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The evolution of the complex societies displayed by social insects depended partly on high relatedness among interacting group

members. Therefore, behaviors that depress group relatedness, such as multiple mating by reproductive females (polyandry), are

unexpected in social insects. Nevertheless, the queens of several social insect species mate multiply, suggesting that polyandry

provides some benefits that counteract the costs. However, few studies have obtained evidence for links between rates of polyandry

and fitness in naturally occurring social insect populations. We investigated if polyandry was beneficial in the social wasp Vespula

maculifrons. We used genetic markers to estimate queen mate number in V. maculifrons colonies and assessed colony fitness by

counting the number of cells that colonies produced. Our results indicated that queen mate number was directly, strongly, and

significantly correlated with the number of queen cells produced by colonies. Because V. maculifrons queens are necessarily reared

in queen cells, our results demonstrate that high levels of polyandry are associated with colonies capable of producing many new

queens. These data are consistent with the explanation that polyandry is adaptive in V. maculifrons because it provides a fitness

advantage to queens. Our research may provide a rare example of an association between polyandry and fitness in a natural social

insect population and help explain why queens in this taxon mate multiply.
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The females of many animal species mate with multiple males

in a single reproductive cycle (polyandry). This is surprising be-

cause polyandry potentially carries considerable costs to females

including lost time, wasted energy output, an increased risk of pre-

dation, and a higher probability of contracting disease (Arnqvist

and Nilsson 2000; Jennions and Petrie 2000; Simmons 2001; Zeh

and Zeh 2001). In highly social animals, such as social insects

(i.e., ants, social bees, social wasps, and termites), polyandry has

even greater consequences than in nonsocial animals.

The effects of polyandry are particularly far-reaching in social

insects because variation in the number of mates per queen lowers

the relatedness among queen offspring, potentially decreasing the

benefits associated with cooperation and leading to conflict among

subfamilies (Boomsma and Ratnieks 1996; Crozier and Pamilo

1996; Frank 1998; Queller and Strassmann 1998). Nevertheless,

queens of several social hymenopteran species regularly mate with

multiple males (Strassmann 2001). The occurrence of polyandry

in these social insect taxa suggests that multiple mating provides

some benefits to queens that offset the potential costs associated

with lowered relatedness among nest mates.

Theoretical and empirical research has generated a diver-

sity of hypothetical benefits that may explain the evolution of

polyandry in social insects (Boomsma and Ratnieks 1996; Crozier

and Fjerdingstad 2001; Strassmann 2001). For example, queens

may mate multiply simply to obtain sufficient sperm for repro-

ducing throughout their lifetime (Cole 1983; Fjerdingstad and

Boomsma 1998). Alternatively, the genetic variation generated in

the queen’s female offspring through polyandry may be adaptive.

For instance, genetically diverse offspring may be more able to

stave off parasites or may have higher fitness as a group under
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changeable environmental conditions (Baer and Schmid-Hempel

1999, 2003; Tarpy 2003; Tarpy and Seeley 2006). Polyandry may

also reduce conflict over sex ratio between queens and work-

ers within colonies (Moritz 1985; Boomsma and Grafen 1991;

Ratnieks and Boomsma 1995; Sundström and Ratnieks 1998)

and may decrease conflict related to whether the queen or work-

ers should produce males (Ratnieks 1988). However, despite

the plethora of hypotheses proposed to explain the evolution of

polyandry, few examples of naturally occurring increases in fit-

ness connected with queen mate number have been uncovered in

social insects (for a rare example, see Cole and Wiernasz 1999).

The purpose of this study was to investigate if polyandry was

associated with variation in fitness in the social wasp Vespula ma-

culifrons. Vespula maculifrons, commonly known as the eastern

yellowjacket, is found throughout the eastern half of the United

States (Akre et al. 1980). A new V. maculifrons colony is founded

by a single, multiply mated queen in the spring (V. maculifrons

natural history reviewed by Spradbery 1973; Edwards 1980; Mac-

Donald and Matthews 1981; Greene 1991). The queen constructs

the incipient nest and rears the first cohort of workers. Once the

workers mature, they take over the task of colony maintenance.

However, the queen remains wholly responsible for the produc-

tion of all offspring within the nest as long as she is present.

The workers do not mate and therefore can never produce female

offspring. In addition, workers only produce males if the colony

becomes queenless (Ross 1985, 1986; Ross and Carpenter 1991;

Goodisman et al. 2007).

