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PART I. THE PROBLEM OF CONCEALMENT, CHIEFLY AS ILLUSTRATED
(P BRANCE

IITECT 0T DISKUPTIVE COLORATION.

In attempting to account for the wvarious phenomena
of protective resemblance, warning coloration, and mimicry,
we have to consider two questions which are involved, namely,
their function and their cause. In other wqrds, we are faced
with the problems: (1) to what extent are these resemblances
of value to the organism in which they are exhibited, as a
means of defence against natural enemies, and (2) how have
the phenomena (which include, besides coloration, many classes
of adaptation such as form and attitude, special instincts,
etc.) been established in the course of evolution?

Now these questions, though in a sense quite distinct
from one another, are yet closely interrelated, and the solu-
tion of the second must inevitably depend upon the answer to
the first. It is, therefore, of the utmost importance,
egpecially in view of the heated controversies which surround
the subject, that we should have abundant data and informetion
regarding the function in nature of these resemblances. For
it is here that the evidence is so conflicting, and it is
against this point that the storms of controversy beat as
violently as upon the various theories adduced to account for

the facts themselves.

In 1862 Bates published his famous memoir on mimicry



in Amazonisn butterflies (6) , to be followed within a few
years by parallel discoveries in the Malay region by Wallace(127),
by Trimen in South Africa (125), and by Miller (73). Bates's
original theory of mimicry, and the explanation of warning
coloration as proposed by Wallace, resting upon the asgumption
that these classes of colours are effectual as a means of
defence against insectivorous animals, was based on evidence
which amounted to little more than a few scattered observa-
tions. Since that time the subject has attracted a great

deal of attention, and has undergone remarkable development.
During the last fifty years an immense number of observations
in the field and experiments on captive animals have been
carried out in order to test the validity of the theories of
mimiery and warning coloration. Meanwhile these theories have
undergone considerable modification, and have been widely
extended in their application. There is now devoted to the
subject a very extensive and voluminous literature which i%
well deserves, for it is one of unusual interest, embracing,
as 1t undoubtedly does, some of the most remarkable éhenOmena
in the whole field of biology.

The great accumulation of facts and evidence which
have been brought to light by the masterly work of such investi-
gators as Marshall, Poulton, Swynnerton, Hale Carpenter, Morton
Jones, Kluijver, and others, has done much to establish the
view originally held by the pioneer naturalists - namely, that

to
it iy’natural selection that we must look for an explanation




of the phenonmena - and to place the theories of warning
coloration and mimicry on a foundation firmly laid on the
evidence of experiment and observation.

On the other hand, it is clear that the accumulation
of further reliable evidence regarding the protective value
of animal coloration is greatly needed.

The bulk of our information, whether derived from
field observetions, experiments, or other sources, has been
primarily concerned with insects considered in relation to
the predatory attacks of other Arthropods and of birds and
mammals, So far as I am aware, this is the first attempt
that Ims been made (1) to study in detail the predatory
habits of Anura as factors in the evolutibn of adaptive
coloration in insects; and (2) to draw attention to the
analogy between concealing and warning coloration in frogs
and insects respectively. It 1s hoped that the observations
which form the basis of the present thesis,in contributing to
a knowledge of the ecoiogy of frogs, - of their place in the
animal community, their enenies, their feeding-habits and food
preferences, - will both bring these enemies of insects into
line with those other groups which have long been generally
recognised as factors in the production of warning coljours,
mimery and allied phenomena; and also extend the application

of the theories of concealing and warning coloration to the

frogs themselves,



In the present Part, a certain aspect of the
problem of concealing coloration (chiefly as applied %o
the Anura) is discussed, - namely the manner in which
concealment in nature is brought about,

I wish to emphasise at the outset an important
point, namely that it is only when different animals =
whether frogs or insects or others - are studied in their
natural surroundings that it is possible to appreclate
the significance of form, colour and pattern,and then only
in the living creature, when these can be considered in
relation to particular postures and habits, and to the
habits of potential enemies and prey.

The truth of this statement may be seen by com-
paring the hawk moth (Plate XVIII) seen in its natural
surroundings with the same insect in a museum cabinet; or the
toad (Plate XIV) crouching among leaves on the forest floor
of its native habitat with a similar animal lying dead in a
dish of alcohol (Plate XI).

In order to retain where possible the correlation
between the appearance of the living animal and 1its natural
surroundings, I have made full use of the camera. By this
means it has been possible to bring home from the tropies of
South America and East Africa not only specimens themselves,
but - so to speak - a part of the surrounding environment as

well, Reference is made here to the photographs on
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Plates II, VII, VIII, IX, XIV, XV, XVI, XVII,XVIII and XIX,
for it is believed that these will furnish a more con-
‘vincing statement than could any verbal description, of

the effectiveness of various types of concealment in

nature,

1. The Methods by which Concealment 1s brought about.

The purpose of concealing coloration is deceive, by
rendering an animal unrecognizable to enemies or to prey;
its success depends upon the creation of optical illusions,
The precise nature of these illusions, lies in the
province of the artist rather than of the naturalist,
Briefly, they depend upon the following classes of facts:-
Form can only be visible when it 1s differentiated from its
background, (&) by colour or tone, or (b) by light and

shade. In the absence of varying colour, tone and shade

visible form cannot exist.

It therefore follows from these considerations that
the essential steps towards inconspicuousness must lie in

the direction (a) of colour resemblance, - i.,e. the

agreement 1n colour between an object and the background

against which it is seen; and (b) of obliterative shading

(Thayer's principle), - i.e. counter lightening in tone
and shading which abolishes the appearance of roundness or
relief, caused by light and shade, To these must be added

(c) the further important pkinciple of disruptive colouring




i,e., a superimposed pattern of contrasted colours or tones
which serves effectively to break up real form, which is
replaced by an apparent but unreal form, and which thus
renders the object even more difficult to recognise.

These theoretical principles of colour resemblance,
obliterative shading, and disruptive colouring, together
with various additional devices which make for deception,
are those actually found to operate in nature.

It frequently happens that an animal embodies two,
or all three, of the above principles in its colour

scheme. An example of the latter is Rana temporaria

(Plate II.).

It would be out of place here to discuss further the

general aspects of this subject. There is however a

speclal aspect of disruptive coloration to which we must

now refer,

2. Coincident disruptive coloration,

Disruptive coloration has for its purpose the mak-~
ing of the configuration proper to the body of an animal
as weak as possible, by the superimposition of an
alternative configuration, which, as we say "catches the

eye". The strength of the superimposed pattern depends

upon various factors, such as the size and shape of its

component parts and the colour and/or tonal differentiation



between adjacent partse.

Now if we investigate disruptive patterns in relation

to the characteristic habits of posture of the animals

wearing them, it is found that in many animals the pattern-

units, (such as bars or stripes of lighter or darker

pigment), extend across separate, but adjacent parts of the

body. The effect of this is greatly to strengthen the
pattern in its effect on the beholder, for it unites the
very parts of the body which are, in fact, separate entities,
My attention was first directed to this principle by
the very remarkable and striking pattern of the tree frog

Megalixalus fornasinii in East Africa (Plate VIII)., When

seen 1n the characteristic resting attitude, with the limbs
closely applied to the sides of the body, it will be
noticed that the broad and very conspicuous silvery dorsal
stripes exactly coincide with similar stripes on the legs.

The attitude, and the very striking colour scheme combine

to produce an extraordinary effect, which, like the 'dazzle'’
painting of war time, tends to make the object look other

than it really is. The deceptive appearance, brought about
by a combined effect of pigment and posture, depends upon the

breaking up of the body into two contrasting areas of brown

and white, Considered separately, neither part resembles part

of a frog. Together in nature the strong white region alone

i1s conspicuous, This distracts an obeerver's attention



" TaBLE H..&The Predatory Habits of M. fornasinii in relation to those
' of other Tree-Frogs.

Stom.a,chs Odonata. ‘ Acridiidae. Muscide, Culicidz, Lepidoptera.
examined. . ete. | ete. b

M. fornasinii 10 i 7 162 132 ! 26
(360 frogs). | i

All other spp. 2 | 4 35 27 i 11
(438 frogs). ;‘ :

Text-figure 1.

2

Megalizalus fornasinii. Drawn from photographs of living specimens, to illustrate the disruptive”
type of concealing coloration, which operates (No. 2) when the frog assumes its character-
istie erouching posture. (See Pl. I. fig. 2.)




from the true form and contour of the body on which it is
superimposed, and, like a veil obliterating the features
of its wearer, effectively masks its identitye.

Evidence of the value of this colour scheme in
relation to the capture of insect prey has been discussed
elsewhere (Cott, 20 and see Text-fig. 1 and Table I).

It is of considerable interest to note that in

Brazil a totally unrelated tree frog, Hyla leucophyllata,

wears an almost identical pattern, which likewise extends
from the back to the thigh.,

| Moreover, the same principle is widely applicable to
the Anura generallm for frogs, toads, and tree frogs be-
longing to many families and representing every geographical
realm are found to wear patterns of the type under
discussion, In some cases, as in the tree frog

Rhacophorus fasciatus from Sarawak, the bands extend

and
transversely across the back/onto the legs. However, the

commonest case is that in which transverse leg-bands agree
in width and position so that they appear to extend (when
the leg is folded) unbroken across two, or across three,

ad jacent segments of the limb. (See Plates IV, VIII—XIII).
The following are some species in which marked correlation of

this type has been noted:- Ranidae:- Rana temporarisa

(Europe) R. ornatissima, R. adspersa (East Africa);

Amphignathodontidae: - Amphi gnathodon guentheri (Ecuador);

Rhacophoridae:- Kassina senegalensis ( Africa );
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Discoglossidae:~- Discoglossusg pictus (Sardinia);

Ceratophryidae:- Hylodes ventrimaculatus (Ecuador),

H. longirostris (Ecuador), Physalaemus gracilis (Tehuantepec),

Edalorhina bucklei (Canelos), Eleutherodactylus ruthi

(Dominica); Brevicipitidae:- Microhyla picta (China),

Gastrophryne elegans (Cordova) ,gamanella montana (Malabar);

Phrynomeridae: Phrynomerus bifasciatus (Africa);

Pelobatidae:~- Batrachopsis megalopyga (New Guinea);

Hylidae:- Hyla resenbergii (Ecuador), H. venulosa

(Brazil) etc.; Bufonidae:- Bufo valliceps (Nicaragua),

Bufo typhonius (Colombia, Ecuador, Brazil), Bufo ockendeni

(Peru); Liopelmidae: Liopelma sp. (New Zealand).
It appears then that this prineciple of coincident

disruptive coloration is widely applicable in the Anura.

But further, it also occurs widely in other groups, and
we may mention in passing that it 1s found in snakes such

as Vipera superciliaris (Plate V), where the pattern above

and below the jaw corresponds; in many fishes, where the
extension is from the scales of the body to the fins; and
very widely in insects, especially Lepidoptera, in many
specles of which there is a close parallelism with frogs

in this connection (See part II). A specialization of the
same ppinciple is seen in relation to the eyes of many
vertebrates - including fishes, newts and salamanders, frogs,
lizards, snakes, birds and mammals - in which a dark bang

generally the same width as the diameter of the pupil,
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extends from the pupil, across the iris (see Rana
temporaria, Plate II) onto adjacent scales, skin, feathers
(see Woodcock, Plate VII) or halr. In each case, the effect
is the same, namely to strengthen the superimposed con-
figuration, and to obliterate the (otherwise) consplcuous
eye.

3. An Investigation of the Leg=-pattern in
Rana temporarisa,

In a detailled investigation of this phenomenon in

the case of the leg patterns of Rana temporaria, the number

and position of transverse bands on the left legs of 300
frogs (187 males and 113 females) have beeh tabulated,
particular attention being pald to the width and relative
position of adjacent parts of the pattern.

Three dark transverse bands on each of the three leg-
segments is the normal pattern formula, In such a leg thére
are six points where coincidence between adjacent bands may,
orAmay not occur, i.e, three between thigh and shin, and three
between shin and foot. Cases where four series of pigment-
bands occur (which are rather unusual) raise the maximum

coincidence number %to eight,

The following are the main results of this investig-

atlon:- (1) of the 300 legs examined, in only 31 was there no

¢colncidence of pattern: coincidence at one rolnt occurred

in 59 legs; at two points in 73; at three points in 69; at

four points in 44; at five points in 15; at six points in 6;
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at seven points in 2; and at eight points in one individual.
in 55 legs the correspondence of pattern was between thigh and

shin; 1in 48 between shin and foot; and in 166 there was

coincidence right across the three segments of the leg.

4, Special Protection Resemblances.

Before leaving the question of concealing
coloration in the Anura, two further devices which render
recognition by an enemy more difficult must be mentioned.

In the first place, several Anura, particularly South
American Bufonids and certain Brevicipitids, possess con-
spicuous ocelli on the groins. Such eyelike markings are found

in Manhigus ocellatus, Eupemphix nattereri (Plate X, fig. 2)

and Gastrophryne elegans (Plate XII, fig. 1). These

markings are somewhat similar in appearance and position to
the ocelll on the wings of certain Lepidoptera, and it
is possible that we have here a further example of the parallel-
ism between the adaptive colouring of frogs and insects (See
Part II),

Finally, certain frogs and tree frogs may be cited as
affording examples of special protective resemblance
simllar to the resemblances so well lmown among Orthoptera,
Lepidoptera and other insects. The case of a leaf-resembling
toad has been described in detall elsewhere (Cott, 14 ), and it
1s of interest to compare the photographs of this animal and of

the leaf-like Blood Vein moth, figured respectively on Plates



1a

XIV and XV,

Many bark-dwelling tree -'frogs, such as Hyla

squirella (Florida), and Chiromatis xerampelina (East Africa,

Plate XVI) compare favourably with procryptic bark-resembling

insects, such as the moth Xanthopan morgani morgani (East

Africa, Plate XVIII), as very prefect examples concealing

coloration,



PART II1. THE PROTECTIVE ADAPTATIONS OF ANURA, WITH SPECIAL
| REFERENCE TO THE THEORY OF WARNING COLOURS.

l. The Analogy between Adaptive Coloration in
Frogs and Insects.

The bulk of the work that has been published on the
theories of concealing and warning coloration has been in
reference to the Insecta, to which group these theories were
first applied. The adaptive significance of colour in frogs
has been little studied in the past.

When applied to the Anura, the facts at our disposal
indicate very clearly that we have in these batrachians
phenomena closely parallel to many of those relating to pro-
oryptic and aposematic colouring in insects.

In the present section we shall indicate briefly to
what extent the various features of adaptive colouring in the
latter group (Insecta) find their analogy here. Several
aspects of this parallelism have already been considered,
i.e. from the point of view of concealment (Part I), and
need only be mentioned here in passing.

The following types of concealing coloration are com-
mon fo, and more or less widely applicable to, both Insecta
and Anura:

(1) General protective resemblance in many, and pro-

bably the majority of defenceless and relatively edible forms,



to the dominant colour scheme of the enviromment;- namely,

earth-colour in terrestrial forms, as in many Acridiidae,

in Lepidoptera (Vanessa cardui), and in Bufo spp.; green and
brown - often in the form of disruptive patterns - in grass

dwellers, as in Acrids sulphuripennis (p1, XIX ) and Ransg

temporaria (P1, II ); grey and bark-like in branch dwellers
(see below); grey in rock-dwelling forms, such as Hyla areni-
cola; and leaf-green, as in many tree-dwelling Hemiptera,

Orthoptera, Lepidoptera and in many tree frogs (Hyla caerulia,

H. andersoni, Leptopelis johnstoni).

(2) Combined with the above we often find obliterative

shading (Thayer's principle), with, or without, a superimposed
disruptive colour pattern (see Plates II and XIX),

(3) Attention has been drawn (Part I) to a special
aspect of disruptive coloration, namely a type of pattern which

is strengthened in its effesctiveness by the extension of parts

of the pattern-picture across separate, but ad jacent parts of

the animal's body. Very striking, and here comparable, are the

cases of those patterns which extend continuously fr9m fore to
hind wings,~on the under surface of many butterflieéxand on the
upper surface of many moths belonging to several familiés;—and
across the segments of the hind legs in several families of

Anura (including Hylidae, Bufonidae, Ceratophryidae, Pelobati-
dae, Ranidae, Rhacophoridae, Brevicipitidae, Brachycephalidae,

and Phrynomeridae).

A A . “
as in Kallima sp., Grapta c-album, Thecla phaleros.

*as in Timandra amata, Pseudophia lunaris, Coremis unidentaria.




(4) Isolated distractive markings, such as eye-spots,
which occur commonly near the posterior wing margins in Lepidop-

tera ( Thecla, Epinephel e, Lycaena, Caligb) and on the sacral

region in Anura (Mantipus ocellatus, Edalorhina perezi,

Gastrophryne elegans, Eupemphix nattereri),

(5) Flash colours, as in Cicadidae (Hemisciera maguli-

pennis) Tettigoniidae (Qedipoda miniata), Lepidoptera (Catocals

electa), and in several families of frogs (Phyllomedusa hypo-

chondrialis, Hyla versicolor, Arthroleptis stenodactylus,

Hylambates maculatus).

(6) Special protective resemblance to specific natural
objects:-
(a) to leaves, - as in numerous butterflies and moths (Kallima,

Melanitis, Timandra, Phyllodes), Phasmidae (Phyllium), Tetti-

goniidae (Eurygnathus, Phylloptera, Tanusia), and in the

remarkable South American toad Bufo typhonius (P1.XIV) whose

habits and éppearance have been described elsewhere (Cott,14 );

and in the Wood Frog (Rana sylvatica) (88) ;

(b) to bark, - as in butterflies (Ageronia) and moths (Sphingidae
Geometridae and others), beetles (Cerambycidae), and in tree

frogs such as the large East African Chiromantis xerampelina

(Pl, XVI,2):
(e¢) to lichen, - as in numerous procryptic moths (Agriopis,
Moma, Pachys, Bryophila), beetles (Lithinus), and in the tree

frog Hyla langsdorfii (Plate 1V, ), °
(d) to twigs and stems (if we
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extend the analogy to include reptiles) as in the tree snsakes

Oxybelis acuminatus in South Ameriea (p1,xvr,1) and Thelotornisg
kirtlandii (Cott, 23) in East Afrieca, whiéh‘take the place
occupied by such Insecta as the stick insects (Phasmidae) and
Geometrid larvae. )

Associated with these proeryptic colours and patterns,
and also common to both Insecta and Anura, is the instinective
habit of "freezing" or remaining still in the presence of the
enemy. This instinct, which is of such vital importance (for
without it concealment is impossible) appears to reach its
highest development in those species whose form and colouring
are most gspecialised for concealment, as, for instance, among
insects in the Geometrid larvae (which move and feed only by
night and possess remarksble adaptations to render stillness
possible during the hours of daylight), and among Anura in

Bufo typhonius. I have referred elsewhere to the proecryptic

habits of this little toad, which "remained quite motionless
while I arranged my tripod within a few inches, focussed the
camera, and took several time exposures; nor did it make any
attempt to escape when it was picked up, but allowed itself

to be handled without a struggle, evidently relying on the
"erouching habit" to escape observation - just as a young Stone
Curlew will do under similar circumstances." (14)

2. The Theory of Warning Colours as applied to
the Anura.

It is interesting to extend the application of the

theory of warning colours from the Insecta to the Anura,
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and to determine to what extent the various features of
aposematic colouring in the former group.find their analogy
here. |

The generally accepted view that the warning eolours
of‘“defended“ animals have been developed by the operation of

natﬁral selection rests upon the following classes of evidence:-

(1)»The possession of some unpleasant attribute,
such as poison, dangerous powers of attack, offensive secre-
tions, repulsive odour or taste, or other features which render
an animal dangerous or distasteful to potential predatory
enemies.

(2) The presence of an advertising mechanism. This
may take any of several forms, such as brilliant coloration
(black, black and yellow, black and red, ete.), conspicuous
colour pattern (spots, bands, stripes, etc.), or warning atti-
tudes, movements or sounds. |

(3) The fact that mammals, birds, snakes and other
predatory vertebrates do not instinctively discriminate between
palatable and unpalatable prey. They must first test every-
thing experimentally in the light of individual experience.

(4) They have retentive memories, and when an animal
is found by experience to possess dangerous gualities, it has
only to be seen to be avoided.

(5) Warning colours are of vital benefit to their
possessors, whose unpleasant gqualities they a@vertise, by

agsisting the rapid education of enemies.
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i. The Efficiency of Poisonous sSecretions in
defending Anura from Predatory Attack.
Poisonous skin secretions are of common occurrence
among the Anurs. In many species they are known to furnish
an effective means of defence against predatory enemies.

Typical "warning" features, namely, conspicuous colours (black,

black and white, black and yellow, black and red) and bold
patterns (stripes, bars, ocelli, etc.), combined with apose-

matic habits, are found in many species, and, where these occur,

they appear to be characteristically associated with highly
poisonous secretions.

