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Abstract. Caste is usually thought to be determined entirely in the adult stage in most
primitively eusocial wasps and bees. A pre-imaginal caste bias has however been recently
discovered in the primitively eusocial wasp Ropalidia marginata. This study also suggested
that reigning queens and possibly other adults may influence the production of new queens
and implied at least partial support to the parental.manipulation or sub-fertility hypothesis
for the evolution of insect sociality. The interest of these results prompted an attempt at
their reconfirmation. Complete reconfirmation has now been obtained using data from an
independent experiment and two additional methods of data analysis. We therefore
conclude that caste is at least partly determined prior to eclosion in the primitively
eusocial wasp Ropalidia marginata which lacks morphological differentiation between egg-
layers and non-egg-layers.
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1. Introduction

Evolution of altruistic behaviour is one of the prime concerns of sociobiology.
Eusocial insects such as ants, bees and wasps, which are characterized by overlap of
generations, co-operative brood care and reproductive caste differentiation, show
the most extreme forms of altruism and hence are often favoured as model systems
in sociobiology. Of these, primitively eusocial insects such as many species of bees
and wasps lack morphological differences between reproductive and non-
reproductive castes and thus show considerable flexibility in the social roles that
individuals may adopt. For this reason, such species are particularly suited for
asking questions concerning the forces that mould the evolution of worker
behaviour.

Most studies on these species however have assumed that caste is entirely
determined in the adult stage. To verify this assumption, an experiment was set up
to test the null hypothesis that 'all eclosing females in the primitively eusocial wasp,
Ropalidia marginata (Lep.) (Hymenoptera: Vespidae) are potentially capable of
laying eggs'. Of the 197 freshly eclosed females tested in this experiment, only about
50% built nests and laid eggs, although all animals were isolated from conspecifics
and were provided with ad libitum food since eclosion. This result therefore
permitted rejection of the null hypothesis and suggested that caste is at least partly
determined prior to eclosion. In addition, the number of empty cells on the nest
from which an animal ecloses and its own rate of feeding during adult life were
found to be good predictors of the probability that it would become an egg-layer.
The presence of empty cells may be considered an indication of the queen's
declining condition. These findings were therefore interpreted to mean that
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where p is the probability of becoming an egg-layer, I-p the probability of becoming
a non-egg-layer, Po the intercept, Pi the regression coefficients, Xi the independent
variables, L the likelihood, animals 1 to m the egg-layers, and animals m + 1 to n the
non-egg-layers.

2.2b Comparison of means: Mean values of independent variables for egg-layers
were compared with those for non-egg-layers using a t test. Because some of the
independent variables may not be normally distributed, we have also compared
means using the non-parametric Mann-Whitney V-test.

2.2c Correlation analysis: Although the dependent variable is binary in nature,
a corresponding variable which is not binary is the proportion of egg-layers among
the animals eclosing from each nest. The association of this variable with those
independent variables concerning the nests such as number of eggs, larvae, etc. was
investigated by computing Kendall's rank correlation coefficient.

3. Results

3.1 Needfor reconfirmation

The experiment described in Gadagkar et al (1988) showed that about half the
animals tested became egg-layers and the other half non-egg-layers. The correlates
of becoming an egg-layer or a non-egg-layer were investigated by performing what
is sometimes known as a 'fishing expedition'. In other words, we had no specific
hypothesis about which variables may be influencing the probability of an animal
becoming an egg-layer. All variables for which data were available were tested and
2 out of 15 so tested were found to be significantly correlated with an animal's
probability of becoming an egg-layer. Therefore the confidence one may entertain in
such a result is perhaps limited. On the other hand, the results obtained by
Gadagkar et al (1988) were novel and somewhat- unexpected. Besides, they led to
the discovery of the phenomenon of pre-imaginal caste bias in a primitively eusocial
insect which lacks morphological caste differentiation. Although the extent of pre-
imaginal caste bias seen cannot by itself account for eusociality in this species, these
results imply at least some support for the parental manipulation (Alexander 1974)
or sub-fertility (West-Eberhard 1975) hypothesis for the evolution of eusociality. All
these factors prompted us to seek a reconfirmation of these results.

3.2 Two methods of reconfirmation

We have attempted to reconfirm the results of Gadagkar et al (1988) by the
combination of two methods. First the experiment was repeated using a new set of
animals from a new set of nests. Secondly, the possible involvement of the same
variables was studied using two additional statistical techniques: viz. (i) comparison
of mean values of independent variables for egg-layers and those for non-egg-layers
and (ii) estimating correlation coefficients between the independent variables and
the proportion of egg-layers among the animals eclosing from each nest. These two
techniques and the original technique of logistic regression analysis have now been
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applied to data from each of the two experiments as well as for data pooled from
the two experiments.

3.3 Strategies to deal with results from different statistical tests and different
experiments

One obvious problem that would arise when the same variables are studied by
different statistical techniques or by using data from independent experiments is
that the results may not be identical. The following strategy was used to deal with
such potentially confirming or conflicting results.

