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Summary. The queens o f  larger colonies o f  the 
pr imit ive  ant  Amblyopone silvestrii are exclusively 
dependent  on the h e m o l y m p h  of  their  own larvae 
as a nutr ient ,  even when  prey  feeding is possible. 
On the o ther  hand,  the foundresses  suppress  larval  
h e m o l y m p h  feeding ( L H F )  when  prey  is available,  
a l lowing them to rear  the first workers  m o r e  
swiftly. The  nondes t ruc t ive  f o r m  of  canniba l i sm 
can be regarded  as a nutr i t ive a d a p t a t i o n  related 
to:  (1) the lack o f  social food  t ransfer  in this spe- 
cies, and  (2) its specialized p reda t ion  on large spo- 
radic p rey  (centipedes).  L H F  similar to tha t  in 
Amblyopone was found  in Proceratium and  ano the r  
type of  L H F ,  with a larval  specialized exuda to ry  
organ,  in Leptanilla. 

Introduction 

A p a r t  f r o m  a few secondar i ly  worker less  parasi tes,  
all k n o w n  species o f  ants  are eusocial,  with an ap-  
terous  worke r  caste (Wilson /971). The  ubiqui ty  
o f  eusocial i ty a m o n g  ants restricts c o m p a r a t i v e  
studies o f  their early social evolut ion,  c o m p a r e d  
to those on wasps and  bees. I t  is useful, however ,  
to research the b io logy of  archaic  genera,  such as 
Amblyopone, Nothomyrmecia, and Myrmecia, in 
order  to de termine  the pr imit iveness  o f  their  habi ts  
and  ex t rapo la te  to the social life o f  ancestral  ants.  

I r epor t  here on wha t  appea r s  to be a pr imit ive  
f o r m  o f  social food  transfer ,  t e rmed  larval hemo- 
lymph feeding ( L H F )  in the Japanese  Amblyopone 
silvestrii Wheeler ,  and  discuss its adap t ive  signifi- 
cance. A l though  this p h e n o m e n o n  has been frag- 
mentar i ly  observed in some species of  Amblyopone 
(Haskins  1928; Hask ins  and  Hask ins  /951;  G o t -  
wald and  L6vieux 1972; Traniel lo  1982) and  in 
Myrmecia (Haskins  1970), this has been the first 

s tudy to invest igate its details, pay ing  special a t ten-  
t ion to its significance to the social life o f  the ants. 

Methods 

Amblyopone silvestrii is a medium-sized ant, 4~5 mm long, redd- 
ish-brown in color, and subterranean during both nesting and 
foraging. All colonies for this study were collected in the ever- 
green, broadleaved forest at Cape Manazuru, central Japan 
(35 ~ 8'N, 139 ~ 10'E). 

In the laboratory, colonies were housed in styrene observa- 
tion nests measuring either 10 x 11 x 2 cm or 10 x 19 x 2 can, de- 
pending on the size of the housed population; the bottom of 
each was covered with the plaster of Paris mixed with activated 
carbon powder. Brood chambers had been excavated in the 
center of the plaster floor, and the tops of the terraria and 
brood chambers were covered with clear glass. The ants were 
easily reared on prey such as small-sized mealworms or field- 
collected centipedes. Observation nests were kept in a constant 
temperature chamber (at 200-25 ~ C), while the behavior of ants 
was observed outside the chambers at room temperature (usual- 
ly 19~ ~ C). Most observations were made with a stereomic- 
roscope attached to a swing arm. Notes on their behavior were 
recorded on tapes during an early stage of the study. Thereafter, 
the behavioral time budget of queens was recorded with the 
aid of a portable microcomputer (Epson HC-20); for each 
queen, the behavior was assayed by the focal animal sampling 
method (Altmann 1974) over a total of more than 10 h made 
up of periods 0.5-2.5 h long, repeated within 2 weeks (excep- 
tionally 17 days were taken for one queen). A video tape record- 
er (VTR) was also used for continuous observations extending 
for several days. 

