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Abstract
Primitively eusocial insects exhibit reproductive division of labour such that one or a small number of individuals monopo-
lize reproduction while the remaining function as non-reproductive workers. They also exhibit non-reproductive division 
of labour such that some workers primarily perform the extra-nidal tasks of foraging, while others primarily perform the 
intra-nidal tasks of feeding larvae, building the nest and other nest maintenance activities. In some species, queens regulate 
both reproductive as well as non-reproductive division of labour by means of their dominance behavior toward the workers. 
Here we show that in the primitively eusocial species R. cyathiformis, (1) the queen shows significantly more aggression 
towards the potential queen (PQ) than to the rest of the workers; (2) the PQ shows significantly more aggression towards the 
workers than they show to each other; (3) the activities of the workers such as bringing food and feeding the larvae continue 
unabated in the absence of the queen; (4) the amount of dominance received by a worker does not predict her rate of forag-
ing; (5) there is a positive correlation between workers’ rates of bringing food and the rates at which they themselves feed 
the larvae. We suggest that while queen (along with PQ) regulates reproductive division of labour, dominance behavior is 
not used to regulate the non-reproductive activities of the workers such as bringing food and feeding the larvae; these are 
self-regulated by individual workers by themselves.

Keywords  Dominance behaviour · Regulation of reproduction · Regulation of foraging · Primitively eusocial · Ropalidia 
cyathiformis

Introduction

Division of labour is a defining characteristic of insect socie-
ties. Division of labour can be of two kinds. First, there is 
reproductive division of labour such that only one or a small 
number of individuals (queens or kings) reproduce while 
the remaining colony members (workers) are prevented or 

refrain from reproduction. In primitively eusocial species 
such as those of some bees and wasps, dominance-subordi-
nate interactions (hereafter, dominance behaviour, DB) are 
thought to play an important role in bringing about repro-
ductive division of labour. This is inferred from the obser-
vations that in most primitively eusocial species, the queen, 
monopolizes egg laying in the colony, is behaviourally 
dominant and is usually at the top of the dominance hierar-
chy, and that the loss or experimental removal of the queen 
results in one or more of the workers beginning to lay eggs 
(Pardi 1948; West-Eberhard 1969; Jeanne 1972; Gadagkar 
and Joshi 1982; Strassmann and Meyer 1983; Hughes et al. 
1987; Keeping 1990). The only exception to this rule seems 
to be the case of mature colonies of Ropalidia marginata 
where the queens are strikingly meek and docile and seldom 
participate in the colony’s dominance subordinate interac-
tions, although the loss of the queen nevertheless leads to 
egg laying by one of the workers (Gadagkar and Joshi 1983; 
Chandrashekara and Gadagkar 1992; Gadagkar 2001). The 
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queen in this species appears to regulate worker reproduction 
through pheromones (Bhadra et al. 2010; Mitra et al. 2011).

Dominance behaviour by the queen is also thought to 
play a role in regulating non-reproductive division of labour. 
This has received support in the primitively eusocial wasp 
Polistes fuscatus where it has been reported that worker 
activity levels drop sharply upon queen removal and resumes 
upon re-introduction of the queen (Reeve and Gamboa 1983, 
1987). But this might not be true for all primitively eusocial 
species as it has been shown in Polistes instabilis, P. domi-
nulus (Jha et al. 2006) and P. versicolor (Souza and Prezoto 
2012) as well as in Ropalidia marginata (Premnath et al. 
1995, 1996; Gadagkar 2001) that the queen is not the central 
pacemaker of the colony as the worker activity levels do not 
decline in the absence of the queen. Possible alternatives to 
the regulation of work in the colony by the queen could be—
(1) decentralised mode of regulation as has been observed in 
highly eusocial insects such as honeybees (Seeley 1982) and 
stingless bees (Sommeijer 1984); (2) self-regulated mode 
of work regulation with the same individual performing 
multiples tasks and thereby gaining information on its own. 
Such self-regulation is perhaps what occurs in bumblebees 
(Cameron 1989). In Ropalidia marginata it has also been 
shown that work regulation occurs in a decentralised manner 
where workers use dominance behaviour to communicate 
colony hunger status to the foragers (Premnath et al. 1995, 
1996; Bruyndonckx et al. 2006; Lamba et al. 2007; Gadag-
kar 2019).

