Do Social Wasps Choose Nesting Strategies
Based on Their Brood Rearing Abilities?
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Primitively eusocial wasp nests may
be founded by one or a group of fe-
males. The solitary foundress builds a
nest, lays eggs, defends her brood
from parasites and predators, and
forages to feed her growing larvae, all
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by herself, at least until the eclosion
of her first daughter. In multiple-foun-
dress nests, only one individual nor-
mally assumes the role of dominant
queen or egg layer while the remain-
ing cofoundresses act as subordinate
workers, building the nest and fora-
ging for food and building material
and laying few or no eggs [1, 2]. An
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obvious question is why the subordi-
nate cofoundresses do not leave to
start their own solitary-foundress nests
and rear their own offspring. In most
species studied, the per-capita produc-
tivity of nests does not increase as a
function of the number of foundresses
[3—6]. This makes the altruism on the
part of the cofoundresses even more
paradoxical because it appears that
subordinate cofoundresses gain no
particular advantage by joining an-
other individual’s nest rather than in-
itiating their own. This argument
makes the assumption, however, that
the subordinate cofoundresses would
have achieved the same productivity
as the solitary foundresses do, had
they themselves chosen the solitary
nesting strategy. If, however, the indi-
viduals who chose to become subordi-
nate cofoundresses fare very poorly as
solitary foundresses, then one must
compare their contribution in multi-
ple-foundress nests with (1) what they
might have achieved if they them-
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Field Laboratory lines above thenstandard deviations. Except the queen was forced to nest alone. In
: in the case of brood in the field experiment R. marginataat any given time, only
(p<0.01), all comparisons are insignificant gne individual is the egg layer, who
(p>0.05) by the Kru;kal-Wths test. Within \ygs unambigously identified by be-
, T cechbor bas canyg difeet Apnabets havioral observatons. Al manipula:
the Mann-Whitney U-test p=0.05). Brood tions were performed in the very early
produced by the cofoundress forced to nes€99 Stage of the nesting cycle and the
alone in the field was also significantly less total brood present at the time of ma-
than the brood produced by isolated cofoun-Nipulation was not significantly differ-
dresses and queens in the laboratory cagegnt between the different categories of
i (Mann-Whitney U-testp=0.05). Brood pro- nests {-test, p>0.05, df=47 to 52).
- duced by the isolated queens and the solitary=or successful nests, namely those
foundresses in the field were not significantly that produced at least one adult off-
% 2 T T S DS serng, ety was messured s
tory cages (Mann-Whitney U-tesf>0.05). the total brOOd. (eggs+|arvae+pupae)
' SinceR. marginatafollows a perennial inde- Prese”t at the t_'me of eclosion of the
a Lo terminate nesting cycle, all nests could not befirst adult offspring.
monitored until they were abandoned. Be-The proportions of successful nests
é % % 6o sides, there is no strict demarcation betweerranged from 15% to about 22% and
potential workers and potential reproductives,did not differ significantly between
XS : Lo so that one cannot measure productivity amests with cofoundresses forced to
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Nests were therefore monitored until thedress nests forced to nest alone. and
eclosion of the first adult offspring or until '

they were abandoned, whichever was earliepatura”y occurning solitary  foun-

[16]. Identical results were obtained whendresses‘. _(Flg. 1, field). However, the

cells, eggs, larvae, and pupae were analyze@roductivity of cofoundresses forced
Fig. 1. Comparison between randomly cho-separately. For brevity, only results with total t0 nest alone was significantly less
sen cofoundresses forced to nest alonebrood are shown. Since the time of hatchingcompared to both the productivity of
queens of multiple foundresses nests forceaf the first egg was known more precisely queens forced to nest alone and natu-
to nest alone, and naturally occurring solitarythan laying of the first egg under field condi- rally occurring solitary foundresses.
foundressed.aboratory Comparison between tions, brood developmental time was mea-The productivity of queens forced to
cofoundresses and gqueens from naturally ocsured as the time between the production of,ast alone was not significantly differ-
curring multiple-foundress nests isolated indi-the first larva and the eclosion of the first ent from that of naturally occurring

vidually in laboratory cagesBars means; adult offspring solitary foundress nests (Fig. 1, field:

Mann-Whitney U-test, multiple com-

parisons with Bonferroni corrections).

