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Within-group power asymmetries and the resulting reproductive skew, common in most social groups,
may effectively be set at the very early stages of group formation, that is, when group membership is
determined. Hence, groupmate choices can define an individual’s future reproductive success. We
examined how groups of Polistes dominulus formed under natural, unconstrained conditions, using data
on the nesting history, kinship and morphology of individually marked foundresses obtained during two
consecutive seasons in southern Spain. Foundresses that hibernated in the same aggregation were more
likely to start a nest together, but all of the foundresses at a nest were seldom from a single aggregation.
Changes in group composition were frequent throughout the preworker period, mainly because some
foundresses disappeared and other wasps joined established groups. Within-group relatedness, however,
was not affected by the late arrival of wasps. Our results suggest that waiting to join an established group
is a common nesting strategy in P. dominulus. Only 16% of marked wasps used more than one nest.
Foundresses that moved between groups tended to move to groups in which genetic relatedness among
the resident foundresses was higher, but not necessarily relatedness to the moving wasp herself. Overall,
nestmate choices were not associated with a single factor. High failure rates, particularly of single-
foundress nests, however, suggest that ecological constraints (e.g. risk of predation, lack of resources)
may have a stronger effect on individual nesting choices than previously considered.
� 2011 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
Groups of cooperating individuals are observed from largemarine
mammals to unicellular amoebae (Strassmann et al. 2000; Mesnick
et al. 2003). In most species, individuals form only temporary asso-
ciations, frequently when breeding or foraging (Wilson 1975; Early &
Dugatkin 2010). However, extreme forms of cooperation, in which
group members partially or entirely forfeit their reproduction and
never leave their natal groups, exist in at least two very distinct
groups: vertebrates and insects (Wilson 1971; Reeve 1992; Clutton-
Brock 2002). In the aculeate Hymenoptera, in particular, this radical
type of cooperation, that is, eusociality, has evolved several times
(Wilson 1971; Bourke & Franks 1995). Explaining why individuals
sacrifice their own offspring production to assist in the reproduction
of others has long puzzled evolutionary biologists (Hamilton 1964;
Grafen 1991; Bourke 2011).

Kin selection has provided the major framework for under-
standing how altruistic behaviours have evolved (Hamilton 1964;
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Frank 1998). Models based on this theory have made clear predic-
tions about the range of conditions inwhich cooperative associations
should be formed (reviewed in Foster et al. 2006; Lehmann & Keller
2006). Although empirical support for these predictions has been
found in many taxa, the focus on within-group reproductive parti-
tioning and relatedness has diverted attention from the process of
group formation per se, especially under natural conditions (but see
Aron et al. 2009).

Paper wasps of the common temperate species Polistes dominulus
have a long period of nest foundation (ca. 2 months). Hence, they
provide a valuable opportunity to scrutinize the early stages of group
formation under natural field conditions. Mated foundresses
emerging from their winter diapause refuges in early spring can
pursue at least three nesting strategies: nest alone (monogyny),
associate with other females forming multiple-foundress nests
(polygyny) or remain on their winter refuges and ‘sit and wait’ to
adopt orphaned nests later in the season (Reeve 1991; Starks 2001).
Furthermore, before the emergence of workers at the beginning of
summer, foundresses may switch groups or usurp established nests,
that is, forcibly take the place of others in a group (Reeve 1991).

Potentially, foundressesmake crucial behavioural (reproductive)
decisions during the preworker period, that is, before dominance is
established and group composition is stable. At the beginning and
by Elsevier Ltd. All rights reserved.
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end of winter, when temperatures permit, foundresses frequently
interact at their winter aggregation sites (Pardi 1942). Interactions
range from simple antennation to trophallaxis (exchange of regur-
gitated food) and dominance interactions (Dapporto et al. 2005).
Nevertheless, it remains to be clarified whether wasps that hiber-
nate in the same aggregation are more likely to nest together later.