Dominance behaviour is believed to be the mode of com-
munication or mechanism by which work is regulated in 
these primitively eusocial insect groups. Whether by queen 
or by a decentralised manner, dominance behaviour has 
been linked to be the mechanism for the same. In the case 
of queen control, it is believed that queen uses dominance 
behaviour to regulate the work in the colony (Reeve and 
Gamboa 1983, 1987). In the case of decentralised work 
regulation, in R. marginata it has been shown that the intra-
nidal workers use dominance behaviour to communicate the 
colony hunger status to the foragers (Premnath et al. 1995, 
1996; Bruyndonckx et al. 2006; Lamba et al. 2007; Gad-
agkar 2019). Hence dominance behaviour is believed to be 
closely linked to the regulation of work in primitively euso-
cial colonies.

Ropalidia cyathiformis, the subject of the current study, 
exhibits features typical of primitively eusocial species such 
as dominance-based queen succession and weak age poly-
ethism (Unnikrishnan and Gadagkar 2017) and contrasting 
with its better studied congeneric species R. marginata. 
Unlike the latter, R. cyathiformis has behaviourally dominant 
queens (Gadagkar and Joshi 1984; Deshpande et al. 2006) 
but as in R. marginata, removal of the queen results in one of 
the workers (the potential queen, PQ) becoming temporarily 
hyper-aggressive and taking over as the next queen in a few 

days (Deshpande et al. 2006). In R. cyathiformis, the poten-
tial queen not only increases her dominance behaviour in 
the absence of the queen, but also significantly increases her 
activity levels and other non-dominance interactions with 
her nestmates (Kardile and Gadagkar 2003). Unlike in R. 
marginata, the frequency per hour of dominance behaviour 
shown by workers in the presence of the queen is a sig-
nificant, though not perfect, predictor of which individual 
will become the next queen (Unnikrishnan and Gadagkar 
2017). Based on these observations, it has been speculated 
that in R. cyathiformis, the queen maintains her reproductive 
monopoly using dominance behaviour and also regulates the 
non-reproductive activities of the workers in a centralised 
manner, and that the potential queen takes over this role in 
the absence of the queen (Kardile and Gadagkar 2003).

In the present study, we examine the role of dominance 
behaviour in the regulation of reproductive as well as non-
reproductive division of labour. We do so by analysing not 
only the rates of dominance behaviour shown by different 
individuals in the colony, but also by examining the targets 
of dominance behaviour.

Methods

The results reported in this paper are based on behavioural 
observations on 23 nests of the primitively eusocial wasp 
Ropalidia cyathiformis, in the campus of the Indian Institute 
of science, Bangalore (12.97° N, 77.59° E). All adult wasps 
on all nests were marked with coloured spots of quick drying 
Testors® enamel paint, for individual identification.

On 19 nests, we made behavioural observations from 
0800 to 1030 h and 1300 to 1530 h on day 1, and from 1030 
to 1300 h and 1530 to 1800 h on day 2. Our behavioural 
observations consisted of equal numbers of ‘scans’ (in which 
the behavioural state of every individual was recorded at ran-
domly chosen instants of time) and ‘all occurrence sessions’ 
(AOS) (in which every occurrence of every selected behav-
iour by every individual was recorded during 5-minute inter-
vals), randomly intermingled with each other with a 1-min-
ute gap between two consecutive sessions. Hence at the end 
of 2 days we obtained 10 h of observations with 50 scans 
and 50 all occurrence sessions on the queen-right colonies. 
On the morning of day 3, at 0800 h, we removed the queen 
(who was identified based on egg laying during behavioural 
observations on days 1 and 2). We then observed the nest for 
6 h from 0800 to 1000 h, 1100 to 1300 h and 1400 to 1600 h 
to yield 30 scans and 30 AOS.

