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By Alfred Russel Wallace

Transcribed and Edited by Charles H. Smith, Ph.D.

A lengthy and celebrated subject review printed anonymously in thg 188Y number of Volume
88 of the Westminster Revi@uondon edition). According to his autobiography My |Vallace
began writing this essay in 1865 but did not finish it until early 1867. Original pagination
indicated within double brackets. See more information on WalladeeaAlfred Russel Wallace
Page at: http://people.wku.edu/charles.smith/index1.htm.

[[p- 1]] 1. Contributions to an Insect Fauna of the Amazoneyall epidoptera:
Heliconidee By HENRY WALTER BATES. (Transactions of the Liman Society. Vol.
XXIIl.)

2.0n the Phenomena of Variation and Geographicalriligtion, as illustrated by
the Papilionidee of the Malayan RegiorBy ALFRED R. WALLACE. (Transactions of
the Linnean Society. Vol. XXV.)

3.0n the Disguises of Nature; being an Inquiry irtte taws which regulate external
form and colour in Plants and AnimalsBy ANDREW MURRAY, F.R.S.E. (Edinburgh
New Philosophical Journal. 1860.)

4.0n the Origin of Species by means of Natural Selecor the Preservation of
Favoured Races in the Struggle for Lif8y CHARLES DARWIN, M.A,, F.R.S., &c. 4th
edition.

There is no more convincing proof of the truth of a comprehensive theory, than its power of
absorbing and finding a place for new facts, and its capability of interpretingipleea which
had been previously looked upon as unaccountable anomalies. It is thibe that of universal
gravitation and the undulatory theory of light have become estatbistteuniversally accepted by
men of science. Fact after fact has been brought forward as being dgpacensistent with
[[p. 2]] them, and one after another these very facts have been shosviheoconsequences of the
laws they were at first supposed to disprove. A false theoryexkr stand this test. Advancing
knowledge brings to light whole groups of facts which it cannot deal with, and its advocate
steadily decrease in numbers, notwithstanding the ability and scientific gkilvich it may
have been supported. The great name of Edward Forbes did not pretveabhiof “Polarity in
the distribution of Organic beings in Time,” from dying a natural death; but thiestnié&sng
illustration of the behaviour of a false theory is to be found ifi@meular and Quinarian System”
of classification propounded by MacLeay, and developed by Swainson, with an amount of
knowledge and ingenuity that have rarely been surpassed. This theory was erattractiye,
both from its symmetry and completeness, and from the interesting nature afi¢kdeavalogies
and affinities which it brought to light and made use of. The sefidatural History volumes in
“Lardner’s Cabinet Cyclopaedia,” in which Mr. Swainson developedritost departments of the
animal kingdom, made it widely known; and in fact for a long tinesé were the best and almost
the only popular text books for the rising generation of naturaliitavas favourably received too
by the older school, which was perhaps rather an indication of its unsoundness. A coesiderabl



number of well-known naturalists either spoke approvingly of it, or advocatedrsimiiaiples,

and for a good many years it was decidedly in the ascendant. With such aldeevoura
introduction, and with such talented exponents, it must have become established if it had had an
germ of truth in it; yet it quite died out in a few short years, its veryends is now a matter of
history, and so rapid was its fall that its talented createajion, perhaps lived to be the last man
who believed in it.

Such is the course of a false theory. That of a true one is very differergty & well seen
by the progress of opinion on the subject of Natural Selection. In less thanezsightThe
Origin of Species” has produced conviction in the minds of a majority of the mostréhiirey
men of science. New facts, new problems, new difficulties as they agise@apted, solved or
removed by this theory; and its principles are illustrated by the progress atgsmmcof every
other well established branch of human knowledge. It is the object of the préist@ashow
how it has recently been applied to connect together and explain a varietypos$ ¢acts which
had long been considered as inexplicable anomalies.

Perhaps no principle has ever been announced so fertile in resihiés ahich Mr. Darwin so
earnestly impresses upon [ig, 3]] and which is indeed a necessary deduction from the theory of
Natural Selection, namely—that none of the definite facts of organic nature, nal spgan, no
characteristic form or marking, no peculiarities of instinatfdrabit, no relations between species
or between groups of species—can exist, but which must now be or once hausdjakao the
individuals or the races which possess them. This great principle givetuesahich we can
follow out in the study of many recondite phenomena, and leads us to seek a meaning and a
purpose of some definite character in minutise which we should be otherwise aimosisise t
over as insignificant or unimportant.

The adaptation of the external colouring of animals to their conditions of lilerngabeen
recognised, and has been imputed either to an originally cigaedic peculiarity or to the direct
action of climate, soil, or food. Where the former explanation has been accepésd, it
completely checked inquiry, since we could never get any further than ttoé faetadaptation.
There was nothing more to be known about the matter. The second explanation was soon found
to be quite inadequate to deal with all the varied phases of the phenomena, and to betedntradi
by many well-known facts. For example, wild rabbits are always ofa@reyown tints well
suited for concealment among grass and fern. But when these rabbits arecdtedestithout
any change of climate or food, they vary into white or black, arstharieties may be multiplied
to any extent, forming white or black races. Exactly the same thing basext with pigeons;
and in the case of rats and mice, the white variety has not been shown to be at alntl@pende
alteration of climate, food, or other external conditions. In manysdhsewnings of an insect not
only assume the exact tint of the bark or leaf it is accustoomest on, but the form and veining of
the leaf or the exact rugosity of the bark is imitated; and these detaititications cannot be
reasonably imputed to climate or to food, since in many cases the species deed nontthe
substance it resembles, and when it does no reasonable connexion can be shown to eist betwe
the supposed cause and the effect produced. It was reseniesltfoedry of Natural Selection to
solve all these problems, and many others which were not at first supposed tothe direc
connected with them. To make these latter intelligible, itlvélhecessary to give a sketch of the
whole series of phenomena which may be classed under the head of useful or protective
resemblances.

Concealment more or less complete is useful to many animals, and absacsralyad to
some. Those which have numerous enemies from which they cannotlegcapielity[[p. 4]] of
motion, find safety in concealment. Those which prey upon others madieako constituted as
not to alarm them by their presence or their approach, or they smaddie of hunger. Now it is



remarkable in how many cases nature gives this boon to thel aoyncalouring it with such tints
as may best serve to enable it to escape from its enenigesntrap its prey. Desert animals as a
rule are desert-coloured. The lion is a typical example gfdh$ must be almost invisible when
crouched upon the sand or among desert rocks and stones. Antelopes are all n®re or les
sandy-coloured. The camel is preeminently so. The Egyptian cat andtpasdPeat are sandy
or earth-coloured. The Australian kangaroos are of the same tints, and thal aotpur of the
wild horse is supposed to have been a sandy or clay-colour.

The desert birds are still more remarkably protected by their aagumihues. The
stonechats, the larks, the quails, the goatsuckers and the grousealnhiad in the North African
and Asiatic deserts, are all tinted and mottled so as to resemble with wondeufalcy the
average colour and aspect of the soil in the district they inhabit. The Rev. tranris his
account of the ornithology of North Africa in the 1st volume of the “Ibis,” says: “Idésert,
where neither trees, brushwood, nor even undulation of the surface afford the slightesbprot
to its foes, a modification of colour which shall be assimilate¢ddt of the surrounding country, is
absolutely necessary. Henaeghout exceptiothe upper plumage @very bird whether lark,
chat, sylvian, or sand-grouse, and also the fadldhe smaller mammaland the skin odll the
snakes and lizardss of one uniform isabelline or sand colour.” After the testinudrso able an
observer it is unnecessary to adduce further examples of the protective oblbesert animals.

Almost equally striking are the cases of arctic animals possebsinghite colour that best
conceals them upon snowfields and icebergs. The polar bear is the only bear hiitat snd it
lives constantly among snow and ice. The arctic fox, the ermine and the algrh&iage to
white in winter only, because in summer white would be more conspiduausiy other colour,
and therefore a danger rather than a protection; but the Americamamamhabiting regions of
almost perpetual snow, is white all the year round. Other animals imigaihid same Northern
regions do not, however, change colour. The sable is a good examgileo@igghout the severity
of a Siberian winter it retains its rich brown fur. But its habits are suclit thag#s not need the
protection of colour, for it is said to be able to subsist on fruitdantks in winter|[p. 5]] and to
be so active upon the trees as to catch small birds among the Brar@balso the woodchuck of
Canada has a dark-brown fur; but then it lives in burrows and frequents river bankagdatbhi
and small animals that live in or near the water.

Among birds the ptarmigan is a fine example of protective colouriiigsummer plumage so
exactly harmonizes with the lichen-coloured stones among which it delightstt@sa person
may walk through a flock of them without seeing a single bird;enhilvinter its white plumage is
an almost equal protection. The snow-bunting, the jerfalcon, and the snowy owlbare al
white-coloured birds inhabiting the arctic regions, and there can be little doubabthtdir
colouring is to some extent protective.

Nocturnal animals supply us with equally good illustrations. Mice, rats, &ad moles
possess the least conspicuous of hues, and must be quite invisible at times when aigdight ¢
would be instantly seen. Owils and goatsuckers are of those ddlddiots that will assimilate
with bark and lichen, and thus protect them during the day, and at theisenie inconspicuous
in the dusk.

It is only in the tropics, among forests which never lose thkage, that we find whole groups
of birds whose chief colour is green. The parrots are the midgtgtexample, but we have also
a group of green pigeons in the East; and the barbets, leaf-thlustesters, white-eyes, turacos,
and several smaller groups, have so much green in their plumageiagd greatly to conceal them
among the foliage.



The conformity of tint which has been so far shown to exist between animals and their
habitations is of a somewhat general character; we will now consider the casae @pecial
adaptation. If the lion is enabled by his sandy colour readily to conceal hiopseérely
crouching down upon the desert, how, it may be asked, do the elegant markings of the tiger, the
jaguar, and the other large cats agree with this theory? Methat these are generally cases of
more or less special adaptation. The tiger is a jungle animal, and hidedflamong tufts of
grass or of bamboos, and in these positions the vertical strigesli¢h his body is adorned must
so assimilate with the vertical stems of the bamboo, asststareatly in concealing him from his
approaching prey. How remarkable it is that besides the lion and tigestahthe other large
cats are arboreal in their habits, and almost all have ocellated or spottedviikthsmust
certainly tend to conceal them with a background of foliage; while the oeetext, the puma,
has an ashy brown uniform fur, and has[{he6]] habit of clinging so closely to a limb of a tree
while waiting for his prey to pass beneath as to be hardly distinguishablehedrark.

Among birds, the ptarmigan, already mentioned, must be considered a remeakaldé
special adaptation. Another is a South-American goatsuckerif@agus rupestris) which rests
in the bright sunshine on little bare rocky islets in the Upper Rio Negro, wheraugsally light
colours so closely resemble the rock and sand that it can scarcely be detdcbeldiéiti upon.

The Duke of Argyll, in his “Reign of Law,” has pointed out the admirable adaptatithe
colours of the woodcock to its protection. The various browns and yellows and palecash-col
that occur in fallen leaves are all reproduced in its plumage, so that when actoitiribit it
rests upon the ground under trees, it is almost impossible to detect it. In Baipekurs are
modified so as to be equally in harmony with the prevalent forms and colours of marshy
vegetation.

Reptiles offer us many similar examples. The most arbbizeadls, the iguanas, are as green
as the leaves they feed upon, and the slender whip-snakes are rendered alnibstas\isey
glide among the foliage by a similar colouration. How difficult asnetimes to catch sight of
the little green tree-frogs sitting on the leaves of a small plant edcios glass case in the
Zoological Gardens; yet how much better concealed must they be amoresthgrigEen damp
foliage of a marshy forest. There is a North-American frog found on licbesred rocks and
walls, which is so coloured as exactly to resemble them, and as long as fitsrgoiat would
certainly escape detection. Some of the geckos which cling motionlesstaimttgeof trees in
the tropics, are of such curiously marbled colours as to matctiyewatb the bark they rest upon.

