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Summary. A field population of Polistes metricus Say near
St. Louis, Missouri was supplemented with dilute Apis mel-
lifera honey and Trichoplusia ni caterpillars during the entire
colony development period. Offspring were collected at two
times to coincide with emergence of worker and reproductive
broods. Food supplementation had no effect on nest size, the
number of worker offspring, or the size of workers. Supple-
mented colonies did produce more females in August but
female size was unaffected by supplementation. Supplemen-
tation had no effect on the number of males produced, but
males were slightly larger on supplemented nests. We inter-
pret these findings in the context of social insect life history
theory.
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Introduction

A fundamental problem facing annual species in seasonal
environments is achieving reproductive success in one sea-
son. If a given year is suboptimal, they cannot forgo repro-
duction until the following year. Although life histories are
thought to reflect the optimal partitioning of resources
among competing demands, or tradeoffs (Stearns, 1992), lit-
tle is known about how resource availability affects alloca-
tion patterns in annual social insects. Life history models for
annual plants and for social insects living in seasonal envi-
ronments suggest that the optimal life history strategy delays
sexual reproduction as long as possible while building up
reserves that will eventually help to produce the largest
amount of propagules late in the season (Oster and Wilson,
1978; Schaal and Leverich, 1981; Bourke and Franks, 1995).
In support of this notion are studies on the annual wasp
Polistes metricus Say that suggests that pre-emergence phase
colonies are food limited (Rossi and Hunt, 1988), but demo-

graphic consequences do not become evident until later in
the colony cycle when sexuals are produced (Hunt and Dove,
2002). Nests supplemented before worker emergence
attained larger sizes and produced more pupae in August
when the sexuals emerge than did unsupplemented nests or
nests from which larval saliva was removed (Hunt and Dove,
2002). Unclear, however, is how food supplementation might
affect the partitioning among competing demands (worker,
gyne or male production). Here we report effects of food sup-
plementation on the number, size, and sex of adult offspring
produced in the worker and reproductive broods in field
colonies of P metricus during an entire colony development
period.

Materials and methods

This study was conducted in eastern Missouri at Weldon Spring Con-
servation Area (38.7°N, 90.7°W) and at Washington University’s Tyson
Research Center (38.5°N, 90.55°W) from April through August 1997.
Both sites are characterized by patches of second growth oak-hickory
forest interspersed with fields. Polistes metricus is a common species in
this habitat and readily founds nests in man-made nest boxes. This
species is also haplometrotic (Hunt and Dove, 2002), which means that
nests are initiated by single foundresses (Reeve, 1991). Typically the
workers in this population emerge by early July and the reproductives by
mid-August (Hunt and Dove, 2002). Although castes are not dimorphic,
the production of larger females in August (Seal, unpubl. data) along
with males indicates that colonies are in the reproductive phase.

In early March 1997, prior to nest founding, we placed 60 (10 x 10
X 10 cm) nest boxes in fields at each study site. After foundresses
appeared in boxes and began to make nests, we haphazardly assigned
each colony to a collection time (July or August) and one of two treat-
ments: 1) supplementation with dilute Apis mellifera honey and Tri-
choplusia ni (Lepidoptera, Noctuidae) caterpillars, or 2) no supplemen-
tation but equal amounts of disturbance. Before the treatments com-
menced the nests had the same number of cells (F, ,, =0.0163, p>0.85).
The honey supplementation augments naturally occurring wasp honey
that is commonly found in P metricus nests in the beginning and later
phases of the colony cycle (Hunt et al., 1982, 1998; Hunt, 1991). Hon-
ey treatments began immediately following nest founding. Honey was
applied twice weekly to the edge of every other nest cell, out of reach of
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the larvae, as described in Rossi and Hunt (1988) and Hunt and Dove
(2002). Caterpillar supplementation augments the natural source of pro-
tein for wasp brood and commenced with the appearance of second
instar larvae (approx. June 1). Colonies were fed twice weekly by feed-
ing a piece of mashed caterpillar to the foundress directly or placing the
food on top of the nest comb. The size of this caterpillar morsel approx-
imated the amount of prey wasps were seen transporting back to their
nest and was supplied at the rate of one caterpillar per worker found on
the nest. Treatments continued until nests were removed from the field.