One of the earliest observations on the effieiency of
poisonous secretions in the Anura is that by Belt, the natural-
ist and explorer, who gives the following account of certain
Nicaraguan frogs (12):- "In the woods around Santo Domingo
there are many frogs. Some are green or brown, and imitate
green or dead leaves, and live amongst foliage. Others are
dirty earth-coloured, and hide in holes and under logs. All
these come out only at night to feed, and they are all preyed
upon by snakes and birds. In contrast with these obscurely
coloured species, another little frog hops about in the day-
time dressed in a bright livery of red and blue. He cannot
be mistaken for any other, and his flaming vest and blue
stockings show that he does not court concealment. He is very
abundant in the damp woods, and I was convinced he was uneat-

able so soon as I made his acquaintance and saw the happy
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sense of security with which he hopped about. I took & few
specimens home with me, and tried my fowls and ducks with

them; but none would touch them. At last, by throwing down
pieces of meat, for which there was a great competition amongst
them, I managed to entice a young duck into snatching up one

of the little frogs. Instead of swallowing 1t, however, it
ingtantly threw it out of its mouth, and went about jerking

its head as if trying to throw off some unpleasant taste.™

0f Bombinator igneus Gadow says (37) : "When these

toads are surprised on land, or roughly touched, they assume
a most peculiar attitude.... 1In reality this is an exhibition
of warning colours, to show the enemy what a dangerous animal
he would have to deal with. The secretion of the skin is very
poisondus, and the fire-toads are thereby well protected. I
know of no creature which will eat or even harm them. I have
kept numbers in a large vivarium, together with various snakes,
water-tortoises, and crocodiles, but for years the little
fire-bellies remained unmolested, although they shared a pond
in which no other frog or newt could live without being eaten.
Hungry water-tortoises stalk them under water, touch the in-
tended prey with the nose in order to get the right scent, and
then withdraw from the Bombinator...."

The same authority tells us that the "strongly poison-

ous secretion” of Dendrobates tinctorius is said to be employed

by the Indians of Columbia for poisoning their arrows, the

poison acting on the central nervous system and being used



especially for shooting monkeys (37).

Ditmars, whose wide experience as a field naturalist
and as Curator of Reptiles in the New York Zoological Park
enables him to speak with authority, says of the feeding-
habits of the Black Snake (Zamensis): "Frogs are also eaten,
but among these are several species that the snake will grasp
and immediately reject. An example of this type of batrachian

is Rana palustris, which exudes an irritating secretion from

the skin. Toads are never eaten...." (27) .

The poison of Kana palustris, the common Pickerel

Frog, is slso referred to by Wright, who states that it will
frequently kill other species of frogs carried home in the
same jar with it (130) .

The effectiveness of the poison of toads is mentioned
by Gadow, who says: "The milky secretion of toads protects
them against many enemies, although not always against the
grags-snake. A dog which has once been induced to bite a
toad, suffers so severely that it will not easily repeat the
experiment" (37) .

Referring to the East African toad Nectophrynoides

vivipara, Loveridge (€l) states that "When killed in chloro-
form the large glands on the back and limbs exude a considerable
quantity of poison which is as fluid as cow's milk."

Bufo marinus, the giant toad of the Amazon, is rendered

formidable and well-nigh immune from predatory attack by the
‘ (Pl;XX&})
virulent poison of the highly developed parotid glands./ The



fatal effeet of the poison on would-be predators was brought

to my notice all too plainly in the ocase of a fox terrier
belonging to the Rev. 4. Miles Moss, of Paré, when it inad-
vertently bit one of these toads and died within a few hours

a8 a result of the poison discharged into its mouth. of

this species Noble writes that it "produces one of the most
virulent poisons known among the Amphibia, one that frequently
kills dogs which have not learned to leave the toad alone." (£8)

Hyla venulosa, the Brazilian "flying" frog, produces,

on being handled or irritated, a copious flow of whitish
gsecretion - stieky and acrid, which cannot fail to act as a
deterrent to many potential predators.

0f a related species Barbour writes as follows:
"Hyla vasta, of Santo Domingo, has a skin poison so strong
that it bﬁrns one's hands painfully when the frog is handled!

Noble says of the African Phrynomantis bifasciata,(?LZEﬂ
that it ﬁlso has "been found under certain circumstances
temporarily to inflame the hands of the collector" (88) ,
and that both this and the previous species produce great
quantities of milky secretion.

Loveridge (€1l) also refers to the skin seeretion of

P. bifasciata, which he says causes an irritation entirely
comparable to that produced by stinging nettles.

It may be noted here that where very conspicuous
colours occur in the group, they are characteristically

associated with an effective means of defence, though the



converse is by no means true, for other forms, such as

Hyla, Bufo, Ceratophrys, may combine poison with eryptic

coloration and habits. On the question of warning colours
Gadow writes (37): ™Most, if not all, Amphibia are more
or less poisonous, and it is significant that many of the

most poisonous, e.g. Salamandra maculosa, Bombinator,

Dendrobates, exhibit that very conspicuous combination of

yellow or orange upon a dark ground, which is so widespread
a sign of poison.™ Further striking examples of this re-
lationship between aposematic colour and effective poison

in frogs are furnished by the red and blue frog described by
Belt, by the observations (quoted below) of Budgett and
Professor Graham Kerr in the case of Phryniscus and Phyl-

‘lomedusa, and by the pink-or-vermilion,and black Phrynomantis

bifasciata.

The foregoing observations prove beyond doubt the
effectiveness of skin secretions in defending certain Anura
from predatory attack. Vie must now discuss briefly the

evidence of discrimingtion on the part of predatory enemies

of the Anursa.

ii. Power of Discrimination in Snakes and Birds.

The predatory enemies of frogs have been discussed
in some detail elsewhere (20) and it has been shown that
chief among these are birds and snakes. Of the former, few,

if any, are exclusively frog-eaters. But many species include
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frogs in their diet, and in some cases these form‘the most
important item of food (32, 55, 58. 59, 114, 12¢ ), Snakes
are the most important enemies of the Anura, and not a few
species live on frogs to the execlusion of almost all other
food ( 4, 27, 33, 58, 87, 199 ) These animals depend
largely upon vision in hunting for prey (27, ©6),

A vivid account by Ditmars, which I have quoted in
full elsewhere (Cott,25 , p. 112) well illustrates the im-
portant place occupied by vision in the hunting of prey in

the case of the snake Euteniz saurita. There is a considerable

body of evidence that both birds and snakes learn to discrim-
inate between poisonous frogs and those which are relatively
palatable (1c, 25, 27, 37, 73, 94) Vie may mention in
passing the following observations, which besides providing
additional evidence of the effectiveness of skin-gecretions
in defending Anurs against predatory attack, are especially
significant in relation to diserimination by predators.

Ditmars (27) has proved beyond question that the King

Cobra (Naia bungarus) is able to distinguish immediately be-

tween the harmless Water Snake (Tropidonotus taxispilotus)

and the poisonous Water Moccasin (Ancistrodon piseivorus).

- The same authority states that M"lack of preference in the
selection of prey among creatures that greatly vary in a
possession of highly irritating skin secretions, is quite
unusual for serpents that also prey as often as occasion

permits, upon mammals and birds." The Boomslang (Dispholidus
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typus) hunts for frogs in addition to its more favourite
food of chamaeleons, birds, and their eggs; but it will not
eat toads (33) . Budgett (10) mentions the food preferences
of a grass snake, which was able to diseriminate between
palatable and unpalatabdble batfachians. A frog, Paludicola
signifefa, was put into a cage "in which were many brightly
coloured frogs, including Phryniscus nigricans and Phyllo-

medusa hypochondrialis. 1In this cage was also a small grass

snake. Hitherto it had taken no interest at all in the gaudy
frogs in its cage; but as soon as the little Paludicola made
its first spring, it was caught in mid air by the snake."
Some of the sarlier quoted observations relating to poisonous
gsesretions as a means of defence may also be recalled here

as further evidence of discrimination by snakes and other
reptiles, e.g. Gadow on the'immunity of the fire-bellied toad,
and Ditmars on the food-habits of Zamensis; and by birds, e.g.
Belt's aposematic frogs refused by fowls and ducks.

In conclusion, I may mention another clear case of
discrimination for the particulars of whiech I am indebted to
Professor Graham Xerr. This relates to a Seriema (Cariama
cristata) which was kept as & pet in the Paraguayan Chaco.

The bird, though tame, had complete liberty, and being very
fond of frogs, it was accustomed to follow its owner, antici-
pating’the amphibian tit-bits which were to be discovered
beneath the logs and stones that were overturned for the

bird's inspection. But the Seriema was under no misappre-
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hension as to the unpalability of the black and yellow and

scarlet Phryniscus nigricans. One look was emough: 1t could

never be induced to have anything to do with this species,
which, says Budgeft, "gt ordinary times is the slowest and
most bold of frogs."™ Charles Darwin also writes * of this
species which he observed when visiting Bahia Blanca in 1833:-
"Amongst the Batrachian reptiles, I found only one little

toad (Phryniscus nigricans), which was most singular from its

colour. If we imagine, first, that it had been steeped in
the blackest ink, and then, when dry, allowed to crawl over
a board, freshly painted with the brightest vermilion, so as
to colour the soles of its feet and parts of its stomach, a
good idea of its appearance will be gained. If it had been
an unnamed species, surely it ought to have been called
Digbolicus, for it is a fit toad to preach in the ear of Eve.
Instead of being nocturnal in its habits, as other toads are,
and living in damp obscure recesses, it crawls during the

heat of the day about the dry sand-hillocks and arid plains...”

It appears, then, from the above considerations, that
there is a close parallelism in the application of warning
colours to Insecta and Anura respectively. In each case,
the same conspicuous combinations of colours (black, black and
red, etc.) and striking patterns (bars, ocelli, stripes, etc.)

are found associated with nauseous or dangerous qualities which

* A Naturalist's Voyage, 1897. London. Chap V, p. 91l.
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render their possessor relatively inedible: in each case

respectivé vertebrate enemies are known to form associations
and to learn by experience to avoid dangerous or unpalatable
prey on sight. In leading to immediate recognition (and by
thus accelerating the education of enemies) the conspicuous

attribute is believed to be of vital benefit to its possessor.



STATUS OF TREE FROGS IN THE LOVWER ZAMBESI VALLEY,

AND IN GRAN CANARIA,

In investigating the food-hablts of an animal, and the

light which they throw upoh the relation between colour and.
edibility in insect-prey, as revealed by the examination of stomach
contents, it is necessary to obtain quantitative data, There
i1s gtill considerable disagreement among biologists as regards
both the origin and significance of warning and procryptic
coloration, and at present what we want are not new theories, but\
new facts. Especlally is this the case regarding the feeding-
habits of batrachians, which have rarely been studied in re-
lation to these problems, Isolated or casual records (such
as "food chiefly insects," "two stomachs contained mostly spiders,"”
etc.), which sometimes figure in systematic publications, are of
but little value either as an indication of a frog's diet in
genéral, or in particular as evidence of the part which adaptive
coloration plays in protecting insects from their enemies, and
such observations are apt to be misleading,

The present Part contains an account of the food-habits
of certain tree-frogs, and a tabulation of the food animals de-
rived from the stomachs of 993 individuals belonging to eight
species,

Representing some 12,638 insects and other prey, this
material is the outcome of a detalled investigation of food eaten

under natural conditions. It is believed to be sufficiently
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plentiful to furnish reliable data (1) for testing the

efficiency of procryptic and warning colours, and mimicry, in
defending certain insects from predatory attack, =nd (2) as an
indication of the part played by these batrachians in the pro-

duction of adaptive coloration in insects.

1. The Food of certain Speciles in Portuguese

East Africa.

11,428 insects and other food-animals were obtained from
the examination of 798 tree-frogs belonging to the following

species:~ Hyperolius marmoratus, H. bayoni, H, argus,

Megalixalus.fornasinii, M. brachycnemis, Leptopelis Jjohnstoni,

and Phrynobatrachus acridoides,

The figuresin Table II show (1) the number of frogs

examined of each species respectively, (2) the number, and (3)

percentage which contained recognizable food, (4) the total

number of food-animals per individual, ani (6) the average number

of food-animals per individual.

Tasre 8L 1T
. Number Nun§b.er Por- - Total Mean
Species. examined. cox;tsunmg centage. . food- food-
ood. content. content,
H. mormoratus......... 40 38 95 [ 2675 669
| H.bayoni ......... ..... 110 107 97 T, 3688 335
| H.argus, 33 ......... 132 . ? ? 2074 157
Hoargus, Q9 ... 122 ? e 1226 10-0
M. fornasinii ......... | 360 245 68 1119 31
| M. brachycnemis ...... 11 9 82 ‘ 31 28
* L. johmstons ............ 8 6 | 75 ; 13 T 16
P. acridoides............ 15 15| 100 602 401




An analysié of the food-animals is summarized for each
species in Table TIII.

The foregoing material is ciassified in percentages according
to the food-preferences of each specles respectively, as
follows: -~
H. marmoratus (40).... Ants, 97.53; beetles, 1.05: Diptera, .44;

(Prey 2675). bugs, .34; spiders, .30; Orthoptera, .15;

Hymenoptera (other than ants), .11
Lepidoptera, .08.

H, bayoni (110),...... Ants, 96.18; bugs, 1.57: beetles, 1.27,
(Prey 3688), Diptera, .43; Lepidoptera. .16; spiders
.13: Orthoptera, .1l1l; termites, .06;
dragonfiles, .03; woodlice, ,.03:
Hymenoptera (other than ants). .03,

H. argus & (132)..... Ants, 94,68; bugs, 2.60: beetles, 1.31;
Prey 20%4). Diptera, .58; spiders, .34 - Orthophtera
.19; Lepidoptera. .15: dragonflies. .05:
woodlice, .05; hymenoptera (other than ants-
005.

H. argus §9¢ (122)..... Ants, 91,17; bugs. 2.54: beetles, 1.80:
(Prey 1226). Diptera, 1.5¢: Orthoptera, 1.22:
Lepidoptera, .98: Arachnida, .57:
Hymenoptera (other than ants), .16,

M. fornasinii (380)... Bugs. 46.3; Diptera, 26.3: ants, 10.8;
(Prey 1119) beetles 7.1; Lepidoptera, 4.8; spiders, .9;
: Orthoptera, 1.9; dragonflies, .9;
Hymenoptera (other than ants), .8;
woodlice, .2.

M. brachycnemis (11).. Ants, 77.3; bugs, 9.7; beetles, 6.5;
(Prey 51,) Diptera, 6,5,

L. johnstoni (8)...... Ants, 23.1; Caterpillars, 23.1; beetles
(Prey 13) 25.1; crickets, 15.3; bugs, 7.7;
Batrachia, 7.7.

P, acridoides (15).... Ants, 91.87; Diptera, 5.65; beetles, 1.16;
(Prey 6027, Hymenoptera (other than ants), .49; bugs,
.33; spiders, .33; Orthoptera, .l1l7.

It will be seen that there is a close general resemblance

in the habits of H, marmoratus, H. bayoni, and H. argus. In

each case ants form a high percentage of the food eaten
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TasLE ¥.—Classification of Food-

from the alimentary track of 798 Tree-Frogs.

Animals (complete or fragmentary) recovered

: g
. - . Q
£ I NE N
5 w oo g RS
§ 8 o = ] S |8 ®
5| s &| 85 (8% z
£ 8§ 8|2 ]el5ls
» - @ 2 2| = *
g | 8 3 : 0% |5lel3
= S 2 2 g IE|IR]8
S| SISOl R (S8 8 4
] =] =] & = =S| R =
40 110 132 122 360 {11 | 8 | 15| 798
CRUBTACEA. Isopoda ... ... Creeiraeenae, 1 1 2 e 4
ODONATA. Agrioning P ......ccooeenn.. 1 1 10 12
Forficulidee .................. 2 1 3 5 5 16
Blattide.......... 1 ] 4 9 15
ORTHOPTERA. | (G o1)igee I 1 1 3 1 21| 10
Acridiid® ..........cooeviennn. 1 3 7 11
IsoPTERA. Tormitidsm .............cv..... 2 } 2
Heteroptera (large) ......... 3 1 4 6 RPN 14
Various Hemiptera (small).| ... 10 9 2 12 2 35
HEMIPTERA. Peregrinus maidis ......... 8 | 41 | 44 | 25 | ™ ; 2| 1 198
Aphidide® ...................| 1 4| 1 423 | 1] .. 430
Rutelide ....... 1] .. 5 1| 7
Various large ...... 2 4 4 2 . 12
Coxzorrsna. Various medium ... .18 3 1 8 25
Various small ...............1 15 44 24 12 66 2( 1 71 171
Muscide, etc. 6 12 6 9 162 2 197
DIPTERA. Culicide, ete. 6 4 5 10 | 132 2 159
Larvee ....o.oooiiviiiininnnn. 1 32 33
~ Adult insects ............... 1 5 1 4|26 | 37
! LeproorTERs. Larvee ...........ccceeninnn. 1 i 2 8 28 3 43
Pheidole megacephala .
(worker). {2599 13533 11962 |[1111 119 24 3 |543 | 9894
. » (soldier). 8 14 2 4 1 R 9 38
HYMENOPTERA. { Monomorium subopacum .. 2 . 1 1 4
Camponotus sp................ 1 1
Various large .. 2 1 1 3 3 10
Various small 1 . 6 3 10
ARACENIDA. |y oveida ) e 7| 6 | 10 2| 38
| BatracHIa, Hyperolius sp. ............... 1 1
Total ...... 2675 | 3688 | 2074 | 1226 | 1119 31’ 13\- 602 (11428




(over 90 per cent.) - beetles, bugs, and flies, in varying

proportions, taking the three succeeding places in order of

preference,

In the case of H., argus it has been shown by

Parker (gg ) that the present series from the Lower Zambesi
exhibits remarkable sexual dichromatism. If the difference in
the colour of the sexes (Plate I ) has raised some compli=-
cations regarding the synonymy of the species (as discussed

by Parker), it certainly also raises points of considerable
interest in ecology. For not only are the sexes markedly
differentiated in colour, and to a less extent in size, but

also, apparantly, they differ both in their feeding habits,

and their habitat, The general habits of the frogs have
been mentioned elsewhere ( 20 ) and we shall only refer here
to the question of food.‘ '

If we exclude ants from the picture, and examine the
remaining food eaten by males and females respectively of
H. argus, certain fairly well-marked differences in the-

matter of food-habits will be noticed. These are well

brought out in text fig., 2 .



Examination of this graph shows that, broadly

speaking, the males favour smaller insects, while the

Text-figure 2
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Food-preferences of H.argus, S9 and 99,

as shown by percéntage analysis of

stomach contents, Ants are omitted from the
diagram. "L" and "S" indicate relatively
large and small insects respectively.

females are able to tackle heavier quarry - in fact, the

differences in feeding habits appear to be correlated with



the differences in the size of the sexes., Thus thec females
eat a higher percentage of earwigs, cockroaches, crickets,
g;asshoppers, large beetles, large bugs, Diptera, and
'Lepidoptera; males, on the other hand, make up on sualler
bugs and beetles and on a higner percentage of ants.

In contrast to the species of Hyperolius,

M, fornasinii is essentially a fly-catcaner, large muscid

4Diptera making the bulk of its food., These differences,

Text-figure 3.
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Food-preferences of H.bayoni and M.fornasinii
as shown by percentage analysis of stomach
contents.
which are discussed in parts I and IV, are clearly shown
in text-fig. 3 , where tne grarh referring to H.bayoni

may be regarded as typical also of H,uarmoratus and E;gggg;.
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2. The Food of Hyla arborea var, meridionalls in

Gran Canaria.

The analysis of this material will be found in Table IV .,
which is arranged to show (1) the number of food-animals eaten,
and (2) the number of frogs from which various groups of prey

were recovered.

Table IV. - Analysis of Food-animals (complete or
fragmentary) recovered from the Alimentary Tract
of 195 Tree-frogs from Gran Canaria and Gomera,
showing (i) the Systematic Distribution of
Prey, and (ii) the number of Individual
Tree-frogs containing different Groups of

Pood-Animals,
(i.) Food-animals eaton. (ii.) Frogs containing food.
Prey. i
Number. Per cent. Number. Per cent.
ISOPODA ....coccviinininniinn. 47 3-88 23 125
AMPHIPODA  ..vvvveenenn.nnn. 2 17 2 11
ORTHOPTERA ..........coe...n. 13 1-07 11 60
HEMIPTERA ......oevv v 43 355 36 19-6
COLEOPTERA .......coeoennn. 200 16-54 104 566
DIPTERA ..ooovvvininnernannnnn. 74 612 33 17°9
NEUROPTERA ....cocovvvnnnnnn. 2 117 2 11
- | LEPIDOPTERA .......c.covunnnn. 37 3:06 27 147
HYMENOPTERA: Ants ... 695 5744 136 740
. Other than ants 9 }704 74 } 5818 7 } 187 38 } s
ARANEZE ....c.ooovvnvvieinan., .70 578 54 293
ACARINA ... 9 l 74 43
CHILOPODA ....ooevnivinnnnn.n. 9 [ T4 33

Certain other data, given for comparison with figures
and Table III in my earlier paper (20,p. 485 ), are as follows:-

Number of frogs eXamine@.u...eveeeessesesooeoenessssl95
Number containing recognizable fOOA......veveeesss..184
Percentage contalning recognizable f00d....eeeeeoses 94
Number of food-animals obtained........eeeeeeeesss.1210
Average number of food-animals per individual...... 6.2
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Classified in percentages, according to preference
the food 1s as follows:-
ants, 57.44; beetles, 16.54; Diptera, 6.12; spiders, 5.78;
woodlice, 3.88; bugs, 3.55; Lepidoptera, 3.06; Orthoptera, 1.07;
Hymenoptera (other than ants), 0.74; mites, 0.74; centipedes,
0.74; Neuroptera, 0.17; Amphipoda, 0.17.