We observed four additional nests for 6 h each day, with-
out removing the queen. The observation schedule alternated 
between 0630–0830 h, 1030–1230 h and 1430–1630 h on 
1 day and 0830–1030 h, 1230–1430 h and 1630–1830 h on 
the other day and continued until the nest got destroyed by 
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predators or other natural calamities. We observed these four 
nests for 15, 20, 27 and 28 days, respectively. Observations 
consisted of an equal number of scans and all occurrences 
randomly intermingled with each other, so that on each day 
there were 30 scans and 30 all occurrences giving a total of 
300 min of observation per day.

For all 23 nests, we used the scans to estimate the pro-
portions of time spent by each wasp in different behaviours 
and the AOS sessions to estimate the frequency per hour 
with which different wasps performed different behaviours. 
In all 23 nests, the queen was identified by her egg laying 
behaviour. In all nests, the PQ was identified based on the 
following two criteria—(1) she should show at least five 
acts of dominance behaviour and (2) she should show more 
dominance behaviour than any other individual in the colony 
(Unnikrishnan and Gadagkar 2017). In the latter set of four 
nests which were observed for 6 h every day, we did not 
perform quantitative behavioural observations after queen 
removal (which was done at the end of the study to identify 
the PQ). Hence our sample sizes for the comparison of the 
behaviour of wasps between the queen-right and queen less 
colonies would be 19 nests and for all other comparisons it 
would be 23 nests. Data from the first set of 19 nests were 
also used to study queen succession (Unnikrishnan and 
Gadagkar 2017) and data from the second set of 4 nests 
were also used to study age polyethism (Unnikrishnan and 
Gadagkar 2020). Data from all the 23 nests are being used 
here to study the role of dominance behaviour in division 
of labour. Although all the behaviours were observed dur-
ing the observations in all the above 23 nests, only data on 
dominance behaviour, feed larva behaviour and bring food 
behaviour, obtained from the AOS sessions were analysed 
in the current study. We obtained the frequency per hour 
with which a behaviour was shown by dividing the total 

number of times the behaviour was shown by the number of 
hours for which that individual was observed. We divided 
the dominance behaviour shown by each individual by the 
number of wasps to which it showed dominance to obtain 
the per capita of DB. Information of the nests used in the 
analysis is given in Table S.1.

Data availability

All data from this study is made available via Dryad reposi-
tory (https​://doi.org/10.5061/dryad​.qfttd​z0fr).

Statistical analysis

We carried out all statistical analysis using R version 3.4.1 
(R core team 2017) [with the R studio IDE (R studio team 
2016)]. In the first subsection, we have only used the per-
capita dominance behaviour shown by the individuals. We 
constructed linear mixed effects models using the package 
lme4 (Bates et al. 2015) and Emmeans (Searle et al. 2012) 
to make pairwise comparisons. We analysed the correlation 
between variables using Kendall’s correlation coefficient and 
used Ggplot2 (Wickham 2016) to visualize the data.

Results

Who shows dominance to whom?