The time taken from the hatching of
selves had chosen the solitary-nestingary-nesting strategy. Such a testthe first larva to the eclosion of the
strategy rather than with (2) the pro-would require that individuals that first adult was not significantly differ-
ductivity of individuals who naturally have naturally chosen to become subent for the three classes of nests
opt for the solitary-nesting strategy.  ordinate cofoundresses in multiple-(Fig. 1, field).
It has been hypothesized that indivi-foundress nests be forced to nestwVhy did the cofoundresses that were
duals opting for subordinate worker alone. forced to nest alone have such low
roles may be subfertie and may beSeventy-seven naturally initiated nestgroductivity as compared to naturally
making the best of a bad job [7, 8]. of R. marginatalocated in the Indian initiated single-foundress nests and
In the primitively eusocial waspR. Institute of Science, Bangalore queens forced to nest alone? One pos-
marginata there is evidence for a lar- (13°00N and 7732E), were used in sibility is that they were incapable of
val nutrition based preimaginal castethis study. Of these, 28 were naturallaying enough eggs. Another possibi-
bias such that relatively better-nour-single-foundress nests and they werdity is that they might have been in-
ished larvae develop into egg layersnot manipulated in any way. Of the capable of sufficient foraging to per-
and relatively poorly nourished larvaeremaining 49  multiple-foundress mit productivities on a par with natu-
develop into nonegg layers [9-11], nests, 26 were randomly chosen, taally initiated single-foundress nests
but in Polistes bellicosughere is no force cofoundresses to nest alone; thend queens forced to nest alone. The
significant difference in the productiv- queen and all but one cofoundresdirst possibility is unlikely for two
ities of small and large wasps [12]. (chosen randomly) were removed onreasons. One, cofoundresses forced to
There has, however, been no directhe day each nest was located. Tanest alone, queens forced to nest
test of the hypothesis that subordinatecontrol for the disturbance caused byalone, as well as naturally occurring
cofoundresses might fare much moresuch manipulation, the remaining 23solitary foundresses had similar rates
poorly compared to solitary nesters, ifnests were manipulated such that albf egg-laying during the observation
they themselves had chosen the solithe cofoundresses were removed angeriod (-test, p>0.50, df=47 to 52;
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Fig. 1, field). The second reason(data not shown).R. marginatafe- subordinate cofoundresses in rearing
comes from the laboratory experi-males thus appear to choose theibrood as solitary foundresses substan-
ments. The 62 cofoundresses and 2hesting strategies based on their abiltially compensates for the cost of not
queens that were removed from theties to rear brood, the relatively “in- reproducing and, instead, rearing
field colonies in order to force one of ferior” subordinate cofoundresses maybrood of low genetic relatedness in
the cofoundresses or the queen to negirefer not to initiate their own nests multiple-foundress nests.

