IV.—ANTS IN THEIR DIVERSE RELATIONS TO TIHIE PLANT WORLD
By J. BEQUAERT

The following contribution is an attempt to summarize what is
known at present of the widely varied and often intricate relations which
exist in nature between ants and vegetation. It has primarily grown out
of an examination of certain so-called “myrmecophytes,” or ant-plants,
which I frequently came across during my travels in the Belgian Congo
in quest of zoologieal and botanical specimens. Prof. Wheeler’s study
of the feeding habits of the larve of certain plant-inhabiting ants col-
lected by Messrs. H. Lang and J. P. Chapin and myself in the Congo,
and Prof. I. W. Bailey’s investigation of the anatomy of myrinccophytes
show that the whole subject of the mutual adaptations of plants and ants
1% in need of a thorough revision. It thus seemed appropriate that the
present opportunity be used to hring together the many isolated and
scattered obscrvations which have been made on the interrelations of
these orpanisms.  Indeed, the problem of myrmeeophytism is dominated
by the feeding habits of the ants and their young and, until these are
perfectly understood, we can searcely hope to grasp the true ceologieal
meaning and the probable origin of the extreme cases of apparent or
true symbiozis between eertain ants and certain species of plants. It is,
therefore, of the utmost importance to inquire carcfully into the various
wiys in whieh ants are wont to henefit by the vegetation.

Although much time has been spent in consulting botanical and
cntomological papers for information bearing on the subject, undoubted-
Iy a number of interesting observations have escaped iy notice. In
keeping with the general purpose of the present contribution to African
Myrmecology, especial attention has been paid to work accomplished
in the tropies, primarily in Africa. The bibliogruphy appended to this
part is as eomplete as possible.  In it are included many papers which
mey seem to have but remote conneetion with the subject—such as, for
instance, those on fungus-growing termites, intracellular symbionts,
and the like. T believe, however, that they are indispensable in reference
to the study of certain activities of ants. Sonie students may find the
botanieal side rather too fully treated, but this seemed unavoeidable
in providing the necessary background for future ficld work, especially
to the myrinecologist.  Marcover, T am convineed that the ultimate
=olution of many of the problems involved ean only come from a close
cooperation between botanical and entomological experts, and this,
under present conditiens of speeialized training, is not so easily realized.
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Many ot the data here presented were brought together during the
several weeks I had the pleasure of spending at the Bussey Institution
for Applicd Biology of Harvard University. 1 wish to thank President
Henry Fairfield Osborn and the authorities of The American Musciuin of
Natural History for the liberal manner in which I have been able to
arey on this work. I am also under great obligations to Professors Win.
M. Wheeler and I. W. Bailey, of Harvard University, for their many
suggestions and eriticisms during my stay at the Bussey Institution.
The interest they have shown in the work has been a steady encourage-
ment and their advice invaluable.

1. Vanrious ReraTtions BETWEEN ANTS AND VEGETATION
Economie Importanee of Ants

The question whether ants are, broadly speaking, noxious or hene:
ficial insects is still debated by agriculturists and economic entomologists.

While it is believed on the one hand that ants attack and mine only sick and de-
caying plants, especially decaying roots, on the other hand it is claimed that
healthy plants, which show no trace of discase, are also assailed by ants.  In any case
further exact obscrvations concerning the relation of ants with plants will be needed
in order to clear up this problem. The elueidation of the question of the direet noxi-
ousness of ants to plants is the more desirable, since we possess in the nnts partly a
weleome help against other animal cnemies of culture-plants, whieh they pursue and
destroy. It is thercfore necessary that we learn more in detail whether their harm-
fulness outweighs their utility or vice versa. In general one can perhaps zay that,
judging from statements which have been made thus far, their noxiousness to plants,
by attacking roots, stems or branches, is not very great. (G, Aulmann and W, La
Baume, 1912, p. 61.)

In their recent study on the feeding habits of ants, Wheeler and
Bailey (1920, p. 236) have pointed out that one reason why the economic
importance of many common ants remains so dubious or ambiguousis the
lack of precise information with regard to the quality and quantity of
their food, especially in the larval stage. These authors have shown, for
instance, that ants carry on their bodies and in the food-pellets of their
infrabuccal pockets an extraordinary number and variety of fungus
spores and bacteria. It is, therefore, quite possible that these insects
have a great but hitherto only vaguely apprehended importance as
carriers of the gerins of eertain plant, animal and human diseases. That
ants are active carriers of pathogenic micro-organising has been further
suggested by Darling (1913), Wheeler (1914), Studhalter and Ruggles
(1915), Grabham (1918), and Bailey (1920).
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The leaf-cutting ants of the tribe Attini, so abundant in tropical
and subtropieal Ameriea, are deeidedly destructive to the vegetation and
are rightly considered one of the worst pests to South American agricul-
ture. Accounts of their depredations are found in practieally all narra-
tives of South American travellers. Though they attack manv of the
native herbs, shrubs, and trees, they often show a predileetion for cul-
tivated plants.. It is no uncommon thing to find the sauvas, Atla
cephalotes (Linnwxus), so numerous in certain spots that the planters are
forced to abandon their fields. Speaking of the ants in the Brazilian
coffce districts, Van Delden (1885, pp. 297-298) writes: “The enemy
most dreaded in the fazendas (plantations) is indubitably the satva. or
tana-jura, a dark-brown ant, two centimeters long, which undermines the
ground by digging extensive passages and dens in all directions. It
attacks all sorts of trees, the coffee-shrub among others, but has a
decided preference for the orange and eitron trees in the coffec gardens.”
H.W. Bates (1863) and others have noted that these ants often become
troublesome to the inhabitants beeause of their habit of plundering the
stores of provisions in houses at night.

The Attini are not represented in the Old World tropies, but pos-
sibly ants of other groups have developed similar habits there, though
on a smaller scale. G. Aulmann (1912, p. 136) and Moorstatt (1914)
mention that a leaf-cutting ant was obzerved in German East Africa at
times causing considerable damage to cotton plants. The specific iden-
tity of this ant has not been ascertained, but it probably belonged to the
grenus Messor, which is known to ecollect pieces of grass in addition to
sceds and grain (see Sjostedt’s observation quoted below, p. 359).
King (1911) alzo notes that Messor barbarus (Linnzus), at Khartum,
damages garden plants by biting off and earrving away the leaves, and
adds that in cotton fields the sites of their nests are marked by bare
patches devold of vegetation. What use these ants make of the vege-
table matter thus carried into their nests has not been investigated.

There are a few other eases on record of ants directly destroying
living parts of plants. It is generally known that certain ants will injure
buds and fruit in order to feed on the exuding sap (see Muller-Thurgan,
1892, pp. 131-133). Forel (1885, p. 338) mentions instances of Tefra-
morlum cespitiom (Linnmus) attacking voung roots of healthy sugar-
heets at Vaux, Switzerland, many of the plants dying frow the injuries
received. J. Pérez (1906, pp. xxxil xxxiv) records the havoe played by
the same ant on the tubers of potato, near Bordeaux, more or less deep
cavities being exeavated and many voung plants killed; 7. caxsprtum
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was also found burrowing superficial galleries in the stems of living
potato plants and attacking the roots of young cabbage and carrot.
In North “\merica, Solenopsis geminata (Fubricius) and S. molesta (Say)
often do injury to the soft parts of planted sceds, and the former also
to strawberries (Webster, 1890) and other fruit. S. molesta has proved
very injurious in gardens and fields; the chief damage is done to seeds of
sorghum and corn, which are hollowed out undoubtedly for the purpose
of extracting the oils (McColloch and Hayes, 1916; Hayes, 1920).
According to Green (19002) and G. R. Dutt (1912, p. 247), the Indian
Dorylus orientalis Westwood 1s mainly or exelusively herbivorous, feed-
ing on the bark of trees and the healthy tubers of plants, a habit the more
vemarkable since the majority ot Doryline are highly carnivorous. In
Cameroon, eertain ants have been seen attacking the fruits of cacio-
trees: Camponotus maculatus subspecies brutus (Forel) gnaws the base of
fruit-stalks where they are inserted into the trunk, licking up the sap at
the wound, eausing the fruits to drop off or dry; Crematogaster africana
variety winklert (Forel) gnaws away the skin of the cacao-fruit, often
almost completely; while Camponotus acrapimensts Mayr and Ueophylla
longinoda (Latreille) are accused of the sawe evil, though they eause but
little damage (H. Winkler, 1903, pp. 129-137).

The greatest harm to the vegetation is undoubtedly done indirectly,
both in tropieal and temnperate regions, by a host of species of ants that
have a pronounced fondness for pasturing and guarding plant lice, scule
inseets, tree-hoppers, and other plant bugs on roots, stems, and foliage;
all these Hemiptera suck the juices of plants, and their protection by the
ants must, therefore, be regarded as pernicious. The “milking’ habit
among ants seems to be of very frequent oceurrence, evidently because
it offers so many advantages over direct feeding on plant-juieecs. Not
only is the food supply much more abundant at any one time and within
casier reach, but, in addition, the plant saps undergo chemical changes
in the digestive tract of the Hemiptera, whose anal secretion, on which
the ants feed, therefore contains a great amount of invert-sugar, instead
of the mueh diluted eane-sugar of the plant. Many of the aphids at-
tended by ants have undergone adaptive modifications of structure and
behavior which show that their relations with ants have become of a
mutualistic nature, and it is probable that the same will be found true for
some of the ant-attended coccids and membraeids of the tropies.

1This habit of Teframorium cxspitum in attacking subterranean parts of plants was known to Lin-
nwus, sinec he adds to the original description of thisant ('Syst. Nat.,' Ed. 10, I, 1758, p. 581): “Ilabitat
in Europm tuberibus.”” It is rather surprising that injuries by this ant have been so little noticed in
l(qlt;&il)imes. Concerning ants noxious in gardens, see also F. Heim (1894), Andersson (1901), and Cooley


http://Xstur.il

s Wheeler, Ants of the Belgian Congo 337

Indeed, the assoeciation between phytophagous Hemiptera and ants
offers a typical illustration of sybiosis in the striet sense, advantageous
to both parties. The benefit that accrues to the ants has been explained
above and needs no further comment; that derived by the Hemiptera,
however, is of 1 more complexnature. It is obvious that the ants pro-
teet the plant bugs by driving away coceinellid beetles, ichneumon
flies, and other enemies. In the case of aphids and coccids the ants
frequently build tents or cowsheds over these inseets, which thus con-
tinue to suck the juices of the plant while being “milked” by the ants
and are, at the same time, proteeted from their enemies, from alien ants,
and intemperies, and prevented from escaping to other plants.

The tent-building habit was discovered by P. Huber (1810, pp.
198 201) for Lasius niger (Linngeus) in Europe, and Forel (1874, pp.
204 205 and 420 422) gives an interesting account of it in his classical
*Ants of Switzerland,”  Lasius niger hassimilar habits in North Ameri-
ca (Wheeler, 19115) and Japan (Stopes and Hewitt, 1909, pp. 1-6).
This ant builds its tents of detritus or wood-fibres; while, aceording to
Forel, ecertain species of Myrmica enclose their aphids in earthen cells,
which communicate with the ground nest by means of covered galleries.
Wheeler (loc. cit.) has deseribed in detail the tent-building of the North
American Cremalogaster lineolata (Say) and I have.found that several
Afriean members of this genus which attend coceids have similar habits.
Certain North American species of Lasius (L. flavus, L. niger, and the
=pecies of the subgenus Aeanthomyops) which live to a very large extent
or cxclusively on the exerement ot root-aphids and eoecids, remain
throtughout the vear the constant companions of the lice, even hoarding
in their nests during winter the eggs or the wingless, agamie form of the
aphids and the fertile females of the scale inseets.  Forbes (1896),
Webster (1907), and others have shown that the common North Ameni-
can Lastus niger variety americanus Emery guards the eggs of the corn
root aphid (A phis mardi-radiets Forbes) throughout the winter, shifting
them about, asit does its own young, to accommodate them to changes of
weather and moisture.  In spring, the young lice, on hatehing from these
eggs, are conveved by the ants during fair weather to the roots of various
weeds, being taken baek to the burrows in bad weather or on cold nights,
After the corn plantz have started to grow, the young root lice, all of
which belong to the wingless. agamic form, are transferred from the weeds
to the roots of youny corn, where they are tended throughout the
spring and summer. It would thus appear that, without the aid of the
little brown ant, this aphid is unable to reach the corn plants,
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Still more surprising is Lubbock’s observation that Lasius flavus
ares in a similar manner for the eggs of eertain aphids on the acrial
portions of plants.

The eggs are Inid early in October on the faod-plant of the insect.  They are of no
direct use to the ants, yet they are not left where they are laid, where they would be
exposed to the severity of the weather and to innumerable dangers, hut brought into
their nests by the ants, and tended by them with the utmost eare through the long
winter months until the following March, when the young ones are brought out anid
agnin placed on the young shoots of the daisy. This scems to me a most remarkable
ense of prudence. Our ants may not perhaps lay up food for the winter, but they do
moare, for they keep during six months the eggs which will enable them to procure
food during the following summer. (Lubbock, 1880, p, 184,)

In temperate regions the honeydew (or sugary- exerement) seeretedt
by aphids from the posterior end of the alimentary canal is eagerly
sought for by many of the common Myrmicin:e, Dolichoderinwe, and
Formicinwe,! those attending root lice being especially harmful to the
vegetation for the reasons mentioned above.? Certain tropieal ants also
nurse 1oot-aphids. In Java, Acropyga acutiventris Roger may thus be-
come a serious pest to coffee plantations, and, aceording to Forel, vari-
ous speeies of Rhizomyrma attend root lice in South America and New
Guinea (K. Escherich, 1911, p. 227, footnote). In the tropies, however,
aphids are far less common than in colder climes and are there replaced
as ant ‘“‘cows” by various Coccidie, Membracide, Fulgoride, Cicadel-
hide (Jassidm), and Psylidax, certain members of these families being
occasionally attended by ants even in North Ameriea and Europe.

The relations between various species of tree-hoppers and certain
ants have been recently reviewed by Funkhouser in his ‘Biology of the
Membracidea of the Cayuga Lake Basin’ (1917, pp. 399-104), to which
the student is referred for further details. IFunkhouser comments on the
number of unsolved problems in connection with this subject.

One of the first of these questions is suggested by the fact that some of the species
are attended by ants while others are unattended although there are apparently no
physiolegieal or anatomiecal differences to cause the distinetion. Another question
arises from the fact that certain speeies attended loeally have never been reported as
being attended in other parts of the country, while on the other hand some of the
species that are never attended in this basin are always attended in other localities
Again, certain gpecies that the ante ignore in this basin are represented by elosely
related speeies in other regions and these exotic forms—often of the same genus and
very near systematicallv—are well attended.

11t would appear that these trophobiotic habi(s are of great antiquity among ants, dating as f{ar
back as the Tertiary. Whecler (1914, p. 21) found a block of Baltic amber cuntaining a number of
workers of Iridomyrmex gbppertt (Mayr) together with a lot of their aphid wards.

13ee the publications of 5. A. Forbes on the corn root aphid, listed in the bibliography; also Gar-
man's (1593) aceount of the bean root louse.
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He also notes that eertain common speeies which, in the nynphs at
least, appear to exude the characteristic anal fluid when disturbed, never-
theless are not attractive to ants. He found the following species of
Membracide attended by ants in the vicinity of Tthaea, New York:
Thelta bimaculata (Fabrieius), Telamona ampelopsidis (Harris), T. unicolor
Fitch, Cyrtolobus van (Say), Atymna castaneze (Fiteh), Ophiderma
pubeseens (Emmons), Vanduzea arquata (Say), Entylia bactriana Germar,
and Publilia concava (Say).

The following ants were actually observed by Funkhouser taking
the sceretion from the membraeids: Forwmica truncicola subspecies
obscurtientris (Maxr), Formica exsecloides Forel, Camponolus pennsyl-
vanicus (DeGeer), Crematogaster lineolata (Say), and Prenolepis imparis
(Say). All these ants seemed to make no distinetion between the various
species of tree-hoppers listed above and the mutual behavior of these
insects was much the same in all the cases studied: ‘“The ants stroke
their charges with their antennze, whereupon the membracids give off
from the anal tube a liquid that issues in bubbles in considerable quan-
tity. The anal tube of the membracid is capable of great evagination
especially in the nymphs, in which it is long and eylindrieal and usually
tipped with a fringe of fine hairs. The honeydew is eagerly taken from
the end of this tube by the ants. In many speecies the adults as well as
the nymphs are sought, and the ants seem to be as attentive to one as to
the other but the adults have not been observed to excrete the liquid to
the same extent as the nymphs.”” (Funkhouser, 1917, p. 403.) The
liquid sought by the ants ““is colorless and transparent, rather heavy and
somewhat sticky. When first exuded it is inclined to be frothy, due no
doubt to bubbles of air which emerge with it, but it quickly eclears on
settling. It is practically tasteless even incomparatively large quantities,
and many attempts to distinguish a sweet taste have proved unsuceess-
ful. The terin honeydew, therefore, commonly applied te the fluid, is
hardly a deseriptive one. 1t is very likely, of course, that the liquid may
contain sugars not detected by the human tongue, and this would
seem to be indicated by the fact that fermentation appears to begin if
the substance is left exposed. No chemical analysis of honeydew has
been made.” (Op. eit., p.10L.)

Miss Branch (1913, pp. 81-83) states that young Entylia stnuata
scemed unable to maolt successfully without the presence of ants.  This
faet led her to believe that the ants are neeessary factors in the life of
an individual membracid.  Funkhouser’s experiments, however, gave
no support to this theory. Tree-hoppers of many species were reared
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in the field and in the insectary, with and without ants, and no differ-
ence was noted in the length of the instars or sueccess of the molting
process.

Kornhauser (1919, p. 546) gives the following account of the manner,
in which Thelia bimaculata (Fabricius) is attended by ants. This niem-
bracid feeds on the sap of the ecommon North American locust tree,
Robinia Pscudo-acacia Linngeus. 1t deposits its eggs in slits in the bark,
where they remain during the winter, hatching in carly June. The
first, second, and third instars occur on the branches, constantly attended
by ants:

In my prineipal eollecting fields [at Cold Spring Harbor, New York), Formica
iruncicola Nylander subspecies obscuriventris and Cremastogaster lineolala Say were the
chief ants associated with Thelia. When tapped by the antennw of the ants, the
Thelia nymph or adult exudes from the anal tube a drop of clear fluid which is taken
by the ant with great alacrity.  Toward the 1niddle of June, the ants build collars
about the bases of the locust trees, and inside these eollars in the cracks of the bark
are to be found hundreds of Thelia nymphs of third to fifth instar, quictly fecding and
undisturbed by the numecrous ants in attendance. In this moist situation, protected
from many of their enemies, the nymphsthrive. Formica builds the protecting collar
of leaves, twigs, and bits of wood; Cremastogaster builds of sand grains eemented
together. When one breaks the collar, many ants swarm out and attack the intruder,
Formica biting one’s fingers feroeiously, while others grab the Thelias and drag them
into underground passages. These pugnaeious ants scem to have complete mastery
of the Thelia nymphs.

Membracide are sometimes carried by ants into their formicaries
(Enslin, 1911, pp. 19-21; W. ). Mann, 1913, p. 162), but they usually
dic soon, probably due to lack of food.!

Lamborn (1914) has described in detail several cases of trophobiosis
between ants and coceids, inembraeids, jassids, and psyllids in Southern
Nigeria. Regarding Leptocentrus altifrons Walker, a tree-hopper which ix
invariably ant-attended in its mature and larval stages, he writes as
follows: “Thesolicitude of ants for the larve has a very definite object,
for they are extremely partial to the fluid excreted at the anal extremity,
and I remember secing a Camponotus akwapimensis variety poultoni with
the caudal whip of a membracid larva actually inits mouth.” (Lamborn,
1914, p. 495.) I have on several oceasions, in the Belgian Congo, col-
lected ants which were in the act of attending tree-hoppers: so, for in-
stance. in April 1912, at Elisabethville, Katanga, a nuinber of workers of
the common Pheidole megacephala subspecies punciulata (Mayr) were

tAdditional information coneerning the relations between Membracida: and ants is given by Belt
(1871, Mrs. Rice (1893), Green (19000}, Froggate (1902, p. 717), Baer (1903), Buckton (1903, p. 262),
Poulton (in Buckton, 1903), Distant (1008, p. 209, Enslin (1911), Mis= Braneh (1913), Ker=haw (1913),
l.amborn (1914), and others.
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busily engaged in licking the sweet exeretions of some of these hemipter-
ous insects feeding on a bush; again, at Welgelegen, Katanga,
Myrmicaria eumenotdes subspecies opaciveniris varietvy congolensis
(Forel) was found attending membracids fixed on the ecalyx of a
malvaccous plant (Bequaert, 1913, pp. 427 and 428). Bell-Marley at
Durban, Natal, observed that the common South African tree-hopper,
Oxyrhachis tarandus (Fabricius), attracts great numbers of “small red
ants.”” (Distant, 1908, p. 209.)

The nursing of scale inseets by ants has repeatedly been noticed
by Cockerell, Newstead, King, and others.! A rather interesting phase
is offered in the case of various ants which keep coeeids inside the
swellings of myrmecophytes. Zimmermann found Lecanium tenebri-
cophilum Green at Buitenzorg, Java, together with antsinlivingbranches
of Erythrina lithosperma Blume (Green, 1904, p. 204). In southern
Europe, Crematogaster scutellaris (Olivier) and Camponotus pubescens
(Mayr) often beecome harmful to olive trees bi the care they bestow
upon scale insects (Peragallo, 1882). Keuchenius (1914a and b) holds
the view that Bcophylla smaragdina is very noxious to eoffee plantations
througli its habit of keeping and protecting in its nests the green coffee
seale, Lecanium viride, one of the most serious pests to the ecoffee tree.
Gowdey (1917) also mentions that the root form of Pseudococcus citri,
a parasite of eoffee, orange, lemon, and eacao in Uganda, is attended by
the ant Pseudolasius gowdeyi Wheeler.

Most of the wood-boring ants either accommodate themselves
to pre-existent galleries made by other inseets or attack dead wood only-.
Occasionally they find their way into houses, Forel (1874) and R. Brun
(1913) have described cases in which populous colonies of the European
Camponotus ligniperdus and C. herculeanus had exeavated the beams,
window-gills, and other wooden parts of buildings. Certain earpenter
ants of temperate regions (Camponotus ligniperdus, C. herculeanus, C.
pubescens, and others) extend their burrows into healthy wood (Forel,
1874); they may thus hecome very destructive in forests, the more =o
since they attract woodpeckers, whieh bore large aceess-holes through the
perfeetiy healthy outside layers of the tree in order to feed on the carpen-
ter ants and their brood. S, A. Graham (1918) describes how carpenter
ants of an unidentified species are responsible for great damage to stand-
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ing white cedar in Minnesota, at least twenty per eent of the trees cut
showing ant injury to the stump. In this case, so far as observed, the
ant never attacks a sound tree, but always gains entranee through 2
wound or decayed spot.  When a colony has been established in a tree,
the ants usually work well above the rotten area into the sound heart-
wood, honey-combing the tree with longitudinal gulleries until there is
often only a thin outer shell of solid wood. From the main nest they cut
openings to the outside, frequently following a knot, through which the
sawdust can be cast and through which the inhabitants may pass to and
fro. Antswhich make their galleries in the bark (such as many species of
Leptothoraz) usually do not burrow heyond the external dead layers and
oceasion little or no damage, except in cases where the bark itself is of
cconomic value: Camponotus herculeanus vagus (Scopoli) and Cremalo-
gaster scutellaris (Olivier) are credited with destroving the bark of cork-
oaksin southern Ilurope and North Africa (Maceira, 1904; Emery, 1908;
Seurat, 1901; A. Krausse, 1913 and 1919).

- Harvesting ants have often been accused of depredations in cereal
ficlds, but these charges are apparently much exaggerated. Emery
(1891, pp. 176-177), it is true, has observed in Italy that species of Messor
actively engage in carrying off grain during the harvest. It does not
seem, however, that the damage thus done could be very serious, sinee
harvester ants colleet mainly sceds of weeds and wild grasses. Yet in
certain regions of North Africa, where colonies of Messor are very numer-
ous, the grain these ants store away may amount to an appreciable
portion of the harvest. Ducellier (1912) estimates that, in Algeria,
Messor barbarus colleets 50 to 100 liters of wheat from each hectare. J.
Pérez (1903, pp. xxxiv-xxxv) has reeorded cases in which Messor bar-
barus stole freshly sown carrot-seeds and also the ripe seeds of coriander
in a vegetable garden near Bordeaux. Similarly, Koningsberger (1908,
p. 99), in Java, blames Plagiolems longipes (Jerdon) with stealing
planted seeds of tobacco.

A few species of ants are commonly found in houses, boats, and
ships; they are spread by commerce to considerable distances, and
rapidly beeconmie cosmopolitan.! Sueh domestic species in the Belgian
Congo include, among others, Monomoriimn pharaonis (Linnxus),
Tetramorium simillimum (F. Smith), and especially the many forms of
Pheidole megacephala (Fabricius); the last-named is the famous house
ant of Madeira (O. Heer, 1852 and 1856), which has now established it-

‘Donisthorpe (191, pp. 334-350) has given an interesting account of the exotie ants which have
been introduced into Britain. 1lis list includes fifty-one species, but only a small number of these have
established themselves there; they are most commonly found in hothouses.
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<elf everywhere in the tropies and subtropies.! In the Congo. the large
workers of a form of Camponotus maculatus can also frequently be seen
at night in houses in scarch of food. They are particularly fond of
sweets, of which they may absorb considerable quantities, their gaster
then becoming greatly distended. At Khartum, cases of wdema of the
evelids have been asceribed to the bites of ants (Chalmers, 1918). Yet
even these domestie ants should not be conzidered wholly noxious, be-
caus¢ many of them are to a large extent carnivorous, thus destroying
ereat numbers of roaches, larve of flies, and other indoor pests (see
Ilingworth, 1913 and 1917).  Perbhaps the most dreaded of these house
ants are the fire-ant, Selenopsis geminata (Fabrieins), a very pugnacious
species with a severe sting, and the Argentine ant, Iridomyrmex hwmalis
Mayr, which is becoming a serious nuisance in many subtropieal coun-
tries.?

By far the majority of ants afford to the vegetation a very cffective
protection, destroying a large number of phytophagous insects.® Fore-
most in this respect are the driver ants (Ecitonini in America, Dorylini
in the Old World tropies), with their populous colonies and wandering
habits, and also the many, highly earnivorous Poneringe.?

The wandering armies of South Ameriean Ecitonshave been described
by H. W. Bates (1863, p. 354), Belt (1874, p. 17), and many others.
Perhaps Richard Spruce’s account (1908, II, pp. 370-373) gives the
clearest idea of the usefulness of their operations and it is interesting
enough to he quoted at length:

LEeitons or foraging ants (ealled Cazadoras in Peru) seem to be true wandering
hordes, without a settled habitation; for a eertain number of ‘them may always be
seen earrving pupsr, apparently of their own species; but they sojourn soinetimes for
several dayvs whenever they come upon suitable food and lodging. . . .

The first titue 1 saw a house invaded by Cazadoras was in November 1835, on
the forest slope of Mount Campana, in the Eastern Peruvian Andes. I hail taken up
iy abode in a solitary Indian hut, at a height of 3,000 feet, for the sake of devoting a
month to the explorntion of that interesting mountain. The walls of the hut were
merely a single row of strips of palm trees, with spaces between them wide enough to
admit larger animals than ants.  One morning soon after sunrise the hut wns suddenly
filled with large blackish ants, whirh ran nimbly about and tried their teeth on every-
thing. My charaui proved too tough for them; but they made short work of a bunch

tPheidole meoacephala has of lato been replnccd ns house ant in Madeira by the Argentine ant,
Iridomyrmer humiist

Ants more commonly found in or near houaes in India nre, neconding to Axamnth (1907, p. 302),
DPrenolepra longicornis (Latreille) and Monomorium pharacmia (Linmirns),

FThe aclivily of anin in destroying nosions tnsecta was discussed in detail by 11, Stitz (1017) in s
1ecent popeer Delpino (1575, p S8) expressed (he view that ** the ants are the chief rquilbrating ant
muoderating {actors aflecting phiytophagous insecin.” prehaps 8 somew hint overdrawn stateient

Same of the African Potiertnas are almost exelumively termitophagoun,  See, for tnstance, the ac-
counts of the haluts of Megaponera futena (p. G3), Paltothyreus taraatus (p 42), anid others,
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of ripe plantains, and rooted out cockroaches, spiders, and other suchlike denizens of a
forest hut. Solongasthey wereleft ummolested, they avoided the humun inhabitants;
but when I attempted to hrush them away they fell upon me by hundreds and hit and
stung fiereely. Iasked the Indian’s wife if we had not hetter turn out awhile and lenve
them to their diversions., “Do they annoy you?" said she. “Why, vou sce it is
impossible for one to work with the ants running over evervthing," replied I. - Where-
upon she filled a c¢alabash with cold water, and going to the corner of the hut
where the ants still continued to stream in, she devoutly crossed herself, mnt-
tered some invocation or exorcism, and sprinkled the water gently over them, Then
walking quietly round and round the hut, she continued her aspersion on the marand-
ers, and thereby literally so damped their ardour that thiey began to heat a retread,
and in ten minutes not an ant was to be seen.

Some vears afterwards I was residing in a farm-house on the river Daule, near
Guayaquil, when 1 witnessed a similar invasion. The house was large, of two
stories, and huilt chiefly of bamboo—cane—the walls being merely an outer and
an inner layer of cane, without plaster inside or out, so that they harboured vast
numbers of cockroaches, scorpions, rats, mice, bats, and even snakes, although the
latter nbode chiefly in the roof. Notwithstanding the size of the house, every room
was speedily filled with the ants.  The good lady hastenced to fasten un her fresh meat,
fish, sugar, ete., in safes inaccessible even to the ants; and I was prompt to impart-my
experience of the efficacy of baptism by water in ridding a howuse of such pests. “Oh,"”
said she laughingly, “we know all that; but let them first have time to clear the honse
of vermin; for if even a rat or a snake be caught napping. they will soon pick his
bones.”  They had been in the hiouse but a very little while swhen we heard a great
commotion inside the walls, chiefly of mice carcering madly about and uttering terri-
fied squeals; and the ants were allowed to remain thus, and hunt over the house at
will, for three days and nights, when, having exhausted their legitimate game, they
began to he troublesome in the kitchen and on the dinner-table. “ Now," said Dona
Junnita, “is the time for the water cure’’; and she set her mnaids to sprinkle water
over the visitors, who at once took the hint, gathered up their scattered squadrons,
reformed in eolunm, and resumed their march. Whenever their inquisitions hecame
troublesome to my=elf during the three days, I took the liberty to seatter a fow sug-
gestive drops among them, and it always sufficed to make them turn aside; but any
attempt at a foreible cjectment they were sure to resent with tooth and tail; and their
bite and sting were rather formidable, for they were large and lusty nnts. For weeks
afterwards the squeaking of a mouse and the whirring of a eockroach were sounds uu-
heard in that house,

In their general economy and hehavior, the African Dorylini differ
but little from the Ecitonini, as ean be seen from various descriptions of
their marauding columns quoted in Prof. Wheeler's Report of the Congo
ants (pp. 46-49). It may, however, be noted that their armies are
apparently much more populous than those of the ecitons and also more
troublesome when invading human dwellings. A rather successful
method of keeping them away from inhabited places consists in making o
barrage of hot ashes across their highways.
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Whoever has seen the almost fabulous numbers of individuals in
the ant armies of the tropies ean have no doubts as to the benefit they
afford the vegetation by destroying eaterpillars and other noxiousinseets.
Stnee 1t 1s evidently the general impression that driver ants indiserimi-
nately destroy all ““ pests’ within their reach, I should like to eall atten-
tion to some curious experinients with Dorylini made by Swynnerton
(1916) in South East Rhodesia. His observations indicate how careful
one must be in applying general formule to the interrelations of living
beings. After giving an impressive account of the columns of driver ants
(Dorylus nigricans variety molestus Gerstiecker) which ““seize on any
potential prey, from a minute beetle to a cow, that is so foolhardy as to
approach theni,” Swynnerton deseribes with much detail his experi-
nments to ascertain whether any non-flying insects are safe from these
maratiders.  The unexpeeted conclusion was reached that these ants
=how strong preferences ‘‘readily taking some animals when they would
not take others at all, and when failing in their attacks on yet others.”
Among the insects left unharmed by the ants of one of the columns were
certain beetles (Mylabris, Epilachna) and eaterpillars (Admauris, Acrza).
A small sciarid fly (A pelmocreagis thoracica NMacq.) had been settled
on the ground right amongst the ants, neither taking any notice of them
nor drawing an attack. I captured and disabled it and placed it back
amougst then:, but tho numbers, I might say hundreds, inspected it,
often passing their antennz over it, all moved on and no attack whatso-
cver was made.” The eggs and very young larve of most Rhopalocera
experimented with were found to be quite unaceeptable to driver ants.!

Swynnerton’s experiments, however, do not materially detract from
the total of the highly beneficial activity of the driver ants which, in-
deed, are a blessing to all tropical eultures. As Vosseler (1903, p. 298)
states, “in a given time they destroy more insect vermin than all other
insect-cating animals (birds, lizards, turtles, {rogs, spiders, ete.) together,
since_they clean out to a certain depth the entire fieldinvaded by them.”’
The invasions of these Huns of the insect-world should be welcomed by
all agriculturists in tropical regions, even if their pugnacious character
and great muubers make them troublesome at times to human beings
and domestic animals.

In Europe, foresters generally believe, apparently with good reason,
that trees which attruct ants or are surrounded by ant nests are less

'Memnrs. Lang and Chapin inform me that. according to their ohaervations, driver anu are unableto
take hiold of the larvee of [2ermestes, evidently due to the abundant cualing of huirs and sleo to the manner
1n which these larvar ean bend their body. They [requently witnessed the unauccessful attempts of one
or evrn several driver anta to grasp a Dermestes lnrva.
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subject to the attacks of caterpillars and other noxious insects.! The
very populous colonies of certain species of Formica prove most valuable
in this respect.  Forel has calenlated that a large colony of the European
Formica rufa daily destroys at least 100,000 inscets. Certain plants
possess various organs, such as neetaries and inyrmecodomatia, which
are often utilized by the ants.  Whether these structures are
intended merely to allure the ants which would thus form a body-guard
to the plant, as Delpino and other botanists have believed, is a much dis-
cussed problem and will be considered more in detail elsewhere.

The protection afforded to the vegetation by many ants is so ¢vi-
dent that it has been employed by some of the most progressive agrieul-
tural people, sueh as the Chinese and the Malays.2 In Southern China
and Indo-China it is an ancient custom to place the nests of certain in-
sectivorous ants in the trees; in this way orange and mandarine trees
are said to be kept free from caterpillars (McCook, 1882). Such use
was recorded asearly as 1640, and Emery identified the ant in question as
(Ecophylla smaragdina, the common silk ant or red trec-ant of the Old
World tropics.® The Javanese of certain distriets use ant nests, again
probably those of Ecophylla, to protect their mango-trees from fruit-
boring weevils, Cryplorhynchus mangifere (Fabricius), and, in order to
give the ants a broader field for their activities, the various trees of a
plantation are conneeted by means of bamboos (Vorderman, 1895).4
The benefit derived from the presence of the predaceous GEcophylia is,
however, partly offset by the fact that these ants usually keep coceids
and peculiar caterpillars within their own nests, as shown by many
observers (IF. P. Dodd, 1902; Maxwell-Lefroy and Howlett, 1909, pp.
230-231; G. R. Dutt, 1912; Keuchenius, 1914a and 1914d).

Various attempts by agriculturists to make a more direet use of
protection by ants have not thus far proved very suceessful. Perhaps
many of these experiments have failed from lack of proper knowledge of

‘Ratzeburg, 1844, I11, p. 42; 1866, 1, p. 143; 1568, I1, p.429. Judeich and Nitsche, 1895, 1 n. 717,

2Popenoe (1921) haa recently called attention to the use of certain unidentified anta by the Arabs of
Yemen to combat insects noxious to date-palma. 1lle quotes P. 2, Botta (1841, * Relation d'un voyage
dana I'Yemen,' (Paris), p. 155] who says he verificd the fact and who eredits Forskal with baving first
ubserved it about 1764, ~ In rorskal’s posthummous work, however, edited by Niebuhr [1775, 'Deserip-
tiones animalium quiwr in itinere orientali observavit, "(Copenhague), p. 8:\l. under the name Formica
animosa the following rather obseure statement appears; ' Welcome to gardeners because of the useful
animosity with which it pursues the ' Dharr” ants perniciously infesting PAeniz darylifer. To this war
it is led by heaping up *Hem!" (came) excrement) as its imperial reward.” [ have been unable to find
additional information ou this subjeet in Nicbuhr's account of hia travela with Forskal in Arabia [in
Pinkerton, J., 1911, ‘A genersl collection of the best and most interesting voyages and travels.”
(London), X, pp. 1-221). .

