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Summary 

Colony composition and behavior of queens in the ponerine ant Odontomachus rixosus were 
investigated in Begor (West Java) and U lu Gombak (Penisular Malaysia) . The colonies had 
multiple dealate queens, with a maximum of 82 queens per colony. Majority of queens (92.4 % ) 
were inseminated and laid eggs, however, the degree of ovarian development slightly varied 
among individual queens. Queen behavior was observed for one colony in laboratory. Reproduc
tive condition of individual queens was related with behavioral profiles. Virgin queens and mated 
queens having less developed ovaries engaged in foraging, larval care and grooming workers while 
fertile mated queens performed egg care and grooming queens. Aggressive interactions among 
coexisting queens were not observed. 

Introduction 

The number of reproductive females per colony is the most importrant character
istic for understanding organization in social insect colonies. Kin selection 
theory predicts favor of monogyny for evolution of altruism, however, many 
species of social insects have multiple egg-laying individuals per colony (Hamilton, 
1972). In ants, polygyny is also widespread in various phylogenetic lines (Holldobler 
and Wilson, 1990). The structure of polygyny in ants is divided into two types: 
primary polygyny where many new queens establish a colony cooperatively 
(pleometrosis), and secondary polygyny where new queens are added by adoption 
to an already existing monogynous colony (Holldobler and Wilson, 1977). In 
general, pleometrosis leads to secondary monogyny through control of repro
ductive activity of coexisting queens by a single egg-laying queen. In contrast 
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to primary polygyny, secondary polygyny generally maintains reproductive func
tion of all queens. However, recent studies of queen fecundity in polygynous 
species suggest that fecundity often varies greatly among individuals (e.g. Keller, 
1988; Ross, 1988; Stille et al., 1991). In the extreme case, some leptothoraciine ants 
and the ponerine ant Pachycondyla sp. show functional monogyny in which only 
one mated individual lays eggs while the other mated individuals are sterile 
(Buschinger, 1968; Ito, 1990, 1993 a; Heinze and Smith , 1990). To understand the 
mechanism of such variation of queen fecundi ty, behavioral observation is an 
important fi rst step. 

The ponerine genus Odontomachus is distributed through the tropics (Brown, 
1976). Recently, Medeiros et al. (1992) demonstrated the existence of a linear 
dominance hierarchy among coexisting queens in a polygynous colony of neo
tropical Odontomachus chelifer as the first record of dominance hiera rchy in t rue 
polygynous ants. To confirm that polygyny and such inter-queen behavior is a 
common phenomena in the genus Odontomachus, we examined colony composi
tion and queen behavior in 0. rixosus, which is a very common rainforest species 
in the O riental tropics (Brown, 1976), however, their bionomics has not been 
studied to date . 

Materials and methods 

The investigations were carried out in the Bogor Botanic Gardens (West Java) in 
Indonesia, and Ulu Gombak field station (Penisular Malaysia) in Malaysia, from 
1991 to 1992. A total of 21 colonies were collected. Since the colonies nests in dead 
branches fallen on the ground or under accum ulations of fallen leaves, collection of 
whole colony member was not so difficult. The composition of the colonies was 
assessed immediately after sampling. AU queens of ten colonies collected in Bogor 
were dissected to check for the absence or presence of sperm in the spermatbeca 
and degree of ovarian development. Head width of randomly selected queens in 
each colony was measured under binocular microscope. 

One colony (OD-2) was kept in an artificial nest measuring 26 x 19 x 5 cm which 
contained a small box (14 x 7 x 3 cm) as nest chamber. The nest entrance was locat
ed in the center of one shorter side. The floor of the nest chamber was covered with 
plaster to keep the humjdity high. Termites, meal worms and various kinds of 
arthropods collected in the field were fed as prey. All queens in this colony were 
individually marked and their behavior and position in the nest chamber were 
checked for 100 scan samplings during J 0 days. Interval of scans was 5 to 10 min. 
The brood were always laid in the innermost part of the nest chamber so that 
the position of queens was classified into three categories: near nest entrance (one 
third of the chamber from shorter side with nest entrance), near eggs and 
larvae (one third of innermost part of the chamber) and far from eggs and larvae 
(one third of middle part of the chamber). After the observation , all queens were 
dissected. 
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Results · 

Colony composition 

Table 1 shows the composition of 11 colonies of 0. rixosus collected in Indonesia 
during the rainy season, November 1991 to February J 992. The number of workers 
was 142(±147 SD) on average. All colonies had multiple queens; up to 82 queens 
(mean 26.2 ± 26.2 SD) were present per colony. D ealate queens made up 2 % to 
44% of adult females. Alate males were found in six colonies, but no alate queens 
were present during the sampling period. 

ln Malaysia, we did not collect whole mature colonies but we found many 
deal ate queens, alate queens and alate males during July to September 1992. In tbjs 
period, we collected ten incipient nests, each having only one queen with some 
brood, indicating that they can start new colonies by haplometrosis. 

