
111.-THE PREDACEOUS ENEMIES OF ASTS 

BY J. BEQUAERT 

The various means by which Nature prevents an excessiveincrease of 
the species not only forms in itself an interesting chapter of ecology, 
but its study is also of great importance in an understanding of the true 
meaning of Natural Selection. In  the case of ants it has been contended 
that  they are better defended than other insects against the attacks of 
predatory animals. Poulton‘ evidently takes this for granted when he 
considers that ants, together with wasps, are among the favorite models 
for “mimicking” insects and other arthropods. These ant-like arthro- 
pods, having acquired by Natural Selection their resemblance “ to  the 
aggressive, abundant, and well-defended ants,” would according to  this 
theory escape many of the attacks of their deceived and disgusted 
predaceous enemies. Though the evidence presented in the following 
pages is still very fragmentary, I trust the readsr may easily conclude for 
himself to what extent such resemblances, which, in some casesat least, 
can hardly be doubted, have a real protective value. There is certainly 
little or no evidence to  show that, as the theory is often expressed, ants 
are unpalatable to  most insectivorous animals and are merely eaten 
accidentally or “during the time in which young birds or other animals 
are learning what to  eat with impunity and what to  reject.’’2 

Another consideration of interest is the relative efficacy of parasitism 
and predatism in acting as a check on the reproductive power of the 
species. This point has been profusely discussed, and the argument has 
frequently been made that parasitism is in this respect of foremost 
importance. It must, however, be kept in mind, that, while we have 
been very completely and steadily informed of the activities of parasites, 
predatism has been much less investigated. It is not my intention t o  
go further into this question; but I think a rather conservative view will 
be to  consider that ecto- and endoparasites, while working all the time, 
though affecting only a small number of individuals a t  once, constitute a 
more regular check to  the increase of the species. On the other hand, 
predatory enemies as a rule destroy large numbers of individuals a t  a 

IPoulton E. B. 1908 ‘Essays on evolution ’ (Oxford), pp 262-261. See also Jacobi, A., 1913 
Mimikry und verwindte Erscheinungen, ’ (Braunschweig), pp. 95-114; Marshall, G. A. K., 1902, ‘ Flvd 
years’ observations and experiments (1896-1901) on the bionomics of South African insecta. chiefly 
directed to the investigation of mimicry and warning colors,’ Trans. Ent.  Soc. London ~ p .  287-584 
PIS. ix-XXIII’ RlcAtee W. I,., 1912 ‘The experimental method of testing the e5ciencv warning and 
cryptic coloration in Grotectip animals from their enemies,’ Proc. Acad. Nat. Sci. $’hiladelphia, pp, 281-364. Porock E.  I. 1911 8 n  the palatability of some Britishinsects, with noteson the significance 
of mimet‘ic resem$lanc;s,’ Pr& Zool. So?. London 11, pp. 809-868. 

2H. C. M c C o o k  (1890, ’.imer,ican spiders and’their spinningwork,’ 11, pp. 357-365) bas fully dis- 
cussed the possibility of ant-mimicking spiders havmg arisen by means of hatural  Selection, either to  
enable then1 to  more readily obtain their food or to  protect them from natural enemies. 
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time, but only at intervals. They are also apt to  make their influence 
more felt when their prey for some reason or other suddenly multiplies 
on an exceptional scale. Professor Forel’s aphoriemic statement that 
“the most dangerous enemies of ants are always other ants, just as the 
worst enemies of man are other men,’’ may be true in a general way for 
temperate regions, where ants are not superabundant and lead a rather 
inconspicuous life, but it can hardly be applied to the tropics. Ants, it is 
true, attract comparatively few of the predaceous arthropods, against 
which they are very effectively armed. They form, however, a conaider- 
able portion of the diet of many reptiles, amphibians, birds, and certain 
insect-eating mammals, some of these vertebrates being almost exclu- 
sively myrmecophagous. It may be further mentioned that many of 
these predaceous animals by no means confine their attacks to  the 
smaller, more timid species of ants, but rather prefer the large-sized, 
powerfully defended members of the ponerine and doryline groups. 

The information contained in the following pages is based to  a con- 
siderable extent upon examination of stomachs and pellets of predaceous 
animals in the wild state. I fully agree with Swynnerton that these 
sources of information are most valuable with regard to  the general 
preferences of a predaceous animal, the insects it usually feeds upon and 
on which it for the most part “fills up.” But I also believe with the same 
author that a knowledge of its detailed preferences must come in the 
main from continuous observation of individual wild animals and from 
special experiments both in nature and in captivity. The experimental 
method has been used with much skill and care by Swynnerton‘ to test 
the palatability of butterflies and its bearing on the efficiency of cryptic 
form and coloration. Miss A. H. Pritchett2 has also published the re- 
sults of a number of experiments with lizards and various insects, 
including ants, that possess protective, mimetic, and warning colors or 
tha t  have some disagreeable characteristics which in a measure are sup- 
posed to  prevent their being devoured by insect-eating animals. Such 
investigations with ants and their natural enemies should be extended 
and could not fail to  add considerably to a better understanding of 
predatory habits. 

~~ 

ISwynnerton, C. F. M.. 1919, ‘Experiments and observations bearing on the exDlanation of form 
nnd rolourinn. 1008-1913.’ Journ. Linn. Soc. London. Zool.. XXXIII.  No. 2 

Lebensweise.’ (Iena), I ,  vi 
material zur Losung des Mimikryproblems ’ Biol. Zentrabll. 
‘Tiuachende Aehnlichkeit mit Bienen, Wespen und Ameisen,’ Saturw. Wochenschr., N. F.. XX, pp, 
70-7.5. 

Biol. Bull., V,  pp. 271-287. 
”ritchett, 4 .  H., 1903, ‘Some experiments in feeding lizards with protectively colored insects.’ 
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ARTHROPODS 
In  the following account I shall consider only the arthropods which 

prey on ants without entering their nests; the nidal synechthrans, or 
carnivorous inmates of ant nests, are better studied in connection with 
true ant guests, though they may in some cases have been derived from 
outside marauders. Neither have the predaceous activities of ants 
towards other ants of the same or of different speeies been considered 
here. 

Ants are comparatively immune from the attacks of predaceous 
arthropods, being themselves usually well provided against such enemies 
with offensive, defensive, or repulsive weapons. They nourish, however, 
a host of parasites and commensals belonging to almost every group of 
arachnids and insects, but these fall outside the scope of the present 
account. It must be admitted that, with the exception of certain of the 
most striking cases, such as ant-lions, but little attention has been paid 
to ant-hunting arthropods. 

Arachnida 
Ants do not often fall a prey to  spiders and their relatives, except 

in the winged phases during the short period of the nuptial flight when 
large numbers of them perish in spider webs. The cautious ways of 
most worker ants make them a difficult game for terrestrial arachnids 
and in the larger forms the sting is an effect.ive weapon against the attack 
of the soft-bodied spider. At one of the meetings of the Entomological 
Society of London, Poulton exhibited a spider and its prey taken a t  Itigi 
(former German East Africa) by Carpenter, the specimens being accom- 
panied by the note: “Spider seen coming out of a nest of Megaponera 
bearing one feebly struggling, upside down in its fangs. Caught in a box 
the spider settled down to feed on the ant.”l Poulton comments upon 
the remarkably small size of the spider as compared with its victim, which 
is one of the largest of African ponerine ants. 

Certain terrestrial spiders of the Old World genus Zodarion Wal- 
ckenser (= Enyo -4udouin) are true ant hunters. The Zodarion,” 
says E. Simon,2 “which I have observed in southern Europe, live at  the 
expense of the ants and settle in their vicinity. They make neither snare 
nor web to  stop their prey, but during their hunting hours they roam 
about the formicaries and mix with the long rows of ants, going from one 

‘1918, Trans.Ent. Soc. London, (1917), Proc. p. Ix. 
21893, ‘Histoire naturelle des amignkes’. (Paris), I, pt. 2, pp. 434-435. See also Simon,E., 1874. 

I ,  p. 242; van Hasselt, A , ,  1891, Tijdschr. v .  Ent. ,  XXXIV, 
3oinne (Zodarwm niQriceps Sim.) an den Abfallolatzen der 

‘Les Arachnides de France,’ (Paris) 
~ p .  xxxiv-xxxvi; Krausse, A , ,  1913 “Eine l 
’rnteameisen auf Sardinien,’ .<rrch: f .  Katufg , LXXIX, A, Heft 0. PB. 06-67, 



274 Bulletin American X i i s e u m  of Natural Histor?! [Vol. XLV 

to another and unexpectedly seizing feeble individuals, or such as are 
hurt or hampered by too heavy a burden. When the spider has caught 
its prey, i t  drags it aside, near its own abode; this is always surrounded 
by remains which leave no doubt as to  the nature of its diet. These 
observations relate to 2. elegans and nigriceps E. Simon which, in south- 
ern France, Sardinia, and Corsica, live at the expense of the ants of the 
genus Atta" ( =Messor Forel). 

Many other terrestrial spiders are probably to some extent myrme- 
cophags. Such is the case, for instance, with Ccelotes atropos Walckenzer, 
which was observed in the act of capturing ants by Wasmann' in south- 
ern Germany. According to H.  Lebert12 Dysdera erythrina Latreille, in 
Switzerland, constructs its tubular silk tent near ant hills, or sometimes 
even in the middle of ant nests, and plays great havoc with these insects. 

E. Wasmann3 and H. Schmitz4 describe the skill with which the 
" gallows-spider " (Theridion triste Hahn) of  western Europe preys upon 
the blood-red ant (Formica sanguinea Latreille) and related species. 
This spider spins no web, but lies in wait on a low plant for foraging 
worker ants: suddenly it drops from its lurking place on to  an unsuspect- 
ing victim passing below. Then, quickly rendering the ant helpless by a 
few threads entwined around the body, the spider hoists its prey up to 
the plant as to  a gallows and fastens it there. The sucked bodies of the 
ants are left hanging from the plant, either singly or in groups of two or 
three. Here again, there is a strange disproportion between the large and 
fierce worker ant and the small, soft-bodied, feebly armed spider. 

Another European species, Theridion r i p a r i u m  (Blackwall), was 
observed by Henkings feeding chiefly on the workers of M y r m i c a  lzvi- 
nodis Nylander. This spider spins an irregular web between leaves and 
branches a short distance from the ground; in the middle of the web is 
woven a conical tent of silk, closed above, open below, and densely 
covered on the outside with bits of earth and remains of insects. A 
number of oblique or vertical sticky threads connect the whole structure 
with the ground and serve to  entrap the ants. If a worker Myrmica  
happens to  touch one of these snares with the antennse or legs, its frantic 
efforts to get loose attract the attention of the spider hidden in her tent; 

~ 

1Quoted by van Hasselt, A , ,  1892,. Tijdschr. v. Ent.,  XXXV, p. xxii. I n  the same geriodical, (1890, 
XXXIII, pp. 212-214), van Hasselt gives an account of European spiders associated with ants, includ- 
ing those that have been found inside formicaries. 

21877, Neue Denkschr. Schweis. Naturf. Ges., XXVII, Abth. 2, p. 33. 
31898, Ameisenfang von Theridium triste Hahn,' Zool. Anzeiger, XXI,  pp. 230-232. 
'1916. ' D e  Nederlandsche mteren en haar gasten,' Jaarb. 1916 Natuurh. Genootsch. Limburg, 

SHenking H .  1886 Nahrungserwerb und Nestbau ron Theridium riparium (Blackw.) Thor., 
llaastricht, pp. 110-111 (of separate). 

Iiosmos, X V I ~ I ,  p'p. 1-1'1. 
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she a t  once rushes to the thread pulled by the ant and tries to  drag her 
intended victim into the air; if the ant succeeds in holding fast to  the 
soil, the spider runs down the thread, throws some additional silk on her 
prey, which sooner or later loses its grip and is then quickly dragged up 
and entangled in the irregular maze above. 

In his account of the agricultural ant of Texas, H. C. McCook' 
writes: 

The only other natural enemies of [Pogonomyrmex] barbatus, so far as observa- 
tion has yet determined, are the spiders. There is a large theridioid (Theridion Zinea- 
mentunt McCook = T .  lineaturn Henta) who is especially destructive of these ants. I 
found her nest established upon the grass-grown disks in the followingmanner: several 
stalks of the Aristida were bent over near the top, or midway of the spire and firmly 
bound together by silken cords. Within this tent and just below the apex, the strong 
snare of right lines (retitelarian) was fixed, in the midst of which the spider hung in 
the usual inverted position. The ants are constantly climbing the grass-stalks for 
purposes which I could not divine. . . . They thus become entangled in the snare 
and fall victims to the watchful aranean. It is not impossible that the spider, whose 
snare sometimes hung quite near the ground, swings down and seizes the ants as they 
pass through the tent. Their dry shells might be seen clinging to the threads, or the 
yet warm bodies trussed up and swathed for food. Under one of these tents I picked 
up a small ball of six or eight ant skeletons rolled up and tied together just as they 
had been cast out of the snare. 

Coleoptera 
One might expect that certain of the predaceous members of this 

order, both larval and adult, occasionally capture ants, though this 
kind of prey is often carefully avoided. Adult tiger-beetles (Cicin- 
delida?) have been seen catching ants. Wasmann2 mentions the fact 
that in the vicinity of Par&, Brazil, the columns of the leaf-cutting sadba- 
ant (Atta sexdens) are often attacked by Megacephala (Tetracha) rutilans 
J .  Thomson. Chitty, in England, observed Cicindela campestris hold- 
ing a Myrmica rubra in its jaws: 

I thought the ant was struggling, for it mas alternately right inside the mouth 
of the beetle and then nearly out, but I think this was really the mode adopted by the 
beetle in devouring its food. Finally the mesothorax and spiny metathorax were 
ejected from the mouth and also the shell of the abdomen, which had been sucked 
empty. The rest of the ant \vas apparently consumed, but possibly it was only the 
rontents of the abdomen that were really eaten. 

The larvse of the tiger-beetles are very voracious and fierce. They 
live in deep, tube-like holes which they burrow more or less vertically 

'1879, ' Thenatural  history of the aarirultural an t  of Texas,' (Philadelphia), p. 203. 
?Quoted by Horn. I T - . ,  1908, 'Genera Insertorunr. Fnm. Carahida,  Slfbfamily CicindclinrP ' p. 10. 
T h i t t y ,  A .  J.. 1'304, ' Cicindeln cnwrpestris feeditla 011 Muriizica ruhra,  Ent.  Record. ST.1: p. 2013. 
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into the ground; the hole is blocked, a short distance below the entrance, 
by the strongly chitinized, horizontal upper surface of the enlarged head 
and prothorax. If a spider or insect drops into the burrow and conies in 
contact with this plate, with a reflex motion the larva’s head automati- 
cally jerks back, throwing the prospective prey against the walls of the 
tube. Thus stunned the victim is easily seized by the larva’s long, sharp 
jaws, dragged to the bottom of the burrow and sucked out. From pub- 
lished data i t  would seem that the exact nature of the food of these 
larvae has been but little investigated. In  his interesting account of the 
life-histories and larval habits of Cicindela, V. E.  Shelford’ writes: “The 
food of the larvae consists of land crustacea, centipedes, spiders, dragon- 
flies, butterflies, flies, beetles, and larvae of all sorts, in fact any small 
animal that comes within reach.” Because of their inquisitiveness, 
terrestrial ants must frequently enter the burrows of cicindelid larvae. 
In  a recent publication, Stager2 concludes from his feeding experiments 
with Cicindela larvae kept in glass tubes, that ants which drop into the 
burrows are merely stunned, killed and hurled out without being sucked 
dry, so that they can not be regarded as part of the diet of these larvae 
but rather as their most dangerous enemies. 

Xeuropt era 
Perhaps the best known ant enemies among insects are the ant-lions 

or certain members of the genus Myrmeleon. The larvae of these Neurop- 
tera secure their prey by means of funnel-shaped pitfalls which they ex- 
cavate in sheltered places in dry, loose soil. The size of these funnels 
varies with that of the larvae and the nature of the soil, and may be a few 
millimeters to 10 or 12 cm. across, the depth being about half the 
diameter. 

The interesting habits of the common European species, Myrmeleon 
jornzicaleo (Linnaeus) ( = formicarizts Linnaeeus) were first accurately 
described by RBaumur and have since been frequently studied. The 
larva buries itself a t  the bottom of the pit, only the upper part of the 
head and the elongate, widely extended jaws projecting out of the dust. 
Thus ambuscaded, it remains motionless. sometimes for hours, until a 
wandering insect runs over the edge of the funnel and either tumbles 
down a t  once into the jaws of the waiting ant-lion or slides only a short 
way and then attempts to  crawl up and out of the pit. In the latter case, 
however, the soft, loose soil on the slope readily yields beneath the legs 

11908, Journ. Linn.,Sor. London, Zool., XXX, Xo. 197, p. 178. 
%tiger,  R., 1918, Biologischc Beohachtungen an dep Cirindelen-La~vc,’ hli t t .  Naturf.  G e s .  

Bern, (1917), pp. 22-44. 
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of the struggling insect and rolls down on the ant-lion larva, which at  once 
forcefully throws dust with its head. At one time it was believed that 
these particles were ainied at the victim, but as a matter of fact they are 
flung out of the pit. In this way the ant-lion merely deepens its funnel, 
the steep walls then crumbling down under their own weight, carrying 
the unfortunate insect with them into the jaws of the larva. The man- 
dibles and maxillze of the latter act together as sucking jaws; their 
tips are thrust into the body of the captive and do not loosen their 
grip until it has been emptied ot its liquid contents, when the corpse is 
hurled out of the hole. Any insect that happens to  drop into the pitfalls 
is taken by the ant-lions, but ants are most likely to do so and many 
sucked-out bodies of these insects are usually found near the pits.‘ 

The other genera of the family Myrmeleonidae also have predaceous 
l a r v q  but, so far as known, they do not dig pits and apparently hunt in 
the open, their prey consisting chiefly of plant-lice and other soft-bodied 
insects. 

Diptera 
It is most interesting that, in the dipterous family Leptidze, the larvse 

of certain genera have acquired the behavior and some of the structural 
peculiarities of the ant-lions. These belong to  the genera Vermileo and 
Lampromyia, while the other members of the family possess free-living 
predaceous larvze. The best studied case is that of Vermileo vermileo 
(De Geer) (=  V .  degeeri Macquart), of southern Europe, the “ver-lion” 
of RBaumur, very completely described and figured by both this natural- 
ist and De Geer, about the middle of the eighteenth centuryS2 The larva 
of this fly hides a t  the bottom of a funnel-shaped pitfall after the manner 
of the a,nt-lion; it is a vermicular maggot, which buries and fixes itself 
in the loose sand by means of four digitate processes, armed with stiff, 
hooked bristles, at the end of its anal segment; and by means of supple- 
mentary stiff bristles on some of the posterior rings. The four anterior 
segments are slender and fimbriate on the sides; they can be curved 
against a ventral projection of the fifth segment so as to form a loop, 
with which the larva throws out the dust while burrowing its pitfall. 
When a small insect, usually an ant, drops into the pit i t  is seized and 

‘RBaumur, 1742, ‘ 1IBmoires pour servir A l’histoire des Iusectes,’ TI, pp, 333-386, Pls. XXXII-XXXIV. 
See also Doflein, F., 1918, ‘Die .4meisenlOwe,’ (Jena), 138 pp., 10 Pls.: XavLs, L., ‘.ilgunas costumbres 
?e las hormigas y hormigaleones,’ Actas Sor.  Espsfi. Hist. S a t . ,  1900, pp. 218-222: Meissner, 0.. 1911, 
.. Amcisen und AmeieenlOnen. Ein Reitrag zur .Imeisen~sychologie,’ Societas Entomologica, XXVI, pp. 
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firmly held by the loop around the thorax or behind the head, the loop 
thus taking the place of the ant-lion's.jaws. Many years ago a similar 
funnel-burrowing fly larva was discovered by Prof. J. H .  Comstock in 
the Sierra Nevada, California, but could not be reared to the adult stage. 
Prof. W. M. Wheeler has recently been more successful in obtaining the 
flies of these larvs, thus adding a second, North American species t3 the 
genus Vermileo.' He states that the larva is in behavior and structure 
very similar to that of V .  vermileo, and that it also traps in its pitfalls 
small insects, especially ants. 

The adults of the allied genus Lampromvia are very distinct in their 
greatly lengthened, slender, stiff proboscis, but the larvs  differ only in 
minor details from those of Vermileo. P. Marcha12 has written an inter- 
esting paper on the habits of Lampromyia pallida Macquart ( = L.  miki 
Marchal), of which he discovered the funnel-burrowing lar VEE near Tunis. 
Three other species have been described in this genus: L.  cylindrica 
(Fabricius) from Northern Africa and Spain, L. canarzensis Macquart 
from the Canary Islands, and L. sericea Westwood from Damaralnnd. 
During my stay a t  Algiers in Junc 1910, I had the good fortune to 
observe rather closely the larvs  of a species of this genus, probably 
L. pallida. They were found in numbers on the outskirts of Mustapha 
Supdrieur, along the highway to  Blidah, in the suburb of Colonne Voirol. 
Wherever the soft sandstones of the road banks happened to  be excavated 
or weathered into miniature caves, one was sure to find the dry, powdery 
dust beneath the shelter ot the overhanging rock fairly dotted with 
the funneled pits of Lampromyza. At that season adult flies were fre- 
quently seen resting on the rocky ceilings of the excavations. 1 found 
that the most common victims of these larvs  mere workers of the little 
Tapinoma erraticum (Latreille). 

