
Sex Ratio of Parental Investment 
in Colonies of the Social Wasp Polistesfuscatus 

Abstract. Field estimates of parental investment in the two sexes in the social 
paper wasp Polistes fuscatus indicate that the mother's interests, rather than those 
of her worker offspring, are realized. Local competition for mates seemed to be ab- 
sent, and the population investment ratio was not significantly different from 1:1. 
Workers are not more closely related to the brood they tend than they would be to 
their own offspring. The 3/4 relationship between sisters in haplodiploid species can- 
not account for the maintenance of eusociality in this case. 

The sex ratio of parental investment in 
social wasp colonies bears on three cur- 
rent problems in social behavior: the im- 
portance of haplodiploidy in the evolu- 
tion of hymenopteran eusociality (1), the 
resolution of queen-worker conflict in 
eusocial haplodiploid species (2), and the 
extent to which local mate competition 
favors female-biased sex ratios (3, 4). I 
now present data from field observations 
of colonies of the social paper wasp Po- 
listes fuscatus, which suggest that when 
competition for mates is population- 
wide, the sex ratio of investment in re- 
productives is near 1:1. 

Several features of Polistes social biol- 
ogy facilitate collecting data on behavior 
and sex ratios. Nests are founded annu- 
ally by from one to several overwin- 
tered, inseminated females. The unen- 
veloped nests allow direct observation of 
the behavior of individuals, including 
egg-laying, egg-eating, foraging, fighting, 
and mating. Workers emerge in mid- 
summer, and reproductives in the late 
summer and fall. There are distinct be- 
havioral (but no reliable morphological) 
differences between workers and repro- 
ductive females. The virtual lack of tem- 
poral overlap in their emergence, how- 
ever, makes it possible to estimate sex 
ratios of reproductive individuals with- 
out extensive behavioral observations. 
The abundant nests are localized around 
houses and farm buildings, where mating 
and hibernation occur. It is possible, 
therefore, to gather sex ratio data for a 
sample of nests contributing to a local 
breeding population. 

I collected sex ratio data for 17 of 20 
nests known in a locality in southeastern 
Michigan. I determined the onset of 
emergence of reproductive females by 
observing daily the behavior of individ- 
uals on three of the nests. Foreign wasps 
were not permitted on the nest by work- 
ers. From the emergence of the first 
males and reproductive females to the 
end of the season, all new individuals on 
the nests were marked and recorded by 
sex every other day. While on the nests, 
wasps were marked with Testor's enam- 
el, a procedure that did not seem to dis- 
rupt nest activities severely. The interval 

between markings was less than the av- 
erage time spent by both males and fe- 
males on the natal nest after eclosion, 4.7 
days for males and 8.5 days for females 
(5). Any bias from individuals missed 
would probably underestimate invest- 
ment in males. 

To measure parental investment in 
each sex, one would need to know not 
only sex ratios but the time and energy 
spent plus risks taken by parents in be- 
half of male and female offspring, all of 
which would diminish their ability to in- 
vest in future offspring. I estimated the 
sex ratio of parental investment on nests 
by multiplying the sex ratio estimates by 
the relative wet weights (male divided 
by female) of 16 males and 23 females 
eclosing in the laboratory from a nest re- 
cently collected in the field. In addition 
to suffering from the general inadequacy 
of inferring parental investment from 
weights, this value probably under- 
estimates investment in females, which 
stay longer on the parental nest and 
hence eat more after eclosion than do 
males. The females weighed 143 ? 3 mg, 
and the males weighed 135 ? 4 mg, 
yielding a wet weight ratio of 0.94 (6). 
Presumably, males were somewhat less 
than 94 percent as expensive as females 
to produce. 

Table 1 gives the computed estimates 
of the sex ratio of parental investment 
for the 17 nests and for the population as 
a whole (7). Parental investment ratios 
were tested for deviation from 1:1 and 
1:3 by comparing the observed sex ratios 
with sex ratios that would yield the theo- 
retical investment ratios. The population 
investment ratio was not significantly 
different from 1:1 (X2 test, P < .35) but 
was significantly different from 1:3 
(P < .001). Eight of the 17 nests pro- 
duced investment ratios that deviated 
significantly from 1:1 (P < .05). 

Fisher's theory of sex ratio selection 
(8) predicts that, when competition for 
mates is population-wide, parents will 
evolve to invest equally in the two sexes. 
Hamilton (3) showed that competition 
for mates within broods favors female- 
biased sex ratios of parental investment 
because the reproductive value of sons 

to their parents decreases when sons 
compete among themselves for females 
that one or a few of them could in- 
seminate (3, 4, 9). I investigated the ex- 
tent of mating among siblings by directly 
observing interactions on nests and by 
examining the spermathecae of females 
at various times after they eclosed. I ob- 
served one nest continuously during 
daylight hours when the wasps were ac- 
tive, from 10 August through 18 August 
1976 (80 hours total). This was the time 
of peak abundance of males on nests. 
Males mounted females but rarely at- 
tached their genitalia. The evidence from 
dissections supported my impression 
that this behavior did not result in in- 
semination: (i) Fourteen reproductive fe- 
males captured as they left the nest for 
the first time were not inseminated. (ii) 
Two females collected 9 and 11 days af- 
ter their eclosion were not inseminated. 
(iii) Only 2 of 29 reproductive females 
[distinguished from workers and found- 
resses by their thick fat deposits and lack 
of wing wear (10)] collected on nests in 
mid-September were inseminated. These 
data suggest that mating among siblings 
does not occur on the parental nest. 

