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INTRODUCTION 

The genetical theory of evolution (Hamilton, 1964a,b) has 
revolutionized our approach to the study of interactions between animals. 
The prominent role ascribed by Hamilton to kinship between the partners 
in any interaction was rapidly appreciated and widely applied (Wilson, 
1975). Although the question of whether animals have any direct means of 
assessing kinship amongst themselves remained untested for many years. 
it is now quite clear that kin recognition is a very ~idespread phenomenon: 
The ability to discriminate kin from non kin has been reported in a marine 
invertebrate, subsocial arthropods, a sweat bee, honey bees, several 
species of ants and wasps, frogs, toads and a variety of mammals (reviews 
in, Fletcher and Michener, 1986; Gadagkar, 1985b; Gamboa et al., 1986; 
Hepper, 1986; Holldobler and Michener, 1980; Linsenmair, 1985; Page, 
1986; for marine invertebrate see Grosberg and Quinn, 1986). 

The mechanism of kin recognition has important implications for the 
theory of kin selection (Gadagkar, 1985b).Particularly compelling evidence 
has been the strong correlation between (a) haplodiploidy in the 
Hymenoptera which creates asymmetries in genetic relatedness potentially 
favouring the evolution of sociality and (b) the observed multiple origins of 
eusociality in that insect order (Wilson, 1971 ). These asymmetries in 
genetic relatedness break down, however, if queens of social insect 
colonies mate multiply and produce different patrilines of daughters using 
sperm from different males or if more than one female lays eggs in the 
colony. If workers in social insect colonies preferentially aid their full-sisters, 
the original asymmetries in genetic relatedness can be restored. It has been 
argued that this is possible only if recognition templates are self-produced 
and recognition templates are self-based. If labels and templates are 
acquired or learned as a result of exposure to nestmates, it is unlikely that 
different genetic lines within & colony will be discriminated. Recent evidence 
indicates that in the tropical wasp Ropalidia marginata, queens mate 
multiply and use sperm from at least two to three males simultaneously 
(Muralidharan et al., 1986). It is theretore of considerable importance to 
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know if the asymmetries in genetic relatedness in this species can be 
restored by kin recognition. Since R. marginata is primitively eusocial this 
question is even more pertinent. 

Our findings indicate that female wasps of the species R. marginata can 
discriminate nestmates from non-nestmates provided that they have been 
exposed after eclosion to a fragment of their natal nests and a subset of 
their nestmates. Our results suggest, however that the difficulties created 
by multiple mating of the queen are unlikely to be overcome by 
haplodiploidy. 

MATERIALS AND METHODS 

1. The study animal 

Ropalidia marginata (Hymenoptera : Vespidae : Polistinae) is a very 
common paper wasR in peninsular India whose biology and social 
organization have been the subject of recent investigations (Gadagkar et 
al., 1982; Gadagkar, 1980; Gadagkar and Joshi, 1982, 1983). 

2, Collection of nests 

Twenty three naturally occurring nests of R. marginata were collected 
from 4 different localities situated within a circle of radius 150 km around 
Bangalore (13.00' N and 7T32' E). The adults were individually picked off 
the nest which was then removed from its substratum. At the time of 
collection the nests had 1- 68 adults (mean ± s.d. = 33 ± 18) and 7-126 
pupae (36 ± 25). 

3. Preparation of Experimental Animals 

Wasps to be used as experimental animals were then subjected to one 
of the following four treatments. 

(i) The females picked off the nest at the time of collection were brought 
back to the laboratory and individually isolated for 8-45 days (mean 
± s.d. = 28 ± 17; n = 52) in 22 X 11 X 11 cm ventilated plastic jars. 

(ii) Some nests with the brood were cut into two halves and each half 
was positioned in a plastic box identical to the one mentioned above. 
Females emerging from these nest fragments were allowed to 
remain on their respective halves until the last animal emerging was 
at least 5 days old. Following this treatment animals were individually 
isolated in plastic boxes for at least c: .JVeek before the experiments 
began. 