Robber-flies (Asilids) are occasionally observed sucking the juices 
of winged ants, but I am not aware that they ever attack the workers. 

Certain tropical muscid flies of the genus Bengalia have developed 
predaceous habits quite unique among the calyptrate hfuscoidea; they 
are frequently found on roads and in clearings hunting for soft-bodied 
insects after the well-known manner of robber-flies. Attention was first 
called to these peculiar habits by Nangle3 in India and E. E. Green4 in 
Ceylon; in both cases the flies, Bengalia obscurepennis (Bigot), mere 

'Wheeler, W. X, 1918, ' T'ermileo comstocki, new spcries, an  interesting leptid Py ircrn California,' 

2Marchal. P., 1897, 'Notes d'entomologie biologique sur une excursion en Algerie et  en Tunisie. 

'1905, Journ. Bornhay Xat .  Hist. So?.. XVI, No. 4. p. 747. 
'1906, Spolia Zeylanira, 111. p. 220; 1907 ibid. IT- pp. 183-lN (the fly is here called Orhronryia 

Proc. New England Zool. Club, TI, pp, 83-84. 

Lampromyin M i k i ,  nov. species; CQcidies.' 1IQm. SOC. Zool. France, X, pp. 5-25, P1. I .  

i e j u i w  F.). I'oulton. Trans Ent. Sor. London,'l9OG,'p. $94, 
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hunting winged termites flying at  night. J. W. Yerbury saw the same 
species “trying to take her burden from a large ant (Lobopelta species).” 
F. W. Thomson made the following observation with regard to  the Indian 
B. jejuna (Fabricius) : “I  always noticed specimens of this species on the 
ground, or on a stone or leaf near an ant’s nest. On watching, I saw 
them swoop down on any ant carrying an ‘egg’ or larva, take it from the 
ant, carry it away a short distance and proceed to suck it.”l Bengalia 
latro de Meijere, in Java, lurks in the neighborhood of the columns of 
Pheidologeton diversus (Jerdon) ; when a worker ant comes along carry- 
ing its prey, the fly dashes into the moving ant column, quickly steals the 
prey from the carrier, and returns to  its perch where it devours its catch 
at leisure? Lastly, G. R. Dutt, in his entertaining ‘Life Histories of 
Indian  insect^,'^ writes of Monomoyium indicum Fore1 as follows : ‘( One 
morning I observed the inmates of a nest marching out with young ones. 
Close to the nest was sitting R muscid fly (Ochromyia species) which 
attacked from time to time the larvae and pupae that were being carried 
by the workers. The fly never snatched the victim from the grasp of 
the ant, but simply ‘licked’ it from its place with the proboscis, which 
when withdrawn left the larva or pupa quite shrivelled up.” 

The African Bengalia evidently have much the same habits as their 
Indian congeners. Accordinp to  71;. A. L a m b ~ r n , ~  Bengalia depressa 
(Walker), in Southern Nigeria, regularly follows the marauding armies of 
Dorylus nigricans, to  rob them of their prey. On one occasion the whole 
performance was closely watched and described as follows : 

I soon saw- three or four of the muscids flying about the moving column and 
occasionally settling near it, sometimes on the ground quite close to the ants, some- 
times on a blade of grass, stone or other raised object. Such as settled on the ground 
were extremely alert, and being able to run rapidly, never allowed any ants to ap- 
proach any nearer to them than about a quarter of an inch. When, as frequently 
happened, any ant made a little circuit away from the main body, a fly would generally 
pursue it a t  a distance of about half an inch, but backing away directly the ant turned 
towards it. Other flies, having rested motionless a few minutes, flew up and poised 
themselves on the wing over the ants, but, immediately the drivers realized their 
presence and stretched out towards them with widely opened mandibles, flew again 
to a place of rest. Eventually I 5aw n muscid stalking a minor ant which had strayed 
from the main body carrying a pupa in its jaws. Suddenly the fly rushed forward, 
and it must have driven its proboscis, which seems to me armed with strong bristles, 
into the pupa, for the ant was brought to a standstill with a sharp jerk. Then ensued 

’Observationsrecorded by Poulton, 1014. Trans. Ent. Sor. London, (1913), Proc.. gp .  cxxviii-rxxix. 
Vaoobson, E . ,  1910, ‘Pheidologelor< d irersus  Jerdon und eine rnyrrnecophile Fliegennrt,’ Tijdsclir. v.  

Ent . ,~rrr ,pp.  328-338. hleijere. J.  C: H .  de, 1910, ‘Veber dreiron Jacobson auf Java bei P h e i d o l o g ~ ! ~ ? ~  
diversus Jerdon beobachtete Fliegen, ibid.. LIII .  pp. 336-310. 

31912, hlern. Dept. Agric. India, Ent. Ser., IV,  S o .  4, p. 251. 
41911. Trans. Ent. SOC. London, (1913), PIoc. ,  pp. cxxv-rxwi i i .  
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a tug-of-war between ant and fly fastened on at  opposite ends of the pupa, but neither 
had the advantage till, as it seemed to me, the ant must have got annoyed and loosen- 
ing its hold rushed towards the fly, which of course instantly flew off with the pupa, 
and this it proceeded to suck on the ground about a foot away from the ants. It 
alloned me to get quite close before taking to the wing with its prey, and it settled 
again two or three feet further off and became so preoccupied with its meal that it fell 
an easy victim to my net. I then carefully watched a fly hovering over the ant column. 
It suddenly swooped do%-n and rose instantly with an ant pupa, with the driver that  
had been carrying it still hanging on, fixed to its proboscis. The fly carried this 
burden for about a foot, then dropped it and alighted on the ground near by. The 
ant started to run away with the pupa, but the fly pursued it, again impaled the pupa 
and started a tug-of-war with the ant. Xeither side had any advantage, and then 
the fly rose again about three feet into the air with the pupa and ant and after a flight 
of about eighteen inches let them fall. The ant being discomposed by this procedure 
let go of the pupa, and no sooner had it done so than the fly seized it and, flying off 
with it triumphantly, settled near by and proceeded as in the previous case to suck 
the prey. This one again fell easily to  my net, so that the flies are evidently keenly 
alert only when in the immediate vicinity of the ants. I subsequently noticed that the 
Diptera seemed t o  have certain preferences in regard to their prey, for I repeatedly 
noticed one poised over the ant column make an unsuccessful swoop and then fly, 
keeping level with the ant carrying the particular object which it had missed, making 
occasional rushes in an endeavor to secure it. Those I took had obtained ant  pupre, 
but I am sure they take other things from the drivers, probably portions of dead 
insects . 

Further observations by Lamborn' in East Africa have shown that 
the Dorylina are by no means the only species of ants favored by the 
attentions of the African Bengalia. At Lindi, former German East 
Africa, a female B. peuhi Brauer and v. Bergenstamm was observed 
alighting near a column of Crematogaster caatanea Smith which was 
passing up and down a baobab tree; the fly made various attempts 
to rob some of the ants of their food, tiny fragments of beetles; it 
was very alert, retiring immediately when any stray ant happened to 
come its way. Bengalia gaillardi Surcouf was seen in the same locality 
stealing food carried to the nest by workers of Pheidole liengmei Forel, 
Campmotus species, Leptogen ys stuhkmanni Mayr, Prenolepis longicornis 
(Latreille), etc.; at  Daressalaam this fly was watching for similar pur- 
poses the home-coming Plagiolepis custodiens (F. Smith). 

The genus Bengalia is restricted to the Old World tropics and be- 
longs in the Calliphorinse. It differs conspicuously from theothermem- 
bers of this group in the structure of the proboscis, which is rigid, chitin- 
ized, strongly toothed at  the apex, directed forward, and evidently 

'1920, Trans. Ent.  SOC. London, (1919), Proc., pp. lii-lviii. 
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adapted to its predaceous habits.' Bengalia gaillardi Surcouf was ob- 
served by Gaillard a t  Koulouba, French Sudan, preying upon termites in 
a rotten tree stump which had been freshly dug up.* G. D. Carpenter3 
saw Bengalia depressa Walker sucking the juices from a winged termite, 
at Kilindini, British East Africa. 

Several species of Bengalia are commonly found in the Belgian 
Congo, along paths and roadsides, hunting for various insects. On June 
4,1915, I caught a number of B. sp.urca Brauer and v. Bergenstamm and 
B. jloccosa van der Wulp4 near a column of driver ants in a forest gallery 
a t  Thysville; the female flies would hover over the moving army close 
to the ants and seize the prey or pupae carried by the workers, as described 
above by Lamb0rn.j 

Some other Diptera also follbw the columns of driver ants, but 
apparently for purposes very different from those of Bengalia. In  his 
account of the foraging Eciton of the Amazon, H. W. Bates has this 
interesting passage.6 

The armies of all Ecitons are accompanied by small swamis of a kind of two- 
winged fly, the females of which have a very long ovipositor, and which belongs to the 
genus Stylogaster (family Conopside) . These swarms hover with rapidly vibrating 
wings, a t  a height of a foot or less from the soil, and occasionally one of the flies darts 
with great quickness towards the ground. I found they were not occupied in trans- 
fixing ants, although they have a long needle-shaped proboscis, which suggests that 
conclusion, but most probably in depositing their eggs in the soft bodies of insects, 
which the ants were driving away from their hiding-places. These eggs would hatch 
after the ants had placed their hootv in their hive as food for their young. If this 
supposition be correct, the Sfylogasfer would offer a case of parasitism of quite a novel 
kind. 

Similar observations were made some years later by C. H. T. Town- 
send in the State of Vera Cruz, Mexico. Under the heading Stylogaster, 
this author writes:' 

S e e  Green, E. E.,  Trans. Ent .  SOP. London, 1908, Proc., p xxvi-xxvii. Bezzi, hl. 1913, 'Einige 
Bemerkungen Uber die Dipterengattungen 9uchmeromyia unZBengalia, ' Ent .  Mitt. Deutsch. En t .  
Mus. Berlin, 11, pp. 70-78. Cragg, F. W., i918. 'The  mouth-parts of Ochromyia jejun?, a predaceous 
muscid,' Indian Journ. Med. Res., V,  pp,  ,716-522, P1. XLVIII. Roubaud, E., 1914, fitudes faune 
parasitaire Afrique Ocr. Francaise,' I, p. 33, fig. 7B. 

*Surcouf, J . ,  Bull. hlus.  Hist. Nat. Paris, 1912, p ,  427. 
51920, Trans. En t .  SOC. London, (1919), Proc., p ,  Iviii. 
'Identified by Dr. J. Villeneuve. 
jI t  mav benoted that the iirst stages of Bengalia are unknown. A subcutaneous maggot which bores 

into the s d n  of man and various animals in South and Central Africa [Cordylobia anthrqpophaga (Griin- 
berg)], has bee!] wrongly identified a8 belonging to  Brtrgalia depressa (Walker) and this error has been 
repeatedly copied. As stated by ?lusten (Trans. Ent .  SOC. London, 1907, Proc., pp. xliii-xlvii), there is 
no evidence whatever to show that the larva of t h e p u e  B. depressa is a subcutaneous parasite. 

11863 'The naturalist on the River Sniazon, 11, p. 365-3613, Bates' observations on this fly 
have bee; strangely misunderstood by later authors. brauer apparently first makes the statement 
that ,  according to Bates Sfylogaster "verfolgt mit ihrer Legerohre Termiten" (1883 Denkschr. Ak. 
W k .  Wien, math. na tdw.  Kl,, XLVII. p. 84).  This erroneous conception is unfortdnately repeated 
by Williston (18S5,,Trans. Connecticut Ac. Arts Sci. V I  p. 389) by de Meijere (1904 Tijdschr. v. Ent.. 
SLVI  (1903), p. 151), and again by Krpber (1919: Akh.  f .  Gaturp., LXXXIII.  (i917), Abtl A, Heft 
8, p. 11). There is not the slightest evidence a t  hand to  show that S t y l o g a r f r r  IS associated with 
terrnitea. 

:!807, Ann. Mag. Xat.  Hist , f i j )  S I X ,  p. 23. 
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Fifty-one specimens of this interesting genus were taken hovering over the front 
ranks of a moving army of ants, in a cafetal a t  Paso de Telayo, during the last hour or 
two of daylight on hlarch 29. In company n-ith them were numerous specimens of 
Hyalomyia and some other small tachinids. The ants have beeii determined by Mr. 
Theo. Pergande as Eciton foreli, Mayr. . The column of ants was about 15 feet 
wide and 25 feet long, and moved slowly but surely in a straight line through the 
cafetal, swarming rapidly over the thick covering of dead leaves, branches, and other 
obstructions that strewed the ground under the coffee-trees. The specimens of 
Stylogaster hovered continually over the ants, now and again darting at  them, with- 
out doubt for the purpose of ovipositing ih their bodies. During the whole three 
months of my collecting in this locality, I saxr not a single specimen of Stylogaster 
a t  any other time, but on this occasion, during the short time that I had before dark 
overtook me, I succeeded in capturing fifty-one specimens, by sweeping closely with 
the net over the front ranks of the ants. 

From the accounts quoted above it is evident that both Bates and 
Townsend base their conclusions on mere surmises, since neither of them 
has succeeded in finding the eggs. Their observations merely show that 
Stylogaster is in some way associated with the columns of driver ants, 
though it is by no means certain that this is true for all the members of 
the genus. Some of the North American species are found as far north 
as Illinois and New York, in regions where foraging ants are altogether 
absent. Yet it is possible that the African species of Stylogaster are 
associated with the columns of the Dorylinse.* G. D. H. Carpenter, in 
Uganda, in his description of the frantic efforts made by cockroaches to 
escape from the columns of Dorylus, remarks: “ I  twice saw, hovering 
over these cockroaches, and occasionally suddenly pouncing down 
(apparently for the purpose of ovipositing) several of a small long-bodied 
insect-it might have been a dipteron or an ichneumon, but the hover- 
ing and darting flight suggested rather a syrphid. It was so extra- 
ordinarily active that I failed to catch it.”3 

In a recent account of his observations on army ants in British 
Guiana, Wheeler4 observes that although he saw Stylogaster on several 
occasions accompanying the advancing armies of Eciton burchellii and 
dartingat the ants or even at  open spaces on the ground, there was 
nothing to convince him that these flies were ovipositing. Once he came 
upon a swarm of both sexes of Stylogaster hovering above a spot where 

‘According to  Wheeler, a synonym of E c i t o n  btrrchell i i  Westwood,.‘ 
*Dr. H. Brnuns, of Willowmore. wrote me rerently a5 follows: Stylogaster habe ich seiner Zeit 

einige Male in Westafrika (Cameroon, Gaboon) beobarhtet. Die Thiere fielen niir dadurch anf, dass 
sie wie Falken ilber driomma Ziigen schwebten. In  welchen Zusammenhang sie init den Doryliden 
stehen, weiss ich nicht. Dass sie ihre Eier auf deni Raube von Doryliden. den diese niit sich schleppen. 
ablegen sollteii ist kaum anrunehmen, da  dieser alsbald versehrt oder verfuttert wird.” (Letter of 
June 5 ,  1920). I have collected one of the S o r t h  American species (S ty logas ter  7ieglecta Williston) on 
flowers of Clethra d i i < j o l i a ,  Aionarrla c l inopodia .  H d i a i i f h i i s  s l rumows  and E u p a t o r i u n i  picrpureunr. 

‘1915, Trans.  Ent .  S u r .  London, (1914), Pro?.. pp. criii-rix. 
‘1921, Pror.  .hneriran Ac. Arts Sci., Boston, LVI ,  11, 290. 
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there were no Ecitons, although a few workers of Gigantiops destructor 
and Ectatomma ruidum were running about in the vicinity. “This ob- 
servation,” he says, “and the fact that some species of Stylogaster occur 
in North America north of the range of Eciton, make it seem doubtful 
whether these flies are as intimately attached to the ants as some authors 
have supposed. They are, perhaps, attracted by the rank odor of the 
Ecitons . ” 

Hymenopt era 
The following four species of Sphegoidea are the only ones known to 

provision their nests with ants. It is somewhat surprising that so few 
predaceous wasps have developed a liking for this kind of prey. 

1 .-Tracheloides quinquenotatus (Jurine) ( = Crossocerus luteicollis 
Lepeletier and Brull6; Fertonius formicarius Ferton) . This remarkable 
little wasp is apparently distributed over the entire Mediterranean 
subregion. Its curious habits were first observed by Ferton‘ in Algeria. 
It preys there on the workers of Tapinoma erraticum (Latreille), storing 
forty to fifty paralyzed ants in each cell; the nest is placed in crevices 
in walls or burrowed to a slight depth in sandy soil. I have freiuently 
observed its hunting behavior in the vicinity of Algiers (June 1910) in 
the same locality in which I found the pitfalls of Lampromyia described 
above. The females were hovering over the foraging files of Tapinoma 
erraticum and would suddenly pounce on one of the ants, seldom missing 
their aim. 

Similar habits were described for this species by Ferton2 in Corsica, 
where also it preys on Tapinoma erraticum. BignelP likewise found 
quinquenotatus there, taking small ants which were travelling in a 
continuous stream across the road. 

2.-Tracheloides curvilarsis (Herrich-Schaffer) is only known from 
southern Germany, Italy and Austria. Emery4 observed this wasp near 
Portici and Bologna, Italy, storing about forty partly paralyzed workers 
of Lioinetopum microcephalum (Panzer) in each of its cells which were 
located in abandoned beetle borings in a tree. 

LUnder the designation Fertonizrsluteicollis: Ferton, C., 1890, ‘Un Hymhoptereravisseur de four- 
mis,’ Actes SOC. Linn. Bordeaux, XLIV, pp. 341-346. 

*Under the designation Fertonius formicarius: Ferton, C. 1895 ‘Nouveaux Hymen0 teres 
fouisseurs et  observations sur l’instinct de quelques espbces,’ Actis 800. i i nn .  Bordeaux, X L V I 8 , p p .  
261-272. Under tha t  of Brachyrnerus quinguenotatus: Forton C. 1901 ‘Notes detachees sur 1’ instinct 
des Hymhopteres melliferes et  ravisseurs (18re sh ie) , ’  And. SAC. Ed t .  France, LXX, pp. 83-148, 
Pls. 1-111. 

3Bignel1, G. C., 1900, ‘Crabro h i g n a t u s ,  Jurine;carrying off i n t s  in Corsica,’Ent. 3IonthlyJIag., 
XXXVI, p. 264. 

‘Emery C. 1891 ’Zur Biologie der Anieisen.’ Biol. Centralbl., XI, ~p.,,!G5~180; 1893, ‘Sur un 
Crabronide khaiseur de fourmis,’ Ann. SOC. Ent .  France, LXII, Bull., pp. 1x111-lxiv. 
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Tracheloides Aug. Morawitz (of which Brachymerus Dahlbom and 
Fertonius P6rez are synonyms) is regarded by Kohl in his able Mono- 
graph of the Palearctic Crabronind as a species-group or subgenus of 
Crabro Fabricius. Only the two species mentioned above are known; 
they possess a large, much thickened head, with the face strikingly broad 
below, a peculiarity evidently adapted to  their ant-hunting habits, 
since it makes the jaws with which they seize the ants much more power- 
ful than is usual among species of Crabro. Indeed, most other members 
of this extensive genus prey on rather soft-bodied and harmless insects. 
chiefly Diptera. 

3.-Apidanthops taurulus Cockerell. Ainslie2 found this philanthid 
wasp preying on the workers of Pogonomyrmex barbafue subspecies 
rugosus Emery in New Mexico. 

