; these are possibly
examples of * aggressive mimiery 7 : the imitation enables the
spider to approach the ants undetected. It has been sugeested,
on the other hand, that a more probable explanation is to secure
the immunity of the spiders from the attacks of birds which
o not_prey upon ants.

But neither of these hypotheses is thoroughly satisfactory.
In a conflict between an ant and a spider of about the same
size, the fortune of battle would he very uneertain ; this would
be no case of a wolt in sheep’s clothing.  Ou the other hand,
ants are preyed npon by so many different animals—mammalis
as well as birds—that the advantage of another animal, so to
speak, going out of its way to mimic them is at least doutittul,

The resemblances between the spiders in question (e.y.,
Synageles picate and Syncwosyne formica) and ants is not
limited to shape, but is also showu in colour,  In these cases,
however, unlike Leptalis and  the Helicomdiae, the coloar
resemblances might well, if' it were necessary, be left ont of
consideration, for a blackish-brown or vellowish-brown is a
common hue of Arthropoda, covered as they are externally with

a shell of chitin.  Other causes, therefore, perhaps comparable
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to those which have converted a terrestrial quadraped into o
fish-like creature, may be responsible for the “ mimicry ™ of
auts by certain spiders. To retnrn to colour resemblances
between not nearly allied forms.

In various parts of the world there are spiders which mimic
ants,  Mr. Pickard-Cambridge instances among British species
Micaria scintillus ; to be sure that the ereature is really a
spider and not an ant “requires the second look of even a
practised eve.”  Prof. Peckham has stated that he is ac-
quainted with at least seventy-five species from North America
which look like ants.  Mimicking spiders also ocenr in Sonth
Africa.  The mimicry is supposed to have one meaning in one
case, and another meaning in another case: it may be aggressive
sometimes, protective at other times.

The late Mr. Belt believed that a spider which lived among
ants in Nicaragua also lived npon them ; its resemblance to
the ants lulled them into seenrvity.  Mr. Poulton snggests that
more probably the spiders avoid, by mimicking ants, the attacks
of sectivorons birds,

Neither snggestion seems to entively suit the case : to hegin
with, the ants are “hold and fearless.” and therefore no
disguise 1s needful on the part of the spiders; besides, ants are
not as @ rule either dull of comprehension or mild in their
behaviour towards intruders.  Dr. MeCook,” speaking of the
ﬁllll]ll}‘.-il.‘ll 111i||lh*]*_!.' between the ﬁ]‘liill"]' Simonelle americana and
the Texas leaf-cutting ant, is disinclined to believe that it
would be safe in the midst of o swarm of the predaceons ants.,
Aunts, moreover, arc not by any means avoided by bivds ;. Dr.
MetCook (notes a nmber of birds which mmmnnl}' foed ot
ants : the Formicariidie, like the Bee-eaters, have perhaps had

their name conferred o them on acconnt of this habit. T

* ¢ American Spiders,” p. 357,
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is perfectly troe that no animal, however perfeet its proteetion,
can wholly eseape 5 and it is,as has been pointed out in another
case, no argmment against mimiery to be able to show that one
croup of hirds has acquired the habit of feeding exclusively npon
ants.  DBut when we learn that snch different birds as domestie
fowls, sparrows, partridges, woodpeckers, ete., also cat them,
it scems rather doubtful whether the advantages eained by
the protection afforded wonld he sufticient to account for the
mimicry of the spiders on the theory of natural selection.

Dr. McCook also points out that the greatest destruetion of
spiders takes place when they are very voung—when, therefore,
the protective mimicry would be perhaps havdly established,
or, if sufficiently evident to a naturalist, not snfficiently so to
their encmies to serve any nseful purpose.  When excessively
minute the voung spiders have many enemics besides birds,
which would take no account whatever of a slight resemblance
to an ant: again, all the voung Saltigrade spiders (the ones
which show the mimiery) float in the air by their parachutes,
and conntless thousands must fall a prey to swallows.  Exeep-
tion may, perhaps, be taken to the objection that no spider
mimics a4 wasj.

sut on the theory that variation is indefinite and on all sides,
it would seem on @ priori grounds probable that spiders would
be met with which do mimic wasps, the most deadly enemies
with which the spider tribe is confronted.  DPerhaps  Dr.
Metook™s snggestion that the mimiery of ants by spiders
renders this unnecessary, becanse the spiders are thereby
protected against wasps, does away with any foree that this
objection may have.  Wasps do not appear to prey upon ants.
Dr, McCook, however, zoes a little too far in implying that
varions members of the same group, Hymenoptera, do not prey

upon cach other ; they certainly do in some cases, for hornets
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will eapture wasps.  Altkongh Dr. McCook makes the sngges-
tion referred to, he does not accept it as an explanation of the
mimicry, and for the following reason. * Those spiders,” he
savs, ¢ which are most frequently found within the clay cells
of mnd danber wasps, and those which these insects most
frequently collect as food for their larvee, are the Nedentary
aroups, such as Orbweavers and Lineweavers. They do, indeed,
take the Thomisoids, especially those that lark on flowers
in parsnit of prey, and which, in tnrn, sometimes capture the
wasps. The Saltigrades arve also taken ; but, if I may judge
from my own observations, thev are least numerously repre-
sented of all the tribes, except perhaps the Lycosids and the
Tunneiweavers. This seeming immunity is evidently not due
to anyv likeness of Attidae in ceneral features to wasps, but
simply to their manner of life, which in large measure sereens
them from assanlt and enables them to escape. Now, the
guestion must rise, in considering snch a theory, * Why does
not natural selection operate for the protection of those spuders
which obviously need protection the most ?7  The most in-
genions explanation of this mimicry, on the natural selection
theorv—and it only applies to one instance-—is the explanation
which has been advanced to explain the mimiery of a South
African species: the ant feeds upon honey-dew along with
quantities of other inscets; as the ants are engaged in a peace-
ful occupation, they do not interfere with the other insects,
which therefore do not fear them.  The spider takes advantage
of this state of affairs to prosecute its own ends; but this

explanation reopens the debated guestion of inseet vision.

Resemblances between Insects occurring in different Countries,
Mr. Herbert Druce has kindly allowed me access to his rich

collection of Neotropical Lepidoptera, which furnishes numerous
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lustrations of mimicry as defined by Mr. Wallace, and of less
marked resemblances.

In North America there are several species of moths belone-
ing to the genus Catocale (which ineludes the rarve “ Clifden
Nonpareil,” as well as the Red and Crimson Underwings),
Catocalo linelea is a species which has vellow under wings
with no sccond black bar, such as is common in the family ;
this species distinetly reealls the moths belonging to the genus
Triphena—the © Yellow Underwings.”  So also do Catocala
amica, from Florida, and other species. Some of them look like
the * Narrow-bordered Yellow Underwings ™ (e.g.. T\ orbona),
and others like the Broad-bordered species (7. fimbiia, ete.).
[t is evident, therefore, that among Lepidoptera we have a series
of rescmblances closer and inore distant between forms that are
apparently not very nearly allied.  Some of these resemblances
—for instance, that between the ¢ Merveil da Jour ™ and the
“Searce Merveil du Jour "—are fully as striking as those
between forms that are quoted as instances of true mimicry ;
but they have not been referred to by the advoeates of Bates’
theory of mimicry.  The fact that such colour resemblances do
ocenr hetween two forms, to neither of which ean they be for
obvions reasons advantageous, must be borne in mind when
considering the Iiwnl'}' of mimiery,

[ have referred elsewhere (] 46 to rescmblances bet ween
insects comine rom different countries, as evidenee in favour
of similar environments producing similar effects. Form and
colonr resemblances of this kind arve, however, not confined
to Lepidoptera or to inseets,

These instances of close resemblances between animals that
do not inhabit the same conntry—so close that, did they in-
habit the same country, Hll'_"n' would be il down as t'xitlulhlu'-&

of mimierv—are very numerouns.  Dr. Seitz mentions a Sesiid
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belonging to the wenus (fymunlic which imitates, as many
Sesiidae do, a humble bee. The only objection to regarding
this as a question of mimicry is the rather important one, that
no humble bees exist where the moth does,  Dr. Seitz, how-
ever, sngeests, not, as Mr. Sendder has, that the mimicked
form did exist, bat has died ont ; but that the moth has mi-
arated from some conntry where humble bees are found.  The
suggestion is, however, and naturally, pat forward very doubt-
tullv. There is elearly no « priori objection to it, particularly if
the larva feeds in the interior of stems which are constantly
imported and exported, but it must as eclearly remain a
suggestion for the present -an alternative suggestion to the
hypothesis that the mimicked form has died out.

Cases of Apparently Useless Mimicry.

| am indebted to Dr. David Sharp, F.R.S., for a curions
instance of resemblance between two British beetles, which
appears at first sight to conform to all the conditions of true
mimiery.

Ceeliodes didymns is o minute beetle, very common npon
nettles : with it is oceasionally found a rarve species, Cewtho-
vhynchus wrtice ; these two inseets are so much alike, that it
needs a careful investigation to distingnish them. And vet,
what advantage is got by this resemblance ?  Supposing that
the common species is nanseous in taste,—it cannot well possess
any other adequate defence, and this has not been proved,—its
very minuteness wonld scem to render any detailed mimiery
more than necessary ; and yet this exists,

A Swedish naturalist, Dr. Carl Bovallins, has lately de-

seribed * a remarkable species of amphipod erustacean which

Nova Adeta h’r"_rl;, S, 'Irllll.lh'rHrH_ ]HH:J,



2 ANIMAL COLORATION.

he named MWimonectes on account of its likeness to a Mednsa.
The body of this animal is produced into a dome-like structure
transparent as elass, from the under side of which depend the
minute legs, which give the impression of the tentacles of a
Medusa.

Here we have a case of mimicry which is the more
striking inasmuch as it exists between animals widely removed
from each other in zoological position. And the poisonons
character of the Medunsa, armed as it is with innnmerable
“lasso cells,” would scem to make it an excellent model for
the defenceless ernstacean to copy. It is a pelagic animal—
that is, it lives in the surface waters, precisely where Meduns:e
live—and there are three or four different species belonging to
the eenus, all of which have aimed at the same model for
imitation,

Jut in this instance it is equally doubtful how far the
Mimonectes profits by its departure from the usual amphipod
appearance : a school of whales or a shoal of pelagic fish,
rushing throungh the water and devouring all before them,
could hardly be snpposed to stop and analyse carefully the
advantages or disadvantages of selecting or rejecting a given
animal as food. And these must be the chief enemies with
which small pelagic creatures have to deal. Nor does any
theory of aggressive mimicry atford much help.

PProf. Semper discovered a most remarkable instance which
he was at first inclined to regard as confirmatory of the theory
of mimicry.  This is his description :

“ During my last stay at Port Mahon, in the Balearie Islands,

[ found among the polyps of Cladocora cospitose—a coral
which is there very common—a species, as it seems to me
now, of the gents .lf_ﬂf.:'.ﬂlf'{h"rrr {_.:\1!111*“:[:[-]. M b 1T ﬁ]ht‘L*ii'H of

this genus spread out the tentacles with which the head Is
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furnished—and which are often regarded as branchiie—in the
form of a funnel ; the sides of this funnel are perfectly closed,
and are formed of the filaments of the branchise which lie in
the closest contignity : the section of the funnel is cirenlar.
Each branchial filament has on its inner surface a multitude
of fine and minute hairs, which, however, are rendered rigid
by having in their interior cartilaginous cells : these hairs
radiate towards the centre of the funnel, so that the space
enclosed within the funnel is divided perpendicularly, by a
creat number of  septa, into a corresponding number of
chambers.

“The new Myaicola of Port Mahon I found, as 1 have said,
among the polvps of Cladocora : they lived in long mucilagi-
nous tubes, which theyv had formed in the rifts of the coral,
and in which they could move about freely. As long as no
light was thrown upon them, they protraded themselves just
so far as that the top rim of the corona of tentacles was on a
level with the tentacles of the polyp, so that when the worm
and the polyps were hoth extended, the coral itself presented «
perfectly level surface of caps.  Morcover, the funnels of the
My.wivoln were of precisely the same chocolate-hrown colonr as
the polyps ; and when fully extended, the interior of the funnel
formed by the tentacles looked exactly like the oral dise of
one of the neighbouring polyps, for the radial pinnunles were
in the same position as those lines which, on the oral dise 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 ecorresponded so exactly in size 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 size, position, and

ﬁululll'illj,_;‘. of every part of the two creatures, wias so [wt*l'w.:’[.
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that for a longe time 1 took the corona of the Annelid for a
polvp, until by an accidental blow I cansed all the Myricole of
a large coral stock to shrink snddenly into their tubes, thongh
it was not severe enongh to induee an equally rapid movement
in the polyps of the apathetic ¢ ludocora.