(iii) Other nests were monitored continuously and the females eclosing 
were immediately (within 1 or 2 min) separated and individually 
isolated for 6-48 days (mean± s.d. = 20 ± 13; n = 42). 

·(iv) For yet other nests, females were artificially removed from their 
pupal cases, about 24 hr prior to their time of expected natural 
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eclosion. These animals were covered with tissue paper in a 
petri-plate and allowed to complete their development in an 
incubator maintained at a temperature of 27 ± 2·c. Such females 
remained in the incubator for 16-49 hr (25 ± 7; n = 51) and were then 
individually isolated for 6-20 days (12 ± 4; n = 50). 

All animals were fed on an ad /ibitumdiet of Corcyra cephalonica larvae, 
honey and tap water. Care was taken to ensure that animals used in an 
experiment were provided honey and water from the same source. 

4. The Triplet Assay 

A triplet assay similar to the one used by Shellman and Gamboa (1983) 
was used to assay nestmate discrimination. Each triplet consisted of two 
nestmates and one non-nestmate marked with small unique spots of quick 
drying enamel paints of a single colour. The non-nestmate was from a nest 
collected 8 km or more away from the first nest. One hour prior to the 
commencement of observations, the three animals of an experimAnt were 
introduced into a ventilated plastic observation box of similar dimension 
mentioned above. Continuous observations were made to record all 

NESTMATE 1 

a b NON NESTMATE 

NESTMATE 2 

Fig. 1. The triplet assay. The behavioural interactions seen in all experiments are 
classified into six categories, designated a,b,c,d,e,f, such that all interactions initiated 

by nestmate 2 towards nestmate 1 are assigned to a. all interactions initiated by 
nestmate 1 towards nestmate 2 are assigned to b, and so on. 
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interactions between all pairs of animals between 9 a.m. and 6 p.m. on two 
consecutive days for a total period of 12 hr. In all we have recorded 15 
behaviours {Table 1 ). A total of 61 experiments {triplets) were performed, 
14 using animals present on the nest at the time of collection but isolated 
later {treatment 1), 15 with animals eclosing in the laboratory and being 
exposed to their natal nest and nestmates {treatment 2), 15 with animals 
isolated immediately upon emergence {treatment 3) and 17 with animals 
isolated prior to their natural eclosion and allowed to complete development 
in an incubator (treatment 4). This amounted to a total of 732 hr of 
observation. In experiments using animals eclosing in the laboratory and 
being exposed to their natal nests and nestmates {treatment 2) the two 
nestmates in any experiment were from the same natal nest but had not 
interacted with each other as they were from two different halves of the 
nest. 

Table 1. 
The 15 behaviours observed ranked by increasing order of tolerance. 

'Rank Behaviour 

Aggressive bite (The most extreme form of aggression seen in this 
species. Sometimes leads to injuries) 

2 Attack (A ritualised form of aggression where the dominant animal 
climbs onto the subordinate and attempts to bite its mouth parts) 

3 Peck 
4 Chase 
5 *Aggressive mutual antennation (A kind of sparring contest) 
6 Nibble (Relatively mild with little chance of injury) 
7 Crash (The act of crashing onto a sitting animal resulting in one or both 

falling to the ground; very brief and appears much milder than 
behaviours 1-6) 

8 *Falling fight (Two animals grappling with each other and falling to the 
ground; very brief and appears much milder than behaviours 1-6) 

9 Avoid 
10 Solicit 
11 *Mutual Approach with withdrawal 
12 Approach I (while other withdraws) 
13 Approach II (while the other does not withdraw) 
14 Antennate 
15 *Mutual Antennation 

*Indicates bi-directional behaviours 
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5. Definitions of Parameters used 

The behavioural interactions seen in the experiments can be classified 
into six categories labelled a-f as shown in figure 1. When bi-directional 
behaviours occurred, both animals were said to have performed them. 
Nestmate discrimination was tested by looking for differences in tolerance 
between nestmates and non- nestmates. To do this, tolerance indices Ta, 
Tb, Tc, T d, Te and T1 corresponding to each of the six possible categories 
were calculated as shown in the example below. 