All queens had a pair of three ovarioles with a spermatheca. Of the dissected 
queens ( n = 288) in eleven colonies, 92.4 % were inseminated. Most inseminated 
queens had mature or chorionated oocytes in their ovarioles, suggesting that the 
colonies of 0. rixosus exhibit functional polygyny. Ovarian deve lopment of queens 
varied among individuals in each colony (Fig. 1). In particular, it was remarkably 
different between inseminated and virgin queens. Inseminated queens had one to 
15 developing or mature oocytes with dense ye llow bodies in their ovarioles while 
virgin queens had 0 to 6 developing or mature oocytes with little yellow bodies. 

Head width of queens was significantly different among eight colonies having 
both mated and virgin queens (F= 10.72, p =0.0001 , df=7) , however, no difference 
was found among four colonies, OD-7, 8, 12, and 14(F=1.50,p =0.22, df =3). Thus, 
statistical difference in head width between virgin queens and mated queens was 
examined in the four colonies; there was no significanl difference be tween virgin 

T11ble 1. Composition of wild colonies of Odon1omachus rixosus collected in Indonesia. All queens were dis-
sectcd to check reproductive condition 

Colony code Number of individuals 

queens workers males cocoons larvae eggs 

OD-1 8 (8) * 32 0 2 9 1 
OD-2 14 ( l 0) 44 0 
OD-3 71 (68) 375 9 219 255 558 
OD-4 5 (5) 280 3 105 72 558 
OD-7 34 (33) 43 2 7 64 38 
OD -8 82 (75) 281 3 73 127 321 
OD-9 24 (22) 362 16 180 138 297 
OD-11 12 (11) 26 0 3 14 60 
OD-12 17 (15) 65 6 120 55 65 
00-13 12 (12) 26 0 2 14 7 
OD - 14 9 (7) 28 0 1 5 26 
Mean 26.2 (24.3) 142 

- not counted just afte r sampling. 
* number of inseminated queens. 
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Figure I. F requency distribution of number of developing and mature oocy1cslqueen in 0. ri~ros11s colonies. 
Closed column: vi rgin queens: open column: ma ted queens. Colony code and number of queens examined in 
each colony, see Table I 

queens (Mean = 1.91 mm ± SD 0.05, n=11) and mated queens (Mean = l.93 ± 
SD 0.05, n = 81, F =2.4, p = 0.1 2, df= 1). Degree of ovarian development was also not 
corre lated with queen body size (Table 2). T hese results indicate that queen body 
size does not affect their reproductive condit ion. 

Workers also had a pair of three ovarioles with a small spermatbeca which was 
evidently smaUer than tha t of queens (Mean sperm atheca width: Queens 0.15 ± 
SD 0.004 mm, n = 5, Workers 0.07 ± SD 0.01mm, n = 5). All workers dissected were 
virgin and most workers had no oocytes in their ovarioles. One or two developed 
oocytes were foun d in four out of 50 dissected workers from six colonies. 

Tnble 2. Kendall 's rank correlation be tween head width and ovarian 
dcve le>pment in mated queens. umber of ma ture and developing 
oocytes was used for index of ovarian development 

Colony code No. queens z p 
examined 

00-3 32 1.7 0.09 
00-7 28 - 0.432 0.67 
00-8 33 -0.68 0.49 
0 0-9 2 1 0.24 1.53 
0 0-11 I I 1.84 0.07 
OD-12 15 - 0.56 0.58 
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Queen behavior 

Queens performed not only egg-laying and egg-care, but also several other tasks 
such as larval and pupal care , nest wall repair and nest cleaning. They also often 
foraged outgside the nest; captured prey were brought into the nest chamber. 