To understand the dominance relationships amongst the 
queen (Q), potential queen (PQ) and workers (W), we built 
a linear mixed effects model with the per-capita dominance 
behaviour shown, as the response variable and all possible 
combinations of givers and receivers (Q to PQ, Q to W, PQ 

Table 1   Table showing the fixed effects, random effects and the estimate with confidence intervals and P values for the linear mixed effects 
model studying the per-capita dominance behaviour shown by Q, PQ and W

Dominance behaviour shown by PQ to W and Q to PQ are significantly different from the intercept. Fixed effect, the identity of the giver and 
receiver of dominance is a categorical variable and the per-capita DB is the response variable which is a continuous variable
Bold specifies p values less than 0.05

Fixed effects Estimate CI P value

(Intercept) PQ-Q 0.17391 − 2.33 to 2.67 0.8910
giv.recPQ-W 4.21119 0.8 to 7.62 0.0161
giv.recQ-PQ 8.47826 5.07 to 11.89 < 0.0001
giv.recQ-W 0.53888 − 2.87 to 3.95 0.7558
giv.recW-PQ − 0.13745 − 3.55 to 3.28 0.9368
giv.recW-Q − 0.14070 − 3.55 to 3.27 0.9353
giv.recW-W − 0.09162 − 3.5 to 3.32 0.9578

Random effects Variance

Nest 2.558
Residual 34.383

https://doi.org/10.5061/dryad.qfttdz0fr
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to Q, PQ to W, W to Q, W to PQ and W to W) of dominance 
behaviour as the predictor variables and the nest identity 
as a random effect (Table 1). We found that the per-capita 
dominance behaviour shown by Q to PQ and that shown by 
PQ to W were significantly higher than the rest of the com-
binations (Fig. 1, Tables 1, 2).

Does the absence of the queen matter?

We built two separate linear mixed effects models with the 
rate of feeding larva behaviour and the rate of bring food 
as response variables, and the presence (QR) or absence of 
the queen (QL) as a fixed effect and the nest id as a random 
effect. We found no significant difference in the rate of feed 
larva and in the rate of bring food behaviours between QR 
and QL conditions (Fig. 2, Tables 3 and 4). Thus, two of the 
most fundamental activities of the nest did not show any 
decline in their rates in the absence of the queen.

Fig. 1   Per-capita domi-
nance behaviour shown by 
the potential queen (PQ), 
queen (Q) and workers (W) 
to each other. The per-capita 
dominance behaviour shown 
by Q to PQ (LMM − Esti-
mate = 8.478, CI 5.07–11.89, 
P value < 0.0001) and PQ to W 
(LMM − Estimate = 4.2112, 
CI 0.8–7.62, P value = 0.016) 
was significantly higher than 
the intercept. The per-capita 
DB by Q to PQ was also higher 
than that shown by Q to W 
(Estimate = 7.94, CI 4.4–11.4, 
P value < 0.0001), and W to W 
(Estimate = 8.57, CI 5.1–12.1, 
P value < 0.0001). The per-
capita DB shown by PQ to W 
was higher than that shown by 
PQ to Q (Estimate = 4.21, CI 
0.72–7.7, P value = 0.018) W to 
W (Estimate = 4.3, CI 0.8–7.8, 
P value = 0.016) and Q to W 
(Estimate = 3.67, CI 0.18–7.2, P 
value = 0.039). N = 23 colonies

Table 2   Table showing the results of the paired-wise analysis of the 
linear mixed effects model to understand which combination of giver-
receiver are different from each other

Dominance behaviour shown by Q to PQ is significantly different from 
Q to W, PQ to W and W to W. The dominance behaviour shown by 
PQ to W is significantly different from PQ to Q, Q to W and W to W
Bold specifies p values less than 0.05

Contrast Estimate CI P value

Q-PQ vs Q-W 7.79393 4.445 to 11.43 < 0.0001
Q-PQ vs PQ-W 4.26707 0.773 to 7.76 0.0171
Q-PQ vs W–W 8.56988 5.075 to 12.06 < 0.0001
PQ-W vs PQ-Q 4.21119 0.717 to 7.71 0.0185
PQ-W vs Q-W 4.30281 0.178 to 7.17 0.0396
PQ-W vs W-W 4.30281 0.808 to 7.8 0.0162
W-Q vs W-W − 0.04908 − 3.544 to 3.45 0.9779
W-PQ vs W-W − 0.00326 − 3.498 to 3.49 0.9985
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Fig. 2   Frequency per hour of 
feed larva (FL) (left panel) and 
bring food (BF) (right panel) 
behaviours in queen-right (QR) 
and queen-less (QL) sessions. 
There was no difference in 
the frequency of FL between 
QR and QL sessions (LMM − 
Estimate = 0.05, CI − 0.07 to 
0.17, P value = 0.39) and also 
in frequency of BF between 
QR and QL sessions (LMM − 
Estimate = − 0.002, CI − 0.06 
to 0.05, P value = 0.94). N = 19 
colonies