In late June, after the appearance of pupal cocoons, the first group
of nests, minus the foundresses, were removed from the nest boxes and
taken from their field location. These nests were placed in a remote
shaded outdoor location, and each was covered by a transparent plastic
cup. Nest size and the numbers of pupae, larvae, and eggs were record-
ed. As adults emerged from pupation they were placed in vials, labeled,
and killed by freezing. The isolation and offspring collection procedure
was repeated for the August sample. We estimated the size of offspring
by taking seven body measurements of each wasp (Jeanne et al., 1995;
Hunt et al., 1996, 2001): GIAW (apical width of the first gastral seg-
ment); G1L (length of the first gastral segment); G2W (width of the sec-
ond gastral segment); HH (head height); HW (head width); TL (thorax
length); TW (thorax width); and WL (wing length). Measurements were
made, with a binocular microscope equipped with a video camera.

Treatment effects were assessed by analysis of covariance with the
numbers of offspring as the dependent variable, cell size as a covariate,
and treatment as a categorical predictor. The numbers of offspring cor-
responded to the exact number of wasps used in the morphometric
analysis. All data were common log transformed in order to meet para-
metric assumptions. The sex ratio was analyzed by performing a t-test
on the percentage of sexual offspring allocated to males and by per-
forming a Chi-Square test on the frequencies of adult August offspring.
The size of offspring was analyzed with simple non-parametric Mann-
Whitney tests, because of unequal variance terms. All statistical analy-
ses were performed with Statistica version 6.1 (Statsoft, 2003).
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Results

Food supplementation had no effect on the worker (July)
brood. The number of wasps produced was unrelated to nest
size (r = 0.05, p > 0.85), nor did it appear to be related to
treatment (F, ,,=1.03, p > 0.33). Worker size for each colony
was not significantly affected by food supplementation.

Food supplementation significantly increased the num-
ber of females in the August brood (F,; = 11.82, p < 0.01,
Fig. 1) and larger nests produced slightly more female off-
spring (1> =0.24, F, ; = 5.65, p <0.05, Fig. 1). The treatment
did not appear to significantly affect female body size or the
numbers of males produced on nests in August (F,; =0.362,
p > 0.55). In contrast to female sexual brood, the male num-
ber and nest size were positively correlated (r = 0.91,
p <0.001). Additionally, males on supplemented nests were
significantly larger in the thorax width and the apical width
of the first gastral segment (Table 1). Supplemented nests
produced about 50% fewer males (0.416 = 0.102) (average
male allocation + 1 sd) compared to unsupplemented nests
(0.628 £ 0.154, t;n = 2.405, p < 0.05). In supplemented
colonies the number of males did not differ from the ex-
pected number in a 1:1 ratio (y* = 1.61, 3 df, p > 0.60),
whereas in unsupplemented colonies the number of males
did not differ from a 3:1 (male:female) ratio (y*>=3.96, 5 df,
p > 0.55).

Figure 1. Number of Polistes metricus female
offspring as a function of nest size for colonies
collected during the reproductive production
phase of the colony cycle. Solid symbols are
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supplemented colonies and open symbols are
unsupplemented. Data are log transformed
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Table 1. Measurements (means * standard deviations in mm) of eight body dimensions of male offspring of supplemented and unsupplemented

colonies (Mann-Whitney U test). Significant differences (a = 0.05) are highlighted in bold. n g = 5, Ny, =4
Measurement Unsupplemented Supplemented V4 p-value
HH 3.202 (.091) 3.265 (.068) 0.980 0.327
HW 3.288 (.118) 3.405 (.072) 1.715 0.087
TL 5.192 (.242) 5.405 (.113) 1.470 0.142
T™W 2.992 (.088) 3.11 (.085) 1.96 0.05
GIAW 3.064 (.027) 3.275 (.138) 2.45 0.014
GIL 2.77 (.179) 2.888 (.074) 1.47 0.142
G2W 3.944 (.119) 4.088 (.117) 1.59 0.11
WL 8.898 (.710) 9.093 (.088) 0.49 0.624
Discussion Our results can be readily interpreted in the context of life

This study reaffirms the finding by Hunt and Dove (2002)
that food supplementation of field colonies of Polistes me-
tricus affects later stages of colony development. Neither the
number nor the sizes of worker offspring appear to have been
affected by the food supplementation, which suggests that
there may be little adaptive advantage to creating more or
larger workers. It appears that there could be stabilizing
selection to produce a relatively fixed number of workers
regardless of nest size or food availability. The food supple-
ment appears to have been shifted toward the production of a
greater number of female sexuals and larger males. That sup-
plemented colonies produced more reproductive females
rather than larger reproductive females suggests that female
sexual production in natural conditions is food limited and
possibly expensive. These results are also in agreement with
Karsai and Hunt (2002) who found little relationship between
food supplementation and female offspring size.