During the observation, we never observed aggressive behavior among indivi
dual queens. Egg-laying by queens was observed six times (Table 3). In all cases, 
neighbouring queens acted indifferently toward the eggs laid by the other queens. 
Oviposition by workers was observed twice in the colony. In both cases, the queen 
(queen code M and N) aggressively seized the egg just after laying by workers, and 
consumed it. The morphological appearance of the eggs laid by workers was not 
different from eggs laid by queens. 

The frequency of nine representative behavioral acts performed by 14 queens of 
OD-2, together with their body size and reproductive characteristic are shown in 
Fig. 2 and Table 3. The reproductive condition of the queens was also not correlated 
with queen body size (Head width of virgins and mated queens. Man n- Whitney 
U = lO, p =0.16, Number of developed oocytes in mated queens and queen head 
width, Sperman 's Z =-0.39, p=0.70). 

Queens showed remarkable differences in the frequencies of behavioral acts. 
The differences were evidently correlated with the reproductive condition of indi
vidual queens. Number of developing and mature oocytes in queen ovaries was 
negatively correlated with frequency of foraging (Sperman's Z =-2.74, p < 0.01), 
allogrooming with workers (Z =-2.42, p <0.01), and larval care (Z = 1.32, p <0.05) 
while it was positively correlated with resting (2 = 2.26, p <0.01), and egg care 
(Z =2.66, p < 0.01). Thus, queens having less-developed ovaries, including four 
virgins (code A - D) and two inseminated ones (E and F), performed worker-like 

Table 3. Reproductive starus and body size of queens in colony OD-2. All measurements a re in mm 

Queen Width Insemination 1 No. mature & Yellow o. eggs 
developing bodics 2 laid 

head thoracic abdomen oocytes 

A 1.8 1.13 1.73 l 0 
B 1.85 l.2 1.78 I 0 
c 1.8 1.2 1.8 1 0 
D 1.8 1.2 1.73 2 + 0 
E 1.8 1.1 1.75 + 0 ++ 0 
F 1.75 1.28 1.78 + 1 0 
G 1.68 1.08 1.55 + 4 ++ 0 
H 1.78 1.13 1.58 + 4 +<!- 0 
I 1.75 1.05 1.53 + 5 ++ I 
J 1.88 1.18 1.75 + 5 ++ 2 
K 1.73 l.05 1.58 + 6 ++ 0 
L 1.8 1.15 1.68 + 6 ++ 1 
M 1.83 1.13 1.68 + 6 ++ 0 
N 1.7 1.08 1.55 + 6 ++ 2 

l - virgin, +mated, 
2 - no yellow bodies, + tiny yellow bodies, ++dense yellow bodies. 
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Figure 2. Behavioural characterist ics of queens in polygynous colony of Odontomachus rixosus. Queen code 
A-N. see Table 3. FOR: Foraging; AGO: A llogrooming witb queen; AGW: Allogroom ing with worker; 
EC: Egg care; LC: Larval care; PC: Pupal care; SG: Self-grooming; REST: Resting; WA D: Wandering inside 
the nest 

behavio r. Tn fact, we often observed forag ing by queens not only in the laboratory 
colony but also in the fie ld. Dissection of three queens collected while foraging in 
the field showed that one queen was inseminated and the others were virgin, and no 
queens had visible oocytes in their ovaries although the inseminated queen had 
dense accumulation of yellow bodies. 

Locatio n within nest chamber was also d ifferent among queens (ehi
square = 695 , p = 0.0001) and it was correlated with reproductive condition of 
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Figure 3. Spatial dbtribution of queens in artificial nests kept in laboratory. I: near ncM entrance. 2: far from 
egg:, and larvae: 3: near eggs and larvae 

queens (Fig. 3). Queens having less developed ovaries tendend to stay near nest 
entrance (Z = - 2.45, p < 0.05) while fertile queens u ·ually tayed near brood piles 
(7, = 2.8, p <0.01). 

All but one queen were alive until dissection whi ch was carried out one week 
after all observations e nded. One inseminated queen, code E, who showed frequent 
fo ragi ng a nd usually stayed near nest entrance, died afte r 5th day of observation. 
She had de nse accumulation of yellow bodies in the base of ovarioles without visi
ble oocytes, indicating that she had laid eggs but subseque nt ly beca me infer til e . This 
observation suggests that queens upon terminating their egg laying activity, would 
e ngage in foraging and other risky tasks such as nest guarding, similar to age 
polyeth ism among ant workers. 