Table 3   Table showing the fixed effects, random effects and the estimate with confidence intervals and P values for the linear mixed effects 
model studying the effect of queen right (QR) and queen less (QL) condition on feed larva behaviour

There is no significant difference in feed larva behaviour between queen right and queen less conditions. The fixed effect which is the presence 
or absence of the queen is a categorical variable and the response variable is feed larva behaviour is a continuous variable
Bold specifies p values less than 0.05

Fixed effects Estimate CI P value

(Intercept) QL 0.3968 0.18 to 0.62 0.001
QR 0.0511 − 0.07 to 0.17 0.389

Random effects Variance

Nest 0.19
Residual 0.032

Table 4   Table showing the fixed effects, random effects and the estimate with confidence intervals and P values for the linear mixed effects 
model studying the effect of queen right (QR) and queen less (QL) condition on bring food behaviour

There is no significant difference in bring food behaviour between queen right and queen less conditions. The fixed effect which is the presence 
or absence of queen is a categorical variable. Bring food behaviour is the response variable and is a continuous variable
Bold specifies p values less than 0.05

Fixed effects Estimate CI P value

(Intercept) QL 0.2268 0.17 to 0.28 < 0.0001
QR − 0.002 − 0.06 to 0.05 0.937

Random effects Variance

Nest 0.008
Residual 0.007
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Does dominance received predict the rate 
of bringing food?

To see if the rate of dominance behaviour received by indi-
vidual wasps had any effect on their rate of bringing food, 
we built a generalised linear mixed effects model with rate 
of bring food behaviour of each individual as the response 

variable and the rate of dominance behaviour received by 
that individual as the predictor variable and the nest iden-
tity as a random effect. We found no significant effect of 
dominance received on the rate of bring food behaviour 
(Fig. 3, Table 5). Since the dominance received by many 
individuals was zero, we also compared the rates of bring-
ing food by wasps that received no DB versus those that 

Fig. 3   Shows the regression 
between dominance behav-
iour received and bring food 
behaviour (BF). There was no 
significant effect of dominance 
received on the bring food 
behaviour of wasps (LMM − 
Estimate = − 0.0004, CI − 0.003 
to 0.002, P value = 0.752). Data 
points represent fr/hr of BF for 
each forager for that particular 
amount of dominance received 
for 23 colonies

Table 5   Table showing the fixed effects, random effects and the estimate with confidence intervals and P values for the linear mixed effects 
model studying the effect of dominance behaviour received on bring food behaviour

There is no significant effect of dominance received on the individual bring food behaviour. Bring Food behaviour is the response variable and 
DB received is the fixed effect. Both are continuous variables
Bold specifies p values less than 0.05

Fixed effects Estimate CI P value

(Intercept) 0.8026 0.58 to 1.02 < 0.0001
DB received − 0.0004 − 0.003 to 0.002 0.752

Random effects Variance

Nest 0.27
Residual 0.0037
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received some DB, treating DB received or not as a binary 
variable. Of the 113 wasps studied, 36 wasps received no 
dominance behaviour at all and yet brought food at rates 
comparable to the remaining 77 wasps that received vary-
ing amounts of dominance behaviour during the observa-
tions Fig. 4, Table 6).

Do the foragers feed larvae?