4.-Aphilanthops frigidus (F. Smith). This interesting species of 
eastern North America has been very completely investigated by 
Wheeler3 near Boston. Curiously enough, it selects only fertile females, 
or queens, of ants to  provision its nests and seems to  restrict its attacks 
to various species of the genus Formica (Formica fueca Linnaeus and its 
variety subsericea Say; F .  pallidefulva Latreille subspecies nitidiventris 
Emery; and F .  neogagates Emery). It forms colonies of from thirty to  
sixty nests, located in open patches, roads or clearings in woods. The 
burrow descends with a very steep slope to  a depth of six to  eight inches, 
where i t  terminates in a small cell, there being two or three other cells 
on the sides. The Formica queens are captured during the short time of 
their nuptial flight, before they have lost their wings, and are merely 
stung and paralyzed. The wasp does not mutilate or malaxate her 
victims, which still move their palpi, legs, and antennae either spontane- 
ously or when touched, for several hours or even for a few days after 
they have been captured and placed in the nest. The wasp carries the 
ant under her body, supporting it by means of her middle and hind legs 
and holding its antennse in her mandibles. Having dragged the ant a 
few inches into the burrow, she proceeds to cut off its wings, usually very 
neatly, although the stubs she leaves attached to the body are a little 
longer than in queen ants that have dealated themselves; more rarely 
the wasp simply gnaws off the tips or apical halves of the wings. 
Wheeler believes that each female Aphilanthops secures several queen 
ants, usually five to seven, often belonging to  more than one species, and 
-~ ~ 

IKohl, F. F., 1915. 'Die Crabronen der palaarktischen Region,' Ann. Naturh. Hofmus. Wien. 

z.Ains%, C. Pi'., 1909, '-4 note on the habits of Aphi lanthops , ;  Canadian Ent., XLI, p,p: YY-,lOO. 
?Wheeler. W. hl.. 1913, 'A solitary wasp (Aphzlanthopsfrzgzdus F. Smith) that provisions Its nest 

S S I X  p 1-453 PIS. I-XIV. 

with queen ants,' Journ.  Animal Behavior, 111, pp. 374-487. 
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stores them in two or three cells, from which they are taken as needed to  
feed a single larva. “The egg is evidently laid on an isolated ant which 
the mother wasp cuts in two in order that the larva may gain access to  
the nutritious contents of the thorax and gaster. Then the other ants are 
taken from storage and brought to  the larva one by one as they are re- 
quired, till all are consumed and the larva is ready to pupate.” 

AphiEanthops Patton is a strictly Nearctic genus of fossorial wasps, 
of which eleven species have been described, mostly of the western United 
States. It is highly probable that all will prove to  be ant  hunters, and 
an interesting field of study is here open to the myrmecologist 

The prey of Polybia scutellaris (White), a social wasp of southern 
Brazil, consists mainly of winged termites, which are stored whole in the 
nest, often by the hundreds; but occasionally this wasp collects winged 
male ants too. In  one case about a hundred males of Dorymyrmex 
pyramicus (Roger) and a few other male ants were found in its nest.* 

AMPHIBIAR’S3 

The diet of many amphibians consists almost exclusively of various 
arthropods. Only living and moving prey is devoured; dead or motion- 
less food has little or no attraction for them. In the frogs and toads the 
tongue, attached in front and free behind, is often the chief organ used in 
seizing the food, being thrown out with lightning-like rapidity; it is soft, 
extensile, coated with a glutinous secretion, and adheres firmly to the 
prey, which is swallowed whole. The teeth, when present, are used 
only for catching and holding the prey; they are absent in many genera. 
Digestion is very rapid. The American toad, Bufo anzericanus Hol- 
brook, for instance, feeds continuously throughout the night, except 
when food is unusually plentiful; in twenty-four hours it consumes a 
quantity of insects equal t o  about four times its stomach capacity. In  
other words, the toad’s stomach is practically filled and emptied four 
times in each twenty-four hours.4 

1The s eries of the genus M j m o b m i b a  store dead insects in their nests, a very unusual iocedure 
among prejaceous wasps’ they can occasionally be seen collecting dead ants that  have been tfrown out 
a t  the entrance of an t  ne&; See Parker, J .  B. 1917 Pror. V. S. Nat. hlus., LII, pp. 134-141. 

*Wasmann, E.,  1897. Beutethiere von Pblybia’seutellaris (White) Sauss.,’ Zool. Anzeiger, XX, pp. 
276-279. 

31 am under great obligation to hlr. C. L. Camv for valuable sumestions on the subject of ants as _ _  
food of batrachians and reptiles. 

‘Kirkland, A .  H.. !904, ‘Usefulness of the American toad,’ U. S. Dept. Agric. Farmers’ Bull. No. 
196, p. 6 ;  reprinted with changes from Bull. 16 Hatrh Exp. Stat. Amherst Mass. 1897 pp. 1-30 
PI. 11. See also Ritchie, A .  S.. 1869, ‘The toad k s  an entomologist,’ Canadidn Nat&alist,’N. S., IV: 
PP. 174-178; Garman H., 1901, ‘The  food of the toad,’ Kentucky Agric. Exp. Stat .  Bull. 91; Hodge, 
C. F., 1898, ‘TQe  common toad,’ (Worcester, Mass.);  Storer T .  I .  1914 ‘The  California toad.An 
economic asset. Univ. California Journ. Agric., 11. pp. 89-91; ‘Munz: P. A,: 1920, ‘ A  Study of the food 
habits of theIthacan species of Anura during transformation,’ Pomona Journ. Ent.  Zool., XII, PP. 33-56. 
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Toads and frogs being more often seen while in search of good, the 
stomach contents of specimens in collections are frequently little or not 
at  all digested and can then be easily identified; many insects with 
hidden habits may thus be obtained. Amphibians are in this respect 
of very great help to the collector of ants. 

Numerical data relating to the food of these animals has not often 
been published, even for the species of temperate regions. Perhaps the 
most complete records of the kind are those in H. A. Surface’s ‘Report 
on the economic features of the amphibians of Pennsylvania.’l From this 
paper it may be seen that, while almost all salamanders, toads, tree- 
frogs, and frogs occasionally eat ants, these insects constitute an import- 
ant item in the diet8 of certain species. 

Food of Certain Amphibians in Pennsylvania (Surface) 

583 ~ 182 30 
63 17 

8 
150 13 

Plethodon cinereus (Green) 
“ glutinosus (Green) 

Desmognathus fusca (Rafinesque) 
Bu.fo americanus Holbrook 

Yumber of1 I I 
Stomachs Isumber of 

Recogniz- I Eaten 
with Number of Percentage 1 Ants ~ of Ants 

I 

able Food I *I I 

Kirkland’s paper referred to above contains the result of an examina- 
tion of 149 stomachs of toads (Bufo americanus Holbrook) in Massachu- 
setts; in this case 19 per cent of the total contents were ants; the 
percentage was higher in May, when ants formed 23 per cent of the food 
and were present in 70 per cent of the stomachs. 

The Texan robber frog, Eleutherodactylzis latrans (Cope), a land 
animal of secretive a.nd nocturnal habits, probably feeds extensively on 
ants. J. K. Strecker2 mentions that “the stomach of one example con- 
tained the elytra of a ground beet,le and the remains of many spiders and 
ants.” 

True frogs of t,he genus Rana take very few or no ants, at least 
in North America, though, as may be seen below, the stomachs of certain 
of the African species contain a fair proport,ion of these insects, mostly 
in the winged phases. Surface, in Pennsylvania, found few ox no ants in 
Rana,  and this result is confirmed by C. J. Drake’s very extensive study 
- 

11913, Zool. Bull. Div. Zool. Pennsylvania Dept. Agric., 111, Nos.  3 and 4, pp. 134-147. 
21910, Trans. Ac. Sci. St. Louis, S I X ,  30. 5 ,  p. 82. 
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of the food of the leopard frog (Rana  pipiens Schreber) in 0hio;l of 209 
stomachs examined only 19 contained one or twospecimens of ants (about 
2.5 per cent of the total animal food) J .  C. Seedhain obtained similar 
results with the bullfrog (Rana  catesbiana Sham) in Sew York State; 
in the stomachs were found only a few remains of the winged males and 
females of Camponotzts pennsylt)anicus, which evidently had dropped on 
the surface of the water, where they were taken by the frogs.2 

In his paper on Ncaraguan amphibians, G. K. K0ble3 mentions 
ants among the stomach contents of the following species. 

Dendrobates tinctorius (Schneider). The stomachs of two speci- 
mens “contained mostly ants, although a few beetles and other insects 
were present. There were about fifty ants in each stomach. Dr. Wheeler 
has identified most of these as Wasmannia  auropunctata Roger. Seven 
other genera were represented, but each by only a few workers: Strumi- 
genys, 2 species; Rhopalothrix, new species; Leptogenys (Lobopelta), 
species; Trachymynnex, species; Ponera, species; Pheidole, 2 species; 
and Solenopsis, species.” (op. cit., p. 322). 

Dendrobates typographus Keferstein. The stomachs examined con- 
tained “mostly small red ants.” (op.  cit., p. 323). 

Eleutherodactylus polyptychus (Cope). The stomachs “contained 
only insects and mostly large ants.” (op. cit., p. 329). 

Eleutherodactylus rugosus (Peters). “One medium-sized individual 
contained in its stomach two beetles and a large ant, Neoponera obscuri- 
cornis (Emery).” (op.  cit., p. 331). 

Bufo hzmatiticus Cope. “It had been feasting on ants. Itsstomach 
contained a great many large red and black ones. The following species 
mere represented in the contents of this single stomach: Pachycondyla 
harpaz F. (4), Ectatomma ru idum Rog. (l), Eciton hamatum F. (3), 
Atta cephalotes (4), Apterostigma species (l).” (op. cit., p. 333). 

Bufo conzjerus Cope. (‘A few ants contained in one stomach belonged 
to  Paraponera clavata F., Neoponera obscuricornis Em., A pterbstigma 
species and Hylomyrnia species.” ( o p .  cit.. p. 334). 

Hyla  quinquevittata Cope. “The largest specimen contained in its 
stomach over a dozen termites and one ant  (Tetramorium guineense 
Fabr.)” (op.  n’t., p. 341). 

It is evident that many more observations are needed before we can 
fully realize the part amphibians play as predaceous enemies of ants. 

‘Drake, C. J., 1914, ‘The food of Rana pipiens Schreber ’ The Ohio Naturalist XIV, pp. 257-269; 
*Needham, J. C., 1905, ‘The summer food of the bullfrog (Rana cafesbiana Sh&) at Saranac Inn, 

31918 ‘The amphibians collected by the American 3luseum Expedition to  Sicaragua in 1916,’ 
New York State Mus., Bull. 86. pp, 9-15. 

Bull. Amehcan Mus. Nat. Hist., XXXVIII, pp. 311-347, PIS. XIV-XIX. 
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Enough is known, however, to  make it certain that these animals are of 
prime importance in this respect. 

While studying the amphibians of the Lang and Chapin collection, 
Mr. G. K. Noble, Assistant Curator of Herpetology a t  the American 
Museum, dissected the sfomachs of a large number of specimens and has 
turned their contents over to  me for identification. The results of these 
examinations will be published in detail in Mr. Noble's report. From the 
point of view of the myrmecologist they were of great interest, yielding 
a large number of remarkable forms ; eighty different species, subspecies, 
and varieties were obtained in this way and, of these,forty werenot other- 
wise represented in the collection upon which Prof. Wheeler's report is 
based; seventeen oi these forms were new to science. Many of the ants 
found in  the stomachs of amphibians are in an excellent state of preserva- 
tion; others are considerably improved by a thorough cleansing with 
caustic potash. Future collectors in tropical countries are urged never 
to neglect this novel manner of increasing their material. 

In  the table below, I have condenscd the results of the examina- 
tion of 308 stomachs of the eleven species of Congo frogs and toads which 
apparently show a decided preference for ants; for five of these species 
ants constitute about 50 per cent or more of the total stomach contents. 
In  addition, several species of Congo frogs had eaten isolated specimens 
of ants, which may, in some cases, have been swallowed accidentally 
together with mud, dead leaves, or vegetable matter, an abundance of 

Stomach Contents of Congo Amphibians 

. 

.___ 

Bujo polycercus Werner 
tuberosus Giinther 

' I  junereus Rocage 
l 1  regularis Reuss 
I' superciliaris Boulengcr 

Rana occipitalis Giinther 
ornatissima Bocage 
albolabris Hallowell 

'' mascareniensis Dum6ril and 
Bibron 

Bewzisus n~arnzorntum (Pct ers) 
Phrynoha tra ch 11s na  fa lensis (-4 Smith) 

Tumber ol 
Stomachs 

with 
Recogniz- 
ible Food 

53 
5 

5 5 
31 
50 
25 
14 
19 

24 
22 
10 

Total 
Cumber oi 
Insects 
Eaten 

759 
160 

1292 
963 
746 

30 
42 

40 
1006 

47 

-r 
9 a 

Jumber oj 
Ants 

406 
38 

705 
484 
I82 
14 

B 
25 

11 
96 
20 

Per Cent. 
of Ants 

66.66 
23.73 
54.56 
50.25 
24.39 
25.45 
20. 
59.28 

27.50 
9.54 

4 2 , s  
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which is often found in the stomach. For other species, however, the 
number of stomachs examined was too small to furnish reliable data; 
when more completely investigated, some of these may prove to  be true 
ant-feeders. 

X number of amphibians collected by the American Museum Congo 
Expedition and the forms of ants which could Le identified by Prof. 
Wheeler among their stomach contents are listed below. Such records 
give an insight into the great variety of ants eaten by some of these 
animals and also, to  a certain extent, into the preferences shown by in- 
dividual species. I must, however, point out that much of the ant 
d6bris found in the stomachs was too poorly preserved to permit correct 
identification, a t  least with our present knowledge of African myrme- 
cology. These lists could, therefore, be considerably lengthened. 
Nevertheless, in the case of the toads a sufficient number of specimens 
have been examined to  show that ants are a very important article in 
their diet; a total of 1815 ants was found in 194 stomachs of the five 
species of Congo toads; these ants belong to  72 forms, six (or 8 per 
cent) of which are Dorylim, thirty (or 42 per cent) Ponerine and Cera- 
pachyinae, sixteen (or 22 per cent) Myrmicine, and nineteen (01 27 
per cent) Formicinae. Terrestrial ants seem to be taken almost exclu- 
sively and this fact undoubtedly accounts for the high proportion of the 
PonerinE represented. 

Xenopus naulEeri (Peters) 
A common frog of the Sudanese and East African savannahs. Of 

Pnlyrhachzs a e r o p  Wheeler. 
ten stomachs examined, only one contained a single ant : 

Xenopus tropicalis (Gray) 
h frog confined to  the Rain Forest. Of eleven stomachs examined, 

Cainponot~ts pornpeaus subsp. niariiis Emery 
two together contained five ants: 

Bufo regularis Reuss 
Thi's widely distributed African toad occurs in the forest and in the 

savannah as well. Of thirty-eight stomachs examined, thirty-one 
showed recognizable food and nineteen of these contained ants : 

D o r y h s  nzgritaiis suhsp hurmeiater~ iHhiick:ird) 

Platythyrea qrdcdlima Wheeler. 
Megaponera f e t e u s  (Falmcius) 
Bothroponera \oioT (EmervJ 

" '' s u h p  spstedt i  Emerv 
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Anochetus bequnerti Forel. 
Pheidole kohli Mayr, var. 

" inegacephala subsp. nielancliolica [Santschi). 
Myrmicaria e ii nienoides subsp. opa c irentr i.? (Emery). 

Cremafogaster escisa (Mayr). 
Monomorium bicolor Emery. 

Tefranioriunz guineeme subsp. niedje Wheeler. 
Plagiolepis tenella Santschi. 
Cainponotus maculatus (Fabricius). 

* I  i '  ii i wr .  crucheti (Santschi). 

" afrutn var. fultor Forel. 

ii li subsp. congolensis Emery. 

ii ii subsp. brutus (Forel). 
(i 

" subsp. solon Forel. 

ii accapiinensis May-. 
L i  

" chapini Wheeler. 
" polyrhachioides Emery. 

riifoglaucus subsp. cinctellus var. rqlgerais Forel. 

Polyrhachis militaris (Fabricius). 

Bufo funereus Bocage 
This toad is commonly found in the Rain Forest and the out'lying 

forest galleries. Of sixty-three stomachs examined, fifty-five cont'ained 
recognizable food and forty-three of these ants: 

Dorylus emeryi subsp. opacus Forel. 
kohli Wasmann. 

" nigricans subsp. arcens (\Testwood), 
" wiloerthi Emery. 

Cerapachys cribririodis Emery. 
Paltothyreus tarsatus (Fabricius) . 
Megaponera fcetens (Fabricius). 
Bothroponera talpa Ern. Andr6. 

*' pachyderrna (Emery). 
soror (Emery). I 1  

Phrynoponera gabonensis (Ern. Andr6). 
t i  

ii 

i t  

var. esta Wheeler. 
" var. fecimda Wheeler. 
i L  var. striatidens (Santschi). 

Euponera ingesta Wheeler. 
sennaarensis (Mayr). 

Plectroctena cristata Emery. 
Psalidomyrmex procerus Emery. 
Leptogenys stuhlinanni subsp. camerunemis var. opalescens Wheeler. 
Anochetus estus Wheeler. 

Odontomachits assiniensis Emery. 
" opacirlentris Wheeler. 

ii 

I <  

" var. furuior Wheeler. 
hwnatoda (Linnaeus) . 
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Pheidole batrachorum Wheeler. 
Myrmicaria eumenoides subsp. opaciventris (Emery). 

Meranoplus nanus subsp. soriculus Wheeler. 
Triglyphothrix gabonensis Ern. .%ndrB. 

mucidus Forel. 
Cataulacus guineensis F. Smith. 
Engramma wol$ Forel. 
Plagiolepis tenella Santschi. 
Pseudolasius weissi var. sordidus Santschi. 
Camponotus maculatus subsp. solon Forel. 

" " ' L  var. crucheti (Santschi) 

I (  

I 1  subsp. brutus (Forel). 
" awapimensis Mayr. 
" pompeius subsp. marius Emery. 

' I  

'' vividus subsp. cato (Forel). 

" concava Ern. AndrC. 

wellmani var. rujipartis Forel. 
rujoglaucus subsp. cinetellus var. rufigenis Forel 

Polyrhachis militaris (Fabricius). 

Bufo tuberosus Gunther 
A forest toad, Inuch less common than the other species. Only 

five stomachs could be examined and each contained a number of worker 
ants: 

Paltothyreus tarsatus (Fabricius). 
Bothroponera soror (Emery). 

Phrynoponera gabonensis var. esta Wheeler. 
" pachyderma (Emery). 

" 

" 
" var. fecccnda Wheeler. 
" var. striatidens (Santschi). 

Euponera subiridescens Kheeler. 
Odontomachus assiniensis Emery. 
Triglyphothrix gabonensis Ern. hndrC. 
Cataulacus guineensis F. Smith. 
Polyrhachis viscosa F. Smith (?). 

Biifo polycercus Werner 
One of' the three common forest toads of the Congo. Of the fifty- 

four stomachs dissected, fifty-three contained recognizable remains and 
thirty-one of these ants: 

DOTY~US wiloerthi Emery. 
Paltothyreus tarsatus (Fabricius). 
Megaponera faetens (Fabricius). 
Bothroponera pachyderma (Emery). 

" 
" var. jmerea Wheeler. 

" talpa Ern. Andi-6. 
" soyor (Emery). 
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Phrynoponera gahonensis (Ern, AndrB). 
I (  

' 1  

I (  

( 1  

(' var. esta Wheeler. 
var. fecunda Wheeler. 

( (  var. umbrosa Wheeler. 
" var. striatidens (Santschi). 

Euponera ingesta Wheeler. 

Plectroctena cristata Emerv. 

Psalidomyrmex procerus Emery. 

Leptogenys stiihlmanni subsp. camerunensis var. opalescens Wheeler. 
'( ergatogyna Wheeler. 

Anochetus opaciventris Wheeler. 
0dontomachzi.s assiniensis Emery. 

Pheidole batrachorum Wheeler. 
(' megacephala (Fabricius) . 

Crematogaster concava Emery. 
Triglyphothrix gabonensis Ern. Andrd. 
Cataulacus guineeirsis F. Smith. 
Engramma wolfi Forel. 
Plagwlepis tenella Santschi. 
Pseudolasiiis weissi var. sordidus Santschi. 

Camponof us maculatus subsp. solon Forel. 

( (  subiridescens Wheeler. 

minor Emery. 

( (  reichenmpergeri Santschi. 

( I  (' var. furvior Wheeler. 

bufonum Wheeler. 

I L  
" subsp. brutus (Forel). 

" pornpeius subsp. mariirs Emery. 
(( vividus subsp. cafo (Forel). 

" nigrita Mayr. 
Polyrhachis militaris subsp. ciipreopiihescens var. nkonzoensis Forel. 

Bufo superciliaris Boulenger 
A common toad of the Rain Forest in Cameroon, Gaboon and the 

Congo. Of fifty-six specimens examined in this respect, fifty showed 
recognizable remains of food in the stomach and thirty-five of these con- 
tained ants: 

Dorylus nigricans subsp. sjcestedti Emery. 
Paltothyreus tarsatus (Fabricius) . 
Megaponera fatens (Fabricius) . 
Bothroponera talpa Ern. dndr6. 

I (  pachyderma (Emery). 
< (  soror (Emery). 

Phrynoponera gabonensis var. esta Wheeler. 
L L  

( (  var. fecunda Wheeler 
( (  bequaerli Wheeler. 

Eiiponera s rLbiridescens Wheeler. 
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Plectroctena cristata Emery. 
Psalidoinyrmex procerus Emery. 

L L  obesus Wheeler. 
Odontomachus assiniensis Emery. 

i< Tar. ,furvior Wheeler. 
Myrmicaria eunzerioides subsp. opaciuentris Emery. 
Tetramoriuin guineense (Fabricius) . 
Engramma wolfi Forel. 
Pseudolasius bufonum Wheeler. 
Camponotus pompeius subsp. marius Emery 

i t  wellmani var. rufpart is  Forel. 

