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lNTRODU CTION 

Wasps are remarkable amongst the social insects in exhibiti ng all 
stages of development of social ity from completel9 solitary to highly 
advanced colonial species with females clearly differentiated into re
productive and worker castes. The stage of greatest interest, to the 
student of social evolution in this series is that of truly eusocial wasps 
with multiple egg-layers morphologically indistinguishable from the 
non-laying workers. The tropical old world wa p genu Ropalidia is 
one of the few genera · occupying this crucial stage in the development 
of social habits ( Roubaud 1916, Wil son 1971, Gadgil and Mahabal 
1974). A number of species of th is genus occur on the Indian sub
continent, 'Ropalidia marginata being one of the com monent paper 
wasps of Peninsular India (vander Vecht 1962). Tt is a medium sized 
wasp measuring abou t 20 mm from the tip of the head to the end of 
the abdomen, with a well grown adult weighing upto 75 mgm. It 
builds a nest of carton with naked combs suspended by one or more 
pedicels in any dark , undisturbed corner of hou es and buildings. The 
number of cells in a colony may go upto 500 while the number of 
adults may reach 100 or more. We have been investigating the popula
tion ecology and social biology of this species in Poona and Bangalore 
since 1971. This paper reports our preliminary findings on the cycle 
of population ~rowth in the colonies of these wasps, and attempts to 
relate thi.s population cycle to the social structure of the R . marginata 

colonies'. · 

MATERIALS AND METHODS 

We have observed and harvested Ropalidia margi11ata colonies 
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from the cities of Poona (18°30 1 N and 73•531 E) and Bangalore (13°001 N 
and 77°32'E) at various times over a period of five years from October 
1971 to October 1976. Our population observations include records 
on the number of pupae and adults at a colony, maintained at roughly 
8-10 day intervals. Such observations were maintained on 3 colonies 
in Poona for the period October 1971 to may 1973 and for 45 colonies 
in Bangalore for the period October 1974 to October 1976. In addi
tion, we harvested a total of 28 paper wasp colonies from Poona 
over the period October 1972 to October 1975. While harvesting, 
attempts were made to collect entire combs along with all the adults 
and immature stages. The adults were sexed and fhe females dissected 
to ascertain the state of development of their ovaries. We also weighed 
all the adult and immature stages. 

COLONY CYCLE 

Colonies of R. marginata are founded and abandoned all round 
the year. They are initiated by I to 20 females, 3-4 being the commo
nest number of foundresses (Fig l). All the females at the 
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Fig. 1. Frequency distribution of number of foundresses of R, rrtarglnata 
colonies. 
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colony are morphologically indistinguishable, although only some of 
them have well-d~veloped ovaries and are functional egg-layers. The 
egg, larval and pupal stages each take about 2 weeks for development, 
so that the first brood emerges about 6 weeks after the founding of 
the colony. Many of these stay on contributing to the colony labour, 
so that the rate of colony growth· may accelerate at this juncture. 
Colonies may grow to sizes of up to 100 adults and over 200 immature 
individuals, although colonies with more than 60 adults are rare. 
Large number of adults seem to leave the colonies which have grown 
to these sizes, and these exoduses seem to set the upper limit to colony 
size in this wasp species. The males are not distinguishable froni the 
females io the field ; hence we unfortunately lack definite evidence on 
the stage at which the males are produced. The colonies are perennial, 
and may last for more than two years, while individual adults are 
known to live for six months. Colonies may be abandoned at various 
stages of their growth, though most fail at the very early stages of 
establishment. 

FOUNDING 

New colonies of R. marginata are founded by l to 20 females, 3 or 
4 being the commonest number (Fig. 1). Io a number of cases 
the initial single foundress appears to be joined by other females 
within a few days of founding of the colony. We had marked a 
number of newly emerging females on colonies in the campus of the 
Indian Institute of Science. It was noticed that on these colonies the 
newly emerged individual_s were not spending the night on the nest 
every night, but were occasionally missing for 2-3 days before returning 
to it. It is possible that these individuals may have been visiting other 
newly founded colonies on the nights that they were absent. There 
were emigrations of large number of adults from colonies which had 
grown to more than 40-50 adults in size. Groups of individuals from 
these exoduses probably constitute the initial set of foundresses for 
many colonies. 

REPRODUCTIVE DIFFERENTIATION 

Our dissections from the harvested colonies indicates that although 
there is no morphological differentiation amongst the females, there is 
a marked differentiation amongst them in terms of development of 
ovaries. In all the colonies, a majority of the females possessed rudi
mentary, completely undeveloped ovaries, while only 1 to 6 females 
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possessed moderately or well developed ovaries. In most of the cases, 
the females with well-developed ovaries tended to be heavier iu 
weight than the other females (Fig. 2). This suggests that, as in the 
ca~e of Polistes, there is a dominance h\~rarchy amongst the females 

COLONY- A 7 COLONY- C 

6 ' 

5 D OVARIES POORLY 
DEVELOPED. 

4 
[ill OVARIES IVIODERAT[ LY 

3 
. 