Results 

Description of larval hemolymph feeding (LHF) 

As established by m y  l a b o r a t o r y  observat ions ,  
L H F  of  A. silvestrii is a behav io r  in which adul t  
ants pierce the dorsal  in tegument  o f  the uppe r  ab-  
d o m e n  o f  older larvae by pinching with their shar- 
pened m a n d i b u l a r  tips, and  then feed u p o n  hemo-  
lymph  leaking f r o m  the punc tu re  (Fig. 1). The lar- 
vae  are m o s t  of ten p inched at  the two in tersegmen-  
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Fig. 1. Amblyopone silvestrii queen drinking hemolymph from 
a puncture on the dorsum of a 5th-instar larva 

lected mature nests, are ordinarily observed to la- 
bor in a workerlike manner. Queens start each 
bout  of  L H F  by active antennal stroking and han- 
dling of  a larva, and then pinch it from either side. 
Invariably, after several pinchings, the mandibular 
tip applied to the larval dorsum punctures its inte- 
gument, and a droplet of  hemolymph flows from 
the wound. The queen at once attaches her lower 
mouthparts to the puncture to lick the droplet. 
She then "freezes" motionless for several minutes, 
during which time the lapping movement of her 
lower mouthparts, still attached to the puncture, 
usually ceases, indicating that she is imbibing he- 
molymph from the larval body cavity using her 
pharyngeal pump. Each bout  of L H F  usually in- 
volves a single larva. Following L H F  the queen 
ordinarily discharges one or two pure white infra- 
buccal pellets onto the nest floor, probably the fil- 
tered dregs of  hemolymph. Queens at this time are 
often groomed at the mouthparts by workers, 
which remove the pellet and usually discard it out- 
side the brood chamber. 

Fig. 2. Scars from LHF on the dorsum of a 5th-instar larva 
(prepupa). Four points of scars are seen at two intersegmental 
grooves between the 2nd and 4th abdominal segments. In each 
bout of LHF, queens use a puncture, which is usually reopened 
at one of preexisting scars. Presence of multiple bold scars indi- 
cates that the larva has been exploited repeatedly. Degrees of 
scar are classified into three arbitrary classes: "faint" 09, "in- 
termediate" (i), and "bold" (b). Scale, 0.5 mm 

tal grooves between the 2nd and the 4th abdominal 
segments (Fig. 2). In general, queens (inseminated 
females) perform L H F ;  except when the colony 
is starved, it is seldom seen in workers and dealate, 
uninseminated females. The latter castes instead 
feed directly on prey, the cuticle of which has been 
opened either by larvae or adults. Uninseminated 
females, which are often encountered in field-col- 

LHF by queens of  developed colonies 

L H F  is not only performed solely by queens, but 
it is a queen's only way of  obtaining nutrients. 
Table 1 A shows the feeding time budget of three 
queens observed in laboratory colonies that were 
monogynous and mature, i.e., including more than 
20 workers (the field data suggest that A. siIvestrii 
colonies become mature, that is, start production 
of sexuals, when their worker population exceeds 
about  10). All three queens indulged in LHF  to the 
exclusion of  other modes of  feeding, even though 
captured prey items (centipedes or mealworms) 
were available in the brood chamber throughout 
the observation period. To confirm this again and 
to ascertain the time intervals between bouts of  
LHF,  two further queens of  monogynous mature 
colonies were observed with a VTR. One, who was 
observed continuously for 5days  at 27___1~ 
under constant light (LL), repeated L H F  at inter- 
vals of 5.3+0.7 h (mean_SE) .  The other queen 
was observed under both LL and DD (constant 
dark), each for 3 days, at 22_+ 1 ~ C; these periods 
were preceded by 3-day light and dark adaptation 
periods, respectively (an infrared light was used 
for observation in darkness). The difference be- 
tween mean intervals of  L H F  by this queen under 
LL and DD was not statistically significant (AN- 
OVA, F1,11=0.508), so the data were combined 
to yield an interval of 9.1 + 1.8 h (mean • SE). Also 
in this VTR study, it was noted that the queens 
obtained their nutrients exclusively by LHF  despite 
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A Queen ofdeveloped colony B Foundress 

82-4 82-12 82-406 82-299 84-40 81-96 

Feeding mode 
Larval hemolymph feeding (LHF) 4.07 4.95 3.45 0.96 0 0 
Feed on prey 0 0 0 9.61 2.47 0.69 
Cannibalize immature 0 0 0 0 0 0.45 
Ruminat ion" 0 0.13 0 0.86 0 0.62 

Sample time (h) 11.3 20.3 26.0 14.9 19.7 10.1 
Prey availability (%)b 100 100 100 100 100 20 

a Ruminat ion is a behavior in which ants lick again or feed on the pellets put out of their own infrabuccal chambers 
b Percentage of time in which prey was present in the brood chamber compared to the total sample time 

continuous accessibility to prey. It is thus con- 
firmed that nearby prey remains are ignored by 
A. silvestrii queens, while they repeat LHF  at inter- 
vals of  several hours. 