Workers expand the nest by constructing worker cells

throughout the spring and summer (Spradbery 1973; Edwards

1980). At the end of the summer the colony begins to produce

males and new reproductive queens (gynes). Males generally

emerge before gynes within colonies, because males are usually

reared in worker cells, which are already present. In contrast, gy-

nes must be reared in specially constructed, larger queen cells

(Fig. 1). Vespula maculifrons colonies produce hundreds of gy-

nes and males in a season (MacDonald and Matthews 1981). In

addition, colonies typically survive only one year so the number

of sexuals produced at the end of the season represents the entire

reproductive output of the colony and, by extension, the queen.

We investigated the hypothesis that V. maculifrons queens

mate multiply because polyandry leads to direct fitness benefits.

Specifically, we predicted that if polyandry is adaptive then queens

mated to many males should head more successful colonies than

queens mated to few males. To test this prediction, we determined

if queen mate number was associated with the number of cells

produced by colonies, which is directly associated with colony

output (Spradbery 1973; MacDonald and Matthews 1981; Greene

1991). Our results indicate that queen mate number may affect

fitness in V. maculifrons. We discuss this finding in relation to the

evolution of polyandry in social taxa.

Figure 1. Vespula macuilifrons castes and comb. Queens initiate

new nests and reproduce within colonies. Males partake in few

tasks and exist solely to mate with new queens. Workers main-

tain the colony and do not reproduce when the queen is present.

All workers and the vast majority of males are reared in worker

cells. In contrast, new queens are necessarily reared in specially

constructed queen cells.

Methods
We sampled V. maculifrons wasps from 28 colonies in and around

Atlanta, Georgia, in 2004–2005. Six colonies contained only

adult workers, seven colonies contained both adult workers and

males, and 15 colonies contained adult workers, males, and gynes

(Table 1). We estimated the number of worker and queen cells in

each of the 28 nests we collected. This procedure entailed count-

ing the number of cells that made up the width (w) and length (l) of

the worker or queen comb and then applying the formula for cal-

culating the area of an ellipse (i.e., w × l × � / 4), which roughly

conforms to the shape of a comb in this species. We confirmed

that this method gave reasonably accurate results by comparing

the number of cells obtained by the estimation technique to the

number of cells obtained by direct counting for a subset of combs.

We genotyped 42.79 ± 24.17 (mean ± SD, Table 1) work-

ers from each colony, as well as the reproductive queen heading
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Table 1. Descriptive data from 28 V. maculifrons colonies sampled in this study, including the sampling date, the castes of individuals

residing in each colony (W=worker, M=male, G=gyne), and the estimated number of worker, queen, and total cells that made up the

nest. The number of workers genotyped from each colony (N) and the observed (k) and effective (ke3) number of males mated to the

queen heading the colony are also provided.

Colony ID Date Castes Worker Cells Queen Cells Total Cells N k ke3

8 9 Sep 04 W 7532 0 7532 40 5 4.88
13 15 Sep 04 W, M 3530 134 3664 30 4 3.60
15 15 Sep 04 W 3210 0 3210 40 5 3.52
16 24 Sep 04 W 1685 0 1685 33 8 8.82
17 24 Sep 04 W 825 0 825 24 5 3.34
18 28 Sep 04 W 4714 311 5025 32 5 3.17
19 1 Oct 04 W 1544 51 1595 40 6 5.24
23 1 Oct 04 W, M 7511 0 7511 36 3 3.06
24 1 Oct 04 W, M 1256 222 1478 37 6 5.65
25 1 Oct 04 G, W, M 5592 460 6052 39 6 4.79
27 11 Oct 04 W, M 5536 308 5844 40 6 5.70
28 11 Oct 04 W, M 2053 546 2599 39 6 6.45
29 12 Oct 04 G, W, M 3882 595.5 4477.5 39 3 2.61
33 19 Oct 04 W, M 6533 0 6533 38 5 4.48
34 19 Oct 04 G, W, M 5885 731 6616 117 8 7.44
35 19 Oct 04 G, W, M 5856 177 6033 36 5 4.71
36 19 Oct 04 G, W, M 4629 169 4798 18 5 5.92
37 21 Oct 04 W, M 3108 662 3770 33 6 5.19
40 27 Oct 04 G, W, M 1292 21 1313 39 4 3.81
41 27 Oct 04 G, W, M 6491 1187 7678 115 6 5.61
43 27 Oct 04 G, W, M 4794 163 4957 36 6 3.76
44 28 Oct 04 G, W, M 4235 3457 7692 95 5 4.80
45 28 Oct 04 G, W, M 8944 2551 11,495 37 5 4.57
46 5 Nov 04 G, W, M 2139 123 2262 35 5 3.19
53 27 Oct 05 G, W, M 2920 675 3595 37 5 4.45
54 27 Oct 05 G, W, M 5631 2026 7657 37 6 6.06
56 5 Nov 05 G, W, M 8711 1447 10,158 30 7 5.32
57 5 Nov 05 G, W, M 3553 732 4285 26 6 6.52
Mean 4413.96 598.16 5012.13 42.79 5.43 4.88