Once nests are initiated, foundresses are likely tomeet exclusively
at nests when they attempt to establish new groups or join estab-
lished ones. Earlier studies indicate that as in other paper wasps,
P. dominulus foundresses frequently move between nests before
worker emergence (reviewed in Reeve 1991; Nonacs & Reeve 1995;
Seppa et al. 2002). In seminatural conditions, Pratte (1979) repor-
ted that up to 75% of the foundresses switched from their original
nest during the first 12 days of the nesting period, visiting on average
three nests before settling permanently in a group. It has been sug-
gested that nest-switching foundressesmay be assessing the relative
reproductive payoffs associated with the available nesting choices
(Nonacs & Reeve 1995). Chemical profiles (epicuticular hydrocar-
bons) can potentially be used to discriminate dominant from subor-
dinate wasps within recently established groups of P. dominulus
(Sledge et al. 2004). However, foundresses that hibernate in the same
winter aggregation have very similar chemical profiles (Dapporto
et al. 2004). Thus, additional cues are likely to be used to select
individual cofoundresses. Individual variations in body size and
colour patterns exist and could potentially be used to select nest-
mates. Clypeal colour patterns are used in individual recognition by
Polistes fuscatus females and in the establishment of dominance in
P. dominulus foundress associations, that is, foundresses with larger
and more disrupted clypeal marks tend to be dominants (Tibbetts
2002; Tibbetts & Dale 2004; but see Cervo et al. 2008; Green &
Field 2011). However, there is little detailed information on the
frequency and magnitude of foundress movements for most paper
wasp species (e.g. Seppa et al. 2002; Sumner et al. 2007), so that the
generality of these hypotheses remains to be tested.

We analysed the group formation process by examining the
nesting histories of individually marked foundresses, and their
movement patterns between different groups. We first investigated
whether females thathibernate in the samewinter aggregations later
preferentially found nests together. We then tested the hypothesis
that fluctuations in group composition caused by the late arrival of
wasps determine intragroup genetic relatedness. Finally, we exam-
ined whether foundresses that visit different groups are choosing to
join a group according to the kinship structure of the group and
within-group variability in body size and facial patterns.

METHODS

Field Data Collection

We carried out field observations and collections at two semi-
rural sites in southwestern Spain (Conil de la Frontera, Province of
Cadiz; Site 1: 36�17011N, 06�04028W; Site 2: 36�17011N, 06�03057W).
The habitat at both sites consisted of hedges of prickly pear cactus
(invasive Opuntia sp., Barbera et al. 1992) surrounded by pasture and
crop fields. Hedges were 1.5e3 m high, and 2e21 m wide. Five and
four transects, adding up to a total of 500 and 180m of hedge, were
used in Sites 1 and 2, respectively.

Startingon18February 2004 and11February2005,wemonitored
each site every other day (between 1000 and 1400 hours) to locate
winter aggregations and newly founded nests. All groups detected
were numbered and their locations mapped. On a subsequent day,
before wasps were active (0700e0800 hours), females in winter
aggregations were marked on the thorax with a large dot of enamel
paint,with a unique colour for each aggregation.Waspsweremarked
directly in the hibernaculum with a long thin brush, since a pilot
study showed thatwhen removed from it they did not usually return
(N ¼ 10 aggregations, 207 wasps marked, three returned). The
number of wasps marked in each aggregation depended on its
location and size.

All wasps found on new nests were gently collected with long
forceps, placed into plastic bags and stored temporarily at 4 �C.
Within 4 h of collection, waspswere individuallymarked (2004: four
enamel paint dots; 2005: numbered tags from a honeybee queen
marking kit: Thorne, Market Rasen, U.K.) and subsequently released
onto their original nests to minimize any possible effect of removal.
The proportion of marked wasps that were observed only once
(at their original nest) was significantly higher in the second year
(0.32 in 2004 and 0.52 in 2005; c2

1 ¼ 28:963, P< 0.0001), indicating
that the tagmarking used in 2005wasmore disruptive for thewasps.
Markedwasps observed only once at their originalmarkingwere not
included in our group composition and wasp movement analyses.
Wasps marked with numbered tags occasionally lost their tags, but
could be identified by the presence of residual glue on the thorax and
subsequently re-marked.

Every other day, we inspected all nests in each site early in the
morning to detect changes in group composition. All wasps were
identified, and newly arrived unmarked wasps were collected,
marked and released on the same day.

Wasps that changed nests were placed into three categories:
(1) movement with replacement: foundresses that left their initial
nest up to 2 days after other foundresses (potential usurpers) arrived;
(2)movementwithout replacement: foundresses that left their initial
nest without the arrival of new wasps; and (3) nest-switching
foundresses that moved two to three times between the same pair
of nests.