Scarred larvae 

Larvae subjected to L H F  were always mature or 
near-mature individuals of  the 5th instar, which 
is the final instar for both female and male larvae 
in this ant (the larval instars of  A. silvestrii are 
easily determined based on the body size and the 
chaetotaxy). Usually several members of  the 5th- 
instar population are pinched repeatedly, which 
causes their scars to become increasingly evident 
(Fig. 2). These observations are confirmed by field- 
collected material (Fig. 3): 149 5th-instar larvae 
belonging to eight winter nests were collected at 
Manazuru during December 1982 and Apri l /983.  
Their body size, which was measured when alive 
as the width of  the 4th abdominal segment with 
an ocular micrometer accurate to 0.025mm, 
ranged from 0.475-0.800 ram, with a mean of  
0.647 mm. Those with scars thought to have been 
made during the preceding active season, and char- 
acteristic of  LHF,  were all in the size class above 
0.625 mm. Figure 3 shows that among 106 larvae 
of  this class, only 44 (4/ .5%) had scars: seven 
(15.9%) had only " fa in t"  scars, 19 (43.2%) had 
" fa in t"  to "intermediate" scars, and 18 (40.9%) 
had at least one " b o l d "  scar (for classification of  
scar degrees see Fig. 2). 

The punctures close shortly after LHF  by he- 
molymph coagulation and scarred larvae do not 
die from their wounds nor are they cannibalized, 
as would generally be the case with damaged larvae 
of  higher ants. In well-fed laboratory colonies most 
scarred larvae were observed to continue feeding 
and to succeed in pupation. However, if these colo- 
nies are starved, larvae most exploited for LHF  
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Fig. 3. Size of 5th-instar larvae with scars from winter popula- 
tion, measured as the width of the 4th abdominal  segment. 
Open histogram represents the total (n = 149). Stippled histo- 
gram represents individuals having scars characteristic of LHF, 
among which those framed have '~ bo ld"  scars. Arrow indicates 
the average size at which six matured worker larvae started 
spinning for metamorphosis in laboratory 

and hence the most debilitated were devoured and 
consumed before the same-sized but unscarred or 
weakly scarred larvae. 

Among 169 larvae contained in cocoons col- 
lected in the field during 1981 and 1984, 125 
(74.0%) had scars characteristic of  LHF.  These 
facts suggest that, even under natural conditions, 
the potentially destructive effect of L H F  on the 
larval population is not profound. It is still prob- 
able, however, that L H F  has some unfavorable ef- 
fects on its recipients, e.g., causes delay in their 
development or lowers their rates of  survival, 
especially in colonies with few larvae. 

LHF by foundresses 

The possibility of  L H F  by foundresses (colony- 
founding queens) is of  interest. Since the appear- 
ance of  the first workers is crucial to subsequent 
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colony survival, it is expected that foundresses will 
show a low rate of LHF compared to queens in 
developed colonies, in order to rear the first 
workers as quickly as possible. Unlike the foun- 
dresses of higher ants, which maintain their first 
brood on nutrients regurgitated while claustral, 
Amblyopone foundresses forage alone outside the 
nest (Wheeler 1933; Haskins and Haskins 1951; 
Haskins 1970). 

Table 1 B shows the feeding time budget of 
three haplometrotic (singly colony-founding) 
queens, each of which was collected with her ira- 
matures and later observed in the laboratory. 
Foundress 82-299 showed both LHF and prey 
feeding, but she spent much more time at the latter. 
Only prey feeding was observed in the case of foun- 
dress 84-40. Prey availability was experimentally 
lowered during observation of foundress 81-96. In 
her case only prey feeding and cannibalism of the 
pupae were recorded during the studied 10-h peri- 
od. Outside this period, however, she was observed 
to perform LHF on some particular larvae, which 
were later cannibalized. Thus, as predicted, their 
feeding characteristics differed greatly from those 
of queens in mature colonies, when prey was avail- 
able. 