IEmery, C., 1889, p. 15 of separate. Emery received his specimens {roin Bangkok. Dr. C. \W.
Howard recently sent Prof. Wheeler ants used for similar purposes by the Cliinese near Canton; they
slso belong to (Ecophyila smarasdina. i X X

¢In the Congo the ailk nesta of (Ecophylla are very [requently found in fruit-treeaand in coffec and
rubber plantations.
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ant benavior. The Guatemalan kelep-ant, Eetatomma tuberculatum
(Olivier), introduced some yvears ago into Texas for the purpose’ of
exterminating the cotton boll weevil (Anthonomus grandis Boheman),
apparently has not in any way helped control this ill-reputed pest.!
Solenopsis geminata (Fabricius), the “fire-ant” of the warmer regions
of the world, apparently is a much more powerful enemy of the boll
weevil (W. D. Hunter, 1907; W. E. Hinds, 1907). In certain parts of
Brazil, the ‘* formigas cuyabanas,” Prenolepis fulva Mayr,2are considered
very effective in fighting the leaf-cutting ants (“sadvas’™ or Attini),
though there secems to be but little foundation for this belief (H. v.
Thering, 1905 and 1917; A. da Costa Lima, 1916). I. v. Faber (1909)
claims that in Java ‘“‘a black ant, 3 to4 mm. long,” but not otherwise
1dentified, suecessfully controls the bugs of the genus Helopellis in cacao
plantations. Perhaps this is Dolichoderus bituberculatus Mayr, an ant
which, according to de Lange (1910) and Moorstatt (1912), is used in
Java to combat these same Helopeltis of cacao.

According to Rothney (1889, p. 355), two ants, Monomorium
salomonis (Linnzus) and Solenopsis geminata (Fabricius), are deliber-
ately introduced into warehouses in Madras to check the depredations
of white ants. *This practice is not uncommon in Northern India and
the natives of India arve familiar with the kind of ant which should be
brought in’’ (Maxwell-Lefroy and Howlett, 1909, p. 226).

Another serviee of ants which should not be overlooked by ecolo-
gists is their ceaseless activity in excavating, transporting soil particles,
and hastening the deeay of organic substances. Their multiple burrows,
extending in all directions underground, bring about a very thorough
ventilation of the soil and an easy and even distribution of moisture.
They comminute and bring to the surface a large quantity of soil and
subsoil, often from a considerable depth, and leave it exposed to the
weathering action of the meteorie agents. Furthermore, they introduce
into their subterranean excavations much organie matter which thus
more readily decays and in turn yields acids that act upon the soil.

Owing to the hidden habits and minute size of most ants, their
importance as geologic agents may be easily lost sight, of, especially in
temperate regions. In tropical and subtropical countries the result of
their toil is often mueh more apparent, though it rarely approximates

15ee various papers by O F, Cook (1004, 1903, and 1906) snd their eriticism by Wi M Wheeler
(1904, 19035a, nmrlvﬂﬂ). A list of ants known to prey on the cotton boll weevil in given by W, lierce
(1912, nn. 69 73

1Also ralled * formigas eearenses’ or * formioas paraguapas®; various other specien of ants are
accanionally taken for “cuyabanas.*
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that produced by termites. Only certain species of Formica in temperite
Europe and North America construct monund or hill nests of sufficient size
or number to attract much attention; with them, the accumulations
consist of a small part of excavated soil, most of the material being
gathered in the vicinity by the workers. The conical mounds of the
North American Formnica crsecloides sometinies reach a meter in height
and two to threc meters in diameter at the base, while those of the
Turopean F. rufa often are much larger (over two meters high and eight
to ten meters in dinmeter).

The crater-shaped or conical mounds of certain North American
harvesting ants are partly made of earth brought from underground
cxeavations. Those of Pogonomyrmex barbatus subspecies wolefagiens
may attain one to two metersin diameter and fifty centimetersin height,
while in the common P. occidentalis they are but little smaller and often
form extensive colonies (Headlee and Dean, 1908; Whecler, 1910).
Lschnomyrmex cockerelli, of the southwestern United States, surrounds
the entrance to its nests with huge craters, from sixty eentimeters to two
meters in diameter and from 0.2 1o 0.5 centimeters in height, built of
coarse desert soil intermingled with pebbles sometimes two centimeters
in diameter (Wheeler, 1910, p. 281).

The volume of material moved by some of the leaf-cutting ants
(Attini) of tropieal America is much greater than in any of the caves
mentioned above. H. v. Ihering (1882), Gounelle (1896), and Branner
(1896, 1900, 1910, 1912) have called attention to the importance of these
insects as geologic factors. In certain parts of Brazil the ant hills of the
sativa (Alla species, probably cephalotes) are so large and numerous that
they become a remarkable feature of the landscape. At one placein the
Rio Utinga region, in the interior of Bahia, where the forest had been
cleared away so that the mounds were visible, Branner counted fifty-
three of them within an area of 10,000 square meters.  Their bases cov-
cred close to one-fifth of the total space under consideration and their
voluine was estimated at 2225 cubic meters. The cubieal contents of the
mounds, if evenly distributed over the entire 10,000 square meters, would
have been 22.25 centimmeters thick. In this case, the height of the ant
hills varied from 1.2 to 4.5 ineters, with an average of 2.5 meters. These
were not the largest seen, for on the upper drainage of the Rio Utinga,
Branner measured mounds of leaf-cutters five meters high and sixteen
or seventeen meters in diameter at the base, cach containing about 340
cubic metersof carth. Theillustrationsin Branner’s latest papers (1910,
1912) remind one of strikingly similar landscapes with seattered termite
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hill in many parts of tropical Afriea (see Pl. XV). A\ considerable
amount of living vegetable matter is carried by the leaf-cutting ants
into the inner chambers of their nests, where it is cut up and worked in
their mushroom-beds; vegetable substance is thus rapidly transformed
into mineral matter and rendered available to new plant-growth.

True mound- or hill-building ants are not found in tropieal Africa;
many species, however, build small crater-shaped accumulations of
earth at the entrance to their nest. Those of the seed-storing Aessor
are often very conspicuous in the arid parts of the continent; their
craters sometimes measure a meter or more across and the earthen walls
may reach twenty-five eentimeters in height (Passarge, 1904, pp. 290-
205; see also the photograph of a nest of Messor species taken by Mr.
Lang on the Athi Plains, British East Afriea, Pl XXV, fig. 1). The
driver ants, when establishing their temporary abodes, often excavate
considcrable quantitics of soil, as is shown by Mr. H. Lang’s photograph
of a nesting site of Dorylus (Anomma) wilverthi Emery (PL. II).

The following chapters deal with many other activities by which
ants coinc into direct. contact with plants. They will further emphasize
the importance of ants in the economy of nature, in which they must
undoubtedly be regarded as the dominant insects (Wheeler). From the
narrow point of view of human interests, by far the greatest number of
ants are indifferent or negligible organisms, either hecause of their small
size and scarcity of their colonies, or because they avoid the vicinity of
man’s activities. With regard to the comparatively few species that are
of economie importance, “a consideration of all the facts forces us to
admit, with Forel, that as a group ants are eminently beneficial and that
for this reason manv species descrve our protection. Some of our species,
however, are certainly noxious, and these offer strong resistance to all
measures for their extermination, owing to the tenacity with which they
cling to their nesting sites, their enormous fertility and the restriction of
the reproductive functions to one or a few queens that arc able to resist
destruction by living in the inaceessible penetralia of their nests”
(Wheeler, 1910, p. S).

Ants as Agents in the Pollination of Flowers

In Knuth’s eelebrated ‘Handbook of Flower Pollination’ ants are
dismissed with the brief statement that they “frequently oceur as
ravagers of flowers, for which reason Leew has termed them dystropous.””

1 ngliah translation.  Oxfopd), 1906, 1, 5. 108,
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Perhaps even in temperate zones this is not entirely true, and it is diffienit
to believe that, in Umbellifer:e and other flower associations with freely
exposed nectar on which ants are most commonly met with, theseinsects
are not at least cffective agents of geitonogamy. In the tropics, more-
over, ants arc so abundant evervwhere that very likely they are of even
greater iimportanee as carriers of pollen, the more =o since many trees
and shrubs of tropieal forests bear flowers on their old wood on the very
highways of the ants, so to speak. One might even venture to suppose
that cauliflory is mainly of use to the plant in that the flowers are thus
placed within easy reach of pollinating ants. Indeed, the question as to
the origin and significance of eauliflory in tropieal trees and shrubs has
not thus far been satisfactorily answered. Wallace! regards it as an
adaptation to pollination by butterflies, which, he says, keep to the
undergrowth of the forest and rarely ascend to the erown of the trees.
Haberlandt (1893, p. 132) argues that many of the caulinary flowers
are dull colored and also otherwise hut little adapted to Lepidoptera,
and, from my personal experience in the Iturt forest, I must agree with
him. I cannot reeall a single instanee in which I saw caulinary flowers
visited by buttertlies and I greatly doubt whether Wallace’s explanation
was founded on actual observation. In Haberlandt’s opinion, caulifiory
is merely the result of a tendeney to a more complete division of labor,
resulting in a sharper differentiation between the assimilating and
the reproductive parts of the plant. Evidently A. F. W. Sehimper
(1903, p. 338) is alzo satisfied with a mere physiological solution when he
supposes that the frequent oceurrence of cauliflory among tropical trees
is due to a weaker development or slighter degree of roughness of the
bark.

The foregoing remarks will suffice to show that the relations hetween
ants and cauliflorous plants are worthy of further attention. In his
biological studies of tropieal flowers, H. Winkler (1906) enumerates a
number of plants in Camecroon which he asserts are pollinated by ants,
though he does not enter into details nor deseribe any adaptations of the
flowers to this peculiar mode of fecundation. It is interesting to note
that most of the species thus mentioned by Winkler are eauliflorous
trees or shrubs. The eacao tree (Theobroma Cacao) affords a classical
illustration of cauliflory, its flowers heing borne on both stem and main
branches; in this case G. A. Jones (1912), from his experiments earried
on in Dominica, West Indies, has reached the eonclusion that ants are
in all probability the chief agents of pollination.

11891, * Natural selection and tropical nature,” (London), p. 244.
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H. N. Ridley (1910, pp. 461—62) has made some interesting ob-
servations in Singapore on certain species of the anonaceous genus
Goniothalamus, notably G. Ridleyi King, which produce their flowers in
mas=es at the base of the tree.!

The flowers are of large size and dull reddish in color.  They are almost invariably
covered by a nest of very small black ants, which pile up powdery soil all over them,
<o thnt they are often quite concealed. It would, I think, be difficult for 1 bee or
other inscet to get to the honey of these flowers through the nest, yet I think no species
of the genus fruits so regularly or heavily as does Goniothalamus Ridleyi. That the
ants are distinetly attracted by the flowers, is elear from the faet that the flowers
from the trunk which are too high up for the ants to eover with the nest are generally
densely covered by a swarm of the insects. Owing, however, to the minuteness of the
ants and the difficulty of making observations in such a mass of them, I have been
unable to definitely decide whether the ants do aetually fertilize the flowers by con-
veving the pollen from one to the other, but I can not sce any other way in whieh the
fertilization can be effected. The ants generally throw up the mounds over the flowers
before the buds open, as if in anticipation of the honey within the flowers. In most
species of the genus the flowers are horne on the branches or upper part of the stem,
and are brighter in color, white or orange, and these are not haunted by ants, but
doubtless fertilized by hymenopterous or dipterous insects. If the flowers of G.
Ridleyi are, as T believe, fertilized by ants, their position at the base of the stern may
be taken as a modification to that end. This, however, could not be elassed as
symbiosis, but rather as a modification for fertilization, as the main nest of the ants is
appurently always underground near the tree.

Ants and Extrafloral Nectaries

Under the tenn “extrafloral neetaries” botanists include all glands

secereting saccharine substances located on the vegetative organs of
plants, while the “foral nectaries® are similar nectar-seereting glands
found on parts of the flower or of the inflorescence.? There is still con-
siderable discussion as to the true significance of nectaries.  In this con-
nection it 1s rather interesting to observe that all earlier botanists re-
garded even the floral uectaries as having a physiologieal function.
Some believed that the saccharine seeretion accumulated in the flowers
served to feed the emibryo; others considered the nectaries as exerctory
organs, clitninating waste substances of no further use or perhaps even
noxious to the plant. In later years the majority of naturalists have
uccepted none but an ecological explanation.  That the neetar glands of

1ML S, Pyana (1871) has deseribed cross-pollination by thesus of ants in an unoamed rubinceoun
shirub on the coast of Natal.
Mslpino (1574 and 15757 propose 1 to reolare tlume teriny with “exirnnuptind® and “nuptinl*
nectaries reapectively, A neciary’ was origit a'ly defined by Linnacuas (3701, * Philosophiia botanic
» 53),nn thal pard of the flower which pr sddoces the lnev: “nectyrium, para mellifeea flory propria
“sage han exlended the meaning of the word to apply to all glands of the plant producing sweet exere-
tions  Caspary (1548, Denetariis,” Fherlodd) uppucrently hrat made Hie distinetion hetween floral nnd
cxtralloral ne turies  Tha b sto rical side of the questi 0 hins been folly: treated by G Bonnier (1530).
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flowers attract pollinating inscets, which in turn assure or greatly facili-
tate cross-fertilization, is too well established a fact to be doubted. It s,
however, by no means certain that these floral neetaries are not at the
same time more directly useful to the plant in a physiological way:.!

Ants are frequently seen busily visiting the extrafloral nectaries of
certain plants. They are, for instanece, seldom absent from the large
stipular glands of certain snecies of Vieia (V. sepaum, V. sativa, and V..
Faba) in Europe (sce Rathy, 1882, pp. 29-36; Hetschko, 1908). In
North America the stipules of some species of Cassia are especially at-
tractive to these inseets. In the Belgian Congo, I have taken numbers of
ants, together with many other Hymenoptera and Diptera, as they were
sucking up the sweetish fluid secreted at the base of the leaf-blade of
Urena lobata variety reticulata Guerke, a very eommon weed in native
villages and cultures.? The foliar neetaries of several Javanese specices of
Hibiscus are also very inviting to ants (Karnicke, 1918). It is on
similar observations that Delpino (1874, 1875, 1879), A. F. W. Schimper
(1888), and Kerner von Marilaun (1876) based their ecological inter-
pretation of extrafloral nectar glands. The following passage from Del-
pino’s earliest paper (1871, pp. 237-238) may be reproduced in full,
as it sums up his views:

What then is the funetion of the extranuptial nectaries, which are found on the
canlinary leaves, on the bructs; and on the calyx? Though I reserve for another
paper the publication of v studies of such and other extradichogamic relations
between plants and inseets, I do not hesitate to announce now that the ehief funetion
of these nectaries is to place the ants, wasps, and Polistes in the position of sentries and
guards, ta prevent the tender parts of the plant fromn being destroyed by larvar,
Where mutts and wasps are present, larve cannot exist beeause they will be devoured.
Thus eertain plants have adopted the same means of defense and bait that we sce
uscd by the tribe of aphids, eoceids, Teltigometra, and other eicadellids, which spon-
tancously place themselves under the nowerfil protection of ants. Still another func-
tion, though a subordinate one, can sotnetimes be earried on by the above-mentionesd
nectaries. namely that of keeping the ants from the nuptial nectaries by detaining
themn at the extranuptial nectar glands.  Indeed we can ascertain the noxious effects
of ants when they succeed in infesting the flowers. In the first place, ants have seden-
tary habits, reinaining motionless for whole hours on the same flower: therefore, they
are of no use in diehogamy. Seeondly, ants are objects of fright and aversion to the
natural pollinating insects of the plant, as for instance, flies, butterflies, and becs;
hence, their presence on the flowers renders useless the dichogamie devices of these
plants. 1 have repeatedly observed bees and bumble-bees avoid visiting flowers
when they saw ants there,  Which all makes it elear how plants under given cireum-

'G. Bonnier (1879, p. 206) after a erilical study of the subjeet, from an anatomics] and a physiologi-
cal viewpoint, concludes: ** The nectariferons tismies, whether floral or extrafloral, whether or not pro-
ducing a liquid externally, represent special food reserves directly connected with the life of the plant."

*See my notes on this plaut in Rev. Znol. Afr., I11, fase. 1, 1013, p. 3.
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stances may find great profit in producing extranuptial nectaries, either to secure
permanent and bold guards against the invasions of larvie or to lure the ants away
from the flowers.

In some of his later publications Delpino has even proposed that all
plants with extrafloral neetaries be regarded as myrmecophytes, and has
followed this course in his elaborate ‘ Monograph of the Myrmecophilous
Function in the Vegetable Kingdom’ (1886-1889). Such an extreme
view has not been accepted by many other naturalists, probably beecause
1t would extend the coneept of myrmecophytism to include a very con-
siderable portion of the world’s flora.

. F. Schimper and Kerner von Marilaun fully endorse Delping’s
theory and endeavor to give further evidence in its support. Kerner,
forinstance, has a clever explanation of how the involueral neetar glands
of certain Compositze attract ants which defend the capitula against
voracious beetles.* He has also built further on the idea that the extra-
floral nectaries keep ants away from the flowers where they would come
as “‘unbidden guests’ to feed on the floral nectar without aiding in cross-
pollination. He claims that ants elimbing the plant thus find on their
way up an ample and readily accessible supply of honey, and conse-
quently do not trouble to go to the flowers.

Many objections can, however, be raised to Delpino’s theory. First,
niyrmecologists will not readily admit Kerner's supposition as to the
limitation of the ants’ feeding propensitics. As a matter of fact, these
inseets are sometimes found inside flowers of various types, and fre-
quently =0 on those¢ with freely exposed nectar, such as the Umbelli-
fere. In tropical regions at least, as I have suggested above, they
should not be wholly disregarded as pollen earriers. Secondly, observa-
tion shows that the extradoral nectaries, while present in a great number
of species, ire in many of them seldom if ever visited by ants. Thirdly,
the visitors of extrafloral nectar glands especially attractive to inseets
frequently do not consist of ants only, but inelude variousother Hymenop-
tera, Diptera, and Coleoptera, which are by no means deterred by the
ants.? And lastly, it has not been sufficiently well established that the

0. F. Cook’s papers on the "“keleps' ant offer a typical example of the lengtla to which * myrme-
cophilam’ may be carried by certain naturalisis.  According to this author (1004 e, p. 660) the cotton-
plant of enatern Guatemals has, through its extensive aystem of extrafloral nectarien, secured theactive
couperation of the kelep or wecvil-eating ant, Kctatomma tuberculatum (Olivier), against the boll weevil!

“The nectar glanda al the involucral bracts of certain Compasiter have been Further investigated by
v, Wettatrmn (I588) and lictachko (1007). The last-named obscrver found that the sweet excreting
bracts of the Luropean Cenlaures moniana Linna-us are visited not only by anta (Al yrmics lrvinodia, M,
ruginogis, and Lastua niger) but alsn by other Hymenoptera (Apide, V eapudar), Diptera, and Coleoptera.

Hetachko (100N) gives a list of the vimtors he obmerved at the stipular nectarien of Vicsa astira
Lanmseus. 1t includes, 1n aeldition 10 four ants (Formica rufa, F. runoartrs, Lasius niger, and Myrmica
tarminodis), 21 apecies of llymenvotera (6 Apide, 4 Vespnda, 2 Sphegoides, 10 Ichneumonida, and 2
Tentheadinidm), 21 of Dipters (S Syrphide, 12 Mus-ide, and 1 Hibhonida), € of Coleoptera (3 Cantharl-
dae, 2 laterida, | Phalaerida, ana 2 Coecinellidr). and 1 of llerniptern.
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presence of the “Dbody-guard” of ants actually favors the species or
individual plant on which they are found, though it cannot be denied
fhat, when present in large numbers, they give to the plant a certain
amount of protection.!

The so-called “food-bodies’ of the myrmecophytes Acacia sphero-
cephala (Beltian bodies) and Cecropia adenopus (Mullerian bodies) are
probably also of glandular origin (F. Darwin, 1876); they are described
in my synopsis of the myrmecophytes (p. 503). Such structures are by
no means restricted to certain typieal ant-plants.  Leea htrsuta Blume, a
common Javanese bush of the family Ampelidaces, produees spherical
excreseences on the tender parts of the plant, in abundanee on the
young petioles, also on the young leaf-blades near the midrib and on the
stem of young shoots. These glandular bodies, about 0.7 mm. long,
consist of an outer kayer of small eells enclosing much larger cells filled
with oil drops and albuminoid granules. They arc eagerly collected by
ants and consequently often difficult to find on the plant (Raciborski,
1898). A similar ease is that of Plerospermum javantcron Junghuhn, one
of the Sterculiacese in Java, which bears in its funnel-shaped stipules
minute food-bodics also eollected and carried away by ants (Raeiborski,
1900). In both these eases other species of the same genus lack these
food-bodies completely. Since neither Leea hirsuta nor Plerospermum
Javanicum possesses myrmeeodomatia, they could not well be regarded
as true myrmecophytes, no more than the many plants which are
merely provided with extrafloral nectaries. Their case offers a suggestive
comparison with the Mullerian and Beltian bodies and weakens the
argument that the last-named growths are myrmecophilous organs eon-
nected with the presence of ant-dwellings in Ceeropia adenopus and
Acacia spherocephala.

It thus secems that, from the point of view of the myrmecologist,
extrafloral nectaries and “food-bodies” are little more than additional
sources of food which ants are so keen in detecting and in exploiting to
the very limit. All ants are fond of sweets and this is espeeially notice-
able in species with a vegetarian or semi-vegetarian diet. In many eases
the sugary juices are absorbed so eagerly by the workers that their erop
distends considerably and the gaster is temporarily inflated to a size
entirely out of proportion to the rest of the hody. Extreme instanees of
the kind are the so-ealled “honey ants” of the arid plains and deserts
of North America, South Africa, and Australia. In certain ants of these

*A comprehensive criticism of Dclrinn's theory of extrafloral nectaries has been given by Mrs, M.
Nieuwenhuis von Uskull-Gtldenbrandt (1907).



HeAp Wheeler, Anis of the Belgian Cong 355

regions some individuals of the worker caste have developed into a special
form of **repletes,” whieh aet as living reservoirs of liquid food for the
purpose of tiding over periods of scareity. Their “honey” is obtained
from the exerctions of various Hemiptera (sce p. 336) and the sweet
exudations of different plant organs and cven of certain galls. A few
yvears ago Wheeler published a complete account of the honey ants
(1908b and 19106, pp. 361-377), to which but little can be added at
present.

Repletes have been deseribed for the Afriean Plagiolepis trimenii
Forel! discovered by Hutehinson in Natal. They are 6.5 mm. in
length, of which the head and thorax together measure only 2 mm., and
are said by Forel (1895) to have their gaster “distended with honey,
like a round eyst, transparent, as large as a hemp seed, on which the
chitinous laminze of the segments appear like islands. The anterior
portion of the first segment has a hollow depression into which the
petiolar seale fits.  With the aid of a lens it is possible to distinguish,
below and behind, the stomach and gizzard with its reflected ealyx, both
of them displaced and flattened against the gastrie wall.”” The gaster
in thesc repletes is, according to the same author, nearly as fully dis-
tended as that of the North American Myrmecocystus melliger, and
locomotion must be almost impossible for this insect.

"T'he habit of using some of the members of the colony as honey pots
will probably be discovered in certain other ants of the African deserts.
Among other speeics it may be still in an ineipient stage, as, for instance,
in the case of Acantholepts arnoldi Forel in Southern Rhodesia. The
nests of this ant are found in loose, sandy soil in the hottest plaees.
They sometimes eontain workers with gaster eonsiderably swollen, as
long as the head and thorax together, but not so rotund as in the re-
pletes of Myrmecocystus or Plagiolepis trimenii (Arnold, 1920, p. 564).

Dispersal of Sceds by Ants
That certain ants gather seeds and preserve them in special granaries
in their nests has been known since very ancient times. There are
frequent allusions to harvesting ants, and even more or less aecurate
accounts of their activitices, in the writings which have eome down to us
s

from the older civilizations along the shores of the Mediterranean.?
Yet such keen myrmecologists of western Europe as Latreille and P.

A 1’lagiolepis decolor 'mery, a very clonely allied South Afriean apecies, s, acconling to Forel, also a
oncy ant.
TThese okl accounts are given in the works of Moggridge (1873, pp. 3-11) and McCook (1579s, pp.
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Huber, unacquainted with the spectacular sced-storing habits of certain
southern ants, discredited the assertions of the ancient writers.
Though Sykes (1835) and Jerdon (1851) in India and Buckley (1861a)
and Lincecum (1862) in North America had actually observed certain
ants colleeting large quantities of seeds, it needed the careful investiga-
tions of Moggridge (1873) in southern France and of McCook (1877 and
1879a) in Texas to dispel the skepticism of modern entomologists.

It is only more recently, however, that naturalists have come to
appreciate the general importance of ants as seed distributors. Their
role in this respect seems to have been first realized by Kerner von
Marilaun (1895, pp. 866-867). Later F. Ludwig (1899, p. 38) definitely
asserted that “ants do not only aid in scattering plant seeds, hut that
they play a prominent part in the dispersal of the indigenous (European)
vegetation.” In Sernander’s comprehensive ‘ Monograph of European
Myrmecochores’ (1906b) one finds a detailed and critical history of the
subject, together with an iinmense array of new and interesting observa-
tions. His conclusions show that in Kurope a great many grasses and
herbaceous plants rely alimost exclusively, or at least to a large extent,
on certain species of ants for the successful seattering of their seeds.
Many of the mnore common ants, belonging to such ubiquitous generas
Formica, Lastus, Tetramorium, and Myrmica, gather seeds of various
plants more or less consistently. To the phytecologist these widely
distributed ants are perhaps factors of greater importance than the true
harvesters. The latter, to be sure, are more spectacular in their per-
formances, but they are restricted to certain desert or semi-arid regions
and are evidently extreme cases, remarkable for the huge quantities of
seeds stored in their granaries.

The ccological significanee of seed-transporting ants can only be
adequately realized upon closer scrutiny of the actual results of their
activity in thisline. Sernander’s calculations, though based on moderate
figures, show that the amount of sceds carried about by ants must be
considerable. He found, for instance, that a single colony ot Formica
rufa transports during one season about 37,000 seeds and fruits. Obser-
vation also discloses that the seeds are in this way conveyed appreciable
distances (100 to 200 feet) from the mother-plant. On their foraging
excursions ants frequently drop or lose sceds along the road.  Further-
more, many of the seeds finally stored in the recesses of the nest are
sooner or later cast out near the entrance along with chaff and other
débris from the ants’ houschold, and a number of them are still able to
germinate.  Finally, with further investigation, the number of myrme-
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cocliores, or specics of plants whose seeds are garnered by ants, inereases
steadily.!

One might reasonably surmise that in tropical countries too ants will
be found to be cfficient agents in the dispersal of the seeds and fruits of
many species; but, as yet, this side of tropical ant behavior has been
barely touched upon. O. Kuntze (1877, p. 24) mentions incidentally
that in South Ameriea he saw ants earrv off the seeds of papaw-trees
(Carica Papaya Linnztus). R. H. Lock (1904) gives a short account of
the dispersal in Ceylon of Turnera ulmifolia Linnzus by ants (Pheidole
spathifera Forel) which are apparently attracted by the arillus of the
seed. More recently, W. and J. Docters van Leeuwen-Reynvaan (1912)
have carefully investigated the scattering of the sceds of Dischidia
Rafflestana Wallich and D. nummularia R. Brown, which are common
epiphytes in Java. The pappiferous sceds of these Asclepiadacea beara
narrow, white caruncle of thin-walled cells filled with fatty and albumi-
nous substanees. When the fruits are ripe, they split open and theseeds
arc carried away by the wind; if they lodge on a branch or trunk, they
germinate when sufficiently moistened, but sueh seedlings do not develop
into adult plants.  Plenty of healthy seedlings can, however, be found
in the galleries of Iridomyrmexr myrmecodiz Emery, an ant which builds
its nest on and in the bark of trees. Moreover, this ant has been seen
in the act of transporting Dischidia seeds, to which it was probably
attracted by the caruncles. These minute ants, being unable to grasp
the sced itself, pull off the longer, fragile hairs of the pappus and by
meansof the shorter, stronger hairs, drag the seed into a slit in the bark or
among the roots and stalks of other Dischidiz. It may be noted that in
Java the pitcher-shaped leaves of these species of Dischidia® are usually
inhabited by the same Iridomyrmex, so that this is perhaps one of the
clearest examples of true syimbiosis between ants and plants. It would
be important to investigate further whether the ants actually feed on the
caruncles.of the sceds. The case of Disehidia also suggests comparison
with the “ant gardens’ of the Amazon, which are considered in more
detail elsewhere (p. 365).

Cle (1900, p. 123) records finding the pea-sized secds of Tpomaa
pes-caprae Linnnus Iving in long rows on the sandy sea-shore at Copaca-

18peaking of the ancd-transport by Messor barbarus in Arbe, an 1sland in the Adriatic Sca, F' Neger
(19104, p 130} writes: ™ 1f ono woukl draw up a list of all the planta whose seeds of (ruits aro carned by
Meas0r 1ito 1ts nests, this list would almost be cquivalent to an enumerntion of the fonering planta
occurning on the ialand **

’l(ncﬁey (1911, pp. 462 -405) concluden that ). Raflenaria rannot be regarded as & true myrme-
cophyte, but the relations between the ants and the sede of this plant escaped his notice, so that the
qQuostion will bear atill furthier atudy.
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bana, near Rio de Janciro; he saw leaf-cutting ants (Attini) moving
along, cach carrying one of the seedsinto ahole. It would thus scem that
the Attini also store sceds in their nests or perhaps use them in their
fungus gardens.

H. Winkler's (1906, pp. 236-237) statements concerning the dis-
persal of seeds by ants in Cameroon do not enter into much detail and
merely show that the role played by ants in this respect in tropical
Africa should not be disregarded. He says that in the dispersal of “ num-
erous dry fruits withsmallseeds, antsare undoubtedly also ot significance,
since no spot in the tropical Rain Forest is free from these inscets. T
have almost always found that the arilli on dropped seeds of Blighia and
other Sapindacc:e had been eaten away by ants. I have, however, never
seen flower-gardens (due to ants) in Cameroon.”

Harvesting Ants

The reader will find a complete review of this fascinating subject
in the chapter devoted to harvesting ants in Prof. Wheeler’s ant-book
(19105, pp. 267-293). The following account, therefore, will deal with
what little is known at present of the sced-storing ants in the Kthiopian
Region.!

The typical Old World harvesters of the genus Messor are at home
in the desert and semi-arid parts of the =outhern Palearctic, of the
Ethiopian, and of the Indian Regions (Map 45). 1t is noteworthy thatin
Africa these ants, though widely distributed over the dry parts of the
continent, avoid the moist West African Region (Engler’s Western
Forest Province), where seed-storing on a large scale is rendered practi-
cally impossible by the great moisture which prevails throughout the
year, or at least for long periods, and would soon cause the stored
seeds to sprout. Though Messor occurs as far north as Mossamedes and
Bulawayo, as far west as the Great Rift Valley, and has recently been
taken at Fort Crampel, French Congo, it has not been recorded from any-
where within the Congo Basin; yet it is not immpossible that some of its
forins might be found in Katanga. In East Africa this genus has the
same general habits as in the Mediterranean Region (sce Moggridge,
1873), as far as can be gathered from Sjostedt’s account of Messor
cephalotes Emery, observed by him at the northern foot of Mt. Kiliman-
jaro:

:Additional observations on the harvesting ant Veszor barharus subspecies meridionalie (Ern.
Andre), in Marcedonia, have recently been published by F. D. Doflein (1920).
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At several spots one eould see cleared spaces amidst the dry grass where every
grass-stalk had been removed and the red-brown soil lay open to view, plane and clean
as a well-attended garden plot. Such places were somewhat variable in size, mostly
up to about G paces across and nearly circular. Heaps of fine grass-stalks cut to pieces
ione to several liters; often 2 to 3 em. long), together with grass panicles, were Iying
around. Scattered ants were wandering all over the place, the soldiers being especially
striking on account of their big heads. The cleared place showed a large entrance,
often more than finger-wide, into which the ants were dragging the stalk cuttings;
more in particular I saw soldiers disappear with such cuttings through tle entrance.
The largest space I saw was S paces in diameter, with 4 or 5 separate entrances, one
of which was larger than the others (as is the rule when there are many) and sur-
rounded by an irregular, funnel-shaped depression, 15 to 20 em. deep. The heaps
of stalks, elsewhere clean and {ree from earth, were in this case mixed with soil and
did not look as clean as usual. There were also holes in places along the path, into
which the ants were dragging grass-stalks cut to pieces.” (Mayr, 1907. pp. 14-13.)

E ok

" 45 “« ” ¢

Map 40, Distribution of Messor, a genus of harvesting ants. A subspecies of M. barbarus has
recently been described {rom Fort Archambault, at about 9° 5° N, 18° 35" E,

Figure 1 on Plate XXVI represents one of these nesting sites of
East Afriean Sfessor from a photograph taken by Mr. H. Langin the Athi
Plains, British East Africa, during the R. Tjiider Expedition (July 1906).
It isinteresting to learn from Sjostedt’s experience with Messor cephalotes
in East Africa and that of Neger (1910a) with . barbarus in southern
Europe that eertain species of the genus Messor are leaf-cutting. What
use these ants may have for the plant cuttings in their nests is as yet
unknown,
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According to K. Escherich (19112, pp. 48-51) Messor barbarus in
Eritrea stays within its nests in the daytime, coming out in nunmerous
columns after sunset to cut off panicles of grass and colleet seeds, which
are taken home; often pellets of earth or little stones are earricd away
by mistake. A few workers were also dragging bulblets of a Cyperus,
probably C. bulbosus, which are in this way effeetively scattered.!

The genus Pheidole, abundantly distributed over all tropical and
warm temperate regions of the world, is so closely allied to Jfessor
that both have been included by Eimnery in one tribe, the Pheidolini,
which also contains many other harvesting genera (Oxyopomyrmer,
Goniomma, Novomessor, Veromessor, cte.): thus the seed-storing he-
havior is to some extent rooted into the phylogeny of the group. Certain
Indian Pheidole, such as Pheidole providens (Sykes), are famous as harves-
ters, and many other inembers of the genus are also more or less granivo-
rous. Mr. H. Lang and I discovered a typical sced-storing species,
Pheidole saxicola Wheeler, in the Lower Congo. At Zambi the nests
of this ant were placed in the interstices of stones on a rocky hill as
shown on Plate VII and deseribed by Mr. Lang in his field-notes (p. 139).
From the dechris, heaps of chaff, and rejected sceds thrown out by the
ants and accumulated near the entrances of the nest, it was scen that
the sceds gathered by this Pheidole belong chiefty to a few common
grasses, such as Chiorts polydactyla Swartz and various species of Andro-
pogon. Concerning the genus Pheidole, Arnold (1920, p. 416) remarks
that the South African speeies “are omnivorous, with a marked fondness
for sugary substances, but some species, e. g. excellens, crassinoda and
arnoldi, are mainly graminivorous, harvesting the seeds of grass in the
samme way as the species of Messor.” P. zocensis Forel and its variety
bulawayensis Forel are also mentioned by Arnold (1920, p. 445) as being
““at least partly graminivorous, as the nests contained accumulations of
grass sceds.”

According to Arnold’'s observations, the commonest harvesters in
South Afriea are various forms of the genus Messor and certain species of
Tetramoriwm. In his ‘Monograph of the Formicide of South Africa’
(1920, pp. 409—110), he writes of Messor capensis subspecies pseudo-
egyptiacus (Emery) as follows: “This variety is very common in the
neighborhood of Bulawayo. It is eminently a harvesting ant, usually
collecting the seeds of one particular kind of grass. The rejected husks
of these seeds are deposited in a cirele all around the entrance of the nest,

sThe bulblets of Cyperus bulbosus Vahl and C. esculentus Linnxus are alao oceasionally eaten by
certain African natives,
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one-half of the circle being generally deeper than the other, which may be
due to the prevailing winds. These rubbish heaps when made by a
populous eolony sometimes reach very large dimensions, eovering as
much as one square foot of ground, and from one to three inches deep.
The site of such a nest is very plainly indieated by these accumulations,
since the husks are bleached almost white by the action of the sun.
The nests of this ant appear to be very free of myrmecophilous inseets
and even the ubiquitous thysanuran is rarely to be found in them. The
ants appear to have definite foraging grounds, to whieh aceessis obtained
by well-marked and smooth paths leading from the nest in various diree-
tions.””  Tetramorium setuliferum Emery he deseribes (1917, p. 291) as
*‘a harvesting and graminivorous species. The entrances to the nests
are often surrounded by small accumulations of husks of a grass seed.
These heaps are smaller than those of Messor, and much less tidily dis-
posed.”

The ponerine ants are well known for their predaceous habits and
highly ecarnivorous diet. Yet one at least of these ants, the common
African Euponera sennaarensts (Mayr), is to a large extent granivorous.
Arnold (1913, p. 13; 1915, p. 7) found that the nest of this speeies in
Rhodesia ““often eontains eonsiderable aecumulations of grass sced
which may be used as food,” though this ant is also a keen hunter of
termites. Similar observations have teen made on this speeies by K.
Escherich in Abyssinia (Forel, 1910, p. 245) and by myself in Katanga
{Bequaert, 1913, p. 421).