In every part of the tropics there are tree-snakes that twist among lzoehbisrubs, or lie
coiled up on the dense masses of foliage. These are of many distinct groups, ansbdowtipri
venomous and harmless genera; but almost all of them are of a beautiful goeensoohetimes
more or less adorned with white or dusky bands and spots. There can be no doubt but that this
colour is doubly useful to them, since it will tend to conceal tlhrem their enemies, and will lead
their prey to approach them unconscious of danger. Dr. Gunther inisrthat there is only one
genus of true arboreal snakes (Dipsas) whose colours dsegiaen, but are of various shades of
black, brown, and olive, and these are all nocturnal reptiles, and there can be littlecthoelad
themselves during the day in holes, so that the dfpeii]] protective tint would be useless to
them, and they accordingly retain the more usual reptilian hues.

Fishes present similar instances. Many flat fish, assamele the flounder and the skate, are
exactly the colour of the gravel or sand on which they habitually rest. Arhemgdrine flower
gardens of an Eastern coral reef the fishes present evesgynairgorgeous colour, while the river
fish even of the tropics rarely if ever have gay or conspicuous markings. A vienysccase of
this kind of adaptation occurs in the sea-horses (Hippocampus) of Australia, somehabedric



long foliaceous appendages resembling seaweed, and are of a brilliant redecwdbey are

known to live among seaweed of the same hue, so that when at rest they must be quite invisibl
There are now in the aquarium of the Zoological Society some slenéergpe-fish which

fasten themselves to any object at the bottom by their prehensile taiflarabout with the
current, looking exactly like some simple cylindrical algee.

It is, however, in the insect world that this principle of the adaptation of aniontsit
environment is most fully and strikingly developed. In order to undetstaw general this is, it
IS necessary to enter somewhat into details, as we shall thereby balbette appreciate the
significance of the still more remarkable phenomena we steaseptly have to discuss. It seems
to be in proportion to their sluggish motions or the absence of othesrogdefence, that insects
possess the protective colouring. In the tropics there are thousands of spesestsfwhich
rest during the day clinging to the bark of dead or fallen trees; and the grexditem of these are
delicately mottled with gray and brown tints, which though symmetrically disposkithinitely
varied, yet blend so completely with the usual colours of the ekat two or three feet distance
they are quite indistinguishable. In some cases a species is kmbwguent only one species of
tree. This is the case with the common South American long-horned beetl&dCerys
scorpio,) which, Mr. Bates informs us, is found only on a rough-bar&eddalled Tapiriba, on the
Amazon. Itis very abundant, but so exactly does it resemblatken colour and rugosity, and
so closely does it cling to the branches, that until it moves it is absolutedibieVi An allied
species (O. concentricus), is found only at Para on a distinct species of tlegktbéwhich it
resembles with equal accuracy. Both these insects are abumdiawe anay fairly conclude that
the protection they derive from this strange concealment iasitdaee of the causes that enable the
race to flourish.

Many of the species of Cicindela, or tiger beetle, will illustraterttosgle of protection. Our
common Cicindela campestfjp. 8]] frequents grassy banks, and is of a beautiful green colour,
while C. maritima which is found only on sandy sea-shores, is dedpanzy yellow, so as to be
almost invisible. A great number of the species found by Mr. Wallace in the Mk&lags are
similarly protected. The beautiful Cicindela gloriosa, of a very deep yedveen colour, was
only taken upon wet mossy stones in the bed of a mountain stream, where it was withtélsé grea
difficulty detected. A large brown species (C. heros) was found chiefly ahlekezes in forest
paths; and one which was never seen except on the wet mud of salt marshes wasybkvgloss
so exactly the colour of the mud as only to be distinguished when the sun shone, by its shadow!
Where the sandy beach was coralline and nearly white, he foung pale Cicindela; wherever it
was volcanic and black, a dark species of the same genus was sure to be met with.

There are in the East small beetles of the family Bupeesivhich generally rest on the midrib
of a leaf, and the naturalist often hesitates before picking them off, so dlosklgy resemble
pieces of bird’s dung. Kirby and Spence mention the small beetle Onthophdatusids being
like the seed of an umbelliferous plant; and another small weevil, which is mucbupedsey
predatory beetles of the genus Harpalus, is of the exact colour of loamy soil, dodingat be
particularly abundant in loam pits. Mr. Bates mentions a small beetle (Ghfalala) which
was undistinguishable by the eye from the dung of caterpillars, while some adbie&, from
their hemispherical forms and pearly gold colour, resemble glitterieddeps upon the leaves.

A number of our small brown and speckled weevils at the approach of any object roll off the
leaf they are sitting on, at the same time drawing in their legs and antehicgefit so perfectly
into cavities for their reception that the insect becomes a mere oval brownish lictpjtvus
hopeless to look for among the similarly coloured little stones attd@ellets among which it lies
motionless.



The distribution of colour in butterflies and moths respectively is very insteuitom this
point of view. The former have all their brilliant colouring on tipper surface of all four wings,
while the under surface is almost always soberly coloured, andveiftgdark and obscure. The
moths on the contrary have generally their chief colour on the hind wings only, the upper wings
being of dull, sombre, and often imitative tints, and these generally conceal the hisdwhamg
the insects are in repose. This arrangement of the colours is thereiloeatgnprotective,
because the butterfly always rests with his wings raises soa@nceal the dangerous brilliancy of
his uppef[p. 9]] surface. Itis probable that if we watched their hakiffscgently we should find
the under surface of the wings of butterflies very frequently imitative anelgiret. Mr. T. W.
Wood has pointed out that the little orange-tip butterfly often neske evening on the green and
white flower heads of an umbelliferous plant, and that when olzbartkis position the beautiful
green and white mottling of the under surface completely assimilates witbvlee heads and
renders the creature very difficult to be seen. It is probable that theatk colouring of the
under side of our peacock, tortoiseshell, and red-admiral butterflies answaisamirpose.

Two curious South American butterflies that always settle otruh&s of trees (Gynecia dirce
and Callizona acesta) have the under surface curiously striped and mottled, anviewleel
obliquely must closely assimilate with the appearance of thewed bark of many kinds of trees.
But the most wonderful and undoubted case of protective resemblance in a buttiefflywe
have ever seen is that of the common Indian Kallima inachis, and its Malayatadiima
paralekta. The upper surface of these insects is very striking and shdlgy ase of a large
size, and are adorned with a broad band of rich orange on a deemhduisti. The under side is
very variable in colour, so that out of fifty specimens no two cdoured exactly alike, but every
one of them will be of some shade of ash or brown or ochre, suohfasiad among dead, dry, or
decaying leaves. The apex of the upper wings is produced into an acute point,canreonc
form in the leaves of tropical shrubs and trees, and the lower wings arecalsogat into a short
narrow tail. Between these two points runs a dark curved lelgxepresenting the midrib of a
leaf, and from this radiate on each side a few oblique lines, 8hbiwie to indicate the lateral veins
of aleaf. These marks are more clearly seen on the outempoirthe base of the wings, and on
the inner side towards the middle and apex, and it is very curious to observe how the usual
marginal and transverse strige of the group are here modified and stredgibeas to become
adapted for an imitation of the venation of a leaf. We come nowtitb more extraordinary part
of the imitation, for we find representations of leaves in every stage of decayshablotched
and mildewed and pierced with holes, and in many cases irregularly covered withypbladker
dots gathered into patches and spots, so closely resembling the various kinds of minthatfungi
grow on dead leaves that it is impossible to avoid thinking at first sight that theflas
themselves have been attacked by real fungi!

But this resemblance, close as it is, would be of littlefu$e. i10]] the habits of the insect did
not accord with it. If the butterfly sat upon leaves or upon flowers, or opened itsseiagso
expose the upper surface, or exposed and moved its head and antenngeofisanbutterflies do,
its disguise would be of little avail. We might be sure, however, from the analogngfather
cases, that the habits of the insect are such as still further to aid its\cegepiti; but we are not
obliged to make any such supposition, since the present writeimhsalf had the good fortune to
observe scores of Kallima paralekta, in Sumatra, and to capture many of thenm aadatafor
the accuracy of the following details. These butterflies frequenidegts and fly very swiftly.
They were never seen to settle on a flower or a greerbldgafiere many times suddenly lost sight
of in a bush or tree of dead leaves. On such occasions they were generally searnherf,
for while gazing intently at the very spot where one had disappeavesl)ld often suddenly dart
out, and again vanish twenty or fifty yards further on. On one or two occasionseitienas
detected reposing, and it could then be seen how completelynilasss itself to the surrounding
leaves. It sits on a nearly upright twig, the wings fitting closely backdk, lsancealing the



antennee and head, which are drawn up between their bases.ttl&telé of the hind wing touch
the branch, and form a perfect stalk to the leaf, which is supported in its placectantb@f the
middle pair of feet, which are slender and inconspicuous. The iaregutline of the wings gives
exactly the perspective effect of a shrivelled leaf. ks have size, colour, form, markings, and
habits, all combining together to produce a disguise which may be said to be absoluety perf
and the protection which it affords is sufficiently indicatedhsyabundance of the individuals that
possess it.

The Rev. Joseph Greene has called attention to the striking harmony betweeouttseofol
those British moths which are on the wing in autumn and winter, anquidieailing tints of nature
at those seasons. In autumn various shades of yellow and brown, jared&ie shows that out of
fifty-two species that fly at this season, no less than forty-two areradsponding colours.

Orgyia antiqua, O. gonostigma, the genera Xanthia, Glaea and Ennoenesamples. In winter
gray and silvery tints prevail, and the genus Chematobia and lsgvecees of Hybernia which fly
during this season are of corresponding hues. No doubt if the habits of moths in a state of na
were more closely observed, we should find many cases oébkpeatective resemblance. A few
such have already been noticed. Agriopis aprilina, Acronycta psi, and nemyraiths which

rest during the day on the north side of the trunks of treegjdli]] with difficulty be
distinguished from the grey and green lichens that cover them. The lapihef@Gastropacha
querci) closely resembles both in shape and colour a brown dry leaf; and the well-knbtim buf
moth, when at rest is like the broken end of a lichen-covered branicbre are some of the small
moths which exactly resemble the dung of birds dropped on leavesieaadcte probably hosts of
these resemblances which have not yet been observed, owing to the difficulty of firachpgf

the species in their stations of natural repose. Caterpillars areraigwlgiprotected. Many
exactly resemble in tint the leaves they feed upon; othef&kaidtle brown twigs, and many are

so strangely marked or humped, that when motionless they can hardly be taken to be living
creatures at all. Mr. Andrew Murray has remarked how closely thed&the@ peacock moth
(Saturnia pavonia-minor) harmonizes in its ground colour with that of the young buds of heathe
on which it feeds, and that the pink spots with which it is decorated correspond with tes flow
and flower-buds of the same plant.

The whole order of Orthoptera, grasshoppers, locusts, crickets, &c., are protetiteir
colours harmonizing with that of the vegetation or the soil on which they live, and in no other
group have we such striking examples of special resemblanaest dffthe tropical Mantidee and
Locustidee are of the exact tint of the leaves on which they hdpitepbse, and many of them in
addition have the veining of their wings modified so as exactly to imitate tha¢af.a This is
carried to the furthest possible extent in the wonderful genus, Phyllium, the “gvidkify’ in
which not only are the wings perfect imitations of leaves inyestetail but the thorax and legs are
flat, dilated, and leaf-like; so that when the living insect is resting amorfglthge on which it
feeds, the closest observation is often unable to distinguish between the animalage thiale.