eight of the colonies, at the seven polymorphic microsatellite loci

LIST2003, LIST2004, LIST2013, LIST2019, LIST2020, VMA-

3, and VMA-6 (Daly et al. 2002; Hasegawa and Takahashi 2002).

The allele frequencies at each locus were estimated by calculating

the frequencies within each colony and then taking the mean over

all colonies (i.e., weighting colonies equally). The allele frequen-

cies were used to estimate the expected heterozygosities at each

locus. We also calculated the nondetection error for this popula-

tion, which is the probability of two males having the same geno-

type and, therefore, producing diploid offspring that could not be

differentiated if they mated with the same queen (Boomsma and

Ratnieks 1996).

The genotypes of the workers within nests were used to re-

construct the genotype of the queen and her male mates from each

colony. We also calculated the effective number of mates for each

queen (ke3) using the sample size correction proposed by Nielsen

et al. (2003). The metric ke3 combines information on the number

of times a queen mates and the unequal contributions of a queen’s

male mates to offspring (Boomsma and Ratnieks 1996). ke3 de-

scribes the amount of genetic variability of diploid individuals

within colonies and will be less than the actual mate number of

queens if siring success varies among paternal males.

We tested if the number of cells produced by colonies co-

varied positively with the number of mates per queen, as would

be expected if polyandry provided a benefit to queens and their

colonies. Spearman’s correlation coefficient was used to assess the

relationship between number of cells within a nest and ke3. Sta-

tistical calculations were conducted using the software program

JMP.

Results
Nests showed a wide variation in cell number and were constructed

of 4413.96 ± 2293.42 and 598.16 ± 844.14 (mean ± SD) worker
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and queen cells, respectively (Table 1). The number of worker

and queen cells produced by mature colonies (those containing

adult sexuals) did not depend on the sampling day (n = 18, only

nests from 2004 sampling year used; Spearman’s correlation co-

efficient; worker cells, rS = 0.0636, P = 0.8020; queen cells,

rS = 0.2582, P = 0.3009), suggesting that time of year was not a

contributing factor to our analyses, because mature colonies were

sampled relatively late in the reproductive season. In addition,

the number of worker cells and queen cells within nests were not

significantly correlated (n = 18, rS = 0.2271, P = 0.3096).

We found that the seven microsatellite markers used for our

study were highly variable. The expected heterozygosities of the

loci ranged from 0.722 to 0.937. Consequently, the probability

of two males having the same multilocus genotype (nondetection

error) was very small (� 0.0001), indicating that the variability

of our markers did not impede our ability to identify male mates

of queens (Boomsma and Ratnieks 1996).

As expected, the genotypes of all workers within colonies

were consistent with having been produced by a single queen.

Moreover, all queens mated multiply. Queen mate number in our

sampled nests ranged from three to eight, with a mean of 5.43 ±
1.16 (Table 1). The effective mate number of queens, ke3, was

lower than the actual mate number (Table 1; range of ke3 was 2.61

to 8.81; mean ± SD of 4.88 ± 1.42) and not substantially different

from prior studies in this species (Ross 1986). Finally, the geno-

type of the queen when the queen was recovered from the colony

was consistent with the genotypes of the resident workers indicat-

ing that queen takeover had not occurred in the recent history of

these colonies (Matthews 1982; Spradbery 1991).

We investigated if there was a relationship between queen

mate number and the number of cells within nests. We first de-

termined if a direct relationship existed between the number of

worker cells within nests and queen effective mate number. How-

ever, we found no significant association between worker cell

number and ke3 in all colonies (n = 28, rS = 0.0323, P = 0.8704)

or mature colonies only (n = 22, rS = 0.0390, P = 0.8633, Fig. 2).