Phrynobatrachus perpalmatus Boulenger 
A water frog of the forest region. Only eight of the stJomachs ex- 

amined contained recognizable remains of food and ants were found in 
one of these : 

Polyrhachis alliiairdi var. anteplana Forel. 
Parts of many more ants were seen in the stomachs of the related 

savannah species Phrynobatrachus natalensis (A. Smith), but too poorly 
preserved for correct identification. 

Arthroleptis variabilis Matschie 
This is one of the typical frogs of the Cameroon, Gaboon and Congo 

Rain Forest. Seventeen of the stomachs examined contained recogniza.- 
ble food and two of these included ants: 

Pheidole batrachorum n'heeler. 
A&omyrma sp. 

Rana occipitalis Gunther 
A large-sized frog, common in the vicinity of streams, ponds, and 

swamps throughout the forest and savannah, from Senegambia to  Angola, 
Uganda and East Africa. All of the twenty-five stomachs examined, 
contained recognizable food and ants were present in ten cases: 

Dorylus nigricans subsp. s jmted t i  Emery. 
Paltothyreus tarsatus (Fabririns). 
Megaponera je tens  (Fabricius) . 
Bothroponera soror (Emery). 
Odontomachus hsmatoda (Linnaeus), 
Myrmicaria eumenoides subsp. opsciventris (Emery). 
Camponotu,s maculatus subsp. congolensis Emery. 

" acuapimemis Mayr. 
" w s a r  Forel. 
ii wellmani var. rufLpartis Forel. 
' I  chapini Wheeler. 

Rana albolabris Hallowell 
A characterist,ic frog of the Rain Forest, extending a little beyond 

The the limits of the forest in swamps and along forest galleries. 
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stomachs of twenty-three individuals were dissected and nineteen of 
these showed recognizable remains of food; ants were present in three 
cases only : 

Bothroponera p a c h y d e m a  (Emery). 
Odontomachus assznzenszs var. aterrzmus Wheeler. 
Cainponotzts macu la fus  subsp. solon Forel. 

Perhaps the most common frog throughout the larger part of the 
African continent. Of the thirty-nine stomachs examined, twenty-four 
contained recognizable remains, and a small number of ants, all of the 
winged phases, were found in five of them : 

Rana mascareniensis Dumkril and Bibron 

Pheidole megacephala (Fabricius). 
Campono fus  ttizdus subsp. cato (Forel). 

Rana ornatissima Bocage 
This frog is much rarer than the three preceding species; it is known 

from the savannahs south of the Rain Forest, from Angola to Southern 
Rhodesia and also from the northeastern Uele, where Lang and Chapin 
collected a number of specimens at  Garamba. Of these, fifteen were 
examined for their food contents and fourteen contained recognizable 
remains; a few ants were found in a single stomach: 

Phezdole kohlz ?rIayr, var. 
'' megacephala subsp. v t e l a n c h o l ~ a  (Santschi) 
'' speculzfem Emery 

In  addition, tiyenty stomachs of two other common Congo frogs 
(Rana oxyrhynchus A .  Smith and R.  christyi Boulenger) were dissected, 
but only a single winged ant was found. The pronounced aquatic habits 
of all species of Rana, which keep them in or near the water, evidently 
prevent them from feeding to any large extent on ants, except on in- 
dividuals that accidentally drop into the water, as for instance, during 
their nuptial flights. 

Kassina senegalensis (DumBril and Bibron) 
A small frog occurring throughout the savannah country of Africa, 

with rather terrestrial habits and also said occasionally to ascend trees. 
A few ants were found in two of the nineteen stomachs dissected. The 
occurrence in one stomach of a number of workers of the hypogeic ant 
Dorylus kohli is interesting in connection with the burrowing habits of 
this frog. 

Dorylus  1,01712 Wnsmann. 
Phezdole megacephala subsp. melancholica (Santschi). 
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Henzisus marmoratum (Peters) 
This little burrowing frog, of pronounced terrestrial habits, is found 

in the savannah country of a large part of Africa, north, south, and east 
of the Rain Forest. It lives mostly underground, and, according to Mr. 
Lang’s observations, comes out of its burrows only after heavy rains. It 
is the most typical “ant-eater” of all Congo amphibians; twenty-two 
stomachs examined contained no other food than termites and worker 
ants, though termites were by far more abundant. True ants were found 
in four stomachs only: 

Dorylus kohli Wasmann. 
cqnradti Emery. 

Tetramorium pusillum var. liemisi Wheeler. 

REPTILES 
Lizards often chew or lacerate their food to such an extent that the 

examination of their stomach contents gives but very general indications 
with regard to  their diet. There can hardly be any doubt, however, that 
Formicidse are part of the bill of fare of many of these reptiles. In  Miss 
A. H. Pritchett’s careful experiments,l ants, Pogonom yrmex barbatus 
subspecies molejaciens (Buckley) and Pachgcondyla harpaz (Fabricius), 
were eaten readily by Sceloporus spin0su.s ,floridanus (Baird), a common 
lizard of Texas. Another species, Gerrhonotzis infernalis Baird, refused to 
eat Camponotus maculatus subspecies sansabeanzts (Buckley) and C. 
fumzdus variety jestinatus (Buckley), but the author suggests that these 
ants were possibly too small to be noticed, as insects below a certain 
size are apparently not perceived by the large species of lizards. Con- 
cerning Phrynosoma cornutum (Harlan), Miss Pritchett writes : “ The 
‘horned toads’ were kept in cages with other lizards and also separately 
and were never seen to eat anything but ants. They are especially fond 
of the large agricultural ant, Pogonomyrmez barbatzts Smith variety 
molefaciens Buckley” (p. 284). 

In his paper on ‘The horned lizards of California and Sevada of the 
genera Phrynosoma and Anota,’ H.  C. Bryant2 says that ants, flies, and 
other insects constitute the principal diet of these genera and remarks: 
“Why the animal is never bothered by being stung internally by the 
ants it eats, seems hard to explain. Certainly the lining of the mouth 
and stomach must be particularly adapted to withstand the poisonous 
sting of insects, for when stung externally, the lizard shows no little dis- 
comfiture” (p. 17). Cnlike most other reptiles, the horned toad catches 

;1903, Biol. Rull.. T, pp. 271-287. 
-1911, Unir .  of California Publ. Zool., IS, S o .  1, pp, 1-54, PIS. 1-1s 
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the insects on the end of its viscid tongue and swallows them alive, its 
feeding habits being indeed very similar to  those of true toads. C. L. 
Camp1 has published more detailed observations on the food of many 
California lizards. He found remains of ants in the stomach contents of 
the following species: U m a  notata Baird, Callisaurus ventralis ventralis 
(Hallowell) , Uta stansburiana elegans (Yarrow), Sceloporzis magister Hallc- 
well, Phrynosoma platyrhinos Girard, and Cnemidophorus tigrts tigris 
Baird and Girnrd. In  the case of one of the horned toads (Phrynosorna) 
examined, the contents of the stomach were: “fifteen parasitic nema- 
todes, six Coleoptera, one orthopter, 145 red-headed ants, all apparently 
of the same species and swallowed whole, and one pebble” (p. 528). 
These ants belongec! in all probability to one of the seed-storing species 
of Pogonomyrmex, for Mitchell and Pierce2 also note that in Texas re- 
mains of P. barbatus (F. Smith) subspecies molefaciens (Buckley) were 
found several times in the excrement of the horned toad, Phrynosoma 
cornutum (Harlan) , and ‘‘ one colony was absolutely exterminated before 
the enemy left it.” 

The Australian horned dragon or moloch (Moloch horridus) is said 
by Saville Kent to feed exclusively on ants of the minutest size. 

The small black evil-odored species [of ant], common in both South and Western 
Australia, was always a prime favorite with the specimens kept by the author, and 
wherever these ants abounded, in conjunction with a sufficiently warm temperature, 
no difficulty was experienced in maintaining these lizards in perfect health. . . . . 
They would soon settle down to feeding in a row, and the number of ants an individual 
lizard would assimilate was something astonishing On several occasions experimental 
reckoning elicited the fact that no less than from one thousand to fifteen hundred ants 
were taken in successive order a t  a single meal, each ant being separately picked up 
by a flashlike protrusion of the slender adhesive t ~ n g u e . ~  

On examination of the stomachs of the lizards and chameleons col- 
lected by the American Museum Congo Expedition, Mr. K. P. Schmidt? 
found remains of ants, usually in a condition preventing any further 
identification, in the following species : Lygodactylus picturatws gutturalis 
(Bocage) Aganza colonorum Daudin, Bedriagaia tropidopholis Boul- 
enger, Algiroides africanus Boulenger, Holaspis guentheri Gray, Ger- 

’1916, ‘Notes on the local distribution and habits of the amphibians and reptiles of Southeastern 
California in the vicinity of the Turtle Mountains ‘ Univ. of California Publ. 2001. XI1 No. 17 pp. 503- 
544, PIS. XIX-XXII. Through the courtesy of Mr: Camp I have been able to  examine ihe stomach con- 
tents of a number of reptiles collected by him near the Turtle Mountains, Riverside Co.. California. In 
the case of Uma nqtata the stomachs were almost entirely filled wlth heads and parts of the body of 
Pogonomyrmex, while in those of Phrynosoma platyrhinos there were heads of ants and also pieces of 
beetles. 

21912 Proc. Ent. Soc. Washington XIV p. 72. 
3Saviile Kent, W.,  1897, ‘The  natdralist ‘in Australia,’ (London), pp. 86-86. 
‘1919, ‘Contributions to  the herpetology of the Belgian Congo based on the collection of the 

American Museum Congo Expedition, 1909-1915. Part  I .  Turtles, Crocodiles, Lizards, and Cheme- 
leons.’ Bull. American Mus. Nat. Hist., XXXIX, pp. 385-624. 
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rhosaurus Jlavigularia nigrolineatus (Hallowell) , Mabuya polytropis Boul- 
enger, Chamsleon gracilis (Hallowell), and C. ituriensis K. Schmidt. 

The African skinks of the genus Mabuya feed on a great variety of 
insects, but certain of the forest species often follow the columns of the 
driver ants (Dorylinse). Sjostedt has observed this in Cameroon with 
Mabuya raddoni (Gray). He says: 

This lizard is one of the most diligent persecutors of driver ants, and wherever 
one of their columns was seen on the move in or a t  the margin of the forest, especially 
after the ants had scattered in search of food, one could be sure to find one or more of 
these graceful animals preparing for an excellent catch. It was a delight to observe 
how adroitly the agile lizards would plunge into the crawling swarm, fill their mouth 
with ants and then retire to a place of safety to devour their booty. Busily engaged 
in their hunt, they would fearlessly run about the motionless observer and not even 
hesitate to climb his legs, always twinkling their lively little eyes, on the lookout 
for possible danger.’ 

BIRDS 
Comparatively few birds of temperate regions have acquired a fond- 

ness for ants; for instance, of fifty species in Tyrol whose stomach con- 
tents were examined by Dalla Torre,2 only the following five contained 
remains of ants to any extent: Cypselus melba (Linnseus), Anthus  arboreus 
Bechstein, Tetrao medius Meyer, Colymbus cristatus Linnseus, and Picus 
viridis Linnseus. In  the case of the green woodpecker, the stomach was 
crammed full of Formica rufa and Lasius  niger. Newstead3 found that 
the European song-thrush, Turdus muszcus Linnseus, and the blackbird, 
Merula merula (Linnseus), occasionally eat worker ants. Many insectiv- 
orous and omnivorous birds undoubtedly have similar habits.* 

A great fund of accurate information concerning the food of Hun- 
garian birds is contained in a series of articles by E. Csiki.5 The identifi- 
cation of the insects found in each bird stomach examined is given and 
also the number of specimens of each species. I have been able to con- 
sult only the first eight papers of the series (1904-1912), in which fifty- 
six species of birds are studied in this respect. All of them, however, are 
insectivorous or a t  least carnivorous, with the exception of the common 

11897, Bihang Svenska Vet. Ak. Hmdl., XXIII,  pt. 4, No. 2, pp. 14-15, 
2Dalla Torre, K. W. v., 1889, Untersuchungen uber den Magenlnhalt verschiedoner Vogel,’ 

Biol. Centralbl. VIII, pp. 473-480. 
aNewstead,’R., 1901, ‘The food of some birds inhabiting an orchard,’ Gardeners’ Chronicle, (3) 

XXX pp. 197 and 217-218. 
4 H .  C. hlcCook (1890, ‘American spiders and their spinningwork,’ 11, pp. 361-363) gives some 

additional evidence of birds feeding on ants. See also Cockerell, T. D .  A., 1880, ‘What are the uses of 
bright colors in Hymenoptera?’ Ent. News, I ,  pp. 65-68. 

G i k i  E.  ‘Positive Daten ilber die Nahrung unserer Vogel,’ Aquila Budapest 1904 XI pp. 270- 
317; 1905,’XII, pp. 312-330; 1906, XIII, pp. 14&161; 1907, XIV, p.’188-202; ’1908,XV,’ 183- 
206; 1909, XVI, pp. 139-144; 1910, XVII, pp. 205+18; 1913, XR,  pp. 375-396; 1914, &I, pp. 
210-229. ‘Die Insektennahrung des Rebhuhns (Perdm perdtz  L.),’ ibid., 1912, XIX, pp. 202-209. 
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gray partridge, Perdix perdix (Linnseus), which is chiefly a grain-feeder. 
Of the fifty-six birds, forty-nine showed ants in their stomach contents, 
but in the majority of cases these insects were present in isolated speci- 
mens only. The following eight birds, alone, evidently exhibited a true 
myrmecophagous propensity : 

Dryobates major (Linnsus). The greater spotted woodpecker is a 
typical ant-feeder; of twenty-three stomachs examined, fifteen contained 
ants, often in large numbers, belonging to the following six mecies: 
Lasius  jlavus, L. niger, L. fuliginosus, Camponotus ligniperdus, Formica 
rufa,  and Dolichoderus 4-punctalus. 

Dryobates medius (Linnseus). The middle spotted woodpecker feeds 
also largely on ants; of nine stomachs, six contained such insects, also 
often in abundance. The following species were recognized : Lasius  fu l i -  
ginosus, L. alienus, Formica rujibarbis, F .  rufa, and Myrmica  lavinodis. 

Ants are also readily eaten by the 
lesser spotted woodpecker; five of the eight stomachs examined con- 
tained specimens, often in great numbers, of the following species : 
Lasius  alienus, L. fuliginosus, Cam ponotus sylvaticus, and Dolichoderus 4- 
punctatus. 

Picus viridis Linnsus. The main food of the green woodpecker 
consists of ants, which were present in all of the twenty stomachs 
analyzed, often the only contents and in considerable quantities (as 
many as 500 or 600 specimens in a single stomach). Ten species of ants 
were recognized : Lasius  alienus, L. Jlavus, L. fuliginosus, L.  niger, 
Formica pratensis, F .  ru fa ,  F .  rujibarbis, Caniponotus vagus, Myrmica 
lavinodis, and Aphanogaster structor. 

Picus canus Gmelin. Only ants were found in the stomachs of the 
three specimens of the gray-headed green woodpecker examined; they 
belonged to five species: Lasius  alienus, L. Jlauus, Formica ru fa ,  F .  ruji- 
barbis, and Camponotus vagus. 

There were ants in five of the sis 
stomachs examined of the great black woodpecker; often in abundance 
and of three species : Lasius  alienus, Camponotus ligniperdus, and C .  
eagus. 

J y n z  torquilla (Linnsus). The wryneck subsists chiefly on ants; all 
the eighteen stomachs examined contained these insects, often in large 
numbers, six species being represented : Lasius  niger, L. alienus, Formica 
rufa, Camponotus sylvaticus, Myrmica lavinodis, and Tetramorium 
caspituna. 

Dryobates minor (Linnsus). 

Dryocopus martius (Linnsus). 



19221 Wheeler, Ants of the Belgian Congo 299 

Perdix perdix (Linnsus). The common gray partridge feeds mainly 
on seeds and other vegetable substances, but it frequently picks up 
animals of various kinds. Of the 285 stomachs examined by Csiki, 177 
(or 61.1%) also contained insects. The bulk of this insect food seems to 
have consisted of ants, which were found in 134 stomachs (or 47%), 
often in great quantities. Lasius alienus was present in 72 cases; L. 
niger in 57 cases; Formica rufa in 11 cases; F.  pratensis in 2 cases. 

A11 European observers agree that the green woodpecker, Picus 
viridzs Linnsus, is one of the foremost ant-feeders. According to  Was- 
mann’s‘ observations in the Netherlands, this bird does not merely limit 
its myrmecophagous appetite to wood-boring ants (Camponotus), but 
frequently burrows into the nests of certain terrestrial species. In the 
spring and fall the excrement contains remains of many kinds, such as 
Myrmica rubra, M .  scabrinodis, Lasius niger, L. jlavus, L. fuliginosus, 
Formica pratensis, F .  rufa,  F .  rufibarbis, and F .  sanguinea, while in severe 
winters this woodpecker seems to feed almost exclusively on Formica 
rufa and F .  pratensis, inserting its bill into their mound-shaped nests. 
W. C. Angus2 also found that the stomach of one of these woodpeckers, 
shot in January in North Wales, contained Myrmica scabrinodis, “ a  
common ant which nests on ground-hillocks, but never in  tree^."^ 

The very complete inventory of the food of the woodpeckers and 
their allies (Picids) in the United States published by Beal has led to the 
interesting results contained in the table below, in which the species 
are arranged in the order of their importance as ant-eaters. It may 
be seen that, for these birds, ‘lants constitute the largest item of animal 
food-28.41 per cent, considering the whole 16 species collectively-and 
are actually the largest item in the stomachs of 8 species. The William- 
son sapsucker, the red-cockaded woodpecker, and the two flickers take 
the highest rank in this respect. Beetles stand next in importance, and 
amount to 20.42 per cent. These two items together form nearly half the 
food. The remainder of the animal food is composed of insects, with a 
few spiders, millepeds, and sowbugs, and occasionally a salamander, tree 
frog, lizard, or snai1.”4 

’Waamann, E., lSp5, ‘Zur itfyrmeco hagie des Gruenspechts,’ Tijdschr. v. Ent., XLVIII, p 214- 
220. Wasmann likewise observed the cl?a5nch, Prtnuzlla ctelebe Linnreus, boring into a smal? nest of 
Lasioe nQe7 of which it icked up cocoons and workers aa well. 

21885, Proc, Nat. Fht .  SOC. Glaagow. N. S., I, p. xviii. 
aSee also Leisewitz, W., 1905, ‘Ueber die wirtschaftlicheBedeutunaunserer Soechte.’ Yerh.Ornithol. 

Ges. Bayern, V, (1904), pp. 64-76. 

Surv.. Buil. 37, p. 16. 
1890, ‘Report on the birds of Pennsylvania,’ 2d. Ed., (Harrisburg), pp. 176-178. 

‘Bed F. E. L. 1911 ‘Food of the woodpeckers of the United States ’ U. S. Dept. of Agric. Biol. 
Sde also C. V. Riley’s account of ’ Insects that woodkckers eat’ in Warren, B. H. ,  
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Food of North American Picidze 

Name of Species 

Williamson sapsucker, S p h  yrapicus thyroideus 

Red-cockaded woodpecker, Dryobates borealis 

Red-shafted flicker, Colaptes cafer (Gmelin) 
Flicker, Colaptes auratus (Linnzeusj 
Red-breasted sapsucker, Sphyrapicus ruber 

Pileated woodpecker, Phlceotomus pileatus 

Ycllow-bellied sapsucker, Sphyrapicus varaus 

Downy woodpecker, Dryobates pubescens (Lin- 

Hairy woodpecker, Dryobates villosus (Linnzus) 
Lewis woodpecker, Asyndesinus lewisi Riley 
Three-toed woodpecker, Pacoides ameracanus 

Nuttall woodpecker, Dryobates nuttallii 

California woodpecker, Melanerpes formicivorus 

Red-bellied woodpecker, Cenfurus carolinus 

Arctic three-toed woodpecker, Picoides arcticus 

Red-headed woodpecker, Melanerpes erythro- 

(Cassin j 

(Vieillotj 

(Gmelin) 

(Linnaus) 

(Linnaus) 

nipus) 

Brehm 

(Gambel) 

bairdi Ridgway 

(Linnaus) 

(Swainson) 

cephalus (Linnpus) 

Total 
Average 

‘?umber oj 
Stomachs 
Examined 

17 

76 
183 
684 

34 

80 

313 

723 
382 
59 

23 

53 

84 

271 

28 

443 

3453 

Per cent 
i f  Animal 

Food 

86.67 

81.06 
67.74 
60.92 

68.92 

72.88 

49.31 

76.05 
77.67 
37.48 

94.06 

79.41 

22.59 

30.94 

88.69 

33.83 
__ 

64.26 

Per cent 
of Ants 

85.94 

56.75 
53.82 
49.75 

42.49 

39.91 

34.31 

21.36 
17.10 
11.87 

8.29 

8.19 

8.09 

6.45 

6.35 

5.17 

28.49 

It would be worth while to consider in more detail the choice of food 
made by these ant-eating woodpeckers. Unfortunately, I have not 
found the needed information for some of the species included in the 
above list, such as, for example, the Williamson sapsucker; many of the 
other woodpeckers, especially those of the genera Dryobates, Phlaotomus, 
and Melanerpes, merely eat ants which they find in wood or underneath 
bark (Camponotzu and Crematogaster) . The flickers (Colaptes), however, 
are the ant-eaters par excellence among North American birds, for they 
have made ants their favoritc food; they are also more terrestrial in 
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habits than the other woodpeckers and this explains how their ant diet 
includes not only wood- and bark-boring species, but also many others 
that, nest in the ground (Formica, Lasius, Myrmica,  Aphanogaster, 
Solenopsis, Prenolepis, etc.). 