There is little doubt that certain ants derive at least part of their
sustenance from the seeds which they earry into their nests.  Yet it is
by no means clear how they manage to utilize the various amylaccous,
nitrogenous, and oily substanees contained in the sceds, cither for their
own nourishment or as food for their brood. In the ease of the many
widespread species whieh use seeds only in small quantities, as an addi-
tional food supply, it would secem that the earuncle alone is bitten off,
neither the coats of the sceds nor their contents being touched. This is,
however, not the ease with true harvesters, some of whieh have become
almost purely granivorous and, as a rule, remove the entire kernel of the
secd. In his experiments with a colony of Messor structor kept in an
artificial nest, Emery (1899 and 1912b) found that this ant would more or
less readily accept cooked or dried meat, various fresh mushrooms,
husked rice, a variety of ripe and unripe seeds, plant buds, bread, and dry
vermicelll.  These substances would all be to a certain extent triturated
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hetween the mandibles, and finally a large or small quantity of residue
would be dummped out of the formicary; but the ants steadily refused
raw starch.

Smery also made some feeding experiments with a colony of ) essor
barbarus minor kept in an artificial nest of the Janet pattern. He found
that this ant is less oninivorous than M. structor. It shows a predilection
for dead inseects; sceds rank only sceond in its choice, though they often
constitute its principal food. When a ripe, dry, and unsprouted grain
ot wheat is offered to this species, the ants carry it into their nest and
sooner or later gnaw off the embryo, always beginning to eat the grain
at that end. This curious habit was even known to the ancient writers
(Plutarch and others) who consequently attributed to the harvester
ants a most wonderful instinet of preventing the sproutingz of the grain by
removing the germ. Emery, however, has shown experimentally that
this 1s due merely to a matter of taste or gluttony manifested by the ants
for this daintiest part of the grain. He believes that the ants mutilate
the radicle of sprouted seeds for a similar reason, though he admits that
this behavior may he of a more complicated nature.

Harvester ants can thrive perfectly on unsprouted grain, as shown
by Emery’s experiments, but in most eases they allow a partial gennina-
tion of the seeds before using them as food. Neger (1910a) found that
most of the seeds whieh Messor barbarus places in the sun near the en-
trance to its nest are already partly sprouted; these sprouted seeds are
earefully removed from their envelopes and are only carried back into
the formicary when thoroughly dry; under such conditions the germ
plants arc evidently killed. It has been supposed (Moggridge) that the
ants allow the sceds to germinate in their nests so the starch will be con-
verted into grape sugar, the whole procedure being somewhat eompar-
able to the malting of grain. Neger, however, discards this explanation
because he found that in the sprouted secds which are placed to dry in
the sun the process of germination was not sufficiently advanced to
convert any large quantity of starch. He believes, therefore, that the
practice of altowing them to sprout has no further purpose than to facili-
tate the removal of the coatings, which are sometimes very hard to
detach from ripe seeds; on sprouted seceds, these envelopes split open
and are then easily pealed off by the ants.

Neger has alzo investigated what happens to the germinated seeds
after they have been taken back into the formiearies. He found that, at
certain hours of the day, the ants earry out of the nests sinall, shapeless,
pasty massces of a brownish-pink eolor, whieh are left to dry in the sun.
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When earried out these masses are soft, damp, and bitter to the taste;
their size varies from that of the head of a pin to that of a grain of
pepper.  Mieroscopie examination shows that they consist of com-
minuted parts of seeds, plant hairs, fibres, pollen, ete.! Neger calls these
pastymasses ‘ant-bread-crumbs’ and, although he never saw them being
transferred, he supposes that they are eventually carried back into the
nest by the ants. In a nutuber of these erumbs he found spores and
my-celium of a mould which he identifies with Aspergillus niger, having
also obtained this fungus in a number of cultures made with fresh “ant-
bread-crumbs’ taken from worker ants. He formulates the hypothesis
that the amylolytic and proteolytic action of this mould may help to
render the erinnbs more readily digestible o that they can be fed to the
young as “larva-bread.”

Emery (1912) completely rejects Neger’s supposition that the
starch and aleurone of the seeds need to be prepared by a ferment hefore
being fed to the larvae. He offered his colony of AMessor barbarus minor
wheat-paste made up in the torm of small rings and found that this sub-
stance was readily accepted by the workers, who earried it into the
moister part of the nest. There the rings were malaxated for some time
and divided into small, twisted pieces, more or less irregular in shape,
which were finally dumped into the drier echamber of the nest and never
touched again by the ants. Iragments of this paste were also presented
by the workers to the larve, the largest of which applied their mouth-
parts toit just as to other food. Emery determined the weight and starch
contents of fifty of these paste rings before anc after malaxation by the
ants. He infers from his figures that the workers either digested or fed
to their larvie at least 7.3 per cent of the starch and that they consumed
also an unknown quantity of nanamylaceous substances, probably pro-
teids;: the latter he regards as a much more important aliment than the
stareh.

This brief consideration of the feeding habits of harvester ants may
be properly coneluded with Emery’s remarks concerning the ethological
significance of granivorous behavior among the Formicide:

The granivorous ants are derived from inseetivorous ants.  They represent an
adaptation to the climatic conditions of dry prairies, steppes and deserts.  When,
owing to the sumimer droughts, inseects beeome searee and are no longer sufficiently

nunierous (o satizfy the needs of the ants, the granivorous speeies substitute the living
but dricl] seeds of plants, but at least the species 1 have ohserved will not refuse any

"The cotposition of thene pasty msxacs SEREests greal similarity with the sn-llq—h found in the infra-
bureal pockels of many anis  Part of Neger's “ant-breml-crumba ** mny well hbave conninted of such
tnfrnbucenl pelleta, whick, after heing regurgitnted by 1he anis, were merely discaniled outside the nest
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inseets that may be obtainable, The sceds, however, have the very great advantage
that they keep for a long titne; they can be accumulated in granaries, thus providing
abundant provisions, not exactly for the winter, as the ancient sages maintained, but
in general for any periods of searcity.

Ants and Epiphytes

Wherever in tropical and warm temperate regions the continued
dampness of the air allows plants to thrive without being dependent on
the soil for their water supply, epiphytes or air plants become an im-
portant and often very striking featurc of the vegetation. They are
especially abundant in the humid rain forest and are at their hest in the
mountain cloud forests of the tropics. The roots of these plants, boring
into the many crevices on the tree’s surface and retaining in their net-
work decaying vegetable matter, rapidly loosen the outer layers of the
bark and accumulate a cover of humus, affording favorable ecological
conditions for a great variety of animals. Ants have not failed to recog-
nize the nesting facilities here offered them by the many nooks and the
uniform moisture and ventilation of this aerial root system. Indeed,
the botanical collector in the tropics soon learns of the partiality of ants
to the cover of humus on trec bark among and beneath the epiphytes.

Though the cthology of the various ants that live with cpiphytes
has been but little studied, there are a number of observations to show
that theinterrelations of these organising arenot alwaysmerely aceidental
but have in soine cases produced reciprocal adaptation. The reader is
referred to the Synopsis of Myrmecophytes (p. 494) for an account of
the epiphytic Myrmecodia, Hydnophytum, and related rubiaceous genera
which habitually harbor ants in the tubers of their rhizomes; similar
pseudobulbs, inhabited by ants, are also known for a number of cpi-
phytic ferns (p. 497.)

Ridley (1910, pp. 466—470), from observations in Singapore, has
called attention to the fact that ants, mainly of the genus Dolichoderus,
scem to be of considerable importance to the growth of certain epiphytic
orchids. As soon as these plants start to grow, the ants bring up soil
trom the foot of the tree and fill the spaces between the roots, thus con-
structing shelters in which they raise their brood. This soil supplies
nutritive substances to the roots and also keeps thein cool and moist.
IFrom a comparison with young plants grown under different conditions,
it would appear that the presence of ants among the roots is distinetly
advantageous to the epiphyte, since seedlings not infested by ants are
much weaker and suffer mnore from the drought. Though certain epi-
phytes, such as the orchid Dendrobiwm crumenatwm Swartz and the ferns
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Asplentum nidus Linnaeus and Platycerium biforme Blume, are apparently
more attractive than others to ants, Ridley does not mention that any of
these plants in Singapore grow only on arboreal ant nests.! According to
Ule, 2 number of species of Brazilian ants have acqured the habit of
selecting seeds of certain epiphytes, which they carry up trees and shrubs
into the erevices on the bark and into the axils of the branches, where
they cover them with oil. As the plants grow their entangled roots pro-
duce sponge-like ant nests with epiphytie shoots growing out on all
sides, the whole resembling ‘“‘witeh-brooms”” or bird nests. In ecertain
parts of the Amazonian Rain Forest these acrial agglomerations of plants
are so abundant as to form one of the striking features of the scenery.
(UCle, 1901, 1905a, 1905d, 1906a, and 1908, pp. 435—436.)

Ule has deseribed two main types of these so-called “ant-gardens.”
The largest are made by Camponotus femoratus (Fabricius) and placed
high in the trees of the inundated forest; they consist of the following
plants: Philodendron myrmecophilum Engler, Anthurium scolopendrinum
Kunth variety Poiteauanum Engler, Streptocalyz angustifolius Mez,
Fcehnea spicata Martius, Peperomia mematostachya Link, Codonanthe
Ulcana Fritsch, and Phyllocactus phyllanthus Link. The smaller gardens
are wore elegantly constructed and inhabited by species of Azteca (A.
fraili Emery, A. ulei Forel,and A. olitriz Forel) ; they are preferably placed
in the lower trees and show the following flora: Philodendron myrme-
cophilum Lngler, Nidularium myrmecophilum Engler, Ficus paraensis
Link, Marckea formicarum U. Dammer, Ecfozoma Ulei U. Dammer,
Codonanthe formicarum Fritsch, and two Gesneriacee. Ule claims that,
with the exception of Anthurium scolopendrinuwm and Phyllocactus phyl-
lanthus, these “ ant epiphytes’ are so intimately conneeted with the ants
that they are not found in the Amazon Basin in any other station. If
Ule's conclusion be true, we have here a most remarkable instance of
“xelection’” practiced by ants. As pointed out by Massart (1906), the
results in this ease show a striking parallelisin with the effects of cultiva-
tion by man of crops and vegetables. By persistently caring through
countless generations for the cultivated plants, man has grddually de-
prived them of most of their means of defense in eomnpetition with other
plants and against the hardships of environment. Crops and vegetables,
when left to themselves, are no longer able to hold their own in the

‘1lart (1895) in Trinidad has also noticed the neccssity for the presence of ants in the epiphytic
clunters of certain orrhida in order to assure the healthy growth of these plants. J. Rodway (1911, pp.
132-133 and 139) mentions that, in British Guiana, many of the epiphytic orchids (eepecially of tnn
gonera Coryanthes, Gongora, and Oncidium) shelter large communitiea of ants in the oval mass of their
uhrous roota, the anta filling up the interestices to make n waterproofl neat, wo that the rollector finda it
very diflicult to dislodge the plant without being severely hitten,
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struggle with wild plants. Similarly, in the eaze of the plants domesti-
cated by the ants in their “gardens,” though it is certain that the sceds
of these epiphytes are oceasionally dropped elsewhere in the forest, they
have lost the devices which allowed them to fight their rivals and are
at preseut doomed unless cared for by the ants.

The partiality of eertain ants to the clusters of Tillandsia and other
epiphytie bromeliads was first noted hy Wheeler (1901a, pp. 526-528,
and 1901b) in Mexico. He relates his experiences as follows:

On accidentally pulling to pieces one of the large bud-like epiphytie tillandsias
(probably Tillandsia Beathamiana Klotzseh), very common both in this and other
loenlities about Cuernavacea, I wns surprised to find it eontaining whole nests of ants,
with their larvae and pupe snugly packed away like so many anchovies in the spaces
between the moist overlapping leaves. A closer inspeetion showed that the ants had
gnawed little holes through the leaves to serve as entranees to their chainbers. These
holes occasionally perforated u single leaf, hut quite as often they threaded several
leaves and extended to the very core of the bud. Sometimes a single colony of ants
was divided up into companies, each occupying the space under a single leaf.  But the
most remarkable fact concerning these nests was the frequent oceurrenee of two or
even three Hlonrishing colonies belonging to different speeies in a single tillandsiz, the
whole habitable basal portion of which wn« rarcly more than two to three inches long
by one and one-half inches in dizineter. Often these colonies were curiously inter-
mingled in such a manner that there was no netual blending and the space under a
single leaf was always occupied by ants of the same speeies, still, whole colonies or
portions of a single colony were often completely surrounded by leaf spaces occupied
by another colony.

Wheeler colleeted the following ants from these Mexican tillandsias:
Pseudomyrma gracilis (Fabricius) variety mexicana Lmery, Cremalo-
gaster brevispinosa (Mayr) varicty minutior (IForel), Leptothorax pelio-
latus Forel, Cryptocerus aztecus Forel, C. wheeleri TFarel, Camponotus
rectangularis Emery variety rubroniger Forel, and C. abdominalis T.
Smith variety. Though the tillandsias appear to suffer no injury from
their tenants, Wheeler is not inclined to regard this assoeiation of plants
and ants as a case of symbiosis, beeause at least four of the seven species
enumerated above oecur also under other conditions in the neighborhood
of Cuernavaca.

Wasmann (19054, p. 210, PL. vin, fig. 1) also describes and figures an
interesting carton nest of Crematogaster sulcata (Maxr), from Rio Grande
do Sul, Brazil, which was interwoven in a pensile cluster of epiphytic
tillandsias. Calvert (1911), in Costa Riea. found the clumps of cpi-
phytic hromeliads frequently inhabited by ants, especially by the large
black species Odontomachus hastatus (Fabricius) “with enormousty
developed jaws, bent near the tip, which are earried wide open and
measure one-quarter inch from tip to tip: occasionally they would be
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snapped shut with a very audible click.”" A species of Apterostigma,
one ot the fungus-growing ants, was alzo found on one oecasion hy Cal-
vert ina chunp of Costa Rican bromeliads.®

A curious case of parabiosis between Odonfomachus affints Guerin
subspeeies mayt Mann and Dolichoderus debilis Emery variety rufescens
Mann was observed by Mann (1912, pp. 36—41) in Matto Grosso, Brazil.
These two species of ants were nesting together in an earthy structure
built in the fork of the branches of a tree about 40 feet above the ground:
“Rine roots of a plant ramified through this nest in all directions in such
a manner as to make it quite finn, despite the nature of its component
material.” As noted by Wheeler, this nest was really an “‘ant-garden”
of the type deseribed by Ule.

Quite recently Wheeler (1921) has published much additional
information with regard to similar “ant-gardens’ or “flower-gardens”
which he found common in the forest and jungle near the Tropical Re-
scarch Laboratory of the New York Zoological Society at Kartabo,
British Guiana. These gardens agreed very closely with Ule's descrip-
tion cven in their floral make-up. Among the plants growing out of the
spherical or elliptical lumps of blaek earth, which vary from the size of a
walnut or orange to that of a foot-ball, two Gesneriaceme (probably species
of Streptocalyx and Codonanthe), an Anthurium, a Peperomia, and a few
bromeliads were recognized. [In British Guiana four different ants
establish flourishing colonies in the gardens, namely, Camponotfus
(Myrmothrix) femoratus (Fabricius), Crematogaster limata F. Smith
subspecies parabiotica Forel, Anochetus (Stenomyrinexr) emarginalus
(Fabricius), and one or more small, black species of Azfeca very elosely
related to, if not the same as, the speeies taken by Ule in Brazil. The
Camponotus and Crematogaster arc by far the most frequent, occurring in
fully 90 per cent of the gardens: the Azfecz are rather sporadic and the
Anochetus even less numerous.  In more than 80 per cent of the gardens
Camponotus and Crematogaster nest together in friendly parabiosis. The
former, large and aggressive, and the latter, tiny and timid, mingle in the
same long files that continually aseend and descend the trees, traverse
the soil and explore the folinge. Their main occupation is to herd the

tAccording 1o Mjiberg, another ponerine, Myrmeaia misberai Forel, of the deuse Rain Forest of
Queetnland, builds ita uest Jugh on the trees in the clusters of epiphytic Platycecium,  1tsstingis much
dreaded by the natives (Forel, 1015, Arkiv. [ Zool , I1X, No. 16, p. 7).

icado, in 8 recent paper on the fauns of Costa Rican bromelinds (1913, p. 273), evidently
has mwunderstood Calvert, for he writes® ™ Parmi les aniinsux bromelicoles mveophages, on peut oiter
anclquen eapacen de Fourmin du genre Odontomachus, dont 1a sourriture habituelle eat constituce par des
Champignons.*® Odonlomachus 18 8 ponerine ant not known to feed on fungi. Picado also spraks of
rinding several species of antnin epiphytic elusters of Bromelinces {op. cit., p. 345), but only mentions by
name those indieated by Calvert.
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jassids and membracids and eollect the secretion of extrafloral nectaries.
Examination of such “compound nests’ revealed that all the superficial
galleries, and they alone, are stuffed with Crematogaster and their brood,
whereas only the center, or core, of the garden is occupied by the Campo-
notus with their larve and cocoons. The galleries of both species, how-
ever, open into one another so that the adult ants undoubtedly move
about together more or less.

The conclusions drawn by Wheeler from his observations differ in
several important particulars from Ule’s. The frequent parabiosis of
Crematogaster and Camponotus shows that Ule’s distinction of gardens
on the basis of the size of the ants inhabiting them does not hold in
British Guiana. Moreover, though the same plants do not occur in all
gardens, no preference of certain ants for eertain plants eould be detected.
All the species of ants found in the ant-garden biocaenose may also nest
elsewhere, but it must be admitted that Camponotus femoratus shows a
deeided preference for the garden nest, so that we have here a very
regular and Intimate cthological relationship between an ant and eertain
epiphytes. According to Wheeler the ant-gardens are not started in the
manner implied by Ule, viz., by means of the ants cither putting seeds
into crevices or accumulating a certain amount of humus at some spot
on a tree or bush and then eollecting and planting the sceds in the mass.
It is more probable that the young ant epiphytes originally grow in small
accumulations of earth or detritus, which are ultimately settled by
colonies of the ants. That the amount of humus is gradually increased
by the ants with the growth of the eolony admits of no doubt, and it is
possible that as the accumulation becomes greater, it may be sown with
sceds falling from the original plant. Furthermore, it is practically
certain, from what we know of the habits of ants, that new gardens can-
not be sceded from old ones, as Ule maintains, for this would be too great
a task for the single fecundated queens which start the new colonies.
Ule’s experiments with ants transporting the sceds of these epiphytes do
not furnish conclusive proof that the insects actually sow the plants, for
ants will often earry all sort of portable organie bodics into their nests,
only to cast them out later when they find them uscless. And lastly,
Ule records no convineing observations in support of his contentions that
the ants actually cultivate the growing plants. Wheeler believes, there-
fore, that it is advisable to suspend judgment for the time being as to the
provenienee and significance of the plant elements in the ant-garden
bioccenose of tropical Ameriea.
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The association of ants with certain species of Dischidia, a genus of
epiphytic Aselepiadacew in the Oriental Region, has been treated in
detail in a preeeding chapter (p. 357) and other aspects of it are con-
sidered in the sequel (p. 520).

Gallanhabiting Ants

The habit of sheltering their brood within old galls produeed by
various inseets is very eommon with ants and is worthy of earetul study
for several reasons. In the first place, eertain species of ants are so fre-
quently found in galls that this location of their nests has become part
of their normal behavior. Seccondly, most galls have sueh regular shape
and strueture that often they look like normal produetions of the plant;
when settled by ants they may then simulate true myrmecodomatia and
beeome a source of confusion in the study of myrmecophytism. Thirdly,
the gall-inhabiting behavior of ants ean help us to understand the origin
and meaning of myrnecophily proper in plants. And, finally, asshown by
Prof. Bailey’s histological studies, certain myrmecodomatia oceupy a
somewhat intermediate position between normal plant struetures and
gralls, since the intervention of the ants results in the production of
hyperplasias or abnormal tissues by the plant.

Gall-inhabiting ants are rarely met with in the eolder regions of the
globe, where the rigor of winter prevents these insects from aequiring
true arboreal or epiphytic nesting habits. Patton (1879), however,
recorded finding in Connecticut, nests of Leptothorar curvispinosus
Mayr (= Stenamma gallarion Patton), with queen, workers, and larvee,
in deserted, dead galls of Gelechia gallesolidaginis Riley onthe stems of
goldenrod (Solidage species) and in those of Cynips spongifica Osten
Nacken on oaks; and H. Ross (1909) has wmentioned the frequent oecur-
renee in southern Germany of Crematogaster brevispinosa Mayr variety
minutior Forel in old oak-galls.

On the other hand, the gall-inhabiting behavior becomes part ot the
normal habits of many species of antx in the xerophytic and warmer parts
of the southern Nearetic and Palearctiec Regions. Wheeler (1904a, pp.
155-158; and 1910b, pp. 208 212) has written a most entertaining ae-
count of the ant-fauna of the xpherical, woody galls produced by the
cynipid Holeaspiz cinerosus Bassett on the twigs of the Texan live oak.
Crematogaster lineolata (Nay) subspecies laviuscula Mayr and its variety
clara Mayr merely vse them ax temporary shelters for the workers, but
Leptothorax obturator Wheeler, L. fortinodis Mayr, Camponotus caryze
(IFiteh) variety deeipiens Fmery and its subspecies rasilis Wheeler,
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and Colobopsis abdita Forel variety etiolatus Wheeler are able to bring
their males and virgin females, as well as numerous workers, to maturity
within the narrow confines of these galls.  Nevertheless, all of thesce
species may also be found nesting in dead wood. The Colobopsis is
particularly interesting beeause of the peculiar shape of the head which,
in the major workers, is truncated in front; with this flattened, antenior
part, the soldiers bloek the entrance to the nest, stepping aside only at 2
tactilesignal given by an incoming worker. In Sicily, De Stefani-Perez
(1905) commonly found colonies of Crematogaster sculellaris (Olivier) and
Leptothorax tuberion (IFabricius) inside old, deserted galls of Cynips tozr
Bose; and others of Leptothorax nylanderi (Forster) in empty galls of
Cynips kollari Hartig,

Having paid special attention to plant galls during my sojourn in
the Belgian Congo, 1 frequently found ants nesting inside such deserted
structures.  While this was rather common in the drier, open Savannah
country, I cannot at present reeall a single instance of a gall-inhabiting
ant in the Rain FForest. This is probably due to the fact that the great
majority of galls in the moist, forested areas are produecced by soft-tissued
argans, such as leaves, flowers, and the like, which drop off and decay
=oon itfter being left by their makers. In the Savannah woody galls are
much more frequent; these, when empty, remain for many months or
even years on bush or tree, their sohid walls enclosing ideal shelters for
ant colonices,

The following are a few of the ants which 1 found nesting in de-
serted galls in Katanga, duning the years 1911 and 1912,

Cataunlacus Line Forel variety gileirendris Forel and €. beguaerti Forel were found
at Kabanza, near Kikondja, nesting i erpty lepidopterous galls on a tree,

Leptothorar innocens Forel had established regular formiearies, with larvie and
pupse, inside an old gall of a tree at Elisabethville,

(rematogaster gallicola Forel and tts various forms seein to be common gall-
inhuhitirg ants throughont. the range of the species.  The typical form was originally
found by Liengme at Delagoa Bay, “in ciner Stengelgnlle’ (Forel, 1894, p. 95), and
Arnold (1920, p. 33) found a colony of i1, with queen and workers, in a gall at Soma-
Intla, Southern Rhodesin. The subspeeies latro Forel was deseribed from the Kalahari,
where, recording to L. Sehultze, it lives “in gallenartigen Anschwellungen der Zweige
einer Aknzie nut Blattlausen.” 1 ecolleeted the subspecics gpuria Forel, with larvie
and pupie, from old twig gallz on Monotes katangensis . De Wildeman at Elisabeth-
ville; while the variety oraclum Forel! was very comnmon at Sankisia in a cecidiuvim on
the branches of Dalbergia Bequaerti 2. De Wildeman.

To the foregoing could be added for Africa:

Aecording to Arnold, this form should be named (remalogaater bulawayrnais (Forel).
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Tapinoma aruolili Forel builds its small nests within hollow galls in Southern
Rl odesia (Arneld, 19135, p. laa),

Cataulacns rugosus (Forel) was originally described from Delagon Bay, where
Licugine found it in empty caulinary galls (Forel. 1894, p. 78).

('remalogaster castanea suhspecies ferruginea variety durbancnsis (Forel) makes its
nests m Southern Rhodesia *in hollows in trees, or in hollow branches, and more
rarcly in galls; elzewhere it has been recorded ax making large earton nests, attached
to the branches of trees and shrubs®™ (Arnold, 1920, p. 193).

DPolyrhachix cubaensiz subspecies gallicola Forel was deseribed from specimens
found in galls at Delagoa (Forel, 1894, p. 71).

The coccid Houardia troglodytes Marehal wasfound in populous eolonies, together
with a specics of Crematogaster (allied to C. knert), oceupying spaciois cavities in the
branches of Balanites a gypliaca Delile in Senegambia, Sinee the hranches had swellings
corresponding to these cavities, it wonld scem that the ants bad taken possession of
cmpty galls, bringing the seale inseets with them (12, Marchal, 1909a, p. 586; 19005,
pp. 171 173).

At Leopoldville, in May 1915, 1 was much puzzled over certain
swellings inhabited by Cremnatogaster depressa (Latreille) variety fuser-
pennts Emery on the branches of a small rubiaceous shrub, and for some
time I was in doubt as to whether they were true myrmecodomatia.
Subsequent examination of some of these swellings on younger branches
showed that they were galls produced by a caterpillar. I have already
pointed ont that it ix by no means always easy to distinguish between
msect palls and myrmecodomatia, and the origin of ant-inhabited swel-
lings or pouches of unknown plants should therefore be studied with the
utmost care. Galls have, in fact, been deseribed as myrmecodomatia and
the plants on which they were found erroncously regarded as myrme-
cophytes.  The two following examples are taken from the African
florag bt a similar confusion has been made elsewhere, too, as, for in-
stanee, in the case of the Indian Ficus incequalis described and figured by
Schimper as a myrmecophyte (Ridley, 1910, p. 458). 1t is possible
that similar errors have found their way into the general synopsis of
myrnccophytes given in the sequel.

Clerodendron formicarum Guerket (= C. Lwjz E. De Wildeman and
Th. Durand) is not, as itz name would imply, 1 myrmecophilous plant.
It is found rather commonly in the open grass-country north and south
ot the Congo forest: in the Lower Congo, Kasai, Katanga, and north-
castern Uele. I frequently observed it in Katanga (1011) and found
that practically all speeimens show one or more spheroidal or pear-shaped
swellings, 7 to 15 ., in diaeter, on the stem, the petiole, or the flower

Demenibes] in Logler's Bor, Jahrly , XV, IS, p 170, A gosd jllustration is given by Thonner,

1005, Ve Blutenpflanzen Afrikas,’ Pl cxxxav: fig " of this plate renrescnts the gulls sa " Htlatter
it von Amoewsen bewohnien Annchwellungen **
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stalk. Often the swelling is symmetrically developed, especially when
oceurring on a petiole, but in many cases it bulges more on one side of the
support. Two galls may be placed close, one above the other, or even
partly united. A cross-section of a young swelling shows the typical
structure of a pith gall: a spacious central cavity, completely closed and
surrounded by the hypertrophied fibrovascular tissues of the stem. In
yvoung galls T always found a single larva of a lace-bug belonging to the
genus Copium (Tingitide) feeding inside the cavity on the pith cells
along the wall. When the Copiwm reaches the adult stage, the “ripe”’
gall splits open, allowing the bug to escape. Such old, empty galls may
eventually be invaded by ants, but I have never observed this my=elf. T
am, thercfore, fully satisfied that the swellings of Clerodendron formi-
carwm are true inseet galls. That they are not real myrmecodoinatia is
morcover indicated by their irregular distribution over various parts of
the plant.!

We now come to a consideration of the so-called myrmecophilous
acacias of Tropical Africa. These plants present a rather difficult
problem, and, though I myself am convinced that they are not true
myrmecophytes, the facts in the case are still far from being satisfue-
torily clucidated. Unfortunately, I have never had an opportunity to
study them in the field.

While travelling across the deserts of Nubia and Sennaar in 1867,
G. Schweinfurth diseovered a curious, shrubby Aeacia, which he
described and figured under the name Acacia fistula (1867, p. 344, Pls.
1x and xn1). Some of the thorns of this plant were considerably swollen,
hollowed out, and pierced by an orifice; the wind playing on these empty
swellings produced a whistling noise, the plant being therefore called
“Ssoffar,” or flute, by the natives. Schweinfurth did not record the
occurrence of ants in the swellings? but stated that the small, cireular
orifice was pierced “‘by the escaping inseet,” the swellings being, in his
opinion, true insect galls, a view endorsed by Ascherson (1878, p. 44).

Many travellers have since remarked upon the abnormally swollen
thorns of certain East African acacias and have also called attention to
the fact that they are frequently scttled by ants. According to Harms’
recent account? the following African species of the genus Acacia have
been found with ant-inhabited swellings:

HWarious apecies of Copium produce galls on several Central African Clerodendrons; they most {re-
quently affect the flowers. Copium atolidum 1lorvath, for inatance, very commonly deforms the flowera
af Clerodendron gpinescens Guerke.

Keller (1892 a, p. 137), however, asserts that Schweinfurth found ants inside the swollen thorns of
this Acarcia fistula, though he did not mention the fact in his paper.

’Mn Engler, 1915, ' Die Pflanzenwelt Afrikas,’ 111, 1, pp. 3658-373; sce also liarms, 1914, Engler’s
Bot. Jahrb,, LI, pp. 361-3635.
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Acacia fistula Schweinfurth and A. zanzitarica (Sp. Moore). In Harms' opimon
these two forms are hardly specifieally distinet from the common African A. seyal
Delile.

A. drepanolobium Harms,

A. formfcarwnm Harms. This is probably Sjostedt’s “Flotenakazie™ frow the
Masai-steppe.

.. pseudofistula Harms.

A. malacocephala Tlarms.

.. Bussef Harms.

The exact nature of the swollen thorns of these plants has been
somewhat disputed. As mentioned before, Schweinfurth and Ascherson
regarded them as true galls, This opinion is further supported by the
thorouzh researches of Keller (1892a) and Sjostedt (1908), as well as by
the more recent observations of Glover Allen (Wheeler, 1913, p. 130,
footnote), H. Winkler (1912, p. 60), and H. Schenck (1914, p. 453).
Sjostedt was unable to discover the maker ot the galls; yet he believes
that they may owe their development to the sting of some dipterous or
hymenopterous insect. Glover Allen, however, found that the enlarged
thorns of Acacia fistula (from the Nilotic Sudan) consist, when young,
“of a solid mass of green, succulent tissue, with a single small larva
inside, as in a typical insect gall”; and H. Winkler discovered in
German East Africa a beetle-larva in a swollen Acacia thorn that was
entirely intact. Alluaud and Jeannel are, it seems, the only observers
inclined to bhelieve that the ants themselves produce the galls,! but their
own observations hardly suppart this view.

During his travels in British East Africa with R. Tjider. in 1906, Mr.
H. Lang madce some observations on gall-bearing acacias growing in
large numbers on the Athi Plains. One of his photographs of these
curionts plant deformations ix reproduced an Plate XXVI, fig. 2. From
information he kindly gave me, I am led to apree with Sjostedt and
others that the swellings are true inscet galls.2 They are not tound on
all specimens of the same species of Acacta, even in one locality: while
on some plants practically all the thorns are swollen, others nearby
bear hardly any galls; furthermore, their size is quite variable and their
shape rather irregular.  Mention may still be made of the fact that,

1 L.n somme, nous ne pauvens pas sffirtmer avee eertitude quels sont les rapports exactadu Cremas-
togaater rulcania aver I'Acacia sur lequel on le trouve, mais ce que noua avons vu nous pousse forte-
ment & croire que co sont bien lew Cremastonaster qui provoauent par leur intervention a 'extremite des
ramenux jeunes, la formation des galles, qui entretichnent leur sceroissement, puis le moment venu lee
perforent pour y Installer leur nid ** (Rantscha, 1914, 1 (¥

150ime aut hors admit that the swellings of the thorns of African nencins are not due to anta, yet call
thom ant-galls ( * Ameiscngallen®). This mislending terin should he avouled, beeause it conveys the
errone sus iden that the ants are reaponaible for the production of the galls  Bven the myrmecodomatin
of true mnyrme ophytes are normnlly produced by the plant without the intervention uf anta; though,
when inhabited by these tnaects, sotne timaues in certain apecies may show a peculiar hy perplaass
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while the species of Acacia enumerated above have a rather wide dis-
tribution in eastern Central Africa, swollen thorns have been noted in
only a few localities within their range.

The conclusion thus seems plainly justified that these ast African
acacias should be exchuled from the list of true myrmecophytes.
Sjostedt still elings to the idea of a mutualistic symbiosis between these
plants and the ants which often settle their hypertrophied thorns. In
case the swellings are typical inseet galls, T do not sce how this view can
be supported by facts.  The excellent nesting sites offered by old acacia
galls are merely exploited by the ants, and it is doubtful whether the
plant derives any benefit from the prezence of these insects; certainly,
the galls must be considered as pathological productions, which could
hardly be of utility to the economy of the plant. Moreover, as pointed
out by Wheeler, it is by no means clear that the acaeias are not suffi-
ciently proteeted by their long, sharp thorns from browsing animals.!

The following ants have heen found inside thorn galls of Afriean
acacias:

Crematagaster brunweiy ennis subspecies acaciz (Forel), in thorn galls of Acacia
Sistula, Abyssinia (Keller, 1892a).

Crematagaster chiarinii Fanery, n thorn galls of Acacia zanzibarica, near IXahe,
in the plain at the foot of Mt. Kilimanjaro (Sjostedt, 1908); and its variety eiucla
Emery, in swollen thorns of Acacia fistula, Somaliland (Keller, 1892a), together with
Paussus spindcola Wasmann (Wasmann, 1892 and 191)5),

Cremalogaster gersta ckerd (Dalla Torre) (=C. e phalotes Gerstaweker), in a thorn
gall of Acacia near Mombasa (Gerstieeker, 1871, p. 330).

Crematogaster ruzpolii Forel, in thorn galls of Aecacia fistula, Abyssinia (Keller
1592a),

Crematagaster sjostesdti (Muvr). in thorn galls of Arcacia drepanolobivne, near
Kahe. in the plain at the foot of Mt. Kilimanjaro, and in West Usambara (Sjostedt,
190S).

Crematogaster nigriceps subspecies prelli (Forel), taken hy Prell from thorns of
“ Acacia eornigera’ in the plain of Knhe, German East Afriea.

Crematogaster castanea F. Smith (=C, tricolor Gerstaccker), in thorn galls of an
unidentified Aecacia of the Masai steppe, prohably A, foruicaram (Sjostedt, 1908).

Crematogaster rivai Emery, described from swollen spines of Acacia larin, Abys-
sinia (Emery, 1897, p. 600).

C'rematogaster uigrieeps 1omery was found by Kuspoli in swollen spines of A racia
larin in Somaliland (Ewmery, 1897, p. 601).

Crematogaster winosie (Santscehi) was found by C. Alluaud in thorn galls of
Acacia stenocarpa on Mt, Kenia nt about 2000 m. (Santschi, 1914, p. 89).

Crematogaster vuleania (Santschi) was eollected by Alluaud and Jeannel from
swollen thorns of an aeacia (Acacia stenocarpa®) in the steppe of the Rift Valley, at
the foot of Nt. Longonot (Santsehi, 1914, pp. 96-98).

IThe Central and South American bull-horn acacias are true myrmecophytes. A resume of the
observations made on these reniarkable plants is given in the synopsis of myrmecophytes (pp. 510).
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Cremalogastor (Iecacrema) zolenopsides suhspecies flamida (Mayr), in thorn galls
of .learma Busser, Usambara (Sjostedt, 1908); the variety gallarune (Santsehi) was
taken in galls of an acacia at Mindouli, Freneh Congo.

Cataulacus irtrudens (F. Smith). in thorn galls of Aearta Bussei, Usambara
-Sjostedt, 1908); originally deseribed from thorns of Aeacia, in Natal

Tetraponera penzigi (Mayr), in thorn galls of Aeacia drepanolobium, near Kahe,
in the plain at the foot of Mt, Kilimanjaro, and in West Usambara (Sjostedt, 1908).

Telrapouera nataleusiz F. Smith was taken from thorns of a species of A zacia in
Natal (F. Smith, 1876).

According to Kohl (1909, p. 151), H. Schinz found unts inside hypertrophied
thorns of Jcacia horrida in South Africa.

As would be expected from the fortuitous production of galls on
plants, none of the ants mentioned in the preeeding pages seems to re-
strict the location of its nest to galls.  They are evidently all arboreal
species which are in the habit of sheltering their brood in hollow branches
or cavities of trees,

Fungus-growing Ants

Allusion has been made above to the depredations of the South
Americanleaf-cutting, or parasol, ants. Though the destruction wrought
by these insects was familiar to the indigenes and early colonists, what
us=e is made of the vegetable matter carried into their nests i1s a discovery
of comparatively recent date. H. W. Bates in his classical * Naturalist
on the Amazon’ (1863, I, pp. 23-26) describes the activities and earth-
works of the large South American leaf-cutter, Atia cephalotes (Linnzeus),
in great detail.  In his opinion, “the leaves are used to thateh the domes
which cover the entrances to their subterrancan dwellings, thereby pro-
teeting from the deluging rains the young broods in the nest beneath.”
Lincecum (1867), Norton (1868), and B. R. Townsend (1870), who
studied the smaller Mexican and Texan parasol ants, all overlooked the
inost important peculiarity in the behavior of these inseets.