Before the first workers started to emerge (May), all remaining
marked foundresses and their nests were collected and stored at
�80 �C.

Morphological Data Collection

Wings were carefully removed from frozen wasps, unfolded,
mounted between glass slides and measured under a 16� Leica
binocular microscope. The internal length of the longitudinal cell
(Discoidal I) of the right wing was used as a measure of size. Wing
length is highly correlated with overall body size (Sullivan &
Strassmann 1984).

Wasps’ heads were mounted on a glass slide and measured using
a 30� Zeiss monocular microscope and the software NIH Image
version 1.55 (http://rsbweb.nih.gov/nih-image/). The contour of the
black clypealmarks was traced, and the area of the resulting polygon
used as an estimate of clypeal mark size.

Genotyping

Total DNA was extracted from the anterior section of the thorax
using 300 ml of grinding buffer (0.1 M NaCl; 0.1 M TriseHCl, h ¼ 8.0,
0.05 M EDTA; 0.05% SDS), following Strassmann et al. (1996) with
minor modifications. DNA extractions were diluted 1:10 with
ultrafiltered distilled water. DNA was extracted from between two
and 11 wasps per nest (mean � SD ¼ 4 � 2), representing 87% of all
foundresses present at collection (mean � SD ¼ 94 � 42%).

Multiplex polymerase chain reactions (PCR) were performed
using five fluorescently labelled, previously described primer pairs
(Pdom 7, Pdom 20, Pdom 127b, Pdom 139, Pdom 140; Henshaw
2000). PCR was carried out using a Peltier Thermal Cycler using
10 ml reactions with 2 ml of DNA sample, 2 ml of reaction buffer
((NH4)2 SO2), 0.6 ml of MgCl2, 0.2 ml of each DNTP, 0.8 ml of each
primer and 0.05 ml of Taq polymerase. The PCR products were
visualized using an Applied Biosystems 3100 sequencer. Allele sizes
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Figure 1. Distribution of distances between winter aggregations and nests used by the
same individually marked wasps (N ¼ 91 individuals).
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were scored against an internal size standard (Applied Biosystems
GeneScan ROX 500) using ABI GENESCAN Analysis software version
3.7 (Applied Biosystems, Inc., Foster City, CA, U.S.A.). Genotypes that
appeared inconsistent with those of nestmates were rescored
(through re-examination of the chromatogram) or retyped (with
a repeat PCR). In addition, 40 random samples were retyped, of
which all were confirmed correct. Scores that differed by one base
pair or less were considered to be the same. Moreover, 27 samples
previously genotyped by Cant et al. (2006) for four of the five loci
were regenotyped. Scores differed for only one allele in each of two
samples (error rate¼ 2/(27� 2� 4)¼ 0.009).

Relatedness Estimation

Genetic relatedness was estimated using the program RELAT-
EDNESS 5.08, which calculates regression relatedness values using
population allele frequency data based on the formula described by
Queller & Goodnight (1989). Groups were weighted equally, and
confidence intervals for relatedness estimates were obtained by
jackknifing over loci.

Pairs of foundresseswere assigned to the categories of full sister or
nonsisters (i.e. cousins or unrelated, since P. dominulus are single
mated) using a likelihood-based method implemented by the
program Kinship (Goodnight & Queller 1999). With a¼ 0.05, the
power todetect full-sister pairswas99% (basedon2000 simulations).

Statistical Analysis

Weused generalized linearmodels (GLM), assuming normal error
distributions, to test whether within-group relatedness was affected
byvariation in individual arrival times, summarized for eachgroupby
the standard deviation of the arrival dates of the wasps in the group.
The proportion of wasps that disappeared with replacement and the
proportionofwasps that disappearedwithout replacementwere also
tested as potential explanatory variables. In addition, group size,
intragroup variation in body and clypeal mark size (SD of wing sizes
and clypeal mark area, respectively), proportion of wasps with cly-
peal marks per group, site and year were used as explanatory vari-
ables. The effect of year and site is not reported in the Results unless
significant.