Survey of LHF among Japanese lower ants 

A preliminary qualitative survey of  the presence 
or absence of LHF was conducted on several Japa- 
nese species, primarily ponerines (Table 2). LHF 
was judged to be present when LHF-characteristic 
scars were found on the integument of mature lar- 
vae or prepupae. LHF similar to that in Amblyo- 
pone was found only in the genus Proceratium; 
monopoly and persistence of LHF by the queens 
were also confirmed with behavioral observations 
for one species (P. itoi). Moreover, another type 
of LHF has been found in a nonponerine genus, 
Leptanilla. In this second type of LHF, the queens 
take the hemolymph from specialized duct organs 
at the 3rd abdominal segment of the larvae, with- 
out harming their integument. Table 2 also con- 
tains the information available at present on food 
habits and the ability of food exchange in these 
species. The relationships between these habits and 
LHF are discussed below. 

Discussion 

Two traits in the biology of A. silvestrii may be 
involved in the adaptive basis of  this aberrant form 
of feeding. First, food transfer by regurgitation be- 

tween adults is totally absent, as is often the case 
in lower ants. In A. pluto, however, Gotwald and 
L6vieux (1972) and L6vieux (1972) reported that 
they observed food exchange from mouth to 
mouth between workers, but only rarely. In my 
observations on A. silvestrii, adults after prey feed- 
ing sometimes put out the pellet from their own 
infrabuccal chamber and again lick or feed on it 
at the tip of their lower mouthparts;  I have called 
this behavior "rumination", distinguishing it from 
"regurgitat ion" from the crop. Such pellets often 
attract nearby nestmates, which bring their mouth- 
parts into contact with those of the ruminating 
ant, to take the pellet away and often finally ingest 
it. This kind of food transfer is, however, a haphaz- 
ard event with only a trivial function. It suggests 
that the food exchange observed in A. pluto possi- 
bly entailed not true regurgitation but rather mere 
transfer of the ruminated pellets. 

Second, as in other amblyoponine species 
(Brown 1960; Gotwald and L6vieux 1972) and 
based on field data, predation by A. silvestrii is 
largely restricted to geophilomorph centipedes, 
which provide about 80% of  the prey at Mana- 
zuru. Stenophagy on such relatively large preda- 
ceous animals presumably causes the hunting suc- 
cess rate of  this ant to be lower or more sporadic 
than in the case of an omnivorous species or a 
species specializing in prey types with small size 
and high density (e.g., dacetine ants specialized on 
Collembola; Brown and Wilson 1959; Masuko 
1984). This presumed sporadicity in prey hunting 
may be increased by the small colony size of this 
species, which limits the ants to fielding relatively 
small foraging forces. Thus the number of workers 
per colony of A. silvestrii was 17.9_+ 15.2 (mean_+ 
SD) for 30 colonies collected in inactive seasons 
(November to April, when there are no or few for- 
agers) during 1981 and 1984 at Manazuru. 

When field colonies become starved owing to 
prey shortage, Amblyopone queens, in the absence 
of regurgitation by the workers, are able to obtain 
nutrient only from immatures. In such cases irrevo- 
cable loss of brood by destructive cannibalism 
would be selected against, as long as the possibility 
remained of obtaining prey within a short time. 
This would favor the evolution of nondestructive 
cannibalism, such as LHF. The nondestructive na- 
ture of LHF would be equally or more important 
in the colony-founding stage when there are few 
larvae as in the later stages with many. Further- 
more, the productivity of A. silvestrii queens is very 
low: they lay on average only one or two eggs 
per day, and 5th-instar larvae are present in the 
nest year round. Therefore, LHF is accessible to 
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Table 2. Relationships between larval hemolymph feeding (LHF), food transfer by regurgitation, and food habits of 12 ponerine 
and 1 leptanilline ant species distributed in Japan. Presence of LHF and regurgitation is indicated by "X." LHF was judged 
to be present when LHF-characteristic scars were found on the integument of larvae. Abbreviations for food habits are: Cs, 
specialist carnivore (specialized prey animals are indicated in parentheses); Cg, generalist carnivore; G, graminivore 