In one case a stomach and crop [of Colaptes auratus] were both filled with very 
small ants (Cremalogaster species). The whole mass was divided with care into 16 
parts as nearly equal as possible, and in one part 315 ants were counted, giving 5,040 
in one meal of one flicker. In addition there were a t  least 100 pupae. Two other 
stomachs and crops examined in the same way each gave a little over 3,000 ants. 
Probably each of the 100 stomachs in the collection contained nearly as much ant  
food as these, but the number of ants mas less because they were of larger species. A 
large proportion of the ants eaten are of species that live in the earth, and these appear 
t o  be the principal food the flicker obtains on the ground. In every case where the 
stomach held a quantity of these small ants, a lot of fine sand revealed their source.‘ 

In his study on ‘The tongues of woodpeckers,’ F. A. Lucas has the 
following interesting remarks which may be quoted in connection with 
our subject. 

Considering the tongues in relation to food, we find that those of the various 
species of flickers (Colaptes) have the fewest terminal barbs and the longest dorsal 
tract of fine points; they are also among the longest. The inemhers of the genus are 
particularly fond of ants, and the tongue seems especially adapted for probing ant hills. 
The function of the fine points on the upper part of the tongue seems to be to form a 
rough surface to which the sticky saliva will readily adhere and to which in turn the 
ants will be stuck. In this genus the suhmaxillaiy salivary glands reach the maximum 
size in the group.* 

In  North America the western meadowlark, Sturnella magna neglecta 
(Audubon) , and the roadrunner, Geococcyx calafornianiis (Lesson), may 
be taken as typical illustrations of occasional ant-feeders. The food of 
these birds has been investigated in California by H. C. Bryant.3 About 
2000 stomachs of the western meadowlark were examined, and 16.7 per 
cent of these contained remains of ants, which amounted to 3 per cent 
(volume) of the total food of all the specimens studied. Ants appear to 
be taken by this bird irrespective of size or kind. Of species identified, 
I may mention Tapinoma sessile, Messor andrei, Pogonomyrniex cali- 
fornicus, and species of Camponotus and Formica. In the case of the 
roadrunner, of which 84 stomachs were examined, a little over 4 per cent 
of the total food was made up of ants, bees, and wasps; one of these 
stomachs contained over 250 red ants iPogonomyrinex californicus), 
along with a quantity of caterpillars, crickets, beetles, and grasshoppers; 
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another bird had eaten ten carpenter ants (Camponotus species). Accord- 
ing to records in the United States Biological Survey, published by W. D. 
Hunter,l the following Texas birds are known to prey upon the agri- 
cultural ant, Pogonomyrmex barbatus subspecies molefaciens (Buckley) : 
great-tailed grackle, Megaquiscalus major macrourus (Swainson) ; up- 
land plover, Bartramia longicauda (Bechstein) ; burrowing owl, Speotyto 
cunicularia hypogza (Bonaparte) ; Texas nighthawk, Chordeiles acuti- 
pennis texensis Lawrence; scissor-tailed flycatcher, Muscivora forficata 
(Gmelin) ; kingbird, Tyrannus  tyrannus (Linnms) ; redbird, Cardinalis 
cardinalzs (Linnms) ; and mockingbird, Mitnus  polyglottos (Linnseus). 

Cleland’s recent account of the food of Australian birds,2 makes it 
clear that the rich ant fauna of that continent is preyed upon by a great 
many birds of different families. Of a total of 224 species examined with 
regard to  their stomach contents, 73 were found to contain ants, though 
as a rule these insects were present in small quantities only. The follow- 
ing list contains such species as seem to show a preference for ants. 

Black-breasted plover.-Zonifw tricolor (Vieillot). 
Lesser golden plover.-Charadrius dominicus (P. Rluller). 
Brown flycatcher.-Micrceca fascinans (Latham). 
Flame-breasted robin .-Petrceca phcenicea Gould. 
Scrub robin.-Dryniac&s brunneopygius Gould. 
Coach-whip bird.-Psophodes crepztans (Latham). 
Blue wren.-Xalurus cyanochlamys Sharpe. 
Grey shrike-thrush.-Collyriocichla harmonica (Latham). 
Black-backed magpie.-Gymnorhina ttbicen (Latham). 
White-backed magpie.-Gyrnnorhina Zeuconota Gray. 
White-throated thickhead.-Pachycephala pectoralis (Gould). 
Yellow-breasted shrike-robin.-Eopsaltria australis (White). 
White-throated tree-creeper.-Clintacteris picumna (Temminck) . 
Brown tree-creeper.-Climacteris scandens Temminck. 
Noisy minah.-Myzantita garrula (Latham). 
Yellow-throated rninah.-Myzantha javigula Gould. 
Most of the ants found in these stomachs were not identified. In  

the case of the Micrceca and the species of Myzantha,  remains of Campono- 
tus nigriceps (Smith) and of a Polyrhachis were recognized. Two of 
the stomachs of Psophodes crepitans contained a large quantity of the 
heads and legs of ants, chiefly the ((green-head an t”  [Rhytidoponera 
metallica (F. Smith)]; some of the Malurus  cyanochlamys, Gymnorhina 
tibicen, Eopsaltria australis, Climacteris picumna, and C .  scandens had 
also fed on this or allied Ponerinze. Bulldog ants (Myrmecia species) 

11912, U. 9. Dept. Agrir, Bur. Ent .  Circ. No. 148. p. 6. 
-Cleland, J. R., 1918. ‘,The food of Australian birds. An investigation into the character of the 

stomach and crop contents, Yrience Bull. KO. 15, Dept.  of Agric. New South Wales, 112 pp. 
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were found in large numbers in the stomachs of Collyriocichla harmonica, 
Gymnorhina tibicen, G. leuconota, Pachycephala pectoralis, Eopsaltria 
australis [in this case the ant being identified as Myrmecia gulosa 
(Fabricius)], and Myzantha garrula. I am informed by Prof. Wheeler 
that the two ponerine genera Myrmecia and R h  ytidoponera contain some 
of the largest and most conspicuous members of the Australian ant- 
fauna, and all of them sting or both sting and bite severely. 

The myrmecophagous habit is perhaps most highly developed 
among birds of tropical regions, many of which are entirely or almost 
restricted to  this kind of diet. Thus, F. Dahl concludes that, in the Bis- 
marck Archipelago, insectivorous birds are the most dangerous enemies 
of ants. Of about ninety species of terrestrial birds examined by Dahl 
in that region, twenty-eight were found to be more or less ant-eating; 
some fifteen of these had captured the winged sexual phases only, at the 
time of the nuptial flights; twelve others had also fed on worker ants 
picked up outside their nests, the list of these including flycatchers 
(Pcecilodryas, JPonarcha, Rhipidura) ,  thickheads lPach ycephala), drongos 
(Dicrurus) ,  honeyeaters (Myzomela) ,  timeliids (Ortygocichla), and 
warblers (Cisticola). The stomach of one. of the warblers, Megalurus 
macrurus (Salvadori), was filled with the workers and sexual phases of a 
species of Polyrhachis (near schenki) , I  of which it apparently destroys 
the nests, though it feeds on many other insects too.2 

In their discussion of the food-habits of Indian birds, Mason and 
?c/laxwell-Lefroy3 summarize the evidence concerning the Formicida as 
follows : 

The ants, like the grasshoppers, are exceedingly abundant insects and form a 
very large proportion of the insect food of birds in India. They are perhaps the 
favorite food of the voodpeckers, wrynecks, rollers, and some of the pheasants. Most 
birds that eat insects of any kind will almost certainly be found to take ants of one 
species or another. The following species occur in this paper as taken by birds: 
Acantholepis jrauenfeldi variety bipartita, Camponotus compressus, Cataulacus tapro- 
ban=, Crematogasler subnuda, Dorylirs species, Meranoplus bicolor, Xyrmecocystus 
setipes, G3cophyllz s rnwagd inz ,  PheSrEole inzlinsi, and PolyrhacLis simplex:. 

Of 109 species of birds examined by these authors in the plains of 
northeastern India, near Pusa, forty-eight showed remains of ants in 
their stomach. In  most cases these insects were present in small 

’Forel remarks in this connection: “ I  have long suspected that the spines of the species of Polyr- 
hachis may have the purpose of disgusting birds and other redaceous animals from using them as food 
But this is a mere supposition. At any rate the findings of grof. Dahl show that they are eaten by birds: 
which seems natural considering that they so frequently nest among leaves.” 

ZDahl, F. 1901, ‘Das  Leben der Ameisen im Bismarck-Archipel,’ Mitt. Zool. Mus. Berlin, 11, 
1, pp. 43-44. I t  must be noted that the stomach of only one Megalurus macrurus was examined. 

3Mason. C. W. and JIaxwell-Lefroy, H.. 1912, ‘The  food of birds in India,’ Jlem. Dept. Agric. India, 
En t .  Ser., 111, pp. 1-371. 
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numbers only. Certain Indian birds, however, feedentirely on ants and 
foremost among these are, again, the woodpeckers. Three stomachs of 
the northern rufous woodpecker, Micropternus phzoceps Blyth, contained 
exclusively ants: 1459 Crematogaster subnuda in the first; 2600 of the 
same ant  in the second; 725 of this Crematogaster, 304 Pheidole malinsi, 
and 27 pupa and larva of Ecophyl la  smaragdina in the third. Of 3921 
insects taken by 16 specimens of another woodpecker, Brachypternus 
aurantius (Linnaus), 1738, or 44 per cent, were ants (Camponotus com- 
pressus, Q3cophyEEa smaragdina, Meranoplus bicolor, Myrmecocystus 
setipes, and Crematogaster subnuda), and in several instances the bird's 
stomach contained nothing else. An interesting result was obtained 
with the wryneck, J y n x  torquilla (Linnaus) : seven stomachs contained 
1540 insects, all but eight of which were ants, mostly of the species 
Pheidole malinsi. Another prominent ant-feeder in India is the brown 
shrike, Lanius  cristatus Linnseus; of 111 insects taken by seven birds, 
41, or 36 per cent, were ants ((Ecophylla smaragdina and Crematogaster 
subnuda). 

Similar observations on South and Central American birds would be 
extremely valuable, for it is surprising how few accuratedata have been 
published, as yet, with regard to the food habits of most tropical birds. 
For this reason, I include a list of the Nicaraguan birds in the stomach of 
which Mr. W. De Witt Miller has found remains of ants.' 

Geococcyx velox (A. Wagner). One stomach contained a mass of 
insects, including three fairly large ants; several other birds of this 
species showed no ants. 

Fragmentary re- 
mains of many ants were found in one stomach. The proventriculus 
and stomach of another individual were filled with ants, some of these 
being mostly yellowish and 10 mm. long; there was also one beetle. 
I n  a third case the stomach contained a large number of ants of a t  least 
two kinds, by far the majority belonging to  a small yellowish species; 
also a t  least one small beetle. Many ants were present in the stomach of 
a fourth bird. 

Ceophlaus lineatus similis (Lesson). Two stomachs examined con- 
tained numerous ants and bits of other insects. 

Centurus hoffmanni Cabanis. In  one case the stomach showed no 
other food than many ants of various kinds, while that of another bird 
was filled with fruit of a Cecropia. 

Chloronerpes rubiginosus yucatanensis (Cabot). 

11 am greatly indebted to Mr W. DeWitt Mlller, Asspciate Curator of Ornithology in The American 
Museum of Natural History, for permission to use this Information, and also for many valuable sug- 
gestions and criticisms on my account of birds as predaceous enemles of ants 
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Xiphocolaptes emigrans emigrans Sclnter. Insects, including many 
ants, in one stomach; three other stomachs contained no ants. 

Saltator magnoides medianus Ridgway. One stomach contained, 
among other things, a number of myrniecine ants. 

Amblycercus holosericeus (Lichtenstein). One stomach was filled 
with insects, including at  least one small black ant. 

Thamnophilus doliatus (Linnzus). One stomach contained two 
small black ants among other insects; that of another individual was 
filled with fair-sized ants of a t  least two kinds, some black, some yellow; 
no ants were found in three other stomachs of this species. 

Pachysylvia decurtata (Bonaparte). Two stomachs contained in one 
case one, and in the other four ants, among other insects. 

Pachyrhamphus cinnamomeus Lawrence. One stomach was com- 
pletely filled with insects, including two ants. 

Xynallaxis pudica nigrifumosa (Lawrence), One ant among many 
other insects, in one stomach. 

Hylocichla ustulata swainsoni (Cabanis). Insects, including one ant  
head, were found in one stomach. 

Euthlypis lachrymosa (Cabanis). The contents of one stomach con- 
sisted of insects, including ants. 

CyclarhisJlaziventris Lafresnaye. Insects, including a few ants, were 
found in one stomach. Another bird contained no ants. 

Myiopagis placens accola Bangs. One stomach showed a few insects, 
including one ant head. 

Salpinctesjasciatus Salvin and Godman. In  two stomachs examined 
a number of ants were found, together with other insects. 

As Mr. Miller points out, it would seem that, except in the case of 
certain woodpeckers (Chloronerpes, Ceophlaus, and Centurus), ants are 
an exception in the food of the insectivorous birds of Central America. 
Perhaps the most pronounced ant-feeders of all Neotropical birds are 
the curious woodpeckers of the genus Celeus. G. F. Gaumer describes 
the habits of the common species, Celeus castaneus (Wagler), in.Yucatan, 
as follows : “This bird has a very strong and peculiar odour, derived from 
its food, which consists exclusively of a small hymenopterous insect 
called the Uss. It is solitary, and lives in the deepest part of the forest. 
The specimens obtained were very tame and were watched for some 
hours before being shot; they jump nimbly about the trees, and are 
constantly catching the small insects which seem to be attracted to  them 
by their odour.”’ I am informed by Mr. Miller that, according to Mr. 

‘Quoted by A Boucard. Proc Zoo1 Soc London, 1883, pp. 452-453. 
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G. K. Cherrie’s observations made in Central America, the “hynienop- 
terous insects” in question are ants.l 

Phcenicothraupis rubicoides (Lafresnaye), one of the tanagers, is 
often credited with following swarms of ants in search of its food, as, for 
instance, by G. F. Gaumer2 from observations made in Yucatan and by 
C. C. Nutting3 in Nicaragua. The latter remarks: “Curiously enough, 
although a tanager, this bird is usually seen clinging to the tree-trunks, 
like the Dendrocolaptids, and hops about the ground like the Formicarii- 
d s .  Indeed it seemed to  be living almost entirely upon ants. There 
were many places where the ground was actually swarming with these 
insects, and there P. rubicoides mould congregate in large numbers, 
either picking up the ants from the ground, or climbing about the trunks 
of trees in pursuit of the same insect.” 

Eucometis spodocephala (Bonaparte), another tanager, and Dendro- 
cincla sancti-thoma! (Lafresnaye), one of the Dendrocolaptidse, were also 
seen by C. C. Nutting in Nicaragua, feeding largely upon ants ( o p .  cit., 
pp. 382 and 385).4 

It is especially the Neotropical ant-thrushes, or Formicariidze, that 
have been credited with habitually following the columns of the foraging 
ants (Ecitonini) in much the same manner as will later be described for 
the African ant-thrushes and doryline ants. R. Schomburgk6 mentions 
that, in British Guiana, the moving armies of Eciton are always accom- 
panied by large numbers of several species of birds, the most common of 
these being Formicarius colma (Boddaert) and Pithys  albifrons (Linnsus) . 
This traveller evidently believed that the birds were feeding on the ants 
themselves. H. W. Bates, speaking of his experiences with the foraging 
ants in Brazil, also writes that “when the pedestrian falls in with a train 
of these ants, the first signal given him is a twittering and restless move- 
ment of small flocks of plain-colored birds (ant-thrushes) in the jungle.”6 
Belt’s observations in Nicaragua are somewhat similar : “The numerous 
birds that accompany the army ants (Eciton przdator) are ever on the 
lookout for any insect that may fly up, and the heavy flying locusts, 
grasshoppers, and cockroaches have no chance of escape. Several species 
of ant-thrushes always accompany the army ants in the forest. They do 

‘Liiderwaldt (1909, Zeitschr. Wiss. Insektenbiol., V, p. 312) tells that  the Campos woodpecker 
Colaptes ? carnpestris (Vieillot)] ransacks the ground nests of Carnponotus rufipes (Fabricius) in southern 

[Srasil. 
2Quoted by A. Boucard Proc. Zool. Soc. London 1883, p. 443. 
31883, Proc. U. S. h’at. ’Mus.. VI, No. 24, p. 382: 
Wone of the few stomachs of Phmnicothraupis and Dendrocincls from Nicaragua examined by Mr. 

ESchomburgk R. 1848 ‘Reisen in Britisch-Guiana ’ (Leiprig), 11, pp. 287-288 and 421. 
81863, ‘The nktuialist i n  the River Amazon,’ (Lonhon), 11, p. 357. 

Miller contained ants. 
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not, however, feed on the ants, but on the insects they disturb. Besides 
the ant-thrushes, trogons, creepers, and a variety of other birds, are 
often seen on the branches of trees above where an ant army is foraging 
below, pursuing and catching the insects that fly up.”l It does not 
appear, however, that the food of the Formicariidse has often been 
determined from actual examination of the stomach contents of these 
birds. 

During his sojourn in Africa with the American Museum Congo 
Expedition, my friend Ilfr. J. P. Chapin made accurate investigations as 
t o  the food of birds, examining the stomach and crop contents of most 
of the specimens collected by him. He has kindly allowed me to use his 
observations, and some of his field notes are quoted in full below. Of 
about 6000 Congo birds examined by hini in this respect, some 200, be- 
longing to  about 85 or 90 species, had included ants in their diet. 

In the following account I have grouped the African ant-eating 
birds according to the interest they show in this kind of food and the 
manner in which they procure it. Data heretofore published bearing on 
the subject have been referred to, in so far as I have been able to ascer- 
tain in the extensive literature on African ornithology; in this, too, I 
have been very effectively aided by Mr. Chapin. 

1.-In a first group may be placed birds that feed occasionally or 
accidentally on ants, without, however, showing much preference for 
this kind of diet. A great number, if not all, of the African insectivorous 
and omnivorous species should perhaps be included here; for most of 
them available records merely give “insects” in general as food. The 
following are the only species for which ants have been expressly men- 
tioned as part of the diet. 

Glareola fusca (Linnseus), according to  v. Heuglin,* in Nubia 
pursues swarms of winged ants in the evening, as do other species of 
Glareola. 

Sarciophorus superciliosus (Reichenow). Zech, in Togo, found ants 
in the  stomach^.^ 

E d i c n e m u s  cedicnenizts (Linixeeus), according to  v. H e u ~ l i n , ~  
feeds partly on ants in h’ubia. 

A b d z m i a  abdinii (Lichtenstein) eats even ants, accordirlg to Hart- 
mann,j and G. K. Xarshal16 in Rhodesia found, in the stomach of this 

11874, ‘ T h e  naturalist in Sicarngua,‘ (London). p.  20; 
‘Heuglin, T. v., 1873, ‘Oriiithologie Sordost-Afrika’s, (Cassel), 11, p. 982. 
SQuoted by Reirhenow, A., 1901, ‘DieT-ogrl Afrikas.’ (Seudanim), I, p.  191 
4Heuglin. T.  v.. 1873, o p  c i t . ,  11. p. 9Y,S. 
Quoted by Heugliii, T .  v. ,  1873. o p  cit., 11, 1, 1104. 
81902, Trans. E n t .  Poc. I.ondun, 11. 3;O. 
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stork. beetles and “ants of the genus Carebara” (probably of the winged, 
sexual phases.) 

Melierax canorus (Rislach). The stomachs examined by Oates, in 
Transvaal, contained large ants, rats and lizards.’ 

Falco concolor Temminck. Antinori observed in Eritrea flocks of 
this bird hunting winged ants (perhaps termites?).2 

Pogoniulus pusillus uropygialis (Heuglin). v. Heuglin3 found some 
ants among the stomach contents of this bird in Nubia. 

Irrisor senegalensis (Vieillot), according to  v. Heuglinj4 eats ants 
among other insects in Nubia. 

Batis orientalis (Heuglin). G. W. Bury noted, for a specimen col- 
lected in Northern Somalilancl, that “the stomach was found to contain 
a large number of ants.”5 

Batis molitor (Hahn and Kuster). Insects of various kinds, also 
ants, in the stomachs of Gazaland specimens.6 

Laniarius  erythrogaster (Cretzschmar) , according to  v. Heuglin,’ 
eats ants among other insects in Nubia. 