At the first moment I must contess 1 felt an almost ehildish
delight at having detected so flagrant an instance of protective
mimiery : here was a defenceless tube worm, evidently most
effectnally protected by its resemblance to a polyp, well defended
by powerful weapons.  However, 1 soon found reason to donbt
this interpretation of the facts : why should the aunelid re-
gquire any such protection, since it conld withdraw itself with
the swiftness of lightning into its tube embedded in coral,
where probably no enemy would be able to follow it 7 Still,
the wonderfully complete resemblanee between the two creatures
could not be disputed, nor could the fact that this resemblance
wis perfectly normal,

Among the hundreds of specimens of Mywicolo, which 1
found 1n various pieces of coral, procured from the most varions
localities, 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 hmndreds of this same Mywicola were living,
and in every portion of it their funnels of tentacles extended
just to the level of the surface of the sponge ; but the sponge
was colonred very differently from the anuelid, so that these,
when protruded, were very easy to distingnish from the sponge,
I then songht for the Myaicoln n other spots, and succeeeded 1n
finding it almost everywhere : in the rifts in rocks, and i the
<and, between marine plants or the tabes of other worms—in

short, evervwhere—and wherever 1 examined it closely, it was

exactly of the size and colonr of the Ilulj.']i:-: of (ladorora

caspitosa.  Mimiery, it is plain, is out of the guestion ; the
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resemblance between the two creatures is simply and wholly

accidental.”

Mimicry of Hymenoptera by Volucella is Difficult to Account for.

One of the most singular cases of apparent mimiery among
British insects is that of the flies belonging to the genus Volu-
celle and humble bees or wasps.  They were first studied by
Réanmur, who spoke of them as “Des mouches i dewr ailes qui
ont Uair o abeilles.” Br. Llovd Morgan, in his recently published
volume, “Animal Life and Intelligence,” gives illustrations of
the two insects side by side, which show this resemblance very
well. I have also had reproduced npon plate IV. a group of bees
and Volucelle in the Natural History Museum. It is a long
time since this case of mimiery was first pointed out. Kirby
and Spence ® remark npon the probable advantage which the
flies get by being able to deposit their eggs in the nest of the
humble bee without arousing the suspicions of their involantary
hosts.  * Did these intraders venture themselves amongst the
humble bees in a less kindred form, their lives would probably
pay the forfeit of their presnmption.”

The example of mimicry afforded by these Volueelle is one
of the strongest that has been put on record ; it would be
more remarkable still were some others of the hive parasites
protected in a similar way. The two moths Galleria eerella
and Aphomia sociella, which also lay their eges in hives, are
not in the least degree like the insects which they attempt to
rob : but it may be urged, perhaps, that the disguise is not so
necessary in their case, because they enter nnder cover of the
twilight.

This moth is by no means confined to English bees 3 Messrs.
Horne and Smith t deseribe the occurrence of a Galleria in

' Introduction to Entomology.” t Traus. Zool. Sec., vol, ii.

15
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the nest of an Indian Ap/s, which is quite indistinguishable
from the European Galleria wmelolella,

The principal difficalty in adopting the theory of mimicry to
account for this speecial resemblance was pointed ount long ago
by Mr. Andrew Murray,” though, naturally, not in eonnection
with that theory,

The objection is that bees would not he so easily deceived as
the theory demands : it is well known that they are averse to
permitting even individuals belonging to another hive from
entering their hive : indeed, the facility with which other
Hymenoptera besides bees recognise the inmates of neigh-
bouring hives and nests 1s one of the most remarkable facts
connected with the life histories of these insects. It is, of
course, abundantly clear that the Velueelle do get access to
the hives, for their larvie are found there ; but whether they
achieve their purpose by an oceasional fortunate raid while no
bees are about, or are really passed over by the bees which
they meet, is at present a little doubtful. A necessary pre-
liminary to all speculations concerning mimicry, as well as
other theories abont colour, is an inquiry into the powers of
vision of the animals concerned. This part of the subject 1s

apt to be passed over, or else the sense capacities of animals

re deduced from the phenomena of mimicery—a most dangerous
reversal of the proper order ; thus, Mr. Grant Allen 1 snggests
that the degree of perfection of mimetic and other resemblances
is a cauge of the pereeptive powers of the animals concerned
“ disgunise has been unconsciously acquired to deceive certain
creatures, and it is just sufliciently perfect to deceive them.”
Bees in Europe are attacked by bee-eaters and by Titmice :
toads are said to sit by a wasps’ nest, and pick up the wasps

* “ (O the Disguizes of Nature,” Edinburgh New Phid. Jowen., 18530,
t Art. ** Mimiery,” Euneyel. Beit., th ed.
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as they settle on the eround before entering the tunnel that
leads to their nest, In India, the bee-caters are equally fond
of bees : but lizards ave, according to Mr. Horne, “ still more
destructive " ; they lie in wait at the entrance of the hives,
and have a disrecard for the sting of their prey which is only
equalled by the common toad. This does not exhaust the list
of animals that prey upon bees: the Honey buzzard will eat
them, or at any rate the honey, and is therefore, of necessity,
regardless of their stings, as is also the bear ; the grey horn-
Lill also eats bees,  This perseention of the stinging Hymeno-
ptera contrasts with the case of a black and red Anstralian
spider which Mr. Wallace mentions ; not even a predaceous

rasp will attempt to carry off the creature “ whose bite will
kill a dog.”

While the resemblance shown by Volucella bombylans to a
bee is very striking, Veolucelln inanis is not so much like :
wasp : according to Mr, Poulton this Velucella only lays its
ecos in the evening, and at the entrance of the nest:; the
danger, therefore, is reduced to a minimum—which is very de-
sirable, if it be troe that wasps are more acute than humble
bees., M. Kiinckel d'Hercnlais * relates how the Wiasps de-
tected the Volueelln entering their nests ; he suggests that
the flies must lay their eggs at the entrance of the nest; the
Jarvae enter the nests, as they natnrally move away from the
light.

The difficulty of this instance of apparent mimicry is greatly
increased, by the oceurrence of numerouns other insects in wasps
nests.  Mr, Newstead T has lately given a list of no less than
eighteen species of insects which he met with in wasps’ nests ;
and this list does not include Aeari, perhaps parasitic on the

* *Organisation des Volucelles.”
t Eut. Mon'lly Mag., Feb, 1801, p. 39,
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wasps’ bodies, and a few Lepidoptera * too worn for identifica-
tion.”  Among the eighteen species arve four Diptera withont
any protection such as i1s supposed to be enjoved by Volucella
inepds 3 and Kiinckel d'Herenlais met with V. pellucida, not
a wasp-like species, in wasps’ nests. The two-winged flies
or Diptera are diurnal in their habits, and must deposit their
eges during the day-time ; added to this diftienlty, due to the
probability that the wasps would resent in a very conclusive
fashion the presence of any intruder, is the additional diffienlty
that wasps especially feed upon Diptera. They are said to
visit ripe fruit mainly in quest of the flies which congregate
there. If wasps and bees have the same unintelligible liking
for keeping pets that another group of Hymenoptera—the
ants—have, the whole series of facts may prove to have a
very different meaning, but one which is not quite in accord
with the theory of mimicery on the part of the Volucella.

Vision of Insects.

The question of visnal perception among animals is one upon
which different opinions have been held.

When an accurate observer like Sir John Lubbock says,*
“We know, as vet, very little with reference to the actual
power of vision possessed by inseets,” it is surely premature
to build up theories which often demand a sense of vision in
invertebrated animals precisely similar to that possessed by
ourselves. Nevertheless, Sir John Lubbock himself is con-
vinced that bees distingnish between different colours. A drop
of honey was placed upon blue and orange slips of paper, and
though the position of the papers was alternately transposed,
the bee invariably sclected the blue.

* 4 The Senses of Animals,” Int. Sci. Series.
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The observations of M. Platean, who has particularly de-
voted himself to elaborate experiments upon insect vision, have
an important bearing npon the matter now under discnssion.*
As regards the compound eyes of Hymenoptera, he has written
as follows: “ My first experiments on Hymenoptera, both
deprived of their wings and unmutilated, whether moving in
the maze or tested by means of the vertical obstacle at the
end of a stick, astonished me profoundly. These insects ap-
peared to guide themselves amongst the obstacles with remark-
able certainty, avoiding the barriers when these were at a
distance, and apparently behaving in every respect like
creatures possessing good powers of sight.

Certainly, if' T had contented myself with a few superficial
observations, I should have been persuaded that Hymenoptera
are an exceptional group, possessed of definite vision. This
illusion

a very pardonable one—was due to the rapidity of
action of the creatures on which I made my first observations.
The strangeness of the results having induced me to make
fresh experiments, I discovered some species whose ambulatory
movements were less rapid.  This enabled me to analyse the
details, and to detect the explanation, as simple as it was
certain, of the fact,

This explanation may be thus snmmarised : The Hymeno-
pteron directs its course, with but few exceptions, straight
towards the light—that is, towards the windows. In such
conditions the obstacles forming the maze, or those placed at
the end of a stick, give rise, according to their position, to a

shadow cast in front of them—a shadow which is, in fact, of

a double nature—a faint one, or penumbra, and a darker and

narrower shade.

* My information about these papers has been drawn from an excellent
review by Dr. David Sharp, in L'rans. Ent. Soe., 1889, p. 393,
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If, m pursning a straight course, the creature haps on a
gap between the obstacles, it naturally takes advantage of
this, as indeed a beetle would do : bat if across its road there
intervene an upright obstacle, the Hymenopteron continues to
direct itself towards it, evidently without perceiving it, or at
any rate withont perceiving it distinetly, until the insect’s
body, or a portion of its body, has penetrated into the shadow.
Instantly the insect receives a general impression (1mpression
that may be either dermatoptic or visual, possibly both) ; it
then hesitates for a very brief instant, then alters its course to
a right angle, makes literally a half-turn to the right or to the
lett, pr weeds Pm‘uf!’rf to the outline of the shadow, then again
resumes its course towards the source of light, making again
a similar change of direction when it again passes into the
shadow of a fresh obstacle.”

It should be explained that the “maze ™ veferred to in his
description consists of a number of pieces of wood arranged in
a series of concentric cireles, something after the fashion of
restorations of Stonehenge.  In the cireles, the pieces are in-
terrupted by intervals, and each interval is covered or nearly
covered by a piece belonging to the next cirele : there is thus
no Im:-:;-ail:ilil‘:..' of an insect, placed n the centre of the maze,
secing its way out at once,

The vertebrates experimented with found their way out by
the shortest route, making their way directly from one mterval
to another, and avoiding the obstacles ; the way in which the
Hymenopteron proceeds indicates that it 1s largely guided by
the sensations from the distinctions between light and shade.
This does not look as it a eclear appreciation of form re-
semblances were possible.  Dr. Sharp, at the conclusion of his
review, remarks that * there is at present no evidence at all

that the lieht perceptions of insects are sufliciently complex to
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be entitled to be called seeing : but that, as the larger develop-
ment of the compound eve permits the simnltaneous perception
of movement, its direction, and of light and shades over a
certain area, a dragon-fly may pursue and capture another

insect without seeing it, in our sense of the word seeing.”

Cases of Mimicry in which the Mimicking Form is equally abundant
with the Model.

One of the essentials of troe mimicery is that the mimicking
form should be scarce as compared with the model which it
imitates, The mimicking Pieridie comply with this requisite,
and so also do the Wasp and Hornet Clearwings.  This very
fact has been used as an objection to the theory of mimicry, by
Mr. A. W, Bennett.® The whole objeet of mimicry is obviously
the perpetuation of the mimicking species.  Defenceless insects
have found out this way of escaping annihilation ; and having
been directed into this safe path, we may fairly inquire, witl
Mr. Benuett, how it is that the mimicking insects continue to
be rare in .ﬂ}hih' of their ill]".':llﬂiif_"t'.‘-i.

Curators of museums, and other persons who purchase
butterflies, know perfectly well that the mimicking insect
often costs as many guoineas as its model does shillings ; the
obvions inference is that mimicery does not seem to be of much
use ; bt ax a matter of fact the mimicking species are not
alwavs so rare as has been supposed.  Fritz Miiller states
that the mimicked species is nof always more abundant than
its counterfeit ; the proportions between the two vary very
mnch in different localities; sometimes one and sometimes the
other preponderates,

There is one very striking example of a resemblance hetween
two insects belonging to different orders, usually quoted as a

* Ameerican Naleralist, 1877, P .



232 ANIMAL COLORATION,

case of mimicry, which does not fall in with this paragraph
in - Mr. Wallace’s definition of mimiery. The inseet in
question is the Bee-tly (Eristulis tenar),® which, althongh a
Dipteron—possessing  two wings—has a strong superficial
likeness to a bee. It frequents flowers just as bees do, hat
has a more lethargic disposition than the active hive bee which
it imitates.  Now, this insect is extremely common, and has
even in recent times extended 1ts range to many distant parts
of the world.  Experiments, moreover (see p. 165), have shown

that it 1s not systematically rejected by insect-eating animals.

Criticism of an Apparent Case of Mimicry.

Dr. Seitz gives several interesting cases of mimicry among
Lepidoptera in Germany, some of which, however, appear to me
to be open to eriticism.  He calls attention, for example, to
a moth which mimics one of the day-flving Yellow Underwings
(Brephos nothum); or rather, hie emphasises the resemblance
between B. wothuwm and Ploseria diversata without being in
a position to say which is “ original ™ and which * copy.”  “If
it were strange,” remarks Dr. Seitz, * that two not nearly
related species are found in March, an unusnal month for
moths, so mueh so that on fine spring days these insects are
generally the only two met with—it would be carrying scepti-
cism too far to regard the agreement between the species as
merely the result of accident.” This is plausible, but not
entirely convincing, if we take other facts into account.
Mr. Poulton, in arening for the efticacy of warning colours (and
of conrse this will include mimicry), points out *the entire

* 1t is an interesting fact, in connection with the resemblance between
this fly and a hive bee, that it feeds upon pollen and honey. This fact
wiery biave some significance in relation to the effects of food upon ferm

and coloration (see p. 48). For a discussion of the food of this fly see
Enlo .lrn'.-.'ll|Irl|l'.|".v.‘.l'1 vol. \‘i.! P 336,



PROTECTIVE MIMICRY. L

disappearance of all insects with warning colours during the
seasons when insect-life is scarce,” and therefore in great
requisition by insect-eating birds. During the earlier and
later months of the year, anything in the shape of an insect
wonld be eagerly snapped up, and warning colonrs would
become a danger signal, not to the bird, but to the inseet
itself. In spite, therefore, of the similarity in colour and
habit between the two moths mentioned above, it seems to me
that the position taken np by Mr. Poulton is too strong a one
to be overthrown. The only alternative to supposing that
resemblance, however detailed and remarkable, to be a striking
coincidence, is to assume a recent change of time of emergence,
which has simultaneously affected both species ; but this is, if

possible, even more diffienlt of belief.