alone were isolated into individual as the “superior” solitary foundressesAt this stage we are, however, unable
laboratory cages and provided with anand queens of multiple foundressto entirely rule out an alternative in-
ad libitum supply of food and build- nests do. When they find themselvederpretation of our results, namely that
ing material. Under these conditions,in a multiple-foundress nest, however,cofoundresses forced to nest alone in
the wasps can initiate single-foundresghe subordinate cofoundresses appedhe field may be unwilling to rather
nests and produce offspring [9-11]. Into be able to rear as much brood aghan incapable of rearing as much
the laboratory cages, about 40% ofsolitary foundresses and queensrood as naturally occurring solitary
the isolated cofoundresses and aboubrced to nest alone because the perfoundresses and queens forced to nest
43% of the isolated queens successeapita productivity remains more or alone can; the unwillingness poten-
fully produced at least one offspring. less constant with increasing grouptially arising from the expected lower
Not surprisingly, success rate in thesize in multiple-foundress nests [6]. genetic relatedness of the cofoundress
field (Fig. 1, field) was lower than How the same individuals manage tonesting alone to brood in the nest, be-
that in the laboratory for both queensrear more brood when working in cause the latter belongs to the queen
and subordinate cofoundresses (Fig. Iinultiple-foundress nests, however, rewhich was removed. However, not all
laboratory). As in the field, the suc- mains to be understood. the brood reared by the cofoundress
cess rate did not differ significantly The experiments reported here indi-forced to nest alone belonged to the
between the isolated cofoundressesate that the productivity of joiners in- previous queen; often, these cofoun-
and the isolated queens. However, unereases by a factor of 2.9, from aboutdresses laid their own eggs after the
like in the field, there was no signifi- 4.2 if they nest alone to about 12.3 if previous queen was removed. For the
cant difference between the isolatedthey become subordinate cofoun-four successful cofoundress nests, the
cofoundresses and the isolated queerdresses (assuming that each additiongiroportion of their own brood out of
in their total brood production (Fig. 1, individual contributes as much as athe total reared by them ranged from
laboratory). No significant difference single foundress does, leading to a.071 to 0.667 (meatt SD = 0.374t
was observed between the isolated coeonstant per-capita productivity in 0.338). Secondly, we have reason to
foundresses and the isolated queens imultiple-foundress nests). This meanselieve that cofoundresses may not be
the time required for nest initiation that the subordinate cofoundressesinwilling to rear brood which did not
and eclosion of the first offspring would break even in their inclusive belong to them. This reasoning is
(Fig. 1, laboratory). Cofoundressesfitness even if they reared brood inbased on our previous finding that the
forced to nest alone in the field, but multiple-foundress nests, that are refoundresses move extensively from
not queens forced to nest alone in thdated to them 2.9 times less than thenest to nest during the preemergence
field or naturally occurring solitary brood in their own single-foundress stage inR. marginata.n a field study
nesters, had significantly lower brood nests would have been. Solitary foun-we found that 217 out of 676 marked
compared to cofoundresses andlresses rear their own offspring, who,wasps (32.1%) were seen to join pre-
gueens isolated in laboratory cagesn outbred populations, are expectedviously established nests and 69 out
(Fig. 1). Their similar rates of egglay- to be related to them by 0.5. Thus, asof 145 nests (47.6%) received at least
ing in the field and identical produc- subordinate cofoundresses, they obene joiner each. Although the source
tivities in the laboratory suggest thattain as much inclusive fitness as theyof all the joiners was not known, we
cofoundresses are as fertile as queensould in the solitary state, even if have definite evidence that at least 16
and solitary nest foundresses. The sigthey rear brood related to them bynests consisted of foundresses coming
nificantly lower productivity of co- 0.5/2.9=0.17. On account of polyan-from two or more source nests, at
foundresses forced to nest alone irdry and serial polygyny that result in least 3 nests consisted of foundresses
the field thus seems to arise not fromthe presence of multiple patrilines andcoming from three or more source
their inability to lay enough eggs, but matrilines in colonies oRR. margina- nests, and at least 1 nest consisted of
perhaps from their inability to forage ta, female offspring have been esti-foundresses coming from four or
for as large a quantity of brood as themated to be related to each other bymore source nests [6]. It seems unli-
other two categories of individuals values ranging from 0.22 to 0.46 [13, kely that wasps would voluntarily
and at the same time have the samé4]. If new colonies are founded by make such movements if they were
probability of survival (which they groups of female wasps eclosing fromunwilling to rear brood of different
do). In the field, cofoundresses forcedthe same nest, then subordinate colevels of relatedness. Using allozyme
to nest alone, but not queens forcedoundresses rearing brood producecklectrophorosis and pedigree analysis,
to nest alone, lost or destroyed mosty one of them must therefore rearit has been shown that iR. margina-

of the eggs laid prior to the experi- brood related to them by values rang-ta nests, brood may be brothers and
mental manipulation and maintaineding from (0.22 to 0.46x 0.5=0.11 to sisters, nieces and nephews, cousins,
substantial numbers of empty cells0.23. Thus, the lower efficiency of cousins offspring, mother’'s cousins,
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mother’s  cousins’  offspring, or
mother’s cousins’ grand-offspring of
the workers [13, 14]. This hardly sug-
gests that the wasps will be unwilling
to rear brood of different levels of re-
latedness. The most likely explanation
for our results is therefore that co-
foundresses forced to nest alone are
incapable of rearing as much brood as
queens forced to nest alone or a soli-
tary foundress, and hence we sugges-
tion that wasps may choose their nest-
ing strategies based on their brood-
rearing abilities.
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