Ploceus aureojlavus A. Smith. Fischer* found in the stomach of this 
weaver-bird, in British East Africa, seeds and sometimes also ants and 
caterpillars. 

Nectarinia arturi Sclater. The crops examined by Swynnertonlg in 
Gazaland, contained flying ants, small flies and several large gnats. 

Chalcomitra kirki (Shelley). The crop of one bird examined in 
Gazaland by Swynnerton’O contained beetles and ants. 

Tarsiger stellatus (Vieillot). The crops of two specimens examined in 
Gazaland by Swynnerton” contained berries, various insects and ants. 

Muscicapa ccerulescens (Hartlaub). Large black ants and beetles 
were found in the stomach of a specimen taken in Gazaland by Swyn- 
nerton.” 

At Salisbury, Rhodesia, G. K. Marshall12 found remains of ants in 
the stomachs of the following birds: 

Bradornis mariquensis (A. Smith). 
Pratincola torquata (Linnaeus). 

’Oates, F., 1881, ‘ Matabele Land and the Victoria Falls,’ (London), p. 298. 
2Antiiiori. 0. and Salvadori, T., 1873, Ann. Mus. Civ. Genova, IT’, p . 389. 
ZHeuglin, T. v.. 1871, o p .  cit . ,  I, p. 762. 
41869, o p .  ci!., I, p. 216. 
SBannerman, 1910, Ibis, (9) IV, p. 312. 
6Ywynnerton, 1907, Ibis, (9) I, p. 70. 
’Heuglin, T. v., 1871, o p .  cit.,  I, p. 464. 
UQuoted b y  Roichenow. A,,  1904, ‘Die Y6gel Afrikas,’ (Neudamm), 111, p. 92 
91907, Ibis, (9) I, p. 42. 
‘ W p .  c i t . ,  p. 43. 
“Op.  cit.,  p. 67. 
‘21902, Trans.  Ent. Sor. London, p. 351. 
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Monticola angolenszs niassa Reichenow. 
Saxicola pileata (Gmelin). 
Dicrurus adszmzlzs diuarzcatus (Lichtenstein). 
Thamnolrea cinnani~meiventrzs (Lafresnaye) . 
Crateropus jardanei karkii Sharpe. 
Lophoceros leucoinelas (Lichtenstein). 
Canipothera bennetti (A. Smith), 
Crecopsis egregia (Peters). 
From Mr. Chapin’s observations it appears that in the Belgian 

Congo swallows [Riparia riparia (Linnsus) and Psalidoprocne nitens 
centralis Neumann],’ Coracina pectoralis (Jard. Selby) , shrikes [Nilaus 
afer (Latham), Corvinella corvina (Shaw)], and certain kingfishers 
(Halcyon pallidiventris Cabanis) are very fond of catching sexual winged 
ants together with other flying insects, while francolins (Francolinus 
lathami Hartlaub, F .  squainatus Cassin, F .  icterorhynchus Heuglin) and 
Guinea fowl (Guttera plumifera schubotzi Reichenow, G. pallasi Stone, 
Phasidus niger Caesin, Numida  ptilorhyncha Lesson) often indiscrimi- 
nately pick up worker ants from theground withsnails, beetles, seeds, and 
even pebbles. With regard to the two species of forest Guinea fowl, Mr. 
Chapin remarks that their flesh “is rather dry eating and has, in addi- 
tion, a peculiar strong taste, due probably to  something they eat, pos- 
sibly the ants usually found in their crop.” At Ngayu the crop and 
stomach of a black forest Guinea fowl, Phasidus niger, were filled with 
thick green leaves and driver ants. In  the case of the savannah Guinea 
fowl, Nrtmida ptilorhyncha major Hartlaub, ants were frequently found 
in the crop; usually, as in a specimen examined at  Faradje in September 
1911, these ants belonged to the large, black, termite-hunting species, 
Megaponera .fcetens (Fabricius). 

The following list contains the birds from the Belgian Congo which 
showed remains of ants in their stomachs. In  most cases these insects 
were present only in small numbers, or the individuals taken belonged 
to  the winged phases. In  some of the pipits (An thus )  and thrushes 
(Thamnolza  and Monticola), however, worker ants and even their l a rvs  
v-ere sometimes present in large quantities; it is possible that these birds, 
and perhaps others in the list, may prove on further observation to be 
rather regular ant-feeders. 
Glareola melanopiera Nordniann. Himantornza hzniatopics ic~hitesadea Sharpe. 
Galachrysia nuchalas enimi  (Shelley). Ciconza cicania (Linnreus). 
A‘eofis denhaniz (Children). Coturnzz coturnzz (Linnreus). 

‘In a specimen of Hirundo nigrila 0. R.  Gray, from Gamangui, Mr. Chapin found that “the right 
metatarsus had been bitten by a driver ant,  whose head still adhered to it, and all the lower part of 
the foot had died and dried up, without falling off.” 
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Coturnix delegorguei Delegorgue. 
Milvus zgypt ius  parasitus (Daudin) , 
Centropus grillii Hartlaub. 
Cuculus solitarius Stephens. 
Cuculus jacksoni Sharpe. 
Ly€rius guifsobalito Hermann. 
Coracias abyssinicus Hermann. 
Eurystomus afer (Latham). 
Eurystomus gularis Vieillot. 
Bucorvus abyssinicus (Boddaert). 
Ceratogymna atrata (Temminck) . 
Bycanistes sharpei (Elliot). 
Horizoceros granti (Hartlaub). 
Irrisor erythrorynchos (Latham). 
Scoptelus adolji-friederici Reichenow . 
Caprimulgus inornatus Heuglin. 
Caprimulgus batesi Sharpe. 
Macrodipteryx longipennis (Shaw) . 
Cosmetornis oexillarius (J. Gould). 

Muscicapa striata (Pallas), 
Stizorhina vulpzna Reichenow. 
Oriolus larvatus lztior Sharpe. 
Onychognathus hartlaubi Hartlaub. 
Hyphanfornis  cucullata feminina Grant. 
Malimbus nitens inicrorhynchus 

Pyromelana a’assirostris Grant, 
Estrilda atricapilla Verreaux. 
Melanopteryx nigerrimus (Vieillotj . 
Parmoptila jamesoni (Shelley). 
Anthus  leucophrys gouldi Fraser. 
Pycnonotus tricolor (Hartlaub). 
Cinnyris  superbus (Shaw) . 
Cinnyis  splendidus Shaw. 
Hedydipna platura (Vieillot) . 
Eremomela badiceps (Fraser) . 
Monticola saxatilis (Linnzeus) . 
Thamnokea nigra (Vieillotj. 

Reichenow. 

In the case of the weaver-birds included in the above list, it is evi- 
dent that some of the species (Parmoptila, Malimbus,  Estrzlda, etc.) 
have a marked predilection for ants, since the crop and stomach very 
often contained their larvae, pupae, and workers. Mr. Chapin’s note 
concerning a Melanopteryx nigerrimus obtained at  Avakubi is worthy of 
quotation: “its stomach contained many of the large light brown ants‘ 
that bind together the leaves of mango, as well as those of other trees, 
with silky fibers produced by their IarvE.” 

2.-Birds that feed chiefly or to a very large extent on ants are of 
more interest to the niyrmecologist, and some of them have developed 
peculiar habits in connection with this kind of diet. 

a.-Swifts and bee-eaters seem to show, in tropical Africa, a marked 
preference for ants in the winged phases, which they catch in flight. 
The stomach of one of the most common swifts, Micropus apus  (Lin- 
naeus), was frequently found by Mr. Chapin to  be filled with brownish- 
black winged ants; many other species, such as Micropus streubeli 
(Hartlaub), M .  af in is  (Gray and Hardwicke), Tachornis parvus (Lich- 
tenstein), Chatura cassini Sclater, C.  ussheri sharpei Keumann, C. 
sabini Gray, and C. melanopygia Chapin, have similar habits. Mr. 
Chapin observes that swifts feed mainly on winged ante, while swallows 
catch them only occasionally. The red-breasted bee-eater, Merops 

Q?cophylla lonoinodn (Lntreille). [J. B.] 
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malimbicus Shaw,’ also shows a great predilection for wingedants; in the 
eight specimens shot near Monsembe, on the Congo River, from a flock 
of 175 to  200 which was resting in the top of a dead tree, the gizzard was 
well filled with such insects. Similar observations were made on related 
species a t  Avakubi (Merops albicollis Vieillot) and Bafwabaka [Melit- 
lophagus miilleri (Cassin)]. 

b.-A rather small group of insectivorous birds attack the nests 
of ants and feed on the workers as well as on the brood. This is a very 
common habit with many species of woodpeckers. Sjostedt2 relates that 
some of the Cameroon species seem to live chiefly on ants, which were 
the only insects he found in the stomach of Campethera permista (Reiche- 
now). Kersting3 found ants in the stomach of Campethera nivosa (Swain- 
son) and v. Heuglin4 in that of Mesopicus schoensis (Ruppell) and Dendro- 
picos obsoletus (Wagler), brood as well as worker ants being present. 
Similar observations were made by Mr. Chapin on the following Congo 
species : Campethera caroli (Malherbe), C. permista (Reichenow), C. 
balia Heuglin, C .  abingoni chrysura (Swainson), and C .  nivosa (Swainson). 
His following note relates to a specimen of the last-named species from 
Avakubi: “the stomach contained larvae and pupae of a very small black 
ant that builds large brown nests in the trees.5 From this it would seem 
that this woodpecker had been pecking holes in a nest .” 

A specimen of Campethera abingoni (A. Smith) obtained by Swyn- 
nerton6 in Gazaland had its stomach filled with hundreds of a small 
black tree-ant in all stages of development. 

c.-Some birds of the. African forests have developed the curious 
habit of following the columns of doryline driver ants, much as do the 
South American Formicariidae I have previously mentioned. The earliest 
observations of the kind were made by Du Chaillu’ in the Gaboon: 
“Hunting in the rear of the village (of Obindji) on the 15th [of April 
18581, I shot a curious bird, the Alethe castanea-a new species. . . 
They fly in a small flock, and follow industriously the bashikoway ants 
[driver ants] in their marches about the country. The bird is insectivo- 
rous; and when the bashikoway army routs before it the frightened grass- 
hoppers and beetles, the bird, like a regular camp-follower, pounces on 
the prey and carries it off. I think it does not eat the bashikoway.” 

’Hartert found winged ants, together with other insects, in the stomach of Ml.lrrops mdimbicus 

21895, Kongl. Svenska Vetensk. Ak. Handl.. N. S:, SXVII,  No. 1, pp. 34 and 56. 
3Quoted by Reichenow, .4.,, 1903, ‘,Die Vogel Afri,kas,’ (Neudamm), 11, p. 170. 
‘Heuglin, T. v., 1871, ‘Ornithologie Nordost-Afnkas.’ (Camel), I ,  p.  SO4 and S10. 
>Evidently a speries of Cwmafogaster. ]J. B.] 
61907, Ibis, (9) I. p. 290. 
‘Du Chaillu, P. B.. 1861, ‘Explorations and adventures i n  equatorial Africa,’ (Yea. Torli), p. 319. 

examined by him in Nigeria (1886, Journ. f .  Ornithol.. XSXIV. p. 593). 
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Reichenowl made similar observations on the same species of bird in 
Cameroon, but he found the stomachs of specimens examined by him 
filled with driver ants. He also claims that Turdinzis fzdvescens (Cas- 
sin) has similar habits.‘ According to  S j o ~ t e d t , ~  the following birds are 
found near the moving columns of Dorylus ( A n o m m a )  nigricans sub- 
species arcens in Cameroon : Bleda notata (Cassin), B. syndactyla 
(Swainson), Alethe castanea Cassin, Criniger calztrus (Cassin), and 
Neocossyphus poensis (Strickland). This observer notes that Bleda 
notata on such occasions does not remain on the ground, but rather on the 
lower branches of trees and shrubs, whence i t  jumps down to the ants 
and returns a t  once to its perch. The stomach of Neocossyphus poensis 
was found to contain ants only, while that of Bleda notata contained ants 
and beetles. At  Efulen, Cameroon, G. L. Bates4 also saw Alethe castanea 
‘(in thickets where an army of driver ants covers the ground and bushes, 
as they are very fond of feeding on these ants, though they do not come 
into open places to do so.” In  another paper, Bates5 writes: “Whenever 
you see a number of birds of different kinds flitting about near the 
ground in one place and twittering excitedly, you may be pretty sure 
there is an army of ‘driver ants’ a t  hand. Many different kinds of birds 
join in the chase of driver ants. I have even seen the small white- 
crested hornbill (Lophoceros hartlaubi) engaged in it .” Another hornbill, 
Ortholophus cassini Finsch, was once seen by Bates6 to join with smaller 
birds in pecking at  a swarm of driver ants on the ground. 

On Mount Ruwenzori, between 6500 and 9000 feet, R.  B. Woosnam 
found Alethe poliophrys Sharpe “frequenting the forest zone and the lower 
edge of the bamboo. It appeared to be particularly fond of the soldier 
ants and might often be seen attacking a column of theseinsectsasthey 
crossed a path or open spot. Whether it really ate the ants or merely 
snatched away the eggs they were carrying, was a point we could never 
decide; probably the eggs were the attraction, for it seems difficult to  
imagine anything more unPatisfactory than a meal of angry soldier 
ants.”’ 

11875 Journ. f .  Ornithol. S S I I I  p. 29. 
2Mr. bhapin did not find’this to bk the case with T. fulrescens in the Cpper Congo. 
SSjostedt, Y., 1895, ‘Zur Ornithologie Kamerum,’ Kongl. Svenska Vetensk. -4.k. Hand]., N. S., 

XXVII, No. 1, pp. 1-120, PIS. I-s. In  a later paper Sjostedt further mentions certain woodpeckers of 
the genus Canipethera and Stiphrornis gabone~isis Sharpe as orcasionally following the columns of the 
dorylines i? Cameroon, though not so regularly as the Criniger and A l e t h e  (‘Exped. Kilimandiaro, 
Meru etc. I1 8 1908 p. 111). 

4Quothd b$ R, B. iharpe, 1908, Ibis, (9) XI. p. 128. 
SQuoted by R. R.  Sharpe, 1904, Ibis, (8) IT’, p. 92. 
61905, Ibis, (8) T, p, 89. Under the name Ortholophus alboeristntun (Cassin). 
7Woosnam, quoted hy 0. Grant, 1910, Trans. Zool. SOC. Loqdon, SIX, p. 374 
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In his account of the columns of Dorylus in Gazaland, South East 
Rhodesia, Swynnerton’ has the following remarks: “I  have also on a 
few occasions watched birds attending Dorylus, to rob stragglers of their 
prey, and for the sake of the flying and hopping insects flushed by the 
ants. Some of the birds on occasion eat the ants themselves. In  my 
experiments on many species of insectivorous birds, I found that some 
ate ants generally, including Dorylus, far more readily than others. 
Of these others some showed a strong repugnance to them, and it is 
doubtless in relation to  this latter class of enemy, that ant-mimicry finds 
its main use. Yet even the birds that prey on ants show caution in 
attacking DoryEus in column, merely (in my observations) dropping 
down to stragglers and hastily returning to their perch.” It would be 
interesting to  know which species of birds in South Africa have acquired 
these habits, since most of the true ant-thrushes are more at  home in the 
West African forest region. 

In the forest of the Belgian Congo, Mr. Chapin found the following 
birds associated with the armies of Dorylinze: slethe castanea woosnami 
Grant, A. poliocephala carruthersi Grant, Bleda eximia Uganda van 
Someren, R. syndactyla woosnami Grant, Neocossyphus rufus gabunensis 
Neumann, N .  poensis przpectoralis Jackson.2 Several of these species 
occur together, as indicated in the following field-note written at  Avakubi, 
April 16, 1914: ‘(We came to a spot in the forest this morning where a 
great number of driver ants were crossing the road in several columns; 
and, noticing that there were also birds on hand, we stopped for some 
time to watch the proceedings. Besides a half-dozen small brown thrushes 
(Alethe, mostly A. c. woosnami, but also one or two A. p .  carruthersi), there 
were two rufous thrushes (Neocossyphus rufusgabunensis), a t  least one with 
white patches in the tail (Neocossyphus p .  przpectoralis) and one Bleda 
s. woosnami. It was quite evident that all these birds were attracted by 
the ants, and they seemed especially interested in a spot where these 
irritable insects had spread out widely over the path. The Alethe were, 
of course, most in evidence, fluttering back and forth across the road, 
occasionally darting down right among the ants, and perching in the 
bushes bordering the way. Alethe c. woosnami has a habit of fluttering 
its wings slightly, like a bluebird, while perching. From time to  time 
one of the larger rufous thrushes would fly out of the undergrowth, 
sometimes even alighting on the ground amid the ants, but, as usual, 

:1910, Trans. Ent .  SOC. London, (1913, p. 318. 
- I t  may be remarked tha t  these African “ant-thiushes” are not all related forms, for, while A l e t h e  

and .Veocoss~phirs belong to the Tuld ida ,  Bleda is plared among the  Pyrnonotidsl. 
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these birds were very shy and it was only after long waiting that I 
could shoot one. 

‘(Now, what are the birds after? It is not, as a rule, the adult ants, 
for these are generally only eaten, if at all, in very small numbers. Nor 
is it their young, for they frequently do not carry any, and this circum- 
stance has no relation to the presence or absence of birds. Is  it the 
victims-other insects and the like-being carried by the ants? Surely 
there ought to be easier ways than this to procure the same food. Yet 
the three ant heads in the stomach of one of the Neocossyphus rufus 
might have come there in that way. Seizing some coveted morsel, the 
bird found, perhaps, that several ants had buried their jaws in it, but 
plucked off their bodies at, any rate, before eating it.”’ On another 
occasion, a t  Bafwabaka, the stomach oi an immature Neocossyphus p .  
prspectoralis was found filled with driver ants; but in most of the other 
“ant-thrushes” examined for this purpose the food consisted mostly of 
small insects, with occasionally a driver ant. A number of stomachs of 
Alethe also contained the bones of small frogs. 

Plate I (frontispiece) represents a typical association of three 
driver ant birds commonly found in the Ituri Forest following the 
columns of the dorylines: Alethe c. woosnami Grant, Neocossyphus ru fus  
gabunensis Neumann, and Bleda eximia ugands van Someren. 

MAMMALS 
That many insectivorous and omnivorous mammals, such as moles, 

shrews, monkeys, and the like, will a t  times feed on ants can be expected 
after what we have learned above of the feeding habits of insectivorous 
birds; we know, however, but little about this from actual observation. 
We have the authority of John Muir that certain North American black 
bears are very fond of carpenter ants (Camponotus); they “tear and 
gnaw their home logs to  pieces, and roughly devour the eggs, larvse, 
parent ants, and the rotten or sound wood of the cells, all in one spicy 
acid hash.”2 Mr. C. L. Camp has kindly informed me that he once saw 
in the Yosemite National Park, California, bear-droppings containing 
masses of the chitinous remains of ants. Moles, too, must devour large 
numbers of worker. ants and their pups, though I have found no 

1Mr. Chapin also notes that a t  Faradje he once watched a chicken eating army ants. 
Wuir ,  J. 1916 ‘My first sdmmer in thk Sierra,’ (Boston and New York), p. 46. C. H. hIerriam 

(1884, ‘The Ihamm’als of the Adirondack Region,’ New york, p. 95) writes that  the American black 
bear (Ursus americanvs Pallas) “is par ezcellmce an omnivorous beast, and his larder consists notonly 
of mice and other small mammals, turtles, frogs, and fish: but a!so, and Iarpely, of ants and their eggs, 
bees and their honey, cherries,, blackberries, raspberries, blueberries and various other fruits, vegetables, 
and roots. . . . He delights in tearing open old stumps and logs in search of the ants that  make their 
homes in such situations. 
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definite records thereof, except in the case of the American mole, Sealopus 
aquaticus (Linnzeus). Schefferl has examined one hundred stomachs 
of this animal in Kansas and found remains of ants in nineteen ot them, 
these insects being then, as a rule, present in large numbers; one of the 
stomachs, for instance, contained 205 ants and 44 other insects; another, 
250 ant puparia and 6 other arthropods. 

So-called ant-eaters” are found in practically all tropical regions, 
but the confusion so commonly made by casual observers between 
the true ants (Formicidse) and the (‘white ants,” or termites, in many 
cases makes it hard to  decide from published accounts which of these 
mammals are truly myrmecophagous and to  what extent. Moreover, 
but little information based on actual study has been published con- 
cerning their feeding habits and stomach contents. White ants, or 
termites, constitute, of course, an attractive food for almost every 
insectivorous animal, while true ants, as Beebe remarks, “are all 
flavored more or less strongly with formic acid, and must be an acquired 
taste.”2 Further interesting questions which cannot be answered a t  
this time are whether the various ant-eaters prefer ants to  other insects 
and whether they can make a selection between different species of ants. 
These points would be of importance in considering the possible use of 
these animals to combat the leaf-cutting ants of tropical America, as 
suggested by certain observers. 