We conducted two kinds of analysis to examine whether foun-
dresses that moved between different nests could be choosing
between potential groups according to their composition. First, we
used paired t tests to compare pairs of nests visited by the samewasp
in terms of each of six within-group traits summarizing group
composition:within-group relatedness (including themovingwasp),
mean body size, mean clypeal mark size, variation in body size
(within-group SD), variation in clypeal mark size and the number of
foundresses (group size). When assumptions of normality were not
met, Wilcoxon signed-ranks tests were used instead. All morpho-
logical variables were calculated excluding the moving wasp herself.
The proportions of full sisters of focalwasps thatmovedbetween two
nests were also compared using a paired Student’s t test.

In a second set of analyses, we used GLMs to test whether
differences between nests in the samewithin-group traits depended
on the type of foundress movement, that is, (1) movement with
replacement; (2) movement without replacement; and (3) nest
switching. For each within-group trait (e.g. relatedness), differences
between nests visited by the same wasp were used as a response
variable. Foundress movement type was tested as an explanatory
factor and between-group differences in the remaining nest traits
(e.g. group size and clypeal mark size variation) were tested as
additional explanatory variables, along with the date when foun-
dresses moved and the distance between successive nests. Differ-
ences between nests used by the samewasp were always calculated
as the value of the trait in the original nestminus the value of the trait
in the new nest.

WeusedGLMs, assuming anormal error distribution, to compare
the wing size of wasps that moved and a random sample of wasps
that did notmove between different nests (using only onewasp per
nest). Wing size was used as a response variable and wasp type
(moved or did not move) as a factor. A chi-square test was used to
compare the frequency of clypealmarks in these two types ofwasps.

For all GLMs, all explanatory variables were initially fitted. A
minimally adequate model was found by the subsequent removal of
explanatory terms (Faraway 2004). Starting with the two-way
interactions, terms were dropped until further removal led to
significant (P< 0.05) increases in deviance, assessed from tabulated
values of F (Crawley 2005). The significance of each term (or two-way
interactions) is reportedwhen theywere added last to theminimally
adequatemodel. Interactions were not included in the Results unless
significant.

Relatedness estimates andproportionof full-sister pairs per group
were arcsine transformed to improve the fit of residuals to assump-
tions of normality (Crawley 2005). For all analyses we used the
statistical package R versions 2.6.1 and 2.10.1 (The R Foundation for
Statistical Computing, Vienna, Austria, http://www.r-project.org).

RESULTS

Group Formation, Group Size and Nesting Success

Overall, 58 winter aggregations were detected. A total of 492
foundresses were marked in 23 of these winter aggregations of
7e100 or more wasps each. In 18 of these aggregations, all wasps
were marked. In the remaining five large aggregations (50 or more
wasps), formed by layers of wasps, approximately half of all wasps
could be marked. In total, 110 females marked in the winter aggre-
gations were later found at a nest. Most of these foundresses
(89 wasps) were observed nesting with at least one other wasp from
the same aggregation (22 nests). In 13 of these nests, at least 50% or
more of the foundresses (N¼ 68) came from the same winter
aggregation. In contrast, 21waspsmarked at theirwinter aggregation
were later found nesting exclusively with unmarked wasps, that is,
wasps of unknown origin. The proportion of marked wasps that
nestedwith at least one foundress known to be from the samewinter
aggregationwas significantly bigger than expected by chance, that is,
if wasps formed groups at random with respect to their winter
aggregation (c2

1 ¼ 21:891, P< 0.0001). The distance between
awasp’swinter aggregation and thenest it subsequently used ranged
from 0.1 to 105.6 m (mean� SD¼ 13.57� 13.57; Fig. 1).

Overall, 2227 foundresses on 622 nests were individually marked
and 58% of thesewaspswere subsequently observedmore than once

http://www.r-project.org


Table 1
Results of GLM testing whether within-group relatedness was affected by variation
in group composition

Variables summarizing group composition F P

Within-group variation in arrival date
(SD of individual arrivals)

1.926 0.171

Total number of foundresses in the group 0.397 0.531
Proportion of wasps that disappeared with replacement 0.286 0.594
Proportion of wasps that disappeared without replacement 0.519 0.473
Date group was founded 1.811 0.183
Within-group variation in body size (SD of wing size) 0.001 0.997
Within-group variation in clypeal mark size

(SD of mark area)
2.741 0.102

Proportion of wasps with clypeal marks 5.978* 0.017*

F and P values for adding each explanatory variable to the minimal adequate model
are shown.