Mimicry in some Cases possibly only a Resemblance due to Affinity.

Another consideration must be kept in mind, in weighing
the arguments for and against the theory of Mimicry ; and
that is, how far the resemblances are due to affinity, Of
course, we may at once dismiss from this category such
examples as that afforded by Wimonectes. Buat with regard
to different families or genera of butterflies and moths, which
display mimetic resemblances, these considerations demand
ivestigation. It is a fact guite familiar to every zoologist
that, in certain members of a group, characters now and then
are noted, which betray its relationship to another group.
These characters may have been inherited from the common
stock whence both gronps were derived, or they may possibly
be in some cases a reversion to that stock.,

All existing birds, with the exception of one genus, Pealamedea
(the Sereamers ), have bony ontgrowths—the uncinate processes

—attached to their ribs, which serve for the more secure fixing
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of certain of the musecles used in respiration and in flight.
The absence of these in the Sereamers allies those birds, which
i other respects do not occupy an especially low position in
their aroup, to the lower Hl'Ill‘.iIiﬂ. which are bLelieved to
represent more nearly than any existing animals, the original
stock from which birds were evolved.

With one exeeption all carthworms at present known to uns
—und they comprise now a couple of hundred well-marked
species—possess setae, which serve as organs of locomotion,
of a peculiar form, curved like the letter § and terminating in
a free, pointed extremity,  In a very laree number—Dby far the
majoriiy—of the fresh-water members of this eroup of annelids
there are setae of the same eeneral form, which terminate in a
distinetly bifid extremity. One genus only of earthworm,
Urocheta—a form which is widely distributed throngh the
tropics—possesses these hifid seta,

If colour markings have that importance which the advoeates
of the theory of mimicry believe them to have, it is quite
intelligible that resemblances dune to relationship may have
survived in some members of a group and disappeared in
others.  This would he analogous to arrested divergence in
unpalatable insects, to which reference has been made on a
former page; but it does not fit in with the defence of mimicry
by Mr. Belt, which I have quoted above.

Fven in cases of superficial resemblance between insects
belonging to different groups, the guestion of a possible aftinity
must not be left out of sight. The Caddis flies mentioned on
p- 242 resemble Lepidoptera in themr brown-colonred and hairy
body and wings ; these hairs may actually take the form ot
seales.  Some entomologists are of opinion that this resemblance
15 one of athinity.”

* See Comstock, = An Introduction to Entomology,” Part L.
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Mimicry among Mammals.

[t is a remarkable fact that so extremely few cases of
mimicry among the Mammalia have been placed on record :
[ cannot help thinking also that it is a highly significant fact.
There can be no « priori reason against the ocenrrence of
mimicry in this group ; on the contrary, many considerations
seem to point to the great advantages which would be secnred,
by a defenceless quadrnped mimicking one that, for some
reason or other, was little attacked by predatory enemies. The
chief foes of the herbivorous Mammalia are, perhaps, the

carnivorons members of their own order; but a good many

of the smaller species—rodents and insectivores—are devoured
by predaceons birds, not only hawks and eagles, but also
by the raven and other birds of the crow kind ; many
mammals in tropical countries fall vietims to alligators and
crocodiles.

Now, all these foes of the unprotected Mammalia are ad-
mittedly creatures which have a keen sight.  Many of the
Carnivora, notably the Cats—using the term, of course, in a
wide sense, to include lions, tigers, panthers, and so forth—
appear to hunt their prey almost entirvely by sight.  Dr. Hill*
has come to the conclusion that “in the dog the sense of smell
is paramount, in the cat it is largely replaced by hearing and
sight, in the otter it is extremely deficient.”  This conelusion,
based upon the varying development of certain parts of the
brain connected with those three senses, appears to be horne
out by actual observations upon the habits of the animals.

As to birds, it is generally agreed that the sense of sight is
far more perfectly developed than that of smell.  In fact, if it
were not so, the theories of warning colonrs and mimicry
wouid at once fall to the ground, since it is especially birds

* *The Plan of the Central Nervous System.” Cambridge, 1885,
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which are supposed to be dnped or warned by these colonr
phenomena,

The only case of mimicry among the Mammalia advanced
by Mr. Wallace is that of the insectivore ('ladobates, which
has a bushy tail like a squirrel.  This instance of mimicry is
believed to be for ageressive rather than protective purposes,
The view taken by Wallace is that the squirrels, being veget-

Fig. 2i.—Cludobates.

able feeders, do not disturb the insects among which they live,
and that, in consequence of its resemblance to a squirrel,
the insectivore can steal upon its prey without causing any
alarm,

The validity of this example is disputed by Semper, who
maintains, in the first place, that at any rate the European
squirrel is omnivorous, like many other rodents—notably the
rat ; in the second place it is pointed out that the shaking of
the branches, cansed h}' the minit’l‘v[ as he leaps from bough

to bough, would be probably in itself somewhat alarming to
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the insects. This particnlar instance involves a high degree
of perceptive power and of reasoning intelligence among the
insects, which is difficult of acceptation.

An excellent model for mimiery wonld be the skunk, which
is, according to Mr. Wallace, an example of warning coloration:
and there is a black and white squirrel, but not in the same
conntry., The paucity of examples of close resemblances be-
tween remotely allied mammals appears to me to have some
relation to the fact that the total numbers of the Mammalia
are so small as compared with insecets,

Some notion of the vast number of species of insects may
be formed by mentioning that in the year 1880 (according to
the Zoological Record), there were nearly fifteen hundred new
species and varieties of Lepidoptera alone deseribed. Out
of the vast assemblage of insects, with their varied colours
and patterns, it wounld be strange if there were not many cases
of accidental resemblance; and there are many such.

Mimiery among Birds.

Among birds there are plenty of instances of resemblance
between members of different families, which may or may not
be advantageous. It is not easy to say whether some of these
may not be really due to generic affinity : closely allied forms
of animals, showing their near relationship in numerous points
of structure, are often widely dissimilar in external character-
istics ; on the other hand, identical pecunliarities of external
form and colour often crop up in animals which are apparently
some way removed from each other, and serve as an index of
their real affinity,

The singular likeness between the goatsuckers and the owls
has frequently been remarked npon : the mottled grey and

brown plumage has, in many cases, a closely similar pattern in
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both groups ; among the goatsnckers there are * horned ™
forms, such as Lywcornis macrotis, which sngeest of course
the horned owls,  So long as the owls remain associated with
the eagles and vultures in onr systems of ornithological
classifications, these resemblances must be set down either
to accidental resemblances, or to mimiery, or to resemblances
brought about by similarity of habit : goatsnekers and owls
are both of them predaceous, and are erepuscular or nocturnal
birds.

lut the opinion has been lately gaining ground * that the
owls are not so nearly akin to the Accipitrine birds as they
have been thought to be, and that their association with the
goatsuckers would not be entirely contrary to the facts of
anatomy ; in this case the superficial resemblances spoken of
may be an expression of real affinity.

The cuckoos are a group of birds which show resemblance
to a number of quite different families.

The Sumatran ground euckoo (Cerpococeyr radiatus), of
which a specimen may be seen in the insect house at the
Zoological Society’s Gardens, is curiously like a gallinaceons
bird in its gait and appearance.  Centropus phasianns, which
may be also inspected at the Zoological Gardens, has received
its specific name in accordance with its striking resemblance
to a pheasant.

The late Prof. Garrod f attempted to show that the enckoos,
in many stroctural features, come near to the gallinaceons
birds, thongh his views have not, perhaps, met with general

acceptance among ornithologists.  If; however, further research

* Qee Prof, Newton's article “lh'llit]lull}g}' "in the 9th edition of the
ﬂr'..-.l'il'll,fl'flrnjrri'-l'flrln' Britesiie,

+ Collected papers of A. H. Garrod, edited by W. A, Forbes. London,
R. H. Porter, 1851,
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show that Garrod’s suppositions are tenable, we shall have
here a resemblance which may be in reality based upon affinity.
It is dificnlt to see what particular advantage a enckoo conld
secure for itself, by having become like a pheasant, unless
the spurs of the cock bird are known to their enemies, and
associated in their minds with the gallinaceous build and
coloration.

But the cuckoos do not only present resemblances to the
pheasant tribe.  The enckoos themselves form a very hetero-
ceneous group of birds 3 their internal strueture is not by any
means so uniform as in other restricted groups.  Coupled with
these internal differences are many external differences, which
are not merely those of colonr. No one would suspect that
the Ani of America, with its glossy black plumage and its
beak * resembling an immense Roman nose,” was a member
of the same group as our somewhat hawk-like Cuculus
OIS,

Messrs. Sclater and Hudson quote Azara to the effect that
this cuckoo (Crotophaga ani) * follows the cattle abont in
the pastures like the cowbird.” The cowbird (Molothirus
bonariensis) has a black plumage like that of the Ani, and
is of about the same size; thev are both common, otherwise
it would be tempting to adduce this as an example of true
mimicry.

Mr. Frank Finn has, at my sunggestion, collected together
a number of cases where birds belonging to different orders,
and often living in different conntries, show superlicial re-
semblances,  He has kindly furnished me with the following
instances,

Sir Walter Buller, in the new edition of his “ Birds of New
Zealand,” speaks of the striking resemblance between the

ceuckoo, Fudynamis taitensis, and an American hawlk, deeipiter
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cooper:.  Our own cuckoo, Cuculus canorus, is by no means
nnlike a sparrow-hawk, and there are varions rustic legends
based upon this likeness : but the New Zealand enckoo shows
a far more detailed similarity to the American hawk. Sir W,
Buller says, * Not only has our cuckoo the general contour of
Cooper’s sparrow-hawlk, but the tear-shaped markings on the
under parts and the arrow-head bars on the femoral plumes
are exactly similar in both. The resemblance is carried still
further, in the beautifully banded tail and marginal wing
coverts, and likewise in the distribution of colonrs and mark-
ings on the sides of the neck. On turning to Mr. Sharpe’s
description  of the young male of this species in  his
catalooue of the Accipitres in the British Museum (p. 137).
it will be seen how many of the terms emploved apply equally
to our [Fudynamis, even to the general words * deep brown
above with a chocolate gloss, all the feathers of the upper
surface broadly edged with rufous.” It might perhaps be
imagined that this resemblance, which is as striking as it 1s
nseless to either bird, separated as they are by half the globe,
was exceeded in the case of some New Zealand bird of prey.
Sir Walter, however, says: * Beyond the general grouping of
the colours, there is nothing to remind us of our own Bush
hawk ; and that there is no great proteetive resemblance is
sufticiently manifested, from the fact that onr cuckoo is perse-
cuted on every possible oceasion by the tits, which are timorous
enongh in the presence of a hawk,

The Cat Birds (Aeluredus) have a singnlar resemblance to the
green Barbets, and one species is actually called * buccoides™ :
but this resemblance is elearly not veferable to mimicry, for the
distribution of the two groups does not coincide,  Gould has
remarlced PO the close Hilllililt’il}' between .]."'r'f'rr'f'ri‘,rn"rw'i'rﬁf Il.ru'r‘rn'r.r

and Petroica bicolor, which are figured and deseribed, in one of
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that magnificent series of illustrated volnmes npon Ornithology
associated with Gould’s name. Both birds are black and white,
and the sexes differ in both species.  As the honeyv-cater is
totally unlike in eolour to other honey-eaters, this bird should
Le the mimicking form.

Curionsly enongh, it is the male, and not the female, which
has adopted the mimetic livery. Attention has been alrveady
diveeted to the fact that, among butterflies, mimicry, if' not
shown in both sexes, is restricted to the female: this 1s,
of conrse, explained by the greater need for protection of the
females, npon whom devolve the most serious cares connected
with the continnance of the life of the species. It is, in faet,
most likely that the resemblances between the Melicophila and
the Petroica arve purely accidental, or related to circumstances
of which we have at present no knowledge whatever.,

There are numerous other examples which might, did space
allow, have been bronght forward. Mr. Wallace himself has
instanced the mimiery of the aggressive Friar birds by the
weak Orioles,  Here some advantage would appear to accrue
to the mimicking species.

The foregoing pages contain a number of instances, which
conld easily have been multiplied, of' resemblances in colonr
and form of varving degree, between animals more or less
remotely allied, which seem to confer no particular advantage
upon either.