DE VELOPED 

~ 
OVARIES WELL 

2 
DEVELOPED. 

JS 43 48 53 58 63 6S 
0 18 23 

10 

COLONY - B 9 COLONY-0 

7 

6 

5 

4 

3 
-.)t:. 

2 

(~:?~~.:1 
33 36 43 48 53 se 6 3 68' 73 

WT. IN MGMS WT IN MGMS 

Fig. 2. The weight class and the extent of ovarian ~evelopment in the 
total female population in four colonies of R. margi11ata (after Gadgil and Mahabal 
1974.) 

at a colony with the dominant females doing less of foreging and 
possessing better developed ovaries (Teanne 1972, West Eberhard 1969). 
There is extensive food sharing at the colonies of R. marginata, and 
it is quite plausible that the dominant individuals get a disproportiona
tely greater share of the food, while expending less energy on foraging. 
They may thus be ~ble to grow heavier and develop their ovaries, while 
the less dominant individuals, the workers suffer from 'nutritional 
castration'. 

The number of females with developed ovaries does not bear any 
clear relation to the total number of females on the colony ; while it 
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shows evidence of an increase with the number of cells in the comb 
(Fig. 3). With one exception, all the colonies with Jess than 80 
cells had a single egg-layer, while all the larger combs had three or 
more. The number of cells in a comb is a good indicator of the age 
of the colony, while the number of females in a colony keeps constantly 
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NUMBER OF CELLS IN COMB 

Fig. 3. The number of females with developed ovaries as a function of 
the number of cells in the co1o ny comb. 

fluctuating because of peiiodic large scale emigrations. We may there
fore conclude that the number of egg-layers in a colony increases with 
the age of the colony, Jnitially, at the found ing, a single female domi
nates and monopolises all egg-laying ; as the colony develops, this 
monopoly is broken and other females, again the heavier, more domi
nant ones, also begin to lay eggs. 

POPULATlON FLUCTUATIONS 

The number of adults at a colony of R. marginata rarely shows 
any smooth increase or decrease. Rather, it is characterized 
by continual fluctuations. Figures 4 and 5 re~resent the popu
lation changes .at two of the colonies which grew to considerable· 
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Fig. 4. Number of adults at a Ropalidia marginata colony in Bangalore. 
Tbe arrows indicate mass exoduses. 

size, and lasted for 2 years or more. In both these cases, the 
colonies grew initially, and following one or more mass emigrations, 
remained fluctutat ing fo r several months at less than 20 adults. Jn 
the case of the first colony, there were 4 clear cut instances of mass 
emigrations or exoduses (Fig. 4). These involved 30 or more 
adults apparently leaving the colony, perhaps to found other colonies 
nearby. In the case of the second colony, there was a single major 
exodus, apparently in direct response to predation on·the colony by 
Vespa tropica. This large wasp feeds on eggs, larvae and pupae of 
R. marginata. The particular colony depicted in (Fig. 5) -was 
under continual observation, and it is known that. the mass exodus 
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Fig. 5. Number of adults at a R. marginata colony in Poona. There 
was a single exodus following the first instance of predation on the colony by Vespa 
tropica indicate periods of regular predation by this wasp 

followed the first-ever visit of the predator to the colony. The 
predator continued to regularly visit this colony thereafter, and 
apparently kept the population in check for a year or so. Beyond 
this period, the colony failed to grow further, although the visits 
of the predator apparently ceased. 

These Jong-Jived colonies however represent only a small propor
tion of the total colonies. Most of. the colonies in fact had a much 
shorter life span. Fig. 6 plots the total life span of the 19 
colon ies which were observed from their inception till a·bandonment, 
while -Fig. i plots the minimal life span of 19 more colonies 
whose founding and/ or abandonment occured before or after our 
period of observation. Although our observations continued over 
150 weeks in Poona and 100 weeks in Bangalore, the colonies observed 
from founding to ·aba~donni'ent bad life spans .of. Q toA.O weeks only. 
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Fig. 6. The tota l life span of 19 colonies from Bangalore and Poona. 

Even here, the shorter life spans are obviously under represented as 
many colonies which would be founded and abandoned in less than 
I 0 days - our observation interval - would not be recorded. As is 
evident from Fig. 6 and 7, there is obviously a clear-cut bimo
dality in the life spans of colonies, most being destroyed in 15 weeks 
or less, while those that persist beyond t~is_ having modal life spans 
of 50-100 weeks. 