15 
Ta = I Pi ri 

i=1 

where Pi is the proportion of the ith behaviour m a and n is the tolerance 
rank (Table 1) of the ith behaviour. From the six diadic tolerance indices 
thus obtained, two additional tolerance indices were derive<;l as follows : 
tolerance among nestmates, Tx=Ta+Tb and tolerance among 
non-nest mates Ta= (Ty+ T z)/2 where Ty= Tc+ T dis the tolera1 ,ce between 
one pair of non-nestmates and T z = Te + T1 is the tolerance between the 
second pair of non-nestmates. We use the tolerance index as a measure 
of discrimination because it combines information from all the behavioural 
interactions. Such a method has previously been shown to be very sensitive 
in detecting recognition ability in social wasps (Gamboa et al., 1986). 

6. Data Analysis 

The ability to discriminate nestmates from non-nestmates was 
assessed by comparison of tolerance indices among nestmates and 
non-nestmates using the Wilcoxon matched-pairs signed-ranks test 
(Siegel, 1956; Sokal and Rohlf, 1981). 

Our null hypothesis was that tolerance among nestmates (T x) was not 
significantly different from tolerance among non-nestmates (Ta). To ensure 
that difference in age and body-size are not sufficient to explain our results 
we matched the animals used in an experiment as closely as possible to 
minimize differences in age and body size. Any residual effects of age and 
body-size were examined by testing the following six additional null 
hypothe·ses by the Wilcoxon matched-pairs signed-ranks test. 
(1,2) Th.e older (larger) of the two animals available for interaction was 

not treated differently from the younger (smaller) of the two. 
(3,4) Animals older (larger) than oneself were not treated differently from 

animals younger (smaller) than oneself. 
(5,6) Animals closer to oneself in age (body size) were not treated 

differently from animals farther than oneself in age (body size). 
Nestmates appear to be more tolerant of each other than non

nestmates, provided discrimination takes place. The differences of the 
tolerance indices between nestmates and non-nestmates were therefore 
examined by a one-tailed test. All other tests were two-tailed. 
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RESULTS 

Female wasps of R. marginata present on the nest at the time of 
collection but later isolated from nestmates for several days (treatment 1) 
strongly discriminate nestmates from non-nestmates. Nestmates are 
significantly more tolerant of ~ach other than are non-nestmates (Tx > Ta) 
(p= 0.0055; n = 14; T = 12) (Table 2). In these experiments nestmates had 
both familiarity with each other (by virtue of having been present on the 
nest at the time of collection) as well as genetic relatedness (by virtue of 
being nestmates) to aid in discrimination. That genetic relatedness alone 
is sufficient and that familiarity is not necessary for discrimination is shown 
by experiments involving animals eclosing in the laboratory and then being 
exposed to their natal nest and nestmates (treatment 2). Here nestmates 
were genetically related (by virtue of eclosing from the same nest) but were 
not familiar with each other (by virtue of eclosing on different halves of the 
nest). Yet nestmates recognized each other. Nestmates were again more 
tolerant of each other than were non-nestmates (T x > Ta) (p = 0.0394; 
n=16; T = 34) (Table 2). 

Table 2. 
Comparison of tolerance indices by the Wilcoxon matched- pairs 

signed-ranks test. T x = tolerance among nestmates. Ta= tolerance 
among non-testmates. In both cases T x is significantly greater than Ta 

Wasps present on the nest at the Wasps eclosing in the laboratory 
time of collection and subse- but exposed to a fragment of their 
quently isolated for several days nest and a subset of nestmates 

Expt. Tx Ta Expt. Tx Ta 
No. No. 