Belt (1874) was the first to understand the true significance of the
leat-gathering habit. He definitely states that the parasol ants use the
leaves “as a manure, on which grows a minute speeies of fungus, on
which they feed;—that they are, in reality, nnshroom growers and
caters.” He then proceeds to deseribe the interior of the nests of the
<pecies of Atta studied by him in Niearngua.

Fhe chambers were always abont three ports filled with n speekled, hrown, floe-
onlent, spongy-looking mass of n light and loosely conneeted substanee,  Throughout
these masses were numerous ants helonging to the smallest division of the workers,

which do not enguge in leafwamrying,  Along with them were pupee snd larvae, not
rathered together, but dispersed, apparentiy irreguiarly, throughont the floeculent
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mass, This mass, which 1 have called the ant-food, prived, on examination, to be
composed of minutely subivided pieces of leaves, withered to a brown color, and
overgrown and lightly connected by a minute white fungus that ramified in every
direction throughout it. I not only found this fungus in every chamber I opened, but
also in the chambers of the nest of a distinet species that generally comes out only in
the night-timoy When a nest is disturbed, and the masses of ant-food are
spread about, the ants show great concern to earry away every morsel of it under
shelter again.

Belt’s observations were subsequently eonfirmed by Fritz Miiller
(1874), Tanner (1892), A. Moller (1893), Sampaio (1894), H. v. Ihering
(1894 and 1898), Urich (1895a-b), Swingle (1896), Forel (1896a-¢, 1897),
Wheeler (19015, 1905b-¢, 1907, 19108, cte.), Geeldi (1905a-b), J. Huber
(1905, 1907, 1908), and others. It is now an established faet that the
Attini, a tribe of myrmicine ants restricted to America, are all intimately
associated with fungi, which they cultivate on an appropriate substratum
and which in turn supply these insects with their only food.! They are
the only ants known to be strictly vegetarian. Various stages in the
development of the fungus-growing behavior may still be recognized
among the many forms of the tribe.? The different members of the lower
genus, Cyphomyrmez, and probably also of Myrmicocrypta, make 2
small, crude nest; they collect eaterpillar exerement on whieh they grow
a flocculent myeclium with well-developed food-bodies, or bromatia
(ealled ““kohlrabi-heads’ by A. Moller); their gardens are only a few
centimeters in diametet, of irregular shape, and lic on the floors of small
dilations in the rough earthen galleries of the nest.  Apterostigma,
Sericomyrmez, Mycetosoritis, and Trachymyrmezr all exeavate more
regular nests and construet pendent mushroom gardens on a substratum
of insect excrement and vegetable debris. The gardens of Apterostigma
are sometimes provided with a speeial myeelial envelop, but those of all
othier Attini are naked. Mellertus and Acromyrmez make one or more
large gardens on the floors of the nest-chamber. And, finally, the Atfx, s.
str., which include the true parasol ants, the largest and most powerful
species of the tribe, collect large quantities of leaves, flowers, and other
vegetable substances for their gardens; their nests attain huge dimen-
sions and eomprise a number of large ehaunbers, each with a sessile mush-
room garden of triturated plant fragments, permeated with fungus
hyphe.

'The genus Proatta, recently diseovered by v. Buttel-Reepen in Sumatra, was originally placed by
Forel among the Attini, but later separated by the saime author to form a tribe of its own. There 18
nothing to snow that this Sumatran ant has developed fungus-growing habits.

The habits of the genus Blepharidatta Wheeler are unknown.
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The origin ot new colonics among the Attini and the method of
transferring fungus culture trom the maternal to the daughter colony
have been investigated by H. v. Thering (1898), Geeldi (1903a), and J.
Huber (1905, 1907, and 1908). The deiilated, fertilized female of Atta
sexdens (Linnweus) often starts a new colony alone; she digs a burrow in
the soil and forms at a depth of 20 to 30 ecm. a chamber in which she
deposits within a few days a little packet of eggs. Even at that time one
finds beside the eggs a flat heap of loose white substance, only 1 to 2 mm.
in diameter, which is the carliest rudiment of the fungus garden. On
scarching for the origin of the fungus germs with which this new garden
is established, v. Ihering discovered that every Atta queen, on leaving
the parental nest, carries in her infrabuceal pocket a loose pellet of debris
containing also hyphz from the fungus gardens. This fact was confirmed
by J. Huber, who successfully reared an Atta colony from itsinception to
the appearance of the first workers. The day following the nuptial
flicht the female disgorges this pellet on the floor of the newly dug
chamber; to keep the fungus alive she frequently manures parts of it
with liquid excrement from the tip of her gaster. In this early stage of
the colony the queen does not feed on the fungus but catsa great number
of her own eggs. The first larve, too, are fed directly on eggs thrustinto
their mouths by their mother. Shortly after hatching, the first workers
usurp the functions of the mother ant, which henceforth degenerates
into an egg-laying machine. They manure the garden with feeal drop-
lets and feed the larvie with their mother’s eggs, while they themselves
feed on the bromatia meanwhile developed on the hyphe. A few days
later the workers start to extend the formieary; they also break through
the surface of the soil and return with new material for the fungus
garden. In the meantime, the bromatia have become so abundant that
they can be fed to the larvae. Huber also observed that the founding of a
new colony by a queen is often unnecessary, beeause fertile females of Atta
cexdens are readily adopted by strange workers of their own species, thus
adding to the strength of existing formicanes.

'The systernatic position of the fungi grown by the Attini is still dis-
puted. A, Moller is apparently the only botanist to have made a speeial
point of studying this problem. His attempts, however, to raise any
fruiting form from mycelial cultures started with portions of the fungus
gardens of ants were unsuccessful, But he found in four instances an
agaricine mushroom, which he called Rozites gongylophora, growing on
extinet or abandoned Acromyrmez nests.  From the basidiospores of this
plant hesucceeded in raising a myeclium resemblingin all respeets that of
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the ant-gardens.  Three of the species of Acromyrmex did not hesitate to
st portions of this mycelium and also of the pileus and stem of the
Rozites.. Moller therefore identified the fungus grown by Acromyrmex
with his Roziles gongylophora and in this he has been followed by most
other investigators. Wheeler (19104, pp. 327-328), however, inaintains
that Moller's observations are far fromn conelusive. He believes that the
fungi eultivated by the ants may be niore closely related to the moulds
(Ascomycetes) than to the toadstools (Basidiomyeetes). He has even
deseribed the peculiar fungus grown by the Texan Cyphomiyrmex rimosus
(Spinola) variety comalensts Wheeler as Tyridiomyces formicarum,
assigning it provisionally to the Exoascacere (Wheeler, 1907, p. 772).!

There ean be little doubt that the highly specialized fungus-growing
behavior of the Attini must have been gradually derived from some more
primitive fungus-cating habit. How this developed is at present a matter
of conjecture, but it may be expected that other ants will show vestigial
fungicolous habits. When these have heen properly studied, they may,
taken in addition with what is known of the ethology of other fungus-
growing inseets, give us a proper clue to the possible evolution of the
complicated ethology of the Attini.

A condition very near the primitive fungus-growing behavior is
perhaps exemplified in the remarkable earton nests of the Furopean
Lasius fuliginosus (Latreille). I quote the following deseription from
Donisthorpe’s recent vohnne on ‘British Ants’ (1914, p. 193) :2

These nests are often very large, having the appearance of a huge sponge, and
consist of 1 number of irregular cclls separated from each other by thin exrton walls,
which are rather brittle and generally black in color, but sometimes light brown,
aceording to the amount and the color of the earth used in their construction.  The
carton contains a quantity of a fungns which was named Septosportum myrinccophilum
by Fresenius (1832, p. 49, PL v, figs. 20-31). Saceardo (1886, p. »38) describes it ax
Macrosporiron myrmecophilian. hut considered it inight be identical with Cladotrichum,
and Lagerheim (1000) enme to the conclusion that it was really a Cladotrichin, and
ealled it C. myrmecophilon. 1 supplied Dr. Jessie Baylis Elliot of the Birmingham

18pegazsini has aleo given descriptions of fungi taken from the gardens of various Attini in Argen-
tina. He regards Beroellinia ? belts Speguzzini (18941, p. 311) as one of the Discomyceles Rhizomorpha
Jormicarum Spegazzini (1899, p. 352) ia probably the sterile furm of oue of the Xylariacew. Both these
fungi were found in the mushroom gardens of Acromyrmer tundii (Guerin). Monilia formicarum Spegnz-
zini (1910, p. 414), described from the nests of Atta hystriz, ia one of the many imperfect fungi of un-
known aflinities. Prof. Wheeler kas kindly sent to me for publication the following extract froni a letter
written by Mr. Carlos Iiruch, dated La Plata, Argentina, July 16, 1921: “ You will, no doubt, be inter-
ested in the discovery uf the mushrooms which are cultivated by soune of the Argentinian Attini. Acro-
myrmer tundii cultivates Xylaria mirrura Spegazrini: A. (Mauerius) hegeri, Poroniopsiabruchi Spegaz-
zini;: and Atla wollenwreideri a gigantic agaricus, Locelina mazzuchii Spegazzini. This year I found on the
culture substratum that had been carmed out into their hills by the ants hundreds of Poronioprs in
every nest.  Masses of substratum which I had sifted for guests two months previously were completely
covered by the mushrooms. The damp sutumn months this year were particularly [avorable to the
development of the mushrooms mentioned.”  Xylaria and Poroniopns are both Pyrenomycetinew
(Ascomycetes) of the family Xylariace; Locelina is one of the Hymenomyectinem (Basidiomycetes)
and placed in the family Agaricaces. Jlozites is also a genus of therymenomnycetinew.

[ have inscrted in parcnthesis the dates and pages of the refereaces.
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U niversity with various samples of 1. fuliginosa carton, and ske has proved, by mak-
ing cultures, ete., that the fungus it contains is a Cladasporiim, and so should be
called Cladosporium myrmecophilum (J. B, Elliot, 19015, p. 138, PL v, figs, 1=1).
The “raison (etre” of this fungus is probably twofold; the hyphie may art as food
for the ants and their brood—it forins a delicate bluish mould on the walls of the cells
and under the microseone it may be scen to have been bitten off by the ants—aned the
myeelium helps to strengthen the walls of the nest. The ants most probably cultivate
this fungus intentionally, as no other species of fungus is found in these nests, but it
would not alone supply sufficient food for the teeming myriads that form the popitla-
tuon of a large colony.

No definite proof has apparently been given that the fungus in the
carton nest of Lasius fuliginosus contributes to the diet of the ants, but
Donisthorpe remarks that “the great difficulty experienced in rearing
Sfuliginosa larvie in captivity—when no carton i present—would seem
to show that the fungus is necessary as food, though the ants feed on
other substances as well.”  Adlerz (1913, p. 63) and Donmisthorpe (1915,
p. 229) have shown that Lasius umbratus (Nylander) also builds carton
nexts with inner walls covered by the hyphwe of a fungus. Dr. J. B.
Elliot (1915, pp. 139 and 142, Pl 1, figs. 5-10) described the hyph:e
found in one of these nests in England as a variety myrmecophilum of
Hormisctwm pithyophilum (Wallrich), a fungus which is usually found in
thick, superfieial patches of myeelium on the leaves of pines, firs, and
vews.!

According to Dr. J. B. Elliott (1915, p. 142), the species of fungus
assoctiated with the carton of Lasius fuliginosus is always the same, which
:lso holds true in the case of L. umbratus. **Since the fungus exists in
the carton as a pure culture, all ‘foreign’ fungi are doubtless ‘weeded’
out, as in the fungus gardens of the white ants and the leaf-cutting ants,
for wany varieties of fungus spores must be introduced into the nests
by the passing of insects in and out.”

It seems likely that certain, at least, of the many tropieal ants which
construet nests either of carton or of more loosely agglutinated plant-
fibres, will eventually show similar assoeiations with fungi. Farqu-
harson (1914). in Southern Nigeria, several times found fungous hypha
growing on the acrinl shelters composed of chewed wood and built over
coceids by a species of Crematogaster. But it is very doubtful whether
the ants had anything to do with this fungus.  Perkins suggested that
the mycelium in thiz case may merely have grown on the excreta of the
coceids or even on the seale inseets themselves,  The roughly woven

1Thene fungi from the nests of Lasius fuliginosus niul I, umbralua ate all connlia-beanng or sterile
myrelia of uncertain systematte poattion
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nests of the African Macromischoides aculeatus (Nlayr) are frequent on
leaves in the forest. They have been deseribed by Santsehi as Iined with
a mycclium bearing fructifications. Prof. Whecler’s examination of
nests of this species (p. 190) argues for the probability that this fungus
has no relation with the ants, being but one of the many fungi which in
the moist tropical forest grow over dead vegetable matter.  Clhronio-
sporium formicarum Ferdinandsen and Winge (1908, p. 21, Pl 11, fig. 11)
1s another imperfect fungus found by Raunkiwer on the island of St.
John, West Indies. Its brown-yellow conidia covered the wallsof gal-
leries in a decaying log occupied by unidentified ants. The writers as-
sume that the ants feed on these conidia, but this will need actual con-
firmation.

A few words may be said about the peculiar fungi found growing on
the inner walls of the myrnnecodomatia of certain ant-plants. Miche
(1911, pp. 331-341) made the interesting discovery that some of the
galleries in the pscudobulbs of the Javanese Myrmecodia tuberosa and
Hydnophytwim montanwm are lined with myeelium. This is found only
in tubers inhabited by ants; the free tips of the hyphwe are evidently
bitten off by these inscets and in some places the sods of myecelium are
trimmed to an equal level. Miche believes that the fungus grows on the
excrement of the ants, but he evidently diseards the idea that the inscets
feed on it. If they cut the hyphx down, it is merely, he thinks, because
too thick a earpet would soon obstruct the galleries of the formicary.
He thus regards the fungus as a mere intruder of no use to the ants. The
presence of fungi inside myrmecodomatia seems to be very general,
since Prof. Bailey found a more or less luxuriant growth inside the eavi-
ties of all the myrmecophytes of which he could obtain suitable material
(Sce Part V). The mycelia arc sporadically distributed in most eases,
but their acrial portions show unmistakable evidenees of having been
cropped by the ants. In onc of the species of Pleetronia (P. Laurentii)
and in the Cuviera there are densc mats of delicate, white hyphwx, which
remind one foreibly of the “ambrosia’ cultivated by certain wood-boring
beetles and gall-midges, of which I shall have more to say below. Ina
recent paper, Bailey (1920) fully discusses the question whether the
mycelia of the myrmecophytes are caten by the ants and whether they
are cultivated by them or are merely adventitious.

The pellets in the infrabuccal pockets of ants inhabiting myrmeco-
phytes usually contain numerous spores and also fragments of hyphz
which appear to have been removed from the walls of the domatia. This
might be considered as indicating that the antsfeed to a greater or less
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extent upon the fungi. But the evidence appears much less con-
clusive when viewed in the light of Bailey’s discovery that the infra-
buceal pellets of almost all ants tend to contain spores and fragments of
hyph. This is as true of the entomophagous Ponerine and Pscudo-
myrminze as of the more or less omnivorous Myrmiecine, Dolichodering,
and Formicinwe; of ants of temperate as of tropical regions; and of
species which nest in the ground or in earton or silk domatia as of those
which live in decaying plant tissuc. On the other hand, such-is not the
case with the erops and stomacehs of imaginal ants. It any of the ants
actually feed upon fungi, they must triturate the spores and myeelia, or
compress them, and drain off the liquid or semi-liquid contents. Under
such eircumstances, one would expect to find torn or ruptured spores
and finely divided fragments of hypha in the infrabuceal cavity., This
wis not 50, however, in any of the pellets analyzed by Bailey; the spores
and fungus filaments were intact and still retained their protoplasmic
contents.  All the evidence at hand favors Janet’s (1896, p. 15; 1899)
contention that the function of the infrabuceal pocket is te serve as a
reeeptacle for food-residues and detritus. Bailey therefore concludes that,
though many ants are closely associated with fungi, there is no sufficient
proof that any ot the Formicidza, other than the Attini, are fungivorous.
The cropping of the hyphwx which cover the inner walls of myrmeco-
phytes does not indicate necessarily that these fungi are caten by ants,

Inmost myrmeeodomatia the growth and sporadic distribution of the
hyph:ie suggest that the myeelia are purely adventitious. Only in the
case of the localized luxuriant growths of “ambrosia” in Curtera and
Plectronia Laurentii ave there indications that the ants may aetually
be fungus-farmers; the mycelia appear to be more or less pure cultures
and are closely associated with the detritus of the ant colonies. Yet it is
by 1o means certain that even these results are not obtained quite un-
intentionally on the part of the ants. The environmental conditions
within the myrmecophytes undoubtedly facilitate the growth of fungi
which must be kept within bounds by o constant. eropping of the mycelia
or they might interfere with the activities of the inseets,  Unless all
fungi are equally resistant to continued cropping and react similarly in
the peculiar conditions within the domatia, certain species will tend to
become dominant.  Should a particular form gain the upper hand and
grow actively, it would probably be transferred to new nests by the
queens, sinee the infrabuceal pockets of fmagines almost invariably
contain fragments of hyphea or spores.  Thus “pure cultures”™ ot fungi
umay have been brought about through the activities of the ants, but
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quite incidentally and without utilitarian purpose on the part of the
insects. Such considerations are certainly of great interest in a discus-
sion of the prohable origin of the remarkable fungus-growing and fungus-
feeding habits of the highly specialized Attini. If mats of hyphre grow-
ing in particular luxuriance on the detritus (pellets, feces, ete.) of the
colony were found by the ants to be edible, it would be o ecomparatively
simple matter for these insects to increase the volume of their primitive
fungus gardens by adding extrancous material, such as insect exercment
or vegetable débris, to the original compost.

The systematice aflinities of the fungi found flourishing on the inner
walls of myrmecophytes have not been investigated, They probably
represent imperfeet forms of some of the higher Ascomycetes.

It is interesting to compare the fungus-growing behavior of the
Formicidie with like activitics of other insccts. Suech are known at
present to exist among the termites, or Isoptera, certain wood-boring
beetles of the families Seolytide and Lymexylonida, and a number of
gall-making Cecidomyid:e.

That certain termites eultivate mushrooms in their nests was known
long before similar observations were made with regard to ants, fungus
gardens of the former having been accurately deseribed in 1781 by
Smeathman in his eelebrated ‘ Account of the Termites.” Yet the true
meaning of these gardens was not realized till after the fungicolous
Formicidic had been more fully investigated. Even at present, many
aspects in the behavior of fungus-growing termites, such as the manner
in which they feed on the mushroom and the origin of fungus gardens in
their new nests, are still obscure. So much is certain — that their
fungus-growing behavior differs from that of the Attini in several im-
portant particulars as summarized by Wheeler (1907, pp. 784-780).

In the first place 1he termites use their own excrement as a substratum, moulding
it into the form of a sponge containing numerous habituble c¢hambers and
galleries. This substauce is, of course, rueh harder and more compact than the com-
minuted leaves, ete., employed by the Attini. Sccond, the fungus grown on this sub-
stratum forms bromatia (the spherules or oidial heads) of a very different type from
those found in the gardens of the Attint.  And third, the termites that are in the
habit of growing fungi are not exelusively inycetophagous like the Attini, but subsist
also und probahly very largely on dead wood, twigs and leaves.

According to Bugnion (1914a. p. 171), the larvie and the royal pair
alone are nursed with the bromatia of the fungus, while the adult workers
and soldiers feed direetly on vegetable filwes and eells. It may further be
mentioned that the fungus-growing habit is by no means general in the
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order Tsoptera, but is restricted to certain paleotropical genera, such as
Microtermes Wasmann and Termes Linnzeus, which are regarded as the
most specialized members of the group.  As in the case of the fungus
wardens of the Attini, the identity of the fungi grown by the termites is
far from being known beyond question. The fungous sponges found in
the termitaria are evidently imperfect fors of higher mnushroomns, which
have been aseribed to certain Basidiomycetes (Agaricacer) by Holter-
mann (1899), Doflein (19056). and Petch (1906).

The so-called “mnbrosia beetles” are all wood-boring Colcoptera
whose larvie do not feed directly on the fibres of the wood but on the
bromatia of a fungus which the adults cultivate on the walls of their
ealleries.  The best-known of these are eertain Scolytidee, which further-
more resemble ants and termites and differ from most other Coleoptera in
that the adult beetles live in societies and care for and feed their larve.
Perhaps the most interesting points in this case are that, so far as known,
the food of each species of fungus-growing scolytid is limited to a eertain
kind of ambrosia and only the most closely related species have the same
food fungus; also that the origin and further growth of the fungus is
entirely under the control of the heetle.  When the mother beetle leaves
the old burrow to exeavate new brood galleries, wherein to deposit her
cges, she transports with her the germs of the ambrosia fungus, Stroh-
meyer (1911) discovered lumps of myeeliun adhering to the dense
Lru<hes of hair found on the head of the females of certain exotic Scolyti-
e, these brushes being totally absent in the males; he believes that the
fungus is transferred in this manner to the new burrows.  In other am-
brosia Scolytidie, however, the females show none of these hair brushes,
=0 that the fungus must be carried in some other way. According to
Neger (1908a-f) the conidia of certain of these mushrooms form a
mucilaginous mass which adheres readily to any part of an inseet pas-
sing over it.  In some cases part of the bromatia is preserved in the
digestive traet of the adult beetle, and voided in the new burrow
(Schueider-Orelli, 1913).  The cthology of another wood-horing heetle,
the Buropean Hylecatus dermestordes (Linneus), one of the Lymexy-
lonidie, has been studied by Neger (1008a-d, 19096, and 1914) and more
in detail by Germer (1912),  These investigators have found that the
larva, which burrows in dead tree stumps, never feeds on the wood itself.
The walls of its galleries are overgrown with a mycelium producing
globular bromatin and thick-walled spores, which ate eropped off by the
larva together with some of the hyphae. Sinee the femele of Hylecalus
lavs her eges on the bark of stumps and dies shortly after oviposition,
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it is rather difficult to understand how the fungus in this case enters the
larval burrows,

The ambrosia fungi of beetles are evidently very different from the
mushrooms cultivated by ants and termites. According to Neger (19095,
1914) and Beauverie (1910a-b), they belong to the Ascomyeetes; the
former has desceribed the mushroom from the galleries of Hylecwtus as
Endomyeces hylecati and it is possible that the ambrosia fungi of the Scoly-
tidie are also related to the same genus.

. The discovery that ambrosia fungi, similar to those cultivated by
wood-horing beetles, grow inside the galls produeed by certain gall-
midges (Itonididz, formerly ealled Ceeidomyid), was made by Bac-
carini (1893). He found that the galls formed by Asphondylia spinosa
Riibsaamen on the flower buds of Capparis spinosa Linnwzus always con-
tain a myecelium. A few mycozoocecidin—as Beccarini proposed calling
them—have since been recorded in Europe, all being produced by
species of the genus Asphondylia. Neger (1908q, 1909a, 1910b, and
1911a), who made extensive studies of these galls, found that the infec-
tions are by no means aceidental, nor due to a parasitic or saprophytic
fungus, and that the larve of the gall-midge feed on the mycelivmn.
The spores are probably deposited on the plant by the female Asphon-
dylia, together with the egg. Neger also recognized the great similarity
between the fungi found in these galls and the “ambrosia’ cultivated by
certain Scolytidie. He therefore proposed the termm “ambrosia-palls”
for all cecidia normally containing hyphw of mushrooms. In a number of
cases artificial cultures could be obtained from these fungi, which, it
was thus shown, belong to species of Macrophoma (Ascomycetes) not
yvet found outside the galls.

Many of the foregoing details have been taken from Wheeler's
* Fungus-growing Ants of North America’ (1907), which gives a complete
review of the fungus-growing behavior not only of ants but also of
termites and ambrosia beetles. The reader is referred to this important
paper for additional information on the subject.

Fungous Parasites of Ants
In the following account of the fungi which parasitize ants, [ have
left aside the endozoic Sporozoa and Schizomycetes, some of which are
important agents of bacterial infections of caterpillars, bees, locusts, ete.,
but are not known or have not been studicd among ants.  Six familics of
true fungi, namely the Entomophthoracere, the Hypocreacewre, the
Laboulbeniace:e, the Mucedinace:e, the Stilbacewe, and the Dematiaceie,
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contain forms which attack living insects. In some other groups, such
as the Saprolegniacese and the Pythiacew, certain species are commonly
met with on dead insects; these are, however, mere saprophytes and
cannot be properly included among the entomogenous fungi.

From the data collected in this chapter, it is evident that ants are
remarkably immune from the attacks of parasitic fungi; only a few
speeies of such ant parasites are known and these are rarely encountered.
Thix iz the more surprising sinee ants exist everywhere in great abund-
ance and have probably been collected and studied in larger numbers
than any other group of inscets.

At first sight ants would seem to be particularly favorable hosts for such parnsites
since these msects are in the habit of huddling together in masses in warm subter
ranean galleries, where the fungi might be supposed to develop luxuriantly and trans-
nit their spores from ant to ant with great facility. Further consideration of the
matter, however, leads to the conclusion that other habits of the ants must, in all
probability, tend to suppress or render impossible the development of the fungi,
except under unusual conditions.  All ants devote a great deal of time and attention to
cleaning their own integument and that of their nestmates. They are, indeed, forever
combing and seraping the surfaces of their hodies with their tongues and strigils, so
that fungi must find it difficult to gain a precarious foothold in their nests, to say
nothing of an opportunity to prohferate. And even on the rare occasions, when this
Lappens, important organs like the mandibles, antennze, labium, maxillie, palpi and
eves are kept serupulously free from parasitie growth.  (Wheeler, 19102, p. Sa.)

The IENTOMOPHTHORACE®£ constitute part of the very extensive
class of alga-like fungi or Phycomycetes. By far the majority of the
species of this family parasitize living arthropods, though a few genera
grow on living or dead plants. " They are distinguished by the produe-
tion of numerous hypha of large dizameter and fatty contents, which, in
the insecet forms, ultimately emerge from the host in white masses of
characteristic appearance and produce at their extremities large conidial
spores which are violently discharged into the air and propagate the
disease. The commnon house-fly fungus is perhaps the most familiar
example of the kind, and no one can have failed to notice the affected
flies in autumn or late summer adhering to looking-glasses or window-
panes surrounded by a smoky halo of discharged conidia. In addition
to these conidia the propagation of the fungus, after long periods of rest,
may be provided for by the formation of thick-walled resting spores
adapted to withstand suecessfully the most unfavorable conditions.
These resting spores, which may be either sexual (zygospores), or asexual
(nzygospores), finally germinate and producee conidin that are discharged
in the usual fashion and serve to infeet fresh hosts.”  (Thaxter, 188§,
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p. 136.) The parasitic forms in this family usually attack soft-bodied
insects, such as flies, caterpillars, moths, butterflies, aphids, cte.; the
infection results from contacet with a conidial spore, which, adhering to
the host, enters its body by means of a hypha of germination. These
fungi have never been observed on ants, perhaps beeause they have not
been properly looked for, though it is quite possible that the heavy,
chitinous integument and the customary cleanliness of ants protects
them against infection by such parasites.

The Hyrocreaces belong to the elass Ascomycetes, and anong
them several speeies of Cordyceps afford “by far the most conspicuous
examples of entomogenous plants, many of which are of large size, or
brightly colored” (Thaxter, 1888, p. 1353). In this case, the polycellular
mycelium pervades the tissucs of the host, which 1s rapidly killed, and
often produces asexual spores or conidia, borne onw external hyphw
ariously agglutinated or united. In this imperfeet, more common con-
dition, they are often described under the generie designation of

Isaria” and are then pluced, together with other similar imperfect
fungi, in the family Stilbacere.  The myecelium finally produces out-
side the body of the inscet a boll-shaped or club-like organ or fructifi-
cation. carricd on a stalk sometimes several inches in length., The
swollen portion of this external stroma bears numerous ascocarps or
perithecta containing the spores, which are formed within elongate ecells,
the asci. As many as eleven species of Cordyceps have been deseribed
from ants, but some of these are very imperfectly known; especially with
regard to the structure of the asel and spores, so that they are much in
need of further study. Furthermore, all Cordyceps seem to be little or
not particular in the choice of their host, the same species often growing
indifferently on inscets of several orders.

Corpycers I2. Fries
Cordyceps ¥, FRrigs, 1818, ‘Observ. Myeol. Flor, Suce.,’ p. 316.

Cordyceps australis (Spegazzini)

Cordyceps unilateralis subspecies australis Spraazzixi, 1881, An. Soe. Cientif. Argen-
tina, X1, p. 80 (of scparate).

Cordyceps australis Saccannpo, 1883, ‘Syll. Fungornm, Pyrenomye.,” 1, p. 371,
Srrcazzinig, 1889, Bol. Ae. Nae. Ciencins Cordoba, XI, p. 536. M. C.
CookE, 1892, ‘Vegetable Wasps and Plant Worms,” p. 31, Masstk, 1895, Ann.
of Botany, IX, p. 15; 1898, Revue Mycologique, XX, p. 86. A. MOLLER, 1901
‘Phyeom. u. Ascomn.. Unters. aus Brasilien,” p. 218, PL vi. figs. 92 and 93.

Cordiceps australis P. HExNiNGs, 1902, Hedwigia, XLI, p. 10.
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"Fhis species seems to be rather connnon in southern Brazil, where it
wis originally discovered near Apiahy on Pachycondyla striata Smith by
Puiggari, and later scen three times on the same species of ant at
Blumenan by A. Moller. It has also been found in southern Brazil on
varions bectles.

Cordyceps japonensis Hara

Cordyceps japoncnsis Hara, 1914, Botan. Magazine, Tokyo, XXVIII, pp. 348 and
351, fig. L.
Cordycey’)s ;xzcies, Hara, 1913, Nawa's Inseet World, Gifu, Japan, XVII, p, 472,
figs. A-D.
Deseribed from Japan: Provinee Mino, Kawauye-mura and Prov-
ince Mino, Kakumuno-ga-hara (K. Hara Coll.); growing on an unidenti-
fied ant, to judge from the deseription, a species of Camponotus.

Cordyceps formicivora (Schreeter)
Torrubia formicirora Scuuater, 1804, in Cohn, ‘ Krvptogamen-Flora von Schlesien,”
ILL, *Pilze.’ 2, p. 276.
Cordyceps formicirora Saccarpo, 1895, ‘Syll. Fungorum,” X1, p. 366.
Growing from the thorax of Camponotus ligniperdus (Latreille)
on the Warthaberg, Frankenstein, Silesia (Schroeter Coll.).

Cordyceps Lloydii Fawcett
Cordyceps Lloydii Fawcert, 1886, Ann. Mag. Nat. Hist., (5) XVIHI, p. 316, fig.

SAaccarno, 1891, ‘Svil. Fungorum,” IX, p. 1000. M. C. Cooxg, 1892, ‘Vege-

table Wasps and Plant Worms,” p. 36, fig. 9. Masskg, 18935, Ann. of Botany,

IN, p. 20; 1898, Revue Mycologique, XX, p. 90. C. G. Luoyp, 1919 (June),

Mycological Notes, No. 5, p. 856, fig, 1437.

This fungus was originally described from a specimen growing on
Camponolus abdominalis (Fabricius), =C. atriceps (I, Smith), and
found on the banks of the Puruni River, British Guiana (G. A. Lloyd
Coll.). C. G. Lloyd has recently recorded it from Uganda, where it
was obtained by W. Gowdey, growing on a dead worker of Paltothyreus
tarsatus (Fabricius) attached by means of its mandibles to the stalk of &
plant: “The fungns is o very minute, white ¢lub with a small capitate
head and seems to agree very well with the original figure.” To judge
from C. G. Lloyd’s photographs, this parasite is very different from the
Cordyceps commonly found in the Belgiun Congo on the same ant,
Paltothyreus, and referred below to C. myrmecophila (Cesati).
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Cordyceps myrmecophila (Cesati)

Hypacrea  (Cordyceps) myrmecophila Crsan1, 1846, in Klotzseh, ‘Herh. Mycol,,
Centuria X1, cura L. Gravenhorst,” No. 1033 (exsicenta with deseniption), D, v,
SCHLECHTENDAL, 1846, Botun. Zeitung, IV p. 877, Cesam, 1833, ibid., XIII,
p. 7.

Campylothecium myrmeecophitum Crsati, 1846, in Klotzseh, * Herl. Mycol,, Centuria
X1," No. 1033.

Hypoecrea myrmecophila BERKELEY AND Broose, 1851, Ann. Mag. Nat. Iist., (2)
VL p. 186,

Cordyceps myrmceoptnla Cexan, 1858, in Klotzsch, *Herb. Mycol., Ed. Nov., Centuria
VIIL eura L. Rabenhorst,” No, 719 (exsiceata with deseription). D, v. ScnLect-
TENDAL, 1858, Botan. Zeitung, XVI, p. 302, M. J. BerkkeLey, 1860, ‘Outlines of
British Fungology,” p. 382, W, NyLaxper, 1869, Notis. Sallsk. pro Fauna et
Flora Fenn. Forhandl,, X, p. 88, Pl. 1, figs., da-d (scparate in 1868). Sac-
canpo, 1883, ‘Svyll. Fungorum, Pyrenomye.,’ H, p. 566. G. MAasser, 1586,
Grevillea, XV, No. 73, p. 2. M. C. Cookg, 1892, ‘Vegetable Wasps and Plant
Worms,” p. 31, fig. 6. Massgg, 1895, Ann. of Botany, IX, p. 14; 1598, Revue
Mycologique, XX, p. So. Rasexunonst, WinTEnr axp Pazscnkg, 1800, ‘Fungi
Europiei,” No. 3649 (exsiccata). F. J, Seaveg, 1910, ‘North American Flora,”
I11, pt. 1, p. 54. STz, 1911, Wiss. Ergebn. Deutseh. Zentr. Afr. Exp. (1907-08),
111, p. 377, footnote. C. REa, 1914, Trans. Brit. Mycol. Soe., IV, pt. 2, (1913),
rp. 199, 203, and 213.

Cordyceps (Entomogena) myrmecophila Cesan, 1861, Commentario della Soc. Critto-
gamol. [taliana, I, No. 2, p. 61, Pl v, figs. 11, 1-4.

Torrubia myrmecophila M. C. Cookg, 1871, ‘Handbook of British Fungi,’ I, p. 771.
PmiLiies axp Prowrisnt, 1875, Grevillea, I, p. 126.

Cordiceps myrmecophila P. Hexxixgs, 1904, Hedwigia, XLHI, 4, p. 248, Smitz,
1916, Ergebn. Zweit. Deutsch. Zentr. Afr. Exn. 1910-11. 1, p. 371.

This is the most frequently observed fungous parasite of ants, being
recorded from the tropical and temperate parts of both hemispheres and
attacking many kinds of insccts besides ants. It was discovered by
Cesati in 1846, at Breseia, in Lombardy, Italy, some three hundred
individuals of the same nest being infested by the fungus?; the species of
ant was not recorded at the time, but W. Nylander in 1869 identified
Cesati’s specimens—{rom Klotzseh’ exsiccata—as Formica fusca Lin-
neus. W, Nylander mentions it also as occurring in Finland (Jalguba
on Lake Onega; A. Kuhllhem Coll.), growing out of the anterior part of
the pronotum of Formica rufa Linnzus. It wag again noted by Hennings
from Brazil (Rio Jurua, Jurua-Miry; E. Ule Coll.) on Dinoponera grandis
(Guenn).

In tropical Africa it scems to show a predilection for the common
large ponerine ant, Paliothyreus tarsatus (Fabricius). Stitz (1911, p.

2 Ce fut un cimetiére de fourmis tout entier qui se parait de eette jolie Sphériacte.” (Cesati, 1800,
p-
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377, footnote) mentioned the first African specimens growing on an ant
of that species collected by Grauer in the forest near Kindu, Belgian
Congo; and Schubotz also found it on the same ant in the Ubangi
District. Tt is by no means rare, from my own experience and that of
Messrs. Lang and Chapin, to find dead specimens of Paltothyreus tar-
satus firmly attached with their closed mandibles to aleaf, a grass-stalk, or
a stick, several inches or a few feet above the ground, while a long-stalked
Cordyceps protrudes from the body. Though this nosition is often ob-
served in ants that die from fungous diseases, itisneverthelessremarkable
in this ease since Paltothyreus is a predaccous, strictly terrestrial ant, not
known to chimb the vegetation normally. The stroma of the fungus
grows out of the side of the thorax, as a rule between one of the coxal
articilations. It is a slender stalk, 2 em. or more long, and ends in a
club-shaped fructification bearing the ascocarps. More rarely two such
frictiferous stroma are borne by the same ant.

Cordyceps proliferans (P. Hennings)
Cordiceps proliferanz I’. HExzINGs, 1904, Hedwigia, XLITL, 4, p. 248, Pl v, figs. 6
and 6a,
Cordyceps proliferans . axp D. Saccarpo, 1905, ‘Syll. Fungorum,’ XVII, p. 8§25,
Described from Rio Jurwa, Marmellos, Brazil, growing on Dino-
ponera grandis (Guerin) (E. Ule Coll.).