It has been shown elsewhere (20,pp.525-527) that frogs

toads, and tree-frogs are typically enormous feeders, Although
in the present species the mean food content is low, some
individuals had stomachs stuffed almost to the bursting point.

The single example may be cited of a female from Fataga

measuring 44 mm, in length, The hugely distended stomach of this

frog contained four large freshly caught weevils (Hyperstichus |

eremita), in almost perfect condition, each measuring about 14 mm.,
and the remains of a fifth large OEdemerid beetle (Ditylus
concolor), also measuring 14 mm. In addition there was a

quantity of débris in the intestine and rectum.

3. Tree-Frogs in the Zconomy of Nature,

Having considered in some detall the enemies and prey

of tree-frogs such as Hyperolius and Megalixalug, we can now

look back in an attempt to see how these frogs stand in re-

lation to the economy of tropical nature.

The efficiency of certain adaptations in insects (p.46 )
and in frogs (pp. 5 , 14 ) is dealt with elsewhere. It is with \

one aspect of the struggle for existence - the competition for ‘

food and safety, and the network of interrelations between



predator and vrey, that we are here concerned.
At the present time we know little about the regulation

of animal numbers in the tropics. It is only possible to take up

here and there a thread of that vast fabric woven of blological

interrelationships, which, with its every changing pattern,

appears more complex and remarkable the closer it is studied.
In order to illustrate this point, it will be con-
venient to consider in particular the case of the genus
Hyperolius, respecting which we have the most complete data.
In text-fig. 4 an attempt has been made to show diagrammatically
the position of these frogs in relation to other animals with
which they are assovciated in nature, and with which, in the
capacity of predator or prey they come into vital contact., The
tree-frogs are shown in the centre of the diagram, surrounded

(beneath) by their food-animals and (above) by their enemies.

The arrows Text-figure 4.

Simplified diagram indicating the position in nature of Hyperolius, considered in relation

to its enemies and its prey. } L I
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in all cases point from prey to predator, indicating the
direction of food-transference - proceeding (generally) from
the smaller, more numerous, and more defenceless to the
larger, bolder, or more resourceful animal, I have indicated
(1) with heavy arrows what appear to be the most important
relationships; (2) with continuous lines those established

by my own observations, supplemented by the records of other
naturalists; and (3) with dotted lines some cases which are
doubtful. No claim is made that this simplified diagram

of food-relationships is complete., It does, however, serve to
indicate clearly some of the intricate 'food-chaing' in which the
frogs form an essential link, These chains, considered to-
gether, are more closely analagous to a network, where each
strand crosses and reacts upon others, in maintaining the
complex and constantly varying balance of life,

We are still, unfortunately, very ignorant about the

enemies of Hyperolius, and have little data to work upon., But
there is little doubt that snakes are the enemy mainly re-
sponsible for keeping their numbers in check. (Cott 20 pP.482-484).

When we come to consider the food-animals, we can

speak with more certainty, The frogs indulge in a wide range

of diet, comprising at least eleven arthropod orders., Their

activities involve the destruction of animals which are both

useful and harmful to man., Among the former we must reckon

insect-destroyers such as parasitic and predatory Hymenoptera,




£
O

dragonflies, and spiders; among the latter, grasshoppers,
aphids, and other injurious bugs, beetles, caterpillers,
flies, gnats, and mosquitoes,

It is beyond the scope of this paper to discuss the
economic importance of tree-frogs as destroyers of insect life,
In regiéns like the lower Zambesl valley, where the fngs are
abundant, the numbers of insects killed must be enormous.

An idea of the extent of their depredations may be obtalned

by referring to the right-hand column of Table II where

I have given the average number of food-animals obtained from
an individual of each species examined. These figures, being
calculated from the stomach-contents of individuals in all
states of hunger and repletion, including those with empty
stomachs, we may regard a tolerably full meal as comprising
twice thé amount .

To illustrate this point we may cite two examples, which

indicate how insect numbers may be effected by their depredations§

The average stomach-content of an individual H, marmoratus is

67 insects, Assuming that the frog eats a full meal of 134

insects in twenty-four hours, the creature will destroy nearly
49,000 insects during the year, Or again, taking all species 1
of Hyperolius collectively,the average number of ants re-

covered from all (including empty) stomachs in the present

series is 23, This figure is obtained from the examination
of 404 individuals, Now we may regard a full meal as com=-
Prising twice this amount, or about 50 ants (besides other

insects), a figure which was often very far exceeded (See 2¢,n.5.5)

S —
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If we assume that an acre of, say, banana or maize

plantation supports 500 Hiyperolius individuals, these frogs will,

in the course of the year, devour no fewer than 9,125,000 ants -

probably an underestimate, if we allow, on the observations of
Kirkland (See 20,p.526)that the stomach is filled not once, but
six times, in twenty-four hours.

An examination of individual stomach-contents reveals
the same story. Lack of space prevents the recording of
more than a few examples, which illustrate sufficiently well

the effect which the frogs' depredations may be calculated to

have in the regulation of insect numbers, (See 20,pp.516,526-27).

H., marmoratus: (1) 1 muscid fly, 232 ants;

(2) 1 cockroach, 2 beetles, 1 muscid fly, 93 ants;

(3) 3 Culicidae?, 44 ants, 1 braconid, H. bayoni:/‘(l)

1 homopterous bug, 106 ants; (2) homopterous bugs, 1 beeﬁle,
8l ants; (3) 1 homopterous bug, 2 beetles, 1 culicid, 2
Lepidoptera, 52 ants, H. argus: (1) 9 homopterous bugs, 1
beetle, 24 ants; (2) homopterous bugs, 1 beetle, 3 culicids,

19 ants; (3) 1 earwig, 1 cricket, 2 homopterous bugs, 1 spider.

M. fornasinii: (1) 3 homopterous bugs, 1 beetle, 2 muscid
Diptera, 7 Culicid, etc., 2 hymenopterous insects, 1 spider;
(2) 146 aphids, 2 beetles, 1 ant; (3) 7 muscid Diptera, 1
culicid; (4)47aphids, 4 beetles, 10 culicid, ete., 3 ants.

P. acridoides: (1) 24 dipterous larvae, 59 ants; (2)1gryllid,

3 beetles, 27 ants, 1 proctotrypid,

Bearing in mind the abundance of tree-frogs in suitable
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localities - and in the light of the above observations, -
I believe these small batrachians must be reckoned a not
ingignificant factor in the regulation of insect numbers in
the tropics; and I suggest it is probably that the frogs,
which appear to touch human affairs so lightly, render a not
inconsiderable service to man by reducing the hosts of pes-
tilential or injurious insects which so notorilously rob him
of his crops, his health, and his peace of mind.

A comparison of the biological status of Hyla arborea

var. meridionalis in Gran Canaria with that of the tree frogs

considered above throws some light upon an important aspect
- of animal life, namely, upon the fundamental, and often
detailed, similarity in the organization of different animal
communities, This question, and the conception of the ecolo-
gical "niche," have been discussed in general terms elsewhere
(Cott,22,0.315). The principle is beautifully illustrated by
reference to certain of the present species.

Almost wherever frogs occur some species are to be
found which have left the sod for an arboreal existence.
This widespread hablt of climbing has arisen independently
in several families., There is, in fact, an almost world-wide
tree-frog niche. This niche is filled by certain Brachyceph-
alidae - Dendrobates in South America; by a Bufonid genus

Nectophryne in India and Borneo; by the Ceratophryid genus

Hylodes in South America; by the majority of Hylidae, such as
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Hyla, an almost cosmopolitan genus, and Nototrema and Phyl-
lomedusa in South America; by several Ranid genera, such as
Cornufer in Papua and Fiji, and Staurois in Malaya and Borneo;

by Amphignathodontidae -~ Amphignathodon, in South Amerilca; by

many Rhacophoridae, such as Chiromantis, Leptopelis, Hypero-

lius, and Megalixalus in Africa, Mantlidactylus and Mantella

in Madagascar, and Rhacophorus in Madagascar, Southern Asia,

Japan, and the Philippines; and, finally, by the Brevicipitid
genus Platyhyla in Madagascar.

Here, then, we have frogs belonging to different
families, inhabiting wldely separated regions, representing
parallel but Independent adaptations to an arboreal existence,
and occupying a particular relationship to the community.

What this relationship is may be discovered, at any
rate in part, by investigating their food-habits.

When this is done a remarkably close parallelism is

found to exist between certain species, as in the case of

Hyla arborea in Gran Canaria and Hyperolius argus in Portu-

guese Rast Africa, These two frogs - unrelated and inhabiting
widely separated regions - closely resemble one another in
form, in the habitat in which they elect to seek food and
shelter, and in the food that is actually eaten. In other
words both, in their respective communities, have precisely
the same status; both, in their respective environments,

. Occupy precisely the same station. The parallelism is clearly




brought out by a comparison of food preferences, as indicated
by the number of individuals containing various groups of

prey. The figures, in order of preference, are asg follows:-

Hyperolius argus .. Ants, 37; beetles, 18; bugs, 12;
(47 speclimens). Diptera, 9; Orthoptera, 7; cater-
pillars, 6; spiders, 5; Lepldoptera
(adults), 2; woodlouse, 1l; dragonfly,
1; Hymenoptera (other than ants), 1;
mite, 1.

Hyla arborea ...... Ants; 136; beetles, 104; gpiders, 54
(184 specimens). bugs, 36; Diptera, 33; woodlice, 23:
caterpillars, 18: Orthoptera, 11:
Lepidoptera (adults), 10; mites, 8:
Hymenoptera (other than ants), 7;
centipedes, 6; Neutoptera, 2; Amphi-
poda, 2.

This parallelism in food-preference 1s shown graphi-
cally in text-fig. 5.

Further, a comparison of the prey itself of East
African tree-frogs and of the present species also brings

out a general resemblance between the orders and families

Text-figure™w 5,
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eaten, this correspondence extending to some genera and
species, as shown in the following list of prey common to

the frogs in both regions:-

Hyla arborea. Hyperolius argus.

Hemilptera.
Lygaeidae.

Dieuches armipes (F.) Dieuches umbrifer Stil.
Dieuches spp. (2).

Coleoptera.
Coccinellidae,

Scymnus canariensis Woll. Scymnus trepidulus Weise.
Scymnus cercyonides Woll,

Curculionidsase.

Calandra oryzae L. Calandra oryzae L.
Apion rotundipennis Woll. Aplion sp.

Apion sagittiferum Woll,

Apion umbrinum Woll.

Apion sp.
Diptera.
Tipulidae.
Gonomyla tenella Mg. Gonomyla sp.
Muscidae.
Musca domestica L. Musca autumnalis de Geer 7
Musca tempestiva Fall. Musca sp.
Limnophora sp. Limnophora sp.
Hymenoptera.
Formicidae.
~Pheidole (Pheidole) Mega- . Pheidole megacephala var.
cephala F. punctulata Mayr.
Monomorium subopacum Smith. Monomorium supopacum var.

australe Emery.
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Camponotus (Camponotus)

vagus Scop.
Camponotus (Myrmentoma) Camponotus sp.

llbanicus Andre.

From what has been sald above 1t will be seen that a
niche, in certain cases at any rate, represents a very
definite étatus in the animal community; that this étatus
depends essentially upon food-relationshipg; that the study
of niches 1s a step towards undersfanding the community as
a whole; and that this study points to a fundamental simi-

larity of organization in different animal communitiés.

- - - - - o -
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PART IV. THE FEEDING HABITS OF THE ANURA, WITH

SPECIAL REFERENCE TO THE THEORY OF

WARNING COLOURS.

1. Methods of Investigation, and Material.

' The theories of warning colours, mimicry, and
protective resemblance depend essentially upon two classes
of evidence -~ namely, that a certaln relationship exists
between coloration and palatability in insects and other
animals, and that different insectivorous enemies discriminate
in the choice of food.

Palatability or distastefulness of the prey and
differential preferences of the predator lie at the root
of the matter.

The efficiency of protective adaptations of insects
in relation to predatory enemies may be investigated in a
variety of ways, namely: by direct observations in the field
on the feeding-habits of insectivorous animals; by properly
conducted feeding-experiments with animals either in
captivity or under natural conditions; by a study of the
ecology and adptations of the insects themselves; or by the
examination of the stomach- and pellet-contents of wild
animals. (1) Of these, the first method is of prime impor-

tance. Unfortunately, the difficulties attending accurate
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observation and exact identification under these circumstances
are great, and information from this source is as hard to
obtain as it is valuable. (2) The experimental method,
which has generally been adopted in preference to any other
as a source of evidence regarding the relative palatability
of insects, has much to recommend it. It 1s, however, some-
times open to the criticism that the conditions of captivity
distort the food-relations of animals, modifying the results
of the experiments so as to render them untrustworthy. This
view is put forward in a very vigorous criticism by McAtes
{€7). The careful and detailed experiments of Marshall,
Poulton, Carpenter, Swynnerton, and others in themselves
supply an answer to most of the difficulties suggested by
this writer, whose objections are dealt with in detail by
Swynnerton (112), pp. 203-226). No one would deny that the
expsrimental method of investigating the food p eferences of
insectivorous animals is one beset with difficulties, but
these are certainly not insuperable, as McAtee apparently
supposes,‘and this method has yielded a vast amount of
invaluable data bearing upon the theories of mimicry and of
procryptic and warning coloration. (3) Much indirect evidence
is afforded by field observations on the habits of insects,
notably the resting position, method of flight, and general
habits considered in relation to habitat, as well as by "the

comparative study of colour-patterns and structure" (€5),
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including defensive features such as stings, offensive
secretions, tough exoskeleton, etc. (4) Many authorities

are agreed that our knowledge of the subject must come in

the main from the evidence of stomach~ and pellet-examination.
This method, when carried out on a large enough scalse,
furnishes data of value and accuracy. In the stomach-contents

of wild animels we have documentary evidence - beyond the

reach of critics - of the actual food eaten by a species
under natural conditions. This is, and must be, the final
court of appeal.

This investigation is based upon the food derived
from the stomadhs of 798 tree frogs, belonging to seven
species, collected by the writer in Portuguese East Africa,

and of 195 tree frogs (Hyla arborea var. meridionalis) from

Gran Canaria.

2. The Efficlency of Warning Colours,
Mimicry, and other Protective aptations
in Insects as a Defence against Tree Frogs.

The present section deals with the usefulness of
various adaptations (especially procryptic and warning
coloratiOn)and mimicry) in protecting insects against the
predatory attacks of batrachian enemies. In other words,
we have to consider what light the feeding-hablts of these
animals throw upon the relation which is supposed to exist

between colour and edibility in insects.
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The subject is most conveniently studied in reference
to the various insect groups severally. These are considered
below in detail.

The food-animals have been classified into groups
based upon the colour classification adopted by Prof. Hale
Carpenter in his 'Experiments on the Relatlve Edlbility of
Insects! (12):~

AA. Typlcally aposematic 1lnsects exhibiting warning
colours (black, black and yellow, black and red, etc.) and
conspicuous patterns (spots, bands, stripes, etec.). |

A. Aposematic, but less conspicuous than the abovse.

C. Insects whose colour scheme is of doubtful signi-
ficance and which do not readily fit into any of the other
groups.

P. Dull or obscurely marked insects.

PP. Typiecally procryptic insects, showing a marked
degree of protective resemblance.

In assessing the status of an insect in reference
to conspicuousness or concealment, account must be taken
not only of form, coloration, and pattern, but also of the
creature's gsize, habits, and habitat:

(1) Of size, because a large advertisement is more
efficient than a small one; and conversely because a small
object is more easily concealed than a large one.

(2) Of habits, because conspicuousness may be
increased by habitual behaviour, such as gregarious hablts

and displays of colour; while other factors, such as
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procryptic attitudes, hiding, immobility, dropping, death-
feigning, and nocturnal hablts make for concealment.

(3) Of hnabitat, because conspicuousness and conceal-
ment depend essentially upon the degree of contrast between
an object.and its surroundings. A red coccihellid beetle
resting on a red-brick buildihg may appear as procryptic as
a green weevil on a nettle-leaf. Yet the former, seen in
its natural surroundings, is a highly conspicuous insect.

From these considerations it is obvious that a
classification of insects according to viéibility by an
enemy depends upon a number of factors. Such a classification
must be to an extent arbltrary; and there must occur doubtful

or borderland cases not certainly referable either to aposé-

matie or procryptic groups.
The figures in Tables V-X, XV-XVII refer to such

food-animals as were sufficiently well preserved for critical

examination.

i. Tree frogs from Portuguese East Africa.

Isopoda.

Woodlice, although abundant and easily accessible,
are hard unsatisfactory things to eat, and they appear to
be little preyed upon by the tree-frogs investigated. Only

four specimens were obtained, two from M. fornasinii, and

one from H. bayoni and H. argus, respectively.
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ORTHOPTERA.
ForricuLIDE.
Dg;perasticus erythrocephalus 1 1 1 3 | Large; dark brown, tegmina with straw- P
Gen. § . . coloured stripes.
fon. indet. ... [ERTRTRS 2 1 2 3 4 1 13 | Medium-sized ; inconspicuously coloured. P
BraTriDE. )
Blattella germanica Linn. ... 2 2 | Large; light brown, with dark brown P
Blattell, marks.
etla sp, . 1 3 4 | Large; light brown, with darker marks. P
« indet, 1 1 1 6 9 | Immature specimens; medium-sized; P2
‘ light brown.
AcrIDIIDE.
?’u"lnast@c?ﬂg SPe e 1 1 | Medium-sized ; inconspicuous colouring. | PP ‘
rilophidia sp,...... 2 2 | Large; brown, with darker brown marks | PP |
Gen. j on wings ; legs banded with brown.
n-indet. ... 1 3 4 8 | Medium-sized ; inconspicuous, PP
GRYLLID .
Buscyrtys SPe oo 1 .. 1 | Medium-sized; straw-coloured, with dull PP
. : itudinal marks.
Gen, indet, brown longi : . PP
L 1 1 1 3 2 8 | Large; pale brown, with greyish marks.
Gryllotalpa sp,... || o |1 | 1 |Small; earth-brown. oo | FP
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HEMIPTERA.
HETEROPTERA.
PENTATOMIDZE.
First-stage larva .................. 3 8 | Minute; reddish-brown and pink; first-| AA
stage nymphs.
COREIDE.
Oletus 8p. ....cvoevveiins ceiinannn, 1 1 | Large; dusky hrown. P
. LyezIpz.
¢ 14.. | Nysius st@li Evans ............... 1 5 6 | Medium-sized ; buff, more or less heavily P
) ) marked with dark browuish-grey.
15 | Dieuches wmbrifer Stal. ......... 2 2 | Large; head and thorax black, abdomen | A
P . dark brown.
l 16 | Dicuches sp. .........c...c.ccuee... 1 1 | Large; chestnut-brown. A
| 17 | Dieuches 8p..............eun.., 1 .2 1 4 | Large; brown, with lighter marks. P
' PIEsMIDZ.
¢ 18 P?ema diluta St81 ... ............ 2 2 | Very small; almost colourless. PP
19 | Piesmasp. ..................... 1 1 1 3 | Very small; almost colourless. PP
] GERRIDE. -
20 | Gerrissp........cccoiiiii 2 2 | Very small nympkh ; light buff and brown. P
NasBIDZE.
21 | Nabis capsiformis Germ. ......... 1 1 | Elongated, slender form; procryptic; PP
straw-coloured, with light brown
CAPSIDE, mottling.
gg greontiades mimicum Dist. ... 3 3 | Large; light straw-coloured. PP
YJUS BD. ooviii 1 1 | Medium-sized; light buff, with obscure P
darker markings.
HOMOPTERA.
JAssiDE.
24| Nehelasp........................... 1 1 9 | Small; procryptic; light buff, faintly | PP
streaked with green or brown.
DeLPHACIDE.
25 | Peregrinus maidis Ashm. ......| 8 41 44 25 7 2 1 198 | Macropterous and  brachypterous, P
33 & 29 ; pale buff, banded with
26 ¥ . light brown.
o7 gwranotropw, Sp- M. ...l . 2 2 | Small; inconspicuous. P
UTYSQ, 8D D oeovvvarniinnn, ., . 1 1 |Small; brown, speckled with darker| PP
brown.
gg felphac'ocles sp- 2 2 | Small; brown and pale buff. P
arve indet. 3 3 | Small; inconspicuous colouring. P
DERBIDE.
© 30 |, .
| 51 arva indet................. ... .. 1 1 | Minute; buff. r
| Hamendaka, sp. n. 1 1 |Small; colourless. PP
! 3 PsyLiipz.
2 ; .
Gen.indet. ... .. .. . . 1 1 | Small; inconspicuous buff colouring. P
" APHIDIDE,
j Aphis maidis Fiteh, ... . 423 423 | Nymphs and adult insects; minute ;
34 | Aphis light buff, brown or greyish.
| L U 1 4 1 6 | Nymphs; brown or brownish grey. P
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COLEOPTERA.
" STAPHYLINOIDEA.
STAPHYLINIDE.
CONOSOMA BDs <revvnre neernreenses 1 1 | Small; brown. P
Oa.vytelu_s ) T 1 1 | Small; dull brown or blackish-brown. P
Pinophilus 8D ...ooreovvesennes . 1 . 1 | Elongated, medium-sized:  black, A
« unpleasant looking.”
PSELAPHIDE.
gg Ifeich.enbachia, punctulata F. ... 1 1 | Minute; brown. P
Gen.indet. ..o 1 1 l Minute ; inconspicuous brownish P
-colouring.
. CORYLOPHIDZ. l
40 | Arthrolips 8P, «.oouveiiiriaeiiieen e L 1 1 Ii Minute ; polished dark brown. P
DIVERSICORNIA. ’ "
NITIDULIDZ. 1
: g gapton;:fs luteolus Er. .....o... 3. 1 1 5 10 | Very small; dull drown. P
i arpophilus dimidiatus F. . . 1 . 1 " Very small; dull brown. P
|
LANGURIIDZ.
43 | Anadastus p. ...cooooeeriiienenns 1 1 | Medium-sized ; elongated, with metallic A
colouring.
LATHRIDIID &E.
) 454-446 Corticaria 8p. .....ocooomeees 1 1 4 2 g | Minute ; dull brown. P
Corticaria spp. (2) .ocooooevereeer 2 2 | Minute; inconspicuous brownish P
colouring.
s MYCETOPHAGIDE.
47 | Typhza stercorea L. ........... 1 1 |Small; dull brown. P \
| COCCINELLIDE. : .
. 48 | Chilomenes lunata F. ............ 1 3 4 | Very conspicuous; black, with bold AA
49 yellowish spots and bands.
Scymnus trepidulus Weise...... 1 o - . 1 | Minute; thorax dull black; elytra brown,
' 50 ! with dark dorsal stripe.
; SCYmnUS SD. ..nvceeereeeeiarannes 1 1 | Minute ; black.
BYRRHIDE.
51 | Limmichus p. .........ccooereennes 1 1 | Minute; black.
HETEROCERIDZ.
52 | Heterocerus Sp........c.cooevvenenns = 1 1 | Small: brown, with darker mottling.
MELYRIDE.
58 | Genm.indeb. ...........ccoieieenns 1 1 | Small: inconspicuous colouring.
ANOBIIDE.
54 | Lasioderma serricorne F. ...... 1 | Very small; dull dark brows.
! BUPRESTIDE.
55 i Aphanisticus sp. .........coneune 1 1 | Medium-sized, elongated: black, “un-'
!