Ants LHF Regurgi- Food habits Reference Food habits con- Reference 
tation confirmed in firmed in nature 
between nature for for congeneric 
adults the species other species 

Ponerinae 
Amblyoponini 

Amblyopone silvestrii X a Cs (centipede) The present Cs (centipede, Brown 1960; 
study coleopteran Gotwald and 

larva) Lbvieux 1972; 
Traniello 1982 

Ectatomini 
Proceratium watasei X Cs (arthropod Kubota 1980; 

egg) Masuko, unpubl. 
Proceratium itoi X ~ Cs (arthropod Masuko, unpubl. 

egg) 
Proceratiumjaponicum X Cs (arthropod Masuko, unpubl. 

egg) 
Discothyrea sauteri a Cs (arthropod Masuko, unpubl. 

egg) 

Ceraphachyini 
Cerapachys humicola a ? 

Ponerini 
Hypoponera excoecata b 
Ponera japonica 
Ponera scabra 
Cryptopone sauteri 

Brachyponera chinensis 

Trachymesopus pilosior 

Leptanillinae 
Leptanilla japonica 

(x o) ? 
? 
? 

d Cs? (soft-bodied Masuko, unpubi. 
insect larva 
in rotting 
wood) 

X ~ ? 

Xa.~ 

Cs? (isopod) 

Cs (centipede) g 

Masuko, unpubl. 

Masuko, unpubl. 

Cs (arthropod egg) Brown 1957, 
1979 

Cs (arthropod egg) Brown 1957 

Cs (immature Brown 1975; 
of ant) H611dobler 1982 

Cs (collembolan) L6vieux 1982 

Cs (termite), Cg, G Wheeler 1936; 
L~vieux and 
Diamonde 1976 

Cs (centipede) Terayama, unpubl. 

a Confirmed also by behavioral observation in the laboratory 
b This species is formally still placed under the genus Ponera (see Onoyama 1980), but it most likely belongs to Hypoponera 

Observed in a European species, H. eduardi, by Le Masne (1952) 
a Prey feeding by the queen was also observed in a developed laboratory colony 

Confirmed by K6riba (1963) 
e Second type of LHF, with a larval specialized exudatory organ 
g Based on the laboratory study 

queens all the time, and could sustain their low 
fecundity despite unstable food conditions. In a 
literal sense, the larvae serve as " food  reservoirs" 
for colonies. The larval hemolymph is also probab- 
ly assimilated by queens more efficiently than prey 
flesh, which might explain why queens of devel- 
oped colonies persist with LHF even when prey 
is available. 

A more elaborate form of nutrient transfer 
from larvae to adults has been known in vespine 

wasps: Maschwitz (1966) showed that the stomo- 
deal secretions of the larvae contain carbohydrates, 
which, he suggested, sustain the activities of  adults, 
especially foragers. He also reported that in the 
ant Tetramorium caespitum the larval stomodeal 
secretions have higher concentrations of amino 
acids than the hemolymph. Ant larvae also pro- 
duce a clear droplet from the anus. Such droplets 
are known to be imbibed by workers from time 
to time in some ant genera (Wheeler 1918; Le 
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Masne 1953). However, no information exists on 
the function of both kinds of fluids in ant colonies. 
A. silvestrii larvae, especially shortly after feeding, 
also readily excrete a transparent droplet from the 
mouth or proctodeum when under a strong contact 
stimulus, or while being pinched during LHF. Al- 
though such droplets are often licked up by nearby 
adults, this kind of nutrient(?) transfer is not sys- 
tematic and presumably has only a minor function 
in colony life. It is, however, possible that LHF 
is a primitive evolutionary grade which might have 
led to more elaborate larval trophallaxis. 

To test the proposed adaptive basis of LHF, 
field data on the rate of hunting success are obliga- 
tory; such data are, however, extremely difficult 
to collect in totally subterranean species like A. 
silvestrii. Another kind of test may come from 
comparisons between species, paying attention to 
LHF, food habits, and the ability to exchange 
food. Both Proceratium and Leptanilla lack the 
ability to regurgitate food. Proceratium are special- 
ized predators of arthropod eggs (Brown 1957; 
Masuko, unpublished data). Leptanilla are also 
most likely, along with Amblyopone, specialist 
hunters of geophilomorphans. The rate of foraging 
success is, however, unknown for both. 