Cordyceps Ridleyi Mussce
Cordyceps Ridleyi Masseg, 1899, Bull. Mise. Inform. Bot, Gard. Kew, Nos. 1533-
154, p. 1¥3. Saccarbo axp Sypow, 1902, ‘Syll. Fungorum,” XVI, p. 613.
Cuirep, 1921, The Gardens® Bull,, Straits Settlements, 11, p. 326.

Found in Selangor, Malay Federated States (Ridley Coll.), spring-
ing in considerable numbers from the head, thorax, abdomen, and legs
of an unidentified ant; some imperfect stromata also on the antennc.
This is a small fungus, the stromata being 3 to 4 mm. high. Aecording to
Chipp (1921) the host is “ Formica gigas.”!

Cordyceps Sherringii Massee

Cordyceps Sherringii Mass<tg, 1801, Ann. of Botany, V, p. 510, figs. 2-0 (on p. 509).
M. C. Cooxke, 1891, Grevillea, XX, No. 94, p. 39, Masseg, 1592, Bot, Centralbl.,
LI, p. 334: 1805, Ann. of Botany, IX, p. 27; 1899, Revue Mycologique, XXI,
p. 1, Pl cLxxxru, figs, 5-9.

Cordyeeps Specringii M. C. Cookr, 1891, Grevillea, XX, p. 15,

Cordyceym Sheeringii M. C. Cookg, 1592, ‘ Vegetable Wasps and Plant Worms,' p. 35,
fig. 8. Naccarpo, 18035, *Syll, Fungorum,” X1, p. 366,

'Probabily Camponotus (Dinomurmer) gigas tLatreilled
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Grenada, West Indies (Sherring Coll.).

““Gregarious on an ant, springing from various parts of the body,
most firmly attached to the frond of a fern by a dense mass of pale
ochraccous myeelinm.”

Fig. 77. Cordyceps subdiscoidea (P, llennings) growing on Camponoluz (Myrmothriz) abdominalis
(Fabricius), at Kalacoon, Barticn District, British Guiana: a, natural size; b, X 10.

Cordyceps subdiscoidea (P. Hennings)
Cordiceps suldliscoidea P. HENNINGs, 1902, Hedwigia, XTI, p. 168.
Cordyceps subdiscordea P. axn D. Saccanno, 1905, ‘Syll. Fungorum,” XVIII, p. §25.
This curious fungus was deseribed from the confluence of the Para
and Surinam Rivers, Dutch Guiana, on the thorax of an unidentified ant
(J. Michaelis Coll.). Prof. Win. M. Whecler has recently found at
Kalacoon, British Guiana, a beautiful specimen which I refer provi-



1922 Wheelcr, Auts of the Belgian Congo 391

sionally to this species (Fig. 77), though it may be undescribed. It was
growing on a dead worker of Camponotus (Myrmothriz) abdominalis
(Fabricius), fixed on a leaf of a low bush in the forest near the Tropical
Research Station of the New York Zoological Society.

Cordyceps subunilateralis (P. Hennings)
C'ordiceps subunilateralis P, Ilexsings, 1902, Hedwigia, XLI, p. 168; 1904, Nerthus,
Pl 1, fig. 9.
Coridyceps subunilateralis P. axp D. Saccarpo, 1905, ‘Syil. Fungorum,” XVII, p.
S26.
From the confluence of the Para and Surinam Rivers, Dutch Guiana,
on the thorax of an unidentified ant (J. Michaelis Coll.).

Cordyceps unilateralis (L. and C. Tulasne)

Torrutna unilateraliz L. axp C. Trrassg, 1863, ‘Selecta Fung. Carpologia,” 111, p.
18, P11, figs. 3. Berxerey anp Coowg, 1876. Journ. Linn. Soc. London,
Botany, XV, p. 304.

Cordyceps unilaleralis Sacrarpo, 1883, ‘Syll. Fungortmn, Pyrenomye.,’ 11, p. 570.
Fawcerr, 1886, Ann. Mag. Nat. Hist., (5) XVIII, p. 317. TaaxTer, 1891,
Botan. Gazette, XVI, p. 203. M. C. Cooxkg, 1892, * Vegetable Wasps and Plant
Worms," p. 33, fig. 7. Masseg, 1803, Ann. of Botany, IN, p. 15; 1838, Revue
Miyenlogique, XX, p. 86. Specazzing, 1912, An. Mus. Nae. Hist. Nat. Buenos
Aires. XXII1, 1. 76.

This ix a rather generally distributed parasite of ants.anditattacks
other insects too. Originally described from Brazil on Atta cephalotes
(Linnzus), it was again found there on the same ant by Traille.! Faweett
records it on Camponotus abdominalis (Fabricius), =alriceps (Smith),
also from Brazil, and on Echinopla melanarctos Smith and Polyrhachis
merops Smith, both collected by A. R. Wallace at Tondano, a village in
the tsland of Celebes. Thaxter found it in North America on an ant
which was not further specified at the time, but is, according to Prof.
Wheeler's tdentification, Camponotus herculeanus (Linnwxus) subspecies
pennsylvanicus (D¢ Geer) from North Carolina.? Finally, Spegazzini
mentions it from an unidentified ant found at Puerto Leon, Misiones,
Argentina.,

The external part of this Cordyeeps consists of a black, very slender,
thread-like stroma, 13 to 20 mm. long and % to % mm. thiek at the base,

1An unidentificd Cordycepa is tigured by J. R. Inda (1007, p. 4, fig. 2) on & lenf-cutting attine ant
form Cuarnava and Jolapa, Mexijco,

*According to information kindly given by P’rof. Wheeler, there are also in I'rof. Thaxter's collec-
tion unidentified Cordycepa on Camponotus Arrculeanus aubspecien pennayleanicus variely norrboracen-
na (Fiteh) fromn Maine, and on C. abdominalia (Fabricius) from Trinidad. An unidentified Cordyceps
has also heen montioned on Camponoius arrgutiatus from liranil by Faweett (1888, p. 317).
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Fig.78. Cordyceps unilatercliz variety javanica F. v. 1lohnel, growing on Camponotus specics, near
Batavia, Java: a, ant with complete fungus, X 0.5; b, canitulum of asei, X 7 ¢, longitudina) sec-
tion of eapitulum showing perithecia, X 30 (after v. Iloknel, 1909.)

feebly bent about or above the middle of its length, where i1t bears on
one side the perithecia fused into a subglobose or hemispherical head,
1 to 2 mun. in diameter, with rosette-like protuberances.

Cordyceps unilateralis varicty javanica F. v. Hohnel
Cordyceps unilateralis variety javanica F. v. HonxEgr, 1009, Sitzb. Ak. Wiss, Wien,
math, naturw. K1, CXVIII, Abt. 1, p. 300, PL, figs. a-h. Saccanpo axp TRoOTTER,

1913, ‘Syll. Fungorum,’ XXII, p. 512,

The stroma of this fungus (Fig. 78 a-¢) was growing out between the
head and thorax of an unidentified ant, probably, to judge from the
drawing, a species of Camponolus, collected near Batavia, Java, by van
Rozenburg.



ux on Pachycondyla atriata F. Smith, at Tijuca, in the
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Isaria myrmicidee C. G. Lloyd
Ixaria myricider C, G, Luoyp, 1920, Mycological Notes, No. 62, p. 915, Pl, CXLIII,

fizs. 1636 and 1637,

The above name is given by C. G. Lloyd to a parasite found in
Brazil by J. Rick on an unidentified ant; his figure evidently represents
the petiole and gaster of a ponerine, perhaps of the sane speciesof Pachy-
condyla mentioned below as host of this fungus. The brief deseription
reads as follows: “This is not a Cordyceps as would appear from the
photograph but an Isaria which is only named for convenience in the
muscum. Our figure (Fig. 1636) enlarged six-fold tells all to be told about
it. Fig. 1637 is natural size. The stemis about a eentimeter long, slender
and black. The head is eylindrieal and white. Spores are ‘pip-shape,’
2 34 B

Tig. 79 shows a parasite of Pachycondyla striata F. Smith,! which is
cvidently Lloyd’s *“ Isaria myrmicide ” The drawing was made from a
specimen in the Herbarium of the New York Botanical Garden kindly
loaned to me by Dr, N, L. Britton and Dr. F. J. Seaver. It was obtained
by J. N. Rose and P. G. Russell in 1915 at Tijuca.in the vieinity of Rio de
Jancire, Brazil.

Stilbum formicarum Cooke and Massee
Stilbum fornicarnm Cookr axnv Massei, 1889, Grevillea, XVIII, No. 8, p. 8.

M. C. Coore, 1892, ‘Vegetable Wasps and Plant Worms,' p. 38, Pl 1, fig. 12.

An undetermined species of ant, sent from Cheltenham, Victoria,
Australia, was bearing upon its bady a little Stilbum, with clongated
slender stems, from five to eight millimeters in length, black, and flexuous,
dlightly thickened towards the base, and bearing at the apex an obovate,
pink-colored eapitulum or head, with elliptical conidia (10ux long and
3u broad). Several of these fungi occurred on the body of each dead
inscet.

The genus Stilbum comprises imperfeet fungi, usually placed in a
family StiLuaces. Most of the species are saprophytic and only a few
have been found on inseets. 1t is quite possible that the Australian formn
mentioned here represents the conidial form of some ant-attacking
Cordyceps, and 1 have, therefore, thought it convenient to mention it in
conncetion with the Hynoereace:.

iThe ant was identified by Prof. Wheeler.
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The LapovLsexiack.x or Laboulbeniales constitute by far the most
highly specialized and most interesting of fungoid parasites of insects.
All are found growing on living arthropods exclusively. The family is
usually included among the Ascomycetes and, even in his most recent
papers, Thaxter sees no sufficient reason why it should not be placed in
the Pyrenomycetes.  Because of their combining in some respect
peculiaritics of the true Ascomycetes with others shown by certain Alge
of the class Flornidewx, certain myeologists suggest that these fungi be
considered as a class of themselves, for which the names Phycascomycetes
or Laboulbeniomy-cetes have been used.

The following brief account of the Laboulbeniacewe ix adapted from
R. Thaxter's admirable monographic studies of these plants and will,
it 1s hoped, cnable entomologists to recognize them without difficulty.
UGnlike the Cordyceps deseribed above, they are inconspicuous and, when
examined in situ on the host insect, appear in general like minute, usually
dark-colored or yellowish bristles or bushy hairs, projecting from its
eltinous integument either singly or in pairs, more eommonly scattered,
but often densely erowded over certain areas on which they form a furry
coating. When studied with a proper magnification, the structure of a
fully developed parasite corresponds to the following general scheme.

A (polyeellular) main body, or receplacle, ix fixed hy means of a blackened buse,
or fool, to the integnment of the hast, and eonsists i most eases of a very small
number of cells differently arranged in different genera.  Thix receptacle gives rise
above to eertain peculiar appendages of very variuble form, commoudy connected
with the production of the male sexual organs; while from the same individual, with
few exceptions in which the plants are diacious, female organs are also variously
produced from which peritheeia are eventually developed. In the perithecia, which
may arise sivgly or in considerable pumbers from a given individual, and which are
quite remarkable in strueture, are produced the reproductive bodies or ascospores
that are forized in aset identical in all respeets with the organs thus nawmed in other
inctbers of the great group of ascomycetous fungi. The ascospores thus formed
germinate on the surface of the host to which they become attached by a blackened
modification of their busal extremity, und, without the formation of any hyphie,
grow directly to new individuals by aneans of suecessive cell divisions.  (Thaxter,
1806, p. 198.)

Perhaps the most remarkable peculiarity of the Laboulbenincem
is their ability to thrive freely on their host without interfering much
with its activity, inflicting little if any appreciable injury. The parasit-
ixmn is external and, except in rare instanees in which the foot semds into
the body a rhizoid-like haustorium, the parasite derives its nourishment
through a at most slight perforation of the host’s integument.  Indeed,
s0 feeble ave the ill-effects of their parasitis that the idea has at one
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time been advanced these fungi be mere saprophytes, not feeding on their
host but absorbing from the surrounding humid air such clements us are
needed for their development (Cavara, 1899). Riek (1903), commenting
upon the abundanee of Rickia Wasmannii in some ant colonies, gocs even
a step further. “The animals,” he writes, “apparently suffer but little
or almost not from the fungus; one finds decidedly populous colanies
which are much attacked. Possibly the animals may even derive somne
benefit from the fungus. It is not much out of the question to think of a
kind of symbiosis, though I cannot for the present give any further in-
dication coneerning this point. Perhapsthe funguscouldbeof advantage
to the ants in providing them with sugar.”

There is, however, not the slightest proof for Riek’s surmise that the
fungus is of any real use to its host, while there is plenty of evidence that
the Laboulbeniace:wx are true parasites. ““The rigid limitation of specics
of Laboulbeniales to single genera or even species, of insects, which holds
in general throughout the group, could hardly, 1t would seem, be ex-
plained on the basis of pure saprophytism; and-although, as previously
stated, the growth of these plants is not associated with any appreciable
injury to the host, it is nevertheless a true parasitism of a typically
obligate type.”” (Thaxter, 1908, p. 223.) Mloreover, the exact manner
in which the fungus derives its food from its host is still not quite clear.
The occurrence of a number of rhizoidal forms seems to render it certain
that all Laboulbeniacesx feed on the juices of the insecet; in the ant
parasites, as in a majority of eases, these nutritive elements are absorbed,
without penetration, through the sucker-like foot (Thaxter, 1908, p. 248).
Aceording to Cepede (1914, p. 396), the fungus takes from the superficial
layers of chitin certain carbohydrates whieh are loealized there (glucose
and glycogene).

The greater number of Laboulbeniacex attack beetles, especially
of the family Carabidie; they are much rarer on other inscets and only
the three following speeies have hitherto been recorded from ants. They
are among the smallest members of the family, not execeding one-tenth
of a millimeter in total length in the North American Laboulbenia formi-
carum; the two other forms being slightly larger.

Rickia Wasmannii Cavara
Rickia Wasmannit Cavana, 1899, Malpighia, X1II, p. 182, Pl vi. Riek, 1903,
(Esterreich. Bot. Zeitschr,, LIII, p. 163, fig. ToaxTer, 1902, Proc.
Anierican Ac. Arts Se, Boston, NXXVII, p.39; 1908, Mem. American Ac. Arts
Sei. Boston, XIII, pt. 6, p. 248, Pl xxxiv, figs. 1-13. CereEpe axp Picarp,
1009, Bull. Seientif. France et Belgique, XLII, p. 252, Picarp, 1913, Bull. Soe.
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Mycolog. France, XXIX, p. o11. Srecazzini, 1914, Redia, X, (1915), p. 29,

Pl 1, fim. 2. Renr, 1903, .Ascomyceten, No. 1451 (exsiccata).

This is apparently the only fungous ant parasite commonly foundin
Europe. Originally deseribed from Linz on the Rhine, Germany, where
Wasmann found it on Myrmica levinodis Nylander, it was observed
by Rick on the same ant at several other localities in Luxemburg
(Belle Vue), Germany (Berneastel on the

| Moselle), and Austria (Feldkirch and Garina

F in the Vorarlberg). Spegazzini mentions it

J' {/ from Italy on Myrimica scabrinodis Nylander
\o. )y

Donisthorpe (1912, p. 3; 1913, p. 96;
1915, p. 154) mentions the discovery at Ran-
noch, England, of a nest of Leptothoraz acer-
vorum. (Fabricius), all the ants of which
were covered with a fungus, though quite
alive. The specimens, unfortunately, were
lost, but the author thinks that the fungus
was probably a species of Laboulbeniacee.

\

\ ! J/
\ o
\ ]
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Fig M. Kickia Wasmannn

(’nvun_:. s pgrui}it'fullzul fJf Fig. 81, Rickia formicicols Spegaxzini, a parasitic
.\‘!yrmca lrvmodn.: .\.)'!nnderm fungus of Prenolepis silrestris Emery in Argentina,
Europe. Mature individual: a, Two mature individuals, X 300 (after Spegazzini,
X G0O; b, X 200 (after Thaxter, 1017).

1908).

Rickia formicicola Spegazzini
Rickia formicicola, 1917, SpEGazzINT, An. Mus. Nac. 1list, Nat. Buenos Aires, XXIX,
p. 663, fig. numn, 195,
This species (Fig. 81) was found in the island of Santiago, La
Plata, Argentina, growing on Prenolepis silvestrii Emery.

Laboulbenia formicarum Thaxter

Laboulbema formicarun, 1902, Tuaxter, Proc. American Ae. Arts Sci. Boston,
XXXVII, p. 39; 1908, Mem. American Ac. Arts Sei. Boston, X111, No. 6,
p. 359, Pl Lvin, figs. 14 and 15, WnegLer, 1910, Psyche, XVII, pp. 83-86.
J. Bequaknr, 1920, Bull. Brooklyn Ent. Soc., XV, p. 71.
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This parasite (Fig. S2a-b) attacks variousspecies of North American
ants; strange to say, it has only been recorded thus far from the vicinity
of Boston, where it appears to be rather common. Thaxter discovered
it at Cambridge, Massachusetts, on Lasius niger variety americanus
Emery and Formica subpolita varicty neogagates Bmery. Wheeler found
the same fungus infesting nearly all the nests of Lastus niger variety
neoniger Entery, on the seashore at Ellisville, Massachusetts, and gives
seme interesting details with regard to the ecology of the infested colonies.

On the beach itself, which consists of a deep
| lnyer of pure sand, there are colonies of Formica fusca
variety argentata Wheeler, Myrmica scabrinelis
Nylauder variety sabuleti Meinert, Tapinoma sessile
Say and Lastus neoniger. "The last is far and away
the most abundant and its workers ure of large size.
None of the ants in this locality, including the reeo-
niger, was found to be infested with Lahoulheniacer.
On the horder of the salt meadow, however, immed-
intely adjoining the beach, where the soil is moist,
consisting of n mixture of rather sour, decomposing
humus mixed with sand, and probably not infre-
quently wetted by the spray and occasionally even
submerged at very high water, the only ant is L. neo-
niger, but its eonlonies are less populous than those on
the beaeh, the workers are distinetly smaller and
are practieally all infested with the Laboulbenia.
Passing” over fromn this zone of infestation to the
pasture land adjoining the salt meadow, the variety
neontger is replaced by L. riger L. variety amertcanus
Fig. 82. Laboulbenia formi- Emery which is the form of the species commonly
carum Thaxter, a fungous parasite  occurring in higher and dryer pastures and fields.
of various North American ants  Ngne of the workers of this form, which lacks on the
Mature individuals: a, X'625; b, X k o o
260 (after Thaxter, 1908). seapes and legs the erect hairs so conspicuous in the
variety neoniger, was found to be infested with the
fungus. It would seem, therefore, that while neoniger, unlike any of the other ants,
iz able to exist in a depauperate condition in the damp, sour soil at the edges of salt
meadows, it does so only at the risk of becoming infested with Laboutbenia formicarum.
Indeed, the infestation of the nntsin this strip of littoral at Ellisville is often so exces-
sive that they resemble hedgehogs, fairly bristling with tuflts of the fungus.  (Wheeler,
1910a, p. 84.)

Though Laboulbenia formicarum may oceur on all parts of its host,
it appears from Wheeler’s observations that it grows most abundantly on
the abdomen, middle and hind femora and tibiw, and posterior portions
of the head. The thorax and coxm, as a rule, are entirely free from the
fungus; the clypeus and gula are generally free, and this seems to be in-
variably the case with the mandibles, antennal funiculi, palpi, labiun,




1922} Wheeler, Ants of the Belgian Congo 399

maxille, and eves. In a very few specimens, one or two of the little
plants were seen on the antennal seapes, but, s a rule, these organs are
perfectly clean.

In August 1919, I took a worker of Formica pallide-fusca subspecies
schaufusst Mayr infested with Labowlbenia formicarum at Forest Hills
near Boston. I was, however, unable to locate the nest to which this
individual belonged, but this observation shows once more that this
fungus, though restricted to ants, attacks indifferently many speecies
(Bequactt, 1920). Prof. Thaxter has also informed Prof. Wheeler that
he has taken this Laboulbenia on various specics of Formica, at Cam-
bridge, Massachusetts.

Several so-called “imperfect fungi "—incompletely developed, coni-
dia-bearing or sterile stages of vaious Ascomycetes—are known to
attack inseets, and some of these have been seen on ants. I have men-
tioned above Stilbum formicarum Cooke and Massee and have also
alluded to the Isaria stage of Cordyceps, which may be expected on ants,
sinee so many species of the latter genus have been found in the asei-
Bearing stage on these insects. H. Bischoff (1912) has mentioned the
finding by Quicl, at Potsdam, Germany, of two nests of Formica rufa
heavily infested with fungous growths, about the size of a pin-head and
attached mainly to the thorax, more rarely to other parts of the body.
The ants were apparently but little hampered by their parasites. From
cultures ohtained with these fungi, Bischoff coneludes that they belonged
to several species, among them a Mucor (of the spinulosus group), a
Penicillium, and a yeast with sexual reproduction; characteristic brown
hyph:e present in the tufts on the ants, were not obtained in the cultures.
More recently, Thaxter (1914, p. 239) found in the vicinity of
Cambridge, Massachusetts, a fungus forming blackish incrustations on
various parts of ants, and giving rise to a few short, colorless, erect
branches; the exact nature of this plant has not been determined, nor is
the name of its host mentioned.!

Thaxter (1891, p. 203, PL. xx, figs. 1-9) has described, under the
name Desmidiospora myrmecophila, a new genus and species of fungus
which was growing luxuriantly on a large black aunt fastened to the under
side of a rotting lag in Connecticut.? The hyph:e, much branched and
septate, covered the host in a white flocculent mass; they emerged

1) Leidy (1854) has recorded finding in Pennsylvania s Camponotus pennay’ranicus under the bark
of 8 deenying tree; it was infocted with a fungus which spread through every part of the body. This
muy hsve been asaprophliytie fungus which haa invaded the ant siter death,

*This xnt has recently been identificd by I'rof. Wheeler in Prof. Thaxter's collection as Camponotua

herculranus subspecics pransybanicus (DeGerr), rof. Thaxter also possesscs the same fungus from
New Hainpahire, growing on the subspories ponnsyleanicus and its varicty soreboracensia (Fitch).
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especially from between the abdominal segments, enveloping the insect
more or less eompletely and extending a short distanee over the sub-
stratum, The spores are of two kinds, the mieroconidia being minute
(12X 2u), hyaline, subfusiform, and produced at the apex of subulate
lateral basidia; while the maeroconidia are much larger, terminal, brown,
flat, multilocular, irregularly lobed, up to Jis mm. broad (80-100X68-90u
and 12 144 thiek). Thaxter remarks that it is not impossible that this
fungus is an imperfect form of some Cordyceps or possibly parasitic on an
immature Isaria or Cordyceps previously developed within the insect.
As it is, Thaxter places Desmidiospora among the Hyphomyeetes and
Lindau! regards it as genus of the Mucedinacee. Someyearsago Patouil-
lard (1892) deseribed, under the name Hirsulella entomophtla, a curious
fungus found growing on a beetle in Ecuador. At first sight it resembled
an Isaria, but Patouillard thought he had observed that the sporeswere
borne on basidia; he, therefore, ineluded this parasite among the Basi-
diomycetes, placing it in the Clavarize. Reeently, however, Spearc
(1920) has shown that this, as well as similar fungi, do not produce truc
basidia and must be removed from the Basidiomycetes. It is rather a
definite form of imperfeet fungi, probably a stage of one or more species
of Cordyceps or related genera. In the same paper, Speare remarks apro-
pos of Desmidiospora myrmecophila Thaxter (p. 65): “ While its resting
spores arc anomalous in character, and although no structures analogous
to the synnemata of Hirsulella were deseribed, its subulate sporophores
and fusoid spores are of the same type as the corresponding organs of the
form under consideration.”

A snowy white mould, Sporotrichwm minimum Spegazzini (1881,
pt. 4, p. 123 of reprint; Saccardo, 1886, p. 101; M. C. Cooke, 1892,
p. 37), also one of the Mucedinacew, was found in Argentina upon the
putrescent body of Acromyrmex lundit (Guerin), in a rotten trunk. It
was diffused over the inseet, at first in a powdery and then a cottony white
stratum, forming minute tufts. The threads were ereeping and densely
interwoven, branched, very slender (searcely 2u in diameter), sparingly
septate, hyaline, with conidia seattered here and there.

It is possible that both this Sporefrichum and Thaxter’s Desmidios-
pora myrmecophila are mere saprophytes, which have grown over the
ant after the death of the inseet.

Hormiscium myrmecophilum Thaxter, another imperfect fungus
found on ants, is described by Thaxter (1914, p. 238, Pl. x1x, figs. 22-25)
as follows: ‘Filaments nearly hyaline, becoming brownish, darker near

11 Englerand Prantl, 1000, Die Natirl. Pflanzeniam., I, Abt, 1%, p_ 4354,
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the base, closely septate, the cells often as broad as, or broader than long,
undifferentiated, distally bluntly rounded, erect or curved upward, rigid,
=imple, less frequently sparingly branched, tapering but slightly if at all,
one to several arising from a deeply blackened foot of variablesize and
shape. Maximum length about 280u by 7-8u in width.”’t It was found
on various parts of a speeies of Pseudomyrma collected by W. M. Mann
along the Amazon River, Brazil; the majority of the individuals taken
from a nest were infeeted by the fungus, which is sufficiently large to be
readily visible as it projects from the surface of the host. It produces no
differentiated cell-groups or definite spores, as far as has been observed,
and appears to propagate itself by fragmentation only, the filaments
proliferating after a terminal portion has been broken off. The opaque
and somewhat variable foot, by which the individuals are attached to the
surface of the host, appears to eorrespond to such a small fragment brok-
en from a hypha, which, adhering laterally, becomes blackened and in-
durated, and gives rize to new filaments, while at the same time it serves
the office of attachment as well as of food absorption. The other mem-
bers of the genus Hormiscium are saprophytie, being mostly found on
deeaying vegetable matter; it is placed in the family Dematiacese among
the Hyphomy-eetes.

Finally, I must mention that Donisthorpe, in his treatise of British
aunts (1915, p. 235, fig. 86; see also Donisthorpe, 1913, pp. 96-97),
figures a worker of Lasius wnbratus variety mirlo-umbratus Forel with
patches of alge on body and legs. Concerning this parasite, he
expresses himself as follows:

On August 11th, 1912, when at Wexbridge in comnpany with Professor Wheeler,
we fonnd two eolonies of this variety, very many of the ants of both being infested
with a curious dark brown warty growth in patches on parts of the body and legs—
this Wheeler thought might be a fungus which was nnknown to him. 1kept a number
of these ants in captivity, and added uninfected workers of umbrata from other loecali-
tics; the growth however did not increase nor spread to the new ants, but rather
~cemed to deerease. T sent some of the infested ants alive and others tn spirit, to Dr.
Baylis Elliott, and she eonsidered the patehes were colonies of unicellular organisms
trowing on the outside of the ants; ceventually she eame to the conelusion that they
were nat fungoid growths, but probably colonies of an alga.

Intracellular Bacteria of Ants
In various groups of inzcets unicellular organisms of a fungous or
bacterial nature have been discovered inside eertain cells of the body.
They are apparently not parasites, but must rather be considered ax
Hiormiscium pitnuophiium varicty murmecophilum J. B. Elliott (1010, pp 130-142) is an entirely

different fungus. which wa« found gre wing on the enrton walls of certain nests of Lasius wmbratus in
I ngland (p 37
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living in symbiosis with their host.  Special deviees, often of a compli-
ated nature, assure their transmission within the inseet egg from one
generation to another, so that they have become normal constituents of
all the members of certain species, genera, faniilies, or even higher groups
of inseets. Some of these micro-organisms float freely in the lymph,
and in many cases great munbers of them also fill the plasma of certain
fat-cells, thus forming so-called “mycectoeytes.”  ‘The myectoeytes
may occur isolated in various parts of the body, or they may be grouped
together and even more or less fused into special fungous organs, the
“myectoms.” Sometimes miero-organisms of two or even three different
kinds live within separate cells of the same host, cither quite apart from
one another or in compound mycctoms.  Typical illustrations of intra-
cellular mycoses are presented by certain hemipterous insects.  In
particular, all the Homoptera possess such intracellular, hereditary
symbionts; their mycetoms are often enclosed within a pigmented epithe-
lium and conneeted with special hranches of the tracheal system of the
inseet (P. Buchner, 1913).

Intracellular symbionts also occurin certain ants, and it is probable
that their presence in these insects is more frequent than is known at
present. They were first seen by Blochmann (1884, 1888) in Camponotus
herculeanus subspeeies ligniperdus, densely filling cells which this investi-
gator regarded as belonging to the epithelitun of the intestine.  According
to Buchner’s recent researches (1919) the intracellular organisms of that
ant are really contained in speecial mycetoceytes placed in a continuous
layer beneath and between the true epithelial cells of the mid-gut.
They are present in all individualsin the formn of tiny, thread-like bodies,
10 or 12 g long, generally regarded as bacteria. At the beginning of the
sexual maturity of the inseet, some of the symbionts leave their
mycetoeytes, in the worker as well as in the queen.  They invade the
egg-follicles from all sides and penetrate the egyg, the entire plasma of
which at first beeomes densely filled with bundles of bacteria placed
parallel to one another; but, as the egg grows, these organisms are
pushed to its posterior pole. Blochmann found similar, but smaller (4
to 5 u), organisms in Formica fusca, where they occupy two groups of
cellsin the adipose tissue. According to Buchner (1918, p, 77, footnote),
intracellular bacteria live in many species of Camponotus, such as C. senex
(F. Smith), C. maculatus subspecies congolensis Emery, C. maculatus
sithspeeies brutus (IForel), C. maculatus subspeeies atramentarius Forel,
C. reclangularis subspecies rubroniger Forel, and perhapsin all the men-
bers of that genus. But they are absent in many other ants, as,for
instance, in Myrmecina latreillet Curtis.
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2. A ReviEw oF AFRICAN MYRMECOPUYTES

For all practical purposes, ant-plants or myrmecophytes may be
bricfly defined as plants whieh during life are continuously inhabited by
certain species of ants.  This definition, however, calls for certain ex-
planatory remarks whieh will be found in the introduction to the general
review of recorded ant-plants (p. 494). What is known of the ccology
of African myrmecophytes has been brought together in the present
chapter, in addition to my own field observations. For the convenience
of the entomologist, 1 have compiled from the taxonomicliterature the
technieal deseriptions of these plants. To most students they will, 1
fear, not be much more helpful than they were to me; but descriptive
botany seems able to offer nothing better. In themselves, they afford
suffieient apology for the fact that in so many eases a correct identifica-
tion of the plant in question can not be made.! 1t is to be hoped that the
absence of a specific npame will not render the observations recorded
entirely valueless. since more often than not future field workers will be
able to recognize the plants by some of the peculiarities shown in the
drawings or mentioned in the text.

Being more familiar with the African flora, I may be permitied to
all attention to a few general features of myrmecophytisin as suggested
by 4 consideration of African ant-plants. Certain of these remnarks may
also apply to myrmecophytes of other regions, while some perhaps could
not be generalized without modifieation.

(2) Though over 30,000 species of flowering plants have been
deseribed thus far from the Ethiopian Region, only 42 of them can be
regarded as more or less well-defined or probable myrmecophytes. In
not more than 20 of these cases have the relations to ants been established
from actual observation; for the remaining 22 speeies myrmecophily
is merely surmised from analogy with what is known of their near rela-
tives.2 In other tropieal parts of the world, the munber of plants with
speeinl accommodations for sheltering ants is somewhat higher (about
116 species in the Neotropieal and 109 species in the Indomalayan,
Papuan, and Australian Regions), but it must be remembered that their
floras are much richer than that of the Ethiopian Region, so that their
proportion of myrmecophytes is but little if any higher. The compara-

'1n the cane of planta collected by me, numbersaregivenreferring to my herbarium specimens which
are now in the hands of ’rof. F. De Wildeman, Director of tlie Brussels Botanical Garden. Some of

these specimena have been identified by that authority and their study will undoubtedly be completed
1n the near future,

Wixteen myrmecophytes are at present known from the Belgian Congo. Acconding to the latest
data avaiinble, 372 species of Spermatophyta, belonging to 1261 genera, had bern described froin that
region at the ond of 191X (Goosaens, V. 1011, ' Apereu de nos connainsances actuclles sur 1a flore du Con-
0 belge * Bull Mgricole du Congo Belge, X, pp. 154-161).
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tively small number of myrmecophytes is rather surprising considering
the abundance and variety of tropical plant life and the many opportuni-
ties which ants must have had to become acquainted with it.

(b) The African myrmecophytes belong to a few taxonomic types,
represented by 7 families and 12 genera, as follows:

Leguminosa: Schotia, with 1 species,
Euphorbiace:e  Macaranga, with 2 species,
Sterculincex Cola, with 3 species,

Scaphopetalum, with 2 speeies.
Flacourtinee:e  Barleria, with 5 species,

Apocynacer Epitaberna, with 1 speeics.
Verbenacee Viter, with 2 specics.
Rubiacew Uncaria. with 1 species.

Sarcocephalus, with 1 species.
Randia, with 3 speeies.
Plectronia, with 6 species.
Curiera, with 15 species.

Schotia, Cola, Scaphopetalum, Barteria, Epitaberna, and Cuviera are
precinetive Ethiopian genera, while the others are either also repre-
sented in the Oriental and Indomalayan Regions (Macaranga, Sarco-
cephalus, Plectronia) or tropicopolitan (Vitex, Uncaria, Randia). The
family Rubiacez leads the list with the largest number of myrmecophil-
ous species (26, belonging to 5 genera), which is trite also in other tropical
regions. For Barteria, Epitaberna, and Curiera, myrmecophytism is to
all appearances one of the generic peculiarities, probably being present
in all the members.

It is a curious fact that in the Ethiopian Region and elsewhere some
of the largest familics of the vegetable kingdom, in which differentiation
into species has been most active, show very few (Leguminosea, Orchida-
cex) or no cases of myrmecophily. As illustrations of the latter may be
mentioned the Gramineze, Cyperacew, Liliacewr, Labiatee, and Compositze.

(¢) True myrmeecophytes are restricted to the sections of the carth
situated between the tropies, a fact casily accounted for by the uniform
temperature which prevails there and permits ants to establish their
perennial abodes within the rather thin walls of plant tissues. I already
have shown (p. 371) that the so-ealled ant acacias of the dry East African
plains and Clerodendron formicarum of the savannah eountry are by no
means myrmecophytes. When these cases are eliminated, all African ant-
plants known at present oceur only in the permanently moist and cver-
green Rain Forest of the western and equatorial parts of the continent.
All the Oriental and Indomalayan and the vast majority of the Neo-
tropical myrmecophytes grow similarly in the moist tropical forest areas.
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‘The one notable exception is presented by the true ant acacias of Central
and South Ameriea (p. 510), which do not grow in the forests, but only
in the open country or savannahs and along road-sides, and in some
cases even prefer semiarid regions.

(d) The African myrmecophytes are all perennials and of a woody
texture, either bushes, low trees, or woody creepers. This also holds
true for the ant-plants of southern Asia, Malasia, and tropieal America,
though the types there are somewhat more varied, including, for instance,
typical epiphytes. It is essential to the prosperity of the ant colonies
that their permanency be assured for many years, a condition which, of
course, could not be provided by annual or biennal plants. In addition,
the woody texture of the walls adds considerably to the solidity of the
domatia and to the protection of the formiearies. In a number of cases
(Cola, Scaphopetalum), but not all, the leaves and stems of plants in-
habited by ants are abundantly covered with long, stiff hairs.

(e) The structures offered as myrinecodomatia by the ant-plants
show but little diversity, are usually of a very simple type, and affect
fow organs of the plant. There is nothing here comparable with the in-
tricacy and endless variety of adaptations presented by entomophilous
flowers to pollinating inseets. The following types of myrmecodomatia
have been recognized in Africa.

1.—The stipules persist for some time and are much swollen, their
recurved margins enclosing a pouch-like cavity: Macaranga saccifera.
-\ more primitive condition of stipular myrinccodomatia is illustrated by
the Uragoga described on p. 453.

2.—The leaves produce pouches at the base of the blade: species of
Cola and Scaphopetalum.

Swollen stipules and leaf pouches may be regarded as myrmecodo-
matia of a very primitive type. They are not much sought by the ants,
probably because they do not offer enough solidity and permancney as
shelters for formicaries.  In the few eases in which I obzerved ants using
the swollen stipules of Macaranga saccifera and the foliar pouches of
Cola Laurentii and Scaphopetahn Thonnert, the colonies were very small
and the ants timid.

3.—The stems of the plant are externally normal, but hollowed out
practieally their entire length: Viter Stavdtii and Barteria Dewerrer.

4.0 The stems present fistulose swellings either in the middle of the
internodes, (Randia Luje and R. myrmecophyla), in, above, or helow the
nodes (Unearia, Sarcocephalus, Plectronia, and Curiera), or at the base of
certain branches (Barteria fistulosa).
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In other tropical regions there are a number of additional types not
yet recognized in Africa, such as stipular thorns (Aeacia), swollen
petioles (Tachigalia, Nepenthes bicalcarata), pitcher-shaped leaves (Dis-
chidia), inflated leaf-sheaths (Korthalsia), hollowed pseudobulbs (Schom-
burgkia), and fistulose rhizomes (Polypodiion sinwosum, Lecanopteris
carnosa, Myrmecodia, cte.)