The whole family of the Phasmidae, or spectres, to which this insect belongs, is eese or
imitative, and a great number of the species are called “walkicighssects,” from their singular
resemblance to twigs and branches. Some of these are a foahtbag thick as one’s finger, and
their whole colouring, form, rugosity, and the arrangement di¢led, legs, and antennae are such
as to render them absolutely identical in appearance with dead sticks.haffuelposely about
shrubs in the forest, and have the extraordinary habit of stretching out their legs etsgatiy)
so as to render the deception more complete. One of these creatures obtained/aldde in
Borneo (Ceroxylus laceratus) was covered over with foliaceoussearrces of a clear olive green
colour, so as exactly to resemble a stick grown over by a creeping moss omamge. [[p.

12]] The Dyak who brought it assured him it was grown over with mtssugh alive, and it was
only after a most minute examination that he could convince himself it was not so.



We need not adduce any more examples to show how important are the details of form and of
colouring in animals, and that their very existence may often depend upon theirytirgd
means concealed from their enemies. This kind of protection is found apparentwiclass
and order, for it has been noticed wherever we can obtain sufficientdagewf the details of an
animal’s life-history. It varies in degree, from the mere absence gpicowsis colour or a
general harmony with the prevailing tints of nature, up to such a minute and detsdetblance
to inorganic or vegetable structures as to realize the talisman of th&afajrgnd to give its
possessor the power of rendering itself invisible.

We will now endeavour to show how these wonderful resemblances have most probably been
brought about. Returning to the higher animals, let us consider thekedatesfact of the rarity of
white colouring in the mammalia or birds of the temperate or tropical zones te afstature.
There is not a single white land-bird or quadruped in Europe, except the fewoaaipme
species to which white is a protective colour. Yetin mangiede creatures there seems to be no
inherent tendency to avoid white, for directly they are domesticated whigtieam@rise and
appear to thrive as well as others. We have white mice and rats, white s, dogs, and
cattle, white poultry, pigeons, turkeys, and ducks, and white rabbiime 8f these animals have
been domesticated for a long period, others only for a few centuries; but in almostasesy
which an animal has been thoroughly domesticated, parti-coloured and white vareties
produced and become permanent.

It is also well known that animals in a state of nature produce white vadetiasionally.
Blackbirds, starlings, and crows are occasionally seen white, as wkdphamts, deer, tigers,
hares, moles, and many other animals; but in no case is a permanent white racsprddow
there are no statistics to show that the normal-coloured parents produce whiiagtiftener
under domestication than in a state of nature, and we have no right to make such an assumption if
the facts can be accounted for without it. But if the colours of animals do redte various
instances already adduced, serve for their concealment and preservation, them army other
conspicuous colour must be hurtful, and must in most cases shorten an animal’s lifete A whi
rabbit would be more surely the prey of hawk or buzzard, and the white mole, or field mouse,
could not long escape from the vigilant owl. So, also, any deviatamn[fp. 13]] those tints best
adapted to conceal a carnivorous animal would render the pursuit of its prey muchfficoite di
would place it at a disadvantage among its fellows, and ineadiracarcity would probably cause
it to starve to death. On the other hand, if an animal spreads from a temperatearctic
district, the conditions are changed. During a large portion ofdhe and just when the struggle
for existence is most severe, white is the prevailing tint @freaand dark colours will be the most
conspicuous. The white varieties will now have an advantage; they will escapé&iom
enemies or will secure food, while their brown companions witldsured or will starve; and as
“like produces like” is the established rule in nature, the white race will bepem@anently
established, and dark varieties, when they occasionally appdaoevildie out from their want of
adaptation to their environment. In each case the fittestumlivee, and a race will be eventually
produced adapted to the conditions in which it lives.

We have here an illustration of the simple and effectual means by which anienlateught
into harmony with the rest of nature. That slight amount of vaitiabil every species which we
often look upon as something accidental or abnormal, or so insigniéisdo be hardly worthy of
notice, is yet the foundation of all those wonderful and harmonious reseesbiahich play such
an important part in the economy of nature. Variation is generally very snaaount, but it is
all that is required, because the change in the external conditions to which an ssub@dt is
generally very slow and intermittent. When these changes &lese place too rapidly, the result
has often been the extinction of species; but the general rule is, that clintaggaogical



changes go on slowly, and the slight but continual variations in the colour, form, and stofictur
all animals, has furnished individuals adapted to these changes, and who have become the
progenitors of modified races. Rapid multiplication, incessant slagidtion, and survival of the
fittest,—these are the laws which ever keep the organic world in harmony wittotbanic, and
with itself. These are the laws which we believe have produced all theofgsetective re-
semblance already adduced, as well as those still more curious examphegewet to bring
before our readers.

It must always be borne in mind that the more wonderful examplesich there is not only a
general but a special resemblance,—as in the walking leahdssy phasma, and the leaf-winged
butterfly,—represent those few instances in which the process of modificatithe@&a going on
during an immense series of generations. They all occur in the tropics, wheoaditeons of
existence are the most favourable, and wher¢[pli-L4]] matic changes have for long periods
been hardly perceptible. In most of them favourable variations both of colour, fornyrstruc
and instinct or habit, must have occurred to produce the perfect adaptation we now bdhold. A
these are known to vary, and favourable variations when not accompanied by othersethat wer
unfavourable, would certainly survive. At one time a little steghtribe made in this direction, at
another time in that,—a change of conditions might sometimes render uselessc¢hat dul
taken ages to produce,—qgreat and sudden physical modifications might often preduce th
extinction of a race just as it was approaching perfection, and a hundred checks afevbarh
know nothing may have retarded the progress towards perfect adaptation; s ¢hathvardly
wonder at the few cases in which a result has been attaindd iw/lsitown to be successful by the
abundance and wide diffusion of the creatures so protected.

It is as well here to reply to an objection that will no doubt occur to many readeas -t
protection is so useful to all animals, and so easily brought about by variation andl sdirviga
fittest, there ought to be no conspicuously-coloured creatures; and they will pashdpmsv we
account for the brilliant birds, and painted snakes, and gorgeous insects, that occurtgbaihda
over the world. It will be advisable to answer this question rather fully, in drdewe may be
prepared to understand the phenomena of “mimicry,” which it is théaspegect of this paper to
illustrate and explain.

The slightest observation of the life of animals will show us, that theye$&wap their
enemies and obtain their food in an infinite variety of ways; and that their vari¢s &iadbi
instincts are in every case adapted to the conditions of their existenceyorthpine and the
hedgehog have a defensive armour that saves them from thks aftamost animals. The tortoise
is not injured by the conspicuous colours of his shell, because that shell is in moahcases
effectual protection to him. The skunks of North America find safety in theirrpoiemitting
an unbearably offensive odour; the beaver in its aquatic habits and solidly constructed &bod
some cases the chief danger to an animal occurs at one papenda of its existence, and if that
is guarded against its numbers can easily be maintained. This iseheittesany birds, the
eggs and young of which are especially obnoxious to danger, and wedordiagly a variety of
curious contrivances to protect them. We have nests carefully concealed;dminigef slender
extremities of grass or boughs over water, or placed in the hollow of a tree withsanz!
opening. When these precautions are successful, so many more individuals vaitedehan
can possibly find food during the least favourable seasons, thaf[fhetB]] will always be a
number of weakly and inexperienced young birds who will fall a prey to the enehtresrace,
and thus render necessary for the stronger and healthier individuals no otherdafegutheir
strength and activity. The instincts most favourable to the production and refoifigpring
will in these cases be most important, and the survival of the fittest wil ast ® keep up and
advance those instincts, while other causes which tend to modify eoldunarking may continue
their action almost unchecked.



It is perhaps in insects that we may best study thedvaréans by which animals are defended,
or concealed. One of the uses of the phosphorescence with which many insectssdred, is
probably to frighten away their enemies; for Kirby and Sperate gtat a ground beetle (Carabus)
has been observed running round and round a luminous centipede as if afraid to attack it. An
immense number of insects have stings, and some stingless gn@genhus Polyrachis are armed
with strong and sharp spines on the back, which must render them unpalatable to many of the
smaller insectivorous birds. Many beetles of the family Curculionidae thewwing cases and
other external parts so excessively hard, that they cannot be pinned withoutlfimgtalhole to
receive the pin, and it is probable that all such find a protection in this excessinedsar Great
numbers of insects hide themselves among the petals of flowers, or in the cizaksand
timber; and finally, extensive groups and even whole orders have a more or ledslpvade
disgusting smell and taste, which they either possess permanently, or cah@easure. The
attitudes of some insects may also protect them, as the habit of turning upllzehaiharmless
rove-beetles (Staphylinidee) no doubt leads other animals besides children toethi@dnethey
can sting. The curious attitude assumed by sphinx caterpillarshably a safeguard, as well as
the blood-red tentacles which can suddenly be thrown out from the neck, by the cetexfdlh
the true swallow-tailed butterflies.

It is among the groups that possess some of these varied kinds of protection in greigh de
that we find the greatest amount of conspicuous colour, or at least the most caivgeeiee of
protective imitation. The stinging Hymenoptera, wasps, bees, and hornets amile, very
showy and brilliant insects, and there is not a single instaeceded in which any one of them is
coloured so as to resemble a vegetable or inanimate substanc€hrysididae, or golden wasps,
which do not sting, possess as a substitute the power of rolling themselves up into adials whi
almost as hard and polished as if really made of metal,—and they are all adomx wibst
gorgeous colours. The whole order Hemiptera (comprising the bugsd powterful odour[p.

16]] and they present a very large proportion of gay-coloured and conspicuous insects. The
lady-birds (Coccinellidee) and their allies, the Eumorphidae, are often brighttgdsped if to
attract attention; but they can both emit fluids of a very disagreeable naey@ré certainly
rejected by some birds, and are probably never eaten by any.

The great family of ground beetles (Carabidae) almost all possessraeixdag and some a
very pungent smell, and a few called bombardier beetles hapedhbkar faculty of emitting a jet
of very volatile liquid which appears like a puff of smoke, and is accompanied bynatdist
crepitating explosion. It is probably because these insects are mostignabaend predacious
that they do not present more vivid hues. They are chiefly remarkable fanbmfietallic tints
or dull red patches when they are not wholly black, and are therefore veryctmuspby day,
when insect-eaters are kept off by their bad odour and taste, but are suffiosasible at night
when it is of importance that their prey should not become aware of their proximity.

It seems probable that in some cases that which would appear at firsd sigtet source of
danger to its possessor may really be a means of protection. Many showsadafiywng
butterflies have a very broad expanse of wing, as in the britllaatMorphos of Brazilian forests,
and the large Eastern Papilios; yet these groups are tolerably plemtibw/, specimens of these
butterflies are often captured with pierced and broken wings, as if they had bedrbgdizes
from whom they had escaped; but if the wings had been much smadteportion to the body, it
seems probable that the insect would be more frequently struck or pierced irparjtahd thus
the increased expanse of the wings may have been indirectly beneficial.

In other cases the capacity of increase in a spegegjieat that however many of the perfect
insect may be destroyed, there is always ample means for the continLitieceace. Many of



the flesh-flies, gnats, ants, palm-tree weevils and locusis #ris category. The whole family of
Cetoniadee or rose chafers, so full of gaily-coloured species, are probably savattdakny a
combination of characters. They fly very rapidly with a zigzag or wastngse; they hide
themselves the moment they alight, either in the corolla of flowers or in rotteeh @v in cracks

and hollows of trees, and they are generally encased in a vdrgrichpolished coat of mail which
may render them unsatisfactory food to such birds as would be able to capture themmaudes
which lead to the development of colour have been here able to act unchecked, and we see the
result in a large variety of the most gorgeously-coloured insects.