There are other instances where such resemblances ocear,

and are Iu:r-:]'rix'v]y lliﬂ:lill‘:lllf:lgd'ijllﬁ to the mimicker,

Mimicry may be in Certain Cases even Disadvantageous.
Attention has been directed to the singular mimicry of
]t}'u].rnu||'rl-run.-; msects afforded ]-}' coertain nIu-riuzﬁ of moths

| G
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belonging to the genuns Sesie. Not only are their wings
nearly bare of seales, which are so characteristic a feature of
the Lepidoptera, and from which indeed their very name has
been derived, but the colonrs of the body resemble those of
wasps, bees, and hornets.  These stinging Hymenoptera are
not, however, the only mnsects which the Sesiidic superficially
imitate. Several of the smaller species-—for example, . #ipuli-
Jormis #*—are by no means unlike flies.  When basking in
the sun upon the leaf of a curvant bush, S. #ipuliformis, might
easily be passed over, even by a collector of little experience,
as a fly. This would seem decidedly disadvantageous to the
moth, or, at least, not positively advantageons,

The carions likeness which certain “ water flies ™ show to
moths 1s, 1 anvthing, probably tIismh'n.n'tugs*nu.ﬂ to them,
thongh it is of course difficult to decide these matters offhand.
[n any case, the hrown opaque wings of the water fly must
render it more couspicuous than if the wings were transparent.
and the conspicnousness is not gquite marked cnongh to allow

of the nse of a theory of warning coloration.

Mimicry not always Deceptive.

Mr. Poulton found that the bee-like appearance of Sesia
‘,.I"H:'{,-"Fu'm-"x and N, ﬁrum‘ﬂ'ﬂf{f}u‘f:rf.ﬂ didd not in the least itll]u}:-u.'
npon a lizard, to which he offered one of these insects. 1t
wias eaten * without hesitation or cantion.”  These two insects

are sometimes removed from the other Clearwings and placed

* Mr. Wallace has, however, pointed out that the resemblances of
Sesia tipuliformis ave vather with a wasp, belonging to the genus
Odynerus.  Rogenhofer has, however, lately (1Verkandl. Zoal. Bot
Gesellsclhaft, Wien, Bd. xxv.) stated that Sesio tabaniforsds mimies a
fly, Cvivu comopoides, which 1= found about the same time on trunks of
poplar.
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in the same genuns with the Humming-hind Hawk moth.
Mr. Poulton evidently does not take this view of their
relationship, which seems to be mainly  fonnded npon the
characters of the larvi.

But when we bear in mind the totally different habits of the
larvae of those two inseets, which feed upon leaves, from those
of other Clearwings which bore in the interior of stems, this
difference is not snrprising.  The Clearwings, therefore, form
a group of Lepidoptera, «// of which are distinguished by the
peculiarity of the defective scaling of the wings, It seems less
]ikt-]}', therefore, that the loss of the seales was due to a need
for protection, than it only a few were thus modified : it is a
family character. DBut even if it were not so, and it only a few
Sesiids resembled Hymenoptera, the modification wounld not
be so remarkable as many other divergences from the normal
structure of the genus or family that occur : for in many quite
different families of Lepidoptera we have the same tendeney to
lose the seales : in the Zyewenidie, for instance, and in the
Heliconidswe,

It micht be supposed that the absence of seales had some-
thing to do with the origin of the Lepidoptera from insects
without scale-covered wings—the Neuroptera, for instance—to
which they are believed to be most nearly allied : but embryo-
logy shows that the loss of scales is a maodification, and tha
the parent form was a lepidopterous insect,  Mr. Pounlton
mentions that the DBee hawk, even when just emerged from
the ‘chrysalis, has the wings thinly clad with scales, which fall
oft directly it begins to fly.  In the Currant Clearwing (Sesia
tipuliformis), and in Sesie apiformss the insect is hatched
from the chrysalis free from scales: these are partially formed
during the pupal stages, but arrested in  development.™

* dun. and Muag. Nuft. ffist.. SBer, ith, vol, vi., p. 185.
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The study of the development of animals alwavs shows,
with more or less clearness, an epitome of the history of
the development of the race: every animal, as it has been
put, *“is compelled to climb up its own genealogical tree.”
The facts that have been mentioned abont the Clearwings can
hardly be explained, except on the hypothesis that they have
taken their origin from moths with fully scaled wings: and the
further inference is probable that the Bee Clearwings have
more recently lost their scales than some of the others. This
probability is perhaps increased by the resemblance which the
larva of S. bombyliformis bears to a Sphinx larva, while the
larva of S. tipuliformis is different ; but, after all, we do not
know positively whether the internal feeding-larva might not
be the older.

The advocates for explaining the facts of mimiery by a need
for protection experienced by the mimicking insects could
point to Mr. Poulton’s experiment with N, bowbyliformis and
S, bembeciformis as being more conclusive than they at first
appear. The fuct that N, bombyliformes was eaten withont
hiesitation, and that S, bembecijormes ereated a suspicion in the
lizard’s mind, seem to indicate a cousiderable imperfection in
the resemblance. In the detailed record of his experiments,®
Mr. Ponlton suggested that the resemblance to a bee or other
stinging Hyvmenopteron shown by S, fueiformis 1s possibly to
be regarded as “a remnant of a former more perfeet mimicry.
rehiance being now placed on powerful flight and concealment
during rest.”  He admits that the instance 1s a diffienlty in
the way of the theory, However, remembering the facts of de-
velopment, this particular diffienlty almost disappears.  Seeing
that the loss of the scales in the Bee Hawk moth 15 more
recent than the loss of scales in the Hornet Clearwing, it i1s

* I'voe, Zool. Sve,, 1887,
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not surprising to find the mimiery loss Iu-rf‘wl i the one
case than in the other. The Bee Hawk moth may not have had
time to acquire so close a likeness to its model.

Mr. Poulton regards the beetle lytus arictis as offering a
case of mimiery to some of the smaller wasps: it is banded with
bricht vellow, and has long, slender, wasp-like legs.  * When
walking,” savs Mr. Ponlton, “the slender, wasp-like legs are
moved in a rapid, somewhat jerky manner, very difterent from
the usnal stolid coleopterons stride, but remarkably like the
active movements of a wasp.”  The resemblance is heightened

if the beetle e made to sl:t*:lw| npon it= bacle: when this

Fig, 27~ [ee Hawk Maoth.

happens, the legs have a distinetly wasp-like appearanee, fron
their thinness and length,

Mr. Poulton records no experiments with this beetle ; un-
fortunately, I have been ouly able to experiment with one
individual.  This was put into a case containing two green
lizards: the beetle hegan to move rapidly in the direetion of one
of the lizards ; when it got near enongh, it was, withont any
symptom of hesitation on the part of the lizard, snapped up
and swallowed; this lizard had a few moments previonsly eaten
a large gronnd beetle, and had nusnccesstully chased a cock-
roach. It was, therefore, presumably in an averace state—

not daiuty throngh repletion, nor ravenous.
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The Occasional Limitation of Mimiery to the Female Insect.

When the two sexes difter in butterflies, the female appears,
according to Dr. Sendder, to diverge more from the tvpical
coloration of the genus or IE]IIIi]:-.' than the male.  This upiuinn,
it should be remarked, is not universally shared; more generally,
it 15 held that the male is the most specialised sex.  However,
it may not be so in buttertlies.

Among the = Blues,” for instance, the normal coloration is,
as their popular name denotes, blue ;3 in some of the species
both sexes are blne and closely similar; where there is a
divergence, it is the female which differs; the females of many
species are brown. This is not the place to disenss how far
these differences are due to the greater need for protection by
the female: the faet remains that among the buttertlies of
North America, treated of by Dr. Sendder in his great work
upon this gronp, only one batterfly which is sexnally dimorphie
has @ male which departs from the usnal coloration of the
|'H.-II_I”.‘|.' to which it hl*ltl]l}i‘ﬁ, This |+ItTTl-I'”}.' 1% Cpieniris J,:.l.«n-'a'lf.r.l"'-
argiolus, & member of the very family which has just been
referved to—the ** Blues.”  In this species it is the male, and
not the female, which is somewhat dusky in its hues.  If the
organisation of the female is really more plastic than that
of the male, we can understand how in cases of mimiery it
is, not unfrequently, the female only which resembles some
other distasteful buttertly 3 mstances of this have been already
mentioned (on p. 169). It is gquite easy, that is to say, to
anderstand this from one point of view—but from one only.
Why are not the males also modified 7 They may not require
protection quite so mueh as the females : but it is obvious
that they have their importance in the continnance of the race.

The question of heredity may perhaps be set aside : but even
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that introdnces some difficnlties, It would be supposed that
mimetic females pairing with non-mimetic males would pro-
duce a progeny of a mixed kind—not so perfectly mimetic as
the temale parent; in this way the effectiveness of the mimiery
wonld tend at once to disappear, and finally would disappear,

When the Eved Hawk moth produces a hybrid with the
Poplar Hawk moth, the offspring unites the characters of both
parents.

As to the results of breeding from dissimilar parvents a few
other instances may be mentioned. Near Manchester the
common Pepper-and-Salt moth ( Biston betularie) shows a
well-marked melanic variety, which is gradually’getting more
abnndant.  This instance of an apparent connection between
local conditions and a colonr variety may be added to those
mentioned in Chapter 11 A male of the melanie: variety was
crossed with a female of the common torm. The oftspring
were Intermediate in coloration, and showed very beantiful
markings,  The same insect was experimented with under the
same conditions (7.c. a melanic male with a normal female ), and
produced a different resnlt : the offspring consisted of; eleven
individuals, eight males and three females ; six of these were
melanic and five normal. It is clear, therefore, that the colour
varieties do x#of coincide with the sex.

Another supposition—also based apon facts—is that the
progeny wonld be divided, one portion having a'preponderance
of characters derived from the male parent, the other portion
agreeing more closely with the female.  This, again, would
tend in the conrse of time to destroy the mimetic resemblance,
nnless the female offspring  were always like the female
parent,

But there isanother difficulty to be faced.

It the females escape destruetion by virtne of their likeness
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to protected forms, it follows as a matter of conrse that the
males do not.  Henee a gradnal dwindling of the male insect
must take place, which, if it does not result in extinetion, must
materially interfere with the chances of a given female seeuring
a mate : thus, in any case there would be a dimination in the
number of the speeies.  This diffienlty is partly met by Mr.
Wallaces snecestion that the females need an additional
protection because their flight 1s slower, owing to their being
laden with eggs, and they are exposed to attack when actually
depositing their eggs, Presumably, therefore, at other times
they are as well able to take carve of themselves as the males.
But this suggestion does not altogether remove the difticulty :
it has to be definitely proved that a butterfly with cogs is
markedly slower in its flicht than one without : as to the
exposure to enemies while actually depositing the eees, this,
no doubt, constitutes a real danger : bot the time so occupied
is not long, and it might be nrged that the pairing was equally
dangerons ; and the danger inenvred here is shared by both
sexes alike,

Mr. Belt has made an additional suggestion, which, althongh
very ingenions, no doubt needs confirmation, as Mr. Ponlton
savs, by a ecareful observation of the habits displayed during
conrtship.

The sugeestion is that the females exert a selective influence
npon the males, not in the direction in which sexual selection
is generally supposed to proceed (see p. 263): instead of prefer-
ring the more brilliantly colonred males they are believed by

Mr. Belt to exhibit *a deep-seated preference for the normal

colonr of the order to which these mimetic forms belong.”™
This explanation docs not satisfy Dr. Sendder, in spite of his
opinion that the female butterfly—if the two sexes differ—is

farther from the normal coloration than the male.  If the con-
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verse is proved to be the ease, this explanation of Mr. Belt's
will obviously at onee fall to the ground,

A enrions disadvantage in the restriction of mimiery to the
female insect is quoted from D IFritz Miiller by Mr, Wallace.*
“ One of the most interesting of onr mimickine butterflies is
Leptalis melite.  The female alone of this species imitates one
of our common white Pieridae, which she copies so well that
even her own male is often deceived; for I have repeatedly
seen the male pursning the mimicked species, till, after closely
approaching and becoming aware of his error, he saddenly
returned.” It is quite possible that, in this and other cases,
actunal pairing may take place, which would be clearly dis-
advantageons to both species concerned.  This instance proves
that it is not alwavs the female insect which shows mimetie
resemblances : the female of Leptalis melite is perhaps more
normal in coloration than the male.

Mimicry between Unprotected Forms.

This last instance leads to the consuleration of :1.1|.|1;|.|'UI|H_'|.'
mimetic resemblances between genera and species which are
perfectly eatable, and are not protected from attack by a dis-
agreeable taste or any other nnpleasant attribute.

Instances of this kind, Dr. Sendder ¥ thinks, are probably
much more numerons than the other classes of mimiery, thongh
they arve less conspicnous,  What advantage can this confer ¥
l’I'Hhil]rl}' the :lth'ﬂllhig‘rrz are the same as those Ullju‘\‘('tl ]lj.'
distastetul species that mimic each other, and which 1 have
gone into more fully on page 199, The whole theory of mimiery
would of course collapse, it no usefulness conld be shown to
exist in any of the mimetic resemblanees: other explanations

* ¢ Darwinism,” p. 245,
7 Butterflies of the Eastern United States.””
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of the phenomena would have to be songht for.  The theory is
mainly supported by instances among Lepidoptera, which is,
no doubt, due to the fact that it was in this gronp that the
phenomena were first stadied.  From certain points of view it
is unfortnnate for the theory that this is the case: Lepidoptera
are, as o rnle, very short=lived in the imago state.