pleasant looking.’ -l
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COLEOPTERA (cntd.).
ELATERIDZ.
Heteroderes Sp...................... 11 11 Medium-sized.; brown, with darker PP
brown markings.
bethus 8p. vevnvnensnn. 1 1 | Small; bright green metallic colouring. A
gfoﬁfaﬁ%iﬁ ss;? i, 1 1 | Medium-sized ; chocolate-brown. P
? Drasterius spp. (2)' 2 2 S!lr:l:'lrl L;iililg(’::nspicuous ; brown, with black P
THROSCIDZE.
Aulonothruscus sp. ............... 1 1 | Very small; brown. ) P
LAMELLICORNIA.
RUTELIDE.
Adoretus fusculus Fahr. ......... 5 1 6 | Lurge ; dull brown. P
Adoretus gp. ls 8-1‘ .......... 1 1 La.rge;’ dull brown. P
HETEROMERA. )
ANTHICIDE. .
Anthicus sp. ........................ | 1 1 | Very small: brown. PP
i | :
-— B . B
PHYTOPHAGA. i [
CHRYSOMELIDA. ‘
?hﬂopomﬂdeoms B 1 1 | Medium-sized; "pale yellowish brown, A
E . with dark bands and spots.
Llub;le,foef;:;wf;?wulatm‘Jac‘ . e 1 1 |Small; chestnut-brown. A
Pachnepho(ius ernus Fairm, 1 2 3 | Small; inconspicuous colouring. P
Chastocnemy oe_ " PeTsus Gerst. 8 5 1 9 23 | Small; dark brownish grey. P
e 1| 1] 2] 3 7 | Minute; dark brown, with dull bronze| PP
. Chat sheen.
Mo?wﬁ"if @D A 1 1 | Minute ; inconspicuous, brown. P
Pla pavperata Br. ... 1 1 |Small; straw-coloured, with brown A
Monol, markings.
A;::hziia:p' """"""""""" 1 1 | Small; straw-coloured. P
D 1 1 | Small; polished dark brown. A
' |
RHYNCHOPHORA. i
CurcuLronDE.
Apio .
PO BP: oo 1 3 4 Very small; procryptic; g'reemsh-grey’ PP i
Cyl or brown.
Czlzzg:;ngreimiﬁartm' """ 1 1 | Medium-sized ; dull, dark brown. P |
Tsanirig gp e L 1 1 2 | Small; dark brown. P ’
T 1 C 1 | Small; procryptic; greyish stone colour, | PP '
Tychi speckled with green. !
vehtussp. .. 1 1 |Small; inconspicuous, greyish-brown, PP
with darker markings. l
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DIPTERA.
NEMATOCERA. !
Sp. |
No. MYCETOPHILIDE. |
79 Sctara stigmatopleura Edw. ! 3 3 | Small ; inconspicuous, or obscurely coloured. P ‘
80 8ciara leucocera Kieff. ? ...... | 1] 8 9 o, » » » P
81 Sciara 2} ¢ T TR TRy e 1 1 2 4 ” » ” »” P ;
82 Platyura (Xenoplatyura) sp. | ... 1 1 » » s » P :
: CULICIDE. i
83 | Ficalbia malfeyti Newst. 1)1}, » » " P ‘
84 Culex BD. i ces 2 1 3 6 “ » ” » P
85 Anopheles sp. T ... | 1 » » ” » P ‘
86 Mimomyia 8p. .......eeevnnn... 1 1 » » » » P
87 Teniorhynchus  africanus 2 2 » » » » P
Thes. }
88 Taniorhynchus 8p. ............ 1 1 » » » » ) |
CHIRONOMIDZ. .
89-92 | Chironomus spp. (4) ... ..... 1| 2 8 11 » » ” » P I
93 Tanytarsus 8p. ................ 1 .1 » » » » P ‘
94 Sp. indet..................... . 1|1 » » » P \\
i
CERATOPOGONIDE, | ‘
95-97 | Bezzia spp. (8)....c..ovunn., 5 5 | Small; inconspicuous, or obscurely coloured. | P
98 St‘ilobozzia'sp. 1 3 4 ,, ’ ” M P
99-102 Atrichopogon spp. (4) . 1|10 11 . ’ ' ' P
108 FO""'Pomyfa 8p. ....... 1 1 2 I 33 I Y P
104 Dasyhelia sp. ..... 1 1 | Minute; black. A
105 Neoceratopogon 5 1 1 | Small ; inconspicuous. P
TIPULIDE.
106 Gonomyia sp, .................. 1 1 | Small ; inconspicuous. P
BRACHYCERA.
: Emripinz, :
107 Blaphropeza BDe eeeirinnnn, 1 1 2 | Small; inconspicuous. P
k i |
! DovicroPODIDE. [
108 l Gen. indet. .................... 1] 1 2 | Small; blue and bronze metallic colouring. A
| SYRPHIDE.
109 Bumerusep. ................. 2| 1 3 | Large; black ; abdomen banded with yellow; mimetic| A4
1 of Hymenoptera. f
: : Muscipz, |
110 : Musca autumnalis de Geer ? 1 1 21 30 34 ; 7-8 mm. ; thorax grey, with darker stripes ; abdomen P
1 " grey or yellow.
1& : gusca BDeei P4 L2 6 | 6-7 mm. ; obscurely coloured. . tripes ; g
orellia sp. ..................... RO | 6 7 | 67 mm.; thorax blue-black, with grey stripes;
: abdomen blue-black.
Ly SARCOPHAGIDZ, l
1 18 Sarcophaga sp. .............| . ° 3| 3 | 11-12 mm. ; thorax grey, with black stripes ; abdomen | P
N : . black and grey. i
114 Gen.indet. ... ... 1 1|12 mm.; grey, with black markings. P
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gg' ANTHOMYIIDZE.
115-116 | Atherigona spp. (2) ............ 1 4 . 5 | 4 mm., ; greyish thorax; abdomen yellowish-brown. P
117-118 | Cenosia spp. (2) ........en... 21 .. 2 | 4-5 mm.; thorax grey, unmarked; abdomen grey, P
] narrowly striped with yellow.
119 Limnophora. 8p. - ............... 3 3 | 4-5 mm. ; inconspicuous ; grey and black, P
ORTALIDE:
120 Gen. indet. .............ccoee.ll 1 1 | Small; obscurely coloured. P
DROSOPHILIDE.
121-122 | Drosophila spp. (2) ....uv.ov... ol 8 3 | Pale brown; small. P
123 Drosophila sp. ......cevvvnenn| 1 1y 1| 1 4 | Pale brown ; small. P
CHLOROPIDE. : .
124-127 | Gen. indet. (spp. 4) ............ 6 . 6 | Small ; inconspicuous. P
AGROMYZIDE. %
128 Gen. indet, .............coee.s 1 1 | Small ; inconspicuous. P 4
D10PSIDE. .
129 Diopsis 8P...e.eivenneeeniaeenn 1 1 | Small; black, or black and red ? A
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: HYMENOPTERA. . !
Sp. TENTHREDINOIDEA.
| No. TENTHREDINIDZ,
T 130 | Athali
, W BD. 1 1 | Large; black and yellow, with black- | AA
ICHNEUMONO]:DE A ringed yellow legs.
I‘,’HNEUMONIDIE.
131 Bas e 1 .
s Letatorius F. ..., 1 1 | Large; head and thorax black ; abdomen A
132 | Metops brown and black.
OPYUS 8P 1 1 | Large; head and thorax black ; abdomen | AA
BRACONIDE banded black and white.
[ 133 Microb, .
134 Rhogagr:;‘]n S 1 1 | Medinm-sized ; yellowish-brown. A
T 1 1 | Medium-sized ; yellowish-brown. A
CHALCIDOIDEA. :
135 CEALCIDID &,
Antroc j
ephalus sp................. 1 1 | Medium-sized; black. A
Evryromipz. .
136 Burytomg o
. P 1 1 | Medium-sized ; head and thorax black;| AA
37 | Burmy abdomen dark red.
MA 8P, 1 1 | Very small; black. A
138 Evrorminz,
Tetrastich
_1\77 “husep, ...} 1 1 | Minute; black. A }
] ute o 8
;‘J




Rl
I

1
|
|

e |2 g £
ot 2 g = 5
z o S | '?:. é i
l 2 S O - [ ) = B Rewarks. g
. Loz P - = 2 07 s )
= z B = = ~ fed = ; o
' PR s S5 % R T A ) &
| ] § ¢ 3 S ] T ) g & z
| 1 Sy L ilElE 8l g |
| S8 || s518 |8~ |5 8 S
N e e e —e—— | ——— e p—— — e T T ————
PROCTOTRUPOIDFA. | l . |
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SCELIONIDE. x | ! ’ ) : ! l\ ‘
130 Hadronofus 8p. ..oy 0 | \ \ . ‘ 1 \ ! . l '} 1 | Minute; black, A
140 Ceravotelein mellicolor Nixon ..\ R Lo \l 2 3 | Minute ; light brownish yellow. LA
141 Gen. indeb. ..oooooieteeee \ R L b1 1 | Minute; black. A
FORMICOIDEA. i , 5 | |
‘ FORMICIDE. | | |
149 Pheidole megacephala subsp. | 2607 3547 | 1964 | 1115 120 24 3 | 552 | 9932 Minute ; dark brown or earth-coloured. | P
punctulate Mayr. N
143 Monomorium subopacum VAT. 2 1 1 4 | Very small; dark brown P
i australe Emery. ’ . ‘K
144 | Acropyga SPe... ooveeeerinree 1 1 | Very small; dark brown. P !
( UV k 1 1 | Medium-sized ; black. \\ A

VESPOIDEA. 1 ?

o

‘] 145 | Camponotus sp. .......ooomeeieesl .

; i

L \

| l PoOMI ILIDE. i

: . I ! g |

146 | Gen. indet. 1 \ \ \ \ 1 {Medium-sized;bln,ck. A

|
i

§
{

SPHECOIDEA. i
SPHEGIDE. \

—

147 | Notogomidie SP. ..o...oooooeeeeeee 1 1 1 \ Large ; black. AA "
APOIDEA. \ [ | \ | ' | |

1, ANDRENIDZ. ! : ! \ ' .
‘ 148 | PNOMAA SPe oovreeeeamemnieoees l‘ 1 \ \ U 1 | Medium-sized; 'hluckish-brown . abdo- A ;
149 ' P Nomia 8p. ...ooooviiiiiiiiines lj v‘ l 2 L \ \}‘ Lr:re;el;)%?Szﬁi:;félrgvevlllno;‘;domen; banded A !
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| Sp. ARACHNIDA. ‘|
No. ARANEIDA.
1 150 H Clubi
. biona annuli
151 k x uligera Lessert. 2 1 3 | Medinm-sized; cephalothorax pale brown, P
: | Nemoscolus cotti abdomen greenish-brown.
T2 b # Leasert ... ... 2 o | Small; greenish-grey, legs buff, banded | PP
i  Dictyna mont, darker brown.
153 \ Th ana Tullgren? .} - 4 3 7 | Small; very procryptic; gilvery-brown, PP
eridion bland i with green markings.
ndum Cambridge.| ... 2 2 | Small; yellowish-brown, with darker PP
abdominal marks.
1 3 | Medium-sized ; straw-coloured. P
4 4 | Small; straw-coloured. . P
1 1 Medium-sized ; brown and greenish- P
{ brown. .
e 1 Small ; brown, with greenish markings. P
1 1 Large; brown. . P
1 Mediam-sized ; light brown, with darker PP
streaks and mottling. .
1 1 Small 5 g-reenish-brown, with white PP
i abdominal spots. )
1 1 Small ; whitish, mottled with greenish- PP
\ brown above, sides dark. 1\ \‘ )
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Odonata.

Dragonflies are extremely active and watchful insects,
quick to perceive approaching dénger, and rapid in thelr
take-off from rest. It is perhéps surprising to find that
small tree-frogs manage to prey successfully upon them,
especialiy when one considers the relatively large size and
diffuse shape of a dragonfly, which cannot be seized and
swallowed at a gulp as in the case of the conveniently small
beetles, flies, bugs, and ants which mostly comprise the food

of these forms. The success shown by M. fornasinii in

capturing elusive prey has been mentioned on pp.8,9. Of
twelve dragonflies recognized from stomach-contents, ten were
recovered from this species. Unfortunately, this material

was very fragmentary, and useless for further identification.

Orthoptera.

Orthopterous insects or their remains were found in

all species examined except M. brachycnemis. However, on

referring to Table V ., p.51 , it is at once evident that
the greater part of this material was recovered from two

species, namely, M. fornasinii and females of H. argus,

which account for twenty-two and fifteen insects respectively
As regards coloration, all species are more or less
procryptic., Earwigs (16), recovered from five species of

frogs, are eaten more than any other family. Neither thess
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nor cockroaches, which are ssecond in number (15) , appear to
be distasteful to the frogs. The eleven grasshoppers taken
are, without exception, exceedingly procryptic. Most of

these were recovered from M. fornasinii. Crickets were found

in every species except M. brachycnemis. Like the last

group, these are (as far as can be determined) all markedly
procryptic forms. It 1s noteworthy that no brightly coloured
or conspicuous insect is present in this material. Blatta
germanica is the only doubtful case, but the habits of this
creature are typically procryptic.

Isoptera.

This order 1s represented solsly by two worker

termites (Termes natalensis Haviland) recovered from a

specimen of H. bayonl which had also been feeding upon ants
(Pheidole).

Hemiptera.

Hemiptera are well represented in the material from
frogs' stomachs. In none of the species examined do bugs
form the main food, but numerically they come second only
to ants for all species collectively, representing 5.84 per
cent. of the food eaten. In two frogs, H. bayoni and M.
fornasinii, bugs form a fairly important item;

(1) H. bayoni. 1In this species Hemiptera make up
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the second largest food-item, ants taking the flrst place;
58 bugs were recovered from 32 out of 107 (30 per cent.)

stomachs.

(2) M. fornasinii. Though they do not rank with

flies in importance as a food, bugs take the first place
numerically. This result 1s due to the contents of two
individuals, whose stomachs were stuffed respectively with
146 and 138 Aphids, which are apparently an exceptional form
of diet occurring in only 3 per cent. of stomachs. A total
of 518 bugs, notably Delphacids and Aphids, were recovered
from 72 out of 245 (29 per cent.) frogs.

677 specimens (complete or fragmentary) were recovered

from all frogs examined: 670 of these were identified. This
material represents 12 families and at least 23 species. 1In
the whole of this collection the only specimens falling
within the AA group are three very minute first-stage larvae
of a pentatomid bug, all recovered from the stomach of a

single frog (M. fornasinii).

Heteropterous bugs, especially the Pentatomidae, are
notorious for the vile stenches which they emit, and most
members of the group are supposed to be rendered unpalatable
in this way. Very many species are further protected by
warning coloration. In spite of these adaptations, Heterop-
tera are by no means generally immune from all enemies. Judd

has shown that the Song-Sparrow eats with relish Lygus and
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small stinking Reduviids. He says: "I know of no insecti-
vorous bird that does not eat Heteroptera ... The stench
may protect bugs from some birds of eastern United States"
(51). Bugs of this great suborder are not eaten to any
extent by the tree-frogs examined. Of the bugs recovered
from stomach examinations, only 29 (approx. 4 per cent.)
were heteropterous. With the exception of the minute firsti-
stage larvae, it is significant that the ill-flavoured and
aposematic Pentatomidae are not represented. Of the rest,
it is noteworthy that there is no single case of a typically
aposematic species being eaten. The Lygaeidas, Nabidae, and
Capsidae are all groups within which occur glaringly con-
spicuous warning colours and patterns in East African species.

Thus, of the lygaeid bugs, Aulacopeltus excavatus, Lygaeus

furcatus, Oncopeltus jucundus, and Oxycarenus maculatus are

aposematic species wearing conspicuous patterns of red and
black, orange and black, yellow and black, and white and

black respectively. Similarly, Pachynomus brunneus, a con-

spicuous black insect, and Lycidocoris mimeticus, coloured

orange and black, are East African members of the Nabidae
and Capsidae. All the above, and many other aposematic East
African species of a size small enough to be eaten by tree-
frogs, are apparently avoided. 1Instead, we find that, with
the exception of two species (nos. 15 and 16) whose colouring

is of doubtful significance (certainly not markedly aposematic),



the heteropterous bugs belong to species more or less pro-
tectively coloured.

Coming to the Homoptera, we find here a fairly
important article of dlet in the case of some frogs, notably

M. fornasinii, in which at least 64 (26 per cent.) of the

- frogs with recognizable food contained Delphasids and Aphids.
Unlike members of the last division, the great bulk of homop-
terous bugs are small and inconspicuously coloured. In some
families, such as the Jassidae, protective colouring pre-
dominates. According to Judd, Jassids seem to be relished
by birds, but are not habitually eaten in large quantities,
although they are very abundant insects. Is it to protective
resemblance that they owe this degree of 1mmunity'from attack?
Only two Jassids were identified in the material from all
frogs examined. Psyllidas and Derbidae are likewise repre-
sented by only one and two examples respectively. By far

the most abundant is Aphis maidis Fitch. Curiously enough,

the large number of Aphids recovered from stomachs occurred

almost exclusively in one species -~ M. fornasinii. Moreover,

they appear to be rarely used as food, for only eight out of
245 frogs had eaten them, the stomachs of two frogs contain-
ing more than half the total number. On the other hand, the

delphacid bug Peregrinus maidis, though numerically less

abundant than the last, is very generally eaten by several

Species, especially by M. fornasinil. This bug apparently
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forms the main hemipterous food of H. marmoratus, H. bayoni,

H. argus, M. fornasinli, M. brachycnemis, and L. johnstoni.

Coleoptera.

Beetles do not appear to form the main food of any
of the tree-fﬁogs examined. ©Nevertheless these insects are
very generally included in the diet of four out of seven of
the species whose habits have been investigated.

(1) H. marmoratus. In this spscies, second to ants,

beetles make up the bulk of food eaten, 28 being found in 11
out of 38 (29 per cent.) stomachs with recognizable food.
(2) H. bayoni. In this species beetles take the

third place in numericsl importance; 47 were obtained from
34 out of 107 (32 per cent.) stomachs.

(3) H. argus. As in the last species, beetles here
are subsidiary to ants and Hemiptera; only 49 were recovered
from 254 frogs examined.

(4) M. fornasinii. 1In this species beetles are

numerically of less importanée than bugs, flies, and ants;
79 were obtained from 65 out of 245 (27 per cent.) stomachs
containing identifiable remains.

A total of 215 beetles or beetle-fragments were
recovered from stomachs. Of these, 112 were sufficiently
perfect for purposes of identification. In other cases the

insects were recognized by more or less fragmentary material,



64

notably elytra. This order 1is represented in the present
collection of undigested food by no fewer than 19 famllies
and By at least 44 species.