In the ease of stipulir or leaf pouches, the slit which leads into the
cavity is a natural result of the production of the pouch. In all other
African myrmecophytes, there is no preforined entrance to the domatia
and the apertures are gnawed by the ants.

() A very small number of African ants have become adapted to
nesting in the domatia of ant-plants. A distinction should be dravwn here
between oBLicaToRY plant ants, that live exelusively in myrmecophytes,
and species which are only occasionally or accidentally associated with
these plants and may therefore be designated as racvrrative (Wheeler,
1913, p. 115). Most of the African plant ants fall in the second group;
they belong to such genera as Crematogaster, Tetraponera, Monomortiain,
Leptothorar, Tetramorium, Cataulacus, Tcchnomyrmer, and Prenolepis,
which are abundant in the forest, usually leading an arboreal or semi-
arboreal life; many of the species make no distinetion between cavities
of dead or living plants wherein to shelter their formiearics.  Viticicola
tessmanni and the two species of Pachysima (P. @thiops and P. latifrons)
are the only African obligatory plant ants. They have never been found
away from their hosts, Vitex Staudtit in the case of Viticicola and various
speeies of Barleria and Epitaberna myrmacia in the ease of the Pachy-
stma. [t is possible that certain African species of Engramma and Plagio-
lepis, which have been collected only in plant domatia, are also of the
obligatory type, but their case ealls for further investigation.

There are a number of doubtful cases of myrinecophily among
African plants and also others that are based on erroncous or incomplete
observations. Some of these have been dealt with in the present paper
under their respective families or genera, but a few others must be briefly
mentioned here for the sake of completeness.

Stereospermum dentatum Richard (Bignoniaceze), of Abyssinia and
Kordofan. Aeccording to Penzig (1894) the pith in the upper part of a
flowering braneh is excavated for a space of one or two internodes and
the eavity is inhabited by Tetraponera penzigi (Emery), its offspring,
and algo some coceids. The aperture is found at the tip of what appears
to be an aborted limb in the bifureation of the flowering branch. There
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are no swellings and the normal stems are filled with pith. Penzig be-
licves that the ants trim the growing upper end of the branceh in order to
enter the pith and are thus responsible for the dichotomous inflorescence
of thiz species. T am ratherinclined to think that the gallerics are bored
by some inseet Iarva and are only settled by ants after being left by their
maker.

Annibale (1907a) mentions two other African Bignoniacex, Kigelia
dfricana (Lamarck) and Newbouldia leris (P. de Beauvois), as *“myrme-
cophilous’’ beeause he found neetaria on the under side of the leaves. In
addition, herbarivun specimens of Newbouwldia lzris examined by him
were hollow in the upper part of the flowering branches, the cavities
having one or two apertures at the base. The author assumes that these
hollows arc natural formations of the plant and are settled by the ants,
which pierce the exit holes. He docs not state that these insects were
actually found in the branches, and the explanation offered above for
similar cavities in Stereospermum is probably also true here.

Grumtlea venosa Hiern (Rubiacer). Belgian Congo. “Bush of about
2 m., always inhabited by numerous black ants” (Dewevre; see De
Wildeman and Durand, 1901, p. 130).

Microdesmis puberulaJ. D.Hooker (Euphorbiacex). Belgian Congo.
* Em. Laurent segarded this plant as a myrmecophyte; indeed some of
the branches on speeimens collected at Bombaie and provided with
witch-brooms, are excavated with galleries; but the myrmecophytic
character is not much pronounced.” (De Wildeman, 1910, ¢ Etudes
Elore Bas- et Moyen-Congo,’ 111, 2, p. 250.)

In addition to the ants indicated in the general account of African
myrimecophytes which follows, Father Kohl collected at Stanleyville
und in nearby localities a number of species ““in inyrmecophilous plants”
which have not been identified thus far in the literature. I subjoin a
list of these inscets, compiled from Forel’s recent paper (1916) on the ants
collected in the Belgian Congo by Kohl:

Crematogaster ruapolii variety atrizcapis (Forel).

C. 5jdafcdts subspecies kohliella (Forel).

C. nigerienxis vuricty wilniger (Forel).

C. kasaiensis (Forel),

C. kohli (Forel).

C. anlenopsides subspecies flacida varicty convericlypea (Forel).
Monomaorium orcaris subspeeies springralenae variety paternum Forel,
M. eriguum subspecies flavexcens Forel,

Leptothorar ceelyna Forel,

Tetramorium ximillimum subspecies isipingense varicty dumezi Forel,
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Engramma lanrenti varicty congolense Forel.
Prenolepis grisoni Forel,

Leguminosa

Though this is onc of the four or five largest familics of plants and
contains many of the more common bushes and trees of the tropics, only
very few of its members are known to be myrmecophytes. After the
climination of the IZast African so-called ““ant acacias,” which, as I have
shown elsewhere, do not possess trueinyrmecodomatia, there remainsin
Africa only one genus that possibly presents biocaenotic associations with
ants.

ScrHOTIA Jacquin

Schotia Jacquix, 1786, ‘Collectanea Austrinen ad Botanieam Chemiam et His-
toriam Naturalemn Speetantia,” I, p. 93. Owuiveg, 1871, ‘ Flora of Tropical Africa,’

11, p. 309, Ianrns, in Engler and Prantl, 1897, ‘Die Nutiirl. Pflanzenfam.,’

Nachtrage zu 111, pt. 3, p. 196.

Theodora Mepixus, 1786, ‘ Theodora speciosa, ein neues Pflanzengeschleeht,” p. 16.

Tavseur, 1894, in Engler and Prantl, ‘Die Natiirl. Pfllanzenfam.,” IT1, pt. 3,

p. 138.

“Unarmed trees or shrubs.  Leaves abruptly pinnate, with eoriaecous often small
lenflets; stipules small. Flowers red or purple, clustered in short often dense panicles,
heads or racemes. Braets and braeteoles caducous or subpersistent.  Calyx-tube
turbinate, campanulate or narrowly infundibuliform; segments 4, much imbricate.
Petals 5, slightly unequal, elawed or subsessile, longer or shorter than the calyx,
imbricate. Stamens 10, free or shortly coherent below; anthers uniform, dehiscing
longitudinally. Owary stipitate with elongate style and small terminal stigina; ovules
4 to S or 10, or more. Legume oblong, often faleate, compressed, coriaccous, dehiscent
or subdchiscent.  Seeds exalbuminous’ (Oliver, 1871).

This genus belongs to the subfamily Cresalpinioidez, in which the
flowers are not of the papilionaceous type usual in the family, but posscss
a rather spreading, zygomorphous corolla; in the bud the upper sepals
and petals are covered by the lower. Scholia is restricted to tropical
and southern Africa and contains twelve species, one of which is supposed
to he myrmecophytic.

Schotia africana (Baillon)
Humbeldtia africana BaiLrLox, 1870, ‘Histoire des Plantes,” I, p. 99, footnote (‘Tropi-
eal West Afriea).
Schotia humboldtinidcs Oriven, 1871, ‘Flora of Tropical Africa.” I, p. 310. I auesrs,
1015, in Engler, ‘Die Pflanzenwelt Afrikas,” ITL pt. 1, p. 454, fig. 219.
Theodora africana (Baillon) TavnenrT, in Ingler and Prantl, 1894, ‘Dic Natiirl.
Pllanzenfam.,’ 111, pt. 3, p. 138,
“A glabrous tree of 25 to 30 feet; extremities (in our speeimens) fumid im-
medintely under each node, narrowing gradually nearly to the middle of the inter-
node. Leaves '5to 1t long, 2~ to 4-jugate, glabrous; leaflets thinly coriaceous, the
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lowest pair near the base of the leaf, obliquely elliptic-oblong, narrowly acuminate,
base very oblique rounded; 42 to 6 in. long, 1% to 2)3 broad; petiolule 0to 1 line.
Racemnes solitary, or 2 or 3 from the axils, 1} to 2 in. long, densely many-flowered.
Bracteoles broadly ovate, about ! line long. Flowers patent, on pedicels of about 1
line, Calyx ;3 to 31 in. long, puberulous or glabrate, the tube but slightly excceding
the limb. Petals oval or ob-lanceolate narrowed at base, slightly longer than ealyx-
lobes. Filaments glabrous, very shortly unequally coherent at the base. Ovary and
gvnophore pilose; ovules 4 to 5. Legume unknown,

*This plant so much resembles speeies of the Indian genus Humboldtia, that in
the ‘Genera Plantarum’ (of Bentham and Hooker) it is referred to as an African
speeies of that genus. Except in the long narrow calyx-tube and fewer ovules, I do
not find any technical character of importance to distinguish it from the other Schotia.
The minute hraeteoles, which persist until flowering, do not enelose the young bud”

Oliver, 1S71).

Cameroon: River Cameroon (Mann).

According to Harms (1915), who figures the swellings, Schotia
africana is a tree of the Rain Forest of Cameroon, Spanish Guinea and
Gaboon; the internodes of young branches are often swollen towards the
upper node and hollow inside. The wall is picreed with a hole through
which ants gain access to the inner ecavity. This supposed myrmeco-
phyte should be carefully studied in the field. Though having all the
appearances of myrimecodomatia, its swellings may still be mere inseet
galls inhabited by ants after being left by their makers, as is so often
the ecasc in the tropies.

Euphorbiaces
MacarANGA DuPetit-Thouars

Macaranga DuPeniT-Tuouvars, 1806, ‘Gen. Nov. Madagascariensia,” p. 26. Pax,
1590, in Engler and Prantl, ‘Die Naturl. Pflanzenfam.,” IT], pt. 5, p. 59. PraIx,
1912, in Thiselton-Dyer, ‘Flora of Tropical Afriea,” VI, 1, p. 932. Pax, 1014,
*Das Pflanzenreich,” IV, pt. 147, V11, p. 208.

Trees or shrubs.  Leaves alternate, petiolate, simple or lobed; their base often
palminerved and sometimes peltate, oceasionally penninerved. Spikes or racemes
axillary or lateral or sometimes forming a terminal panicle. Flowers diceeious, rarely
moncious, apetalous. Male flowers small, elustered. Female flowers solitary.
Bracts distinet or minute, entire or lohed or fimbrinte. Male flower: calyx globose,
elosed in bud, splitting into 3- to 4-valvate lobes; stamens sometimes few (1 to 3),
often numerous (10 to 30); filaments short, free, very rarely united or as if branched;
anthers short, terminal, usually 4-celled, 4-valved, sometimes 3-celled, 3-valved, rarely
2-celicd: no rudimentary ovary. Female flower: ealyx truneate or shortly toothed,
ultimately wide-cupular or obliquely spathaceous; ovary 2- to 3- (rarely 4- to 6-)
celled; styles short, stout, entire, free or slightly uunited at the base, rarely long,
slender or united in a globose mass; ovules in each eell solitary. No disk, Capsule
breaking up into 2-valved eocei or oceasionally, when I-chambered, almost in-
dehiscent, Seeds glubose; testa erustarcous; albumen fleshy; cotyledgns broad,
flat. (After Prain, 1912.)
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The genus Macaranga includes over 170 species of trees and shrubs
distributed in Africa and its islands, Indomalaya, and the Australian
and Polynesian Regions. Some forty species have been deseribed from
Tropical and South Africa, fourteen of which are recorded from the
Belgian Congo. [t is probable that a number of the African species
are more or less assoctated with ants, sinee several of the Indomalayan
forms exhibit various m 1tualistic relations with these inscets. Ridley is
cven inelined to believe that in some species of this genus symbiosis
of the ants and the plant appears to be as complete as possible (sec p. 516).

Two of the African specics, M. saccifera Pax and M. Schweinfurthii
Pax, have persistent pouch-like stipules which are occasionally occupied
by ants. Em. Laurent noticed that in another species, M. dibeleensis
E. De Wildeman,! the leaves attract ants, probably by means of the nee-
taries at the base of the blade; the stipules are more or less concave, not
at all pouch-like, and soon deciduous, so that this species probably is not
a true myrmecophyte.

Macaranga saccifera Pax

Macaranga saccifera Pax, 1804, Engler’s Bot. Jahrh., XIX, p. 93, Pl.1. T, Durasp
AxD L. Scuixz, 1896, Mem, Couronnes Ac. Roy. Belgique, L1, 4, p. 246. I, De
WitpesmaN axo Tu. Dunraxp, 1900, ‘Contributions Flore du Congo,’ I, p. 57;
1901, ‘Reliquiie Dewevreanwe,” p. 212, I3, De WiLbesmax, 1905, ‘Mission Emile
Laurent,’ fase. 2, p. 130, Pls. xxxix-xvr1; 1908, ‘ Etudes Flore Bas- et Moyen-
Congo,” I, 3, p. 283. Tu. a~xp II. Duraxp, 1909, ‘Sylloge Ilor. Congol.,’
p. 496. H. Ko, 1999, Natur u. OTenbarung, LV, p. 149. . DE WiLbEMAY,
1910, ‘Compagnie Kasai, Miss. Perm. Et. Scient.,’ p. 330. Excrer, 1910, ‘Dic
Pflanzenwelt Afrikas,” I, p. 644, fig. 535. Praiv, 1912, in Thiselion-Dyer,
‘Flora of Tropical Afriea,” VI, 1, p. 934, Pax, 1914, ‘ Das Pflanzenreich,’ IV, pt.
147, VII, p. 312, fig. 51. E. De WiLbemay, 1919, C. R. Ac. Sei, Paris, CLX1TX,
p. 391
“A shrub or tree; branches armed with spines, densely tawny-pubescent.

Leaves long-petiolate, rounded-ovate, deeply 3-lobed; lobes ohovate-oblong or tri-

angular, acute; margin repand or toothed; base narrowly deep-cordate; 8 to 10 in.

long, nearly as wide, subcoriaccous, gland-dotted beneath, with a pair of marginal
glandular processes at the junction with the petiole; petiole 6 in. long; stipules
converted into large coriaccous acute flask-shaped saes.  Male flowers in axillary
panicles; bracts ovate, acute, subtending several flowers, buds globose.  Female
flowers unknown' (Prain, 1912),

Pax (1914) distinguishes two forins:
Varicty a. genuina Pax and K. Hoffmann, 1914, ¢ Das Pflanzenreich,’
IV, pt. 147, VII, p. 312, fig. 51.

tDes-ribed by De Wildeman, 1908, in ‘Etudes Flore Bas- et Moyen-Congo,’ II, pt. 3, p. 281. See
also I1. Kohl, 1909, p. 150,
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“leaves rather densely glandular underneath.  Rachis sparsely pilose; yvoung
bructs densely imbricate, alinost entire.”

French Congo: Libreville (Klaine).

Belgian Congo: Lower Congo: in the Cataract District between Matadi and
Leopaldville (Laurent).  Kwango: Madibi (Sapin). Kasm: Mukenge (Pogge);
Iondue; Batempa; between Lusambo and the Lomami River ( Em.and M. Laurent).
Upper Congo: Eala (Pynaert; M. Laurent); Bokakata (Dewevre); Bumba (Seret);
Injolo (Neret; M. Laurent). Eastern Congo Forest: Patalongo near Yambuya (M.
Laurent); Panga (Deeember 19, 1913; J. Bequaert: Coll. No. 1552); in the forest
between Walikale and Lubutu (village of Mosckowa, January 21, 1913; J. Bequaert:
Coll. No. 6700).

Variety B. dentifera Pax and K. Hoffinann, 1914, Das Pflanzen-
reich,” IV, pt. 147, VII, p. 313.
“Leaves sparsely glandular underneath.  Rachis pubesrent; braets more loosely

immbricate, denticulate.”
Cameroon: Lomie (village of Bumba); Molundu (Mildbraed).

Macaranga Schweinfurthii Pax

Macaranga Schueinfurthii Pax, 1894, Engler's Bot. Jahrh,, XIX, p.92. Tr. Doraxp
axp 1L Scuxz, 1896, Mem. Conronnes Ae. Roy. Belgique, LI, 4, p. 246. T,
axp 1. Derasn, 1909, ‘Sylloge Flor, Congol.,’ p. 496.  Praix, 1912, in Thiselton-
Dyer, ‘Flora of Tropical Africa,” V1, 1, p. 935, Pax, 1914, ‘Das Planzenreich,’
IV, pt. 147, V11, p. 313.

Vacaranga rosea Pax, 1599, Engler's Bot. Jahrh., XXVI, p. 328, E. DE WiLbeMax,
1908, ‘Etudes Flore Bas- et Moyen-Congo,’ 11, 3, p. 283. Tu. axp H. Duraxp,
1909, ‘Syllege Flor. Congol.,” p. 496. Praix, 1912, in Thiselton-Dyer, ‘Flora of
Tropical Africa,” VI, 1, p. 935. Miwounaen, 1912, ‘Wiss, Ergebn. Deutsch,
Zentr. Afr. Exp. (1907-08)," 11, p. 456.

Marcaranga Lecomiei BEILLE, 1908, Bull. Soc. Bot. Franee, LV, Mem,, 8, p. 78.

Macaranga calophylla Pax, 1909, Engler’s Bot. Jahrb., XLHI, p. 221t
“A shrub or tree, sometimes very lofty, reaching 130 feet in height (Chevalier);

trunk and branches grmed with spines, branches glabrous. Leaves long-petiolate,

ovate, shallowly 3-lobed; lobes oblong or triangular, acute; margin irregularly
toothed; base narrowly decp<ordate; 6 to 18 in. long, nearly as wide, membranous,
heeoming firmer with age, gland-dotted beneath, with a patr of glandular processes
at the junetion with the petiole; petiole 8 to 16 in. long: stipules large, ovate, acute,

1!y in. long. Male flowers in laters] panieles fascieled in the axils of fallen leaves;

bracts conenve, thick, entire, subtending many flowers. Stamens 2 to 5 (usually 3).

Feinale flowers in short lateral racemnes; pedicels short, stout.  Sepals ovate, obtuse.

Ovary glabrous, 2- to 3-celled; stigmas spreading.  Capsule usually 2-coccons; cocei

¥ m. acroas” (Prain, 1912).

Freneh Sudan: Darbunda in the Boro Valley (Chevalier).
Southern Nigeria: Oban (Talbot).
Cumeroon: Tibati; Songalong (Ledermann); Bipindi (Zenker); Johann-

Albrechtshohe (Busgen).

'The synonymy sccepled here 1s from PEs's recent monograph of the Fuphorbiacese (1014).
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Freneh Congo: Brazzaville (Chevalier).

Belgian Congo: Upper Congo: Eala (Pyuaert); lkenge (Huyvghe)., Kasai:
Mukenge (Pogge). North-eastern Congo: Beni (Mildbraed); Mangbetu Country
at Munza's (Selhiweinfurth).

Angola: Bamba (Monteiro); Ambriz (Welwitsch),

Anglo-Egyptian Sudan: Niam Niam Country near the river Diagbe and near
the river Djur (Schweinfurth).

Uganda: very commaon (Seott-Elliot; Bagshawe).

Prain still thinks that M. resea differs from 3. Schweinfurthii
in the shape of the basal sinus of the leaf, which is open in the former
and narrow in the latter; Pax (1914), however, believes that both are
forms of the same speeies.

According to Pax (1914), the stipules of 3. Schweinfurthii are per-
sistent, 3 to 5 em. long, 2 to 3 em. broad, slightly saccate at the baxe,
obliquely inserted, acuminate, membranous, glabrous, shortly connate at
the base. It is quite possible that, although much less pouch-like than
in M. saceifera, they may oceasionally be occupied by ants, though this
has never been observed.

EcorLogy oF Macaranga saccifera

This species is one of the caimmon elements of the undergrowth in
the Rain Forest of the Congo, in the castern distriet of which I frequently
observed it. Growing preferably inlow-lying, rather swampy portions of
primary forest, it is often found along the banks of rivers or at the edge of
brooks. All the speeimens I saw were low bushes, rarely over three feet
high and generally smaller.  Sinee, however, none of them were in flower
or with fruit, they may have been juvenile or dwarfed. The very con-
spicuous, persistent stipules, placed in pairs at the basc of the petiole,
are always much swollen, saceate or flask-shaped, about 1 to 3 em. long,
and end in a curved, acuminate apex (Fig. 83). Their texture 1s more or
less coriaceous and hispid hairs are scattered over the outer surface. In
each stipule the free, lateral margins are curved close to cach other,
leaving a very narrow, upper slit as entrance to the pouch. At the foot
of the leaf-blade occur two folds, one on either side of the petiole, covering
neetaries which I have seen visited by ants.  De Wildeman formerly
supposed that these folds might shelter mites or even be myrmecodo-
matia, but I doubt whether such is the case.

That the stipular pouches of Macaranga saccifera were occastonally
used by ants was merely surmised by Pax on account of the analogy of
these organs with similar structures of other myrmecophytes. E.
Laurent, however, found ants inside the pouches of the specimens which
he collected in the Kasai District, Belgian Congo, and this observation
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Fig. 83. Macaranga saccifera Pax: a, portion of branch with pouch-like stipules; b, extremity of
branch with stipules and a leaf seen from above showing the two folds at base of blade. About one-
half natural size ‘after De Wildeman, 1005).

has quite recently been confirmed for my herbarium plants by E. De
Wildeman (19195) who, moreover, points out that . saccifera shelters
ants only under certain circumstances. The latter author also mentions
that M. saceifera has been cultivated for several years at the Brussels
Botanical Garden, where it still continues to produee its saceate pouches
thongh these are never utilized by ants.

On only one oceasion have I found ants inside the stipular pouches
of this plant. Near the village of Mosekowa, between Walikale and
Lubutu, in January 1913, a few specimens of Cremalogaster (Atopogyne)
africana subspecies tibialis Santschi occupied some of the stipules. In
vch eaze the upper slit leading inside the pouches was not elosed with
fibres or carton, and no coceids were found with the ants.  Since no
young or pupie were present, these pouches ean not be regarded as the
real nest of the ants, but merely as temporary shelters or annexes. In
my opinion, this plant belongs to a very primitive stage of myrmecophily,
when compared with some of the other African ant-plants. Feor this very
reason, however, its relations to the ants deserve to be more fully
investigated.
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Sterculiaces

Cota Schott and Endlicher

Cola Scnott aAxp Expricnen, 1832, ‘Meletemata Botaniea,’ p. 33, Mastens, 18065,
in Oliver, ‘Flora of Tropical Africa,” I, p, 220, K. Scutvaaxy, 1895, in Engler
and Prant], ‘Dic Natiirl, Pfhinzenfam,,” I, pt. 6, p. 99; 1900, ‘Sterculinces:
Africanm,’” in Engler. ‘Monogr. Afrik. Planzenfam.,” V., p. 1100

Edwardia RarinesqQus, 1814, Spechio delle Seienze, Palermo, 1, p. 158 (not Edweardsia
Salisbury, 1808).

Lunanea A. nk CaxnorLry, 1825, ‘Prodromus Regn. Veget.,” 11, p. 02,

Trees, shrubs or bushes.  Leaves entire or lobed, often polyiorph, rarely digitatce;
glabrous, hairy or sealy. Flowers in axillary panicles or clustors, sometimes out of the
old wood. Flowers through abortion unisexual or polygamons. Calyx cup-shaped or
campanulate, 4- or 5-cleft. Petals absent. Staminal column sometimes very short,
bearing at the top a ring of 10 to 12 anthers, disposed in one or two, regular rows;
anther—cells (thewe) parallel or superposed. Ovary 3- to 10-celled, with as many
styles ascells. Qvules numerousin cach cell.  Fruit of 4 or 5 leathery or woody oblong
carpels, ultimately splitting lengthwise.  Seeds nunmerouns, obovoid, exalhuminous;
cotyledonsthick, sometimes deeply bifid; radicle next to the hilun,  (After ¥ Schu-
mann.)

This large genus is restricted to the continental part of the Ithiopian
Region. About one hundred species have been deseribed, most of which
grow in that portion of Africa defined by Engler as the “ Western Forest
Province” and twenty-five of them occur in the Belgian Congo. A few
very elosely allied forms possess at the base of the leaf-blade a pair of sinall
pouches which are occasionally inhabited by ants. In addition, these
myrmecophilous species differ from their relatives in having branches
and leaves covered with nunerous long, stiff, erect hairs of a brown or
brownish red color; the other members of the genus being glabrous.

Cola Dewevrei De Wildeman and Durand

Cola Dewerrei E. DE Winpeman axp Ti. Druaxp, 1899, Bull. Soc. Bot. Belgique,
XXXVIIL, 2, p. 184; 1901, ‘Reliquie Dewevreane,” p. 24, E. De WiLbEMaAN,
1907, ‘ Mission Emile Laurent,’ [nse, 4, p. 406, Pl. exxvir. T, axp H. Duiasp,
1909, ‘Sylloge Flor. Congol.,” p. 62. E. Dr WiLoeuax, 1920, ‘Mission de Briey
au Mayumbe,’ p. 191,

“Alow shruby, 1 to 2 m, high. Branches hollow, terete, with long pilosity. Leives
trilobate, deeply cordate nt the base, nbruptly neuminate at the apex, shiny on upper
and under sides, pilose, especially on the veins. Seeondary veins arenately anastomos-
ing toward the margin and uniting with the retieulite finer venation, a little promi-
nent above, more strongly so below, Petiole very long, mare or less grooved abaove,
with long pilosity, 6 to 32 em. long.  Leaves 13 to 25 em. long and 15 to 21 em.
broad. Stipules linear-lanceolate, dropping, pilose, about 6 to 11 mm. long and 1 to
1.5 mm. broad.  Flowers yellow, faseiculate, axillary, subsessile, bracteate. Calyx

1A czorJing to thorules of botanical nomenclature the name Cola should be repluced, it scems, either
by Edwardia or by Lunanea, sinve the latter two are not preozcupied and evidently have priority.
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3-lobed, ferruginons tomentose externally, brown and less pilose inside, about 11 mm.
long; its lobes 2 to 3 mm. long, acute, with mare or less reflexed tips. Andreeeium
of the male flowers stipitate, smaller than the ealyx, with subglabrous stipe, 4 mm,
long; the anthers placed close together, parallel and united into a ring which isubout
15 mm. high”" (De Wildeman and Durand, 1899).

Belgian Congn: Mayombe: Lemba River (Dewevre).

It would seem from the deseriptions that the later C. Laurentii De
Wildemnan and the earlier C. marsupium K. Schumann are not specifically
distinet from C. Dewerrei. According to De Wildeman (1907, p. 406),
the leaves of C. Dewerrel have a different shape from those of C. Laurenti,
with basal lobes almost touching each other. In these Cole, however,
the form of the leaves varics to such an extent even on the same plant
that this character is by itself unsatisfactory for the distinction of the
species.  The existence of foliar pouches is not mentioned in the original
description of C. Dewerrei, but De Wildeman’s figures of that species
published in 1907 show them distinetly.

Cola Laurentii De Wildeman

Cola Lavrentii E. DE WiLpemax, 1907, ‘Mission Emile Laureut,” fase. 4, p. 403, fig.
6s, Pls. exxxv, oxxxvi, and cxxxvit; 1908, ‘ Etudes Flore Bas- et Moyen-
Congo,’ 11, 3, p. 304, Tu. axp H. Duraxn, 1909, ‘Sylloge Flor. Congol.,” p. 63.
11. Kour, 1909, Natur u. Offenbarung, LV, p. 148, A. ExcLer, 1912, ‘Wiss.
Ergebn. Deutsch. Zentr. Afr. Exp. (1907-08)," I1, p. 506. 1. D WiLpeMmax,
1019, Bull. Jard. Bot. Bruxelles, V, p. 358.

“A small tree with eylindric branches densely villose; with brownish, clongate,
spreading hairs which drop late.  Leaves with more or less lengthened petioles, which
are evlindrical, hispid with spreading hairs, 5 to 33 em. long. Leaf-blade 3-lobed
or nearly 3-lobed, cordate at the base; the midlobe nbout two thirds the length of the
leaf, which varies from 11 to 36 em.; the midlobe is oblong, rather suddenly acuminate
at the tip, ucute; lateral lobes about of the same shape, a little shorter and narrower
than the terminal lobe, which reaches a length of 23 cm. nnd a width of 13.5 e, Leaf-
blude paler ou the under than the upper side or about the same color, with 7 baxal
veins, the lateral ones often united nt the base.  Leaf-blade eoriaceous, glabrous, ex-
cept on the veins of both sides, espeeially on those of the under side which nre very
prominent and bristling with stiff hnirs. Between the midrib and the first lateral vein
on cach side of it there is a small pouch strongly projeeting on the upper side; the
two veins between which this pouch is formed are united at the base by a plate of
tissize,  Stipules filiform, hispid, rather dropping, about 2 e, long, aente. Flowers
faxcirulate at the axils of the leaves: the rarhis about 1 em. long; the bracts linear,
acuminate, hispid, about 2 mm. long; the pedicels villose, aclittle over 1 mm. long.
Calyx canpanulate, whont 8 mu. long; with 4 to 3 lobe< one-third the length of the
tube: calyy densely villose, rownish on the outer side, with more seattered hnirs
internslly. Male flowers with an uniseriate andraeeium, composed of theew a little
over 2 mm. long, borne on a slender, feebly elovnted androgynophore which i3 to
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mm. long and shorter than the calyx-tube. Female flower with a densely villose,
ovoid avary; the style shorter than the ovary, with spreading stigmnta which nre as
long as the ealyx-tube.  Staminodes reduced, surrounding the base of the ovary.
Fruits red, 8 to 6 em. long including the acumen, with 4 to 5 seeds” (De Wildemmnu,
1907).

Belgian Congo: Lower Congo: Sabuka (M. Laurent):; between Bowa and
Yanga (R. Verschueren). Kasai: Dibele; Kondue (Em. and M. Laurent); forest of
the Sankuru (Lujn). Upper Congo: Eala: Yakusu (IJm. and M. Laurent); Yam-
binga (M. Laurent); BDundusana (F. Revgaert); Banunbu (November 3, 1913
J. Bequaert; Coll. No. 1081),  Lastern Congo Forest: Yambuya (M. Laurent);
Basoko (Em. and M. Laurent); Fariala between Mawambi and Avakubi (f. futegri-
Jolia; Mildbraed); between Lubutu and Kirundu (village of Uchibango, February
1, 1915; J. Bequaert; Coll. No. 6790); Stanlevville (Mareh 1915; . Lang:.

De Wildeman elassified as “form infermedia’ plants of this species
in whiech entire and trilobed leaves are found on the same branch together
with all intermediate shapes; his “form integrifolia’ includes speci-
mens in which all the leaves are entire, ovate-cordate at the basc and ax
much as 35 em. long and 18 em. broad; in this last forin pouches are
also feebly developed along the midrib in the axils of the first or first and
second lateral veins, above the large basal pouches.

In recording the form wntegrifolia, Engler (1912, p. 500) also men-
tions that in his opinion C. Laureniii is not specifieally distinet from C.
marsupium.

Cola marsupium K. Schumann

Cola marsepivm K. Scuvysaxy, 1801, Ber. Deutseh. Bot. Ges., IX, pp. (5-70;

1900, ‘Sterculiaceae Africanwe,’ in Ingler, ‘Monogr, Afrik. Planzenfam.,” V,

p. 113, Pl X1, figs. A-D.  H, Kong, 1909, Natur u. Offenbarung, LV, p. 148,

“A shrub or tree, with slender, terete branches, the younger ones flattened and
strongly hispid, later glabrescent. Leaves with long, tercte, hispid petioles; oblongor
obovate-oblong, shortly and very sharply acuminate, cordate at the base; with 7 or
even 9 veins; provided with a pair of pouches forming basal swollen domatia hetween
the midrib and the lateral veins; covered with rather long hairs on the veins on hoth
sides, rather rigidly herbaceous, Stipules filiform, hispid, persistent for a long time.
Flowers short pedicellate, axillary, faseiculate, placed cither at the extremity of
branches which are rather sparsely leaved below or on leafless branches,  Bracts and
bracteoles linear, acuninate, hispid.  Calyx eampanulate; its upper third split into
4 or 5 ovate, acute lobes; tomentose outside, papillate inside.  Male flower: andr-
ctum uniseriate of 16 to 20 theem, raised on a gracile, glabrous column. Female Hower:
ovary subglobose, pentameroustomentose; the style glabrous, straight, 5-lobed;
S ovules in each cell; follicles short stipitate, Tusiform.

“The shrub reaches a height of 1 to 2.5 m.; the tree as much as 10 m. The
folinte, flowering branches nre 3 to 3.5 mm. thick at the base and 20 to 25 c¢m. long:
they are rough, being covered with simple, spreading, brown red or brown hairs, which
are thickened into a tubercle at the base. The petiole is 1.5 to 15 em. long and covered
with the same pile. The blade has a length of 6 to 30 cm. and a width of 3 to 13 em.
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above the middle; in addition to the basal veins, it is crossed on each side of the mnid-
rib by only 5 to 6 stronger veins, which are a little more prominent on the under side,
as is alxo the reticulate venation; sometimes the blade 15 somewhat gibbous; in life
it 1x dark green, brownizh green when dry. The basal pouches ean be entered from
the under side; they are not always present, but usually found on the larger leaves.
The stipules are 1 to 1.5 em. long and covered with brown hair. The bracts of the
flowers are usually somewhat broader than the stipules, but otherwise similar. The
vellowish green ealyxis 5 to 7 mun. long.  Male flower: androccium 1.5 mm. long, as
well as the androgynophore.  Female flower: calyx slightly larger; ovary 6.5 mm.
long, surrounded at the base by a ring of staminodes 2 mm. high. The fruit is red, but
perhaps not entirely ripe” (K. Schumann, 1900).

Cameroon: Abo (Buchholz); Johann-Albrechtshohe: in the Senge Mountains
(Staudt).

French Congo: Maveli Mountains near the Sibange Farm (Dinklage).

It seems probable that the three forms described above, C. Dewerrei,
C. Laurentii, and C. marsupiwm, all belong to one species, for which the
name C. marsupium K. Schumann should be retained. Thisis, however,
a question to be decided by botanists and, in order to avoid any possible
confusion, I have here used the name C. Laurentii for the plants observed
by me in the Belgian Congo, because the deseription of that species fits
them most nearly.

Ecovocy or Cola Laurentii

This plant 1s rather common in the Congo Basin, where it prefers
the drier, more elevated parts of the primitive Rain Forest. It usually
rrows as a shrub of moderate size (1 to 2.5 m. high), more rarely as a
small tree (as mueh as 10 m. high) and flowers in both forms. The leaves
are, as mentioned above, of variable size and shape, usually clongate-
oval, with cordate base; the margin may be entire, or slightly or deeply
lobate. The pair of basal, elongate-oval pouches on the leaves are more
or less developed; wholly absent in certain cases, in others they may
attain 15 mm. in length and 5 mm. in width; on the average they are
4.5 to 9 mm. long, 1.5 to 4 mm. broad and 6 mm. high. Placed at the
base of the blade elose to the midrib, they project on the upper side of
the leaf and on the under side have a narrow slit their entire length.

The general aspeet of C. Lawrentii is illustrated on Plate XXVTII,
Figure 2, by a photograph of a branch, with flowers and fruit, made by
Mr. H. Lang at Stanleyville, while the shape of the myrmecodomatia is
seen in Text Figure 8. As mentioned by Em. Laurent (De Wildeman,
1907, p. 103), the pouches are only oecasionally occupied by ants. They
were empty on most of the many plants which I examined. On one ocea-
sion, near the village of Uchibango, between Lubutu and Kirundu
(February 1915), ants belonging to the delichoderine Engramma kohli
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Forel were found inside the pouches; they had closed the slit at the
under side with vegetable detritus. Unidentified ants were also found in
sueh swellings at Barumbu (November 1913). Somec of the plants col-
lected by Mr. H. Lang along the Tshopo River near Stanleyville, in
March 1915, were inhabited by Plagiolepis mediorufa (IForel), an ant
originally described from specimens taken by Father Koll in a nearby
locality from an unidentified myrmecophilous plant. Engramma kohli,

Fig.84. Cola Laurentii De Wildeman. Lower part of a leaf scen from above, with the two pouchea
at base of blade. Drawn from life at Barumbu, November 1913. About natural size.

like eertain other members of the genus, is a frequent inhabitant of
various myrmecophytes. Both Engramma and Plagiolepis are so timid
and small that they could not well aet as body-guards to their host plant.

Although K. Schumann (1891, pp. 68-70) describes the ascidia of
Cola marsupium very fully and regards them as myrmecodomatia, he
was unable to find ants on his herbariuin speeimens fromn Gaboon and
Camcroon. H. Kohl (1909, p. 148) isinclined to belicve that, on account
of the small size, these pouches are not adapted to the use of ants but
serve better as shelters for coccids or plant lice.
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ScaPHOPETALUM Masters

Scaphopetalum N astERs, 1867, Journ. Linn. Soc. London, Botany, X, p. 27; 186S,
in Oliver, ‘Flora of Tropical Africa,’ I, p. 236. K. Scuuumaxx, 1895, in Engler
and Prantl, ‘Die Naturl. Planzenfam.,” 111, pt. 6, p. SG; 1900, ‘Sterculiacex
Africanx,’ in Engler, ‘Monogr, Afrik. Pflanzenfam.,” V, p. 90.