[[p. 17]] Here, then, with our very imperfect knowledge of the life-history of animals,ave ar
able to see that there are widely varied modes by which they may obtainipnotieeh their
enemies or concealment from their prey. Some of these seem to be so campkdtectual as
to answer all the wants of the race, and lead to the maintenance of the largest popsilattion.
When this is the case, we can well understand that no further protection derived from a
modification of colour can be of the slightest use, and the most brilliant hues may lopedve
without any prejudicial effect upon the species. On some of the laws thamidetéhe
development of colour something may be said presently. It is revelymecessary to show that
concealment by obscure or imitative tints is only one out of very many wayhkibly animals
maintain tkieir existence; and having done this we are prepared to consider the plaesfome
“mimicry.”

It has been long known to entomologists that certain insects bear a stramgel ext
resemblance to others belonging to distinct genera, families, or even ardevgith which they
have no real affinity whatever. The fact, however, appears to have been geersiiered as
dependent upon some unknown law of “analogy,”—some “system of nature,” or “general plan,”
which had guided the Creator in designing the myriads of insect,fandsvhich we could never
hope to understand. In only one case does it appear that the msaEwohs thought to be useful,
and to have been designed as a means to a definite and intelliggmegurThe flies of the genus
Volucella enter the nests of bees to deposit their eggs, so tindatha may feed upon the larvee
of the bees, and these flies are each wonderfully like the bee on which it isgarkgiby and
Spence believed that this resemblance or “mimicry” was for the express purpostofing the
flies from the attacks of the bees, and the connexion is so evident that it was hasithe pos
avoid this conclusion. The resemblance, however, of moths to bustenflie bees, of beetles to
wasps, and of locusts to beetles, has been many times noticaéhlepewriters; but scarcely ever
till within the last few years does it appear to have been considerdfbtHi]] these
resemblances had any special purpose, or were of any direct betiediinsects themselves. In
this respect they were looked upon as accidental, as instances of the “curiougsinalogture
which must be wondered at but which could not be explained. Recentlywédmiiese instances
have been greatly multiplied; the nature of the resemblances has been maily stwetied, and
it has been found that they are often carried out into such details as almost to [umggse of
deceiving the observer. The phenomena, moreover, have been shown to follow certigén defi
laws, which again all indicate their dependence on the more general law sfithiedl of the
fittest,” or “the preservation of favoured races in the struggléfét It will, perhaps, be as well
here to state what these laws or general conclusions ariesnich give some account of the facts
which support them.

The first law is, that in an overwhelming majority of cases of mimiceyatiimals (or the
groups) which resemble each other inhabit the same country, the same districtnast cases
are to be found together on the very same spot.

The second law is, that these resemblances are not indiscriminate; buttadetb certain
groups, which in every case are abundant in species and individuals, and can often leedscerta



to have some special protection.

The third law is, that the species which resemble or “mimic” these dongraups, are
comparatively less abundant in individuals, and are often very rare.

These laws will be found to hold good in all the cases of trueanjramong various classes of
animals to which we have now to call the attention of our readers.

As it is among butterflies that instances of mimicry are most numerousastgimking, an
account of some of the more prominent examples in this group will first be giveere ishn
South America an extensive family of these insects, the Heliconidee, whichnaa@y respects
very remarkable. They are so abundant and characteristic in all the pardidys of the
American tropics, that in almost every locality they will be seen moredrglyuthan any other
butterflies. They are distinguished by very elongate wings, body, and antand are
exceedingly beautiful and varied in their colours; spots and patches of yetlaw pure white
upon a black, blue, or brown ground, being most general. They frequent the forests chiefly, and
all fly slowly and weakly; yet although they are so conspicuous, and coulchbeltaicaught by
insectivorous birds more easily than almost any other insects, theiagtestance all over the
wide region they inhabit shows that they are not so persecuted. It is to halBspoarked
also that they possegp. 19]] no adaptive colouring to protect them during repose, for the under
side of their wings presents the same, or at least an equally conspicuousgasuhe upper
side; and they may be observed after sunset suspended at the end of twigs and leavbeywhe
have taken up their station for the night, fully exposed to the attacks of eneheshbve any.
These beautiful insects possess, however, a strong pungent semi-aromaticimaitbur,
which seems to pervade all the juices of their system. Wisegrntomologist squeezes the breast
of one of them between his fingers to Kill it, a yellow liquid exudes which stainkitheaad the
smell of which can only be got rid of by time and repeated washiktge we have probably the
cause of their immunity from attack, since there is a great deal oheeide show that certain
insects are so disgusting to birds that they will under no circumstances touch Mrei@tainton
has observed that a brood of young turkeys which greedily eat up all the s®rtidths he had
amassed in a night’s “sugaring,” yet one after another seized and rejesttggde white moth
which happened to be among them. Young pheasants and partridges which eat many kinds of
caterpillars seem to have an absolute dread of that of the common currant moth, whigh the
never touch, and tomtits as well as other small birds appear never to eat tlspescie®e In the
case of the Heliconidee, however, we have some direct evidence to the saine leftae
Brazilian forests there are great numbers of insectivorous birds—as juctogoas, and
puffbirds—which catch insects on the wing, and that they destroy mateyfles is indicated by
the fact that the wings of these insects are often found ondbedywhere their bodies have been
devoured. But among these there are no wings of Heliconidae, while those oféhshtany
Nymphalidee, which have a much swifter flight, are often met with. Again, egemnt who has
recently returned from Brazil stated at a meeting of the Entomologcat$ that he once
observed a pair of puffbirds catching butterflies, which they brought to theitorfestd their
young; yet during half an hour they never brought one of the Heliconildesh were flying lazily
about in great numbers, and which they could have captured more easily than anytotlzer.
this circumstance that led Mr. Belt to observe them so long, as he could not understamel wh
most common insects should be altogether passed by. Mr. Bates also tellhasthar saw
them molested by lizards or predacious flies which often pounce on other butterflies.

If, therefore, we accept it as highly probable (if not proved) that the Heldesoare very
greatly protected from attack by their peculiar odour and taste, we find it mareheasy to un-
[[p. 20]] derstand their chief characteristics—their great abundance, their gjbtyttheir gaudy
colours, and the entire absence of protective tints on their under surfaces. Thiy plapes



them somewhat in the position of those curious wingless birds of oceanic islands, the dodo, the
apteryx, and the moas, which are with great reason supposed to have lost the paogteroof fl
account of the absence of carnivorous quadrupeds. Our butterflies have been protected i
different way, but quite as effectually; and the result has been that abdkdreen nothing to
escape from, there has been no weeding out of slow flyers, and as there has beerorotigng t
from, there has been no extermination of the bright-coloured variatieso preservation of such

as tended to assimilate with surrounding objects.

Now let us consider how this kind of protection must act. Tropical insectivorous hiyds ve
frequently sit on dead branches of a lofty tree, or on those which overhang foresjjguatits,
intently around, and darting off at intervals to seize an inseat@bsiderable distance, which they
generally return to their station to devour. If a bird began by capturing thdlgiogy-
conspicuous Heliconidae, and found them always so disagreeable that he could not eat them, he
would after a very few trials leave off catching them at all; and theirendqmbearance, form,
colouring, and mode of flight is so peculiar, that there can bedothkt birds would soon learn to
distinguish them at a long distance, and never waste any time in pursuit of theser thése
circumstances, it is evident that any other butterfly of a group which birdsaa@rstomed to
devour, would be almost equally well protected by closely resemltgiconia externally, as if
it acquired also the disagreeable odour; always supposing that there were anbf &hfem
among a great number of the Heliconias. If the birds could not distinguish the two kinds
externally, and there were on the average only one eatable aifiyyngdatable, they would soon
give up seeking for the eatable ones, even if they knew them to exist. If, on thieanitheany
particular butterfly of an eatable group acquired the disagreeable ftéstetHteliconias while it
retained the characteristic form and colouring of its own groupwibusgd be really of no use to it
whatever; for the birds would go on catching it among its eatable allies (among whom
suppose, it is comparatively rare), and it would probably be wounded and disabled, even if
rejected, and would be as effectually killed as if it were devoured. ntipsrtant, therefore, to
understand that if any one genus of an extensive family of eatable butterfieemwanger of
extermination from insect-eating birds, and if two kinds of variation were goinghongathem,
some individuals possessing a slightly disagreeable taste, atblgght resemfp. 21]] blance to
the Heliconidee, this latter quality would be much more valuable than the forfilmer change in
flavour would not at all prevent the variety from being captured as before, aodld aimost
certainly be thoroughly disabled before being rejected. The approach in quidiorma to the
Heliconidee, however, would be at the very first a positive, though perhaps a slightgdyéot
although at short distances this variety would be easily distimggiiand devoured, yet at a longer
distance it might be mistaken for one of the uneatable group, and sesked pg and gain another
day’s life, which might in many cases be sufficient for it to lay a quaotigggs and leave a
numerous progeny, many of which would inherit the peculiarity which had been theasdfef
their parent.

Now, this hypothetical case is exactly realized in South America. ngrtie white
butterflies forming the family Pieridae (many of which do netadly differ in appearance from our
own cabbage butterflies) is a genus of rather small segedlis); some species of which are white
like their allies, while the larger number exactly resemble the Hetleeim the form and
colouring of the wings. It must be always remembered that these twoefaand as absolutely
distinguished from each other by structural characters as are the caamddtee ruminants
among quadrupeds, and that an entomologist can always distinguish thenotieef other by the
structure of the feet, just as certainly as a zoologist damliear from a buffalo by the skull or by
atooth. Yet the resemblance of a species of the one family to another speciethertfemily
was often so great, that both Mr. Bates and Mr. Wallace were many tineegedieat the time of
capture, and did not discover the distinctness of the two insects till a closenattamdetected
their essential differences. During his residence of eleven yetire Amazon valley Mr. Bates



found a number of species or varieties of Leptalis, each of which wase or less exact copy of
one of the Heliconidee of the district it inhabited; and the results of his observad@mizwdied

in the paper published in the Linnean Transactions, in which he first explained the phenbmena
“mimicry” as the result of natural selection, and showed its identity in cagspuapose with
protective resemblance to vegetable or inorganic forms.

The imitation of the Heliconidae by the Leptalides is carriedooatwonderful degree in form
as well as in colouring. The wings have become elongated to the same ext¢né antennae
and abdomen have both become lengthened, to correspond with the unusual condition in which
they exist in the former family. In colouration there are severastypthe different genera of
Heliconidee. The genus Mechanitis is gdie-22]] rally of a rich semi-transparent brown,
banded with black and yellow; Methona is of large size, the wings transparembiikeand with
black transverse bands; while the delicate Ithomias are all more tralesgarent, with black
veins and borders, and often with marginal and transverse bands of orange red. Terese dif
forms are all copied by the various species of Leptalis, evexy d&ad spot and tint of colour, and
the various degrees of transparency, being exactly reproduced. As iivio alethe benefit
possible from this protective mimicry, the habits have become so modified thatpiadides
generally frequent the very same spots as their models, and have the sameftigideasfd as
they are always very scarce (Mr. Bates estimating their numbaipeat one to a thousand of the
group they resemble), there is hardly a possibility of their being found out betlesiries. It is
also very remarkable that in almost every case the particular Ithondadleer species of
Heliconidee which they resemble, are noted as being very common species, swarming
individuals, and found over a wide range of country. This indicates antiquity and pecenanen
the species, and is exactly the condition most essential both to aid in the develomhent a
increase the utility of the resemblance.