* After the removal of two nests in which all wasps had marks, values changed to
F ¼ 1.461 and P ¼ 0.231.
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at their original group, that is, they were not affected by marking.
Most nests (N ¼ 317) had three or fewerwaspswhendetected for the
first time (143 nests were initiated by single foundresses). New nests
were detected until May (late spring), but the vast majority of
nests were founded during early and mid-spring (28% and 63%,
respectively).

Nesting attempts by single wasps were less likely to succeed than
nests started by two or more foundresses: 63% and 50% of new nests
failed, respectively, within the first 10 days after discovery
(c2

1 ¼ 7:609, P¼ 0.005). Success rates for nests started by two,
three, four and five foundresses were not significantly different from
each other (c2

3 ¼ 2:701, P¼ 0.441).
Group sizes ranged from two to 23 foundresses per nest. Groups

of two and three foundresses were themost frequent (Fig. 2). Of 134
nests present at the end of the foundation season, before the first
brood emerged, only nine had a single foundress (0.8% of all 1059
remaining foundresses).

Vacant nests could be found throughout the nest foundation
period in 2004 and 2005 (111 and 54 nests in total, respectively).
Most (101 of 165) had 15 or fewer cells containing only eggs. Vacant
nests were adopted by new foundresses on only five occasions.
All adopted nests were less than 2 weeks old.

Genetic Relatedness and Fluctuations in Group Composition

Complete historical (from the time of foundation), genetic and
morphological data were obtained for 68 of 134 nests collected at
the end of the foundation season. During the foundation season, at
least one female disappeared from 60 of 68 nests. In 34 cases,
foundresses disappeared without being replaced, that is, no other
wasp arrived in the group during the previous 2 days. In six nests all
disappearances of foundresses occurred with replacement, and in
the remaining 20 nests both forms of group composition change
occurred. Nine of the 196 wasps that disappeared from these nests
were subsequently found in a different group.

Within-group relatedness was not affected by the arrival of new
wasps at established groups (Table 1). Group size and the propor-
tion of wasps that disappeared from nests also had no significant
effect on relatedness (Table 1). In addition, the date groups were
R
el

at
iv

e 
fr

eq
u

en
cy

 

1 3 5 7 9 11 13 15 17 19 21 23

1 3 5 7 9 11 13 15 17 19 21 23

0

0.05

0.1

0.15

0.2

0.25
(a)

(b)

0

0.05

0.1

0.15

0.2

0.25

Group size 

Figure 2. (a) Overall number of nests detected throughout the foundation period
(N ¼ 597) and (b) number of nests still active at the end of the foundation period, just
before the emergence of the first workers (N ¼ 134).
founded and within-group variation in either body size or clypeal
mark size also had no significant effect (Table 1). The only variable
with a significant effect on relatedness was the proportion of wasps
that had clypeal marks (Table 1): within-group relatedness was
lower in groups in which more foundresses had marks. However,
this result is dependent on two nests with two unrelated foun-
dresses each, in which all wasps had clypeal marks. When these
nests are excluded from the analysis, nest foundation date is the
only variable with a marginally significant effect (F ¼ 4.208,
P ¼ 0.044). Nests that were initiated at the end of the foundation
period (April) tended to have lower within-group relatedness. This
effect was particularly important in the second year, when a larger
number of nests were founded during this period.

Movements between Nests

Wasp movement between nests was relatively infrequent: only
16% of all successfully marked foundresses were observed at two or
more nests (Fig. 3). Wasps that visited more than one nest were not
different in size from wasps that were always in the same group
(GLM: F ¼ 1.345, P ¼ 0.247). Black clypeal marks were equally
common on foundresses that moved and foundresses that did not
(c2

1 ¼ 0:111, P ¼ 0.739).
The distance between pairs of nests used by the same wasp

ranged from 0.1 to 235 m, but most pairs were less than 3 m apart
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Figure 3. Number of nests used by individually marked wasps during the 4 months of
the preworker period. Inset: distribution of distances between nest pairs where the
same wasp was observed (N ¼ 178 individuals).