The echidnas, or spiny ant-eaters (Echzdna aculeata Shaw and allies), 
of New Guinea, Tasmania, and Australia belong to  the order Mono- 
tremata and are among the most primitive and odd-looking of present- 
day mammals. The Australian species, a t  least, is said by most obser- 
vers to feed on “ants,” though from the descriptions of G. Bennett3 and 
Saville Kent it would appear that by this termites are meant as well as 
Formicidze. Saville Kent, for instance, writes that when the echidnas 
are placed in contiguity to a teeming ant  track, they take no notice of it, 
“appreciating the insects only under the conditions obtaining in the 
nests or hillocks. These edifices they would soon tear open with their 
powerful claws, exposing to view the white succulent nymphs, larvze, 
and pupze, or so-called eggs, upon which alone they concentrated their 
attention.”* 

‘Soheffer, T.  H., 1910, ‘The common mole,’ Bull. 168 Kansas State Agric. Coll. Exper. Stat. pp. 
1-36. 1914 ‘The common mole of the Eastern United States’. U. S. Dept. Agiic. Farmers Bull.’583, y. i-lo. See also West, J. A., 1910, ‘ A  Study of the food of moles in Illinois,’ Bull. Illinois St. Lab, 

at. Hist., I X  
21918, Bul 
‘Bennett. 
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The echidna is chiefly nocturnal and shows many remarkable adap- 
tations to its habit of feeding on subterranean insects. The face is drawn 
out into a long, tapering, cylindrical snout, terminating in a very small 
mouth. The tongue is elongated, very slender, and capable of being 
protruded for a considerable distance. The jaws are slender and entirely 
destitute of any kind of teeth, of which, moreover, no trace has been 
found in the young. The palate, however, and the back of the tongue 
are rough with small spines, presumably to  hold the living prey. “For 
ants and their eggs form the staple food, and these the Echidna obtains 
by digging up the ant or termites’ nests with its powerful limbs. Then 
the tongue covered with a sticky saliva is protruded; it becomes covered 
with ants, and is then quickly drawn back into the mouth.”‘ 

More circumstantial evidence concerning the food of the echidnas in 
Queensland is to be found in a, short note by Bennett’s son: 

They are particularly partial to the white ants, which erect small mounds of 
clay about 18 inches in height. These they attack in a most systematic way, by 
working round the nest, by clearing away the earth and forming a trench where the 
nest joins the earth, and devouring all before them; and then they make a hole in the 
center and clear out the whole nest, leaving none behind to tell the tale of their visit. 
The aoldier ant (a large stinging ant,) they do not touch; their nests were close t o  
the white ant mounds, but were untouched. The larger sugar ants, which raise 
mounds of sand about 16 inches high and 4 feet in diameter, they attack first, by 
lying on the mound with their tongue out and drawing in the ants that cross it; 
there they remain sometimes for hours. This, I have no doubt, is the time that they 
get the sand found in their stomach. They then make a hole from one side to the 
other, and devour the most delicate morsels coming in their way. In the davtime 
they do not move about much, beginning their search about a couple of hours before 
sundown? 

K. Dah13 also states that the Australian Echidna aculeata depends 
upon termites for its food. 

Among the extensive order of marsupials, many of the insectivorous 
species must occasionally eat ants. One of them, the banded Australian 
ant-eater, Myrinecobius fasciatus Waterhouse, is often considered as 
belonging to a peculiar subfamily, the Myrmecobiinq and is said to  feed 
on “ants” and perhaps also on other insects. This interesting animal 
offers, among the marsupials, all the adaptive characters of the South 
American anteaters: the elongate and pointed muzzle, the slender and 
extensive tongue, the stout fore limbs, and the long, curved, digging 
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claws. In  Western Australia, the stomach of one example proved upon 
dissection to  be full of white ants, most of which had evidently been 
swallowed whole.’ 

There are several mammals formerly included in the heterogeneous 
“order” Edentata which are said to  feed chiefly on (‘ants.” In  the case 
of the exclusively African aardvarks (Orycteropus; P1. XXIV, fig. l), 
I am assured by Mr. H. Lang, from his examination of stomach contents, 
that the regular food consists of termites, while true ants are only taken 
when they happen to occur in the termite mounds, as is frequently the 
case, and are then unintentionally swallowed together with the white 
ants. How far this is true also of the South American ant-eaters (Myr- 
mecophagida, with the genera Myrmecophaga, Taniandua, and Cyclopes) 
remains uncertain; the available information does not go beyond the 
general statement that they feed on ants, termites, and their larva. 

Concerning the great ant-eater or ant-bear, Myrmecophaga tri- 
dactyla Linnsus, Flower and Lydekker2 say: “I ts  food consists mainly 
of termites, to obtain which it opens their nests with its powerful anterior 
claws, and as the insects swarm to the damaged part of their dwelling, it 
draws them into its mouth by means of its long, flexible, rapidly-moving 
tongue covered with glutinous saliva.” That Myrmecophaga feeds on 
termites, and not on true ants, would also appear from the accounts 
given by H. W. Bates3 and others. On the other hand, Hemeldmaintains 
that the tamandua (Tamandua tetradactyla Linnaus) does not feed on 
termites, but that in all the specimens of that species examined by him 
the stomach was filled with true ants, even in localities where termite 
mounds were very common. His statements are, however, contradicted 
by A. Zietz5 who fed the tamandua in captivity with termites, while ants 
were obstinately refused. The little, or two-toed, anteater (Cyclopes 
didactylus Linnaus) is an arboreal species which seems to feed chiefly on 
true ants. At least, Miss Snethlage6 was unable to  feed it in captivity 
with termites; she says that not all ants are to its taste; the pups  of a 
species which lives in dry imbauba trunks are eaten with predilection, 
also the pups  and workers of another small, black ant with triangular 
abdomen, found chiefly in inga trees. 

G. C. Shortridge quoted by 0. Thomas Proc. Zool. SOP. London 1905 11, p. 772. 
2Flower. W. H. a i d  Lvdekker. R . .  lS9l: ‘An introduction t o  th; stud; of inamnials livinz and 

extinct,’ (London) p. 191: 
31SG3 ‘The daturalist on the River Amazon ’ 11, pp: 17s-179. Nil1 (1907, Zoolog. Beobachter, 

XLVIII, bp.  145-151) fed MyrmPcophaga jubata ‘in captlvlty on red ants (Formzca rufa), whwh the 
animal would take through the neck of a bottle. 

‘Der Zoolog. Garten, Frankfurt a.M., 1872, p. 177. 
KDer Zoolog. Garten, Frankfurt a,>$., 1872, pp. 301-304. 
Quoted by Strnsoeii in  Brehrn’s ‘Tierleben,’Ath Ed., ‘Saugetiere,’ I,  1912, p.  544. 

I 
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The armadillos (Dasypodidae), which range in many species over the 
tropical and temperate parts of South America, one of them even reach- 
ing Texas, are said to be omnivorous, feeding on roots, insects, worms, 
reptiles, and carrion; in how far this diet may include true ants is by 
no means easy to gather from the very scanty descriptions of the habits 
of these animals; in many cases termites are in all probability the chief 
food.' The snout of the armadillos is moderately elongate, and the 
tongue is long, pointed, extensile, though less so than in the Mynne- 
cophagidse. 

It would thus appear that the pangolins or scaly anteaters (&!hi- 
dae; P1. XXIV, fig. 2; P1. XXV, figs. 1 and 2) of the Old World tropics 
are the only edentates whose myrmecophagous propensities are beyond 
doubt. These animals are a t  once recognizable by the large overlapping 
scales which cover the whole of the upper surface of the head, the upper 
surface and sides of the body, the whole of the tail, and the outer sides of 
the limbs; the legs are short and end in curved claws, those of the fore 
limbs being especially powerful. The snout is pointed and conical; 
teeth are entirely absent; the long, vermiform, protractile tongue is 
flattened toward the tip and kept sticky with saliva abundantly produced 
by enormous submaxillary glands. The structure of the stomach shows 
further curious adaptations to  their ant diet; in Manis javanica, for 
instance, most of the mucous membrane is transformed into a pavement 
epithelium of horny texture, raised into folds in the cardiac region near 
the esophagus, while it forms horny teeth in the pyloric part, a t  the end 
of the great curve; opposite these pyloric teeth, a t  the end of the small 
curve, the middle line is swollen into an organ of trituration, covered 
with numerous horny teeth and moved by powerful underlying muscles. 
The gastric glands are united into a few voluminous glandular bodies 
which pour their abundant secretion into the stomach by way of wide 
glandular ducts. The insects are swallowed whole and reach the stomach 
together with saliva, sand, and small pebbles often as large as a pea; 
this mixture is then ground up by the peristaltic movements of the 
stomach, whose inner walls are effectively protected by the horny pave- 
ment epithelium; gastric juice is profusely poured over the stomach 
contents, which undergo a final grinding by the organ of trituration in 
the pyloric region.2 

'Liiderwaldt (1909, Zeitschr. Wiss. Insektenbiol., V, p. 312) mentionsincidentally that the armadil- 

*See Weber, >I., 1904, ' D i e  Saugetiere,' (Jena), pp. 426-427. 
los in Brazil prefer t o  grub about in the earthen mounds of the stinging S o l ~ n o p s i s  geminata. 
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Seven specier are now generally recognized in this family and are all 
included in the genus Manis: four of these occur on the African conti- 
nent, while the remaining three are foundin the Oriental Region (Ceylon, 
India, Burma, southern China as far as Kianghsi, Formosa, and Sunda 
Islands). The ant-eating habit is common to all, though it has been 
investigated in only a very general way. I have been able to  find but one 
record of the complete analysis of the stomach contents of one of these 
animals. It was made from a specimen of X a n i s  (said to  have been 
temmiizcki,  but probably giganlea Illiger), the stomach of which was sent 
by Solon from the Lower Congo to Forel, who extracted from i t  the fol- 
lowing ants,’ several of which were at  that time new to science. 
Dorylus (Anotnma)  erneryi subsp. opacus Forel. Suinerous workers. 
Pheidole punctulata l layr .  Several vorkers and two soldiers. 
Crentatogaster inipressa Emery. Very numerous workers and several males. 
Macromischozdes acrtleata (Mayr). B few workers. 
Myrniicarza eumetiozdes var. co)igoletaszs Forel. Very numerous workers. 
Rhoptromyrmex opacus Tar, estica Forel. Very numerous workers, EI number of mslcs 

Plagiolepis tenella Santschi. Female 
Ecophyl la  h g i n o d a  (Latrcille) . Workers. 
Polyrhachys conravx hndr6. A small number of workers. 
Camponotus wzanidzs Forel. A small number of workers. 
Ca tnponotus foranzinosiis subsp. delagoemis var. sorptus Forel. A verv large number of 

workers, a goodly number of females and several males. 
Buttikofer,2 in Liberia, fed the smaller, arboreal species, M a n z s  

longicaudata, with la rvs  taken from mushroom-shaped termite nests. 
Of the large, terrestrial Manis gigantea, he says that the anterior portion 
of the stomach of a specimen contained about six liters of termites, while 
the posterior portion was filled with an equal amount of driver ants. 
Vosseler3 found that the excrement of a M a n i s  temminclci Smuts which he 
observed alive at  Amani in Usambara consisted entirely of the chitinous 
remains of driver ants. 

The habits of the oriental species of the genus should not materially 
differ from those of their African relatives. Kre~enberg ,~  who observed 
M a n i s  javanica in China, states that all stomachs examined by him 
contained large numbers of ants and their larvs  exclusively. And speak- 
ing of the same species in Borneo, Beebej writes: “Ants, both stinging 
and harmless, form the entire food, although we must extend this general 

and EI few females. 

11909, Ann. So?. Ent .  Belgique, 1.111, pp. 58-63, 
ZBiittikofer, J . ,  1890, ‘Reisebilder aus Liberia,’ (Leiden), 11, pp ,  393-393. 
31907, ZOO~OK.  Beobachter, XLVIII,  p.  197. 
t1907, Zoolog. Beobachter, XLVIII,  p. 164. 
OBeebe, C. W.,  1914, ‘The  pangolin or scaly-anteater,’ 2001. Soc. Bull. i i ew T o r k ,  S V I I ,  pp. 1141- 

1145. 
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term to include the neuropterous white ants or termites. I have counted 
five hundred fire ants in the gizzard of a pangolin, their bites and stings 
powerless against the sticky, merciless tongue which played and played 
again among them, each time sweeping away scores. Lacking teeth, the 
creature swallows tiny pebbles which, as in a chicken, aid in crushing 
the hard bodies of the ants.” 

The following notes on ant-eating inanimals in the Belgian Congo 
have been contributed by Mr. Herbert Lang. 

“The scaly ant-eaters (Manids),  or pangolins, are distributed over 
southern Asia, part of the Malay Archipelago, and Africa. Those of the 
Ethiopian Region frequent chiefly the wooded portions where hiding is 
rendered easy and in the Savannah Province their distribution coincides 
with the forest galleries. During the day they rest, slightly rolled-up 
and concealed in any suitable shelter, thus escaping observation. The 
terrestrial forms usually dig their own retreat. The signs of their fossorial 
practice are as often a cause of their discovery as is the strong odor they 
emit, and dogs of native hunters never fail to challenge their presence. 
Various highly valued talismans, which their captors obtain from the 
claws, scales, hairs, and other parts of some of the scaly ant-eaters, suffice 
to make them an always welcome prize and their meat is an additional 
incentive for their destruction. 

“The giants among living Manids are found only in Africa and are 
represented by two closely related forms. Of these, M .  t e m m i n c k i  
Smuts is apparently restricted to the southern and eastern portions of 
the Ethiopian Region and M .  gigantea Illiger (Pl. XXIV, fig. 2;  
P1. XXV, fig. 2) to the western parts. The two other, much smaller, 
species occur only in the West African Forest Province, though the rarer, 
long-tailed Ad. tetradactyla Linnsus (Pl. XXV, fig. 1) alone is truly 
arboreal. The most common and smallest of these ant-eaters, M .  tri-  
cuspis Rafinesque, is also an excellent climber, but more frequently re- 
mains near the ground. It reaches a length of about three feet, less of 
two-thirds of which are taken by the tail. In  M .  tetradactyla, the tail 
is proportionally longer. 

“The African scaly ant-eaters generally appear so sluggish as to  
detract much from the interest they otherwise might arouse. Being 
timid, they readily make use of their natural safeguard and, when even 
slightly annoyed. roll up in a ball cinched by the grip of the strong, 
muscular tail. -11. tricuspis and 41. tetradactyla often hook the tip over 
the reclined dorsal scales, thus closing up very tightly and sometimes so 
fast that one has to  be careful not to have a finger caught between the 
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scales. When forcibly unrolled, they may succeed in driving off their 
tormentors by well directed jets of an ill-smelling, acrid liquid from the 
anal region; native dogs suffer for a considerable time from the effect 
of this substance, which greatly irritates their mucous membranes. The 
sharp claws, however, are not used at all for defense, though in a struggle 
they may inflict severe wounds. 

“ I n  spite of their timid ways, these animals are not really shy, for, if 
unmolested and placed near their favored prey, they uncoil readily and, 
not minding the presence of man, surprise by their agility even more than 
by their cleverness. One soon realizes how thoroughly they are special- 
ized as ant-eaters, for their methods of attack and disposal of ants are as 
effective as their ways of guarding themselves against the defensive 
means of their prey. In  the regions we visited, the pangolins preferred 
true ants, as stomach contents clearly showed, though many of our 
captives would plunder termitaria with great eagerness. After opening 
the galleries of ants’ nests they watched for a moment the infuriated 
masseb swarming outside to defend their home, adjusted their position, 
and commenced feeding. 

“The feeding process is assisted by marly interesting adaptations. 
The strong, muscular fore limbs readily break into and tear apart the 
structures built by the tiny insects. Most of the ants that attempt to  
attack the pangolins are readily shaken off by a shivering movement of 
the scales. Other protective features are the moist snout; the easily 
closed, narrow nostrils; the thick, swollen-looking eyelids, acting like 
heavy pads over the small, globular eyes; and the practical absence of 
external ears, represented merely by muscular folds which shut the ear- 
opening at will. The mouth, even when fully opened, is but a nar- 
row tube. The slender, slimy tongue shoots out and, well loaded, slips 
quickly back into its furrow. The food adhering to it is thus automati- 
cally pushed off and slides down into the stomach. Immediately the 
tongue, newly charged with slime, is thrown forward again and the 
performance continues with great rapidity. A huge gland, providing a 
steady supply of viscous matter, lies on either side of the throat and in 
M. yiyantea attains the size of a goose egg. The furrow which accom- 
modates the tongue and is so essential in removing the food and renew- 
ing its viscosity reaches far back into the thoracic cavity and carries 
with it the hyoid muscles. Their increased and altered function gives 
great importance to the sternoglossal muscles fastened upon the xiphi- 
sternal cartilage, which varies in extension in the different species. In 
the African and especially in the snialler arhoreal forms i t  is mole highly 
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specialized. In  X .  gigantea it has the form of a loop, consisting of two, 
broad, band-like projections distally united and reaching back half the 
distance from sternum to pelvis. In  Ji. tricuspis and M .  tetradactyla, 
however, two rod-like, cartilaginous projections extend outside the peri- 
toneum much farther back and, turning upward to the right, are loosely 
fastened to the last ribs. The prehensile tongue also acts as an organ of 
touch and, due to its shape, can follow the intricate turns and windings of 
the galleries in ant and termite structures. This explains why the in- 
mates and their larvae are cleaned out as by enchantment. An adult male 
M .  tricuspis pushed its tongue into the galleries of a sectioned ant nest 
for a distance of four inches, moving it just as easily sideways as up or 
down. After making room to insert its tiny snout, it sniffed into the 
tunnel, thereby still more inciting the inhabitants that, hurrying to the 
place of disturbance, were then lapped up so rapidly that it was difficult 
to  see how well loaded the tongue was as it shot back and forth. 

“The prey is disposed of so instantaneously that neither the ejec- 
tion of formic acid, the powerful, pinching mandibles, the armature of 
spines, nor even the stings of the ants are of much avail. The giant ant- 
eaters, with their broader, more ribbon-like tongue, are more deliberate 
than the smaller species in feeding, but their methods are equally effi- 
cient. From the behavior of various forms observed it appears that 
they are not affected by the defensive weapons of any oi the ants they 
feed upon. Probably these insects have little chance to make effective 
use of them before they are enveloped in slime, and later the gastric 
juices and the triturating action of the stomach render any further efforts 
impossible. 

“The variety of ants taken by these pangolins proves that taste 
alone does not guide them in their choice, and I have already mentioned 
that our captives fed on termites with the same eagerness. Furthermore, 
the food, covered with slime, passes through the completely toothless 
mouth and throat so quickly that flavor is perhaps of little or no import- 
ance. In  fact, the passage from mouth to stomachmight be compared to  
a chute, and a process replacing mastication begins only after the food 
reaches the stomach. 

“ In  spite of this apparent imniunity of the scaly ant-eaters, we found 
that certain kinds of antr are evidently not preyed upon by a t  least some 
of the pangolins. Near one of our camps a t  Avakubi there was anestof 
robber ants (Megaponera fceteizs). When we inserted a grass-stalk into 
its entrance, the owners hurried out to  attack the intruder. In  a very 
few nioments a ;Ifanis tricuspis lying rolled-up nearby was overrun by the 
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ants, which belabored it with their mandibles as well as with their pain- 
ful stings. The pangolin became restless, unrolled by fits and starts, got 
to its feet, erected its scales, and hurried off to some distance. Then, 
again and again hooking its fore limbs into the ground, it dragged itself 
from spot to spot, a t  every pull exercising considerable pressure against 
the grass, thus endeavoring to free itself of the tormentors. Rolling 
up and unrolling and scratching with its clams exhausted its means of 
defense. 

Experiments with other captives of this species showed consider- 
able variation in individual behavior. One taken near a column of army 
ants (Dorylus) merely made good its escape, another quickly broke up 
the well-ordered line. Sitting on its hind limbs and with its tail steady- 
ing its movements, the fore part of the body was swung about freely. 
The claws of the fore limbs were kept busy removing those of the fierce 
assailants that, in spite of the oft repeated shivering movements of the 
scaly armor, succeeded in gaining a hold. Lashing its sticky tongue 
through the confused crowds, the ant-eater lost no time in moving back 
and forth along the ant column as quickly as the dense clusters vanished 
into its mouth. Its hunger satisfied, it a t  once retieated, freeing itself 
of the few army ants that had managed to dig their mandibles into the 
soft parts of its hide. M .  tricusgis fed freely on many other kinds of 
ants. Those we had alive at  hvakubi. Medje, and Niapu were particu- 
larly fond of ants of the genusXyrmicaria. Brought within reach of such 
colonies, the pangolins always turned their attention to  the deeper, open 
tunnels these ants construct across cleared spaces and trails. Here the 
steady stream of tiny travelers made their meals doubly easy. Curious 
was the habit of the ant-eaters, especially when sitting partly erect, of 
turning the outer edge of the tail down and suddenly sweeping into a 
heap all the fragments of ant or termite structures they had scattered 
about. This gave them a new chance of disposing of their victims that 
emerged again in numbers from the debris. Though undoubtedly noc- 
turnal in habits, our captives had no objection to  feeding during the day 
and only the direct rays of the sun interfered with the chances thus 
offered. 