If cazes of undoubted mimicry could be shown to be more
pumerons among the higher and longer-lived animals than they
have vet been, they wounld furnish munch stronger evidence for
the trath of the theory. A mammal which may have to exist
for some vears before it can reproduee its kind needs protection
much more than an insect, which sometimes pairs the moment
it leaves the cocoon,  There arce even cases on record of male
moths waiting by the unopened cocoon in expectation of the

cmercence of the female.

Relative Unimportance of the Imago Stage in Butterflies.

It may scem paradoxical to say that the perfect butterfly,
which has passed throngh so many preparatory stages, is the
least important stage of all.  In a certain sense also it would
be manifestly untrue, for the butterfly lays the eggs, and upon
the lite of one female inscet depends the future existence of
perhaps a large number of butterflies.  There is no doubt that
a single butterfly deposits, under favourable circumstances, a
areat quantity of eges,—trom two to five handred, according to
the species, is one estimate,—but it 1s also calenlated that ont
of these eggs only 1 per cent. reach maturity : i that 1s so,
the life of an average female butterfly is only worth three or
four times that of a caterpillar.

As Jong as the perfect inseet is able to pair and lay its eggs,
that is all that is necessary ; after this its life is of no value,

and it is immaterial whether it is destroved or lives on for a
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time. The pairing and egg-laying takes a very short time,
even among those inseets which do not lay all their eggs at
onece : the risk run by the inseet before it has accomplished its
purpose is therefore very slight, compared with the dangers
menrred hl‘g.' a l'iltl'I'ITi]]ﬂ.l', which has sometimes two seasons
to pass through in preparation for the chrysalis stage, and is
constantly exposed all this time to nmmerons enemics, belonging
to almost every group of the animal kingdom. This is perhaps a
reason why we see such nnmerous and varied devices, whereby
caterpillars delude, warn, or frighten their enemies ; and it
is perhaps also a reason which explains the great dearth of
such devices among butterflies and—though apparently to a
less extent—among moths. It is therefore surprising to find
so many examples of apparently useful mimicry among butter-
flies. It has already been pointed out that protective colora-
tion is not very useful in these insects ; warning coloration
and mimicry are therefore the only colonr modifications of’ a
protective value which they could advantageously assume ;
and, it must be admitted, it is preciselv these modifications

which are met with.

Summary.

All these facts, which are of course only a selection from
more numerons instances that might be bronght together,
show that very close superficial resemblances frequently exist
between animals more or less remotely allied.  These resem-
blances may be in form (e.g., snake and blindworm), or colour
(€., various Lepidoptera), or form and colour combined (e.g.,
Leptalis and Heliconidae ). Resemblances between animals of
widely different groups (e.q., caterpillar and shrew) are so
very rare as to be probably regarded as purely accidental ;

resemblances between more nearly allied forms (o.g., Lepido-
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ptera and Hymenoptera) are less rave, but not common ; re-
semblances hetween species, beloneing to different families or
genera of the same order (¢.7., nmong  Lepidoptera), are very
common: their number bears a certain proportion to the variety
of forms 1 the order : thus, they are most common among
insects, less common amongy birds and I‘i.'['l['ilt':'-'u, rare among
mammals.  This faet is against the hypothesis that the re-
semblances have been produced by the action of natural
sclection, sinee protection of this kind would be jnst as effica-
clous 1 the higher group as in the lower ; and we find among
mammals, as among insects, a large nnmber of cases of pro-
tective coloration.

Nevertheless, cases of mimicry that do oceur—particularly

among Lepidoptera—are often so striking that no other explana-
tion than that offered by Mr. Bates seems to account for the
finishing touches, at least, of the resemblance. A considerable
initial resemblance may be fairly set down to other canses ;
beeause it is impossible to believe that a slight move in the
required direction would be of sufficient importance to serve as
material for the action of natural elimination. At the same
time, instances of mimicry, which are to be appreciated only
by insects (e, Volucella and bee), must, in the present state
of our knowledge of inseet vision, be removed from the
category : so also are certain other cases such as Broplos
nothwm and Plosevia diversata, and the annelid mentioned by
Semper. Seeing, then, that resemblances may ocenr between
animals which either cannot be, or are probably not, advan-
tageous to either, it is at least necessary to wait for more
convineing proofs before it can be more than provisionally
assimed that unatural selection is responsible for these re-
semblances in other eases where they appear to us to be

nsefnl,



LEHAPTER VI
SEXUAL COLORATION.

Sexual Dimorphism in Colour.

Ix many animals where the sexes are separated, the males
and females are to be distingnished by certain * secondary
sexnal characters,” as they have been termed.  Familiar in-
stances of such are the antlers of the stag, the spurs of the
cock and other gallinaccous birds, and the gorgeous plumes
found in the males of the birds of paradise,

The secondary sexual characters are sometimes confined to
differences of colonr alone, as 1s the case with the chattineh
and many other birds. The reasons for these differences in
the sexes have been much diseussed, and the fact that at
least five theories have been put forward at different times
1s an index of the difienlty of the questions involved,

An attempt will be made here to give some notion of the
argnments for and against the several theories which profess
to explain sexunal dimorphisim.  Some notion must, however,
be first given of the facts which have to be dealt with,
Among the invertebrates, inseets furnish the most abundant
examples, chiefly becanse they are the largest cronp of
animals i which the two sexes are distinet,

In many species of butterflies and moths, the sex cannot

be distinguished by the colonr ; the Vanessidwe in general
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(Red Admiral, Peacock, Tortoiseshell, ete.) present identical
tints in both sexes. In others, on the contrary, the colonrs
are so different that they might be taken for different species,
The Ghost Swift has white shining winegs in the male sex,
and brown with orange markings in the female : the males
of the  Blues,” for the most part, alone deserve their name,
for the females have a prevailing brown colour.  Among
moths the difference is sometimes reduced to little more than

a difference in size

as, for example, the L:*H]:;ml moth. The

female of the Vapourer, Winter moth, and some others (fie. 28)

Fig. 48—, Female of Pawclie fieile, &, Male. ¢, Case of the male; o, of the femmale

caterpillar,

have almost completely lost those characteristic oreaus of the

Lepidoptera—the  wings,  The colours of dragon-flies some-
times difter in the two sexes, and there are plenty of other
examples among other insects of the same phenomenon.
Among the Isopod Crustaceans (of which the common
woodlouse is a  familiar  example), there arve sccondary
sexual differences which seem to be unnecessary, that is to
sav, they have, or appear to have, no relation to pairing : they
are merely evidence of maleness or femaleness as the case
may be.  In certain species of Sphivromidie the males have
a long spine npon the back—a structure whieh 1= entirely

wanting in the female. In Ceratocephalus grayanus, a large
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gpecies found oft’ the coasts of Southern Anstralia, the males
have three long horns projecting from the head : if the males
of this species were proved to fight for the possession of the
females, there would be a wonderful analogy in these horns
to the antlers of deer.

More striking still is the sexual dimorphism of the Echiuo-
derms. This group includes the sea-urchins, sea-cucumbers,
starfish, Dbrittle-stars, and sea-lilics, which are characterised
by their radial svmmetry, and by the presence of a caleareons
skeleton, more or less perfect, beneath the true skin: they
are not active animals as a group, thongh the Comatale can
swim as well as erawl, and some of the starfish and brittle-
stars can move about with a certain degree of rapidity : many
of them have eves.  Some of these cchinoderms are among
the most brilliantly colomred of marine invertebrates, but the
colours can hardly have much significance, for the reasons
stated in considering the fauna of the deep sea.

Sexnal differences have been discovered to exist iII_ il gﬂﬂl{

L.

many species.®  These differences may be seen extended “to
the colomr of the sexes, for Osear Schmudt o Brelin's
Thierleben,” p. 951, remarks that the males of Strongylo-
centrotus lividus (a common sea-urchin) are darker coloured,
while the violet tint of the females tends more towards red,
Prof. Camerano,t while disinclined to admit any  constant
differences in colour, abundantly confirms Prof. Schmidt’s
deseription of other sexunal differences in form and  size.
There can here be no qguestion of preference in cither sex,
for the ova and sperm are, as in the case of worms, simply
shed into the surrounding water. It should perhaps be re-
marked that secondary sexual characters, other than colour,

Y Zool, Anzeiger., vol. iii., a paper by Prof. Studer of Berne.
+ Boll. Mus. Zool. Torine, Nov. 1890,
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are supposed also to have been produced by the :esthetic
preferences of the female, not of conrse such characters as
the aceessory grasping limbs of male Crostacea—for these
have an obvions use in scizing the female,—but strnetnral
characters, such as the presence of wattles and plumes among
birds, which have no such nse.

Among  the Crastacea sexunal diversity of coloration is
not very common.  Darwin® only mentions two examples—
Syeilla stylifera and o fiddler crab belonging to the genns
(1elasimus,

Another example of this phenomenon is a common American
edible crab—Neptunus hastate 3 but the difference of colonr is
limited to the large claws—the © chelie ™ as they are technically
termed : these appendages are much bluer in the male than
in the female. This rather small difference 13, aceording to
Prof. Conn,t quite constant.

Among vertebrates, we have sexunal differences in coloration
even so low down in the scale as fishes, Mr. Conningham §
has lately shown that the two species druoglossus loaterna and
A.Cophotes (plaice) ave in reality males and females respectively
of but one species.  Sexual differences of this kind are met
with in the Amphibia—for instance, in the notehed crests and
lnrid  colouring of the large newt. The blackened index
finger of the male edible frog is associated with a structural
modification which enables him to seize the female at pairing
time : this character, like the stag's antlers, only reaches its
full development at the actnal breeding season.

Sexnal differences are not common among reptiles @ it is a
curions fact that in tortoises the colour of the iris sometimes
litfers in the two sexes, as it does commonly among birds.

* « Descent of Man,” chap. ix.
T .f-r.n'n'.l.a f.l’-'-".m'l.'f.lf.li li'.rJl"'. f'a'r'r'r-'l'lr’i'n'- Hl LB -"i.
Proe. Zool. Sec., 1890, P. D4,
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Among lizards and snakes sexual differences in coloration
exist, thongh instances of this dimorphism are not plentiful.
Lacerta galloti, of which there are at present a number of
specimens in the reptile house at the Zoological Gardens,
shows a dimorphism in colour, the throat of the male being of
a beantiful blue colour. The common British lizard (Zootoca

wivipara) shows a somewhat similar variation in the two

sexes : the under side is of a crimson tint in the male, and
pale bufl’ in the female,

Among snakes the Poft Adder (Vipera arietans) is an
instance in point.  So different in colour are the two sexes
that they might readily be mistaken for two different kinds
of snakes, In the male the prevailing tint is a rich yellow-
brown, in the female the |r:‘v".‘:1i|1'|]j_f: tint 1s orey. It wounld, how-
ever. be diffienlt to decide which of the two sexes has the more

13
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beautiful or the more obtrusive coloration. Probably they are
equal: on a sandy gronnd the female wonld be more obvious than
the male; on greyish soil, or among decayed leaves, perhaps
the male reptile would be more visible than his mate,

The great variety of sexnal diversity which is found among

birds has furnished most arguments for the theories of

Fig. a0 —IHnmming hird,

sexual coloration.  Every gradation is found, from perfect
resemblance, snch as is afforded by the goldfinch, to the
extreme differences exhibited in the ease of the birds of
paradise.  As a general role the male is distinguished by
greater brillianey of tints, and by the exelusive possession
of erests and wattles and other appendages: or by their
areater development if they are found in both sexes. DBut

it wonld he difficult to !nufm to ecither sex amone certain



SEXUAL COLORATION, 2oy

species of curassows * as the more brilliant in ecolonr. So.
too, the parrots formerly referred to different species of the
eenns Felectus, which have been shown by Dr. A. B. Meyer to
be merely the males and females respectively.,

The Upland goose (Bernicla imagellanica) is colonred 1in

Fig, 82 —Comconmeras pogies (male and female),

both sexes by equally conspicnous tints: it wounld be inter-
estine to ascertain the !Jl'nlmt'Tim] of persons who declared
a preference for each sex. The female 15 a rich brown diver-

sificdd by white marks, while the male 15 black and white

both sexes are extremely beantiful, thoueh the colours cannot

IH' Hil[[l Lo |n- lr]'j![i:llll.

See Mr. Sclater's beantiful monograph of this group, Trans. Zool. Soe.,
vol. 1x., p. 273, and vol. x., p. H43.
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Where the two sexes resemble each other in coloration the
tints may be brilliant (e.g., the toucans) or dull (e.qg., the robin).

It 1s among the humming birds (fig. 30), birds of paradise,
and many gallinaceous birds (fig. 31), that the most marked
differences of colour ocenr, associated very frequently with the
presence of accessory plumes or specially elongated feathers.
Compare, for instance, in the accompanying figure (fig. 32),
the male of the paradise bird ( Cineinnurus regius), possessing
the extraordinary tail feathers, with the very ordinary-looking

female,

Sexual Dimorphism of Colour most marked in Birds and Butterflies.