Discussion 

Polygyny is widespread in ants, and it is also in the subfamily Ponerinae (Peeters, 
1993). However, the number of reproductive individuals (mated queens and/or 
mated workers) is not so large in this subfamily. umerou queens a often ob
served in such formicine ants as Formica spp. (e.g. Rosengren and Pamilo. 1983). in 
which secondary polygyny is well deve loped, are rarely found in ponerine ants 
(Peeters. 1993). Exception is some queenlcss species, in which up to 100 mated 
workers per colony have been found in Ophthnlmopone bertltoudi (Peeters and 
Crewe. 1985). In species having morphologically distinct queens, the number of 
mated and egg-Laying queens is generally less than 10 (reviewed in Peeters. l 993) . 
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In the tribe Odontomachiini, the number of queens per colony has been studied in 
a few species. Three Anochetus species, A. faurei, A. bequaerti and A. katonae, 
and Odontomachus affinis (Villet et al., 1991; Brandao, 1983) are monogynous, and 
0. assiniensis, 0. troglodytes, 0 . cephalotes, and 0. chelifer often show polygyny 
(Ledoux, 1952; Colombe!, 1970; Peeters, 1987; Medeiros et al., 1992). In the later 
case, queen number is also not so abundant: no species having more than 20 queens 
per colony. The colonies of 0. rixosus in this study had 26 queens on average. A 
maximum 82 queens were found in one colony. The queen number and proportion 
of queens in mature colonies observed in 0. rixosus is the largest in our knowledge 
of ponerine ants with morphological queens. 

The mechanism underlying polygyny in 0. rixosus is still unknown. In 0. troglo
dytes, small colon ies are always monogynous while large colonies having up to 250 
workers are often polygynous (Colombe}, 1972). Colombe! (1972) suggested that 
large colonies added newly inseminated queens (secondary polygyny). In 0. ri.xosus, 
such relationship between colony size and number of queens was not found in 
colonies collected in Bogor. However, the facts that independent founding queen 
was always one per nest and numerous queens were found in large colonies indicate 
queen adoption leads to functional polygyny in this species. 

The behavior of queens in the laboratory nest was well correlated with number 
of developed oocytes in 0. rixosus. Medeiros et al. (1992) show in 0. chelifer that 
there is a dominance hierarchy constructed by aggressive display among mated 
queens, in which the rank position is well correlated with fecundity of individual 
queens and position of queens in the nest. Skew of reproductive output related with 
dominance order is also known among mated workers in the colonies of queenless 
ponerine ants, Indonesian Pachycondyla sp. and Amblyopone sp. (Ito, 1993 a, b ), 
among virgin workers of queenright species P. apicalis (Oliveira and Holldobler, 
1990), and dealated virgin queens of P. obscuricornis (Oliveira and Holldobler, 
1991). Variation of ovarian development of queens in 0. ri.xosus is based on a dif
ferent mechanism from that reported in 0. chelifer, since no aggressive behavior 
was observed. Alternatively, the variance of ovarian development of queens and 
their behavior seems to be correlatd with their physiological age rather than indivi
dual interactions, although this speculation is based on the observation of only one 
queen. 

Age-related polyethism is well demonstrated among workers of social insects 
(Holldobler and Wilson, 1990), however, this was rarely reported among queens. In 
general, fecundity of queens in polygynous species is suspected to be larger in young 
queens than old queens (e.g. Jridomyrmex humilis, Keller, 1988). Old queens are 
often expelled from colony during the season of new queen production in lrido
myrmex humilis (Keller et al., 1989) and polygynous myrmicine ant Myrmecina sp. 
(Ito, pers. obs). In the case of ponerine ants, queens generally forage for prey during 
independent colony foundation (e.g. Haskins and Haskins, 1951) and morphologi
cal specialization of queens is less developed than the other ant subfamilies 
(Peeters, 1993; Ito and Ohkawara, 1994). Thus, such ponerine queens may have the 
ability to contribute as "functional workers", unlike highly specialized queens in 
subfamily Formicinae and Dolichoderinae. A system in which queens perform non
reproductive tasks after completion of their reproductive activity seems to be 
important with respect to work efficiency of colony in species having large number 
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of queens per colony. Further long-term observations of queen behaviour in addi
tional colonies will be needed for understanding polygynous structure of this ant. 
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