To check whether forgers themselves feed the larvae rather 
than depending entirely on intranidal workers to do so, we 
analysed the correlation between the rates of bring food 
behaviour and feed larva behaviour of different wasps. We 
found a weak but significantly positive correlation between 

Fig. 4   The amount of bring 
food behaviour when no 
dominance (DB) is received 
(N) and when some amount 
of DB is received (Y). There 
is no significant difference in 
bring food amongst individuals 
that did not receive any DB (36 
wasps) and those that received 
some DB (77 wasps) (LMM, 
Estimate = 0.015, CI − 0.013 to 
0.044, P value = 0.28). N = 23 
colonies

Table 6   Table showing the fixed effects, random effects and the estimate with confidence intervals and P values for the linear mixed effects 
model studying the bring food behaviour when DB is not received (N) as opposed to when some dominance is received (Y)

There is no significant difference in bring food behaviour between those that receive and do not receive any DB. The fixed effect variable, 
whether DB received or not is a categorical variable and bring food behaviour is the response variable, which is a continuous variable
Bold specifies p values less than 0.05

Fixed effects Estimate CI P value

(Intercept) N 0.7912 0.57 to 1.01 < 0.0001
DB received Y 0.0156 − 0.013 to 0.04 0.282

Random effects Variance

Nest 0.27
Residual 0.004
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the rates at which individuals brought food and the rates at 
which they fed the larvae (Fig. 5).

Discussion

In several species of primitively eusocial wasps the queen 
is usually considered as the alpha individual and the future 
queen (PQ, in our terminology) as the beta individual. In 
some studies, this means that the queen shows the high-
est rates of dominance behaviour in the colony and the PQ 
shows the next highest rate. In other studies, it means that 
the queen occupies the top rank in the dominance hierarchy 
of the colony so that she is dominant over everyone else 
and no one is dominant over her. Similarly the PQ occupies 
the next highest rank, so that she dominates everyone else 
except the queen (Pardi 1948; West-Eberhard 1969; Jeanne 
1972; Litte 1979; Strassmann and Meyer 1983; Hughes et al. 
1987; Hughes and Strassmann 1988; Keeping 1992, 1997; 
Giannotti and Machado 1997).

The results presented in this paper may permit us to draw 
some inferences regarding the possible role of dominance 
behaviour in regulating both reproductive and non-reproduc-
tive division of labour in the primitively eusocial wasp R. 
cyathiformis. We find that the per capita rates of dominance 
behaviour shown by the queen to the PQ and that shown by 
the PQ to the workers, are both higher than the correspond-
ing per-capita rates among the workers themselves. This 
suggests that the queen’s dominance behaviour towards the 

PQ and the PQ’s dominance behaviour towards the workers 
may together help the queen to maintain her reproductive 
monopoly as the sole egg layer in the colony. Since the PQ 
is next in line to become the queen of the colony and she is 
therefore the greatest threat to the queen, it is not surpris-
ing that the queen directs most of her dominance to the PQ. 
Since the rest of the workers are a potential threat to the PQ’s 
prospects of becoming the next queen, it is equally unsur-
prising that the PQ directs most of her dominance to the 
rest of the workers. When the PQ becomes the next queen 
and one of the workers becomes the next PQ and they fol-
low similar queen- and PQ-specific patterns of dominance 
behaviour, reproductive division of labour and the queen’s 
monopoly on egg laying can continue smoothly through a 
series of queen successions, as if often witnessed in colonies 
of this tropical species.

