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Abstract

Ropalidia marginata is a primitively eusocial, polistine wasp widely distributed in peninsular India. In spite of its primitively eusocial sta-
tus, queens oR. marginata are surprisingly docile and behaviourally non-dominant (except during the first week or so of their careers as
queens). Yet they successfully maintain reproductive monopoly throughout their careers, probably through the use of pheromones. Workers exhit
dominance—subordinate interactions but these behaviours are not involved in regulating reproductive competition among the workers becau:
workers with high dominance ranks are not necessarily the ones who replace lost queens. We have speculated and provided correlational evider
before that dominance-subordinate interactions among the workers have been co-opted in this species for the workers to regulate each othe
foraging. Here, we provide experimental evidence in support of the speculation, by reducing demand for food and showing that this results in
significant decrease in the frequency of dominance-subordinate interactions among the workers.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction Spradbery, 1991; Strassmann and Meyer, 1983; West-Eberhard,
1969; Yoshikawa, 1996 Ropalidia marginata is classified as
Queens of primitively eusocial wasps are known to be thea primitively eusocial wasp due to the absence of morpho-
most active and behaviourally dominant individuals of theirlogical differentiation between queens and worké&adagkar,
colonies and to use dominance behaviour to suppress work@001). However, queens oR. marginata are unlike what is
reproduction and thereby monopolise egg layiGaihboa and expected in a primitively eusocial species. They are never at
Dropkin, 1979; 16, 1985; Jeanne, 1972; Pardi, 1948; Reevethe top of their colony’s dominance hierarchy and an analysis
1991; Fseler, 1991; Strassmann, 1981; West-Eberhard, 1969f their behavioural profiles has led to their being classified as
1986; West, 1967; Wilson, 19Y1Workers also indulge in docile sitters Chandrashekara and Gadagkar, 1991; Gadagkar,
dominance-subordinate interactions among themselves so tha®01; Gadagkar and Joshi, 1983; Kardile and Gadagkar,)2002
members of a colony can be ranked in a dominance hierarchilevertheless, queens Bf marginata are entirely successful in
Workers can usually replace lost queens and their relative posinaintaining reproductive monopoly in their colonies. Although
tions in the colony’s dominance hierarchy generally predictst is not clear how they do so, the use of pheromones appears
the sequence in which they can do dednne, 1972; Kardile a likely possibility Gadagkar, 2001; Sumana and Gadagkar,
and Gadagkar, 2003; Klahn, 1981; Miyano, 1986; Morimoto,2003.
1961a,b; Pardi, 1948; Reeve, 1991; Reeve and Gamboa, 1987; Even though the queens @&®. marginata show hardly
any dominance behaviour, the workers exhibit dominance-
- subordinate interactions among themselves so that a clear
* Corresponding author. Tel.: +91 80 23601429; fax: +91 80 23602121.  dominance hierarchy can be recognise8ladagkar, 1980;
_E-mail q_ddrexses: ‘ Nadia.Bruy_ndonckx@unil._c?h (N. Bruyndonckx), Gadagkar, 2001; Premnath et al., 1990; Sumana and Gadagkar,
suljata@ces.usc.ern(.at.ln (S.P. Kardile), ragh@cies_.nsc.ernet.ln (R. Gadagkar)zooj). Such dominance behaviour among the workers does not
Present address: Nadia Bruyndonckx, Univérdié Lausanne, &partement . . s i
d'Ecologie et Evolution, Btiment de Biologie, Dorigny, CH-1015 Lausanne, appear to mediate reproductive competition because there is no
Switzerland. correlation between the dominance rank of an individual and
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probability that she will replace a lost queebh@ndrashekara acts observed in all the 5 min blocks was divided by the duration
and Gadagkar, 1992; Gadagkar, 208&rdile et al., unpub- of observation for that colony to yield the frequency per hour
lished). Another unusual feature & marginata is that the for that behaviour for that colony. Thus we obtained frequencies
queens are not involved in regulating worker activities such aper hour of bring food, feed larva, and dominance behaviour for
foraging and feeding the larvae; these behaviours continue unagach of the 11 colonies, separately for days 1 and 3. We then
fected even when the queen is removed. Thus the workers appeamputed means and standard deviations across the 11 colonies,
to regulate their own foraging and larval feeding behaviourand compared these values for days 1 and 3, for each behaviour.
in a decentralised, self-organised manner. We have therefoferom our records of the forging behaviour of marked individu-
postulated that dominance-subordinate interactions among tlads, we also computed separately for days 1 and 3, the proportion
workers, which do not seem to have a role in reproductive comef individuals that participated in foraging and compared these
petition, may have been co-opted to help workers to self-regulatgroportions between days 1 and 3. Similarly, the total number of
each other’s foragindgremnath et al., 1995n other words, we  acts of any behaviour performed by an individual was divided
view dominance-subordinate interactions exhibited by workergy the duration of observation for that individual to yield the
as a system of signals informing the extranidal workers of thérequency per hour of that behaviour for that individual. Thus
hunger levels of the colony’s adult and larv&a@agkar, 2001; we obtained frequencies per hour of foraging and dominance
Premnath et al., 1995This speculation is supported by the received for each of the 49 foragers from the 11 colonies. We
facts that dominance received by foragers is: (i) significantlythen computed means and standard deviations across the 49 indi-
greater than that received by non-foragers; (ii) the frequencyiduals and compared these values for days 1 and 3, for each of
of dominance received by a forager is positively correlatedhe two behaviours. All statistical analyses were performed using
with her foraging rate; (iii) that the fraction of total dominance STATISTICA99 edition.
received by a forager is positively correlated with her fractional
contribution to the colony’s foraging effort®femnath et al., 3. Results and discussion
1995. A similar argument that dominance/biting interactions
regulate worker foraging has more recently been made for other Qur results are based on comparing the behaviour of the
polistine wasps@’Donnell, 1998a,b, 2001, 2093 wasps on day 1 of the experiment (without any manipulation) and
If the function of dominance-subordinate behaviour shownthat on day 3 of the experiment (one day after excess feeding).
by the workers iR. marginata is indeed to regulate foraging by To confirm that such a comparison is valid, we first show that the
the workers, one may predict that when there is reduced demamfimber of adult wasps present on days 1 and 3 are not signifi-
for food in the colony, rates of dominance behaviour should als@antly different from each otheféble 7). Next, we show that the
be reduced. Here, we test this prediction by reducing demangxcess feeding on day 2 was indeed effective. The frequency per