Beetles possess several means of defence against
predatory enemies, such as a hard and tough integument,
stinking secretions and ill flavour, formidable jaws, the

' protective resem-

habit of dropping and of "death feigning,'
blance, warning coloration and mimicry. Two or more of

these characteristics are often combined in the same insect,
endowing thelr possessor with a varying degree of immunity
from attack. These adaptations do not occur indiscriminately
or at random throughout the order. Broadly speaking, certain
of the characteristics are more or less typical of certain

families. Thus the strongly-built Buprestidae are extremely

tough and hard in texture, and with this feature is associated
the brilliant metallic (warning) colouring which is typical

of the family. Carabidae, Scarabaeidae, Lycidae, Coccinell-
idae, and Chrysomelidae are for the most part aposematic, or
at any rate conspicuous, insects, and are known to possess
qualities rendering them distasteful to many enemies. Cara-
bids on being handled emit an evil-smelling and acrid liquid
from the tip of the abdomen: Coccinellidae likewise produce

a pungent yellow oily fluid, as do some of the chrysomelid
bestles; the Lycidae are evil smelling and highly distasteful.
The brightly coloured Cicindelidae appear to be defended, not
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by a distasteful secretion but by their wariness and by their
very active habits and rapid movement, which render them
extremely difficult to capture. Others, such as the Elateridae
and Lampyridae, while lacking warning coloration, are yet
usually considered to be unpalatable. On the other hand,

many Cerambycidae and Curculionidae are typically protectively
coloured, and the "death-feigning" and procryptic habits co-
operate with their colouring as a means of defence. DBeetles
belonging to these families are usually regarded as highly
edible to insectivorous animals.

We may now consider the coleopterous food of the
tree-frogs, as revealed by stomach examinations, with a view
to determining what light this material throws on the useful-
ness of various adaptations, especially that of warning
coloration, as a means of protection agalnst betrachian
enemies.

Turning first to the question of colouring, it is
remarkable that out of 112 identified specimens only four
belonging to one species (no., 48) come into the AA category
of insects with typical warning colours. Of the coleopterous
fragments (i.e., elytra) which were not identified, in no
case did these include - so far as I could determine -~ as
aposematic specles. Without exception, these elytra were
from small or minute brown or inconspicuous species. If,

therefore, we take these into account, conspicuous, or
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typically aposematic, insects are represented by only 1.9
per cent. of the total. This figure, based as it is upon
considerable data (the remains of 215 beetles), I believe
to be not without significance.

It may next be noted that the stink-producing end
conspicuous Carabidae, which in the tropics are by no means
confined to the ground, many species being arboreal, are
entirely absent. The conspicuous and unwholesome Lycidae,
which are very numerous throughout S.E. Africa, and the dis-
tasteful Cantharidae and other members of the aposematic
group with lycoid markings, are totally absent from the
material examined. So are the Lampyridae, which are typically
inedible, and the Lagrlidae. The Cetoniidae, many of which
are remarkable for their bold patterns and conspicuous colours,
and which have been found to be unpalatable (€4), are likewise
absent. All these beetles are found on flowers or foliage,
for the most part freely exposed on leaves, etc., presumably
in positions readily accessibly to tree-frdgs, to whom they
could fall easy prey. Buprestidae are represented by a single

specimen (no. 55) from M. fornasinii. The active and alert

tiger-beetles, whose jerky running and rapid flight render
them difficult and inaccessible quarry, are absent.
On the other hand, several (at least seven) 1ill-

flavoured (?) chafers (Adoretus fusculus) were taken, notably

by females of H. argus. It is interesting to note that, in
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his experiments on a captive baboon, Marshall found that

Adoretus flaveolus was accepted as food (64).

Of the Coccinellidae, the material includes six
specimens belonging to three specles. Four specimens of
this aposematic family belong to the highly conspicuous

and strongly smelling Chilomenes lunata, and were recovered

from three individuals of M. fornasinil and from H. argus .

The femaining forms (Scymnus) are minute, and neither is
conspicuous.

The case of the Chrysomelidae 1s less easy to bring
into line with the generally accepted views of edibility.
Chrysomelid beetles, while usually regarded as unpalatable
on account of their stinking secretions, which are frequently
combined with brilliant coloration, are represented here by a
higher number both of species and of individuals than any
other family. Judd regarded the protective adaptations of
small chrysomelid beetles as an inefficient means of protec-
tion against birds. Of them he says: "The metallic tints
that were supposed to always warn off birds are constantly
disregarded, and we have many birds eating green Chrysomelids"
(51) . Carpenter, on the other hand, in his experiments with
a monkey, found that out of thirty-one species of chrysomelid
and allied beetles, nearly all of which were aposematic, "all

save one were treated as more or less distasteful." (12).

This family certainly does not appear to be distasteful to
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the trse frogs. Tne stomachs of three species -

H. bayoni, H. argus and M. fornasinii - contained respectively

14, 10, and 15 of these insects, Yot 1t may be noted that

35 out of the 39 specimens belonging to identified species and
genera have sombre inconspicuous colouring, and are, moreover,
very small or minute forms. Of the remaining four (Nos.

65, 66, 71, & 73) which I have classified as A, only

Philopona fulvicollis and Monolepta pauperata are rsally

conspicuous, the other two being doubtful cases which may well
belong to the procryptic group P; in short, only two of the
beetles are undoubtedly aposematic, the large majority being
more or less procryptic members of the family,

From the observations of Judd, Carpenter, and others it
appears that weevils (Curculionidae), the majority of which are
more or less protectively coloured, are "eminently edible" to
insectivorous animals. Apart from their colouring, they
are protected by a number of devices, such as falling to the
ground and death-~feigning. There is somé difference of
opinion as to the protective value of these adaptions. Judd
adduces evidence in support of the view that they are of
little use as a protection from birds. Weevils are eaten
habitually by many birds, often in large quantities. "One
can hardly say in the face of these facts that the pro-
:tective adaptations of these weevils is highly efficient in
securing them from the attacks of birds. It secms as
though birds became accustomed to discriminating between

weevils and gravel-stones, and knowing how palatable weevils
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are, the birds seek them ocut, and even pass over apparantly
less protected insects" (51) ., Now, failure of a pro-
«+tective device 1s one thing; to say that it is useless in the
struggle for life is altogether another; and one may well be
pardoned for doubting whether the procryptic colouring and
habits of these highly edible beetles are as inefficient a
means of protection as some writers suppose, Nine weevils
are included in the present collection, representing five

species, all of which are more or less procryptic,

Diptera.

Flies, may reasonably be regarded as a highly palat-
able form of insect food, Moreover, they are relatively
defenceless insects, usually lacking the protective and
aggressive devices which defend many insects of other orders,
and they must be eagerly sought after by small insectivorous
animals; but, owing to their alertness and rapid flight, they
are difficult to capture, and they no doubt depend mainly
upon this for their safety. When one considers the active

habits of these insects, and the readiness with which the larger
species (Muscidae, Sarcophagidae, Syrphidae, etc.) take to the

wing, it is indeed surprising to find that flies are of
frequent and general occurrence in the stomachs of treefrogs

Such as H. marmoratus, H. bayoni, H. argus and M., fornasinii.

(See table XVILD) This fact speaks highly for the skill, speed,
and precision with which these small batrachians are able to leap

for and secure their prey.
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In the case of one species, M. fornagsinii, flies consti-

tute the main food. Numerically they are exceeded by Aphids;
but, Judged both by bulk and by the number of stomachs from
which they were repovered, flies are conspicuously the essen-
tial food upon which this species "fills up." 1In all 294
specimens were recovered from 133 out of 245 (54 per cent.)
stomachs. 162 of these insects were medium-sized or large
flies (muscid), unfortunastely for the most part too fragmentary
for accurate identification.

Estimated according to frequency of occurrence in in-
dividuals of &ll frogs examined, dipterous insects appear to
be second only to ants in popularity (see Table XVIII).

For reasons gstated above, the percentage of flies perfect
for identification is lower than in the case of any other order
of insects tabulated in this section (i.e. Orthopters, Hemiptera,
Coleoptera, or Hymenoptera), only 46 per cent. being suffici-
ently preserved.for this purpose. Yet it is interesting to
note that the numbér of species is the highest recorded for
any order, namely, 51, as compared with Coleptera 44, Hymen-
optera 20, Orthoptera 11.

The great majority of specimens (143 out of 151) are dull
coloured and more or less obscurely marked, the exceptions being
notably three Syrphids, typically aposematic and mimetic of
Hymenoptera. We may note in passing that the Diopsidae, of
which only one specimen (aposematic) was obtained, appear to be

typically aposematic flies (black, or red and black) and this
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is interesting in the light of the following information
kindly given by Dr. Edwards, who writes that: "They differ
strikingly from all other Dpitera in the exceptionally hard
exoskeleton, and one might suppose this would make them
distasteful."

There is no example of a typically procryptic (PP)

insect in this series,

Lepidoptera

Lepidoptera, both caterpillars and adult insects,
were in nearly all cases too much broken up by the process
of digestion to be identifiable. There is, however, one
interesting feature to be noted in the material representing
this group. Of the 43 caterpillars, no hairy or spiny
individual was obtained. This fact strongly supports the
work of Schaeffer (III) regarding the distatefulness to frogs
of hairy larvae, and there can be little doubt that, so far,
at any rate, as these enemies are concerned, hairs and spines

act as an efficient deterrent,

Ants
Large numbers of insects of many groups, and of other
Arthropods, are known to resemble ants, The explanation of these
resemblances has long been a subject of controversy, and has been
as hotly disputed as any of the mimcry phenonema. The whole
question - which is one for specialists with an intimate

knowledge of the structure and ecology of the insects concerned -




is as complex as it is fascinating. I have no intention of
going into the matter here further than is necessary to
introduce certain data and observatibns which, it is hoped,
may throw some light on one aspect of the problem. It is
only through the accumulation of facts regarding the ecological
relationship of the ants and their organic enviromment that an
explanation of the phenomena can ultimately be found. In the
following pages I record certain observations on the relation-
ship between ants and their batrachian enemies.
Ant-resgmblances are brought about in a variety of
different ways/ - coloration and marking, form and habits all
take their part in completing the make-up, which is often so
perfect as to deceive the experienced naturalist. These
phenomena, to which is devoted a considerable literaﬁure, and
which are themselves beyond dispute, present a problem which
is hot easy of solution, and one, moreover, which seems the
more remarkable the closer it is studied. It is generally
believed that the resemblance confers upon the mimic concerned
some benefit. Unless we make this assumption, most of the

facts of ant-mimicry are rendered entirely unintelligible, and
we have to fall back upon some theory of chance resemblance
which restates rather than explains them. On the other hand,
the evidence of the advantages accruing from ant-resemblance

is by no means always clear.

The supposed advantages differ according to the follow-

ing circumstances. The various phenomena of ant-mimicry fall
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into two natural groups, distinct on hiological grounds. In
the first of thése we have ant-mimicing forms which enter into
direct ecological relation with the ants themselves, utilizing
them as food or living as guestes in the ant-communities. 1In
such cases the supposed function of the resemblance is "to
deceive the host-ant in order that the guest may eithér devour
ants and brood, or pursue in or near the nest more peaceable
occupations undisturbed by the former" (7¢). This type of
ant-mimicry must bé distinguished from that exhibited by
insects which apparently enter into no direct relationship
with the model. In this case it is believed that the mimic

benefits by proteétion from the attacks of predatory enemies.

It appears, therefore, that the problem has two different

aspects, in each of which the factors placing a premium on
ant-resemblance are, in the main, distinct. We see that while
ant-guests are believed to derive protection from the ants
themgelves, in the case of ant-mimics not directly associated
with their models the benefit, if such exists, lies rather in
a degree of immunity from predatory attack. In considering
the predatory habits of frogs, it is essentially with the
latter aspect of myrmecoidy that we are concerned.

"The necessary support for the more popular theory
that myfmecoidy serves to protect its exponents from predaceous
enemies in general rather than from the ants themselves, lies

in a demonstration that ants are immune from the attacks of
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predaceous enemies to a sufficient extent to render such
relative immunity worth sharing" (7¢). Have we any right to
assume that ants are defended from insect-eating enemies to
such an extent as to endow their mimics with a degree of
immunity from attack that will carry selective value? The
gquestion turns on the relationship between the ants themselves

" and their natural enemies, and it is one which cannot be settléd
until an immense amount of field-work has been done to reveal
these complex relationships.

There is at present a good deal of disagreement as to
the class of enemies against which the offensive and defensive
adaptations of ants are effective. In the first place, it is
held by McCook, Pocock, Hingston, and others that ant-mimicry
is valuable as a protection against predaceous Arthropods, as
opposed to vertebrate enemies. Pocock (92) says, "The unavoid-
able conclusion that these insects ants are palatable is
rather surprising in view of the frequency with which ants
of different kinds are mimicked in the tropics by Orthoptera,
Coleoptera, and other insects, as well as by spidérs. Never-
theless, it corroborates the opinion put forward by McCook,
and amplified and endorsed by myself in 1909, before these
experiments were made, that ant-mimicry is mainly serviceable
as a protection against the predatory Hymenoptera of the
family Pompilidae, which provision their nests with Arthropoda

of various kinds, excepting ants, and are certainly the direst
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enemies that spiders possess." Hingston (48), in his inter-
esting paper entitled "Field Observations on Spider Mimics,"
supports this view. Of the digger and mason wasps he says
that they persistently prey upon spiders, which they "hunt
relentlessly, pursuing them under leaves and broken bark, or
driving them from tunnels in the ground. In the tropics
myriads are captured in this way and carried off to provision-
cells."” But ants are rarely attacked by the wasps. "This
being so, it is reasonable to conclude that the mimicry has
a protective value, the protection being mainly from parasitic
wasps."

On the other hand some writers take the opposite view.
Myers and Salt (79) state: "In the more general mimicry
problem Poulton and others have shown that predaceous Arthro-
pods display very little discrimination in the choice of prey.
This applies to general feeders which are, of course, the only
kind against which mimicry would c onceivably act as a defence;
for the activities of such specialized predators as many of
the solitary wasps necessarily lie as far outside the range
of the mimicry problem as do those of specific parasites.
We therefore find considerable agreement that the devices of
the mimetic insect are operative, if at all, against the
attacks of vertebrate enemies."

It has repeatedly been pointed out that ants are

"dangerously armed," "aggressive," "distasteful," or wéll




76

defended," and that these characteristics place the group in
a position of tolerable immunity from attack. There is,
however, little direct evidence that ants are by any means so
immune from attack as has sometimes been supposed.

No one would deny that ants are dominant insects.
Moreover, as Hingston remarks, " ... they are aggressive and
well armed, and often combine to make fierce assaults." I
adduce evidence of assaults made by ants on batrachians on
another page. But I hardly agree with the above writer when
he says of ants in the tropics: "No doubt a list of the
enemies of ants could be prepared. But these would be only
occasional depredations ... On the whole, they suffer very
little persecution."

The subject has been extensively dealt with by Bequaert
in a paper entitled "The Predaceous Enemies of Ants" (9) .
This writer has brought together a large numbef of records
which prove that ants form a considerable portion of the diet
of many vertebrates, i.e., frogs, toads, lizards, and insec-
tivorous birds and mammals. It is very evident from a study
of the habits of frogs in the field, and from reference to
the literature of the subject, that frogs and toads are
important enemies of ants, which in many species comprise the
main food. In some case these insects appear to be eaten

almost to the exclusion of all other forms of diet, and this

in tropical species living in an environment where other insects
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abound. Further, frogs do not confine their attentions to the
small and more defenceless species, but devour them in variety -
large and small, aggressive and harmless. Thus, from five
s?ecies of toads collected by the American Museum Congo
Expedition, no fewer than seventy-two forms of ants were

obtained, including Dorylinae, Cerapachyinae, Ponerinase,

Myrmicinae, and Formicinae. In the following pages numerical
data regarding the ant-eating habits of East African tree-
frogs are given. One can only conclude from a2 study of this
and other data quoted below that, so far as batrachians are
concerned, ants appear to be eminently edible, and their
various protective devices are of little or no avail against
this class of vertebrates.

One of the most striking features revealed by the
investigation of stomach-contents is the high percentage of
ants present in relation to other insect-food. These insects
are eaten in greater numbers, and by a greater number of frogs,
than any others. The following is a brief summary of the
results:-

(1) of the seven species investigated, all prey upon
ants. (2) In five species, so far as my observations show,
ants form by far the most important food, amounting to 98, 96,
93, 92, and 77 per cent. respectively of all food-animals

eaten. (3) In at least three species over 90 per cent. of the
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frogs containing recognizable food had been feeding upon ants.
(4) Observations such as these would be of little value were
they based upon insufficient data, but I believe that this
objectiqn is not likely to be raised in the present case.
Nearly 800 frogs were examined. These yielded in all 11,428
insects and other Arthropods. Of this total, 9937, or 87 per

cent. consisted of ants - mostly workers of Pheidole megace-

phala subsp. punctulata Mayr., a few soldiers of the same

species, and a few examples of Monomorium supopacum var.

australe Emery, Acropyga sp., and Camponotus sp. (5) In many
individual frogs had fed upon large numbers of ants. ILack of
space forbids a complete statement of results, but the follow-
ing records of ants recovered from individual frogs sufficiently
indicate how largely the insects are eaten in nature:-

H. marmoratus: 241, 232, 187, 173, 141, 136, 135, 113, 110, 101,

96, 93, 89, 86, 82, 82; H. bayoni: 120, 116, 106, 100, 96, 92,
92, 82, 81, 80; H. argus: 62, 55, 55, 54, 49; P. acridoides:
88, 68, 68, 58.

The figures in Table XIIJ] which is a statement of the

number of frogs containing ants and of the number of ants eaten,
illustrate very clearly the place which these insects occupy
in the frogs' diet.

It is interesting to note that analysis of the stomach-
contents yielded some indirect evidence as to the habits of
the ants (Pheidole) themselves. In the stomachs of many frogs

€xamined I was for a long time puzzled to account for what
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TaBLE YR I,
Number of frogs. Number of food-animals.
Snoci Number Total
pecies. of frogs | Number number
with | of frogs | Per- of Nu(r)r;ber - Per
recog- |contain-'c¢ ent. insects, cent.
A . i ants,
nizable |ing ants. ete.,
contents. : eaten.
Hyperolius marmoratus ......... 38 35 92 2675 2609 | 98
Hyperolius bayoni ....... e 107 lo4 " | 97 3688 | 8547 96
Hyperolius argus, 33 ......... ? ? P 2074 1964 95
Hyperolius argus, @ @ ......... ? ? P | 1226 | 1116 | 91
’ |
Megalizalus fornasinit ......... 245 67 27 1119 121 11
Megalizalus brachycnemis ... ... 9 7 78 31 24 77
Leptopelis johnstoni. .......... s 2 33 13 3 23
Phrynobatrachus acridotdes ... 15 15 100 602 553 92

appeared to be small seeds. The source of these was at last
discovered when, on opening one stomach, I found an ant with
one of these seeds still grasped firmly in its jaws. Subse-
quently many more an ts were récovered, still giving evidence

in death of their harvesting activities. Dr. Macgregor Skene,
who has kindly examined this plant-material, tells me that it
includes grass-seeds, a grass-flower (spikelet), and a quantity

of anthers from four species of grass. These anthers were
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found plentifully in the frogs' stomachs, always in association
with ants.

The tree-frogs commonly take up their positibn on the
stems and blades of grasses, and no doubt they occupy their
leigure by picking off the passing ants as they hurry up and
down the grasses gathering provisions to store in their under-
ground nests.

It must not be imagined, however, that the ants always
fall an easy prey to batrachian enemies. Ants are aggressive
insects. Though their great abundance in suitable places
provides an ample source of food to those frogs which have
adopted myrmecophagous habits, yet they are not obtained
without a struggle. Well armed with powerful mandibles, and
often with stings, ants use these weapons, or at any rate the
former, to good purpose in assaulting their predatory batrachian
enemies. FEvidence of these attacks is afforded by ants, or the
heads of ants, found attached to several frogs from the lower

Zambesi. Thus one example of H. marmoratus had a worker ant

(Pheidole megacephala) firmly fixed by the jaws to its foot.

This individual had been feeding freely upon ants, its stomach
being crammed with ei ghty-one of the insects. Another tree-
frog (H. bayoni), whose stomach contained lepidopterous insects,
one homopterous bug, one Culicid, two beetles, and fifty-two

ants (P. megacephala}, was found to have one of the latter

8till clinging to its foot after both had been killed by im-

mersion in spirit. Toveridge (43) also mentions the hostile
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attacks by ants (Dorylus nigricans) on myrmecophagous Batrachia.

At Nairobi a specimen of Xenopus mulleri had two soldier ants

attached to it " ... as evidence of a past attack from which
it had escaped victorious - amphibian war medals." Two and
three ants respectively (of the same species) were found

attached to specimens of Arthroleptis stenodactylus and Hemisus

marmoratum from Kilosa. Barbour and Loveridge (4) record these

insects as enemies of Rana adspersa and R. nutti, describing

an attack on one of the latter by "about 56 small black ants."
At Charre my collection of batrachians and reptiles suffered
many losses fram the attacks of small red ants, which, as had
been mentioned elsewhere (15), would on occasion swarm into

the cages containing snakes, lizards, etc., and play havoc with
the reptiles. There is no doubt that the ants attacked the
living animals;'this was a matter of actual observation.