Shrulis wath petiolate, oblong, entire, unicostate, glabrous leaves. Flowers yellow
or yellowish-green, pedunculate, placed in cymes or clusters, axillary or emerging from
the trunk or older branches. Calyx of 5 valvate sepals, more or less eoherent, some-
times forming a 2-valved calyx. Petals 5, hooded, nervose-striate, without append-
ages or laminz.  Filaments united into an angular, funnel-shaped, membranous tube,
which bears at the upper margin 5 roundish reflexed staminodes alternating with the
scpals; anthers in phalanges of 3 betwceen the staminodes, more or less concealed
within the concavity of the petals, 2-lobed and H-celled; ovules either numerous,
arranged in two rows on the inner angle of each cell, or few, two or four above one
another in one or two rows. Styles connate. Stigma obsoletely 5-lobed, capitate.
Fruit a rapsule with feebly fleshy walls, loculicidal. Seed, asfar as known, with a curled
arillus. Cotyledons flattened, foliaecous in the albumen.

‘T'his small genus contains eight described species and is peeuliar to
the Western Forest Provinee of the Ethiopian Region, from Cameroon
and Gaboon to the Upper Congo. The two myrimecophytic speeics are
the only members of the genus which have thus far been recorded from
the Belgian Congo. They have been plaeed by K. Schumann in a sec-
tion of their own, whose charaeters are as follows.

Scction Physcophyllum K. Schumann. Ovules few in number, from 2 to 4 in each
cell of the ovary, placed in one or two rows.  Upper side of the leaves with an elongate,
spindle-shaped pouch at the hase of the blade on one side of the midrib. Flowers
small; calyx-lobes with soft hair (after De Wildeman and Durand).

Contains orly two species which have been separated thus:

Lecaves oblong-lanceolate. Fruit not as high as broad, with 5 very distinct cells, which
nre rounded at the back and end in a pointed tip; two seeds in each cell.

S. Thonneri De Wildeman and Durand.,
leaves obovate, narrowed towards the base. TFruit higher than broad, with 5 very
distinet cells, which are subangulate at the back and taper gradually towards an

ercet, feebly pointed apex; four seeds in each cell.
S. Dewerret De Wildeman and Durand.

Scaphopetalum Dewevrel 1De Wildeman and Durand

Seaphopetalum Deweerei ¥3. DE WiLpemax axp Tu. Donaxp, 1901, Bull. Soe. Bot.
Belgique, XXXIX, 2, p. 97; 1901, ‘Reliquie Dewevreanw,” p. 26. E. De
WiLnemay, 1905, ‘IStudes Flore Bas- et Moyen-Congo,’ I, p. 167. Tu. axp H.
Dunaxn, 1909, ‘Sylloge Flor. Congol.,” p. 66, 1. Konw, 1909, Natur u. Offen-
barung, LV, p. 111,

Scaphopetalum Thonneri . D Winbesay axp Tu. Duraxp, 1898, ‘Illustrations
Flore du Congo,' 1, pp. 13 14 (pro parte), 'L, vui; 1900, ‘Planta: Thounerians
Congolenses,” p. 26 (pro parte), U, xix.
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“Shrub about 2 m. high, covered with brown pile towards the npex of the
branches, the stem otherwize glabrous.  Leaves alternate, obavate, subeordate at the
base, nhruptly and sharply ncuminate at the npex, entire; greenish-gray above,
greenish-brown below, subcoriaceons, not shiny above; glabrous or sparsely pilose
near the veins; 14 to 20 em. long, 4.5 to 6.5 cm. broad beneath the apex, about 2 em,
broad near the base; petiolate, the petiole 5 to 6 mm. long, thick, silky. Teaves
asvmmetric, unilaterally constricted towards the hase, which benrs on the upper side
a small pouch ncuminate towards its tip and opening Lelow in the axil of the penulti-
mate lateral vein. On each side of the midrib there are about 8 Interal veins, project-
ing slightly on the upper, more strongly on the under side and arcuately anastomosing
Liefore the margin; « canspicuous, dense network of anastomosing venules. The basal
lateral vein and the midrib nearly meet on one side of the leaf, and unite by a secon-
dary vein, enclosing thus the opening of the pouch. Stipules subutate, more or less
persisting, 5 to 12 min. long, faseiculate, each cluster 10 to 20 mm. long, branched,
axillary, pedicellate, the pedicel 5 ta 7 mun., long, bracteate; the bracts <ubulate,
cilinte. Sepals 5, free almost to the hase, oblong, velutinous externally, more or less
keeled, with three veins, Petals 5, subequal with the sepals, oblong, with recurved
apex, hood-shaped, longitudinally strinte. Tube of the stamens membranous, penta-
gonal, salver-shaped, with 5 fertile edges, the intervening lobes sterile;  the fertile
lobes opposite the petals. Petals covering the stamens in the bud; theew six for
cach phalange; the theem subsessile; sterile lahes briefly tridentate, the median tooth
obtuse, the lateral teeth narrow. Ovary oblong, d-celled. Style entire, ercct or
slightly curved at the apex.  Fruit red, stellate, 7 mm. lang and abont 3.5 min. broad,
with a prominent, horned apex; it is divided into 5 distinet cells, each of which
contains 4 sceds, inserted on a central placenta.

“Differs from 8. Thonneri in the leaves and fruit, and in the number of ovules or
secds contained in each of the cells of the ovary or fruit ™' (De Wildeman and Durand,
1901).

Belgian Congo: tastern Congo Forest: forest at Matchacha (Dewevre).t
Kasai: Kondue (Luja).

Dewevre wrote the following ficld-notes for his specimens: ““calyx
green; corolla orange-yellow with red stripes; coronula (or stamen-
tube) with red edges; anthers brown; the leaves have at the base a fold
inhabited by numerous red-brown ants with black abdomen.” Luja

found Engramma lujze Forel in the pouches of S. Dewerrei at Kondue.

Scaphopetalum Thonneri D¢ Wildeman and Durand

Seaphopetalune Thonueri 1. DE WiLpEsMax axp Tu. Duraxp, 1897, Bulletin de
FHerbier Boissier, V, June, p. 521, Pl xxi; 1901, Bull. Soc. Bot. Belgique,
XXNXIX, 2, p. 96. E. D WiLnemax, 1907, ‘Mission Emile Laurent,’ fase. 4,
pp. 400402, figs. 66 and 67, Pls. cxu1 and oxui; 1907, ibid., fase. 5. pr. eexxiy,
fig. X1, Tu. axo H. Duraxo, 1909, ‘Sylloge Flor. Congol.," p. 66. H. Ko,
1009, Natur u. Offenbarung, LY, p. 110, Pl.a, . Excuer, 1912, ‘Wiss, Ergebn.
Deutsek. Zentr. Afr. Exp. (1907-08),’ 11, p. 503. E. De WiLbesmax, 1919, Bull,
Jard. Bot. Bruxelles, V, p. 356.

To judge from Dewevre's itinerary, this locality is situated on the banks of the Congo River
{Lualaba) between Ponthierville and Nyangwe; 1 have not found it on any map.


http://Wii.df.man
http://cxt.ii

1022 Wheeler, Ants of the Belgian Cougo 421

Sraphopetalion monaphysca K, fenruvaxy, 1897, in Engler and Prantl, * Die Natarl.
Pflanzenfam.,” Nachtrige z. 1-1V, October, p. 217, without deseription; 1900,
*Sterculincee Africame,’ in Engler, * Monogr. Afrik. Pflanzenfam,,” V, p. 93,
Pl v, Fig. A, a-1,

*=hrub, 2 m. high. Petioles short, 6 to 8 mm. long, villose, shorter than the
stipules. Stipules subulate, with well-marked, parallel veins, sometimes deciduous.
Ixtremities of the branches covered with ercet brown hairs.  Leaves alternate, oblong,
acuminate, entire, green, shiny on the upper face, coriaceous, glabrous except along
the midrib on the upper face, where the pilosity of the petiole extends upwards, but is
less distinet.  Leaves 9 to 23 em. long, 2.5 to 7.0 em. wide, narrowed towards the base,
asymmetric; the right half of the leaves placed on the right side of the braneh, and the
left half on the left side. Lateral veins pennate.  Upper faee of the leaves showing on
the narrowest half a basal pouch-shaped fold whieh opens on the under side near the
midribs.  Veins of the under side asymmetrie; the first lateral vein on cither the right
or the left half, instead of leaving the midrib alimost at a right angle, makes a very
acute angle and, at 20 to 2o mm. from its base, unites with the second lateral vein close
to the midrib by mneans of a veinlet.  The opening of the pouch is placed hetween the
midrib and this first lateral vein, and is thus not a pore. Flowers small, about 5 mm,
long, in branched, more or lexz dichotomous clusters which are ereet, 10 to 20 mm. long,
and inserted in the axils of leaves, which usually hide them, the leaves often covering
part of the branch with their broadened base. Flower neduncles 5 to 6 mm. long, with
small, subulate bracts.  Buds elliptic-ovoidal, with 3 distinet ribs ending at the apex
in obtuse tip= and narrowing towards the base. Sepals 5, free alinost to the base,
oblong, villose externally, more or less keeled, with 3 well-marked veins. Petals 3,
green, about as long as the sepals, oblong, obtuse, recurved and hood-shaped towards
their apex, distinetly striate. Tube of the stamens membranous, pentagonal, divided
into 10 segments; the 5 edges are fertile, the intermediate segments sterile. Fertile
lobes covered in the bud by the petals, bearing outside the apex 6 theew. Sterile
lobes somewhat recurved towards the apex and with a small horn on each side of their
median portion, near the anthers. Ovary oblong, with & feebly marked lobes, 5-
celled. Style simple, straight or feebly recurved towards the apex.  Fruit red” (De
Wildeman and Durand, 1897).

Additional characters of importance are found in the fruit. which in this species
ix about 1 em. long und distinetly broader than high; its 5 lobes are rounded on the
back and distinetly apiculnte at the apex: each of the o cells contains two seeds,

Cameroon: Bipindi; Undua (Zenker); Lolodorf (Staudt); between Kribi and
Ngumba (Dinklage).

Belgian Congo: Upper Congo: Bobi near Gali, type loeality (Thonner); Kapin-
gt: Ibaka; Yakusu (Emile Laurent): Barumbu (November 1, 1913; J, Bequaert;
Coll. No. 1058); Dundusana (Mortehan): Mobwasa (H. Lemaire). Eastern Congo
Forest: Yambuya (Novemlber 26, 1913; J. Bequaert): Avakubi (January 1, 1014;
J. Bequacert;  Coll. No, 1919); Niapn (Lang and Chapin): Thulu between Mawambi
and lrumu (Mildbraed); near Walikale (January 1915 ). Bequaert); Mission St.
Gbricl near Stanleyville (H. Koll); Lesse (June 15, 1914; J. Bequaert: Coll. No.
4773).

All the specimens I have seen in the Belgian Congo agreed with the
descriptions of 8, Thonneri. Tt must, however, be noted that the shape
and size of the leaves are extremely variable: it is not rare to sce them a
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fength of 30 to 40 cmn. and a width of 12 to 15 emn.; they may be gradually
tapering at the apex, abruptly constricted into an acumen, or even sub-
obtuse.

Ecoroay or Scaphopetalum Thonneri

This species is in many places a common bush of the undergrowth
in the primitive, rather dry, and often very shady Rain Forest. Itsstems
are irregularly branched and never prow very high, usually reaching 1 to
2 m., more rarely as much as 4 m. The young branches are densely cov-
ercd with stiff, erect, brownish-red hairs, a peculiarity which is often
found among myrmecophytes, though far from being the rule. While I
have observed this plant in many places and at various seasons, I have
but seldom seen it with flowers. These are ineonspicuious, yellowish
green, with the petals earmine red on the inner side.

The peculiar pouch at the base of the leaf-blade is shown on Plate
XXVII, Figure 1, from a photograph taken by Mr. Lang. Such an
ascidiuim is present on all the leaves of the plant, though its size is vari-
able. As a rule, it consists of a very clongate, club-shaped evagination
of the blade on the upper side, laterally near the midrib, and opens on
the under side by a narrow slit its entire length. This poueh may be 25
to 50 mm. long and is very narrow in the distal half or two-thirds; ncarer
the base of the leaf it swells rather suddenly and reaches a width of 6
to8 mm. The slit on the lower surface of the pouch is placed between the
midrib and the first lateral vein, which, on that side of the leaf, is de-
flected from its normal, oblique course and runs close to and parallel with
the midrib the whole length of the slit. Furthermore, at the distal end of
the opening the deflected lateral vein is connected with the midrib
by means of a short cross-vein. As a result of this peculiar structure, the
base of the leaf becomes asymmetric, the pouch-bearing side being usually
much narrower and tapering more gradually towards the petiole, while
the opposite side expands into a broad, semi-cordate lobe which covers
the branch. The leaves are apparently arranged alternately in two rows
and are more or less horizontal, nearly in one plane. When a branchis
seen from above with the extremity farthest from the observer, all the
leaves to the right have the pouch on their right half, while those to
the left have the pouch on the left half. This arrangement of the
leaves and ascidia, mare or less distichous in appearance, i1 well
illustrated on the plate.

In most cases the pouches of this plant are empty, but on two ocea-
sions, at Barumbu and Yambuya, in November 1913, I found unidenti-
fied ants in them. These insects had established regular formicaries
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therein, with a queen, larve, and pupwe, and had even brought eoceids
into the cavitics; furthermore, they had closed the slit almost eompletely
with a tent of brownish vegetable fibres. At Niapu, in January 1914, Mr.
H. Lang collected two species of Engramma, E. kohli Forel and E. lujz
Forel, from the ascidia of this Scaphopetalum. So far as recorded, the
ants which inhabit these pouches are small and timid; they do not
emerge from their retreats when the plant is disturbed and contribute
little or nothing to the protection of their host. The leaves of Scaphope-
talum Thonneri are frequently injured by phytophagous insects, even
when their pouches are occupied by ants.

While drawing up the original deseription, De Wildeman and
Durand found a few ants in the pouches of the speeimens collected
by Thonner and thus recognized the myrmeecophily of this species.
Emile Laurent’s short ficld-notes are to be found in the aceount of the
plants he colleeted (De Wildeman, 1907).

Flacourtiacez

Only one genus of this family, Barferia, is definitely known to con-
tain true myrmecophytes. Certain speeies of other genera have been
found in association with ants, but there is reason to believe that they
had been scttled only by aceident. The best-known cf thesc is the Afri-
can Buchnerodendron specicsum Guerke,! a common bush or small {ree
of the primary Rain Forest, also found in forest galleries along streams
in the Savannah. On a specimen observed at Romee, near Stanleyville,
H. Kohl (1909, pp. 109-110) found that *“the branches, 1 m. in length,
were all hollow to within 5 em. of their tips and inhabited by small
black ants, Crematogaster excisa Mayr.? Two or three apertures led into
the eavity. I did not find coccids on the inner walls of these branches,
several of which I cut open, though such were seen in the axils of the
leaves where they were actively attended by the ants.” Kohl, however,
believes that this plant wasonly aceidentally oceupied by ants, an opinion
with which I am in complete agreement. I have repeatedly found this
Buchnerodendron growing under a variety of conditions and, though my
attention was especially directed to its possible relations with ants, I
never saw any of these insects inside its branches.

1Described in Engler’s Bot. Jabrb,, XVILI, 1894, p. 161, Plav, g
3} orel (19005, p. 69 and 1016, p. 408) identificd this ant found by Kohl inside BucAnerodendron
speciveum aa Crematogaster impressa Mayr,
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In the original deseription of Caloncoba Laurentii (De Wildenan
and Durand)! the branches of this tree are said to be fistulose and the
following notes are given: “C. Laurentii is myrmecoplilous; the stem
is hollow for a long distance and piereed with exit holes at variouslevels,
cither at the cicatrice of a leaf base or at any other point along the inter-
node. There were several ants inside the speeimens we saw,”  Gilg,
who, it seems, examined some of the type material, did not find the stems
hollow nor picreed with orifices, and concluded that one of the branches
had been accidentally settled by ants, probably in a former burrow of
some wood-boring larva,

BARTERIA J. ID. Hooker

Barteria J. D. Nooxkn, 1860, Journ. Linn. Sve. London, Botany, V, p. 14. Mastenrs,

1871, in Oliver, * Florn of Tropienl Africa,” V, p. 510.

Tree or shrubs, rarely over 20 m. high, usually much lower, with thick, horizontal
branches.  Leaves large, leathery, alternate, oblong or oval, subacuminate, almost
entire, with short, thickened petioles. No stipules, the decurring base of the leaf
forming a raised line on both sides of the stem. Flowers dichlamydeous, licrma-
phrodite, subsessile, arrunged in dense axillury or supra-axillary tufts or rows, rarely
solitary; surrounded by overlupping bracts which completely enclose the flower-hud.
Calyx-tube short, deeply divided into 5 oblong-lanecolate, overlapping, white scpals,
which are silky nt the outer side. Petals 5, inserted on the inner edge of the calyx-
tube, similar 1o the sepals, white. Corona duplicate, emerging from the throat of
the calyx-tube; outer row membranous, jagged at the edge, about half the length of
the petals; inner row much smaller, consisting of a ring of thick, fleshy tubercles.
Stamens numerous, monadelphous at the base, emerging from the base of the calyx-
tube; filaments in two rows; anthers linear-oblong, introrse.  Ovary sessile, globose,
surmourted by a single, thick styvle, which terminates in a large, mushroom-shaped
stigina.  Ovules numerous, inserted on 3 or 4 parietal placentas. Fruit a coniaceous,
ovoid, indehiscent berry; seeds ovoid, campressed, with a crustaceons, conrsely
pitted testa.

The genotype, B. nigritana J. D. Hooker, was discovered by Barter
at the mouth of the Niger, during the Baikie Niger Expedition (1859).
The genus is strictly Ethiopian with a small number of species peeuliar
to the Rain Forest and extending but liftle beyond it into the forest
galleries of the neighboring grass-lands. The area of its distribution,
indicated by the interrupted line on Map, 19, falls entirely within the
limits of the “Western Forest Provinee” as defined by Engler. That
Barteria is thus far unknown from the forests of Upper Guinea, west ot

1'Contributions Flore du Congo,' I, 1899, p. 8 (Coquilliatville). According to Gilg (Engler’s ot
Jahrb., XL, 19085, p. 453), this is merely a synonym of Caloncoba Welwitschii (Oliver), 8 comimon bush
or low tree in the forests of Cameroon, Gaboon, Belgian Congo, and Angola. The synonymy of C.
Laurentii and C. Weliritschii is accepted by Th. and H. Durand in their ' Sylloge Flora: Congolanwm,’
1909, p. 37. I have very often observed C. Weluitsehis and never acen it associated with ants,
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Nigeria, 1= remarkable, and can hardly be aseribed to insufhicient investi-
gation. Nor has itz guest ant, Pachysima, been recorded there, which is
interesting in view of the fact that Map 19 shows the known distribution
of the two species of that ant genus to be included within the area occu-
pied by Barteria. This genus of pseudomy mine ants is, indeed, almost
restricted to the hollow stems and swellings of various Barleriz, its only
other known habitat being the caulinary swellings of Epitaberna myrmacia
in Cameroon (Stitz, 1910, p. 131; sce p. 442). It would not be amiss
to ascertain whether the Barferiz of Uganda are also inhabited by these
ants.

The species of Barteria are, together with those of Scaphopetalum,
the commaonest and most widely distributed of African mymnnecophytes.
They are erect bushes or small trees with a very characteristic habitus.
Either all the branches are uniformly hollow throughout or some of them
have hollow swellings at their base. The flowers are large and showy,
with white ealyx and corolla, numerous stamens and a single, entire
style ending in a mushroom-shaped stigma; they are enclosed in over-
lapping bracts and placed in oblique rows, in loose tufts, or singly, in the
axils of the leaf or along the decurrent leaf-bases.

There are undoubtedly a number of different species in the genus;
but low many is hard to say at present, since the published diagnoses
are =0 incomplete as hardiy to permit the correet identification of speei-
mens. Gilg (1908) recognizes four speeies in his recent revision of Afri-
can Flacourtiacea, but he has evidently overlooked the desceription of B.
acuminata E. G. Baker, which is possibly identical with B. Stuhlmannii
Gilg.

Barteria acuminata Baker

Barteria acnuanata K. G, Bagker, 1905, Journ, Linn. Soc. London, Botany, XXXVII,

p. loo.

* Low tree or hush.  Branches striate, with fine rufous pnbescence, or later on
glabrate.  Leaves oblong or oblong-clliptie, coriaccous, almost glabrous, acuminate
at the apex, attenunate at the hase into the petiole.  Petiole very short, thick, not
stipulate, decurrent.  Leaf-blade with about 16 to 19 luteral veins visible on both
~itdes and uniting arcuately before the marging also with a reticulate venation rather
prominent on the upper fuee.  Flowers: I or 2 in the axils, sessile, bracteate at the
base; the bracts nmerous, closelv imbrieate, enpuliform, brown, shiny, ciliate along
the margin.  Sepals 5, ovate-oblong, ncuminate, longer than the petals, coalescent at
the base. Petals white, oblong, mucronate at the npex. Stamens numerons,  Stigma
very large, conical-globose, yellow, 1 ruit globose,

“Xpecies relafed to I8, nigritana Hook. fil., but differing in the leaves being gradi-
ally acuminate nt the apes.
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“Leaves 22 to 21 em. long, 6 to 7 em. broad. Petiole about 6 to 8 mum. long,
canalienlate above. Sepals 2.8 to 3 cin. long, 10 to 11 mm. broad. Anthers about 3
mm. long” (E. G. Baker, 1905).

Uganda: Musozi on the shore of Lake Victoria, type locality (I3agshawe)., This
is very close to Bukoba, the type locality of B. Stuklmannii which perhaps is merely
a synonym of B. acuminata.

Barteria Dewevrei D¢ Wildeman and Durand

Rarteria Deuceret E. D WiLpemax axo T, Duraxp, 1899, ‘Contributions Flore du
Congo,’ 1, p. 8; 1901, ‘Reliquize Dewevreans,” p. 97. E. De WiLnenmaxy, 1906,
‘Mission Emile Laurent,” fase. 3, pp. 217-219, Pl xxx1r; 1908, ‘Etudes Flore
Bas- et Moyen-Congo,’ I, p. 316. GiLg, 1908, Engler’s Bot. Jahrb., XL, p. 4S0.
H. Kour, 1909, Natur u, Offenbarung, LV, p. 108. Tu. axp II. Duraxnp,
1909, ‘Sylloge Flor. Congol.,” p. 223.

“Tree 5 to 6 m. high, branched, glabrous. Leaves oblong-elliptie, green nbove,
paler underneath, brown when dried, acuminate, attenuate at the base into the petiole,
which is very short, thick, hlackish, not stipulate, decurrent; the blade 27 to 34 e,
long and about 11 em. broad; with about 14 nerves below and above on each side,
uniting before the margin; the under side with a feebly prominent, reticulate
nervation. Flowers 2 to 4 together, axillary, sessile, bracteate at the base, the bracts
numerous and closely imbricate, cupulifor, brown, smooth. Sepals 5, white on the
inner side, rufons-velutinous an the outer side, oblong, united at the hase, acuminate,
about 3.5 cin, long and 1.5 ecm. broad. Petals little longer than the calvx, white,
oblong-obtuse, about 3.5 em. long and 1.4 em. broad. Stamens inferior, numerous, in
several rows, coalescent at the base, with white filaments and vellow anthers, about
3 mm. long. Ovary globose, green, glabrous, with a heavy style and a very large,
conico-globose, 3-lobed, yellow stigma (according to Dewevre). Fruit globose, 2.5
cin. broad, with three parietal placentas’ (De Wildeman and Durand, 1809).

Judging from the descriptions, this species is a near relative of B.
nigritana. De Wildeman and Durand compare it with that species,
and in a later pubication De Wildeman (1908, p. 248) writes that B.
Dewerrei is “ perhaps only a variety” of B. nigritana. Gilg (1908, loc.
cit.), however, says: ‘‘this specics is very closcly allied to B. fistulosa
Mast., vet, I presume, distinct from it. The broad, thick, leathery
leaves are different, as also the larger flowers, and above all is the fact
that the flowers are inserted as a rule 3 or 4, rarely 5, together in the axils
of the leaves.”

Only known thus far from the Belgian Congo: Lower Congo: Sabuka (ISm. and
M. Laurent); Leopoldville (Mareh 26 and May 19, 1915; J. Bequacrt; Coll. Nos.
7173 and 7663). Kasai: Dima; cliffs of Batempa: along the Sankuru; Kondue;
Bena Dibele; Olombo (Em. and M. Laurent); Bena Makiina; Bomhaie (Leserau-
waet). Middle and Upper Congo: Bolombo: Inongo (Em. and M. Laurent); Ban-
gala, type locality (Dewevre; Hens). Eastern Congo Forest; Yaluteha; Yanonge
(H. Kohl).
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Barteria fistulosa Masters

Rarteria fistulosa NasTEns, 1871, in Oliver, ‘Flora of Tropical Afriea,” V, p. 211, K,
Scnvamaxy, 1890, Verh. Bot. Ver. Brandenburg, XXXI, 2, p. 121, footnote, A.
ExcrLer, 1892, Engler's Bot. Jahrb., X1V, p. 392, Warsure, 1894, in Engler
and Prantl, ‘Die Naturl. Pflanzenfam.,’ I11, pt. 6a, p. 27, fig. 2B, E. D WiLbe-
MAN AND TH. Doraxp, 1901, ‘Reliouie Dewevreana,” p. 98 (type and variety
macrophpylla). 1. WinkLER, 1906, Engler's Bot. Jahrb.,, XXXVIII, pp. 259-
260. E. De WiLpesmax, 1906, ‘Mission Emile Laurent,’ fase, 3, pp. 250-238,
Pls. xct and xcir; 1907, ‘Etudes Flore Bas- et Moven-Congo,’ 11, 1, p. 57;
1908, ibid., 11, 3, p. 316. II. WiNKLER, 1908, Aus der Natur, ITI, p. 661. Girg,
1908, Engler’s Bot. Jahrb,, XL, p. 480. H. Konw, 1909, Natur u. Offenbarung,
LY, pp. 97-108. Tu. axp 1. Duraxp, 1909, ‘Sylloge Flor. Congol.,’ p. 223.
ENGLER, 1910, ‘Die Pflanzenwelt Afrikas," I, 2, p. 642, fig. 553B. J. GILLET AND
E. Paqug, 1910, ‘Plantes Principales Kisantu,’ p. 81. Giug, 1913, ‘Wiss. Ergebn.
Deutsch. Zentr. Afr. Exp. (1907-08),” II, p. 568. E. De WiLpeEwmax, 1920,
‘Mission de Briey au Mayumbe,’ pp. 104, 203, and 255.

“A small tree with angular, smooth or lenticellate, fistular branches. Leaves
leathery, 10 to 12 in. long, 3 to 4 in. wide, oblong, obtuse, glabrouy, 1-nerved, sone-
what narrower at the base which is decurrent along the branch. Stipules 0. Flowers
sessile, in linear clusters emerging from the stein between it and the decurrent edges
of the leaf, each encireled at the base by numerous overlapping leathery shiny chest-
nut-colored oblong obtuse or boat-shapegd bracts, inereasing in size from below up-
wards.  Flowers smaller than those of B. nigritana. Sepals and petals downy on the
outside, laneeolate, wavy at the margins.  Corona and inner organs of the flower as in
the last-named species, but smaller.  Anthers apiculate.

“The =o-called decurrent leaves would probably be more correctly described as
corgenitally adnate to the branch for some distance. The manner in which the
flowers emerge from between the sides of the base of the leaf and the stem i very
enrious’ (Masters, I871).

De Wildeman and Durand’s variety macrophylla (1901) was based on specimens
with larger leaves (25 to 35 em. long; 14 to 15 emn. broad); but, asx De Wildeman ob-
served later, this variety eannot stand, beeause the shape and size of the leaves in this
speeies are extremely variable: “the normal obovate-elliptic shape, rather broadly
cuncate at the base, may change in terminal lenves into elongate obovate-lanceolate,
very long-cuneate at the base and reaching a length of 27 em. by a witldth of 7 em,
In other forms. . . broadly ohowvate, shortly attenuate leaves reach a length of 38
cm. and a width of 16 em.” (‘Mission Emile Laurent,” p. 219.)

According to ., Winkler (op, cit., p. 260, footnote) there are two forms of I3,
Jistulosa in Cameroon: “In one of them the Iatern] hollow branches inhabited by the
ants are longer, the lenves are Iarger and inserted an the branceh by a broader base,
In this form the fruits are mostly divided into four, while in the other form they often
consist of 3, or even 6, earpels. There wis also o clear and charneteristie difference
in the shape of the seeds; while in the first variety they are 6 to T mm. long, 3.5 tv 4
mn. wide and 2 mm, thick, the sceds of the other which were the saume length mens-
ured only 3 . in width or even less, being thus mueh mare slender,”

Fernando Po, type loenlity (Mann),

Cnmeroon: Vietorin (Wederbauer:  Winkler);  Barombi (Preuss;  Staudt);
Mipindi (Zenker).



428 Bullctin American Muscum of Natural IHistory [Vol. XLV

Belgian Congo: Lower Congo: Tamba (Em. and M, Laurent): Kisantu (Gillet);
Thysville (June 4, 1915; J. Beguaert). Kwango: Mndibi (Lescrauwaet), Kasai:
Dimn; Manghe; Lowmkala; Olombo (Im. nnd M. Laurent): Bachi-Shombe (Les-
ernuwnet),  Middle and Upper Congo: 1bali; Inonge; Lala; Botuma; Bolombo
(Em. nnd M. Laurent); Coquilhatville (Dewevre); Lake Leopold U (Body); Betutu
(Bruneel); Barumbu (October 28 and November 17, 1913; J. Bequaert; Coll, Nos,
1003 and 1209). Eastern Congo forest: Stanleyville (Dewevre; February 1915, 1.
Bequaert and 1. Lang); Romee; Yangandi; Yalutcha; Yanonge (11, KohD;
Avakubi (Jnnuary 17, 1914; J. Bequuert); Penge and at many places in the forest
between  Penge and Trumu (Febrnary 19143 J. Bequaert; Coll. No. 2339); Moern
near Beni; between Mawambi and Avakubi (Mildbraed); in the forest between Wali-
kale and Lubutu (January 1915; J. Bequaert). Mr. H. Lang nlso photographed at
Medje what is evidently thisspeecies. Mayombe: Ganda Sundi (ile Briey).

Winkler (1906, pp. 259-260) has published some interesting morpho-
logical and ethological notes on Barleria fistulosa studied by him at the
Botanical Garden of Victoria, Cameroon.

One of the flowering periods, ~if there be nwore than one—starts in March. The
large white flowers are crowded together side by side on the hroad base of the leaves.
They seem to open with dawn and the nnthesis apparently lasts a few hours only. I
have not found neetar in them nnd never observed pollinating insects; bugs and little
beetles which are often found in the Howers, have, I presume, hardly to be considered
assuch; nor, as it scems to me, the ants which inhabit the tree. The fruits ripen about
3 months after the flowering. "Fhey have the shape of a walnut, and are 3.5 to - emn.
long with a diameter of 27 to 30 inm. They are flattened on two sides at the base by
pressure against one another.  They have four distinet protuberances at the apex, the
stump of the style being placed hetween the four grooves. The froits which I picked
were covered at their base by the brown, closely appressed calyx;! however, the lutter
apparently remains on the tree when the ripe fruit drops. The consisteney of the
fruits can hest be compared with that of a celluloid ball. The numerous, parictal
placentas are arranged on four longitudinal bands.  Ilach seed is enveloped by an
arillus-like pulp, which has an agreeable, sweet-sour flavor; the pulp of the various
seeds fills the fruit with a slimy mass. The seed is ilattened, of rounded-rhombord
shape, with a1 small umbilicus and a network of dimples on the surface. To be sure
the seeds are seattercdd by animals, which trace the pulp.  The genets which 1 kept
in captivity preferred these to nlinost all fruits. 1 have found, on fruits still adhering
to the tree, holes the size of a hazelnut or an entire half of the pericarp lacking; the
sceds together with the arillus had disappeared. Traces of hites could be distinetly
recoguized on a number of fruit envelopes which 1 found at some distance from one of
the trees; they certainly were not from a bird's hill, but from teeth, probably of
fruit-eating bats.2 When compressed, and consequently also when bitten, the fruits
split open at the top in the forin of a eross between the grooves; but they open by
themselves only when rather intensively drying.

1The author evidently means the involuerum of bracts, not the true calyx.

2ln the African Rain Forest fruit bats undoubtedly are important agents in scatfering the reeds
of many friuit-bearing trees.  See the remarks on this subject by 11, Winkler (1906, p. 236) and 1. Lang
and J. P. Chapin (1917, Bull, Amer. Mus. Nat. Hist.,, XXXVII, p. 184).
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Barteria nigritana J. D. Hooker

Barteria nigritana J. D. Hooxex, 1860, Journ. Linn. Soc. London, Botany, V, p. 15,
Pl 11, figs. 1-5.

Barteria nigritiana Mastrus, 1871, in Oliver, ‘Flora of Tropieal Africa,” I1, p. 510,
11. WiNkLER, 1906, Engler’s Bot. Juhrh,, XXXVIII, p. 260, footnote. GiLg,
1908, Engler's Bot. Jahrb., X1, 1908, p. 479; 1913, ‘Wiss. Ergebn. Deutseh.
Zentr. Afr. Exp. (1907-08),’ II, p. 568.

Barteria Braunii ExGLER, 1892, Engler’s Bot. Jahrb.,, XIV, p. 392, Wakgpung,
1594, in Ingler and Prantl, ‘Die Naturl. Pflanzenfam.,’ 111, pt. 6a, p. 27, fig. 2.
FxcLew, 1910, ‘Die Pflanzenwelt Afrikas,” I, 2, p. 642, fig, 5534.
¢ A small tree or shrub with stout branehes, covered with rusty down, and marked

on cither side with a raised line continuous with the base of the leaves. Leaves coriace-

ous glabrous, 6 to 10 in. long, 2 to 3 in. wide, oblong, snbacute, crenutate or entire;
unicostate, rounded at the base or tapering into a short, thick leaf-stalk. Stipules
deciduous.  Flowerslarge, 1 to 1% in. in diameter, sessile or subsessile in axillary tufts,
each tuft consisting of 2 to 4 flowers, each of which is invested in a series of over-
lapping corinccous chestnut-colored acute or cuspidate hracts. Flower-tube very
short, glabrous. Sepals 5, somewhat coriaccous, oblong-laneeolate or obtuse, downy
and golden brown on tke outer side, smooth and whitish within, Petals oblong, wider
than the sepals and ahout equal to them in length, white. Stamens hypogynous or
slightly perigynous; filaments slender. Ovary smooth; style simple, as long as the
filaments and terminated by a large conicul or cushion-shaped stigma. Fruit ovoid,
about the size of a pigeon’s egg, coriaccous, reddish, 1-celled,with numerous compressed

pitted seeds attached to parietal placentas’ (Masters, 1871).2
Southern Nigeria: Nun River, type loeality (Barter); Bonny River (Mann);

Old Calabar (Thomson).

Cameroon: Batanga (Dinklage); Kribi (Zenker).
Spanish Guinea: on the coast of Bata near Campo (Busse).
Freneh Congo: on the Gaboon River near Libreville (Mildbraed).

As pointed out by Gilg this species seems to be restricted to the coastal
forest belt (“cine echte Scestrandspilanze’”) which grows inland of the
mangrove formation along the Gulf of Guinea. Similar patches of dense
forest are to be found immediately landward to the mangroves in the
estuary of the Congo, but T have never seen any Barferia there.

Barteria nigritana varicty unifliora De Wildeman and Durand

RBarteria nigritana varicty uniflora E. D WiLpEMAN anp Tu. Durasn, 1900, ‘Con-
tributions Flore du Congo,’ I, p. 24; 1900, Bull. Herbier Boissier, (2) I, p. 22.
E. De WiLnemay, 1904, ‘Etudes Flore Bas- et Moyen-Congo,” I, p. 169. Ii.
Konr, 1909, Natur u. Offenbarung, LV, p. 109. Tu, anp I, Duouaxp, 1909,
‘Sylloge IMlor. Congol.,” p. 224,

1J. . Iooker's original diagnosis is aa follows: * Frutex robustus, habitu Smeaiamannix, foliis
6-10" long., 2-3" lat., nervia primariia numerosis,  Stipuln: decidum, non viam. Flores scasiles. circiter
1-13§" dinmetro, iis Smeathmanniz subsimiles. lractem numcrosw wsrefe inibrieats, alabastrum
maturun: velantes, Inte ovatm cuspidato-acuminate. Petals ealyce paulalongiora. Slamine perplurima,
Ovarium glaberrimuin. ructus magnit. ovi columbw.”
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“A high tree, with thick branches, whieh are strinte, ferruginous-pubescent,
marked on either side with a raised line connecting the leaf-bases. Leaves alternate,
shortly petiolate; the petiole 5 to 6 inm. long and 3 mm. broad; oblong, subacuminate,
11 to 17 em. loug and 3.7 to 5.5 cin. wide, entire, shiny nbove and below, dark above,
paler below, the upper side subglabrous or with a few seattered hairs; the under side
with short, sparse, brown pilosity, especially on the veins; lateral nerves alittle promi-
nent above and below, areuately anastomosing towards the margin and prominent
in the more or less recurved margin. Flowers sessile, solitary in the axils of the leaves;
at the hase with eloscly imbricate bracts, which are scarious, brown, pilose externally,
embracing. Calyx with ovate-lanceolate lobes, ferruginous pilose on the outer side,
glabrescent on the inner side, acuminate, 3 cin, long and 12 mm, wide. Petals cqual
to the sepals but completely glabrous. Corona ercct, membranaceous, fimbriate-
lacerate at the apex. Stamens numerous, with connate filaments, Ovary globose,
with parietal placentas, and numerous ovules; style solid; stigma very large, 6107
mm. broad, conico-globose’ (De Wildeman and Durand).