But the Leptalides are not the only group who have prolonged their exibteméating the
great protected group of Heliconidee;—a genus of quite another family of mostdavally
American butterflies, the Erycinidee, and three genera of diurotisnalso present species which
often mimic the same dominant forms, so that some, as Ithomdandeof St. Paulo, for instance,
have flying with them a few individuals of three totally different insectschvhre yet disguised
with exactly the same form, colour, and markings, so that all four are undishiallgisvhen on
the wing. Again, the Heliconidae are not the only group that are imitated, althoygrdhbe
most frequent models. The black and red group of South American Papilios, and the handsome
Erycinian genus Stalachtis, have also a few who copy thenhibdatt offers no difficulty, since
these two groups are almost as dominant as the Heliconidee. Thely lvetly 5lowly, they both
are conspicuously coloured, and they both abound in individuals; so that there is everyoreason t
believe that they possess a protection of a similar kind to the Heliconidee, andsttianéfore
equally an advantage to other insects to be mistaken for thémare i also another extraordinary
fact that we are not yet in a position clearly to comprehend: some groups ofittomides
themselves mimic other groups. Species of Heliconius mimic Mechanitis, aydspeeies of
Napeogenes mimics some other Heliconideous butteffly. 23]] This would seem to indicate
that the distasteful secretion is not produced alike by all menolbéne family, and that where it is
deficient protective imitation comes into play. It is this, perhaps, that hasadauch a general
resemblance among the Heliconidae, such a uniformity of type with greegiyiva# colouring,
since any aberration causing an insect to cease to look like treefamily would inevitably lead
to its being attacked, wounded, and exterminated, even although it were not eatable.

In other parts of the world an exactly parallel series of facts have bemwaihs The
Danaidee and the Acreeidee of the Old World tropics form in fact one great group with the
Heliconidee. They have the same general form, structure, and habitsofisegs the same
protective odour, and are equally abundant in individuals, although not so varied in colour, blue



and white spots on a black ground being the most general patternins@&tis which mimic these
are chiefly Papilios and Diademae, a genus allied to our peacock and tortoisetédlles. In
tropical Africa there is a peculiar group of the genus Danais, charackdéy dark-brown and
bluish-white colours, arranged in bands or stripes. One of these, Danais niawastlis e
imitated both by Papilio hippocoon and by Diadema anthedon; another, Pehnai&g, by Papilio
cenea; and in Natal a variety of the Danais is found having a white spot at theitgsf
accompanied by a variety of the Papilio bearing a corresponding white spceea Amandra is
copied in its very peculiar style of colouration by Papilio boisduvalianus and tiaéefefrDia-
dema hirce, while the male of the same insect is like Ageaa Acres euryta of Sierra Leone has
a Diadema from the same place which exactly copies it; and in the icoigeof the British
Museum there are six species of Diadema and four of Papilio which in their coloungadgs
are perfect mimics of species of Danais or Acraea which inhabit the sstmet<li

Passing on to India, we have Danais tytia, a butterfly withi-fansparent bluish wings and a
border of rich reddish brown. This remarkable style of colouriegastly reproduced in Papilio
agestor and in Diadema nama, and all three insects not unfrequently come togsihections
made at Darjeeling. In the Philippine Islands the large and curious ldmamée with its
semi-transparent white wings, veined and spotted with black, is copied by thapaie P
ideeoides from the same islands.

In the Malay archipelago the very common and beautiful Eupleea midamus is $p exact
mimicked by two rare Papilios (P. paradoxa and P. eenigma) that Mr. Wallaralgecaught
them under the impression that they were the more common sadbe equally common and
even more beautify[p. 24]] Eupleea rhadamanthus, with its pure white bands and spots on a
ground of glossy blue and black, is reproduced in the Papilio caunus. Here alsoetlsperes
of Diadema, imitating the same group in two or three instahcesye shall have to adduce these
further on in connexion with another branch of the subject.

It has been already mentioned that in South America thegraaip of Papilios which have all
the characteristics of a protected race, and whose peculiar colours anatgsharkiimitated by
other butterflies not so protected. There is just such a group also in the Eastybaysigiilar
colours and the same habits, and these also are mimicked by other speciesie thenss not
closely allied to them, and also by a few of other families. Papilimheccommon Indian
butterfly of a rich black colour spotted with crimson, is so closely copied by Papilidusnthat
the latter insect has been thought to be its female. A cleseieation shows, however, that it is
essentially different, and belongs to another section of the genus. Papilio amtigtius a
diphilus, black swallow-tailed butterflies with cream-coloured spots, are lsanitated by
varieties of P. theseus, that several writers have classed them asdlspsails. Papilio liris,
found only in the island of Timor, is accompanied there by P. e&anomaus, the female of which so
exactly resembles it that they can hardly be separated in the cabinet,thedvamg are quite
undistinguishable. But one of the most curious cases is the fine yellow-spapied €on,
which is unmistakeably imitated by the female tailed form of Papilio memridrese are both
from Sumatra; but in North India P. coon is replaced by another spedieeh has been named P.
doubledayi, having red spots instead of yellow; and in the same district thepoadieg female
tailed form of Papilio androgeus, sometimes considered a variety of P. memnormaitysim
red-spotted. Mr. Westwood has described some curious day-flying moths (Epjdopai
North India, which have the form and colouring of Papilios of this section, and two obtfleese
very good imitations of Papilio polydorus and Papilio varuna, also from North India.

Almost all these cases of mimicry are from the tropics, where thes foirlife are more
abundant, and where insect development especially is of unchecked luxurianceigbanetlzso
one or two instances in temperate regions. In North America the large and hareis@ame



black butterfly Danais erippus, is very common; and the same country is inhablteddytis
archippus, which closely resembles the Danais, while it differs enticetyevery species of its
own genus.

The only case of probable mimicry in our own country igfihe25]] following:—A very
common white moth (Spilosoma menthastri) was found by Mr. Stainton to be rejectedngy y
turkeys among hundreds of other moths on which they greedily fedh biEddn succession took
hold of this moth and threw it down again, as if too nasty to eat. &yaharefore fairly conclude
that this species would be disagreeable to many other birds, and would thus have an immunity
from attack, which may be the cause of its great abundance and of its conspicuous @unite col
Now it is a curious thing that there is another moth, Diaphora mendica, which appeatb@bout
same time, and whose female only is white. It is about the same size asrBaitoenthastri,
and sufficiently resembles it in the dusk, and this moth is much less commonmdt\ery
probable, therefore, that these species stand in the same relation to eachtbéherimscking
butterflies of various families do to the Heliconidee and Danaidae. It would bentengsting to
experiment on all white moths, to ascertain if those which areecoosmon are generally rejected
by birds. It may be anticipated that they would be so, becauseig/tiie most conspicuous of all
colours for nocturnal insects, and had they not some other protection would certainly be ver
injurious to them.

In the preceding cases we have found Lepidoptera imitating other speciesarhtherder,
and such species only as we have good reason to believe were free frontkiseoattzany
insectivorous creatures; but there are other instances in which theyhatdgse the external
appearance of the order to which they belong, and take on the dress of bees or wasfgss—insec
which have an undeniable protection in their stings. The Sesiidee and Ageriidee, tige tdmi
day-flying moths, are particularly remarkable in this respect, anera imspection of the names
given to the various species shows how the resemblance has struck every oneve We ha
apiformis, vesipiforme, ichneumoniforme, scoliseforme; sphegiforme (bee-ksp-like,
ichneumon-like, &c.) and many others, all indicating a resemelamstinging Hymenoptera. In
Britain we may particularly notice Sesia bombiliformis, whiehy closely resembles the male of
the large and common humble bee, Bombus hortorum; Sphecia craboniforme, which is coloured
like a hornet, and is (on the authority of Mr. Jenner Weir) much hkeré when alive than when
in the cabinet, from the way in which it carries its wings; and the little muctaar-wing
Trochilium tipuliforme resembles a small black wasp (Odynerus sinuatysalendant in
gardens at the same season. It has been so much the practice to look upon thels@ceseam
mere curious analogies, playing no part in the economy of nature, that we haetysuay
observations of the habits and appeardice26]] when alive of the hundreds of species of these
groups in various parts of the world, or how far they are accompaynidgmenoptera, which they
specifically resemble. There are many species in India (like flgpsed by Professor
Westwood in his “Oriental Entomology”), which have the hind legs vesgdand densely hairy,
S0 as exactly to imitate the brush-legged bees (Scopulipedes) which abouncamelesntry.
In this case we have more than mere resemblance of colour, for that whidmisoatant
functional structure in the one group is imitated in another whose haibasr it perfectly useless.

It may fairly be expected that if these imitations of one creaturadther really serve as a
protection to weak and decaying species, instances of the same kind will be found#mong
groups than the Lepidoptera; and such is the case, although they are seldom so paoichis@nt
easily recognised as those already pointed out as occurring in that éxdew very interesting
examples may, however, be pointed out in most of the other orders o$insewe Coleoptera or
beetles that imitate other Coleoptera of distinct groups arenvengrous in tropical countries, and
they generally follow the laws already laid down as regulating these iple@ao The insects
which others imitate always have a special protection, which leads them to thedeasi



dangerous or uneatable by small insectivorous animals; some tizgeisting taste (analogous to
that of the Heliconidae); others have such a hard and stony cotleatrtey cannot be crushed or
digested; while a third set are very active, and armed with powerful jawg|lessvinaving some
disagreeable secretion. Some species of Eumorphidee and Hispidae, sordtidhaispherical
beetles which are exceedingly abundant, and have a disagreeable secretiitatateby others
of the very distinct group of Longicornes (of which our common musk-beetle majdreds an
example). The extraordinary little Cyclopeplus batesii, belongs to the samafamily of this
group as the Onychocerus scorpio and O. concentricus, which have already beed addu
imitating with such wonderful accuracy the bark of the tregshhbitually frequent; but it differs
totally in outward appearance from every one of its allies, haaken upon itself the exact shape
and colouring of a globular Corynomalus, a little stinking beetle with clubbed antelimse.
curious to see how these clubbed antennae are imitated by an ihsegirtgeto a group with long
slender antennae. The sub-family Anisocerinae, to which Cyclopeplus betodgaracterized

by all its members possessing a little knob or dilatation about the middle of thesantéfins
knob is considerably enlarged in C. batesii, and the terminal portion aftéenae beyond it is so
small and slender as to be scar¢gly27]] visible, and thus an excellent substitute is obtained for
the short clubbed antenneae of the Corynomalus. Erythroplatis corallifer is anotbas droad
flat beetle, that no one would take for a Longicorn, since ibsimxactly resembles Cephalodonta
spinipes, one of the commonest of the South American Hispidae; and wfilbimsre remarkable,
another Longicorn of a distinct group, Streptolabis hispoides, was found by Mr. \Baites,
resembles the same insect with equal minuteness,—a case exachkty atiaht among

butterflies, where species of two or three distinct groups mimittleedame Heliconia. Many of
the soft-winged beetles (Malacodermes) are excessively abuindndividuals, and it is probable
that they have some similar protection, more especially as other speerestakingly resemble
them. A Longicorn beetle, Peeciloderma terminale, found in Jamaica is colgaotlg e the
same way as a Lycus (one of the Malacodermes) from the same islansthdna poweri, a
Longicorn from Australia, might certainly be taken for one ofdtume group, and several species
from the Malay Islands are equally deceptive. In the Islai@ktédbes is found one of this group,
having the whole body and elytra of a rich deep blue colour, with the head only orange; and in
company with it an insect of a totally different family (Eucnemideae) wiiémiically the same
colouration, and of so nearly the same size and form as to comppletzle the collector on every
fresh occasion of capturing them.

There are a number of the larger tropical weevils which hawdytra and the whole covering
of the body so hard as to be a great annoyance to the entomologist, because ingtiempt
transfix them the points of his pins are constantly turned. We have found it meceskase
cases to drill a hole very carefully with the point of a sharp penknife befereping to insert a
pin. Many of the fine long-antennaed Anthribidee (an allied group) have to be tredtedsame
way. We can easily understand that after small birds have in vain attemptadhese insects,
they should get to know them by sight, and ever after leave them alone, andhiemvitlet an
advantage for other insects which are comparatively soft and eatable, istddeemfor them.