Now, in spite of their aggressive habits, their combined
assaults and powers of defence, there is little.evidence that
the defences of ants are in the least degree effective against
the predatory attacks of batrachians. We have already shown

that they constitute the main food of H. marmoratus, H. bayoni,

H. argus, M. brachycnemis, and P. acridoides. It is not

unlikely that if the predatory habits of allied species are

examined, we shall find a similar state of affairs. Unfor-

tunately, little work has been done in this connection.
Wishing t o ascertain how the above facts fall in line

with the observations of other writers, I have collected



records of frogs' feeding-habits. Owing to the difficulty of
tracing references to the subject, and to the inaccessibility
of certain publications, no claim is made that the list of
papers referred to exhausts the recorded accounts of food-
habits in frogs and toads. But I have, so far as I am aware,
traced all the more important observations. Records have been
included from the following sources:- Agharker (1), Barbour and
Loveridge (4), Beebe (7), Bequaert(9) , Budgett (10), Chibber
(13), Drake(30) , Force(35) , Frost (36), Garman(38) , Gold-
smith (39) , Haber (40) , Hamilton(41) , Harrison (44), Heller
(48), Hinckley (47) , Hodge (50) , Kirkland (5z2) , Leslie(54) ,
Loveridge (58) , Miller (72) , Mullan (77) , Needham (81), (82 »
Noble (84),(88) ,(87) , Pack (89), Powex(106), (107),Ritchie(1ls),
Rose(109), Ruthven(110), Schmidt(112), Storer(11s)(117),
Strecker(118),(11¢), surface(12l), Thompson(124), Wright(131).

It would be impossible here to deal with these refer-
ences severally in any detail. Accordingly, in text-fig. 6
I have condensed the results of an examination of the collectéd
records of batrachian feeding-habits. These embrace data
relating to the stomach analyses of 153 species and to some
thousands of individuals.

It will be seen on referring to this figure that we
have here strong confirmation of the view stated above that,
so far és frogs are concerned, ants do not enjoy, to any appre-
ciable extent, immunity from attack. Of the species whose

recorded habits are incorporated above, 91, or about 60 per cent.,
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* . The food-habits of 153 species of Anura, showing the number of species recorded as feeding

upon different groups of food-animals.

These insects are, in fact, only sur-

are known to eat ants.

In many cases the observations on feeding-habits are

passed in popularity by the whole order Coleoptera.

based on a limited number of stomach examinations, and it might

be afgued that the records of ants represent only occasional

This may well be so, but the same argument is

depredations.

applicable to any other insect group, and we still have to

account for the high proportion of these insects present.
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Cn the other hand, it is equally evident , from a study
of the more detailed records of loveridge, Noble, Surface,
Schmidt, Beebe, and others, that while ants are included in
a high percentage of the species examined, they also, in many

cases, represent the main food eaten.
Hymenoptera (other than Ants).

Hymenoptera (other than ants) are seldom accepted as
food. 1In the present material only twenty specimens wefe
recovered. This is less than .18 per cent. of the food eaten.
When one consideré the abundance of hymenopterous insects in
nature, so low a percentage 1s significant, and furnishes
additional evidence - if such is wanting - that these insects
are well defended from the assault of predatory enemies.

The place which they occupy as a food of the tree-frogs

examined is indicated in Table XIV.

© TasLe X% XN
!! - -~ Number of frogs. -+ Number of food-animals.
| . Species. Number - Number of
of frogs Per cent. hymeno- Per cent. |
containing pterous |
. Hymenoptera. ins?cts.
Hyperolius marmoralus ............... 3 79 3 ’ ‘11
Hyperolius bayoni ......... e 1 9 1 ’ ‘03
Hyperolius argus, $ 3 ...c...cenvnen P ) P R ‘05
! Hyperolius argus, 2 Q ............... ? ? 3 25
, Megalizalus fornasinii “............... 8 33 9 ‘80
‘ Megalizalus brachycnemis ............ 0 0 0 *00
Lepiopelis johnstamﬁ.‘....’ ............... 0 ‘0 .0 00
| Phrynobatrachus acridoides ......... 2 130 3 .50
i
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We may note in passing that, as regards this order,

M. fornasinii is the least discriminating (or boldest ?) species,

accounting for nearly half the insects recovered. Yet even in
this species, where Hymenoptera (other than ants) reach a
maximum, they make up less than 1 per cent. of the prey.
Another interesting fact is that, with the exception of one

frog (M. fornasinii) which contained two specimens, in no

instance do we find more than one of these insects in any single
stomach.

The order (excluding ants) is represented by ten families
and by sixteen species. The latter are in every case more or
less aposematic, and four species - Athalia sp., Metopius sp.,
BEurytoma sp., Notogomidia sp. - come definitely within the "4A"

group, being relatively large and conspicuous insects.
Araneida.

Spiders are represented in this material by thirty-
eight specimens. In no case can they be regarded as more than
an incidental item of food, occurring only in eighteen (2.2 per
cent.) of the frogs examined. They belong mostly to small
Species, and many are immature specimens, useless for purposes
of identification. All are more or less procryptically

coloured.
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Conclusion.

The foregoing observations are condensed in Table XV

which summarises the data relating to six orders tabulated

72

14

above.
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The prey of tree-frogs classified according to coloration, to show the relation between I
colour-habit and edibility in different orders. _— —

These figures, which are plotted in text-fig.7 , not
only furnish evidence in regard to the significance of colour
and pattern in relation to edibility, and to the power of dis-
crimination in tree-frogs; they also lend support to the
argument in favour of the efficiency of common warning colours

and mimicry as a means of defence. It is a striking fact that
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of 10,968 food-animals examined, only 14 (.13 per cent.) belong

to the typically aposematic group "AA."
ii. Tree frogs from Gran Canaria.
Isopoda.

47 woodlice were recovered from 23 (12.5 per cent.) of
the frogs containing recognizable food. These figures differ
markedly from those recorded for tree-frogs from the Lower
Zambesi, where only 4 woodlice were found in the stomachs of

L

798 frogs examined.
Amphipoda.

Amphipoda appear to be included only as a casual food
item, this order being represented in the present material
from the stamachs of two frogs each containing a single

specimen.
Orthoptera.

Various orthopterous insects, notably certain grass-
hoppers, are probably the largest creatures normally eaten,
though they are not apparently caught in great numbers.

Only 13 Orthoptera were recovered from 11 (6.0 per

cent.) of the frogs containing recognizable food. This

material represents 5 families, and includes 5 earwigs, a



TABLE‘ILM,

o e T
n —
Sp. Speci-g : Colour-
no. mens. ; Remarks: group.
ORTHOPTERA.
FORFICULIDAE.
1 !Gen.indet...........cooeenenniiil, 3 | Medium-sized; brown. P
BLATTIDZE, A
2 | Gen.indet..............oiiiinnl, 1 | Large; dark brown. P
ACRIDIDE.
3 | Aulacobothrus sp................... 1 | Large; light brown, with darker brown PP
marks on legs and tegmina.
4 | Aceridine, gen. indet. ............ 1 |Small; earth-coloured. PP
5 | Aeridine, gen. indet. ............ 1 | Medium-sized ; buff. P
TETTIGONIIDE, v
G | Phaneroptera sp. ............ ..... 1 | Large; green. PP
7 | Decticina, gen. indet. ............ 1 |Large; light brown marked with| PP
darker brown. .
8 | Gen.indebi........cvvvin vereniinnl, 1 | Medium-sized; grey, with brownisk- PP
grey marks. :
GRYLLIDZE.
9 | Gryllus sp. ..ocovvrvinennn, SRR 1 | Medium-sized; dark brown. P
HEMIPTERA.
HETEROPTERA.
CypNiDE. ‘
10 | Macroscytus brunneus (F.) ...... 6 |9 mm.; chestnut or dark brown. C
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TABLE % (continued).

Sp. Speci- Colour-
no. mens. Remarks. group.
SCATOPSIDE.
80 | Swammerdamella brevicornis 1 |2 mm,; dark brown. P
Meig. (¥) i
BOMBYLIIDZE.
81 | Geron gibbosus Meig, ............ 1 | 5 mm.; black, with white pilosity. A
DOLICEOPODIDE. ]
82 | Syntormon pallipes Fabr, ...... 2 | 3 mm,; black, with bronze and green A
metallic sheen.
CYCLORRAPHA.
AGROMYZIDE.
83 | Liriomyza pectoralis Beck.(?)..., 1 |2 mm.; thorax black, abdomen dark A
brown reddish on mdes, legs black |
and yellow.
DROSOPHILIDE.
84 | Scaptomyza apicalis Hardy var] 2 .2 mm.; thorax yellowish brown, P
flava Fall. abdomen dark brown,
85 | Diastata anus Meig.(?) ......... 1 | Minute; yellow. ¢
EPHYDRIDZE.
86 | Hydrellia ranunculi Hal. (?) ...| 2 |2 mm.; dull brownish-black. P
B7 | Gen.indeb.........covverevnerennnnn. 5 | Small; inconspicuous. P
CHLOROPIDE. ’
88 | Chloropisca notata Meig.......... 1 | Small; obscurely coloured. PP
CYPSELIDE,
89 | Scatophilella (Limosina) hetero-| 1 | Minute; black. P
newra Hal.
90 | Oypsela Sp. oooooeeeeiniieaaeennn 2 | 4 mm.; black, C
91 | Leptocera sp.. . 4 |2 mm.; black, C
92 | Rachispoda hmosa Fall (3) ...... 1 |2 mm.; dull black. C
CHAMEMYIIDA, )
93 | Parochthiphile  spectabilis 1 2'5 mm. ; grey, legs yellowish. P
Low. (?)
SEPSIDZE.
94 | Sepsis violacea Meig, ............ 2 |4 mm.; black, with violet sheen;| AA
waisted, resembling Hymenoptera.
95 | Sepsis cympsea Melg o 1 | Small; shining black. A
96 | Sepsis sp. 1 | Small; black. A
PioPHILIDZE.
97 | Piophila cases Linn. (7) ......... 1 |35 mm.; black. o]
SCIOMYZIDZ.
98 | Sciomyza pallidiventris Fall. (7)) 1 |4 mm.; greyish brown. P
MUSCIDA,
99 | Limnophora Sp........cooiveeiins 1 |4-5mm,; grey-brown, inconspicuous. P
100 . Fannia scalaris Fabr. .....,... ... 1 ! 6-7 mm,; greyish black. C
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TABLE W (continued).

Speci '

Sp. Colour-
no. mens. Remarks. group.
PENTATOMIDE.
11 | Sciocoris sideritis Woll. ......... 1 |5 mm,; greyish brown. P
LYGEIDE,
12 | Noualhieria  gquadripunctata | 13 |7 mm.; dark brown, with four white A
(Brullé). spots.
13 | Heterogaster artemisiz Schill.... 3 | 5 mm.; chestnut and dark brown. P
14 | Aphanus alboacuminatus 1 |55 mm.; dark brown, black and A
(Goeze). white.
15 | Beosus maritimus (Scop.) ...... 1 |6 mm.; light brown, with dark and C
light marks.
16 | Dieuches armipes (F.) ............ 1 {11 mm., dark brown, with lighter C
marks.
PYRRHOCORIDE.
17 ! Scantius &gyptins (L.) ......... 1 |9 mm,; red and black; highly con- AA
spicuous.
HEBRIDZ.
18 | Hebrus pusillus (Fail.)............ 1 {2 mm.; dark brown. P
RepuUvIIDE.
19 |Reduvius personatus (L.) ......... 1 | 17 mm.; dull brownish grey. C
NOTONECTIDZE,
20 | Notonecta canariensis Kirk. 1} |17 mm.; straw-coloured, marked with P
21 | Notonecta sp., larva ............... 1 } brown and dark green. P
HOMOPTERA.
CERCOPIDZ.
22 | Philenus angustipennis Horv..| 2 |6 mm.; straw-coloured. PP
JASSIDZ.
23 | Deltocephalus sp. ........cooenenn 1 |3 mm.; proeryptic: buff, faintly] PP
streaked with green and brown.
24 | Limotettiz sp. .........ocooiinvnnn 1 |25 mm.; inconspicuous, greenish PP
grey.
APHIDIDE.
25 | Rhopalosiphum sp. ............... 1 Minute ; inconspicuous. P
COLEOPTERA.
CARABOIDEA.
CARABIDE.
26 | Bembidium atlanticum Woll.... 1 {6 mm.; dark brown. . (o}
27 | Bembidium subcallosun Woll,.| 8 |4 mm.; polished dark brown, with two (o}
lighter spots.
28 | Trechus flavolimbatus Woll, 2 |3 mm.; brown. P
29 | Tachys cwrvimanus Woll, ... ... 1 25 mm.; light buff. p
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TaBLE I (continued).

Sp. Speci- Colour- |
no. ° mens. Remarks. group. |
HALIPLIDZE. .
30 | Haliplus suffusus Woll. ......... 1 |4 mm.; inconspicuous. P
GYRINIDZE.
31 | Gyrinus strictus F. .oovvveen ... 1 |7 mm.; metallic colouring green and A
) black, elytra with yellow marginal '
stripe. !
STAPHYLINOIDEA.
STAPHYLINIDE,
32 | Aleochara nitida Grav. ......... 1 |4 mm,; brownish black. C
33 | Boletobius sp. 1 |4 mm.; brown. P
34 | Philonthus nigritulus Grav. ... 4 ' 4 mm.; dark brown. P
35 | Philonthus tenellus Woll. ...... © 3 {Small; dark brown. P
36 | Platystethus cornutus Grav. 8 | 3 mm.; brown and black. C
37 | Tachyporus nitidulus F. . 1 | 3 mm.; brown, inconspicuous. P
38 | Trogophleus bledioides Woll. (P) 2 | 25 mm.; dark brown. P
TRICHOPTERYGIDE.
39 | Plenidium apicale Gillm., ...... 1 | Minute; inconspicuous. P
DIVERSICORNIA.
COCCINELLIDZ.
40 | Scymnus canariensis Woll....... 22 i 2 mm.; thorax black, elytra dull yellow A
with black spot.
41 | Scymnus cercyonides Woll. ... ... 1 | Minute; light brown. P
PARNIDZE.
42 | Parnus prolifericornis F.......... %2 | 5 mm.; dull, dark brown. P
HYDROPHILIDZE,
43 | Hydraena Sp........cccooeeeeneeunen 1 | Small; inconspicuous. P
44 | Ochthebius riparius St. ......... 1 | Minute; inconspicuous. P
PriNIDE.
45 | Anobium velatum Woll. (?)...... 3 {4 mm.; dull brown. P
46 | Casapus alticola Woll............. 6 |4 mm. dark brown, with light grey PP
mn.rkmgs
47 | Casapus radiosus Woll. ......... 1 |4 mm.; brown, with lighter marks. PP
48 | Piotes inconstans Woll. 5 | Small; da,rk brown. P
49 | Spharicus sp. .| 1 | Minute; inconspicuous. P
50 ! Gen.indet......c..cveiniiniiiiennns 1 |25 mm.; brown. P
ELATERIDE.
51 | LACOM 8Ps * venerinenneerraninnnenns 1 |12 mm.; dark brown. P
HETEROMERA.
TENEBRIONIDZE. ‘
52 | Gnophota cribricollis Brull.... ... 5 |6 mm.; dull black. c
53 | Gonocephalum  (Opatrum) 2 |8 mm.; dark brown. P
Sfuscum Hbst,
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TABLE T (continued).

Sp. Speci- Remarks. Colour-
no. mens. group.
TENEBRIONIDE (cont.).
54 | Gonocephalum (Opatrum) 3 | 8 mm,; dull brown. P
hispidwm Brull.
55 | Gonocephalum rusticum Oliv....| 1 |9 mm.; dull, dark brown. P
56 | Hegeter impressus Brull..........| 2 |12 mm.; dull black. A
57 | Melansis costatus Brull. ......... 9 | 8 mm.; dull black. C
58 | Opatropis hispida Brull. ......... 2 | 7 mm.; dull, greyish-brown P
59 | Scleron asperulum Woll.......... 2 | 7 mm,; earth-coloured. PP
(EDEMERIDE.
60 | Ditylus concolor Brull............. 10 |14 mm,; brownish-yellow. C
ANTHICIDZ.
61 | Anthicus canariensis Woll, ...... 2 | Smali; light brown. P
62 | Anthicus crinitus Cast. 2 |3 mm.; brown, with dark markings. PP
63 | Anthicus guttifer Woll. 3 |3 mm.; dark brown, with lighter| PP
marks,
RHYNCHOPHORA.
CURCULIONIDZ,
64 | Apion rotundipenne Woll. ...... 1 |25 mm.; dark brown. PP
65 | Apion sagittiferum Woll. ...... 1 |2 mm,; greyish brown. PP
66 | Apion umbrinum Woll, . 1 |8 mm.; dull black. P
67 | APlon BD. wevivviiieiiini 1 | Small; inconspicuous. P
68 | Atlantis angustula Woll. 2 | 7 mm.; polished, black. C
69 | Calandra oryze L. ............... 2 |3 mm.; dull, dark brown. P
70 | Hyperstichus eremita Oliv. 23 |14 mm.; dull black, with green or P
golden bloom.
71 | Laparocerus compactus Woll....| 7 |4 mm.; dull brown. P
PHYTOPHAGA.
BRUCHIDZE.
72 | Bruchus 8p. ..evveeiiinien cenn 1 {Small; dull, inconspicuous. P
73 | Bruchus brachialis Fahrs. ...... 1 | Small; procryptic. P
CHRYSOMELIDZ. .
74 | Cryptocephalus nitidicollisWoll. 1 |25 mm,; straw-coloured. P
LAMELLICORNIA.
ApPHODIIDE.
75 | Gen.ebsp. Duervvevrarennaneinnn. 1 | Small; brown, inconspicuous. P
76 | Saprosites sp. 1 | Small; dark brown. P
DIPTERA.
ORTHORRAPHA.
TIPULIDZE.
77 | Gonomyia tenella Meig. .........| 1 |5 mm.; light brown, inconspicuous. P
78 | Ilisia 8p. .ocooooveereeeraes i, 1 |5 mm.; light brown, inconspicuous. P
79 | Limonia 8P. .oocevrvrrinirnriinnnns 3 |8-10 mm.; light brown,inconspicuous., P
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TaBLE T (continued).

4

Sp Speci-
no. mens
MusciD® (cont.).
101 | Chortophila radicum Linm, ...... 1
102 | Musca domestica Linn. ......... 1
103 | Musca tempestiva Fall. ......... 1
104 | Gen.indeb..........oeveeviinna. 10
LARVEVORIDA,
105 | Stomorhina lunate Linn. ... 1
HYMENOPTERA.
ICHNEUMONOIDEA.
ICHNEUMONID %&.
106 | Pimpline, gen. indet. ..... 2
107 | Cryptine, gen. indet. ............ 1
108 | Ophionina, gen. indet. ......... 1
BRACONIDZE.
109 | Blacus SP..evveeeeiniiniiiniannnn, 1
CYNIPOIDEA.
F1G1T1D A,
110 | BEucoila sp.  oovovvnevioeiininn i 1
FORMICOIDEA.
FoRrRMICIDZ.
111 | Pheidole (Pheidole) mega- 2
cephala F.
112 | Monomorium subopacum Smith.| 15
118 | Solenopsis fugax Latr............. 2
114 | Leptothoraz sp...................... 1
115 | Messor barbarus L, subsp, minor 3
André.
116 | Tetramorium caspitum  de-| 50
pressum For.
117 | Tetramorium meridionale | 1
Emery.
118 | Tapinoma nigerrimum Nyl. ... 2
119 | Aphaenogaster testaceopilosa 2
Lucas.
120 | Crematogaster 8p................... 5
121 | Crematogaster scutellaris Ol. ...| 76
122 | Crematogaster sp. ............... 60
128 | Acanthomyops (Donisthorpea) 76
aiger L. .
124 | Plagiolepis pygmea Latr. ...... 7
125 | Iridomyrmes humilis Mayr. ... 2
126 | Camponotus (Camponotus) | 28
vagus Scop.
127 | Camponotus  (Myrmentoma) '@ 2

libanicus André.

Remarks.

4 mm. ; dull grey.

6 mm.; grey and black.
3-4 mm. ; grey-black.
Indet.

6 mm. grey and black.

Medinm-sized ; black and brown.
Medium-sized ; conspicuous.
Medinm-sized ; dull chestnut.

Minute ; brown.

Small; brown and black.

3 mm.; brown.

2 mm.; dark brown.

3 mm. ; black.

3 mm.; brown.

7 mm.; dark reddish brown and black.

4 mn. ; shiny, dark brown.
2 mm, ; brown,

4 mm.: dark brown.
5 mm,; dull black.

4 mm. ; shiny, brown.
4 mm, ; shiny, brown,
4 mm, ; shiny, brown.
4 mm. ; dark brown,

1'5 mm,; dark brown.
2 mm,; brown.
6 mm. ; dull black.

6 mm, ; black.

Colour-

group.