Fig. 8 presents further analysis of these population fluctua-
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Fig. 7. Estimates of minimal life span of 19 colonies from Central 
College, Bangalore or Poona. 

tions. ,Here we present the probability of increase in the number of 
adults. at .a colony as a function of the number of adults already 
present. These probabilities have been computed by pooling together 
our data for the 30-odd colonies monitored over more than 2 years, 
after correcting for the under representation of colonies which would 
have escaped detection by being founded and abandoned in between 01;1~ 
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-

Fig. 8. Probability of increase in adult numbers as a function of number 
of adults already psesent. The arrows indicate the expected change on the mean in 
the number of adults in colonies of various sizes. 

two successive observations. As can be s.een, the smallest colonies 
have the lowest probability (only 0.3) of further increase in number. 
They are thus colonies most susceptible to extinction. The only sizes 
at which the colonies have near even or better than even chance of 
increase are between IO to 40. Thus, a colony which has increased 
to this level may further increase rapidly till it crosses 40 adults. 
Beyond this, the colonies tend to have a high propability of decrease 
due to mass exoduses. The resultant size frequency distribution of 
colonies is presented in Fig. 9. The vast majority of the colonies 
have les.s than 10 adults, most go extinct without getting beyond 
this stage. 

SOCIAL STRUCTURES 

It is by now well-establised that the rationale for the development 
of sociality in wasps, ants and bees lies in their haplodiploid system 
of sex determination, Because of this, a female ~asp is genetically 
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NUMBER OF ADULTS ON A COLONY 

Fig. 9. Frequency distribution of the total population of R. marginara 
colonies in terms of the number of adults present on the colony. 

more closely related to her sister than she is to her daughter, and it 
is therefore more advantageous for a female wasp to help her mother 
raise daughters which would be her sisters, than to attempt to raise 
daughters by herself. This is why wasps are selectively favoured to 
stay on_ with their mother and help her with the colony labour. At 
the s~me time, sons are more closely related to female wasps than 
brothers are ; hence the workers would have a tendency to lay male 
eggs, ~nd the males themselves would not share in the colony labour 
(Hamilton, 1964, Wilson 1971, Trivers and Hare 1976, West-Eber
hard , 1975). 

Wasp colon ies with multiple foundnesses and with multiple egg 
layers do not fal l neatly in this scheme, particularly if the egg-laying · 
females themselves were not close relatives. We. however, now know 
that in the case of Polistine wasps with multiple egg-layers, the 
foundresses do in fact tend to be sisters (West Eberhard ·1969). This 
system of multiple fotlndresses' can evolve if the colonies are highly 
susceptible to failure . in the early stages of growth'. Then, if the 
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coming together of several females increases the probability of success 

of a colony by a factor o f 1.5 or more sisters may band together, and 
relinquish reproduction to the most dominant female as the female 
brood they are raising will be related to them as nieces with k= 0.375. 
If a single female remains reproductive, the workers of the later 

brood will be raising their sisters with k= 0.75. 
I 

If, however, more than one of the founding sisters starts to lay, 

the workers will now be raising ·a brood related at least in part to 
them as first cousins (k=0.19). At this point the workers may find 

it more advantageous to leave the colony and attempt to found one 
on their own. This tendency will increase with an increase "in the 
number of egg-layers in the colony. 

As discussed earlier, the small .colonies of R. marginata are in 
fact highly suscept ible to failure , hence the banding together of 
several foundresses is expected. We have no evidence that these are 
sisters, though this is plausible as new colonies . are very often 

founded close to old 'one'> and the founders a re likely to be sisters 
who leave together in an ' exodus from the colony. 

We have also shown that there is a tendency fo r mass ex<?duses 
from colonies with over 40 adults. This may be related to these 

being older colonies with multiple egg-layers in which the average 
degree of relationship between the workers and the brood · would tend 
to be low, making it less advantageous for the workers to stay on at 

the colony. Difficulties of sustaining a larger co lony on the food 
resources of the home range could be ruled out as a major factor 

since the new colonies are often founded next to the parental colony 
and must therefore utilize much the same food resources. 

We thus see in this paper wasp a beautiful example of interaction 

of ecological and social pressures determining the course of population 
growth of a colony. The eco logical pressures rendering small colonies 

highly susceptible to failure dictate the banding together of seve·ral 
females. As the colony grows in size, a single female can no longer 
dominate it to the level of exclusiv~ly monopolizing all egg-laying. 
With multiple egg-layers becoming active, the workers are at less of 
an advantage in remaining on the colony and hence begin to leave in 
numbers producing. the large population fluctuations. However an 

established colony has the ability to survive for a long time, retaining 
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some of the workers: Such colonies may persist for years - providing 
examples of longivity unparalleled in the asocial insect world. 
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