Information on food habits of the other species 
in which LHF was not found is also rather incom- 
plete. However, an interesting contrast between 
Proceratium and Discothyrea can be noted. The 
latter genus does not show LHF, despite being 
phylogenetically close to the former (Brown 1958) 
and also consists of egg predators (Brown 1957; 
Masuko, unpublished data). There are, however, 
as yet very few data in this comparative study than 
can be used to test the hypothesis. 

Despite these considerations, the queen's mo- 
nopoly of LHF remains unexplained. However, it 
may be related to her dominance in the colony. 
For example, two interesting phenomena have 
been observed on LHF by workers. First, A. silves- 
trii workers were, when starved, often observed 
to take larvae outside the brood chamber (i.e., 
probably away from the queen) to perform their 
own LHF. Second, when the queen was removed 
from laboratory colonies, the workers soon formed 
dominance hierarchies in connection with the lay- 
ing of eggs. The hierarchies were marked by dis- 
plays of aggression and subordination. In such col- 
onies, only the highest-ranking workers show LHF 
with any frequency even when prey was available. 
These observations suggest that in an ordinary col- 
ony situation, the queens suppress the occurence 
of LHF by workers in an unknown way. 

Are there any effects of having hemolymph ex- 

tracted during the larval stage on the caste or size 
at maturation of the individuals subjected to LH F ? 
At present, little is known of the dwarfing effect 
of LHF or the relationships between LHF and 
caste differentiation in Amblyopone and Procera- 
tium. The mechanism of caste differentiation in 
modern ants (possibly including Amblyopone) has 
probably evolved to a more elaborate and effective 
stage (Brian 1980). However, in the more advanced 
myrmicine genus Myrmica, Brian (1973, 1974) 
showed that in the presence of queens, workers 
attack gyne-potential larvae by biting their heads 
or ventral thoracic areas and possibly also by ap- 
plying a glandular secretion that causes such larvae 
to metamorphose precociously into workers. Al- 
though it is unknown whether Myrrnica workers 
take some hemolymph while biting larvae, the ap- 
parent similarity between this behavior and LHF 
in Amblyopone deserves closer attention. 

Acknowledgements. I thank Drs. Robert W. Taylor, Edward 
O. Wilson, James F. Traniello, William L. Brown Jr., and Ka- 
zuyoshi Miyashita for valuable comments on this and earlier 
versions of the manuscript, and Dr. Masamitsu Wada for use 
of a VTR. This work was supported in part by a Grant-in-Aid 
No. 58221002 (Tadao Matsumoto, sponsor) for Special Project 
Research on Biological Aspects of Optimal Strategy and Social 
Structure from the Japan Ministry of Education, Science, and 
Culture. 

References 

Altmann J (1974) Observational study of behavior: sampling 
methods. Behaviour 49: 227-267 

Brian MV (1973) Caste control through worker attack in the 
ant Myrmica. Insectes Soc 20:87-102 

Brian MV (1974) Brood-rearing behaviour in small cultures 
of the ant Myrmica rubra L. Anita Behav 22:879-889 

Brian MV (1980) Social control over sex and caste in bees, 
wasps and ants. Biol Rev 55:379-415 

Brown WL Jr (1957) Predation of  arthropod eggs by the ant 
genera Proceratium and Discothyrea. Psyche 64:115 

Brown WL Jr (1958) Contributions toward a reclassification 
of the Formicidae. II. Tribe Ectatomini (Hymenoptera). 
Bull Mus Comp Zool Harv Univ 118:175-362 

Brown WL Jr (1960) Contributions toward a reclassification 
of the Formicidae. III. Tribe Amblyoponini (Hymenoptera). 
Bull Mus Comp Zool Harv Univ 122:145-230 

Brown WL Jr (1975) Contributions toward a reclassification 
of the Formicidae. V. Ponerinae, tribes Platythyreini, Cera- 
pachyini, Cylindromyrmecini, Acanthostichini, and Aenic- 
togitini. Search 5:1-115 