[t is a very snggestive fact that sexnal dimorphism in colour
is most marked in birds and butterflies ; in both of these
aronps, particularly in birds, the colours are largely * strue-
tural "—i.e., they arve chiefly determined by the actual minute
structure of the part colonred—thongh, as I have already
mentioned, a backgronnd of pigment is required to show off
the colours. Furthermore, in both these groups, as Mr. Wallace
has pointed out, the extent of the coloured surface 1s much
larger in proportion to the body than in many others. Hence
sexnal differences in colonr are much exaceerated, as a neces-
sary consequence: three or four bits of glass coloured in a very
slightly different way from three or four other bits, will, when
multiplied and arranged by a kaleidoscope, produce an effect
ereatly diversified in the two cases. It is perfectly elear that
sexual differences of colour may exist in animals, where
nothing like sexual selection can come into play ; there is
therefore a gronndwork for the produetion of the complicated
patterns we see in the feathers of bivds, We presume that
birds have been evolved ont of a lhizard-hke ancestor. Now,

lizards present us, occasionally, with sexual differcnces in
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colonr of the scales which are not conspicuous ; convert every
scale into a feather, and the differences will be much more
striking, even withont any complication of the pigment. In
fact, what scems to require an explanation is not so much the
diversity of coloration in the two sexes, but the occasional
similarity.

Slight Development of Colour Dimorphism in Mammals.

It is a remarkable fact that there is but little sexnal diversity
among mammals, except such as is directly connected with
pairing and reproduction. It may be as well to explain here
that secondary sexnal characters may be referred to two classes,
which are perhaps not very sharply marked oft ; first, those
which have an obvious relation to the habits of the sex which
possesses them ; secondly, those characters which have not
such an obvious relation. To the first eategory I would refer
the antlers of deer and the spurs of gallinaceous birds ; the
males of these animals are pugnacious, and use the weapons
in question in their combats with each other ; the accessory
grasping organ possessed by the males of the Isopod genus,
Serolis, and the great development of olfactory hairs in the
genus Tapais®* are of evident use to the ecrostacean in
seizing or finding the female. To the second category belong
colour differences, and perhaps such stractural differences as
are exhibited in the male of the lemuar, Hapalemur griseus.
In this animal I pointed out some vears ago t the existence of
a peculiar patch of spine-like structures, upon the arm of the
male, which, as I was informed by Prof. Milne Edwards, are
not o highly developed in the female ; but this organ may
possibly be used by the male as a grasping orean at the time

* Fritz Miiller, * Faets for Darwin.”
‘f Proe. Zool. Soe.. 1844,
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of pairing, The mane of the lion and the beard of man belong
to the =ame series, Sexual differences in colour amone the
Mammalia are not common ; the most striking instance, per-
haps, is one referred to by Mr. Wallace *— Lemur macaco :
the male of this lemur is black, and the female brown.
Dr. Dobson t has brought together some interesting examples
of sexual dimorphism amone bats.  There are, in addition to
varions remarkable  structural differences between the two
sexes, occasionally colour differences.  These colour differences
are frequently developed only at the breeding season. In a
common aleutta bat, Nyeticeius temmineki, the under parts
arc usually of a pale straw colour; bat in females captured
during the months of March and April the prevailing hues
were a rich saffron. It is important to notice, however, from
the point of view of sexual selection, that colour differences
are more common among the frogivorons bats, and they have

a better sense of sight.,

Dependence of Sexual Dimorphism upon the Generative Organs.

The dependence of colour and other secondary sexnal
characters upon the essential organs of reproduction is almost
too well known to need illustrating by examples. T shall,
however, refer to two recent instances which have been
carefully described.  Prof. Max Weber of Amsterdam  has
examined a chaffinch, in which the left side of the body has
the coloration of a hen bird, the right that of a cock, which
are sharply marked off from each other in the middle lne.
An examination of the viscera showed that the bird was a
hermaphrodite, with a well-developed ovary on that side of the
body which was elad with the plumage of the female, and a

* ¢ Darwinism,” p. 282,
'|:' f'j‘-:r" ,.;':rr_rrh'l_ i";d.li'_‘ IF&T-:. ]]. ._}’ I..
T Zool. Az rllrp'f‘. 1=t P Ols,



SEXUAL COLORATION, 2605

male gland on ‘the opposite side.  The same kind of herma-
phroditism has been noticed in other birds,  In cases where a
female bird has assumed the plumage of the cock, it has been
found that the ovary was diseased or atrophied.*

The second instance which 1 shall bring forward is that of a
moth—the common Oak Egear. Dr. Bertkan T has fgured
and described a hermaphrodite specimen of this insect in
which the wings of one side of the hody showed the colora-
tion, form and size of those of a male, while the opposite
couple of wings had the coloration of the female, and were,
as in the female moth, larger than the wings coloured after
the male pattern.  On a dissection, the insect proved to be not
hermaphrodite, like the chatlinch, bat a female with degenerate
organs, some of the parts typically present being absent. It
cannot, therefore, be called a hermaphrodite ; it should be
remarked that the ovary was more degenerate upon the side
of the body on which the wings were those of a male, than

npon the other.

The Theory of Sexual Selection,

The classical theory to acconnt for these sexual differences
is of conrse Darwin's theory of “ sexunal selection.”

According to this theory the females, when courted by the
males, exercise a decided choice, and are not simply the prey
of the most persevering or the most powerful male. Henc
there is a tendency to an inerease in the beauty of the colora-
tion of the males, and to an inereased development in sneh
:ﬂpm'iu] :IllfH."]]llH_ﬂ'{."H of that sex as Crests, wattles, ete. The
gorgeous tail of the peacock, and the curions erests and other

* See Mr. Bland Sutton’s + An Introduetion to Pathology,” for further
instances.  Also J. H. Gurney (jun.), “ Ibis,”" 1888, p. 226,

T _.-I."r'}'.l.1,fq. ."H-HfrH'lfl;.l'.a'r',u"r.-'.-'.u".-.l‘ o [ p. Fiti
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appendages of the birds of paradise, are among the more
striking effects which Darwin believed to have been produced
by this selection on the part of the female birds.  Obviously
this theory must be limited to snch animals as have an acute
sight and an esthetic appreciation : accordingly, most inverte-
brate groups which show sexual differences, whether in eolonr
or in the form of special appendages, must be set aside.
The vision of these animals, as has been already remarked,
does not appear to come unp to the requisite standard of
efticiency.

On the other hand, it may be admitted that at Jeast birds
and mammals do possess a sufliciently developed sense of sight.
So far there is nothing to render the theory nntenable. It is,
however, a remarkable fact that the Mammalia show, relatively
speaking, very little sexnal divergenee.  The stags have their
antlers ; blue and red patches are developed upon the skin in a
few monkeys: and there are actual differences of colour in some
species, such as the red kangaroo. In the male of this animal
the colonr is brown, and the throat is coloured pink by a sub-
stance of the colour of carmine which is secrcted by the skin
in this region : the female, on the contrary, is grey, and does
not show this peculiar efflorescence.  On @ priori gronuds one
would expeet the most intelligent of the Vertebrata to show
the most strongly marked differences of’ colour; particularly
since there are well-founded instances of preferences exhibited
by the female of certain mammals.  Mr. Darwin, in a note
prefixed to a paper by Prof. Van Dyck,® ealls attention to an
instance of this kind exhibited by the dog.

Among birds, it is remarkable that gorgeonsness of colora-
tion is not always limited to the male sex ; very often both
sexes have an identical coloration, which is as brilliant as in

* Myoe, Zool. Soc., 1882,
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the males of other dimorphic species. This fact, however, is
not necessarily an objection to the theory of sexunal selection.
It is explammed by Darwin as being due to heredity ; the
brilliant colours were first of all, it is supposed, acquired by,
and limited to, the males, in response to a choice on the part
of the female bird.  Graduoally the effeets were handed down to

the alﬁ':-alll'iilg of both sexes.

Difficulty of believing in a highly-developed ZEsthetic Sense.

Viewed as a matter of probability or improbability, 1t is
difficult to conceive of so exalted an westhetic sense in bivds.

It 1s necessary to assume that the females of many species
have a sense of beauty not only equal to, but far surpassing
that of the average human being. Merely brightness or un-
usnal gandiness in the male bird one conld understand, as being
in part at least due to “ preferential mating,” but to put down
the delicate browns and greys of the feathers of the Argus
pheasant, which is almost the most beantiful of birds, to sexual
selection, is to assume a most refined scuse of beauty in the
bird. Moreover, as Mr. Stolzmann has pointed out in discussing
another theory of sexual differences, which will be referred to
later, the taste of closely allied birds must differ in an immense
degree, if this theory be aceepted.

He gives, among other instances, that of two species of the
American genus Basilenterns. In B. castaneiceps the coloration
1s dull ; in 5. coronatus the under parts are, in both sexes, a
bright yellow; this bright colonr would be, on Darwin’s theory,
first developed in the male and then handed down to the ofi-
spring of both sexes. We must therefore assume that the
females of B. coronatus have greatly surpassed the females of
the other species, in the development of their westhetic sense,

As the areas of the two species are contignons, this difference
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cannot be set down to isolation, and the females of the sombre
species have every opportunity, did they desire it, of selecting
the brightly coloured males and abandoning their lawful
Sponses,

The question, however, cannot either stand or fall upon its
probability or improbability. Actual observation can alone

settle the matter,

ZEsthetic Sense of Butterflies.

The case is clearly put by Mr. Scudder

“That batterflies have some perception of eolonr in mass
1s unquestionable. It has often been remarked that a white
butterfly alights by preference upon white flowers, vellow
butterflies npon vellow flowers.  Direct observations have
shown that this vague opinion is founded elearly npon fact, and
several instances which show this, and at the same time show
the lack of power of perception of form have been published,
Thus, Christy observed in Manitoba one of the Swallow-tails
‘flattering over the bushes, evidently in search of flowers.
As I watched it,” he says, ‘it settled momentarily, and exactly
as if it had mistaken it for a vellow flower, on a twig of Betulu
glandulose bearing withered leaves of a li,u'ht-}‘-tl]uw colour.’
Albert Miiller records seeing the blue .lfexis of Europe tly
rapidly towards a very small bit of pale blne paper Iving upon
the grass, and stop within an inch or two as if to settle, doubt-
less mistaking it for another of its own kind., Platean has
observed Agloe urtice [ the small Tortoiseshell] of Earope fly
rapidly towards a white €w/le, which could offer it no sweets.
And Jenner Weir has noticed how the white butterflies settled
on the variecated leaves in his earden,”™

These facts are a long way from proving so highly developed

an esthetie sense as sexual selection renders necessary ; Elu'_}'
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are not even enongh to prove the “ recognition mark ™ view of
coloration ; they simply show that insects can recognise colour,
and perhaps prefer certain hues to others. The facts of
hybridisation may be also quoted as possible errors of recog-

nition on the part of Lepidoptera.

Objections to the Theory of Sexual Selection.

[t is quite common to see the peacock expand his tail and go
throngh all the performances incidental to courtship, while the
hen peacefully searches for food, quite uninfluenced by this
amatory display. It may be, however, that this is to be
explained simply by the fact that the hen is not in a mood to

respond to these advances,

Excitability at Breeding Season of Animals among which there is
no Pairing.

It is not only animals which pair that show a departure from
their usual habits at the breeding season. The Palolo worm,
areatly esteemed as an article of food by the Pacific islanders,
1s an instance to the point.  This worm, which is of a greenish
colour, appears at certain seasons upon the sarface of the sea ;
these times coineide with the maturity of the sexual produocts.

Another instance of the same phenomenon has been recorded
by Mr. Savile Kent. A marine worm belonging to the same
family as the Palolo appears in vast nnmbers in October ; after
a few honrs of active movement on the surface, they entirely
disappear from view. “By a close examination of these worms,”
says Mr, Kent, © disporting upon the surface of the water, and
also 1solated in suitable receptacles, and with the aid of the
microscope, I was fortunate in discovering the raison d’ctre of
their early revels. It was, in fact, their general wedding

morn, and these their wedding junketings., Each worm was
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laden with ova or milt, which was discharged in little thin
milky streams, one from each side of the body, as they swam
through the water. The reproductive elements commingling
under these conditions were fertilised after the manner of the
spawn of certain fishes.”

These facts are evidently of the highest importance in
estimating the value of the theory of sexual selection. It has
been shown that at the epoch of sexual maturity these worms
indulge in nnusual anties and gyrations, which cannot captivate
either sex—as there is no pairing, but merely a fortunitous
coneurrence of the sexnal elements shed into the sea.

As a general rule, sexunal dimorphism is not found among
inactive animals low in the scale; but there are plenty of
exceptions.  The “complemental males ™ of the Clrripeds and
the parasitic male of the Gephyrean Bonellic are examples ;
there can be no question here of female likes and dislikes.

More positive facts are qnoted by Mr. Wallace *: ¢ Some
peahiens preferred an old pied peacock; albino birds in a state
of nature have never been seen paired with other birds : a
("anada goose paired with a Bernicle gander : a rush wideeon
preferred a pintail duck to its own species ; a hen canary pre-
ferred a male greenfineh to either linnet, goldfineh, siskin, or
chaffinch. . . . Messrs. Hewitt, Tegetmeier, and Brent, three of
the highest authorities, ¢ do not believe that the females prefer
certain males on account of the beauty of their plumage.” . .
Evidence is adduced that a female pigeon will sometimes take
an antipathy to a particnlar male without any assignable
cause; or, in other eases, will take a strong fancy to some one
bird, and will desert her own mate for him: but it is not
stated that superiority or inferiority of plumage has anything
to do with these faneies.”