We need not be surprised, therefore, to find that there are many Longicorns twkitlcly
resemble the “hard beetles” of their own district. In South Brazil, Acaffihd28]] tritus
dorsalis is strikingly like a Curculio of the hard genus Heiliplus, and Mr. Baseses us that he
found Gymnocerus cratosomoides (a Longicorn) on the same tree with a hasb@rzs (a
weevil), which it exactly mimics. Again, the pretty Longicorn Phaceka batesii, mimics one
of the hard Anthribidee of the genus Ptychoderes, having long slender antennae. In tikadMoluc
we find Cacia anthriboides, a small Longicorn which might biéye@asstaken for a very common
species of Anthribidae found in the same districts; and the very rare Capnolyygraestlosely
imitates the common Mecocerus gazella, which abounded where it was takenps@aliculio-
noides and other allied Longicorns from the Philippine Islands most curiouslynleséath in
form and colouring, the brilliant Pachyrhynchi,—Curculionidae, which are alpsasiliar to that



group of islands. The remaining family of Coleoptera most frequentlytedita the
Cicindelidee. The rare and curious Longicorn, Collyrodes lacordairei, hettyeka form and
colouring of the genus Collyris, while an undescribed species of Heteromeeatly ke a
Therates, and was taken running on the trunks of trees, as is the habit of that groups drieere |
curious example of a Longicorn mimicking a Longicorn, like the Papilios anddiel&e, which
mimic their own allies. Agnia fasciata, belonging to the sub-famyilyddlominae, and
Nemophas grayi, belonging to the Lamiinae, were taken in Amboyna oantfgefallen tree at the
same time, and were supposed to be the same species till they were mory eashihed, and
found to be structurally quite different. The colouring of these insectsyiseqaarkable, being
rich steel-blue black, crossed by broad hairy bands of orange buff, and out of théhowsands
of known species of Longicorns they are probably the only two which are so colouned. T
Nemophas grayi is the larger, stronger, and better armed insect, and belamgsre widely
spread and dominant group, very rich in species and individuals, anceif®taenost probably the
subject of mimicry by the other species.

We will now adduce a few cases in which beetles imitate other insectasactsiof other
orders imitate beetles.

Charis melipona, a South American Longicorn of the family Necydalidee, hasbeamed
from its resemblance to a small bee of the genus Melipona. oriiel of the most remarkable cases
of mimicry, since the beetle has the thorax and body densely hairy like the bee, agd toe |
tufted in a manner most unusual in the order Coleoptera. Another Longicorn, Odontocera
odyneroides, has the abdomen banded with yellow, and constridtedoatse, and is altogether so
exactly like a small common wasp of the genus Odynerus, that Mr. Batessnisfim. 29]] he
was afraid to take it out of his net with his fingers for fear of being stungl MiaBates’s taste
for insects been less omnivorous than it was, the beetle’s disgigisehave saved it from his pin,
as it had no doubt often done from the beak of hungry birds. A larger insect, Sphecomorpha
chalybea, is exactly like one of the large metallic blue wasps, and like thehetdsdomen
connected with the thorax by a pedicel, rendering the deception most completekarg] st
Many Eastern species of Longicorns of the genus Oberea, when on the adgtlg semble
Tenthredinidee, and many of the small species of Hesthesis run about on timber, and cannot be
distinguished from ants. There is one genus of South American loongithat appears to mimic
the shielded bugs of the genus Scutellera. The Gymnocerus capuocne®fdhese, and is very
like Pachyotris fabricii, one of the Scutelleridee. The beautiful Gymnodetossimus is also
very like the same group of insects, though there is no known spetiesactly corresponds to it;
but this is not to be wondered at, as the tropical Hemipteraldg@recomparatively so little cared
for by collectors.

The most remarkable case of an insect of another order mimicking a bele#eaf the
Condylodera tricondyloides, one of the cricket family from the Philippinadslawhich is so
exactly like a Tricondyla (one of the tiger beetles), that such an expedentomologist as
Professor Westwood placed it among them in his cabinet, and retained it thereimédnefore
he discovered his mistake! Both insects run along the trunks of trees, andswirereadylas
are very plentiful, the insect that mimics it is, as in all other casesraery Mr. Bates also
informs us that he found at Santarem on the Amazon a species ofdbalstnimicked one of the
tiger beetles of the genus Odontocheila, and was found on the same trees whiclqtileeyede

There are a considerable number of Diptera, or two-winged flies thalyalesemble wasps
and bees, and no doubt derive much benefit from the wholesome dread whedngleots excite.
The Midas dives, and other species of large Brazilian flies, have dark wingstaiticrblue
elongate bodies, resembling the large stinging Sphegidee of the same cauhé&ryeay large fly
of the genus Asilus has black banded wings and the abdomen tipped kvidrange, so as exactly



to resemble the fine bee Euglossa dimidiata, and both are found in the same parts of Sout
America. We have also in our own country species of Bombylius which are akaoty dike
bees. Inthese cases the end gained by the mimicry is no doubt freedom franattddras
sometimes an altogether different purpose. There are a nungaeasitic flies whose larvee feed
upon the larvee of bed$p. 30]] such as the British genus Volucella and many of the tropical
Bombylii, and most of these are exactly like the particular species ohég@rey upon, so that
they can enter their nests unsuspected to deposit their eggs. These aeealthat mimic bees.
The cuckoo bees of the genus Nomada are parasitic on the Andrenidae, and they rébemble e
wasps or species of Andrena; and the parasitic humble-bees of the genus Apathusxalttigs
resemble the species of humble-bees in whose nests they ack rédr. Bates informs us that he
found numbers of these “cuckoo”bees and flies on the Amazon, which all wore the livery of
working bees peculiar to the same country.

There is a genus of small spiders in the tropics which feed on ants, and the\ctydikaa
ants themselves, which no doubt gives them more opportunity of seigingrigy; and Mr. Bates
found on the Amazon a species of Mantis which exactly resembledttesants which it had fed
upon, as well as several species of crickets (Scaphura), which resendblednderful manner
different sand wasps of large size, which are constantly aetreh for crickets to provision their
nests with.

Perhaps the most extraordinary of all is the large caterpillar mentiordd Bates, which
startled him by its close resemblance to a small snake. The firstségenents behind the head
were dilatable at the will of the insect, and had on each side a large blac&tpdsjpot, which
resembled the eye of the reptile. Moreover, it resembled a poisonous viper, motessar
species of snake, as was proved by the imitation of keeled scales on the crownddogdbee
recumbent feet, as the caterpillar threw itself backward!

The attitudes of many of the tropical spiders are most extraordinary anpdidedeut little
attention has been paid to them. They often mimic other ins@ctsome, Mr. Bates assures us,
are exactly like flower-buds, and take their station in the axils of leabesewhey remain
motionless waiting for their prey.

Having thus shown how varied and extraordinary are the modes in which mimiarg occ
among insects, we have now to enquire if anything of the same kind is to be observgd amon
vertebrated animals. When we consider all the conditions necéssaoduce a good deceptive
imitation, we shall see at once that such can very rarely occur in the highelsasinae they
possess none of those facilities for the almost infinite modiicabf external form which exist in
the very nature of insect organization. The outer covering of ;\betg more or less solid and
horny, they are capable of almost any amount of change of form and appeathoaé any
essential modification internally. In many groups the wings givelnof the charactefip. 31]]
and these organs may be much modified both in form and colour without interfering with their
special functions. Again, the number of species of insects is so great, and Huete diversity
of form and proportion in every group, that the chances of an accidental approximaizen in s
form and colour, of one insect to another of a different group are vergletatsle; and it is these
chance approximations that furnish the basis of mimicry, to be coltyiadaanced and perfected
by the survival of those varieties only which tend in the right direction.

In the Vertebrata, on the contrary, the skeleton being internattimmal form depends almost
entirely on the proportions and arrangement of that skeleton, whaah iagstrictly adapted to the
functions necessary for the well-being of the animal. The form cannotdireskef rapidly
modified by variation, and the thin and flexible integument will not admit of the al@went of
such strange protuberances as occur continually in insects. The numberesf gpeach group



in the same country is also comparatively small, and thus the chances of thatfdental
resemblance which is necessary for natural selection to workaupaenuch diminished. We can
hardly see the possibility of a mimicry by which the elk coslcape from the wolf, or the buffalo
from the tiger. There is, however, in one group of Vertebrata such a lganelarity of form,
that a very slight modification, if accompanied by identity of cqlawruld produce the necessary
amount of resemblance; and at the same time there exist a number of spextieswduld be
advantageous for others to resemble, since they are armedeamitiosh fatal weapons of offence.
We accordingly find that reptiles furnish us with a very remarkable anddtise case of true
mimicry.

There are in tropical America a number of venomous snakes of the genus Elapsarehi
ornamented with brilliant colours disposed in a peculiar manner. The ground colour &lgener
bright red, on which are black bands of various widths and sometimdsdlinito two or three by
yellow rings. Now, in the same country are found several genera of hasmég®s, having no
affinity whatever with the above, but coloured exactly the same. For exattmglpoisonous
Elaps fulvius often occurs in Guatemala with simple black bandsorakred ground; and in the
same country is found the harmless snake Pliocerus equalis, colodrearaled in identically the
same manner. A variety of Elaps corallinus has the black bands narrowly dokitbrgellow
on the same red ground colour, and a harmless snake, Homalocranium semicinctum, lyas exactl
the same markings, and both are found in Mexico. The deadly Elaps lemniscahsshiask
bands very broad, and each of them divided into three by narrow yellow rings; andith|§oaga
32]] is exactly copied by a harmless snake, Pliocerus elapoides, which is foundvitoitsg)
model in Mexico.

But, more remarkable still, there is in South America a third group of snakggrhe
Oxyrhopus, doubtfully venomous, and having no immediate affinity with either of thedprgce
which has also the same curious distribution of colours, namely, variously disposeof ried,
yellow, and black; and there are some cases in which specikthoéa of these groups similarly
marked inhabit the same district. For example, in Elaps heimniighe ground colour appears to
be black, with alternations of two narrow yellow bands and a broader red one; angafttris
again we have an exact double in Oxyrhopus formosus, both being found in many localities of
tropical South America.

What adds much to the extraordinary character of these resembtatieefact, that nowhere
in the world but in America are there any snakes at all which have this styll®wofieg. Dr.
Gunther, of the British Museum, who has kindly furnished the details here referasduces us
that this is the case; and that red, black, and yellow rings occur together on remakie=rin the
world but on Elaps and the species which so closely resemble it. In all thesehmsee and
form as well as the colouration, are so much alike, that none buitralistwould distinguish the
harmless from the poisonous species.

Many of the small tree-frogs are no doubt also mimickers. When seen in thedl na
attitudes, we have been often unable to distinguish them from beetles or other itisgrtgpsn
leaves; but regret to say we neglected to observe what spegresips they most resembled, and
the subject does not yet seem to have attracted the attention of naturadsts abr

In the class of birds there are a number of cases that make some approacleryy such as
the resemblance of the cuckoos, a weak and defenceless group dbbiaisks and Gallinaceee.
There is, however, one example which goes much further than this,ecans t&ebe of exactly the
same nature as the many cases of insect mimicry which henalveady given. In Australia and
the Moluccas there is a genus of honeysuckers called Tropidorhynchus, good sizedrlgirds, ve
strong and active, having powerful grasping claws and long, curved seep. They assemble



together in groups and small flocks, and they have a very loud bawlggntoth can be heard at
a great distance, and serves to collect a number togetheeioftdanger. They are very plentiful
and very pugnacious, frequently driving away crows and even hawks pdrcih on a tree where
a few of them are assembled. They are all of rather dull and obscurescoldaw in the same
countries there is a group of orioles, forming the genus Mimeta, much weakewicis|[p.