Belgian Congo: Tower Congo: TForest of Talavanje, type locality (Cabra);
Kisantu (J. Gillet).

It seems doubtful whether this forn is really a variety of B. nigritana
in view of its occurrence inland far from the coastal belt. It may possibly
be specifically distinet or constitute a form of B. Dewerrei, a species
commonly found in the Lower Congo. From the deseription, it appears
very similar to B. Stuhlmannit.

Barteria Stuhlmannii Engler and Gilg

Barteria Stublmannii ExarLeEr anxp Gig, 1908, Engler’s Bot. Jahrb., XL, p. 479,
Barteria nigritiana WanrBunra, 1895, in Engler, ‘Pflanzenwelt Ost-Afrikas,” C, p. 278

(not nigritana Iooker).

**Shrub ar tree with fistulose branches, which are densely and very shortly fulvo-
pilose when young. Leaves ovate or ovate-oblong, very seldom oblong; acute or often
shortly and broadly acute-acuminate at the apex, rounded toward the base, though
narrowed at the very base into a 6 to 8 mm. long petiole, on both sides of which there
is 2 3 to 4 mm. wide wing; leaves obsoletely sinuate-denticulate, or more often sub-
entire, with cartilaginous margin, glabrous above (except on the median nerve),
very sparsely and shortly pilose below, leathery, with 13 to 15 pairs of lateral nerves
which run aliost straight to near the margin where they unite by curves; with num-
erous transverse nerves running parallel to each other and strongly prominent on both
sides; other reticulate veins almost absent. Flowers solitary or occasionally by twos
in the axils of the leaves. Bracts enclosing the flower in an involuerum, coriaceous,
with scattered fulvous pilosity on the back. Outer sepals entirely covered on their
outer side with dense fulvous pile, which on the back of the inner sepals forms only a
median vertieal line; otherwise glabrous, oblong, with very acute apex. Petalsalittle
shorter than the sepals, but similar in shape, very tender; glabrous. Outer corona
membranous, glabrous, about half the length of the petals, unevenly incised and
fimbriate; inner corona much shorter, thickened, forming a raised ring which is dis-
tinetly but feebly emarginate and furrowed. Stamens numerous, coalescent at the
base into a tube. Ovary short, turbinate, glabrous, with 4 parietal placentas. Style
clongate, reaching the anthers, thick, gradually thinner upwards, ending in a very
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thick, head-shaped stigma. Fruit subglobose; the periearp parchnient-like or eharta-
ccous, fragile; sceds numerous, inserted on 4 parietal placentas, oblong, yellowish,
with pitted testa.

“The winged petiole is 6 to 8 mm. long and, with both wings spread, 7 to 9 mm.
wide. The swollen, hollow stalk is 6 to 10 mm. thick. The blade of the leaf is 16 to
19 em. long, 7 to 9 cm. broad. The bracts which enclose the base of the flowers are
7 to 9 mm. long and equally wide. Theouterscpals are about 2.5 cm. long, 1 cm. wide;

1ig. 85. a, Barteria fistuloss Masters: portion of branch with fruits along decurrent leaf base; b,
Rarteria Dewerrei De Wildeman and Durand: portion of braneh with fruits elustered in axils of leaves
(after De Wildeman, slightly modified).

the inner ones decrease gradually. The petals are about 2.2 em. long, 8 to 9 mm.
broad. The style is about 1.5 cm. long, the stigma 4 mm. long and 3 mm. thiek at the
base. The fruit has a diameter of about 2.5 em, The sceds are 5 mm. long, 3 mm.,
wide and 1.5 mm. thick” (Engler and Gilg, 1908).

German East Afriea: Bukoba, type locality (Stuhlmann).

This plant will, I believe, prove to be identieal with B. acumrnata
L. G. Baker (sce above, p. 4253), described from Musozi on LakeVictoria,
which is practically the same locality as Bukoba.

During my travels in the Belgian Congo, 1 came across two species
of Bartcria, B. Deucvrei and B. fistulosa. The latter is by far the more
common and can be best recognized by the very peculiar way in which it
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grows, by the basal swellings on some of its horizontal branches, and
especially by its inflorescence. In this species a number of flowers or
fruits are placed close together in a row on cither side of the petiole from
the axil along the decurrent base of the leaf (Fig. 85a). In Barteria
Derwevrei, however, the flowers or fruits occur cither singly in the axils of
the leaves or two to four together in loose axillary clusters (Fig. 85b).
The anatomical structure of the two species also shows certain differ-
ences, which have been pointed out by Prof. Bailey (Part V, p. 599).

EcoLogy or Barteria fistulosa

Perhaps the most striking” of Congo myrmecophytes, this plant
oceurs throughout the entire Rain Forest belt, where it favors the higher,
more open spots, being rarcly met within damp soil. In the Savannah of
the Lower Congo and Xasai District it follows the forested banks of
water courses. The natives of the forest are familiar with the plant and
aware of its being inhabited by very aggressive ants. When clearing the
underbrush to establish a road or plantations, they usually avoid the un-
pleasant task of cutting this small tree. Thus it happens that Barteria
is frequently found standing by itself in the eenter or near the sides of
forest paths (Pl. XX1X). TFor the same reason, it is often met with in
secondary forest growth. Among the Wangata, at Barumbu and elsc-
where, its vernacular name is * Bakokombo,”” and other Bantu tribes use
similar sounding designations (Monkukono, Makonkomo, Okakumbn,
ete.)!

This species is a typieal element of the undergrowth of the forest.
Under favorable conditions it may beeome a small tree, reachims a height
of from 6 to 10 meters, or in exceptional cases 20 meters or more, but it is
frequently much lower, 3 to 4 meters being a common average; its
trunk is, as arule, 10 em. in diameter, though there are occasionalrecords
of over 40 em. The trunk is simple or very little ramified, and bears long
lateral branches, usually also unramified and spreading alinost hori-
zontally in all dircctions. The broad, alternate leaves are placed to the
right and left of the branch, more or less horizontally or slightly eurved
upward. Due to this arrangement, the plant has a very peculiar appear-
ance, well illustrated in the photographs taken by Mr. H. Lang (Pl
XXVIII, Fig. 1 and Pl. XXIX). Another unusual feature is the fact
that most of the branches are deeiduous. On reaching a certain length

1According to J. Gillet, the natives at Kisantu, in the Lowcr Congo, call Barteria fistuloea cither
*Sakala’ or * Nsakala,” and de Briey gives '‘Zinzi” as its vernacular name in the region of Ganda
Sundi.
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they stop growing, lose their foliage, and gradually dry up; finally, these
dead members are dropped by a histological process similar to that caus-
ing the leaves to fall. One always finds, therefore, a number of decad
branches scattered over the ground at the basc of this Barteria. Whether
there is a law of periodicity or other rule governing this peculiarity can-
not be decided at present, but so much issure: the few flowering branches
remain on the stem until after the fruits are ripe.

The lateral branches of Barteria fistulosa are of two kinds. The
sterile branches—and, as noted, these are in the great majority—present
at a short distance from their base an abrupt and conspicuous swelling
which continues almost uniformly to near the apex with only slight con-
strictionsat thenodes (Plate XXVIII, Fig. 2; Text Fig. 86). Except in
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Fig. 86. Bartera fistulosa Masters: a, lateral branch suddenly swollen beyond ita base, where it
shows the eircular opening (¢) gnawed by the ants and leading into the domatium; about one-halt
natural size (after De Wildeman); b, part of longitudinal section of very young swollen lateral branch,
showing gradual drying up of pith before ants gainaecessto the eavity; drawnfromlife at Barumbu,
October 19013; aatural size.

very voung plants, these swellings are nearly always hollow and inhab-
ited by ants. The flowering branches appear only at certain seasons,
and on older trees; they are normal, not swollen, yet frequently hol-
lowed out and also occupied by ants.

From an examination of very young speciinens and others not in-
habited by ants, 1 found that the trunk and normal, flowering branches
are filled with pith and remain so unless excavated by the ants, The
swollen branehes (Fig. 86), on the contrary, become hollow naturally.
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When young, their various internodes are at first only slightly swollen
and entirely filled with soft, greenish, parenchyma; soon, however, the
enlargement becomes nore pronounced; the pith turns pale brownish,
gradually dries and what remains finally forms brownish membranes on
the inner walls or irregular partitions in a spacious cavity (Iig. 86b).
The ant-chamber is thus ready for occupancy before the inscets touch the
branch. On uninhabited plants the sterile branches show no orifice,
nor any depression or sear on their outer surface that might mark the
spot where the entrance to the cavity will later be picreed by the ants.
Moreover, the walls of the limb are soft and easily pressed down with
the fingers, so that they must offer but little resistance to the powerful
mandibles of the Pachysimz.

The larger specimens of Barleria fistulosa that one commonly meets
in the forest are, as a rule, settled by a populous colony of the large,
black Pachysiina @thiops (Emery),! the true body-guard of the tree.
As soon as any portion of their host plant is disturbed, they rush out in
numbers and hastily explore the trunk, branches, and leaves. Some of
the workers usually also run over the ground about the base ot the tree
and attack any necarby intruder, be it animal or man. All observers
agree that the sting of the Pachysima is exeeedingly painful and is felt
for several hours. Its effects can best be compared with those produced
by female velvet ants (Mutillidee; see Kohl’s remarks repradueed in
Prof. Wheeler’s Report, n. 115). Conscquently these ants are greatly
dreaded by the natives and there remains little doubt that they afford
a most cffective proteetion to their host plant.

Trees inhabited by Pachysima are gencrally healthy and frec from
the attacks of most phytophagous insects. On specimens untenanted
by ants, however, the leaves are often badly eaten by caterpillars, as T
observed in two instances at Barumbu in October, 1913. On both of
these trees there were also several nests of the weaver-ants, fcophylla
longinoda (Latreille), and numecrous workers of a small Crematogaster
running over the branches and leaves. At Penge, in February, 1914,
another uninhabited B. fistulosa showed the live wood of its trunk badly
bored by adult bostrychid beetles. On the other hand, the Pachysimz
are not always successful in keeping smaller parasites from their host.
At Barumbu a tree occupied by a populous colony of P. @thiops showed
numerous cecidomyid galls on its leaves. They were small fleshy swel-
lings of the parenchyma, about equally protruding on both sides of the

1Probably sometimes also by Pachysima latifrons (Emery).
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leaf, and irregularly scattered. Inside of them was a single chamber con-
taining one gall-midge larva and surrounded by a wall of coarser tissue
in the center of a solid, juicy, parenchymatous mass.!

An older, inhabited Barleria fistulosa may be regarded as the home of
a single colony of Pachysima which has resulted either from the gradual
growth of a small nest founded by one female, or from fusion of several
nests started independently by a number of females. Both modes are
possible, but the second is probably the more common. At Avakubi, in
January, 1914, 1 had an opportunity to examine a very young Barteria
Jistulosa not over one meter high, with but six short, horizontal branches,
all of which were swollen beyond the base in the usual way. Only a few
of the distended internodes were settled by ants and each was a closed,
separale cavity containing one dealated Pachysima queen; no workers,
larvee, or eggs were present. After the nuptial flight the Pachysima
females had evidently entered the hollow internodes by gnawing through
the wall. They had not again left the eavity, for the entrance was partly
plugged up by callus growth. When disturbed, these gravid queen ants
niade no attempt to defend themselves, behaving in this respect very
differently from workers. It is also interesting to note that some of the
Pachysima females were dead and that in one such ease another minute
ant, of an unidentified speeies, had established its nest in the same in-
ternode with the remains of a dead Pachysima queen. A colony of Pachy-
sima axthiops in a somewhat more advanced stage was found in a young
Barteria fistulosa, at Barumbu in November, 1913.. A queen ant, sur-
rounded by an abundance of eggs and young larve, was found inside
each of a series of swollen internodes, all still separated by the nodal
partitions. Here, too, a growth of callus had partly closed the entrance
whieh had been further plugged with dried particles of pith evidently
brought there by the female.  Since the older Barteria is finally occupied
by one single colony, all the members of whieh live and work peacefully
together and enter indifferently the various domatia, the initial formi-
carics in all probability fuse into one. The workers in such a formieary
not only enlarge the exit holes, which are usually placed at the base of
the swelling toward the upper face of the branch, but also clean the cavi-
ties of the remains of dried pith and pieree the partitions between the
various internodes. Each lateral branch finally forms one continuous
gallery.

{Lamborn (1014, p. 403) notea that he once found larva and pupa of Tinthia lambornella Durant,
-n.lgo_nu[ nioth, in an internode of a Barferia in Bouthern Nigeria; thiacavity was separated from the
adjoining internodes, both of which were inhabited by Pachysima athiops.
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The origin and growth of new colonies of Pachysima in Barleria
deserves to be further investigated in the ficld. Perhaps such a study will
show us typical examples of secondary pleometrosis, or founding of an
insect society through fusion of a number of colonies cach started in-
dependently by a fertile female. H. v. Ihering (1907) believes Cecropia
adenopus is scttled in this manner by Azteca mulleri. Furthermore, in his
opinion, all but one of the fertile queens inhabiting the same trec are
eventually killed by the workers, a conclusion drawn from the presence
of a sole queen in each adult Cecropia. It will be important to look into
conditions in this respect in the Pachysima formicarics of Barteria.

The Pachysima undoubtedly derive certain advantages fromn living
inside Barteria. The hollow, nearly horizontal branches provide very
convenient nesting chambers, where the brood is kept in safety under
almost ideal conditions of acration, temperature, and humidity. Whetlier
the ants also procure part or all of their food from the host is still doubt-
ful. Kohl has often seen the workers actively licking nectaries at the
insertion of the leaves, and also gnawing the young bark and the epider-
mis on the upper and under sidesof the blades; they are particularly fond
of the very young flowers, which they frequently destroy almost com-
pletely. Certain other inscets live in the domatia with the ants, the
most common of these companions being coecids (Pscudococcus ciir
variety congoensis Newstead) which, I am inclined to think, arc not
brought in by the ants, but migrate inside the swellings of their own
accord. I have found this to be also the.case with seale inseets living
in the myrmecodomatia of Curvicra. Iven in very young Barteriz, of
which only a few internodes are occupied by queen ants and their brood,
one discovers coccids in the eavities. Another interesting inquiline of
Barteria is a minute phorid fly, Hypocera tristis H. Schmitz, noticed by
Father Kohl near Stanleyville in swellings of Barteria fistulosa occupied
by Pachysima ethiops (Wasmann, 1915a, p. 320, footnote).

Whether the coccids of Barteria are really attended by Pachysima
for the sake of their exeretions remains uncertain. Wheeler and Bailey
(1920, pp. 261-262) have dissected the pellets contained in the infra-
buceal pockets of workers and the trophothylaces of larva of Pachysima
xthiops and P. latifrons. They were much the same in both species and
consisted of pieces of coceids or whole, crumpled-up bodies of young
seale insccts, fungus spores, bits of myecliun, portions of plant-tissue
cvidently gnawed from the walls of the cavities, pollen-grains, ete. In
a few of the pellets Prof. Bailey found small nematodes resembling
the species of Pelodera deseribed by Janet as living both as parasites in
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the pharyngeal glands of certain European ants and as free organisms
in the detritus of the nest.

A thorough investigation of the feeding habits of both adult and
larval Pachysime in Barteria will be the most important problem to be
studied in the future. In this conneetion, it may be well to note a pecu-
liarity to which my attention was dirccted by my friend, Mr. J. P.
Chapin, during our stay at Avakubi in January, 1914, When Barteria
fistulosa inhabited by Pachysima occurs in rather dense forest, one fre-
quently notes about its base an open patch, fifteen to twenty feet in
diameter, where most of the heavy undergrowth has been cleared away.
Only a few, low herbaceous plants and often also the slender leaf-stalks
of the common marantaecous forest recd, Sarcophryniumn Arnoldianum
De Wildeman, are left standing. The ground at the foot of the tree is
partly covered with fallen leaves and dead branches of the Barteria.
One can always find a few Pachysima workers running over this open
spaee, for a purpose unknown to me, perhaps in scarch of insects which
may form part of their diet.! I merely venture the supposition that the
ants themselves are instrumental in preventing the growth of heavy
vegetation near the base of their shelter, perhaps by nipping the tender
shoots of the young plants.? One can readily imagine that such a
clearing would be of use to the ants in their hunts for other inseets,
making the capture of their prey so nmuch easier and quicker. Incident-
ally, Barteria too may be benefited, since it is saved competition with
1nore vigorous species of trees or shrubs, which, if allowed to thrive near
its trunk, would svon interfere with its growth. The shade given by
Barteria fistulosa is so slight that this factor alone could net aceount for
the absence of woody vegetation within a radius of ix to eight feet from
its bhase.?

As soon o5 the leaves of Barteria fistulosa fall, the branches begin to
dry up, but remain on the tree for several weeks before being shed as
described above. Then, however, they are not oceupied by the Pachysi-
ma, which pay no further attention to them, one proof more of the strict,
obligatory relations existing between these ants and the host plant. The
cupty, dried swellings may be temporarily occupied by other, small

1\y obscrvations tlo net agree on this one point with those of Father Kohl, who believen that
Pachymima never leaves Barteria " aince they do not undertake hunting pasties for atrange insects.”*

SWith regard to this interesting point | anote the following passage from Kohl's paper (1909):
*Somie natives assured e that the Sima (= achymona) occasionally trim to half its height the low
vegetation which surtounds their host plant. 1 once abnerved similar, partly cut low plants in the
vicinity of my Miasion, hut 1 did not guess the possible agent of this.*

e (1907, p. 131D alno remnrks that Pacudomyrma dendroica Forel aned P, triplarudia Forel, which
Live inside stems and branches of Triplaria Schomburokiana along the Jurua River, Braeil, run dowu to
the grousdd, where in a cirele a few meters wide no other vegetation is allcwed to grow.
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species of ants. At Barumbu, in October, 1913, 1 came across a Barteria
Sistulosa whose living branches were inhabited by Pachysima xthiops,
while the dead twigs, still attached to the tree, contained small colonies
of a Crematogaster. These little ants were apparently not molested by
their large neighbors, but, when the tree was disturbed, they remained
safely inside, while the Pachysime rushed forth and ran feverishly over
the plant.

The myrmecophytic nature of Barleria fistulosa was first recognized
by K. Schumann (1890, p. 121, footnote) on herbarium specimens
collected in Cameroon. Some of the swellings cut open by him still con-
tained a fow Crematogasters. Its relations with ants were studied in the
ficld by A. Dewevre (De Wildeman and Durand, 1901, p. 98), Emile
Laurent (De Wildeman, 1906, pp. 250-258), H. Winkler (1906, p. 59),
and H. Kohl (1909, pp. 97-108). Mlention is made in Prof. Wheeler’s
Report (p. 114) of some of these carlier observations which agree in most
details with my own.

The following ants have been found thus far in the swellings of
Barteria fistulosa, but the two species of Pachysima alone can be regarded
as obligatory guests of the plant. The others are all accidental tenants
which nidify in other places also; they are usually met only on plants or
in branches which for some reason or other have been left by the Pachy-
sime.

Pachysima xthiops (F. Smith). The large, black ant which is the
regular inmate of Barteria fistulosa, was first collected in this plant by
Father Kohl, near Stanleyville (1909, p. 106), and sent by him for
identification to Forel (1916, p. 403). Both Mr. Langand I commonly
found the same species at Medje, Ambelokudi, Barumbu, Avakubi,
ete.! The seale insect Stictococcus formicarius Newstead was found by
Kohl near Stanleyville with these ants (Newstead, 1910, p. 19).

P. latifrons (Emery). Specimens oi this species obtained by Mr. H.
Lang at Niangara were probably taken from Barteria fistulosa.

Tetraponera anthracina (Santschi). Near Stanleyville (H. Kohl;
sec Forel, 1916, p. 403). I found scveral workers of this speeies at Thys-
ville (June 1915) running over the leaves and twigs of a Barteria fistulosa
whose swellings were frec of ants; I did not find their nest.

3Pachysima athiops was originally described from South Africa, without indication of colleetor.
No species of Pachysima has since definitely been recorded from that part of the continent. Since
the genus is restricted to Barteria and Myrmacia, which are not known to occur south of 7° S. lat., there
is & question whether Smith's type was wrongly labeled. 1t is, however, not so clear how he could have
received West African specimens of . xthiops at a time (1877) wlen hardly any myrmecological collec-
tions had been made in Equatorial Africa. I am rather inclined to belicve that Smith’s type was ob-
tained in the forests of Natal from a myrmecophyte which has since escaped notice.
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T. moequerysi (Ern. Andre). Near Stanleyville (H. Kohl; sce
Forel, 1916, p. 403).

T. oberbecki (Forel). Leopoldville (H. Kohl; sce Forel, 1916, p. -403).

T. ophthalmica (Emery). Stanleyville and Bengamisa (H. Kohl;
sce Vorel, 1916, p. 403). 1 collected workers of this ant at Thysville,
together with 7. anthracina, as mentioned above.

T. prelli (Forel) varicty odiosa (Forel). Belgian Congo (H. Kohl;
zce Forel, 1916, p. 403).

Cremaltogaster excisa subspecics impressa (Emery). Discovered by
Kohl (1909, p. 103, footnote) in branches of Barteria fistulosa collected
by Em. Laurent at Isangi. Also near Stanleyville (H. Kohl; sce Forel,
19005, p. 69).

C. impressiceps (Mayr). Taken from hollow twigs of Barteria
fistulosa by Mr. H. Lang at Panga.

C.striatula Emery. RoméenearStanleyville (H. Kohl, 1909, p. 167).

EcoLoGy oF Barteria Deuerret

This species is less common than the preceding and has been but
little studied so far. The following notes were made on specimens I
found near Leopoldville, in one of the small patches of forest which
are scattered through the savannah of that region (March, 1915) and
also in a forest gallery along onc of the small affluentsof the Congo (May,
1915). In that locality, it is a low tree, rarely over 6 meters high, with a
straight, simple, or feebly ramified trunk, 20 cm. thick at the base.
The alternate leaves are more clongate-clliptic than in B. fistulosa,
being as much as 40 em. loug and 9 em. wide. The lateral branches on
my specimens were all alike, feebly branching and irregularly spreading,
giving the tree a very different appearance from that of the species just
incentioned. The specimen collected in May was in flower.

There were no swellings on any of these plants from Leopoldville,
but all the lateral branches (Fig. §7a-b) were hollowed out almost their
entire length, each with one continuous eavity. Only the upper ex-
tremity of young branches was still filled with green, soft pith, which
scemns to dry up very soon, as the pith channel is hollow 6 cm. from the
tip. A few entrances to the inner cavities had been pierced, mostly on
the upper side of the branch, at intervals of about 6 to 14 cin. from one
another, usually a short distance above the ingertion of a leaf.!

10nc of the specinens of 1. Dewerrei from Leopolldville anawered well the description given by Em.
Laurcnt, of a plaut which he found at Dima, along (m Kaaai: * Branchoes Isteralesraminces, co quidonne
a I'nrbre de 6 ou 71n. de haut, un tout autre aspect (que ches #3. fistulosa); cea hranchesa do 3 a 4 em. do
B ialion Coxiooare b L e how fororsie ncirea troe potiten, eatieou e rmwentse gone
rforca sculement au sominet et los fourmis cn habitent surtout Ia region terminale.  Les feuilles,
argement ovales, luisantes aur les deus {aces, ont un petiole de 10 A 15 mim. de Jong, lo limbe mesure do

30 8 3C cin. aur 14 a 10 cin, et porte 10 paires de nervures Iaterales” (De Wildeman, 1006, p. 250).
Laurcnt believed that this plant was a apecics of Harteria, but this was doubted by De Wildeman,
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The hollow branches of the two specimens of B. Dewerret examined
contained colonies of Cremalogaster africana variety schumanni (Mayr),
with a queen, workers, and brood; also some coecids which were usually
in a small, scar-like depression in the wall. In one tree some of the
branches contained insect larvee, a lepidopterous pupa, and an adult
beetle, but these were in eavities quite separate from those inhabited by
ants.,

Dewevre, who discovered this speeies in the Bangala region, on the
Upper Congo, mentions finding ants in its hollow branches (De Wilde-
man and Durand, 1901, pp. 97-98). A few notes on its relations with
ants were also made by Em. Laurent (De Wildeman, 1906, pp. 247-250)
and H. Kohl (1909, pp. 108-109). The following ants have been found
in its myrmeecodomatia:

Pachysima xthiops (F. Smith). Dima (Em. Laurent; see H. Kohl,
1909, p. 108); Yaluteha and Yanonge (H. Kohl, 1909, p. 108).

Crematogaster africana (Mayr) variety. Dima (Em. Laurent; see
H. Kohl, 1909, p. 108).

C. africana variety schwmnanni (Mayr). Leopoldville (J. Bequaert).

Apocynaces

EPITABERNA K. Schumann

Epitaberna K. Scnuyvaxy, 1903, Engler’s Bot. Jahrb,, XXXIII, 2, p. 316.

‘A bush with branehes thickened and hollow below the nodes. Leaves large,
short petiolate, lanceolate, short acuminate. Flowers diclinous, showy, axillary;
their pedieel with a pair of lower bracteoles, simulating interpetiolar stipules, and also
with a seeond pair of braets below the ovary. Sepals large, foliaccous, subincqual,
alternating with very large, linecar, solitary glands. Corolla very large, infundibuli-
formn: its lobes ample, curled along the margin, their sides in the bud inflexed and
covering cach other dextrorsely; its throat with variegated hairs. Stamens inserted
near the throat, without any stiff appendage at the base, acute and not appendiculate
at the apex. Ovary perfeetly inferior, pentapterous, 2-celled; with numerous ovules
inscrted on a thickened placenta; disc annular; style thickeued and bilobed at the
apex. Fruit unknown,

“Only one species is known.

“The genus is a relative of Tabernazinonlana, from which it differsin its com-
pletely inferior ovary and in the large sepals” (K, Schumann, 1903).

This is the only genus of the large family Apocynacex which has
thus far been recognized as a myrmecophyte and the true nature of its
relations with the ants has apparently not been further investigated on
living specimens. It contains only one species.
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Epitaberna myrmecia K. Schumann

Epitaberna myrmaceia IX. Scnumaxx, 1903, Engler's Bot. Jahrh., XXXIII, 2, p. 317.

“Branches thickened at the nodes, quadrangular, glabrous. ILeaves short
petiolate, Innceolate, ample; short and sharply acuminate, acute at the base, glahrous
above; slightly hairy on the under side in youth and later on with scattered pile on
the midrib. Flowers short peduneulate. Ovary glabrous. Sepals lanceolate, acumi-
nate, large, glabrous. Corolla with a tube extending hardly beyond the calyx;
glabrous outside; densely villose at the throat on the inner side; the lobes broadly
clliptie, acuminate, curled along the margin, twice the length of the tube, lanceolate
in the bud. Stamens linear, enclored. Style glabrous, filiform, thickened nt the apex.

“The flowering branches, 15 em. long, are 2 mm. thick in the middle of the inter-
nodes; the upper part of the internodes is swollen into a spindle-shaped eavity with
thin walls, which is as much as 5 em. long and 9 iInm. in diameter and serves as a
myrmecodomatitun, The heavy, glabrous petiole is grooved on the upper side and
at most 5 mm. long. The blade has a length of 11 to 28 em. and a greater width of
5.5 to 11 em. in the middle; it is crossed on each side of the midrib by 6 to 10 stronger
veins, which are prominent on both sides; in dried condition it is dark green alove,
pale green below. The flowers do not always present an ovary, there being male and
female flowers; but otherwise they do not differ from each other. The peduncle is
5 mm. long, and the inferior ovary about the same length. The green sepals reach a
length of 2.5 cm. The tube of the white corolla, with its chrome-yellow threat, is 2.2
em., and itslobes 5.5 em. long. The stamens are inserted at 15 mm. above the base of
the corolla; the anthersare 7 inm. loug. The style ineasures 1.3 cm.

“The plant is remarkable, representing a new case of myrmecophily, I myself
have collected the ants from the wool of the throat of the corolla. This is the first
case of completely epigynous flowers among the Apocynacezm; aceordingly the
fruit is probably also synecarpous” (K. Schumann).

Cameroon: Bipindi (Zenker).

Epilaberna myrmecia probably occurs throughout the forest of
southern Cameroon and Spanish Guinea. According to Stitz (1910, p.
131), Tessmann found inside the caulinary swellings of this plant, the
large Pachysima ®thiops (F. Smith) (=spininoda André) which the
Pangwe call “engunkun,” much fearing its sting in the belief that it
causes fever.

Tessmann, in his aceount of the Pangwe of southern Cameroon and
Spanish Guinea, deseribes how the tribe uses this myrmecophyte in one
of their religious ceremonies. During the initiation to the “Sso-cult”
ot the Yaunde, the candidates are obliged to pass for several days through
a succession of tests, one of which is as follows. Nests of stinging ants,
espeeially those of Plagiolepis carinata Emery, and branches of Epzla-
berna myrmacia inhabited by Pachysima @thiops, arc hung or placed in a
low hut built for that purpose near the village. This plaee soon swarms
with ants; pods of Mucuna pruriens covered with dangerously itching
hairs are also thrown inside. The neophytes are then brought there and,
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after being much frightened by howling and threats, are forced to crawl
in succession through the ant-hut where they are, of course, fearfully
stung.!

Verbenacess

CLERODENDRON Linnzus
Clerodendron Laxx.evs, 1753, ‘Species Plantarum,” Ed. 1, I1, p. 637. Briquer, 1895,
in Engler and Prantl, ‘ Die Naturl. Pflanzenfam.,’ IV, pt. 3a, p. 174. J. G. BAKER,

1900, in Thiselton-Dyer, ‘Flora of Tropical Africa,’ V, 2, p. 292.

“Trees or shrubs, sometimes scandent. Leaves opposite, rarely ternately
verticillate, entire or toothed. Cymes axillary or terminal, lax or dense. Flowers
small or large, various in eolor. Calyx not acereseent; tube eampanulate; lobes 5,
equal, longer or shorter than the tube. Corolla-tube cylindrical; lobes 5, obovate,
spreading or slightly reflexed, subequal or unequal. Stamens 4, inserted below the
throat of the corolla-tube; filaments long, filiform, involute in bud; anthers ovoid
or oblong, with parallel cells. Ovary imperfectly 4-celled; eells 1-ovuled; style long,
bifid at the apex. Fruit a globose drupe with a fleshy periearp and 4 smooth or
rugose pyrenes. Seced oblong, exalbuminous’ (J. G. Baker, 1900).

This is a very large genus, numbering some 200 species and distrib-
uted between the tropicsin the Old World; over 150 have been deseribed
from Africa, 35 of which have been recorded from the Belgian Congo.
They are very common at the edges of the forest and along rivers, where
the creeping species often are one of the striking clements in the land-
seape, on account of their beautiful, showy flowers. The species of the
savannah are most frequently low shrubs or erect or trailing herbs.

A number of species of Clerodendron have been found associated
with ants, but the few pubiished observations are too fragmentary
to show whether any of the forms are true myrmecophytes. Among the
African representatives, Clerodendron excavalum E. De Wildeman? is
myrmecophilous according to certain observers, while others assert that
its hollow stems are merely filled with water. At all events, ants were
never found inside the stems of that plant.

At Penge, in January, 1914 (Coll. No. 2205), I collected on the bank
of the Ituri River in the dense undergrowth of the forest a low bushy
Clerodendron which may possibly be C. excavatum . De Wildeman. The
plant was 3 to 4 m. high and divested of leaves at that season of the year.
Some of the branehes, however, were covered with numerous, white,
showy flowers, obliquely directed downward. No swellings nor domatia
could be found, but the internodes of stein and branches were normally

ITessmann, G, 1913, * Dic l’anfwc.’ 11, pp. 4647,
T f’l)m;ngrd, 1009, in *Etudes Flore Bas- et Moyen-Congo,’ 111, 1, pp. 132-134, Pl. x1; 1912, ibid.,
+ 3, p. 408,
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hollow, due to the early resorption and drying up of the pith. Many of
the hollow internodes contained nests, with a fertile queen, workers,
brood, and newly hatched winged sexual forins of a small, unidentified
ant. The insects entered and left by a eircular entranee pierced through
the wall about half-way between two nodes. In certain cases the parti-
tion at the nodes had not been removed, whereas in others the entire
limb formed onc continnous nesting eavity. An internode of one of the
living branches was occupied by a nest of a siall olitary bee belonging
to the genus Allodape.

In a recent note De Wildeman (1920) dircets attention to several
African Clerodendrons with fistulose stemns, such as C. excaratum De
Wildeman, C. angolense Guerke, and C. carvim De Wildeman. The last
named was described from specimens which I collected in the Savannah
country of the northeastern Belgian Congo, near Boga (July 12, 1914;
Coll. No. 5002), between Beni and Kasindi (August 9, 1914; Coll. No.
5205), and near Rutshuru (September 4, 1914; Coll. No. 5534). Itisa
low bush of the open grass-land, with white flowers; I never observed ants
living in or on it.

Following the description of his Clerodendron formicarum, Guerke
mentions-that he saw a specimen obtained by Stuhlmann near Bukoba.
Ants of the genus Crematogaster were living in its hollow stem, the walls
being pierced by a eireular hole. Guerke, however, was doubtful as to
the specific identity of this Uganda specimen and the typical C. formi-
carum from Angola and the Kasai. The latter is a low, semi-herbaecous
plant, 25 to 30 em. high, which, as I have shown clsewhere, is not the
myrmecophyte its name would imply. Stuhlmann’s specimen from
Bukoba was a rather high, much-branched shrub, with smaller flowers
and there is a possibility that it belonged to C. earvimm De Wildeman, col-
lected by me in several near-by localities.

ViTEX Linnwcus

Viter (Tourncfort) Lixnxus, 17533, ‘Species Plantarum,” Ed. 1, 1I, p. 638. J.

BurrqueT, 1895, in Engler and Prant]l, ‘Die Naturl. Pflanzenfam.,” 1V, pt. 3a,

p. 170. J. G. Bager, 1900, in Thiselton-Dyer, ‘Flora of Tropical Africa,’ V,

p. 315,

“T'rees or shrubs, with glabrous or huiry branehes. Leaves opposite, usually
compound, digitate, rarely simple. Cymes dichotomous, axillary or forming a ter-
minal panicle. Flowers whitish, yellowish, lilac, or blue. Calyxcampanulate or funnel-
shaped, 5-toothed or nearly truncate, accrescent. Corolla-tube short or long, sub-
eyvlindric or funnel-shaped, straight or slightly eurved; limb obliquely patent, sub-
bilabiate.  Stamens 4, didynamous, inserted in the corolla-tube and usually ex-
serted from it: anther-cells nearly parallel or divergent. Ovary at first imperfectly
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2celled, usually finally 4-celled: ovules solitary, laterally attached; style fliform,
bifid at the apex. Drupe with a more or less fleshy mesoearp nnd a hard, 4-celled endo-
carp.  Needs obavate or oblong, exalbuminous” (J. G, Baker, 1000),

This diagnesiz should be amended to include ereepers also.  Apait
from the myrmecophilous species of the Ituri Forest deseribed below,
the creeper form was apparently thus far unknown in the genus. J.
Briguet.! it is true, incidentally mentions Viter pycnophylla K. Schu-
mann as a creeper, but, <o fur, 1 have failed to find a speeies of that
name described.?

The genus itex contains over one hundred species in the tropical
and subtropical parts of both hemispheres. A large number of these are
found in Tropical Afriea, some twenty being recorded from the Belgian
Congo. It is rather closely allied to Clerodendron, from which it can
only be scparated with certainty by the structure of the fruit. 'While in
Viter the endocarp of the drupe forms a single 4-celled nutlet, in Clero-
dendron each fruit contains two 2-celled or four 1-celled nutlets. In
addition, all known forms of Clerodondron have simple leaves, cither
entire, toothed, or more or less lobed, whereas in Vitex compound, digi-
tate leaves are the rule and simple ones the exception.

Two of the African specics are definitely known to be myrmeco-
phitous, but probably other tropical members of the genus also have
associations with ants.

Vitex Staudtii Guerke
Viter Staudtiv Guerke, 1903, Engler's Bot. Jahrb., XXXIII, 2, p. 299,

“I'ree or shrub? with quadrangular branches.  Leaves 5-foliolate, with very long
petioles; the leaflets petiolulate, ohovate, atfennate at the base, with entire wmargin,
cnding in a very long apex, rough above, glandular below.  Infloresc<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>