When conflicting results were obtained within the same experiment but between
different statistical tests, the variables involved were treated with suspicion and only
those variables which were shown to be significant by all statistical tests were
considered important.

Our strategy to deal with results from replicate experiments has been somewhat
different. First, a new experiment was performed under conditions identical to those
in the first experiment. Secondly, data pooled from both experiments were
reanalysed. This gave us 3 sets of results namely those from experiment 1, from
experiment 2 and from data pooled from experiments 1 and 2. Only those variables
which were significant in the pooled data as well as in at least one of the individual
experiments were accepted as being important in influencing the outcome of the
experiment.

3.4 Logistic regression analysis

Results of both models using logistic regression are in table 1 and those pertaining
to experiment 1 are from Gadagkar et al (1988). In experiment 1, three variables,
viz. number of empty cells on parental nest, an animal's feeding rate during its
adult life and its ocello-ocular distance (an index of body size) had coefficients
which were significantly different from zero (P < 0'05). In the second experiment,
only feeding rate has a regression coefficient which is significantly different from
zero (P < 0'05). When data pooled from the two experiments are analysed, 3
variables, viz. number of pupae, number of empty cells and feeding rate are found
to have coefficients significantly different from zero (P < 0'05). Using the strategy
outlined in the previous section, we consider the roles of number of emp~y cells and
feeding rate as having been reconfirmed. This strategy requires that the two other
variables, viz. ocello-ocular distance and number of pupae not be considered
important at this stage. It might be mentioned here that similar results are obtained
if the proportion of empty cells is considered instead of the absolute number of
empty cells.

3.5 Comparison of means

The mean values of each variable for egg-layers were compared with those for non.
egg-layers as another method of detecting the correlates of egg laying. Our
conclusions arising from such comparisons using a parametric t-test (shown in
table 2) are similar to those from logistic regression analysis. Once again, the role~,
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such as R. marginata which lacks morphological differences between egg-layers and
non-egg-layers.

Acknowledgements

We thank A P Gore, N V Joshi, K Chandrashekara andM Gadgil for many helpful
discussions and three anonymous referees for comments on an earlier version of this
paper. This study was supported in part by a grant from the Indian National
Science Academy, New Delhi.

References .

Alexander R D 1974 The evolution of Social Behaviour; Annu. Rev. Ecol. Syst.5 325-383
Gadagkar R 1980 Dominance hierarchy and division of labour in the social wasp Ropalidia marginata

(Lep.) (Hymenoptera: Vespidae); Curro Sci. 49 772-775
Gadagkar R 1985 Evolution of insect sociality-A review of some attempts to test modern theories;

Proc. Indian Acad. Srt (Anim. Sci.) 94 309-324
Gadagkar R 1990 ~ocial biology of Belonogaster, Mischocyttarus, Parapolybia and independent-founding

Ropalidia; in Social biology of ~asps (eds) K G Ross and R W Matthews (Cornell University Press)
(in press)

Gadagkar R, Gadgil M, Joshi N V and Mahabal A S 1982 Observations on the natural history and
population ecology of the social wasp Ropalidia marginata (Lep.) from Peninsular India
(Hymenoptera: Vespidae); Proc. Indian Acad. Sci. (Anim. Sci.) 91 539-552

Gadagkar R and Joshi N V 1983 Quantitative ethology of social wasps: time-activity budgets and caste
differentiation in Ropalidia marginata (Lep.) (Hymenoptera: Vespidae); Anim. Behav. 31 26-31

Gadagkar R, Vinutha C, Shanubhogue A and Gore A P 1988 Pre-imaginal biasing of caste in a
primitively eusocial insect; Proc. R. Soc. London B233 175-189

Martin P and Bateson P 1986 Measuring behaviour (Cambridge: Cambridge University Press)
Shanubhogue A and Gore A P 198,U5ing logistic regression in ecology; Curro Sci. 56 933-936
West-Eberhard M J 1975 The evolution of social behaviour by kin selection; Q. Rev. Bioi. SO 1-33


	On reconfirming the evidence for pre-imaginal caste  bias in a primitively eusocial wasp. 
	Abstract
	Introduction
	Materials and Methods
	Experimental procedures
	Data analysis
	Logistic regression analysis
	Comparison of means
	Correlation analysis


	Results
	Need for reconfirmation
	Two methods of reconfirmation
	Strategies to deal results from different statistical tests and different experiments
	Logistic regression analysis
	Table 1 Results of logistic regression analysis
	Table 2 Results of parametric comparisons of means
	Correlation analysis
	Table 3 Results of non-parametric comparison of means
	Table 4 Kendall's rank correlation coefficient between proportion of egg-layers eclosing from each nest and other variables a

	Discussion
	Fig 1 Scatter plot showing the proportion of egg-layers eclosing from each nest vs number of empty cells
	References