(oY),

Qb p
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TaBLE IE (continued).

|

Sp. Speci- Colour-
no. mens. [ Remarks. group.
T T i
APOIDEA. :
ANDRENIDZE.
128 | Halictus viridis Brullé var. 2 |10 mm.; black, with green metallic AA
unicolor Brullé. sheen.
129 | Halictus 8p. ......ocooveievninnnnnn. 1 |10 mm.; black, with green metallic AA
sheen.
ARACHNIDA.
ARANEZ,
DYSDERIDZE.
130 | Dysdera insulana Simon ... ... ... 1 7 mm. ; dark brown. P
131 | Dysdera sp. ..........cocovvnenennn. 1 |9 mm.; orange-brown. C
ZOROPSIDE.
132 | Zoropsis rufipes Lucas ............ 3 | 13 mm.; cephalothorax light brown, P
abdomen brownish grey.
133 | Zoropsis? 8D. .v.oiviinis e 2 | 5 mm,; light brownish grey. P
Drassipz.
134 | Leptodrassus hylastomachi 1 |3 mm.; light grey.
Berland, sp. n.
135 | Scotognatha conveza (Simon) ... 1 | Large; brown.
AGELENIDE. ‘
136 | Agelena canariensis (Lucas) ... 2 | 8mm.; brown,abdomen greyish brown.| P
DicryYNIDE.
137 | Dictyna puella Simon ......... .. 1 |3 mm.; brown, abdomen greyish P
brown.
THERIDIIDE. .
188 | Teutana grossa (C. Koch) ...... 1 6 mm.; cephalothorax light brown,| P
abdomen brownish grey.
139 | Argiopinz, gen, indet. ............ 1 | Indet.
LINYPHIIDZ.
140 ! Lephthyphantes tenuis (Black- 4 ' 2mm.; cephalothorax brown, abdomen P
wall). whitish, with dark brown spots.
I EPEIRIDE.
141 | Tetragnatha nitens (Audonin)... 4 | Large; elongated ; cephalothorax bl}ﬂ’, PP
abdomen olive, closely spotted with
silvery white. R 5
142 Meta?sp. .......... 2 '3 mm.; cephalothorax white, with| PP
median dark brown band; abdomen
{ dark brown, with silver markings.
143 Zilla®sp. .ooooiiviiiniineneni L 1 |5 mm.; light brown, abdomen greyer P

t

with dark markings.
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cockroach, 6 grasshoppers, and a cricket,

A'0f £he 11 insects which are not too farydigested for
examination, all belong to more or less proqrypfic species,
- coloured either green or some other shade of brown, often

with a disruptive pattern of darker bars or spots.
Hemiptera,

This order is poorly represented in thQ material
examined, which includes 43 bugs, belonging to 10 families
and to some 16 species, recovered from 36 (19.6 per cent.)
stomachs. 36 specimens were sufficiently well preserved
for purposes of identification: of these 31 belong to the
Heteroptera,

Odoriferoué glands are characteristic of a large
number of this great suborder, Especially are the shield-
bugs (Pentatomidae) notorious for the vile stenches which
they emit. Associated with these nauseous aqualities many
species, notably among the Pentatomidae, Lygaeidas, Nabidae,
and Capsidae, are decked out in a conspicuous livery of
aposematic colours.

That heteropterous bugs should figu:e so prominent-

ly in the hemipterous food of H. arborea is therefore

surprising. The actual number of Heteroptera is greater than

that recorded from the stomachs of more than four times as

many East African Tree-Frogs(20).
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In the present material the ill-flavoured Penta-
tomidae are represented by a single specimen, Sciocoris
sideritis Woll. On the other hand, it will be seen on
referring to p. 90 +that the aposematic and presumably un-
palatable Lygaeidae are far from immune to attack, for no
fewer than twenty bugs of this family are included in the
food examined. Thirteeh of these are referable to

Noualhieria quadripunctatse (Brulle), an sposematic (dark-

brown and white) species; four of these bugs were taken
from a single stomach.

The present collection contains only & single speci-
men classified in the /A group, namely, & Pyrrhocorid,

Scantius aegyptius (L.), wearing a vigorous pattern of red

and black.

‘Homoptera are represented by five insects only -

two Cercopids, two Jassids, and an Aphid.
Coleoptera.

Beetles play an important part in the food of Hyla
arborea. Whether considered numerically or in relation to
the number of stomachs in which the insects occur they are
second only to the Hymenoptera. When account is taken of
their greater bulk as compared with the small - if more
numerous - ants which largely make up the hymenopterous

total, it is clear that the dominance of the latter group

is more apparent than real; beetles, in actual fact, con-
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stitute the main group of food-animals.

A total of 200 specimens (complete or fragmentary)
were recovered from 104 out of 184 (56.6 per cent.) frogs
containing recognizable prey; 161 of these insects were
sufficiently perfect for purposes of identification.

This material represents 17 families and at least
51 species. The main families preyed upon, in order of

preference, are as follows:-

Curculionida..ccceevens Species, 38 specimens.

Tenebrionida€.iseeceeees Species, 26 specimeuns.

Coccinellidae..cceee.nn Species, 23 specimens.

Staphylinidae....;..... species, 20 specimens.

o 2 M @O @

 PtinidaB.eieeceeriacnnnn species, 17 specimens.

It will be seen that weevils head the list with 38,

or about 24 per cent. of the beetles identified. This fact

is in accordance with the generally accepted view of Judd (51),

Carpenter (12), and others who regard the Curculionidae as
"eminently edible" and much sought sfter by insect-eaters.
In this connection it may be mentioned that Beal, referring

to the food of the Hermit Thrust (Hylocichls guttata), of

which 68 stomachs were examined, records beetles as making
up 11 per cent. of the food. Ilore than two-thirds of these
beetles consisted of weevils (U.S. Dept. of Agrie., Biol.

Survey, Bull. 30, 1907).
The great majority of beetles eaten belong to species
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more or less inconspicuous in nature. In the whole col-
lection there is not one beetle of medium or large size
referable to the AA class.

0f the ground-beetles and ladybirds, four species of
the former (Carabidae) and two of the latter (Coccinellidae)
are included in the tree-frogs' menu. NMembers of both these
families secrete evil-smelling fluids which render them
relaetively unpalatable to many enemies. The above carabids
(nos. 26-29), none of which belongs to aposematickspecies,
are small beetles not exceeding 6 mm. in length, and it
éppears thaﬁ such forms are less efficiently protected than
the larger stink-prpducing ground-beetles; for in this con-
nection Judd.(él)stétes that "the smaller Carabidae, whether
stinking or not, are eaten by practically all land-birds."

The Coccinellid material consists of nothing more
formidable than two minute species, the larger, Scymnus

canariensis Woll., measuring only 2 mm., and 3. cercyonides

Woll., about 1 mm. in length. The former is, however, &
conspicuous insect, black and duli yellow in colour, and it
is perhaps surprising to find as many as 22 specimens in
the food-material examined.

Oonly two other beetles belonging to the A group occur

here, namely, A Gyrinid, Gyrinus striatus F., whose colour-

scheme is of doubtful significeance, and a dull black Tene-

brionid, Hegeter impressus Brull.

A = e e e
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Finally, the Chrysomelidae, generally regarded as
relatively unpalatable on account of their stinking secre-
tions, are represented by one example of a small incon-

spicuous species - Cryptocephalus nitidicollis Woll.

Diptera,

As we have pointed out elsewhere, flies - if only they
can be caught - make satisfactory and digestible fare. ILack-
ing the protective and aggressive devices, such as a hard or
leathery exoskeleton, stinking secretion, sting or powerful
mandibles which defend many insects of other orders, flies
depend for safety upon alertness and rapid flight. The
difficulty of capturing such active prey probably accounts
for the fact that only 74 flies were found in the stomachs
examined. These insects, representing no fewer than 15
families and 29 species, were recovered from 33 (17.9 per
cent.) of the frogs.

0f 42 specimens perfect enough for identification,
the great majority are dull-coloured and more or less obscurely
marked. The exceptions are five fairly conspicuous (A) species
belonging to the Bombyliidae (mo. 81), Dolichopodidae (no. 82),
Agromyzidase (no. 83), and Sepsidae (nos. 95, 96), and two

exemples of the hymenopterous mimic Sepsis violacea Meig. -

the only typically aposematic (AA) fly in the series.

e e AT £ LI B o
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Neuroptera.

This order is represented solely by fragmentary
remains of two insects, namely, a hemerobiid (%) larva send

& myrmeleonid.
Lepidoptera.

Caterpillars and adult Iepidoptera rapidly become
broken up by the powerful gastric juices of Anura. 1In the
present collection of food-animals the recognized debris
of 13 imagines and 24 caterpillars recovered from 27 frogs
contained scarcely any material that could be identified.

Dr. BE. A. Cockayne, who kindly examined the cater-

pillar fragments, refers eight larvae to the family Noctuidae.

One of these "belongs to one of the genera nearly allied to
Heliothis," probably to Heliothis or Chlorides. Another was
identified as belonging to the genus Plusia. O0f the remaind-
er all that could be recognized were "two undoubted micro-

lepidoptera, ? Tortricidae."
Ants.

Much has been written, and many have been the con-
troversies, concerning the protective adaptations of ants,
their supposed relative immunity from the attacks of insectiv-
orous animals, and the efficiency of any mimicry as a pro-
tection against predatory enemies. The relation between ants

and batrschisn enemies has been discussed in some detail in

RS R RIS
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my earlier paper, (20, p.513). 1In this I showed that there
is little evidence that the defences of snts are in the

least degree effective against the predatory attack of many
Anurae; that ants are eaten by a greater number of anuran
species than any other group of insects except the Coleoptera
that many species feed upon ants almost to the exclusion of

all other food; and that frogs, toads, and tree-frogs pro-

.

.

bably rank among the most important enemies of the Formicidae.

The figures recorded below for the Canary Island Tree-
Prog lend additional support to these conclusions.

out of 1210 food-animals, 695 were ants. Representing
57.4 per cent. of the food, this collection is more than
three times the number recordéd for any other single order
of insects. That ants are very generally eaten by Hyla

arborea is shown by their distribution in the stomachs of

136 out of 184 (74.0 per cent.) frogs containing recognizable

prey.
Sevenﬁeen species are recorded (nos. 111-127); these

range from small forms such as Pheidole (Pheidole) megacephala

P., Plagiolepis pygmeea Latr., and Iridomyrmex humilis Mayr.,

to large formidable species like Camponotus ( Camponotus) vagus

Scop.
Hymenoptera (other than Ants).

Hymenoptera (other than ants) appear to be relatively

unacceptable to the frogsl In this respect the figures
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relating to the hymenopterous food of the present species
recall those recorded for East African Tree-Frogs. In both
cases ants are very numerous, while other hymenopterous
insects are remarkably scarce. Thus we find here besides
the ants only 9 specimens, namely, 4 ichneumons, a braconid,
& cynipid, and 3 bees. These represent 0.74 per cent. of
the food eaten - a figure significantly low, and out of all

proportion to the abundance of the group in nature.
Araneae.

Spiders appear here as a fairly popular food-item.
The group is represented by 70 specimens derived from 54
(29.3 per cent.) frogs containing recognizable food. These
figures contrast strikingly with those recorded for various
tree-frogs of the Iower Zambesi, where only 38 spiders were
recovered from 18 out of 467 (3.9 per cent.) frogs with
recognizable prey, and where the percentage containing
spiders in the case of the four species most thoroughly

investigated is as follows:- Hyperolius marmoratus (5.3

per cent.), H. bayoni (4.7 per cent.), H. argus (2.1 per

cent.), Megalixalus fornasinii (3.7 per cent.).

Among the Zambesi collection was one spider,

Nemoscolus cotti Lessert * hitherto undescribed, and now

once again s tree-frog has eaten a species new to science.

The description of Leptodrassus hylaestomachi, sp. n., by

Monsieur Berland appears in P.Z.S. 1934, p. 423.

% ort, R. de. 193. Araignges d'Angola, Reine Suisse
Lessert, R. de. 1 de 70016216, X1, D. 149,

A A
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‘Unfortunately much of the present material was in
& bad condition, and therefore useless for systematic pur-
poses; moreover, many specimens were immature. In this
connection Monsieur L. Berland, who.kindly studied the
collection, writes "generally only adult specimens of Spiders
may be studied, and of course frogs don't take care of this
facti"

24 specimens, representing 8 families and 14 species,
were tolersbly well preserved. As regards coloration all,
with one doubtful exception (no. 131), are more or less
procryptic. In this respect they agree with the East
African Tree-Frogs' spider prey, all of which fall within
the procryptic classes P and PP.

The dominance of concealing coloration is not sur-
prising ﬁhen one considers that although spiders have venom
of sufficient strength to enable them to overcome the ani-
mals upon which they haebitually prey, their poisonous
qualities can rarely protect them from predatory enemies.

In other wbrds, considered as a group spiders are defence-
less and much sought after for food by a host of enemies.
They are relentlessly persecuted by various wasps (Pompil-
idae, Sphegidae), and by Ichneumonidse; they sre preyed upon
by certain flies (Asilidse), by dragonflies, and by beetles
(Cicindelidse); they.are devoured by a multitude of small
insectivorous vertebrates, including frogs, toads, and

tree-frogs, salsmanders, lizards, monkeys, and shrews, and
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especially by birds. Of the last group alone McAtee

records more than 300 Nearctic speéies feeding upon spiders.
Having, therefore, no direct protection from such

enemies, the chief defences of spiders consist in various

devices for concealment, ranging from death feigning, dropp-

ing from the web, concealment in burrows, simple procryptic
coloration and flash colours to the construction of compli-
cated special devices "such as pellets, bands, spirals,
zigzags with which they blend when seated in their snares.'"(48)
The variety and elaboration of these camouflage sSchemes
sufficiently indicate the dire need which spiders have of
conceglment from their predatory and parasitic foes, end
the dominance of protective coloration in the group recalls
the case of Curculionid beetles, which, being likewise both
palatable and much sought after by birds and other insecti-
vorous animels, also combine dropping end death-feigning
instinets with the procryptic colouring so typical of this

great family.
Acarina.

Of the nine mites, recovered from eight stomachs,
those which were sufficiently well preserved have been

determined by Dr. Finnegan as follows:-

Anystidae: Anystis baccarum (Linn.)
Trombidiidae: Trombidium sp.
Oribastidae: Oribata orbicularis (Xoch)

Taelaptidae: Hypoaspis sp.
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ifites are probably the‘smallest Prey normally taken

by Hyla arborea, and they can at best be scarcely worth the

trouble of picking up.
Chilopoda.

Myriapoda appear to be little eaten by tree-frogs. Not
one specimen was found among 11,428 food-animals recovered
from the Zambesi tree-frogs. In the present collection are
included the remains of nine small centipedes, gll of which

appear to be Geophilids. Millipedes are sbsent.
Conclusion.

The foregoing observations are condensed in Table XVII
which summarizes the data relating to Orthoptera, Hemiptera,

Coleoptera, Diptera, Hymenopters, and Araneae.

Toble XVIY .
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These figures are shown graphically in text-fig. 8
which illustretes the percentage distribution of food-
animels according to colour-groups for each of the above
orders. They furnish interesting evidence in regard to the
significance of colour in relation to edibility. The bear-

ing of this type of evidence on the theory of warning colours

and mimicry has been discussed in my earlier paper (/., p.523).

It is only necessary here to point sgain to the low percent-
age of aposematic animals in the frdgs' food. Out of 617
specimens critically examined six belong to the typically

aposematic group "AAY.

Text-figure3s 8.

ARANEAE
ORTHOPTERA
HYMENOPTERA
. DIPTERA
COLEOPTERA
HEMIPTERA

TEELD
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These figures agree with those based upon the colour-
classification of the prey of East African tree-frogs in
lending additional support to the existing mass of evidence
upon which the theory of warning colours and mimicry depends.

5. Progs as a Factor in the Production of
Warning Golours.

i. TFrogs considered as Enemies of Insects.

It may be suggested that tree-frogs and other batra-
chians, by reason of their (relatively) small size, as
compared with insectivorous birds and mammals, do not destroy
a sufficiently large amount of insect-life to justify their
inclusion among the important enemies of insects. Yet I am
convinced that in those parts of the tropics where batrachians
abound this is far from the truth.

Frogs are voracious animels, and well adapted to the
habit of eating relatively emormous mesls. Kirkland, whose
intensive studies of the feeding-habits of the American Toad

(Bufo lentiginosus americamug) are referred to elsewhere,

made many observations, during a period of two years, "on
toads feeding under natural conditions at all hours of the
night.” He throws some interesting light on the vigorous
sppetite and no less vigorous digestion of these creatures.
"In twenty-four hours," he says, "the amount of food con-

sumed is equal in bulk to about four times the stomach

Capacity. 1In other words, the toad's stomach is practi-
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cally filled and emptied four times in twenty-four hours." (52).
Abundent proof that toads and frogs are in the habit

of taking meals of enormous proportions is afforded by

stomach examinations of specimens freshly caught in the field.

0f the frogs from the lower Zambesi collected and examined

by the writer, the following stomach—contenté are remerkable

for their bulk:- One specimen of Megalixalus fornasinii,

387 mm. in length, contained three grasshoppers measuring
(head and abdomen) 25, 21, and 21 mm. respectively. In the
stomach of another individual was found the following assort-

ment: three bugs (Peregrinus maidis), one small brown beetle,

two flies (Musca), snd seven smsll Diptera, one Ichneumon

(Bassus laetatorius), one Breconid (NMicrobracon), and one

spider. A third specimen of this species, 24 mm. in length,
held in its stomach seven muscid flies, each about 7 mm. in
length, and one small Dipteron; these insects were in perfect
condition, and had evidently been taken immediately prior to
the frog's capture. The prodigious meals taken by this
species are well illustrated by the photograph (2G, P1.1I,fig.1)
which shows the distended stomach of a specimen of M. fornmas-
inii before it was opened for examination. In the case of a

closely allied species, If. loveridgii, Berbour and Loveridge

] n
describe an example from Deremas whose stomach contained "a

20 mm. caterpillar, an 11 mn. grasshopper (head and abdomen

' : 3 . orii
measurement), and & 5 mm. spider." One specimen of H. bayoni,
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22 mm. in length, from the Zambesi collection, contsined a
miscid fly, and a caterpillar measuring 24 mm. In the case

of H. marmoratus, one much swollen stomach was stuffed with

six homopterous bugs (P. maidis), two beetles, three dipterous

insects (Culicids ?), forty-four ants (Pheidole megscephala),

and one Braconid (Rhogas).

Other evidence of the prodigious meals teken by frogs,
toads, and tree frogs in nature is presented and discussed
elsewhere (Cott, 20, pp. 526-528).

Mention has been made (Cott, 20, pp. 474, 490) of the
great abundsnce of tree-frogs in the low-lying swampy region
near the Zambesi mouth - a region which, with its rank well-
watered vegetation, its reedy swamps and wide stretches of
tall elephant grass, its banana groves and plantations of
maize, millet, and other cereals, and its abundant insect
life, is evidently well suited to support immense numbers
of these batrachians. Enough has been said to show that

various species of Megalixalus and Hyperolius are consplcu-

ously numerous, so as to represent a characteristic feature
in the fsuna. If other evidence of their abundance in
suitable localities is needed, we may cite the case of

Hyperolius platyrhinus Procter. Referring to a series of

twenty-five specimens from Nyambita, Loveridge writes:
"All these frogs were found upon the stems of twenty yerds
of manysrs hedge, which they shared with half-a-dozen species

of strange mentids end a snake (Psammophis subtaeniatus),
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which was coiled and sunning 1tself at & height of five feet

from the ground."

In the case of the Canarian Tree frog (Hyla arborea var

meridionalis) it has been calculated (Cott, == ; p. 313), that

an acre of banana, plantation may support at least 1,500 in-
dividuals - or an adult population of approximately a million
tree frogs to the square mile.

It therefore appears from the above facts that as
predaceous enemies of insects - especially in the tropics =~
frogs and tree frogs take a prominent place.

ii. Intelligence and Power of Discrimination
in Frogs.

In considering the part which frogs have played in
the production of adaptive colouring, our next step must be
to enquire to what extent, if at all, frogs are capable of
learning to discriminate between palatable and harmful in-
Sects. Are these creatures absolutely indiscriminate feeders,
the slaves of an inflexible feeding reaction? Or are they
educable, capable of associating appearance with taste, and
of learning by experience what is good to eat and what is not?

Experiments dealing with the feeding-habits of mammals
and birds, devised to test the efficiency of warning and pro-
Cryptic colours, are abundant, and in many cases, like those
°f Swynnerton, Hale Carpenter, Poulton, Pocock, and Marshall,

are very detailed and extensive. But frogs have less fre-
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‘quently been the subject of similar experiments. In the

matter of food discrimination and the formation of avoiding

~ habits we have little information, and there is a good deal

of contradiction in the conclusions drawn by various workers.
Some of the earlier work in this connection was done

by Butler, who demonstrated that the larvae of Abraxas

grossulariata were distasteful to frogs (11).

Poulton found that tree-frogs (Hyla arborea) when

presented with flies and butterflies (which are "dusty,
unsatisfactory things to eat") manifested a distinct prefer-
ence for the former. "There is a most extraordinary differ-
ence in the behaviour of such a frog in the presence of a
Housefly and of a Butterfly respectively, and in fact the
latter is often disregarded." (93).

On the other hand, observations by Fisher and
McAtee (€7), Hodge (50), Kirkland (52), Garman (38), and
| others, to the effect that toads are known Lo eat aposematic

insects such as wasps (Vespa polistes), squash bugs (Anasa

tristis), potato beetles (Leptinotarsa decemlineata), otc.,

have been cited (67) as evidence that these creatures are
more or less indifferent to warning colours and to the harm-
ful qualities which they advertise. This view is not, how-
ever, justified by the facts, which have been discussed in
some detail elsewhere (Cott,i0, pp. 528-532). These need
not be referred to again here, beyond passing mention of

the experimental work of Schaeffer (:11), who showed (1) that
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frogs did not 1nstinctiveiy avoid unpalatable food; (2) that
they learned after a few trials to discriminate betwsen
palatable and disagreeable insects; and (3) that the lesson
was remembered for at least ten days.