* % Darwinism,” p. 285.
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Mr. Wallace goes on to remark that female birds have
nnaccountable likes and dislikes in the matter of their partners,
just as we have ourselves 3 and, it may be added, just as they
and other animals have in the choice of their food, some eating
grecdily ereatures coloured in such a way as to cause other
animals to refuse them. As to sexunal selection in our own
species, it 1s quite clear that a girl selects her husband, just as
a bird often does, becanse he is the first comer ; and when a
real selection oceurs, it is by no means always beanty of body
or of mind that wins the day.

Mr. Poulton, who is a strong believer in * sexual selection,”
admits that 1t is “still to some extent sud judice,” simply
because there 1s a lack of evidence from carveful watching of

the phenomena of courtship.

Some Arguments in Favour of Sexual Selection.

Mr. Poulton supports the theory of sexual selection by
several very ingenions considerations. He points out that
** the appearance of beantiful colours and patterns, which are
displayed in courtship, invariably occurs in dinrnal, or par-
tially diurnal, animals.”  Goatsuckers and owls undonbtedly
support this conelusion ; and yet the enormously elongated
tail of the night-jar, shown in the figure (fig. 33), might be
put down to sexual selection ; the day-flving moths, such
as the magnificent Uraniidie and the Castniidee, are more
brilliant in their coloration than the generality of nocturnal
moths,  Sexual colours, moreover, *are not developed on
parts of the hud}' which move so l'al]iil.“_\' that E|u'1'|.' become
invisible,” In the humminge birds, for instance, it is the
breast which commonly shows the brilliant metallic colora-
tion which 15 so characteristic of the order, and not the

rapidly vibrating wings,
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In certain moths, where the female is partly degenerate, the

male 1s not very brightly coloured. A striking case of this is

Fig, 3L —MNIGnr-Jan.

afforded by the Vapourer moth (see fig. 15) : the female is

here wingless, and does not therefore” get very far away from

the cocoon 3 the male is comparatively plainly colonred. In the
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genus Psyche, the dull colours of the male insect arve still more
marked ; the Vapourer is a rich brown, with a white spot in
the centre of each fore-wing, but the colonr of Psyele is a dull

orevish brown : in Psyehe (fig. 28), the female is still more

Fig. 34.—Male and Female of Winter Moth,

degenerate.  IFigs. 34, 35, represent the males and the wing-
less females of two Geometers ; it can hardly be said that
these two moths are conspicnounsly inferior in their coloration
to some of their immediate allies which have a winged female.

Fig. 8o.—Male and Wingless Pemale of Winter Moth.

The antennie of the female Vapourer moth are thread-like, and
not * pectinated,” as in the male; they arve doubtless, therefore,
as Mr. Poulton remarks, less ellicient as sense oreans ; bat
it must be noted that we

wmve no evidence that the eves are af
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all degenerate in this insect ; and it is the eyes rather than the
olfactory organs which are important for the female, on the
theory of sexual selection.  Besides, we commonly meet with
simple, non-pectinated antenna among females of Bombyees,
which are not wingless, and in which there is a more or less
marked sexual dimorphism : for instance, in the following :

Fiz. o6.—Gypsy Moth (male, famale, cocoon, and Larva).

the Gvpsy moth (fig. 33), the December moth, the Lackey,

the Fox moth, Oak Eggar, cte.

The Courtship of Spiders.

The * conrtship ™ of spiders has been used as an arenment in
favour of the development of special colours and markings in
the male, throngh selection by the female.

It :L]I]H'ltl“* to be an 11||1Iﬂ|t||'[|‘|l rm't that the ]Halil'.-i ol certain

spiders indulge in the most singular antics previously to
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pairing : the facts relating to these “love dances™ arve to be
fonnd in two interesting papers * by Mr. and Mrs, Peclkham,
which are well worth a caretul reading,  One, ont of many in-
stances deseribed by these two observers, will be sutlicient for
the present purpose.

The male of a species of Jubrocestum differs from the female,
in having his first legs of a delicate green colonr fringed with
white hairs ; these ornamental appendages are displaved to
every advantage while the male is paving his addresses to the
female ; the remarkable positions which the spider assnmes
arc illustrated by figures : the anthors mention that during

the performance the female “eyved him intently,” and seemed
to be “interested “in his display " : with reference to the
mating habits of another spider, the female is said * to become
excited, and watel the male with absorbing interest,” The
late M. Alphonse Karr,in his delightful essays entitled A
Tonr round my Garden,” gives a humorous deseription of the
courtship in spiders. “ My friend,” he says, *was more
fortunate, for the belle advanced towards him, whilst he waited
for her in visible anxiety : but whether he perceived in her
behaviour any nnsatisfactory sign, or whether the coquette had
not sufficient skill to compose her countenance, which 1 could
not distinguish from the smallness of its proportions, or
whether she permitted to appear in her air more hunger thau
love, or whether, in short, the lover was not struck with one of
those intense flames which brave all dangers, he took to flight
with such rapidity that [ lost sight of him.” The American
naturalists, throneh long familiarity with the objeets of their
study, appear to be able to read with more accuracy the
countenance of the female. They speak of her as gazing

* #Qceasional Papers of the Natural History Society of Wiseonsin,’

vol. 1., two numbers,
18
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towards the male in a softer moaod, evidently admiring the
orace of his anties.

Grenerally speaking, the elaborate performances of the male
spider are for some time to no purpose, or they rouse the
female to make a sndden dash, whieh looks suspicionsly like
a «esire to eat him : sometimes the female rnns away ; it
appears to be a comparatively rare ocenrrence for mating to
take place at once: this, of conrse, looks like an intelligent
selection on the part of the female.

Mr. and Mrs. Peckham refer to a male of Synageles picata,
which was placed in a mating box with six females : he mated
with all of them ! This does not look so much like selection
unless it be urged that the females vielded to the one male
Juute de miciug.

In lstia wittata there ave two kinds of males, one red like
the female, the other black : the attitudes of courtship were
observed to be guite different in the two varieties, and when-
ever the two varieties were seen to compete for a female, the
black one was suceesstul.,” It does not appear what are the
proportionate numbers of the two kinds of males : Imt they
are connected by intermediate forms.  Now, on the supposition

wt the black form was the result of dehberate choiee on the

L
part of the female, the black males ought to be the most
numerons ; farthermore, there should not be a large series of
intermediate forms : the despised males at one end of the
series onght to have ceased to be : it can hardly he sugeested
that this has been the ease, and that there has been a eradual
blackening of the males, because the unpopular males are
colonred like the females, and were thus probably the start-
img-point of the series of changes.  While admitting the great
value of Mr. and Mrs. Peckham’s investigations, it wonld be

desirable that some experiments like those of M. Platean’s
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(see p. 229) should be made upon these spiders. M. Plateau
thonght himself justified in stating that hunting spiders,
belonging to the same family as some of those treated of by
Mr. and Mrs, Peckham (A#tide), conld only distinguish their
prey well enough to capture it at a distance of from three-
eighths to three-quarters of an inch ; and even, at that short
distance, their vision was not accarate, since mistakes were
frequently made. It should also be' shown that blinding the
spiders put an end to any selection. Until snch experiments
have been made, it is premature to draw too detailed con-
clusions  from  the very interesting facts which the two
memoirs coutain,

On the other haud, Dr. MeCook * quotes experiments which
seem to indicate that the Saltigrades can see for a distance
of ten inches or so. In fact, observations on this exceedingly

important subject are most contradicrory.

Sexual Dimorphism partly due to a Need for Protection on the
part of the Female.
Mr. Wallace, in eriticising the theory of * sexual selection,”
has offered two alternative views of sexnal dimorphism, which

iare not ||:-1'l+.-'.-:;|.|'il_'|.‘ HII}]L}:-‘.{‘{I to each other ; th{!‘}' Illij_x’ltr. both be

accepted.  In Darwin’s theory, stress is laid apon the brilliant
colonrs of the male birds, and it is to be inferred that originally
both sexes were similarly and plainly colonred, that coloration
being often retained in the female. It is perfectly true that
the male sex is in many respects the most specialised ; in many
animals with a pronounced sexual dimorphism, the young
males are like the females : it is only on the approach of sexnal
matnrity that the distinetive secondary attributes of the male
are acquired.

* 4 American Spiders and their Spinning Work.”
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Mr. Wallace wonld {'x|1lﬂin the .-am‘:ll]tlnr'}' differences in
colour between the two sexes as due to a divergenee in twor
opposite directions,

TIH' ]It'll hil'll lu':ll']_\' :||\'I.';1_t'~.-a s1ts ot ]u*l' egos 3 inr"huu-{-:-:. tio
the contrary are rare. During the period of incubation, and
for a short time after the young birds are hatched, the mother
is subject to special dangers which are not shaved by the
active lll:l]t': she 1= more liable to attacks from Eln-llnt{'il‘}'
animals, which cirenmstances malke 1t diffienlt to resist.  An
ineonsplenons coloration is thus clearly a desideratum.  There
is also a remarkable relation between the sex coloration and
the nesting habits.  Birds which build their nests in exposed
sitnations appear to be almost always dull-colonred : on the
other hand, the females of those species which build in holes,
or construet elaborate nests that completely conceal them, arve
generally as brightly eoloured in one sex as in the other.

The difference between the two sexes is furthnr accentuated
by the * greater vigonr and exeitability ™ of the male, whieh
leads to a more prononnced development of colonring : but the
further consideration of Mr. Wallace’s important views upon
this important branch of the subject will be deferred, nntil
atter some acconnt of Mr. Stolzmann’s theory of sexunal dimor-
phism has been given : for it is more fitting to conclude this

chapter with the most probable theory.

Mr. Stolzmann's Views.

Mr., Wallace's views of sexnal dimorphism attribute, as
has already been mentioned, the difference between the sexes
partly to a need for protection of the female bird,  He replaces,
in fact, © sexual ™ by “ natural selection,” but only as regards the
female bird,  Mr. Stolzmann * has endeavoured to account for

* Proc. Zool. See., 1885, p. 61,
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the brilhant colonrs of the male birds, for their appendages,
wattles, spurs and so forth, on the same oronnds.

It appears that among birds—and this is clearly the group
in which sexnal selection must exist, it anywhere—the males
are more nnmerous than the females ; this at least is Mr.
Stolzmann’s statement, based upon the examination of large
series of birds collected by himself in Pern. A collection of
birds made by Mr. Guillemard during the crnise of the vacht
Mearehese in New Guinea and neighbonring islands contained
A4 males, 285 females and 111 of nudetermined sex : so that,
supposing the extreme ease that all the 111 specimens were
females, there is still a preponderance of the opposite sex.

Here is an obvious eriticism apon the sapposed fact, that
females are less numerous tha males in collections of birds :
the very fact that the females are shyer and harder to see, more
protectively colonred, often sitting npon the nest, renders them
less likely to fall victims to the gnn of the collector ; hence,
possibly, the greater abundance of males in collections of skins,

Another fact, npon which Stolzmann bases his ingenious
theory, is the influence of nutrition upon sex ; badly nonrished
eves produce males, well nourished eggs females.  There are
other facts which tend to show that this is probably troe.
The queen bee the only female in the hive, is produced from a
larva which has been specially “fed np™ for that very purpose,

Amone insects there are other instances which tend to prove
the same generalisation—that excess of nonrishment is favonr-
able to the production of females, and that defeetive nutrition
s correlated with the development of males.  Some interesting
experiments upon the subject were made some years ago by Mrs,
Mary Treat.* This lady fonnd that larvie of a Swallow-tail,
Papilio asterins, if enconraged to wo on feeding as long as

* _-I;r.-.".-',r.r'rrf.l _'H.'n-'-a.--r-'féx-r‘ llﬂl' 1 =725
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possible, nearly always prodnced female Dbutterflies : on the
other hand, by entting short the food supplies a preponderance
of males were hatched.  Similar experiments were made with
the Camberwell Beauty and & moth.  Dr. (. V. Riley made a
larger number of experiments, which did not appear to him
to be quite so conclusive as to the diveet inflnence of food : hnt
he admitted that **there is a certain relation hetween organie
vigour and sex, and that the latter mayv be determined in the
oftspring, by the amount of vigonr or vitality—creative or
organic force—in the parents, and that the female is in some
wayv connected with inereased, and the male with lessened,
vitality.”  This question, however, is not one which can be
treated of in the present volume ; the reader is veferred to
Messrs, Geddes and Thomson’s work “ The Origin of Sex ™ for
further details : all that I desive to point ont 1s that Mr.
Stolzmann’s conclusions are, on the whole, horne out by ex-
periments.

Now, seeing that upon the females devolve the chiet cares
of nest building—at least in the majority of species—it is not
surprising  thar the greater number of eggs laid should be
badly nourished : the bird has less opportunity of looking
after her own comfort : and on the other hand, 1 we may
Suppose that the active males will tend to I‘{’]il'llilm't* in their
offspring a preponderance of males, if’ they themselves, as will
probably be the case, are in a better condition than the females
with whom they pair.  This statement, I should observe, is M.
Stolzmann’s,  In any case there is clearly evidence tending
to show that the percentage of male births amone bieds s
ereater than that of females,

Now, the preponderance of males over females 1= not advan-
tageons to the ﬁ;bu-riq-.ﬁ'. And natural seleetion, as M. Stolzmann

points out, is less concerned  with the well-being of the
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individual than with the well-being of the species.  The
bachelor males (/.. those who have not fonnd a mate) are apt
to persecute with their attentions the females while sitting
apon the eggs: the ideal condition, for monogamous birds,
would be an exactly equivalent number of males and females ;
but this is precisely what we do not get.  The bachelor males,
therefore, are useless for the species, not only on acconnt of
their interference with the females during an important period
of their existence, but also becanse they occupy valuable space
and lessen the snpplies of food.