33]] have lost the gay colouring of their allies and are usuallg-@reen or brown, and in several
cases these have come to resemble most curiously the Tropidorhynchus of tistesaimeFor
example, in the island of Bouru is found the Tropidorhynchus bouruensis of a dull earthy colour
and the Mimeta bouruensis, which resembles it in the followingcpéats:—The upper and under
surfaces of the two birds are exactly of the same tints of dark and light brown; the
Tropidorhynchus has a large bare black patch round the eyes; this is copied in the byime
patch of black feathers. The top of the head of the Tropidorhynchusdtaly appearance from
the narrow scale-formed feathers, which are imitated by trealer feathers of the Mimeta having
a dusky line down each. The Tropidorhynchus has a pale ruffdash@irious recurved feathers
on the nape (which has given the whole genus the name of Friar birds); this isntepraséhe
Mimeta by a pale band in the same position. Lastly, the HitleTropidorhynchus is raised into
a protuberant keel at the base, and the Mimeta has the sanwarhaithough it is not a common
one in the genus. The result is, that on a superficial examination the birds acaidelttiough
they have important structural differences, and cannot be placed near eaah axlyanatural
arrangement.

Passing to the island of Ceram, we find allied species of both genera. The Trgmitios
subcornutus is of an earthy brown colour washed with yellow ochre, with bare orlig, dus
cheeks, and the usual pale recurved nape-ruff. The Mimeta forsteni is dipsdértecal in the
tints of every part of the body, the details of which are teiten the same manner as in the Bouru
birds already described. In two other islands there is an approximatiardsomimicry,
although it is not so perfect as in the two preceding cases. In Timor the Tropiclarhy
timoriensis is of the usual earthy brown above, with the nape-ruff very prominerfigtilesc
black, the throat nearly white, and the whole under surface pale whitish brown. v@hess
tints are all well reproduced in Mimeta virescens, the chief want of exdation being that the
throat and breast of the Tropidorhynchus has a very scaly appearance, beied wiaterigid
pointed feathers, which are not imitated in the Mimeta, although there aseo$ifgint dusky
spots which may easily furnish the groundwork of a more exaiettion by the continued survival
of favourable variations in the same direction. There is dms@a knob at the base of the bill of
the Tropi-[[p. 34]] dorhynchus which is not at all imitated by the Mimeta. Inglaand of Morty
(north of Gilolo) there exists the Tropidorhynchus fuscicapillus, of a dark sooty lwaaur,
especially on the head, while the under parts are rather lighter, and theeststi@cuff of the
nape is wanting. Now it is curious that in the adjacent island of Gilolo should be found the
Mimeta phaeochromus, the upper surface of which is of exactly the same dark sostyhient a
Tropidorhynchus, and is the only known species that is of such a dark colour. The under side is
not quite light enough, but it is a good approximation. This Mimeta is a rare bird,agneeny
probably exist in Morty, though not yet found there; or, on the other hand, recent clmanges i
physical geography may have led to the restriction of the Tropidorhynchus teldhat where it
is very common.

Here, then, we have two cases of perfect mimicry and two others of good aygiron|
occurring between species of the same two genera of birds; tinderof these cases the pairs that
resemble each other are found together in the same island, and to which they anme pkcalla
these cases the Tropidorhynchus is rather larger than thetd/lioug the difference is not beyond
the limits of variation in species, and the two genera are somewhat alike innidpnogortion.
There are, no doubt, some special enemies by which many small birds are attackbg;Hatey
afraid of the Tropidorhynchus (probably some of the hawks), and thus it becomes advantageous



for the weak Mimeta to resemble the strong, pugnacious, noisy, and very abundant
Tropidorhynchus.

Among the Mammalia the only case which may be true mimicry is that of #ngiirgous
genus Cladobates, found in the Malay countries, several species of whiclogely iesemble
squirrels. The size is about the same, the long bushy tail is carried imbevag, and the
colours are very similar. In this case the use of the res@cdimust be to enable the Cladobates
to approach the insects or small birds on which it feeds, under the disguise of thedharmle
fruit-eating squirrel.

Having now completed our survey of the most prominent and remarkable casesafymimi
that have yet been noticed, we must say something of the objections that have beertmeade t
theory of their production given by Mr. Bates, and which we have endeavoured tat#lzstd
enforce in the preceding pages. Three counter explanations have been proposessorProf
Westwood admits the fact of the mimicry and its probable use tngeet, but maintains that each
species was created a mimic for the purpose of the protection thus afforded iAndvew
Murray, in his paper on the “Disguises of Nature,” inclines t@gheion that similar conditions of
food and of surrounding circumstanggs 35]] have acted in some unknown way to produce the
resemblances; and at a recent meeting of the Entomological Societydain, avhen the subject
was discussed, Dr. Sharp maintained a similar view, and added alifection—that heredity or
the reversion to ancestral types of form and colouration, mightgradeced many of the cases of
mimicry.

Against the special creation of mimicking species theralbtige objections and difficulties in
the way of special creation in other cases, with the addition of a few thag@rgar to it. The
most obvious is, that we have gradations of mimicry and of protectiembd@nce—a fact which
is strongly suggestive of a natural process having been lat wlinother very serious objection is,
that as mimicry has been shown to be useful only to those species and groups whiehaare
probably dying out, and would cease to have any effect should the properabnadance of the
two species be reversed, it follows that on the special-creation theory theecies snust have
been created plentiful, the other rare; and, notwithstanding the many causestihaatly tend
to alter the proportions of species, these two species must have always bexly spaicitained
at their respective proportions, or the very purpose for which they each receiveutoudiar
characteristics would have completely failed. A third diffigis, that although it is very easy to
understand how mimicry may be brought about by variation and the sw¥thalfittest, it seems
a very strange thing for a Creator to protect an animal liynga imitate another, when the very
assumption of a Creator implies his power to create it soraguoe no such circuitous protection.
These appear to be fatal objections to the application of the special-creationto this
particular case.

The other two supposed explanations, which may be shortly expressed as thedheories
“similar conditions” and of “heredity,” agree in making mimicry, wherexists, an adventitious
circumstance not necessarily connected with the well-being of the nmgisgecies. But
several of the most striking and most constant facts which have been adducedatirgciict
both these hypotheses. The law that mimicry is confined to grimyps only is one of these, for
“similar conditions” must act more or less on all groups in a limited region, anedibgrmust
influence all groups related to each other in an equal degree. Again, thal fgrtehat those
species which mimic others are rare, while those which are imitatathanelant, is in no way
explained by either of these theories, any more than is the frequent occurrsocegfalpable
mode of protection in the imitated species. “Reversion to an aaldgpie” no way explains why
the imitator and the imitated always inhabit fipe 36]] very same district, whereas allied forms of
every degree of nearness and remoteness generally inhabit different countrietgradiffefent



guarters of the globe; and neither it, nor “similar conditiond)’agcount for the likeness between
species of distinct groups being superficial only—a disguise, not a trueblases for the
imitation of bark, of leaves, of sticks, of dung; for the resemblance betweeaessipedifferent
orders, and even different classes and sub-kingdoms; and finally, for thetgdaskerges of the
phenomena, beginning with a general harmony and adaptation of tint in aartdmmnter moths
and in arctic and desert animals; and ending with those complete cases of détaided which
not only deceive predacious animals, but puzzle the most experienced insect caltettbes
most learned entomologists.

But there is yet another series of phenomena connected with this subject, whiderabhs
strengthens the view here adopted, while it seems quite incompatible withoéitheiother
hypotheses; namely, the relation of protective colouring and mimicry to thealsbierences of
animals. It will be clear to every one that if two animals, which agaedaxternal conditions”
and “hereditary descent,” are exactly alike, yet differ rentdykia colouration, one resembling a
protected species and the other not, the resemblance thatregis¢sonly, can hardly be imputed
to the influence of external conditions or as the effect of heredMyd if, further, it can be proved
that the one requires protection more than the other, and that in several casesahes wWiath
mimics the protected species, while the one that least requires protection nev&s,dowill
afford very strong corroborative evidence that there is a real connexiorebdtveenecessity for
protection and the phenomenon of mimicry. Now the sexes of indéstsis a test of the nature
here indicated, and appear to furnish one of the most conclusive argimfestsur of the theory
that the phenomena termed “mimicry” are produced by natural selection.

The comparative importance of the sexes varies much in different classewalta In the
higher vertebrates, where the number of young produced at a birth is small eand¢he s
individuals breed many years in succession, the preservation of both sexes isqglrathgt
important. In all the numerous cases in which the male protects the female affdgrerg, or
helps to supply them with food, his importance in the economy of nature is proportionately
increased, though it is never perhaps quite equal to that of the female. In inseatetisevery
different; they pair but once in their lives, and the prolongéstence of the male is in most cases
quite unnecessary for the continuance of the race. The female, however, must tofjfinue
37]] exist long enough to deposit her eggs in a place adapted for theyhegnt and growth of the
progeny. Hence there is a wide difference in the need for protection in thextgp &ed we
should, therefore, expect to find that in some cases the special protection giverhoalleedas
in the male less in amount or altogether wanting. The faatelgrdonfirm this expectation. In
the spectre insects (Phasmidee) it is often the females alone that sglgtrésemble leaves,
while the males show only a rude approximation. The male Diadema bolimarig lzandsome
and conspicuous butterfly, without a sign of protective or imitative colouring, whifertiede is
entirely unlike her partner, and is one of the most wonderful cases of mimicryood, rec
resembling most accurately the common Danais chrysippus, in whose comparfiert found.
So in several species of South American Pieris, the maleg#eseand black, of a similar type of
colouring to our own “cabbage” butterflies, while the females aheyellow and buff, spotted and
marked so as exactly to resemble species of Heliconidae with which theytsgothe forest.

In the Malay archipelago Mr. Wallace found a Diadema whichahadys been considered a male
insect on account of its glossy metallic-blue tints, whileatspanion of sober brown was looked
upon as the female. He discovered, however, that the reverse is the case, andc¢hadritie r
glossy colours of the female are imitative and protective, since they cawseabtly to resemble
the common Euploea midamus of the same regions, a species whieehadready mentioned in
this article as mimicked by another butterfly, Papilio paradoxa. In thes ead in that of
Diadema bolina, there is no difference in the habits of the twasserhich fly in similar localities;
so that the influence of “external conditions” cannot be invoked here as it has beecaisetioé
the South American Pieris pyrrha and allies, where the white males frequersLmps places,



while the Heliconia-like females haunt the shades of the forest.

We may impute to the same general cause (the greateohgetection for the female, owing
to her weaker flight, greater exposure to attack, and supreme importance)et-tifelia colours
of female insects being so very generally duller and less conspicuous than tihesetbér sex.
And that it is chiefly due to this cause rather than to what Mr. Darwin teeradkselection”
appears to be shown by the otherwise inexplicable fact, that gnabps which have a protection
of any kind independent of concealment, sexual differences of colour are eiteexguiing or
slightly developed. The Heliconidee and Danaidae, protected by a disagréeahle have the
females as bright and conspicuous as the males, and very rarely diftaaihiycamn them. The
stinging Hymenoptera have the two sexes equally well coloured. The dzarabd[p. 38]]
Chrysomelidee, and the Telephori have both sexes equally conspicuous, and seldomidiffering
colours. The brilliant Curculios, which are protected by their hasjiaes brilliant in both sexes.
Lastly, the glittering Cetoniadae and Buprestidee, which seem to be protedtedr Inatd and
polished coats, their rapid motions and peculiar habits, present few sexual déseoéicolour,
while sexual selection has often manifested itself by structuratefiifes, such as horns, spines,
or other processes.