Table 3
Summary of GLM results testing the effects of foundress movement categories and
associated changes in group composition on within-group relatedness differences
between nests used by the same foundresses

Explanatory variables F P

Foundress movement category 0.117 0.889
Distance between nests 0.314 0.579
Date movement occurred �2.426 0.021
Difference in within-group clypeal mark variation

(SD of area of marks)*
�0.202 0.841

Difference in within-group size variation
(SD of wing length)*

0.223 0.825

Difference in group size* 2.511 0.122

F and P values for adding each explanatory variable to the minimal adequate model
are shown.
Foundress movement categories are with replacement, without replacement and
nest switching.

* Values in original nest minus values in new nest.
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(Fig. 3). Three foundresses that were nesting alone moved to
multiple-foundress nests, and no wasp did the reverse.

Genetic and morphological data were obtained for all the nests
visited by 59 foundresses that used more than one group. Wasps
performed one of three types of movement: (1) movement with
replacement: 15 wasps left their initial nest when one or more
foundresses arrived (up to 2 days before their departure; in total, 19
wasps arrived); (2) movement without replacement: 32 wasps left
their initial nest but no other foundress arrived (up to 2 days before
their departure); and (3) nest switching: 12 foundresses moved two
to three times between the same pair of nests, and on no occasion
did their movements coincide with the arrival of other wasps.

In the15 cases ofmovementwith replacement, sevenof thenewly
arrived wasps were cousins or unrelated to the wasps that left the
group (later collected at other nests), three were sisters of one or
more of the departed wasps and nonsisters of others, while in five
cases, kinship could not be established because the newly arrived
wasps disappeared before genotyping. Only one of the 19 newly
arrived wasps had a black clypeal mark (not significantly different
from the overall population, 94 of 654: Fisher’s exact test: odds
ratio¼ 0.33, P ¼ 0.49).

No significant differenceswere foundbetween the number or size
of foundresses and themean size of clypeal marks in the first and the
second nest visited by a givenwasp (Table 2). However, clypealmarks
tended to bemore variable in size on the last nest visited than on the
initial nest (Table 2). Foundresses that used more than one nest
moved to groups with higher within-group relatedness than the
groups they left (first nest: mean� SE¼ 0.113� 0.017; second nest:
0.227� 0.018; Table 2). This trend was more accentuated for wasps
that moved at the end of the nest foundation period (Table 3). No
other covariates were significant in this analysis (Table 3). In 50% of
the cases in which a wasp moved to a nest with higher relatedness
than the one it had left (N ¼ 31), two ormore full sisters not related to
the wasp moving were present at the second nest. When we
considered only the full sisters of the wasp moving (proportion in
eachnest), no significant differencewas foundbetween the twonests
(Table 2). In short, although relatedness was higher at the second
nest, in 50% of the cases this was a property of the other wasps in the
group: wasps that moved were not necessarily moving to join closer
relatives.
DISCUSSION

Group Formation, Group Size and Nesting Success

Our results provide evidence that foundresses that hibernate in
the same aggregation tend to initiate nests together. In contrast,
earlier experimental studies indicated that foundresses from the
same winter group do not initiate nests more frequently than foun-
dresses from different aggregations (Pratte 1982). However, the
experimental design used by Pratte (1982) severely restricted the
Table 2
Summary of paired comparisons (t test and Wilcoxon V test) between nests visited
by the same wasp

Nest traits 1st neste2nd nest

Student’s t df P

Group size (no. of foundresses) 0.177 54 0.861
Mean wasp body size per nest 0.961 52 0.342
Body size variation (SD) 1.419 47 0.162
Mean clypeal mark size (area) per nest 161* 35 0.117
Clypeal mark size variation (SD)
Within-group genetic relatedness

2.38
�3.961

33
53

0.023
<0.001

Proportion of full sisters of the focal moving wasp �0.447 53 0.656

* Wilcoxon V.
interactions between foundresses in winter aggregations, and could
have introduced bias in his results.

Dapporto et al. (2004) have provided experimental evidence that
foundresses that share the same winter refuge, independently of
their natal nest site, will found nests together the following spring.
Our results support their findings under natural field conditions in
which foundress nesting options are unrestricted. Our findings
indicate that hibernating in the same aggregation increases the
probability that two or more females will found a nest together.
However, in the present study only a small fraction of groups were
formed exclusively by wasps known to have hibernated together.
Therefore, it is unlikely that hibernating together is the sole deter-
minant of group composition.