Metcalf (1980) argued that P metricus colonies were like-
ly to invest equally in males and females, but he did not con-
sider physiology. Gynes are likely to be more expensive to pro-
duce than males or workers, because gynes require more body
fat (Eickwort, 1969; Strassmann et al., 1984), more protein
(Hunt et al., 2003) and anti-freeze compounds (Gibo, 1976;
Strassmann et al., 1984) during their dormant period and sub-
sequent nest founding. Protection against freezing involves the
conversion of the insect’s entire glycogen supply into polyols
that lower the super-cooling point of water and the synthesis of
large molecular weight ice nucleating proteins (Duman and
Patterson, 1978; Storey, 1990). This process is metabolically
expensive; queens of the temperate vespine Dolichovespula
maculata were found to lose >80 % of their glycogen reserves
during hibernation (Stein and Fell, 1992). Since Karsai and
Hunt (2002) found that worker P metricus have a lower freez-
ing tolerance than gynes and cold tolerance of female offspring
is positively correlated with the amount of food received as a
larva, it seems likely that anti-freeze compounds represent a
significant cost in P metricus as well. Karsai and Hunt (2002)
also found that colonies receiving more food delayed the pro-
duction of males by investing in females. Experimental studies
investigating the physiological costs of rearing worker, repro-
ductive, or male brood in Polistes wasps could contribute sig-
nificantly to our understanding of this pattern.

history theory developed for plants, because plants and social
insects exhibit many parallels in terms of their development
and demography (Harper, 1977; Hunt, 1991; Bourke and
Franks, 1995). The finding that female P metricus wasp size
appeared to be unaffected by extra food, but their number
was, supports theory predicting that selection has yielded an
optimal investment in sexual quality and that colonies accrue
fitness when they produce more offspring that are relatively
equal in quality (Lloyd, 1987). For example, larger plant
seeds appear to be advantageous when seedlings are likely to
experience competition, but in the absence of competition,
the best strategy would be to produce many smaller seeds
(Sibly et al., 1988; Bourke and Franks, 1995; Turnbull et al.,
1999). Similarly, social wasp (Dolichovespula maculata (L.))
foundresses exhibited little inter-annual variation in size or
nutrient reserves (Stein and Fell, 1992). Although large
Polistes foundresses are generally favored in encounters with
conspecifics during nest usurpation attempts or in foundress
associations (Reeve, 1991), size is probably unimportant in
our population since foundress associations are very rare
(JHH, unpubl. data). Instead, survivorship appears to be
dependent on density-independent factors during winter dia-
pause and the subsequent nest-founding season. Only 2 of
more than 600 wasps individually marked at a single field
site in 1994 appeared the following year (Hunt and Dove,
2002). Colony mortality in P metricus appears to be fairly
steady throughout the colony cycle driven by random para-
site and predator attacks (Hunt and Dove, 2002; Hodges et
al., 2003), as is reported in other species of Polistes (Page et
al., 1989; Clapperton and Dymock, 1997). Polistes metricus
colonies thus appear to produce female offspring that are rel-
atively equal in quality but variable in number depending on
the amount of food the colony receives.

Our finding that supplementation results in slightly larg-
er males rather than a greater number of males suggests that
the number of males produced by a colony may not be as
important a fitness variable as male size. Reed and Landolt
(1991) noted lekking of sexuals of P metricus with males
forming large swarms. We have observed similar behavior in
P metricus on goldenrod (Solidago spp.) inflorescences.
Males appear to patrol these flowers and attack other males
that come near (pers. obs.). Since lekking has additionally
been reported or suggested in several species of Polistes (Lin,
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1972; Noonan, 1978) and larger males appear to defend ter-
ritories (Polak, 1993), it is possible that larger P metricus
males have higher fitness.
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