Our results also permit some inferences regarding the role 
of dominance behaviour in the regulation of non-reproduc-
tive division of labour. We find that the important activi-
ties of the workers such as bringing food and feeding the 
larvae continue unabated after the removal of the queen, 
suggesting that the queen is not regulating these activities of 
the workers through her dominance behaviour, as a central 
pacemaker as has been suggested for some species (Reeve 
and Gamboa 1983, 1987) but not in others (Jha et al. 2006; 
Souza and Prezoto 2012). This difference could also be 
attributed to the fact that the methodology of the studies 
was different. In the studies by Reeve and Gamboa (1983, 
1987), queen although cooled and inactive, was still present 

Fig. 5   Visualisation of correlation between Bring Food (BF) behaviour and Feed Larva (FL) behaviour. Kendall’s correlation coefficient, 
τ = 0.27, P < 0.0001. Data points represent fr/hr of FL for each forager for that particular freq/hr of BF for 23 colonies



Dominance behaviour and division of labour in the tropical primitively eusocial wasp Ropalidia…

1 3

on the nest while the queen was completely removed in the 
other studies as is the case in the current study as well. This 
might perhaps have led to differences in the results between 
these different studies.

It is true that we have observed the unaltered behaviour 
of the workers only for 1 day after queen removal. However, 
we think it is unlikely that they will alter their behaviour 
on subsequent days because the maximum disruption to the 
colony due to the dominance behaviour of the PQ is on day 1 
after the queen removal. The PQ appears to begin to behave 
like a typical queen soon after this; indeed, she has been 
observed to lay her first egg as early as 1 day after queen 
removal (Unnikrishnan and Gadagkar 2017).

Kardile and Gadagkar (2003) had previously speculated 
that the queen may act as the central pacemaker in R. cyathi-
formis and the PQ may take over that role after the death of 
the queen. However, we now find that the levels of domi-
nance received by the workers do not predict their foraging 
levels. On the other hand, we find a weak, but significant 
positive correlation between the rates at which individual 
wasps bring food and their own rates of feeding the lar-
vae. We therefore speculate that foragers in this species 
may regulate their own foraging levels by obtaining direct 
information about larval hunger levels through their signifi-
cant contribution to larval feeding. This is in contrast to R. 
marginata where workers appear to regulate each other’s 
foraging through dominance behaviour by a decentralized 
self-organized manner (Premnath et al. 1995; Bruyndonckx 
et al. 2006; Lamba et al. 2007; Gadagkar 2019). The lack of 
decentralised work regulation and presence of self-regulated 
foraging in R. cyathiformis is consistent with the lack of 
clear division of labour between intranidal and extranidal 
tasks in this species (Unnikrishnan and Gadagkar 2020).

In addition to bringing food to the colony the workers also 
bring liquid and pulp to the colony. In this study, we have 
focused on bring food behaviour and feed larva behaviour, 
taking one extranidal and one intranidal tasks to understand 
how work regulation might happen in this species. It would 
be interesting to see what kind of pattern or correlation 
might be present between bring liquid, bring pulp and con-
struction behaviour, in future studies.

In summary, dominance behaviour appears to have a role 
in regulating reproductive division of labour but not non-
reproductive division of labour in R. cyathiformis, quite in 
contrast to the congeneric R. marginata where dominance 
behaviour appears to regulate non-reproductive division 
of labour but not reproductive division of labour. With 
its pheromonal control of reproduction and decentralized, 
self-organized regulation of foraging, R. marginata may be 
thought of as being relatively more similar to highly euso-
cial species while with its centralized control of reproduc-
tive division of labour and self-regulation of forging, R. 
cyathiformis may be thought of as being relatively closer to 

a typical primitively eusocial species. We have previously 
shown that queen succession is based more on dominance 
behaviour in R. cyathiformis (Unnikrishnan and Gadagkar 
2017) while it is more based on age in R. marginata (Bang 
and Gadagkar 2012). Similarly, age polyethism is relatively 
weak and rigid in R. cyathiformis (Unnikrishnan and Gad-
agkar 2020) while it is better developed and more flexible 
in R. marginata (Naug and Gadagkar 1998). Such compari-
sons between R. cyathiformis and R. marginata reveal that 
R. cyathiformis promises to be an ideal model system to 
understand the mechanisms of social organization and divi-
sion of labour in typical primitively eusocial species.
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