for food by hand-feeding the wasps. hour with which food was brought to the nest, the frequency per
hour at which larvae were fed as well as the proportion of wasps
2. Methods which foraged, all decreased significantly on day 3, as compared

to day 1 Fig. 1A—C). Under these circumstances, the hypothe-
This study was carried out from June 2001 to January 2003 osis that dominance-subordinate interactions serve as a signal to
11 postemergence coloniesifmarginata in Bangalore, India  foragers to bring more food3adagkar, 2001; Premnath et al.,
(100N, 7732). Allthe wasps were marked individually with 1995, predicts that there should have been a significant decrease

coloured spots of quick drying, non-toxic paints. Each experiin the frequency per hour of dominance behaviour on day 3 as
ment used a different colony and lasted 3 days. On day 1, the

colonies were observed in their natural condition. On day 2, in.; . 1

addition to the food the wasps brought back to the nest on thejjumber of wasps present on the nests on day 1 (un-manipulated nest) and day
own, they were offered two final inst&@orcyra cephalonica lar- 3 (one day after excess feeding) are not significantly different from each other
vae for every 1®. marginata larvae presentin their colony. This (2 tailed paired-sampletest;r=—0.69,p=0.51)

was repeated every hour from 8 to 18 h. The adult wasps t00kest Number of wasps

the offered food readily, shared it among themselves and also
fed it to the larvae. No behavioural observations were made on
this day. On day 3, behavioural observations were performed/281 19 19

Day 1 Day 3

similar to day 1, without offering any food. Behavioural obser- Y295 16 16

) . . . V299 44 44
vations consisted of recording every occurrence of bring food 55 7 8
feed larva, and dominance-subordinate behaviour by all indiy3goa 5 4
viduals on the colony in 30-50 five-minute blocks with 1 min v386 11 13
breaks. Dominance-subordinate behaviours consist of individ426 9 9
uals attacking, chasing, pecking, nibbling, holding in mouthxﬁg 15 1:
and sitting on each other. For a full definition of dominance-, ;55 15 14
subordinate behaviours, se@gdagkar, 2001 These observa- va3s 24 24
tions were made for 5-6 h between 8 and 18 h on days 1 an/g/erage - .
3. For each colony and for each behaviour, the total number o
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Fig. 1. Comparison of: (A) bring food; (B) feed larvae; (C) proportion of for-
agers; (D) dominance behaviour on day 1 (un-manipulated nests) and day 3 (o
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Fig. 2. Comparison of: (A) foraging rate; (B) dominance received by the 49
active foragers on day 1 (un-manipulated nests) and day 3 (one day after excess
feeding). Bars shown are the means and S.D.’s for the 49 foragers. Both variables
onday 1 are significantly greater than the corresponding variables on day 3 (two-
tailed Wilcoxon matched-pairs, signed-ranked tgsts0.05).

comparedtoday 1. Thiswas indeed the c&gg (ID). Ofthe 161
individuals present in the eleven nests on day 1 and day 49 were
foragers, i.e. they made at least one foraging trip. Considering
only these 49 individuals also revealed the same pattern. There
was a significant decrease from day 1 to day 3, both in the fre-
quency per hour of foraging as well as in the frequency per hour
of dominance received-{g. 2A and B). These results lend sup-
port to our speculation that dominance-subordinate interactions,
which no longer serve to express reproductive competitidt in
marginata, have been co-opted to help workers to self-regulate
the colony’s foraging efforts.

Itis true however that the exact magnitudes of the change in
foraging rate and change in dominance received varied consider-
ably and were not significantly correlated with each other. Our
hypothesis that dominance-subordinate interactions may have

day after excess feeding). Bars shown are the means and S.D.'s across 11 neB€€n co-opted to regulate foraging does not automatically pre-
For all variables, values on day 1 are significantly greater than the correspondtict that the exact magnitudes of dominance received and extent

ing values on day 3 (two-tailed Wilcoxon matched-pairs, signed-ranked testsyf foraging should be correlated. It may well be that different

p<0.05).

individuals require different amounts of coercion to forage. Even



N. Bruyndonckx et al. / Behavioural Processes 72 (2006) 100-103 103

more interesting is the possibility that dominance received byp'Donnell, S., 1998a. Effects of experimental forager removals on division of
one individual influences the probability of foraging by other Iaboqr in the prim‘itively eusocial waspvlistes instabilis (Hymenoptera:
individuals, which if true, will not necessarily yield a one-to- __Vespidae). Behaviour 135, 173-193.

one correlation between the maanitudes of dominance recei e%DonneII, S., 1998b. Dominance and polyethism in the eusocial wasp
! W gnitu ! v Mischocyttarus mastigophorus (Hymenoptera: Vespidae). Behav. Ecol.

and foraging. Sociobiol. 43, 327-331.
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