Multiple-foundress nests clearly had a higher chance of surviving
until the emergence of workers than single-foundress nests. High
failure rates for single-foundress nests have been observed in other
populations of P. dominulus, and in other polistines (Hughes &
Strassmann 1988; Seppa et al. 2002; Tibbetts & Reeve 2003).
However, the small proportion of single-foundress nests (9/134)
compared to multiple-female nests (125/134) that achieved worker
production suggests that monogyny may be even more constrained
in our population than others.

Although it was not possible to confirm directly whether wasps
that disappeared had died or moved to an undetected group,
disappearance is likely to be associated with death. Most wasps
(63%) that used more than one nest moved less than 3 m (Fig. 3), so
that undetected groups would usually have had to be within 3 m of
knownnests. At this distance,wewouldhave detectedmost of these
nests during our intensive searches. Nevertheless, the possibility
that foundresses move to undetected nests cannot be completely
excluded since we have recorded wasps moving between nests up
to 235 mapart (Fig. 3). In addition, the averageflight range (distance
covered by wasps foraging) of polistine wasps is over 130 m
(averaged across nine species; Ugolini 1983; Prezoto & Gobbi 2005).

In the present study, multiple-foundress associations of different
sizes had similar failure rates. This agrees with a previous experi-
mental study on the same population of P. dominulus, which again
found that nest survival was not correlated with group size
(Shreeves et al. 2003). Overall, this suggests that although foun-
dresses in polygynic nests may benefit from increased survivorship
in relation to single foundresses, these benefits are not directly
correlated with the number of foundresses in the group. Hence,
survivorship insurance benefits (sensu Nonacs & Reeve 1995) alone
cannot explain why foundresses form large groups.

Nest adoption was very uncommon in our population. Although
vacant nestswere present throughout the foundationperiod,most of
themwere small and contained only eggs, so that theywere probably
unattractive to potential adopters (Starks 1998). A low frequency of
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nest adoption has also been reported for the same population of
P. dominulus, in which only two of 15 experimentally vacated single-
foundress nests were reoccupied (Shreeves et al. 2003). Previous
evidence of nest adoption by foundresses that were ‘waiting’ is
restricted to studies under seminatural conditions in which adopted
nests were relatively large andmature (with more developed larvae)
and from which all foundresses had been experimentally removed
(Nonacs & Reeve 1993; Starks 2001). The availability of large and
mature nests under more natural conditions may be low since these
nests are less likely to be completely abandoned by resident foun-
dresses (Strassmann 1981; Tibbetts & Reeve 2003). Hence, the
importance of nest adoption, especially as part of the ‘sit and wait’
alternative nesting strategy, may have been overestimated.

Since the order of arrival at a nest is correlatedwith rank forwasps
that are towards the front of the dominance queue (first and second
in the queue; Zanette & Field 2009), late joiners, unless they are
usurpers, may seldom be dominants. This implies that an individual
adopting a ‘sit and wait’ strategy may initially have limited repro-
ductive success, since in P. dominulus reproductive skew is almost
complete and cofoundresses are frequently unrelated (Queller et al.
2000; Liebert & Starks 2006; Zanette & Field 2008). Our results
show that the late arrival of wasps had no effect on within-group
relatedness. This suggests that the ‘sit and wait’ strategy is inde-
pendent of indirect fitness benefits. Alternatively, late joiners may
benefit through having a better chance of surviving until they can
inherit the dominant position. During the waiting period, foun-
dresses are likely to have a reduced mortality rate since they seldom
leave their refuges (L. Zanette, personal observation). In addition, the
large number of foundresses that disappeared from established nests
indicates that the overall mortality of foundresses is high in the early
stages of the nesting cycle. Hence, late joiners may have a longer life
span than foundresses that started nesting early in the season. In
P. dominulus, subordinateswith higher ranks improve their chance of
inheritance by spending less time in dangerous off-the-nest activities
(Cant & Field 2001). Consequently, ‘sit andwait’ before joining can be
aviable frequency-dependent strategy if the turnover of dominants is
sufficiently frequent. Future studies could explore these hypotheses
by testing whether late joiners live longer and inherit the dominant
position more frequently than other wasps in their groups.