The same law manifests itself in Birds. The female while sitting oedgs requires
protection by concealment to a much greater extent than theandleje accordingly find that in
a large majority of the cases in which the male birds are distinguished lauhtibiancy of
plumage, the females are much more obscure, and often remarkably plain-coldted
exceptions are such as eminently to prove the rule, for in mostwassn see a very good reason
for them. In particular, there are a few instances among wading dind¢dus birds in which
the female has decidedly more brilliant colours than the male; but it is a uniosiscand
interesting fact that in most if not all these cases thesrsad upon the eggs; so that this exception
to the usual rule almost demonstrates that it is because the process of incalzdtarce very
important and very dangerous, that the protection of obscure colouring is developed.osThe m
striking example is that of the sooty phalarope (Phalaropus fulicarius, Lilmwinter plumage
the sexes of this bird are alike in colouration, but in summer the female is mucbsihe m
conspicuous, having a black head, dark wings, and reddish-brown back, while the malg is near
uniform brown, with dusky spots. Mr. Gould in his “Birds of Greatdsnit figures the two sexes
in both winter and summer plumage, and remarks on the strange pcafithe usual colours of
the two sexes being reversed, and also on the still more curiotisafeihe “male alone sits on the
eggs,” which are deposited on the bare ground. In another Britisthardiptterell, the female is
also larger and more brightly-coloured than the male; and it seems to be proved treéshe m
assist in incubation even if they do not perform it entirely, for Mr. Gould tellshesg, they have
been shot with the breast bare of feathers, caused by sitting on the edigssmall quail-like
birds forming the genus Turnix have also generally large and bright-coloure@$emuad we are
told by Mr. Jerdon in his “Birds of India” that “the natives report that during thedbrg season
the females desert their eggs and associate in flocks while the malegpborgeeim hatching the
eggs.” ltis also an ascertained fact, that the females are more boldgaadipus than the
males. A further confirmation of this view is to be found infw (not hitherto noticed) that in a
large majority of th¢[p. 39]] cases in which bright colours exist in both sexes incubation takes
place in a dark hole or in a dome-shaped nest. Female kingfisa@fsear equally brilliant with
the male, and they build in holes in banks. Bee-eaters, trogons, matntbtsycans, all build in
holes, and in none is there any difference in the sexes, althougiréheythout exception, showy
birds. Parrots build in holes in trees, and in the majority of cases theptpnesearked sexual
difference tending to concealment of the female. Woodpeckers are imtaeagegory, since
though the sexes often differ in colour, the female is not genézalyconspicuous than the male.
Wagtails and titmice build concealed nests, and the female®arky as gay as their mates. The
female of the pretty Australian bird Pardalotus punctatus, is very conspicsposigd on the



upper surface, and it builds in a hole in the ground. The gay-coloured hang-riestsg)cand
the equally brilliant Tanagers may be well contrasted; for the former, @ledda their covered
nests, present little or no sexual difference of colour,—while the open-nestegkiiahave the
females dull-coloured and sometimes with almost protective tints. No dwubtdre many
individual exceptions to the rule here indicated, because many and various caasemtizined
to determine both the colouration and the habits of birds. These have nactedtsnd re-acted
on each other; and then under changed conditions it may well have hapgmratthas become
modified, while the other has been continued by hereditary descent, and existépparant
exception to what otherwise seems a very general rule. The facts pdegens by the sexual
differences of colour in birds and their mode of nesting, are onhlibkewn perfect harmony with
that law of protective adaptation of colour and form, which appeais/m®checked to some extent
the powerful action of sexual selection, and to have materially influenced the eglotifemale
birds, as it has undoubtedly done that of female insects.

We have now completed a brief, and necessarily very impestaekey of the various ways in
which the external form and colouring of animals is adapted to be useful to thesn bgit
concealing them from their enemies or from the creatures they prey upors, tehlaope, been
shown that the subject is one of much interest, both as regards a true comprehension &f the plac
each animal fills in the economy of nature, and the means by which it is erabladtain that
place; and also as teaching us how important a part is playbd bynutest details in the structure
of animals, and how complicated and delicate is the equilibrium of the organic world.

Our exposition of the subject having been necessarily sgme0]] what lengthy and full of
detalils, it will be as well to recapitulate its main points.

There is a general harmony in nature between the colours of an animal and ttsose of
habitation. Arctic animals are white, desert animals are sand-co)alwellers among leaves
and grass are green, nocturnal animals are dusky. These colours are nalubiviesse very
general, and are seldom reversed. Going on a little further, we findrejptites, and insects
tinted and mottled so as exactly to match the rock, or bark,footdbower they are accustomed to
rest upon,—and thereby effectually concealed. Another step in advance, and wesbéetge
which are formed as well as coloured so as exactly to resemble pattewes, or sticks, or
mossy twigs, or flowers; and in these cases very peculiasstaatid instincts come into play to aid
in the deception and render the concealment more natural. We nowparex new phase of the
phenomena, and come to creatures whose colours neither conceal them nor make them |
vegetable or mineral substances; on the contrary, they are conspicuous enougf, but the
completely resemble some other creature of a quite different group, wiyildiffee much in
outward appearance from those with which all essential partsiobtbanization show them to be
really closely allied. They appear like actors or masqueradersedrap and painted for
amusement, or like swindlers endeavouring to pass themselveswéifdmown and respectable
members of society. What is the meaning of this strange travestie® NA@tge descend to
imposture or masquerade? We answer, she does not. Her principles avert®o Sehere is a
use in every detail of her handiwork. The resemblance of one animal to asathexactly the
same essential nature as the resemblance to a leaf, or torliarlesert sand, and answers exactly
the same purpose. In the one case the enemy will not attack the leaf or thadadkite
disguise is a safeguard; in the other case it is found theafimus reasons the creature resembled
is passed over and not attacked by the usual enemies of its order, and thus thetlcagature
resembles it has an equally effectual safeguard. We are plainly shawmetdasguise is of the
same nature in the two cases, by the occurrence in the same group of serspembling a
vegetable substance, while another resembles a living animal of anotheragrdwye know that
the creatures resembled possess an immunity from attacleibpeing always very abundant, by
their being conspicuous and not concealing themselves, and by their havinglgeoergaible



means of escape from their enemies; while, at the samghiengarticular quality that makes them
disliked is often very clear, such as a nasty taste or an stitligehardness. Further examination
reveals the fact that, in several cases of both K[pdg1]] of disguise, it is the female only that is
thus disguised; and as it can be shown that the female needs protection much more talen the m
and that her preservation for a much longer period is absolutely necessarycforttheance of

the race, we have an additional indication that the resemblaincalisases subservient to a great
purpose—the preservation of the species.

In endeavouring to explain these phenomena as having been brought about by variation and
natural selection, we start with the fact that white varieties frequectlyr, and when protected
from enemies show no incapacity for continued existence and increase. We kitioav, foat
varieties of many other tints occasionally occur; and as “thévaliof the fittest” must inevitably
weed out those whose colours are prejudicial and preserve thosecolmss are a safeguard, we
require no other mode of accounting for the protective tints otant desert animals. But this
being granted, there is such a perfectly continuous and graduaesdadezkamples of every kind
of protective imitation, up to the most wonderful cases of what is termed “mifriicay we can
find no place at which to draw the line, and say, “so far variatiomanuotal selection will account
for the phenomena, but for all the rest we require a more potet’talibe counter theories that
have been proposed, that of the “special creation” of each imitative form, thataatithreof
“similar conditions of existence” for some of the cases, ankdeoliaiws of “hereditary descent and
the reversion to ancestral forms” for others,—have all been shdventteset with difficulties, and
the two latter to be directly contradicted by some of the omwsttant and most remarkable of the
facts to be accounted for.

The important part that “protective resemblance” has played in determinioglthes and
markings of many groups of animals, will enable us to understamdeteing of one of the most
striking facts in nature, the uniformity in the colours of the vegetable as cainpitinethe
wonderful diversity of the animal world. There appears no good reason whgricesbrubs
should not have been adorned with as many varied hues and as strigsighed patterns as birds
and butterflies, since the gay colours of flowers show that there is no ingapaegetable
tissues to exhibit them. But even flowers themselves present us with none afdinoseful
designs, those complicated arrangements of stripes and dots and patches ohatlour, t
harmonious blending of hues in lines and bands and shaded spots, wklganeral a feature in
insects. It is the opinion of Mr. Darwin that we owe all the beauty of flowetsetnecessity of
attracting insects to aid in their fertilization, and that much of the develogheaolour in the
animal world is due to “sexual selection,” colour being universally attractied[@a 42]] thus
leading to its propagation and increase; but while fully admitting this, it will lmeet/ifrom the
facts and arguments here brought forward, that very much wétrety both of colour and
markings among animals, is due to the supreme importance of concealment, and thusuhe va
tints of minerals and vegetables have been directly reproduced in the animal kingd @gain
and again modified as more special protection became necessarghalltbus have two causes
for the development of colour in the animal world, and shall be better enabled to understand how,
by their combined and separate action, the immense variety we now behold ha®tdeeedor
Both causes, however, will come under the general law of “Utility,” the adyaxfavhich, in its
broadest sense, we owe almost entirely to Mr. Dafwinmore accurate knowledge of the varied
phenomena connected with this subject may not improbably give us some informationtboth as
the senses and the mental faculties of the lower animals. For it is evidehtdhatrs which
please us also attract them, and if the various disguises which have been here etiameerat
equally deceptive to them as to ourselves, then both their powers of vision and thegasfatul
perception and emotion must be essentially of the same nature as our own—aifgct of
philosophical importance in the study of our own nature and our true relations to the lower
animals.



Although such a variety of interesting facts have been already acced)uls subject we
have been discussing is one of which comparatively little is really known. Turalrtastory of
the tropics has never yet been studied on the spot with a full appreciation of “whatrt@ dbivse
this matter. The varied ways in which the colouring and form of animals sentéeif
protection, their strange disguises as vegetable or mineral substancesgotiakrful mimicry of
other beings, offer an almost unworked and inexhaustible field of discovery for the ghaadi
will assuredly throw much light on the laws and conditions which have resulted in the fubnder
variety of colour, shade, and marking which constitutes one of thepteasing characteristics of
the animal world, but the immediate causes of which it has hithentonbest difficult to explain.

If we have succeeded in showing that in this wide and picturesque domain of natuie, resul
which have hitherto been supposed to depend either upon those incalculable tonsbohéaws
which we term chance or upon the direct volition of the Creator, are really duesiditreof
comparatively well{[p. 43]] known and simple causes, we shall have attained our present
purpose, which has been to extend the interest so generally Fedtrimore striking facts of natural
history to a large class of curious but much neglected details; and to further, in hekghiex
degree, the subjection of the phenomena of life to the “Reign of Law.”

Notes Appearing in the Original Work

1. Itis to be particularly observed that the word “mimicry” is mexged in this article in the sense of
voluntary imitation. It here means a particular kind of resemblance @nsemblance not in internal
structure but in external appearance; a resemblance inghdsenly that catch the eye; a resemblance that
deceives. As this kind of resemblance has the same effect as molmitation or mimicry, and as there

is no word in the language that expresses the required meaning, “mimiergdepted by Mr. Bates, and
has led to some misunderstanding; but there need be none, if it is rememberedh tmaintioty” and
“imitation” are used in a metaphorical sense, as implying that cléemeklikeness which causes things
really quite unlike to be mistaken for each otljeriginally placed at the bottom of page 17]]

2. Since writing the preceding lines, we have been informed by Mr. Jeniremive keeps a variety of
small birds, that none of them will touch our common “soldierssaiidrs” (species of Malacoderms), thus
confirming, in a remarkable manner, the anticipation we had tbtha they were in some way a protected
group, from the fact of their being at once very abundant, of conspicuous colours abpktts of
mimicry. [[originally placed at the bottom of page 27]]

3. As a proof that the resemblance is really deceptivegytha mentioned that the Mimeta is figured and
described as a honeysucker in the costly “Voyage de I'lafieg’ under the name of Philedon bouruensis!
[[originally placed at the bottom of page 33]]

4. Mr. Darwin has recognised the fact, that the colouring of female bas been influenced by the need
of protection during incubation. See “Origin of Species,” 4th E@4p.[[originally placed at the bottom
of page 42]]
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