There was a fairly strong but nonsignificant tendency for a

positive relationship between ke3 and the number of queen cells in

all (immature and mature) of the sampled colonies (n = 28, rS =
0.3525, P = 0.0658). More importantly, we discovered a signif-

icant association between the number of queen cells produced

and ke3 in mature colonies (n = 22, rS = 0.5021, P = 0.0173,

Fig. 2). The relationship is nonlinear (Fig. 2A) and appears to be

more consistent with a threshold effect, whereby colonies headed

by queens with ke3 roughly less than 4.0 produced few queen

cells and colonies headed by queens with ke3 roughly greater than

4.0 often produced many queen cells. Indeed, of the 16 colonies

that produced the highest number of queen cells, 15 were headed

by queens effectively mated to more than four males, whereas

only one of the six colonies that produced the fewest number of

Figure 2. Relationship between (A) absolute number of cells and

(B) rank number of cells (ranks range from 1 to 22 with colony of

rank 1 containing the fewest cells and colony of rank 22 containing

the most cells) produced by mature V. maculifrons colonies and the

effective mate number of queens heading colonies (ke3). Queens

mated to many males headed colonies that produced more queen

cells than queens mated to few males.

queen cells was headed by a queen effectively mated more than

four times. These proportions differed significantly as judged by

Fisher’s exact test (n = 22, P = 0.0013).

We also note that the variance in the number of queen cells

increased with effective mate number (Fig. 2). To determine if

this relationship was significant, we divided colonies into two

groups based on whether the queen effectively mated with four

males. Using these criteria we found that the variability of these

two classes differed significantly (ke3 < 4.0, n = 6, SD = 217.10;

ke3 > 4.0, n = 16, SD = 966.69; F15,5 = 0.5021, P = 0.0038)

and that increased queen mate number was associated with greater

variation in queen cell number.
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Finally, we investigated if there was a relationship between

the timing of reproduction of colonies and queen effective mate

number. Specifically, we determined if there was a relationship

between whether colonies had queen cells present and ke3. Such a

relationship might exist if we sampled colonies early in the repro-

ductive season and colonies headed by queens that mated with few

males had not started their reproductive phase. However, we failed

to detect significant differences between ke3 for colonies that had

and had not initiated their reproductive phase (F1,26 = 0.1409, P =
0.7104). Thus our data do not provide evidence that effective mate

number is associated with timing of colony reproductive cycle.

Discussion
The purpose of this study was to determine if polyandry was ad-

vantageous for V. maculifrons social wasp queens. The key result

arising from our investigation is that there was a direct relation-

ship between number of queen cells produced by colonies and

effective mate number of queens (ke3). In contrast, there was no

significant relationship between number of worker cells produced

by colonies and ke3. The relationship between queen cell number

and ke3 indicates that queens mated to many males headed colonies

with greater new-queen (gyne) producing capacity. Moreover, the

lack of relationship between worker cell number and ke3 suggests

that male-producing capacity of colonies was unaffected by queen

mate number, because males are reared in worker cells (Spradbery

1973; MacDonald and Matthews 1981).

We also discovered that colonies headed by queens mated

to many males showed a higher variance in queen cell produc-

tion than colonies headed by queens mated to few males. The

decreased variability in queen cell number in the colonies headed

by queens mated to few males resulted from the fact that such

queens almost always headed colonies that produced very few

queen cells (Fig. 2A). In contrast, queens mated to many males

headed colonies that showed a wide range in queen cell number.

The underlying cause of this relationship is unclear. It is possi-

ble that some colonies headed by queens mated many times were

sampled relatively early in the season and therefore contained rel-

atively few queen cells. Alternatively, some queens mated to many

males may face other ecological constraints (e.g., lack of space

for building new comb) that may affect the construction of queen

cells.

We were somewhat surprised not to detect a significant cor-

relation between the number of worker cells and the number of

queen cells produced by colonies. The number of worker cells

within colonies is strongly correlated with the number of workers

produced by colonies in V. maculifrons (MacDonald and Matthews

1981). And we expected that a larger worker population would be

capable of producing more queen cells. Moreover, the lack of

correlation between number of queen and worker cells stands in

contrast to some theories that suggest that production of female

sexuals in social insect taxa should be tied to overall productivity

of colonies (Nonacs 1986). Thus, it is possible that such a cor-

relation exists in V. maculifrons but that we lacked the power to

detect it.