Further, and very conclusive, evidence on the question
of discrimination and avoidance of unpalatable prey in the
case of the toad ﬁill be found in Part V (pp.118-153).

iii. The Evidence afforded by Stomach
Examinations. '

If we turn from laboratory experiments to the labora-
tory of nature to study the reactions of frogs in relation
- to food, we find further evidence that the frog's behaviour -
far from being limited by a fixed response to external
8timuli - involves also the operation of such higher mental
characteristics as memory, discrimination, and, apparently,
of spontaneous action and a certain awareness of its environ-
ment. The creature knows, or learns to know, what is good
to eat and what is not. Of the mental processes which lie
behind thess inspections,‘hesitatiOns, rejections, and choos-
ings we understand little. But I have no doubt that there
is here much that cannot be explained in terms of clear-cut
instinets and inflexible feeding reactions.

A comparison of data in the case of wvarious species
is instructive, and is graphically shown in text-fig.9.

These figures may be regarded, broadly, as indicating the
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The food-preferences of Hyperolius marmoratus, H. bayoni, H. argus, and Megalizalus fornasinii

as indicated by the percentage of frog

s containing various orders of food-animals.

XU

TaBLE 3F¥.—Showing the number of Individual Tree-Frogs containing
different Groups of Food-animals. -

Number of stomachs containing various food-groups.
Insects, ete. from frogs’ |
stomachs. Hyperolius | Hyperolius ’ *Hyperolius | Megalizalus/Phrynobatrachus
» marmoratus.| bayoni. argus. Sfornasinii. acridoides.
Total no. of frogs with 38 107 ‘ 47 * 245 ! 15
recognizable contents. ! !
Is0poda ...vveevcrinninnnn. 1 i 1 | 2
Odonata ...... 1 : 1 10
Forficulide ... 1 1 2 | 5 ‘
Blattide ...... 1} 3 1 4 4 7 ) 9 20 !
Gryllid= o 1 1 1 i 1 : 1
Acridiides ... . 1 1 J 5 | .
Termitide.................. 1 | . I |
Heteroptera (large)...... . 2 3 ! 6 | v
Hemiptera (small) ...... 9132 RS LA L NP 2
Peregrinus ............... 3 } 4 27 11 i 58
Aphidide® .................. 1 3 2 lg
Coleoptera (large) ...... } } }
Coleoptera (smgll) AAAAAA 11 32 34 17 18 55 | 65 5
Diptera (Muscid, ete.) 61 7 10 }14 4 } 9 1001 454
Diptera (Culicid, ete.)...| 2] 4 6 53 | 4
Lepidoptera ............... 1 } g 1 % } 5 2 23} 43
Lepidoptera (larve)...... 1 ;1 6 21 .
Formicide.................. 35135 | 104}104 i 37}37 67} 69 5}.15
Hymenoptera ... 3} [ ! 1 8 v 2
Arachnida.................. 2 L5 ! 1 9 1

* The records for H. urgus'a.re incomplete, di
kept, out of 254 frogs examined.

ata for only 47 individual stomach-contents being

113
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relative number of meals made from the vhrious main groups
of food-animals, i.e., Odonata, Orthoptera, Hemiptera,
Coleoptera, Diptera, Lepidoptera, Hymenoptera, and Araneida.
In only four species were a sufficient number of individual
contents recorded to furnish reliable data. However, from

a study of thess, certain interesting facts emerge:-

(1) In all four species the most popular food-insects consist
of ants, beetles; bugs, and flies; (2) as regards the per-

centage of stomachs containing these orders, respectively,

there is a surprisingly close agreement between the three

species of Hyperolius, namely, H. marmoratus, H. bayoni,
and H. argus; (3) a striking difference is observable in

the case of Megalixalus fornasinii. Arranged in order of

food-preferences, the results are as follows:-

H. marmoratus... Ants, 92 per cent.; beetles, 29;
- flies 18; Dbugs, 1ll.

H. bayoni...... . Ants, 97 per cent.; beetles, 32;
] bugs, 30; flies, 13.

H. ArgusS...e.e.e Ants, 79 per cent.; besetles, 38;
’bugs, 26; flies, 19.

M. fornasinii... Flies, 54 per cenbt,; bugs, 29;
ants, 27; beetles, 26.

The difference between the food eaten by Megalixalus.

fornasinii and Hyperolius bayoni is strikingly brought out

by the following figures, which are the more significant in
view of the general similarity of habitat occupled by these

tree frogs. So far as food-insects are concerned, there can
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be little difference in the environmental conditions -
certainly not enough to account for these differences in

diet.

Iree Frogs from the Borassus Palm forest region of the Lower
Zambesl.

Food. Megalixalus Hyperolius
fornasinii (360). bayoni (110).
Lepidoptera..... 4.8 per cent. .2 per cent.
Diptera......... 26.3 " " 4 "M
Hemiptera....... 46.3 " " l.6 " "
Formicidae...... 0.8 "* " 9.2 "

In a recent detailed investigation of the food of
British Anura, I find strong evidence in support of the view
that these animals discriminate in ths choice of food. 1In
a éollection of frogs and toads taken both in the same habi-
tat and under uniform conditions, the stomach contents of

the two species were found to differ markedly:

Frogs and Toads from the heather moor, Lands End.

Food. Rana temporaria (17). Bufo bufo (45).
Mollusca..cccve 24,8 per cent. .0 pﬁr c?nt.
Lepidoptera.... 13.4 " " 2.4 !
Diptera- "o 0 0800 9.1 " " 09 " n
Formicidae..... 40" " 41,4 " "

Further evidence of discrimination, and of avoidance
of aposematic insects, will be found {20,p.476) in
Table I , in text figure 3 , and in the tabulation of
insects classified according to colour, pp.50-107. The
following figures, which show the number of typically
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aposematic "AA" food animals included in the diet of certain

East African and Canarian tree frogs, may be cited here as

evidence of avoidance of unpalatable food.

Table XIXC.

Species. Total |Aposematic | Per

Prey. Prey. cont.

Hyperolius marmoratus ' 2648 0 0.00
Hyperolius bayoni 3461 1 0.03
Hyperolius argus 3249 4 0.12
Megalixalus fornasinii 829 9 1,09
Megalixalus brachycnemis 31 0 0.00
Leptopelis johnstoni 6 0 0.00
Phrynobatrachus acridoides 564 0 0.00
Hyla arborea var. meridionalis 617 6 0.97

Finally, the following further evidence of differ-

ential food preference in the case of British Anura is based

upon the identification of prey from the stomachs of about

600 frogs and toads,

4344 Hymenoptera recovered from Bufo bufo included only one

Bumble Bee (Bombus) and three wasps (Vespa),

47 Hymenoptera recovered from Rana temporaria included a

Single bee (Andrena) and no wasps.

iv. Gonclusion

It would be unwise, in the present state of our

knowledge to attempt to draw any but tentative conclusions
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as to the part which frogs and tree-frogs have played in

the evolution of warning colours and mimicry, We have not
yet enough date as regards the 1ntélligence of frogs, or
their powers of discrimination and food-preferences, to speak
with any certainty in the matter,

However, certain facts emerge which strongly point
to the conclusign that frogs have not been impotent in
bringing about these phenomena, In short, we have shown
(1) that in view of the quantity of insect life destroyed
by tree-frogs and other batrachians, and of the abundance
in suitaeble localities of these forms, they may be regarded
as serious enemies of insects in the tropics; (2) that the
mental equipment :nd feeding-habits of frogs is such as to
Suggest their claim to a not unimportant share with birds
and other inssctivorous animals in the producition of warning
¢olours and mimicry; and (3) that an analysis of the insacts
eéaten by tree-frogs, as revealed by stomach examinations of
Specimens freshly taken in their natural surroundings, lends

indirect support to this conclusion. )
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PART V. THE EFFECTIVENESS OF PROTECTIVE ADAPTATIONS IN

THE HIVE BEE, ILLUSTRATED BY EXPERIMENTS ON THE
FEEDING REACTIONS, HABIT FORMATION, AND MEMORY

OF THE COMMON TOAD.

We have seen above that apart from its more general
ecological and evolutionary aspects, the subject of predation
has a significant bearing on the theory of warning colours and
mimipry. While supporters of these theories attach importance
to the relative protection enjoyed by various aposematic ani-
mals, there is yet considerable difference of opinion as to
the fasts. The gathering of further reliasble data on the
feeding habité of animals in relation to the different pro-
tective devices by various types of prey is therefore greatly
needed.

To this aspect of the adaptation problem there are
four methods of approach, namely direct observations in the
field on the feeding habits and behaviour of predatory animals;
properly conducted feeding experiments with animals either in
captivity or controlled under natural conditions; the study
of the ecology and adaptations of the animals preyed upon; and
the examination of stomach- and pellet- contents of wild ani-
mals.

0f these various methods, the first two are of con-
siderable importance in that they furnish data relating to an
animal's resctions in the presence of unpalatable prey, and %o
its power of association, and memory, which cannot be directly

determined by the examination of stomach contents alone. The
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analysis of stomach-contents has been found by sxperience
to furnish the most reliable statement of the food actually
eaten in nature, but it can tell us 1little of the actual
feading behaviour, - of the predator's psychology, of its
re jections and refusals,

The present Part is the outcome of a series of ex-
:periments on the edibllity of the hive bee, It reopresents
an attempt (1) to throw some light on the feeding behaviour,
power of assoclation and discrimination, and memory in the
comnon toad; and (2) to provide definite proof of the
offectiveness of the protective adaptions of bees against

predatory attack by these batrachians,

1. Material and Method

During the summer and autumn of 1933 I carried out
expefiments to determine whether hive bees are acceptable or
distasteful to toals, and to discover - if they proved dis-
:tasteful - how quickly the toads learned to recognise and to
avoid these insects, and whether the lesson of avoidance, once

learned, is rememberad.

The toads used were adults of Bufo bufo bufo which

had been captured near Glasgow in the previous April and May.
The animals were quartered in a roomy vivarium under wmore or
less natural conditions, being provided with an abundance of
damp moss, ferns and other vegetation, and with boulders
beneath which shelter and hiding places were available. They

Wwere fed upon a variety of insects, such as mealworms and
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cockroaches. Before the date of the firsst experiment

they had become partially tame, having lost much of their
natural shyness, and having grown accustomed to human
society and to being handled.

For the purposes of identification each toad was
qarked with a numbered aluminium ring (similar to those
used for marking wild birds) which was clipped round the
arm, In the present communication the different
individuals are referred to by their serial numbers -

Nos. 1-34,

Toads undergoing test were placed, one at a time,
upon the landing board of an active beehive. They were
put down close to the entrance, and facing it, and were
allowed the opportunity to feed, undisturbed, upon the
outgoing and incoming workers, There they were left alone
to feed freely without interruption until each voluntarily
terminated the test by jumping down, sooner or later, from
the platform., If during one of the trials a toad came to
rest, and remained inert for a period of some fifteen
minutes without showing signs of resuming activity, it was
romoved: but this happened exceptionally, and, as already
stated, the usual procedure was to interfere with and
influence the animals' movements as little as possible.

Two sets of trials were carried out. These are herse
referred to respectively as Experiment I and Experiment II.
In Experiment I, thirty four toads (Nos. 1-34) - which had

been kept without food for a wesk before the first trial -
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were tested individually on the hives twice daily for
seven consegcutive days, their behaviour while undsrgoing
test being carefully noted. No food other than bees was
provided during the week of oxperimentation. Afger
visiting the hive on the seventh day, the toads were allowed
to feed freely on mealworms for twenty-four hours.

Eighteen of the above toads (Nos. 16-28, 30-34)
which were used in Experiment 11 then rested for a fortnight,
during which they were made to fast, In Experiment II the
trials were repeated as before with these individuals for a
further period of seven consscutive days, After the
fourteenth visit to the hives, each toad was again allowed
to feed freely on mealworms for twenty-four hours,

Records were kept of the behaviour of each toad
during the several trials on the hives, Although a full
account of each animal's reactions cannot be included in this
paper, the essentlal data are given in condensed form in
Pables XXI and XXII, where will be found rscords (i) of bees
eaten, (ii) of internal and (i1ii) external stings received
by the toads. While the first and the third of these are
a matter of direct observation, the second could only Dbe
inferred by the toad's reactions. These, howevsr, were
frequently such as to leave little doubt as to their cause,
and in the course of the experiments a combination of certain
reactions by a toad after swallowing a beeo came to be
regarded as indicating a degree of discomfort thatb could

only have its origin in an injection of poison.  Such



reactions included a sudden violent jump, jerky vertical
‘bowing movements of the head, repsated withdrawal of the
eyes into the head, exaggerated swallowing movements, often
accompanied with mouth~wiping regctions with a forelimb,
gaping mouth and protruding tongue. While it is thersfore
believed that records of stings based upon such movements

represent undisputed injections of poison, it is not

claimed conversely that all stings received could be observed
and it is not unlikely that such occurrences took place, of
which there is here no record.
Varlous precautions were taken to render the
results as free as possible from errors due to chance, to
climatic effects, and to the variable condition of the hives:-
(2) The experiments were attempted on a large scale,
and it is believed that the considerable number of toads
used, and the nature and number of trials undergone by each,
were sufficient to render reliable statistical data, It has
already been mentioned that the various trials on each day
were duplicated. Thus 33 toads (excluding No. 29 which died)
_participating in Experiment I each carried out 14 trilals,
giving a total of 462 trials, Similarly the 18 toads used
in both Experiments I and II each carried out 28 trials,
giving a total of 504. In all a total of 714 trials (462
in Exp. I and 252 in Exp. 11) ranging in duration from a

few seconds to nearly an hour, and together extending over

more than forty hours, were completed. In each of these trials

a toad, hungry through fasting, had ample opportunity to



accept or to refuse bees which were in all cases readily
avallable as food.

(b) In order to counteract the effect of climate
on the activity of the toads themselves, and on the swarms,
the former were divided for experimental purposes into
groups, which will be referred to as Series A,B,C,D, and E.
With each of these Series the experiments were started on

different dates and carried through independently, as shown

in Table .
Table XX.
Toads Experiment I Bxperiment II
Series A (Nos.l1-8) 10.6.33 ~ 16.6.33
Series C (Nos.16-25) 5.9.33 = 11.9.33 | 26,9.33 ~ 2.10.33
Series D (Nos.26-30) 7.9,33 - 13,9,33 | 28,9.33 =~ 4,10,33
Series E (NOS.51~54:) 1109055 - 1709033 2.10.53 - 8010.35

(c) Care was taken to utilise a hive where
conditions were favourable for the trial. When some thirty
or more bess were crowding on the platform the hive was
found to be unsuitable, for under such conditions the toads
were liable to be intimidated or hustled off by the bees
before having the necessary quiet opportunity to feed.
Similarly inactive hives, with only an occasional bee
entering or emerging and with no insects crawling about on
the landing board were avoided, for here the toad might wander
off the hive before encountering a bee, By selecting a
particular hive (of seven available) and by choosing the time

of day for the trial according to weather conditions, it was
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generally possible to maintain tolerably constant experimental
conditions - the swarm selected being one that was active,
with a fairly constant traffic of workers passing in and out
of the entrance and with (say) from one to ten bees crawling
about on the landing board. TUnder such circumstances, the
bees were readily available for food and easy to catch,
without being present in such numbers as to deter the toad, or
drive it away, by their very abundance., When, as sometimes
happened, workers collected to attack a toad during a trial

it was usual to continue further trials on ons of the other
hives, at any rate until the disturbance caused by the toad's

presence was over,

(4) It has already been mentioned that the toads
were subjected to a period of starvation before the
commencement of Experiment I, and during the infterval of a
fortnight between Experiments I and II, In the two weekly
test periods, the toads were allowed no food other than the
bees which were available during the actual trials at the
hives. Finally, in order to show that the refusal of bees
was due to unpalatibility of the food rather than to some
other cause such as sickness, repletion or loss of appetite,
each animal was allowed to eat its fill of mealworms during
the twenty-four hours following the last visit to the hive,

that is to say, at the termination of each Experiment.
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2. Experimental Data.

Owing to limitations of space it is impracticable to give
here a full account of the individual tests carried out, except
in the case of a few toads, whosé behaviour is recorded in the
next section.

In Tables XXI and XXII, below, the essential observations re-
lating to the whole series of trials have been condensed. It is
only necessary here to add a few explanatory words.

The columns numbered from 1-7 refer to the seven consecutive
days of experimentation. The different series of toads (see p.123)
are represented by the horizontal divisions.

"1" indicates that a bee was snapped up and swallowed. In
One case, where two bees were taken simultaneously (No.27) this
is shown as "g", ¥ indicates that the toad was apparently stung
internally after swallowing a bee. Stings thus recorded are based
upon such observed behaviour as was judged to indicate almost
tonclusively that the toad had received an injection (see p.121).
+ Indicates that the toad received an external sting by a bes.
oindicates that the toad was mobbed by workers and hustled off
the hive, without apperently receiving a sting.

The time taken for the different trials (see Table XXIVa) de-
Ponded, as already stated, upon the individual behaviour of each
Soaq, Whibh, when placed on the hive, was left to feed undisturbed,
the trie) normally terminating (after a period ranging from a few
8conds to nearly an hour) by the voluntary departure of the toad,

0 .
T by itg being driven from the hive by the workers.




Table XXI. Experiment I. Summary of Daily Experimental
Data relating to Series 4,B,C,D and E.

ol sl s a | s le| o
1. 1,"m1% - - |2 - | - -
¥* + +* *
2.(1,1,1,1 |1,1, 1 1 1 - -
5.0 1,%" 1,° 1 ° - |- i
g, ¥ 1o - - - -
5. 1,1 1,1 - - - |- -
6. 1,7 ) ) +0 ) ) )
7. - 1 - - - |- -
s.|1,1,%%° _ ) _ +0 ) )
9.1 - - - k" - -
10, | 17 ++0 - - + - |- -
11,1 - - - - |- -
12. - - - - - - -
13, | *17° - - - ++o | _ )
14, | ° 1 1 - - - -
15. | 1 - ++o . .. )
6. - 1,1,1,1 - - - |- -
17. . - - - - o |+(11+)
18.]1,1,1,1° [171,2% 1,1011% - . )
19. |+ - - - - - -
20. [1* | - - ° - - -
21, |1,1%* 1,171,1,1,1{2% co - p¥ef o
221 T S N I R I D A
23. 1,1 1,1,1* 1,1 - - |° -
ga, | Tt 1 - | 1,° - | - -
5. 1,% - - - - |0 -
26.(1,1,1,1 | 11,1°1,1| 1,1,1 | 1¥ 1,1,1 1 -
27. | 1* 1,1,1 1 1,1%1,1)1,17 |1t -
28.| 151 1*1,1% 1,1 1,1% S
29.! 1,1 | - 1 - - - -
30. | 1 - - - - I
31.01,1 - - - - | ¥t -
32. | 1¥ ° - - - I
33. | 1% 1* - - - -1 -
34, | 1%¥0 + - - - - -




Table XXII. Experiment II.
Data relating to Series C, D and E.
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Summary of Daily Experimental

Toad
NO'

16

17

19
20
21
22
23
24
25

+0

l*

27
28
30

31
32
33
34

1¥1%LF




Table XXIII.
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Showing the Number of Bees eaten by individual

Toads of Seriles C, D and E on each of seven con-

secutive Days during Experiments I & II resvectively.

EXPERIMENT I. EXPERIMENT II.
Days: 1 2 3 4 5 6 7 22 23 24 25 26 27 28 28-29.
Meal- Meal -
Toad Bees eaten. worms Bees eaten. worns
No. eaten. eaten.
16.| 0 4 0 0 O O O 21 0O 0 0 1 0 0 8
17.] 0 0 0 0 O O O 1 0O 0 0 O 0 0 6
18.] 4 3 4 0 O O O 36 3 2 1 2 0 0 38
19.1] 0 0 0 O O O O 4 0O 0 O O 0 O 3
20.]1 o o0 O O O O 12 0O 0 0 O 0 0 12
21.12 6 1 0 0 1 O 24 4 4 0 O 0 0 19
2.1 4 1 0 0 O O 0 0 0 1 o0 0 o 11
23.12 3 2 0 0 0 O 19 0 0 0 O 0 o 16
24,/ 0 1 01 0 O O 29 0O 0 0 O 0 O 23
2.1 0 0 0 0O O O 18 0O 0 1 o 0 0 10
6.4 5 3 1 3 1 O 4 1 2 0 3 0 O 0
27.11 3 1 4 2 1 o0 11 3 1 0 0 0O o 16
8.l 2 3 2 2 0 0 0 0 1 0 1 O 2 0 0
3.2 o o 0 0 0 © 6 0 0 0 O 0 O 10
31.1!2 0 0 0 0 0 © 7 0 0 0 O 0 0 5
32./1 0 0 o0 0 0 © 12 0 0 0 O 0 0 11
3./1 1 0 0 0 0 O 6 0 0 0 0 0 0 13
34.11 o o0 0 0 0 O 9 0 0 0 O 0 0 12
———
Table XXIV. Showing (i) the daily total number of Toads
which accepted Bees, and (i1i) the daily total
number of Bees eaten, by Series C, D, and E
during the seven consecutive days of Experiments
I and II respectively.
Days: 1 2 3 4 5 6 7-8
(i) Number of toads eating (a) bees (b )mealworms
. eaten.
Experiment I | 14 10 7 4 2 3 16
Experiment II| 5 4 4 3 3 1 16
—
(ii) Number of (a) bees eaten (b) mealwormns
. eaten.
Experiment I | 24 33 14 8 5 3 219
Experiment II |12 9 4 6 3 2 213



















































































































































































