Anything, therefore, tending to lessen the nudue preponder-
ance of the less usetul sex wounld be, M. Stolzmann thinks,
seized upon and perpetuated by natnreal selection.  Henee
the gaudy colours, crests and spurs, and poguacious habits
of the males. The bright colonrs render them visible, not
only to each other, but to hawks and other enemies ; the loug
plumes, such as we find in the birds of paradise, lessen the
apidity of their flight, and cause them to fall an casier prey ;
and thus the equilibrinm of the species is readjusted. The

“curious hnmming bird Loddigesia miralilis has, in addition to
the longer tail feathers, a wing shorter by some millimetres
than those of the female : hoth these facts of structure tend to
lessen the capacity for flight : a double purpose may be served
by this and similar cases : the birds fall easier vietims to
predaceons birds, and they are unable to secnre =o great an
abundanee of insect food, as their better equipped mates.  Here,
again, we have two canses which operate in the direction of
lowering the numbers of males, and at the same time raising
the numbers of the females,

But not only are comparatively defenceless binds preyed
apon by hawks and other stronger bivds : they show often, in

the breeding secason, a pugnacious disposition which leads
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to fights among themselves, frequently terminating in fatal
consequences—particnlarly among such species as have spurs :
they also indulge in cnrions anties—the * love dances,” which
have been so well deseribed by Mr, W, H. Hudson, of many
South American species.  Both the combats and the dances
are set down, by those who snpport the theory of sexnal
selection, to the influenee of the female, The favour of the
female is, it is supposed, gained by the vietor in a combat, or
by the more graceful dancer.

M. Stolzmann, on the contrary, believes that the duels
among the males have the primary result of reducing their
numbers ; hence the pugnacious disposition, the spurs, and all
the paraphernalia of warfare, have been cultivated by natural
selection, just as in the days of cock-fighting the same attri-
butes, mental and physical, were sedulously enltivated for a
nearly ideatical end by artificial selection.  As to the dances and
the rival singing of male hirds, this is not to be regarded as
a peacetul strife to win the regard of the females, but merely 2
distraction to protect the females against the too constant
attentions of the males,

It cannot be doubted that this theory is among the most
ingenious, and that an array of facts, of which the above 1s only
2 very small selection, sapport it.  Granting the principal
fact npon which it rests is the great numerical superiority of
the males over the females, it would be difficnlt to dispute,
were it not almost impossible to believe in any theory which

ignores the deep-seated differences between the two sexes.

Mr. Wallace's Views.
Mr. Wallace connects the greater brilliancy of sneh colora-
tion, with the greater vicour and activity of that sex doe to

“a surplus of vitality ™ exhibited in the combats, and amorous
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dances and displays already referred to; he points ont that

accessory plumes, so often found in the male sex, are commonly

placed above the most powerful muscles. Such plumes arve
in themselves—apart from their use on the theory of = preferen-
tial mating "—often not only useless, but injurions to their
possessor.  The horns of a stag are beautiful, and nseful for
fichting : but we are reminded by Asop that they entangled
their possessor in the bonghs of the forest ; like the long hair
of Absalom, also a sexual adornment.  The very fact that these
structures are so greatly developed in certain species is ** an
indication of such perfect adaptation to the conditions of exist-
ence, such complete snccess in the battle of life, that therve is,
in the adult male at all events, a surplus of strength, vitality,
and growth-power, which is able to expend itself in this way
without injury.”

Mr, Wallace also brings forward an argunment, which shows
that female preference can hardly be responsible for sexnal
diversity of this kind. Natural selection, or rather natnral
elimination, is continually removing unfit varieties : there are
but few survivors ont of each season’s eces : and one of the
very important gualities for which birds are selected is that
they shonld be well able to discharge their duties towards
their offspring. ** This extremely rigid action of natural selee-
tion mnst render any attempt to select mere ornament utterly
nugatory, nnless the most ornamented always coincide with
‘the fittest’ 1n every other respect ; whih', if Tim_‘r o s0 coin-
cide, then any selection of ornament is altogether superfluons,
It the most brightly-colonred and fullest-plnmaged males are
not the most healthy and vigorous, have wof the best instinets
for the proper construction and concealment of the nest, and
for the care and protection of the young, they are certainly not

the fittest, and will not snrvive, or be the parents of survivors.
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If, ou the other hand, there is generally this correlation—if,
as has been here argued, ornament is the natural product and
direct ontcome of superabundant health and vigour, then no
other mode of selection is needed to account for the presence
of such ornament, The action of natural sclection does not
indeed disprove the existence of female selection of ornament

as ornament, but it renders it entirely ineftective.”

Summary.

Iu short, we find that the secondary sexual characters of
animals are dependent upon the germ glands themselves :
and that the sexual diversity of animals is also associated
with differences of disposition and habit. There is a funda-
mental difference between males and females, based upon the
actual difference of sex;, which generally finds an expression
in outward unlikeness.  These superficial differences may also
be partly due to the different mode of life led by the two
sexes,  We meet with them in animals which cannot be
moved Dby any choice or wsthetic preference : but it is also
true that they are most highly developed in the higher animals.
where such choice is at least conceivable : the mammal, how-
ever, forms a very important exception to this statement.
Butterflies and bhirds show the most marked sexual dimorphism
in colour : and it is precisely in these two groups that there
is the greatest opportunity for colour development, owing to
the structure of their feathers and scales respectively.,  Colour
differences become necessarily exaggerated in these animals,
throngh mere multiplication of details.  Nevertheless, 1t s
quite possible that sexual selection may have played a subordi-
nate part in the produetion of sexnal coloration, amd we may

also allow some foree to Stolzmann’s snggestions.



GENERAL INDEX.

Abraxas grossulariata, 50,
143, 165, 202,

Accipiter cooperi, 239,
Acrsa, 197, 198, 215.
Acronycta alni, 1849,
—— lignstri, 104,
—— megacephala, 104,
—— menvanthidis, 44

— psi. 120, 164, 167,
—— tridlens, 120,
Actias selene, b,
Acluredus, 240.
— buceoides, 240,
Aecolosoma, =, 95, 127,
headleyi, 95,
Agriopis aprilina, 211,
Agrotide, G3.
Aleyonium digitatum, 128,
Alder moth, 184,
Allolobophora feetida, 157,
Alevonia, 45,
American hare. 74.
Amphibia, 20.
Amphibolurus murieatus,

154, 160, 164, 165,

Amphiprion perenla, 156G,
Amphisbacna, 208,
Ancula cristata, 174,
Ani, 17, 239,
Angerona prunaria, 63,
Anosia plexippus, 210,
Antennarius, 131,
Anthophora, 204,
Anthophylla, 45,
Apamea, U8,
Aphomia sociella, 225,
Apis mellifica, 205.
Arctic fox, 74, 75, 77, T8
Arge galathea, 4, 211,
Argus pheasant, 258, 265,
Argynnis paphia, 5.
— Vvalezing, Hil.
Arion empiricorum. 59.
Armadillo vulgaris, 164,
Arnoglossus, 250,
lanterna, 2505,
— |il|1llul|;;e=. 2004,

—--+--—-—-—

Asio galapagoensis, 53,
brachvotus, 55,

| Astraea, 45,

Astrophyton, 32,
Atyoida, 145.
Australian plover, 156,
Basilarchia, 210,
hipparchus, 210,
Basilenterus, 265,
castaneiceps, 265,
coronatus, 2635,
Bee, 154, 176, 205,

! Bee-eater, 217,

Bec hawl moth, 27,
Belone, 11.
Bernicla magellanica, 259,
Bernicle goose, 268,
Biston, 3.
- betularia, 119, 247,

pilosarins, 4.
Blackbird, 162,
= Blue 7 butterflies, 14, 16,

211, 214, 240, 251.

Blue tit, 157.

doarmia, G,
—— repandata, 43,
Bombinator igneus, 153,
Bonellia, 268,
Bombyx trifolii, 43.
Brambling, 164, 165,
Bramdling, 157.
Brephos nothum, 232, 252,
Brimstone buttertly, 40,

- moth, 106,
Bryophila algwe, 129,
Buff-tip, 150, 154, 167, 172,
Bufo vividis, 1549,

Burnet moth, 165,
Caddis fly, 234,
Callidryas. 215,
Camberwell beauty, 275,
Canada woose, 2068,
Canary, 51, 53, 268,
Canis lagopus, 74.
Carabus auratus, 72,
— violaceus, 104,
Caradrina, 95,

Carpococeyx radiatus, 149,
238.

Catoenla, 220,

amica, 220,

— linelea, 220,

Cebus, 149, 173, 194,

Centipedes, 67,

Centropus phasianns, 233,

Ceratocephalus grayvanus.
254,

Cercopithecus, 16,

——— callitrichus, 144,

Cervus duvancelli, 70,

——- mantchuricus, 70,

Ceuthorhynchus  urtica,
221.

Cheroeampa elpenor, 20,

Chatlinch, 1531, 262, 2658,

Chaleides viridanus, 154,

Chameleon, 143, 154,

Chelonia eaja, 49, 52, 165,

hebe, 49,

Chimpanzee, 10,

Chrysochloris, 32,

Chrysopa, 197.

Cicindela campestris, 6.

Cincinnurns regius, 254,

20,

Cldaria russata, 43,

Cilix spinula, 117.

Cinnabar motl, 150, 155,
163, 171, 150, 191.

Cladobates, 244,

Uladocora coespitosn, 222,
afafrh -j:_;L

mm Ay =

Clearwings, 202, 204, 242,
Cleora glabraria, 119
“ Clifilen blue,” 6.
“* Clonded vellow,™ 40, 14,
Clytus, 200,
— nrietis, 244,
Cobra, i82.
Cockroach, 1535,
Ceoeliodes didywus, 221,
Codfish, 130,
Colins elusa, 446,

helice, 4.



UNd

Colias leshin, 16,
Comatula, 255.
“Comma ™" butterfly, 51,
“ Common White,” 40,
Convolnta schultzei, 7.
Convolvalus hawk moth,
23.
Coronella cana, 550
—— phoecarum, 54,
Clossidam, 63,
Cowbird, 239.
“CUrimson  underwings,”
i3, 84, 80,
Crocodile, 177,
Crotophaga ani, 234,
Cryptocope, 36.
Cnckoos, 238,
Cnenlus canorus, 240,
Canner, 150,
Curassow, 259,
{'nrrant clearwing, 2435,
Cyaniris  pseadargiolus,
244,
Cymatophora, 104,
Dagger moths, 120, 167,
anais, 196, 211,
—— chrysippus, 137,
Dasydia obfusceata, K,
December moth, 272,
Deer, 26, 70,
Deilephila galii, .
Dendrocopus, 4,
Dendronotnus, 128,

- arborescon=, 174,
Diphthera orvion, 166, 211,
I]'lillrllillf 114,

Doris lamellata, 174,

Doristichus niger, 160, 164,

Dirsea, 2005,

Earthworms, 6y, 157.

Earwig, 162,

Fehinoderms, 1,

Eoelectns, 254,

poelyehlorus, 4.

Elaps, 181,

Elephant hawk moth, 23,
151,

Emerald moth, 39, G0, S3.
108, 135,

Ennomos angularia, 44,

—— antumnaria - tiliaria,

B2,

subsicnaria. 1.

Faolis, 174.

Fpeira trifolinm, 12,

Epunda lichenaria, 119.

Lristalis tenax, 154, 6o,
#l =l

Formine moath, 163,

GENERAL INDEX.

Facheliajacobene, 150,155,
Fudynamis taitensis. 2349,
kunice, 127, 132.
Furyeope, Hi,
Euterpe, 195. 209,
Fyved hawk moth, 134, 247,
Fer e lance, 1582,
Fire-bollied toad, 183,
Iishing frog, 189,
Flat fishes, 114,
Flounder, 64,
Flying lizand, 204,
Forester moth, 108,
Forficula aaricalavia, 164,
Formicariidm, 217,
IFox maoth, 272,
I'riar hirvds, 241,
Fritillary, 59.

- Dukeof Burgundy, 99,
ralleria cerells, 225.
— melolella, 226.

Garden earpet moth, 117,
159,

Gatekeeper buotterfiy, 25,
211

Gelasimus, 256,

Geometra  papilionaria,
135,

Ghost swift, 42, 254,

Griraffe. 85,

Glaneus, 123,

(i lossy starling,
164, 165,

Glutton, 73,

Goatsucker, 237, 246!,

Golden mole, 32,

S '|bh_b'|.‘|-1‘_ 30,

Goldfinch, 25%, 2658,

Gold pheasant, 62,

S BT I;",,’H,u 1 l‘l'.

Grapta Fabrieii, 81, 82.

—— interrosations, 81,

—— umbrosza, 81, 82,

Grasshopper, 71,

Grayling, 191,

— butterfly, 100,

Great spotted woodpecker,
1ok, 155, 156, 167,
L6,

Gireat i, 154, 162,

Crroenfinel, 2nx,

Green hairvstreak, S8, 108,
115,
Greenland falcon,
Groamd cuckoo, 1450
— hornlidll, 182,
Giuinen fowl, 157,

Gull, 29, 5%,
Ginrnard, 192,

155, 163,

-t
(LM
i

Gymnalia, 221.

Gypsy moth, 272,
Habrocestum, 275,
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