However, it is also possible that a direct relationship between

number of worker cells and queen cells in this species is weak or

nonexistent. Indeed, we are not the first to note that the factors

affecting the production of queen cells in Vespula colonies are

likely to be complex. More than 30 years ago, Spradbery (1973,

p. 240) noted that “The construction of queen cells in individual

colonies occurs at widely different times during the season and it

appears unlikely that their initiation is made in response to sea-

sonal factors such as photoperiod. The size of the colony is prob-

ably not critical either because queen cells are found in colonies

of widely differing sizes. . ..” These observations, as well as our

results, suggest that the production of queen cells is not necessar-

ily tightly tied to simple factors such as the number of workers

present within the colony. Moreover, the lack of correlation be-

tween queen and worker cell number implies that there may not

be a trade-off for colonies between producing many gynes and

producing many workers and males.

Regardless, if the number of gynes produced by colonies is

directly related to the number of queen cells produced by nests,

as is the case for the relationship between the number of workers

produced by colonies and the number of worker cells (MacDonald

and Matthews 1981), then our results suggest that queens mated to

many males produce more gynes than queens mated to few males.

It would be tempting to further suggest that the number of males

produced by colonies does not depend on queen mating frequency,

because we uncovered no relationship between number of worker

cells, which are typically used to rear males, and ke3. This may

be true, but it is difficult to infer the numbers of males produced

by colonies. The reason why the relationship between number

of worker cells and number of males produced by colonies is

unclear is that during the reproductive phase of the colony, worker

cells are used to rear both workers and males. In the absence

of other information, we may expect all colonies to rear equal

proportions of worker and males in their worker cells. However, it

is possible that colonies adjust the number of males they produce

by rearing different ratios of workers to males. In principle, such

biasing might lead to a negative or positive relationship between

number of worker cells and the number of males produced by

colonies.

Interestingly, the relationship between new-queen producing

capacity and ke3 uncovered here is not consistent with relatedness-

based sex ratio biasing by workers found in other hymenopteran

social insects (Queller and Strassmann 1998; Chapuisat and Keller

1999; Mehdiabadi et al. 2003). Such biasing generally results

from variation in relatedness of workers to the offspring they rear
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and may lead to workers investing relatively highly in females

in colonies headed by queens mated to few males in a popula-

tion in which queens show variation in mate number (Boomsma

and Grafen 1991; Ratnieks and Boomsma 1995). This connection

between relatedness and sex ratio does not seem able to explain

the patterns in V. maculifrons. Adaptive sex-ratio biasing predicts

that queens mated to many males should produce relatively male-

biased sex ratios if workers adaptively bias sexual production in

their favor. In contrast, our data suggest that V. maculifrons queens

mated to many males produce relatively female-biased sex ratios,

if we assume that all colonies use their worker cells to rear the

same proportion of males. However, a direct examination of the

adult sex ratios produced by colonies is needed before final con-

clusions can be made.

There are several potential causal explanations for the ob-

served relationship between queen mate number and number of

queen cells produced by colonies. For example, it is possible that

queen mate number is somehow associated with the timing of re-

production in V. maculifrons. However, our data do not support

this hypothesis. Specifically, we failed to find a difference in the

estimates of ke3 for queens that headed colonies that either had

or had not initiated their reproductive phase. We note, however,

that our data were not collected to test this hypothesis. This ques-

tion might be more accurately addressed by specifically seeking

out colonies that had just initiated their reproductive phase (such

colonies contain only sexual larvae or pupae, but no sexual adults)

and determining if there was a relationship between ke3 and date

of collection for these colonies.

Another explanation for the relationship is that colonies that

produce many queen cells are headed by high-quality queens. Such

queens may mate with many males because they would be attrac-

tive to breeding males (Bonduriansky 2001). These high-quality

queens could also head colonies capable of producing many queen

cells. In this case, high mate number would not cause enhanced

colony fitness. Rather, both high colony fitness and high mate

number would result from some other aspect of queen phenotype

(Fjerdingstad and Keller 2004).

Another explanation for the observed relationship between

queen cell number and ke3 is that the amount of sperm stored

by queens mated to different numbers of males varies. Specifi-

cally, queens mated to few males may possess insufficient sperm

to produce large numbers of diploid gynes (Cole 1983; Stein and

Fell 1994; Fjerdingstad and Boomsma 1998). Such queens may

signal to workers that the construction of queen cells would be un-

necessary. These queens may be relegated to producing haploid

males at the end of the season. This hypothesis, although possible,

would seem unlikely to explain the observed relationship, because

Vespula queens would be expected to possess sufficient sperm to

produce the 15,000–30,000 (Spradbery 1973) individuals gener-

ated during a Vespula colony’s lifetime.