“While African pangolins have helped to enrich the stores of witch- 
craft both helpful and injurious, those of some parts of Japan, China, 
and Malaysia have furnished the folklore with a curious tale, slightly 
differing in details in the various regions, on their supposed feeding habits. 
According to  the legend, the pangolin, after tearing open an ants’ nest, 
erects its body scales and waits until as many ants as possible have 
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crawled beneath them. Suddenly the scales are pressed down hard, 
crushing the tiny prey to  death; the ant-eater then goes into the water., 
erectsits scales, and proceeds to  enjoy a meal of dead ants floating on the 
surf ace. 

“However great their reputation for slowness, under certain condi- 
tions the African species seen could proceed in a shuffling manner for a 
short distance a t  the rate of eighty yards a minute, the giant species being 
slightly faster. All four limbs and the tail take an active part, but walk- 
ing on hind limbs or leaping was not observed. They can sit erect, 
steadied by their strong tail and pillar-like hind limbs, thus enabling 
them to carry out any movement with the fore part of the body and 
greatly increasing their ability t o  dig and feed. In  walking, M. tri- 
cuspis  and M .  tetradactyla held their claws in a normal position, the tip 
of the claws striking the ground. The giant pangolins, however, walk on 
the “knuckles” of the fore limbs, so to speak, the claws being folded 
beneath and slightly turned inward so that only the longer. outer curve 
of the claw touches the ground. 

“The strong, prehensile tail of the smaller pangolins, M .  tetradactyla 
and M .  tricuspas, is provided on the lower surface of the tip with a rough 
skin pad of great tactile sensibility. By means of this the long tail can 
rapidly explore the neighborhood for possible means of progress. It can 
grasp firmly even the slightest projeotion, thus enabling these ant-eaters 
hanging upside down to plunder ants’ nests even more easily than when 
sitting on a branch, for a t  any moment they can pull themselves out of 
reach of the attacking ants. By forcing the head up over the breast and 
belly they can hook the claws into their tail as into any nearby branch. 
These pangolins readily carry out a three-quarter twist with the forward 
part of the body, or turn back at a right angle to the surface on which they 
are climbing, and descend any slender tree or branch head downward by 
quickly shifting the grip of the prehensile tail. 

“The smaller species, when suddenly frightened while climbing, may 
let themselves drop from any height, landing uninjured in a rolled-up 
condition, the flexible scales, backed by the resilient, strong panniculus 
carnosus, evidently absorb the shock. In the arboreal M .  tetradactyla, 
the long tail, with its sharp-ridged and pointed scales on the under side, 
is dexterously used in getting about and often serves as stabilizer. As 
soon as the claws of the hind feet have gained firm hold in the bark the 
security of the position is greatly increased thereby. The body can then 
be bent even backward and the free fore limbs are put into action to  
widen the breach in the ant galleries as fast as the sticky tongue can 
empty them. 
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“The two giant species are terrestrial and fossorial in habits but are 
rather scarce. They alone have succeeded in holding their own over most 
of the Ethiopian Region. The Vaal-Orange River in the south and 
Abyssinia in the north are probably the limits of distribution for M .  tem- 
mincki, and 144. gigantea is known from the West African Rain Forest 
and the adjoining wooded galleries. The latter is the only large species 
we met in the Belgian Congo; specimens were taken at  Bafuka, Niangara, 
Poko, and Niapu, the largest attaining five feet in length, the tail being 
less than half of this. 

“Near the last-named place various burrows from which Pygmies 
had secured giant pangoIins, both dead and alive, showed that the tun- 
nels attain a length of fifteen feet and reach about five feet below the 
surface. In  these forests the ant-eaters seemed to  prefer the higher- 
lying, sloping sites for their permanent homes, evidently a safeguard 
against being drowned in a country with such a heavy rainfall. The heap 
of excavated soil near the open entrance seldom offers a clue to  the real 
size of the irregular, winding burrow, as the weather rapidly effaces the 
traces of diggings carried on from time to  time. Pygmy boys, with one 
end of a strand of rattan fastened to  the waist and the other held by 
friends waiting outside, entered the burrows without hesitation and 
stated that there is a more spacious resting place at the very end of the 
tunnel shared often by an adult pair and their young. These boys, armed 
with only a knife, merely fastened the rattan around the live pangolin, 
which they prodded from behind while their companions pulled i t  slowly 
out of the hole. These otherwise harmless beasts, when touched while 
rolled up, suddenly switch their tail sidewise with such force that, if one’s 
hand is caught between the rough body scales and the tail, i t  is seriously 
mutilated by the shearing action. Natives of the Ituri and Uele districts 
claim that the giant pangolins stay for weeks at  a time in their burrows, 
but it is certain that a t  times they leave them several nights in succession 
to  feed. One trailed to its underground home after a heavy rain mas 
caught in nooses eighteen days later when trying to  escape. 

“One might think that animals so large and muscular would need 
great quantities of food, but this is only relatively true, for their sluggish 
habits considerably reduce the demands for nourishment. An adult male 
from Niapu measured 1530 mm. from snout to tip of tail, the latter ac- 
counting for 690 mm. The capacity of their stomach is relatively small, 
hardly more than two quarts (about two liters). In  an adult female the 
stomach measured antero-posteriorly only 170 mm. and dorso-ventrally 
70 mm. Buttikofer’s remark, cited by Dr. Bequaert (p. 319), about a 
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stomach of M .  gigantea containing six liters of ants is evidently due to  a 
slip of the pen. Ants and other food arrive intact in the stomach of the 
pangolin, but soon afterwards appear well disintegrated. 

“ In  general outline and arrangement, the stomach of thesegiant ant- 
eaters is similar to that of M. jauanica which is so well described by 
Weber (cited p. 318), though without the horny, tooth-like structures in 
the pyloric part. Nor does the large gland situated near the middle of 
the great curvature terminate in a common orifice but it presents an even 
surface, the individual follicles of the oval patch secreting directly into 
the stomach. In  the absence of teeth, the stomach, with its highly special- 
ized grinding mechanism, has become an organ replacing mastication. 
Half a handful of pebbles, the largest not exceeding five millimeters, 
usually found in the cardiac section, and the wall-muscles assist the 
trituration of food. These, and especially the more heavily muscled and 
distinct pyloric section, remind one of the gizzard of gallinaceous birds. 
The larger of the little stones are probably selected for this very purpose 
and are not incidentally introduced with the food as may happen with 
fine grit and other d6bris. 

“The stomach is divided into two distinct parts, a larger cardiac 
and a smaller pyloric section. Both have somewhat the function of a 
gizzard. The cardiac section is lined with pavement epithelium and 
irregularly folded except for the large, well-defined gland patch. Here 
the processes of assimilation are greatly advanced. The food, mixed 
with the excretion of the glands, is easily ground to pieces between the 
pebbles and fine grit; usually only the hard, chitinous covering of the 
head and the strong mandibles of the ants escape being crushed in this 
section. The milling process is carried much further between the powcr- 
ful muscles of the pyloric section, which is well set off from the other. 
This portion is lined with an epithelium similar to  that in the cardiac 
section. Near and along the pyloric orifice there is, however, a well- 
defined smooth glandular area. The semicircular muscular mass, 
opposed on either side by, or rather fitted between, two other strong 
muscular pads is important. With the assistance of fine grit, this arrange- 
ment works much like a mill and the food before reaching the pylorus 
is transformed into a finely ground mass from which nourishment can 
easily be assimilated. The intestine is without cmuni and rather long, 
measuring in an adult female 10.8 meters. A large amount of the black- 
ish, hard excrement consists of the glossy particles of chitin of ants. 
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“The stomachs of M .  tetradactyla and M .  tricuspis, as shown long 
ago for the latter by Klinckowstrom,‘ are also divided into two parts. 
The cardiac section is lined with horny pavement epithelium, the mucous 
membrane showing folds with numerous, wavy crossbars. The pyloric 
section, with its soft, gland-bearing mucous membrane, is sharply set 
apart. Though the distribution of various glands differs in the two 
species, the muscular portion of the pyloric section in both is much like 
that of M .  gigantea. A mass of fine grit also helps pulverize the ants 
during the extended milling process. 

“The numerous forms of the aardvark, Orycteropus afer (Pallas) 
(Pl. XXIV, fig. l), are distributed over most of the Ethiopian Region 
and are equally common in the Savannah and Western Forest Provinces. 
Their food consists of white ants (termites), and true ants are only in- 
cidentally taken, as they often inhabit termitaria. In external char- 
acteristics the aardvark resembles a pig, about six and one-half feet in 
total length, with a slender head, long ears, and a heavy, tapering tail 
about two and one-third feet long. Its very muscular limbs with their 
enormous claws denote fossorial abilities. The mouth is small, the snout 
slightly protruding and rather easily moved. The nostrils can be opened 
and shut a t  will and the edges are set with a dense border of short, stiff 
bristles turned outward in such fashion as to prevent insects from enter- 
ing the nose. The long, extensile tongue is of relatively normal shape and 
the rather flat-crowned, peculiar cheek-teeth are capable of crushing food. 
The stomach lacks the highly specialized triturating organs of the 
Manids, though strong, muscular walls are present in the pyloric sec- 
tion. The absence of stone and grit also indicates that the gastric juices 
play the most important r81e in the disintegration and digestion of food 
and are sufficient to  assimilate the soft-bodied termites but not the well- 
chitinized ants. Numerous parasitic worms are thus enabled to live 
in the stomach. 

“Of the many aardvark burrows seen near Faradje, those with one 
entrance were scarcer than those with two, but three and even as many 
as eight openings to a single retreat were recorded. In  one case the three 
entrances to a burrow m-ere as much as fifty feet apart. Many of the tun- 
nels, which reached about five feet below the surface, were deserted; 
those inhabited seemed to indicate that the aardvarks occupy them at 
intervals and occasionally dig holes merely for shelter. At times these 
inoffensive animals are driven out of their lodgings by warthogs and py- 

11896, Zool. Jnhrb. Abt. Anat. Ontog., VIII,  p. 405. 



328 Bulletin American Museum of Natural History [Vol. XLV 

thons, the latter being known to feed upon their young and to  estivate 
in their burrows as well as in the cavities of termite hills. 

“The extensive tunnels of the burrows are large enough to admit a 
small man, who, among the Logo at  Faradje, is armed with a short spear 
but trusts far more to  his talismans for protection. The beast usually 
tries to save itself by digging, throwing the excavated earth into the face 
of its pursuer. Should the aardvark succeed in walling itself off, the 
undertaking is generally given up. If, however, the native is able to kill 
it, he indicates his position to an eagerly listening friend by tapping 
against the upper wall of the burrow. As rapidly as possible a shaft is 
sunk in his direction and the valiant hunter and the aardvark are lifted 
out. The meat is highly prized and in many regions the body has to be 
presented to the chief before any of the parts containing powerful medi- 
cines are removed. 

“One of the African mongooses, Bdeogale nigripes Pucheran (Pl. 
XXV, fig. 3), not only satisfie9 its regular carnivorous instincts but, as  
stomach contents proved, feeds also on ants and termites. This mon- 
goose attains the size of an otter, which it resembles in general appear- 
ance. It has large, dagger-like canines and an otherwise strong denti- 
tion; the palate is relatively wide and, especially in the young, has the 
general shape of that of the termite-feeding Proteles cristatus Sparrman. 

“Of nine specimens collected, the stomach of one contained ter- 
mites and those of three, driver ants which filled two of them t3 
capacity; their possible incidental introduction with other food need, 
therefore, not be considered. The ants in the stomach were only slightly 
chewed and some of them were completely intact. This carnivore seems 
to  have no adaptations that would allow it to  devour with impunity a n  
insect so dreaded by most other animals. It may be that these driver 
ants are swallowed dead, since they are often killed in masses when their 
droves are unexpectedly exposed to the deadly effect of the direct rays of 
the sun, as i t  may happen after a shower, when they are still 011 the 
march or feeding in great numbers on carrion. 

“Among other mammals, some of the insectivores, especially certain 
Macroscelididse (Rhynchocyon, Elephantulua, and Macroscelides), are 
credited with occasionally feeding on ants, probably those emerging 
from the ground in masses during their nuptial flights and which are 
easily taken. 

Chimpanzees ( P a n  schweinfurthii Giglioli) are well known to be 
omnivorous and, in addition to their regular vegetarian diet, feed on 
many insects and their larvse. Xwertheless, I was surprised to  see to 
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what trouble they would go merely to  relish half a handful of cocoons that 
a nest of robber ants (Megaponera faetens) might contain, leaving un- 
touched all the dead ants they might kill in the process. These primates 
are evidently not deterred in their raids by the painful sting and strong, 
pinching mandibles of the ants. They seldom pass one of the rather in- 
conspicuous, temporary ant nests, which are marked only by a small 
heap of excavated particles of earth near the open entrance, without 
digging i t  out. After uprooting the plants they sometimes scoop out a 
hole one or two feet deep. In  the Rain Forest near Niapu, I saw about 
seven nests of these robber ants destroyed in this manner. 

Colonies of certain large Camponotus are also looted by the chim- 
panzees, which, in this case, are fond of the ants themselves. Hollow or 
decayed trees are torn apart and the galleries searched for these ants, 
which, when attacked, do not swarm out but retreat speedily into the 
deeper recesses they excavate. In  the forest about Niapu and on the 
road to Medje there were several such instances. In  one case a troop of 
five or six of these anthropomorphs must have spent considerable time in 
trying to  tear open a hollow portion of a log.” 

Man 
Certain species of ants constitute an important article of food with 

many uncivilized peoples, especially of the warmer parts of the globe.’ 
In  tropical Africa the large, winged queens of Carebara vidua F. Smith, 
which at  certain seasons emerge in great numbers from termite mounds, 
are often highly prized as delicacies; they are eagerly gathered for their 
swollen gaster, which is eaten raw or roasted.2 In Kanara and other parts 
of India, and throughout Burma and Siam, a paste of the green weaver 
ant, Ecophyl la  smaragdina (Fabricius), is eaten as a condiment with 
curry.3 Beccari4 also records that the Dyaks of Borneo “eat this ant, 

IProvanrher (1882, Natural. Canadien, XIII, pp. 30-31) mentions that the Canadian lumberjacks 
sometimes eat carpenter ants (Camponotus pennsyluanicus). See also Riley, C. V., 1893, ‘The edible 
quality of ants,’ Insect Life, V, p. 268. 

ZBequaert, J., 1913, Rev. 2001. Afr., 11, p:. 3, p. 429. Mr. Lang, who observed thenupti:! flight of 
Carebara vzdua a t  Stanleyville in March 1915, also notes that these ants are comestible; only the 
abdomen is eaten by the natives, sometimes raw sometimes fried also crushed.” 

SBingham, C. T., 1903, ‘Fauna of British h d i a .  Hymenopt&a,’ (London). II,,p. 311. 
“The Murries of Bastar-the southernmost Native State in the Central Provinces-use the red 

ants (CEeophyZla smaragdina) as a regulararticle of diet. Throughout the year, but more espeoiallyduring 
the dry season, the Purjas-a sub-class of the Murries-collect nests of the red ants, and after tearing 
them open, shake out the contents into a cloth, and beat the insects-mature and immature-into a 
pulpy mass with a stone and when all are dead enclose them in a packet, about the size of a goose’s 
egg made of sal leaves. i n  this condition the article is taken to the bazaar and sold, about 16 being sold 
for a pice, or 4 cowries each. To pre are the squashed ants for food, they are mixed with salt 
turmeric and chillies, and ground down getween stones, and are then eaten raw with boiled rice. The; 
are sometimes cooked up with rice flour, salt, chillies, etc., into a thick paste, and in this condition the 
food 18 said to give the eater of it great power of resistance against fatigue and the sun’s heat” 
(Long, 8. AT.,  1901, ‘Red ants asanarticleoffood.’Journ.BombayNat.Hist.Soc.,XIII,No.3,p.536). 

‘Beccari, O., J904, ‘Wanderings in the great forests of Borneo,’ (London), p. 161. (1902, ‘Nelle 
foreste di Borneo, (Florence), p. 237). 
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or rather they mix it with their rice as a condiment; it has a pungent 
acetic taste and smell which they evidently like.” The same ant is used 
by the natives of North Queensland mashed up in water, like lemon 
squash, and forms the basis of a pleasant acid drink appreciated even by 
many European palates.’ 

Moreover, it is generally known that certain American Indians eat 
ants, as well as other insects, freely. This is especially true of the tribes 
that are but little inclined toward agriculture, periods of famine with 
them being rather frequent, due to the absence of permanent vegetable 
staples.2 In his delightful book, ‘My first summer in the Sierra,’ John 
Muir3 tells how the Digger Indians of California are fond of the larve 
and even of the adults of the large jet-black, wood-boring ants (Campono- 
t us ) ,  of which “they bite off and reject the head, and eat the tickly acid 
body with keen relish.” In his account of the honey ants of North Ameri- 
ca, &lcCook4 remarks that the uses to which the Mexicans and the 
Indians ot the southwestern United States put the replete of Myrme- 
cocystus are various. “That they eat it freely, and regard it as a delicate 
morsel is beyond doubt. Prof. Cope, when in New Mexico, had the ants 
offered to him upon a dish as a dainty relish. The Mexicans (Lcew) 
press the insects, and use the gathered honey a t  their meals. They also 
are said to prepare from it by fermentation an alcoholic liquor. Again 
they are said (Edwards) to apply the honey to bruised and swollen 
limbs, ascribing to it great healing properties.” 

One finds in the narratives of B a r r & ~ e , ~  de Azara16 H ~ m b o l d t , ~  
Rengger? Richard Schomburgk: and other travelers’O frequent allusions 
to the fondness of many South American tribes for the large males and 

Saville Kent, W.,  1897. ‘The naturalist in Australia,’ (London), p. 253. 
*See,Skinner, A., 1910. ‘The use of insects and other invertebrates as food by the Korth American 

Indians. 
Wuir  J. 1916 ‘My first summer in the Sierra (Boston and New York), p. 46. 
‘McCbod, H; d., 1882. ‘The honey ants of tde Garden of the Gods and the Occident ants of the 

American plains. (Philadelphia), p. 32. 
SBarrhre. P,.,1741, ‘Essaisurl’histoirenaturelle dela France fiquinoxiale,’ (Paris), p .  198. Speaking 

of an ant of British Guiana which he calls Formzca major,  voZans, edulis, this traveller writes: Cette 
fourmi est passaghe et paralt en grand nombre au commencement des hies. Les negres et les Creoles 
mangent le derriere de cet insecte, qui est une sorte de petit sac, de ?a grosseur ?i peu pr& d’un pois 
ohiche, rempli d’une liqueur b l anchhe ,  miellbe, qui ne paralt &tre autre chose que les au f s  qu’il 
depose dans ce temps-lL” 

nde Azara, F., 1809, ‘Voyages dans 1’Amerique Meridionale ’ (Paris), p. 199: “Les habitants dela 
ville de Santa FB, qui est de ces cbtBs-18, vont la chasse de oes’ fourmis ailees: on en prend la partie 

ostbrieure, qui est fort grasse, on la fait frire, et on la mange en omelette. ou bien apr& les avoir fait 
flire, on les passe au sirop et  on les mange comme des dragees.” After quoting this passage, Gallardo 
(1916, An. Mus. Nac. Buenos Aires. XXVIII, p. 344) adds that  the gaster of the females of Atta 
sexdens (Linnseus), called tanajhra, is still eaten by the Brazilians. 

rHumboldt, Al. de, 1822, ‘Voyage aux regions Bquinoxiales du Nouveau Continent, fait par A. de 
Humboldt et A. Bonpland,’ (Paris), VII, pp. 443-444. 

SRengger, A. ,  1836, ‘Reise nach Paraguay in den Jahren 1818 bis 1826 von Dr. J. R. Rengger,’ 
(harau) p. 253. 

@Scdomburgk Rich. 1848 ‘Reisen in British Guiana ’ (Leipzig) I1 
’Osee Orton, j . ,  1878, ‘Tde Andes and the Amazon,’ 3d Ed., (Nkw qork) ,  p.  301; Spruce, Rich., 

1908, ‘Notes of a botanist on the Amazon and Andes,’ (London), I, p. 484. 

Journ. New York Ent.  Soo., XVIII, pp. 2i34-267. 
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queens of the common leaf-cutters, Atta cephalotes (Linnceus) and A .  
sexdens (Linnceus). Schomburgk vividly describes how these ants are 
collected by the Indians British Guiana, when, with the first rain- 
storms, large numbers of the winged, sexual forms leave their mound- 
shaped nests. Their heads are pulled off as soon as they are caught, and 
the swollen gaster, filled with fatty tissue, is roasted or otherwise cooked; 

thus prepared, these insects are considered even daintier than the larva 
of Calandra palmarum.” 
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