1 16.68 16.51 44 17.27 9.63 
2 22.00 11.88 45 19.04 18.67 
3 14.17 13.58 46 19.16 5.47 
4 16.92 12.53 47 15.13 16.20 
7 18.21 17.26 48 21.47 17.21 
9 16.00 9.98 49 17.36 18.80 

12 14.67 13.12 50 20.01 16.08 
13 17.29 13.76 51 16.27 12.43 
30 21.57 6.30 52 13.08 12.90 
33 22.66 9.61 58 20.18 15.28 
34 8.61 12.72 59 20.00 13.79 
39 18.13 10.98 60 17.00 15.09 
53 21.29 15.14 61 12.50 16.24 
55 12.98 15.85 62 14.06 20.89 

77 17.43 18.26 
78 19.08 17.46 

p = 0.006 p = 0.039 
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Wasps isolated immediately upon eclosion and not exposed to their 
natal nest and nestmates made, if anything, a feeble discrimination 
between nestmates and non-nestmates. The tolerances of nestmates and 
non-nestmates were not different from each other (p = 0.1073; n = 16; T = 
44) (Table 3) . It is possible that fully developed wasps may sit inside their 
pupal cases and gain a certain amount of exposure to their nests before 
chewing their pupal caps and coming out. To circumvent this problem we 
have also conducted experiments with wasps artificially removed from their 
pupal cases prior to their natural eclosion and allowed to complete their 
development in an incubator. Such animals failed to discriminate their 
nestmates from non-nestmates. The tolerance indices between nestmates 
and non-nestmates were not different from each other (p > 0.2614; n = 17; 
T = 63) (Table 3) . 

Table 3. 
Comparison of tolerance indices by the Wilcoxon matched pairs 

signed-ranks test. Parameters as in Table 2. In both cases Tx is not 
significantly different from Ta 

Wasps isolated from nest and Wasps isolated from nest and 
nestmates immediately after nestmates prior to natural eclosion 
eclosion 

Expt. Tx Ta Ex pt Tx Ta 
No. No 

5 16.00 9.30 89 17.26 17.97 
8 13.25 12.43 90 18.05 12.68 

11 7.69 11 .01 92 16.71 23.04 
14 11 .11 9.44 94 15.64 15.21 
36 16.78 9.84 95 20.24 16.30 
37 14.62 15.72 96 20.58 17.16 
38 13.56 10.08 97 19.54 19.04 
40 13.33 12.30 98 14.48 13.52 
41 8.37 10.55 103 19.40 20.36 
42 18.93 13.28 104 14.14 15.95 
43 18.00 3.53 105 20.87 13.66 
63 19.18 12.77 106 15.68 19.58 
65 17.05 16.70 107 17.10 19.06 
66 14.50 17.42 108 22.65 16.73 
85 3.16 11 .43 109 15.36 18.54 
86 16.16 15.54 110 15.31 16.58 

111 21.00 14.70 

p-0.107 p. 0.261 

We would like to ascribe the observed differences in behaviour between 
nestmates and non-nestmates to the difference in kinship. In order to do 
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so we should gua~d against the possibility of other d1tterences between the 
animals leading to the observed results. Althoush the animals chosen for 
an experiment were matched as closely as possible for equivalence in age 
and body size (in the case of animals present on the nest at the time of 
collection matching was only possible with respect to body size as the ages 
of the animals were unknown) we have ascertained that any residual 
difference in age and body size are not sufficient to explain our results. 
Reanalysis of our data ignoring nestmateship but considering residual 
differences in age and body size (again in the case of animals present at 
the time of collection only the effect of body size could be studied as their 
ages were unknown) show the following. In all our experiments, older or 
large animals are not treated differently compared to those that are 
younger or smaller than oneself (p > 0.0663). Similarly animals which are 
older or larger than oneself are not treated differently compared to those 
that are younger or smaller than oneself (p > 0.0663). Finally animals that 
are relatively closer to oneself in age and body size are not treated 
differently from those that are relatively distant from oneself (p > 0.3343). 
These results strengthen our conclusion that it is differences in kinship that 
are being recognized. 