Genetic Relatedness and Fluctuations in Group Composition

Groups that were founded later in the season had lower within-
group relatedness, particularly in 2005. This may indicate that close
to the end of the nest foundationperiod, foundresses are constrained
to nest with any available cofoundresses. The late arrival of wasps
(potential usurpers), however, did not lead to low within-group
relatedness. This suggests that usurpers, which are also common in
several other species of Polistes, do not preferentially usurp unrelated
wasps (Hughes & Strassmann 1988; Reeve 1991). Note that the
assumptionmadehere that all late joiners are potential usurpersmay
overestimate the frequency of nest usurpation. Usurpers are defined
as wasps that forcibly take the place of others in a group. Therefore,
direct observation of wasps arriving at nests and their subsequent
interactions with nest residents would be necessary to identify
usurpers unambiguously. However, even if we assume that usurpa-
tion occurred only when females left groups after others joined
(i.e. movements with replacement), our results are unchanged: no
significant effects of number and date of arrival of joiners on relat-
edness were detected.

Movements between Nests

A relatively small proportion of foundresses (16%) visited more
than one nest. This suggests that foundresses may typically not
evaluate potential cofoundresses by visiting different established
groups. Our findings appear to contrast with an earlier study, which
found that foundresses nesting in an experimental enclosure
visited three nests on average (Pratte 1979). Although possible
effects of marking were accounted for (37% of the movements
occurred after marking), it is unclear whether the number of nests
visited could have been artificially increased by Pratte’s (1979)
experimental design. In our study, movements were recorded
every other day. Consequently, foundress movements between
nests were probably underestimated. Continuous behavioural
observations of nests and individually marked wasps (through
filming or electronic tags) would be necessary to examine more
accurately the movement patterns of P. dominulus foundresses
under field conditions (e.g. Sumner et al. 2007). Most importantly,
filming would be essential to analyse the interactions between
resident wasps and joiners.

Foundresses that did visit two or more nests tended to move to
nests with significantly higher within-group relatedness than in
the groups they left, especially at the end of the foundation period,
when within-group relatedness is often low. However, the number
of full sisters (of the focal moving wasp) did not differ between the
two nests. This apparent contradiction is explained by the fact that
on half of the occasions on which a wasp moved to a nest with
higher relatedness, a different sib-ship was present at the second
nest, unrelated to the focal wasp itself. These findings agree with
previous studies showing that foundresses of P. dominulus cannot
discriminate different levels of relatedness (reviewed in Gamboa
2004; but see Queller et al. 2000). They suggest instead that
groups containingmore closely related individuals (e.g. a pair of full
sisters) are either more susceptible, or more attractive, to foun-
dresses leaving other groups.

Conclusions

Foundresses that hibernated in the same winter aggregation
were more likely to initiate a nest together, but groups formed
exclusively by wasps from the same aggregation were rare. Hence,
interactions at the winter aggregations are unlikely to be the
only factor determining nestmate selection by P. dominulus
foundresses.

Changes in group composition were frequent throughout the
nest foundation period. Foundress disappearances (probably
deaths) and the arrival of joiners at established groups were the
main causes. Single-foundress nests were uncommon in the pop-
ulation, suggesting that this strategy has low viability. Polygynic
nest foundation and ‘sit and wait’ were the most common nesting
strategies observed. The latter, however, was not associated with
the adoption of abandoned nests but was dependent on the
frequency of established groups. Within-group relatedness was not
affected by the late arrival of wasps, suggesting that indirect fitness
benefits alone do not explain their nesting choices. By sitting and
waiting, late joiners may be increasing their life span so that their
chances of gaining direct fitness benefits through nest inheritance
increase.

There was no single factor associated with movements of foun-
dresses between nests. Movements were not generally associated
with the arrival of new wasps (potential usurpers) at nests and were
also not influenced by group size, or by the number of close relatives
present in each group. But foundresses frequenntly moved to nests
with higher within-group relatedness than in their original group.
Overall, the observed high failure rates of both single- and multiple-
foundress nests suggest that ecological constraints (e.g. risk of
predation, lack of resources, parasitism) during the foundationperiod
may have a stronger effect on individual nesting choices than previ-
ously assumed.
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