Alternatively, the association between queen mate number

and queen cell production may result from benefits to colonies

derived from the high genetic diversity among queen offspring

(Crozier and Fjerdingstad 2001). Such increased genetic diver-

sity may lead to increased disease resistance, as has been found

in other social insect taxa (Schmid-Hempel 1994; Baer and

Schmid-Hempel 1999, 2003; Brown and Schmid-Hempel 2003;

Palmer and Oldroyd 2003; Tarpy 2003; Hughes and Boomsma

2004; Tarpy and Seeley 2006). In this case, colonies headed by

queens mated to few males may suffer costs of diseases and not be

able to produce many queen cells. We did not observe any obvious

diseases plaguing our sampled V. maculifrons colonies. Moreover,

one would expect that worker production would also be affected

if colonies suffered from diseases related to a paucity of colony

genetic diversity. Nevertheless, it is possible that colonies ailed

from diseases that were not easily detectable and affected gyne

production alone.

Another explanation for why queens mated to many males

headed colonies that produced many queen cells is that such

colonies contained a more efficient workforce. Workers produced

by queens mated many times may be more efficient as a group,

because they would be more genetically variable, and therefore

more capable of proficiently completing a diversity of tasks (i.e.,

genetic polyethism; Crozier and Fjerdingstad 2001; Fjerdingstad

et al. 2003). Direct and indirect evidence for genetic polyethism

has been uncovered in other social insects (Fraser et al. 2000;

Hughes et al. 2003; Jones et al. 2004; Schwander et al. 2005).

Thus, it is also possible that workers produced by V. maculifrons

queens mated to many males are ultimately able to build more

queen cells and produce more gynes.

A related hypothesis for the observed relationship is that

workers within colonies headed by queens mated to many males

specialize on producing gynes, because these gynes will have rel-

atively high fitness. This may be the case if queens mated to many

males produce daughters that are genetically more variable than

queens mated to few males, and genetically variable daughters bet-

ter survive as a group (Crozier and Page 1985). That is, colonies

headed by queens mated to few males may “choose” not to produce

gynes, which would be unsuccessful relative to those produced by

colonies headed by queens mated to many males. These former

colonies could compensate for their substandard gynes by pro-

ducing more males, for example, which would be as genetically

variable as those produced by colonies headed by queens mated

to many males.

Regardless of the potential mechanism underlying the ob-

served association between queen mate number and number of

queen cells produced, polyandry may be adaptive in V. maculifrons

because it leads to increased capacity of colonies to produce new

queens. This would represent a rare instance of a fitness benefit as-

sociated with higher rates of polyandry in a natural, unmanipulated
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social insect population (see Cole and Wiernasz 1999; Wiernasz

et al. 2004 for another example). In contrast, studies in Apis and

Bombus have uncovered benefits to polyandry under manipulated

conditions (e.g., Baer and Schmid-Hempel 1999, 2003; Fewell and

Bertram 2002; Tarpy 2003; Jones et al. 2004; Tarpy and Seeley

2006). Other examples of overt fitness benefits associated with

polyandry in social insects occur under unusual circumstances

involving hybridization (Julian et al. 2002; Volny and Gordon

2002; Cahan and Keller 2003) or resulting from the mitigating of

conflict among colony members (i.e., sex-ratio biasing or worker

policing; Ratnieks 1988; Boomsma 1996; Sundström et al. 1996;

Sundström and Ratnieks 1998; Chapuisat and Keller 1999; Bourke

2001; Mehdiabadi et al. 2003). However, instances of naturally oc-

curring variation in fitness that are directly associated with rates

of polyandry, as we may have uncovered, are relatively rare.

Nevertheless, the veracity of the hypothesis that polyandry

leads to increased fitness of V. maculifrons queens needs to be in-

vestigated further. Specifically, additional years of analysis would

help establish if the relationship we observed in 2004 and 2005 is

stable and widespread. Moreover, one might expect to find similar

trends in other Vespula species, which tend to show similar life-

history characteristics to V. maculifrons (Spradbery 1973; Greene

1991; Foster and Ratnieks 2001). Finally, experimental manip-

ulation of mate number, as have been conducted in social bees

(e.g., Baer and Schmid-Hempel 1999, 2003; Tarpy 2003; Tarpy

and Seeley 2006), would help elucidate the causal relationship

between number of mates and queen reproductive success in V.

maculifrons.
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