Brown WL Jr (1979) A remarkable new species of Proceratiurn 
with dietary and other notes on the genus (Hymenoptera: 
Formicidae). Psyche 86: 33%346 

Brown WL Jr, Wilson EO (1959) The evolution of the dacetine 
ants. Q Rev Biol 34:278-294 

Gotwald WH Jr, L~vieux J (1972) Taxonomy and biology of 
a new West African ant belonging to the genus Amblyopone 
(Hymenoptera: Formicidae). Ann Entomol Soc Am 
65 : 383-396 



255 

Haskins CP (1928) Notes on the behavior and habits of Stigma- 
tomma palIipes Haldeman. J NY Entomol Soc 36:179-184 

Haskins CP (1970) Researches in the biology and social behav- 
ior of primitive ants. In: Aronson LR, Tobach E, Lehrman 
DS, Rosenblatt JS (eds) Development and evolution of be- 
havior: essays in memory of TC Schneirla. Freeman, San 
Francisco, pp 355-388 

Haskins CP, Haskins EF (1951) Note on the method of colony 
foundation of the ponerine ant Amblyopone australis Erich- 
son. Am Midl Nat 45:432-445 

H611dobler B (1982) Communication, raiding behavior, and 
prey storage in Cerapachys (Hymenoptera: Formicidae). 
Psyche 89 : 3-23 

K6riba O (1963) Colony founding of a female of Brachyponera 
chinensis (Emery) in the observation cage (Hymenoptera, 
Formicidae). Kontyu 31:285 289 (in Japanese with English 
summary) 

Kubota M (1980) Records of ants (2). Ari (Reports of the 
Myrmecologists' Society, Japan) 9: 8 (in Japanese with Eng- 
lish synopsis) 

Le Masne G (1952) Les ~changes alimentaires entre adultes 
chez la fourmi Ponera eduardi Forel. CR Acad Sci Paris 
235:1549-1551 

Le Masne G (1953) Observations sur les relations entre le cou- 
vain et tes adultes chez les fourmis. Ann Sci Nat Zool 
(Ser 11) 15:1-56 

L6vieux J (1972) Comportement d'alimentation et relations en- 
tre les individus chez une fourmi primitive, Amblyopone 
pluto Gotwald et L6vieux. CR Acad Sci Paris 275:483- 
485 

L6vieux J (1982) A comparison of the ground dwelling ant 

populations between a Guinea savanna and an evergreen 
rain forest of the Ivory Coast. In: Breed MD, Micheuer 
CD, Evans HE (eds) The biology of social insects. Proc 
9th Int Congr IUSSI. Westview Press, Boulder, CO, pp 48- 
53 

L6vieux J, Diamonde T (1976) La nutrition des fourmis grani- 
vores. II. Cycle d'activit6 et r~gime alimentaire de Brachypo- 
nera senaarensis (Mayr) (Hymenoptera Formicidae). Insec- 
tes Soc 25:182196 

Maschwitz U (1966) Das Speichelsekret der Wespenlarven und 
seine biologische Bedeutung. Z Vergl Physiol 53 : 228-252 

Masuko K (1984) Studies on the predatory biology of Oriental 
dacetine ants (Hymenoptera: Formicidae). I. Some Japa- 
nese species of Strumigenys, Pentastruma, and Epitritus, and 
a Malaysian Labidogenys, with special reference to hunting 
tactics in short-mandibulate forms. Insectes Soc 31:429-451 

Onoyama K (1980) An introduction to the ant fauna of Japan, 
with a check list (Hymenoptera, Formicidae). Kontyu 
48:193-212 

Traniello JFA (1982) Population structure and social organiza- 
tion in the primitive ant Amblyopone pallipes (Hymenop- 
tera: Formicidae). Psyche 89 : 65-80 

Wheeler WM (1918) A study of some ant larvae, with a consid- 
eration of the origin and meaning of the social habit among 
insects. Proc Am Philos Soc 57 : 293-343 

Wheeler WM (1933) Colony-founding among ants. Harvard 
University Press, Cambridge, MA 

Wheeler WM (1936) Ecological relations of ponerine and other 
ants to termites. Proc Am Acad Arts Sci 71 : 159-243 

Wilson EO (1971) The insect societies. Harvard University 
Press, Cambridge, MA 