DISCUSSION 

Female R. marginata discriminate between nestmates and non
nestmates provided they have been exposed upon eclosion to their natal 
nests and nestmates. Even those nestmates with whom wasps may not 
have interacted are recognizea as nestmates because of exposure to the 
nest and a subset of nestmates. This result is entirely consistent with what 
is known about nestmate discrimination in the better studied North 
American Po/sites species where it has been demonstrated that exposure 
to nest or nestmates is essential for nestmate discrimination (Shellman and 
Gamboa, 1982; Pfennig et al., 1983a,b). 

Nestmate discrimination or kin recognition may be thought of as a 
process of comparing recognition templates carried in the brains of animals 
with recognition labels carried on the bodies of animals that are being 
recognized (Gadagkar, 1985b; Lacy and Sherman, 1983). Our results 
suggest that one or both these (labels and templates) are lacking in animals 
isolated immediately after or somewhat before natural eclosion and that 
one or both of these are acquired as a result of exposure to the nest and 
nestmates. If both labels or templates are acquired from the nest or other 
nestmates and if this is essential for discrimination between nest mates and 
non-nestmates it seems somewhat unlikely that different levels of genetic 
relatedness within a colony such as that between full and half-sisters can 
be distinguished. Aversion of Hamilton's kin selection theory (1964a,b) that 
attempts to explain the origin of eusociality in Hymenoptera which may be 
called the haplodiploidy hypothesis depends upon the higher level of 
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relatedness of workers to their sisters (coefficient of genetic relatedness, 
r= 0.75) compared to their relatedness to their daughters (r = 0.5) (see 
Gadagkar, 1985a,b,; Hamilton, 1972; Trivers and Hare, 1976; 
West-Eberhard, 1975; Wilson, 1971 ). This asymmetry breaks down 
however if queens mate multiply, use sperm from different males randomly 
and produce several genetic lines of daughters who would be half- sisters 
(r = 0.25) of each other. Workers would now profit instead from raising their 
own daughters and kin selection would not be as powerful a force in 
moulding sociality as expected. Besides the known multiple origins of 
eusociality in Hymenoptera would not be such compelling evidence in 
favour of kin selection theory. These problems can be overcome if workers 
can discriminate between full- and half-sisters and aid only full- sisters thus 
restoring the required high level of genetic relatedness between workers 
and the brood they raise (Gadagkar, 1985b, Getz et al., 1982; Page and 
Metcalf, 1982). It is riow clear that R. marginata queens mate multiply and 
use sperm randomly thus creating the kinds of difficulties for kin selection 
theory mentioned above (Muralidharan et al., 1986). The results presented 
here as well as preliminary results from other experiments suggesting that 
both the discriminated animal as well .... s the discriminating animal should 
be exposed to the nest and nestmates (unpublished observations) imply 
that the above difficulties are unlikely to be overcome by kin recognition. 

SUMMARY 

The correlation between genetic relatedness created by haplodiploidy 
and the multiple origins of eusociality in the Hymenoptera has long been 
considered as important evidence for the evolution of eusociality by kiR 
selection. Recent evidence concerning the occurrence of multiple mating 
and the consequent decrease in worker-brood genetic relatedness reduce 
confidence in this evidence. The original asymmetries in genetic 
relatedness can be restored however if workers in social Hymenoptera 
discriminate between different patrilines despite being habituated to all of 
them. It has been argued before (Gagagkar, 1985b) that this is possible if 
recognition labels are self-produced and recognition templates are 
self-based. We have examined these questions using the primitively 
eusocial tropical wasp Ropaldia marginata. By recording all behavioural 
interactions in a neutral arena and comparing tolerance levels we show 
here that females of this species can discriminate nestmates from 
non-nestmates outside the context of their nests. To do this however, it is 
essential that animals should be exposed upon eclosion to their respective 
natal nests and nestmates. These results suggest that recognition labels 
are not self-produced or recognition templates are not self-based. It is 
therefore unlikely that different patrilines within a colony will be 
discriminated. 
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