Mating aggregations, sometimes of 
more than 100 individuals, form near 
crevices and on tall sunlit structures 
such as buildings, telephone poles, and 
trees. Of 15 females collected from crev- 
ices in the fall, 11 were inseminated. 
Marked progeny of different nests ap- 
peared to mix freely (11), which suggests 
that Fisher's (8) assumption of popu- 
lation-wide competition for mates was 
met. 

Fisher's theory (8) also assumes sym- 
metry in the relatedness of parents to 
their male and female offspring. In the 
social Hymenoptera, queens are related 
to both sons and daughters by 1/2. Work- 
ers, which invest parentally in their 
mother's brood, are related to sisters by 
3/4 (if the queen mated only once) and to 
brothers by only 1/4 because of the hap- 
lodiploid system of inheritance. Hamil- 
ton (1) argued that haplodiploidy pre- 
disposed the Hymenoptera to the evolu- 
tion of sterile workers because females 
are potentially more closely related to 
their mother's brood than to their own 
offspring. Trivers and Hare (2) pointed 
out that this special relationship pertains 
only when colonial investment in repro- 
ductive members is female-biased. They 
suggested that opportunities for hyme- 
nopteran workers to capitalize on the 
asymmetry in their relatedness to broth- 
ers and sisters by investing preferentially 
in sisters may have increased the likeli- 
hood that eusociality would persist once 
it evolved. On this basis, they predicted 
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that sex ratios of parental investment in 
eusocial hymenopteran colonies will be 
female-biased in a ratio of 1:3, unless 
laying workers contribute substantially 
to the male brood. 

I observed the behavior of found- 
resses, workers, and reproductive off- 
spring over the colony cycle on 20 nests 
from May through September 1974 
through 1976 (approximately 400 hours). 
During 150 hours of observation in July, 
when workers and queens were on nests 
and reproductive broods were being pro- 
duced, I did not see workers lay or eat 
eggs while the original queen was on the 
nest. Owen (12) and West Eberhard (5), 
in studies on the same population, also 
noted the absence of egg-laying and egg- 
eating by workers. Approximately half 
of 52 subordinate foundresses on mul- 
tiple-foundress nests were also present 
while reproductive broods were being 
produced, but they contributed little to 
them. It appears that the reproductives 
reared on nests are chiefly offspring of 
the foundress queen. 

Because queens are symmetrically re- 
lated to male and female brood, and 
workers are not, their reproductive inter- 
ests conflict in regard to the sex ratio of 
parental investment. This conflict has 
been linked to the broader issues of par- 
ent-offspring conflict and the origins of 
eusociality. Trivers and Hare (2) argued 
that workers should control the pattern 
of colony investment because they are 
the primary caretakers of the brood. 
They predicted that the way in which 
workers achieve their preferred ratio will 
depend on the cost to their inclusive fit- 
nesses of confronting the queen aggres- 
sively. If a queen dies in such a fight, the 
workers lose a specialized egg-layer and 
source of closely related female eggs. 
They argued that this cost is less drastic 
in multiple-queen than in single-queen 
colonies because, there, workers can 
shift their investment to offspring of a 
closely related substitute queen. When 
workers can lay eggs nearly as well as 
the queen, as in Polistes, these argu- 
ments do not apply. The drop in worker 
relatedness to the brood after the 
queen's death is, in fact, greater in mul- 
tiple- than single-queen colonies (13). 

In contrast to Trivers and Hare (2), Al- 
exander (14) and Trivers (15) have 
viewed the evolution of parent-offspring 
conflict in general as an uneven match fa- 
voring the parent. Alexander (14) has ar- 
gued that parental care evolves so as to 
maximize the lifetime reproductive suc- 
cess of parents, not the inclusive fit- 
nesses of particular offspring or sets of 
offspring. Thus, throughout the evolu- 
tion of eusocial insect colonies, selection 
24 MARCH 1978 

would have operated on queens to check 
tendencies in workers to maximize their 
inclusive fitnesses at the queen's ex- 
pense. According to this argument, par- 
ents evolve to maximize their inclusive 
fitnesses, at the expense of offspring if 
necessary, and they will usually be able 
to achieve this end. 

The almost exact coincidence of the 
population investment ratio with 1:1, 
and its significant departure from 1:3, in 
the absence of sibling mating com- 
petition on the nest, suggest that in P. 
fuscatus the queen's interests, rather 
than those of her worker daughters, are 
realized. Workers are not more closely 
related to the brood they tend than they 
would be to their own offspring. Hap- 
lodiploidy, therefore, cannot explain the 
maintenance of eusociality in this spe- 
cies (2). Kin selection (16), however 
(considering costs and benefits of altruis- 
tic behavior as well as the genetic relat- 
edness of interactants), remains a pos- 
sible explanation of worker altruism. 

Although eight of the nests produced 
investment ratios significantly different 
from 1:1, they exactly canceled one an- 
other's effects on the investment ratio in 
the population as a whole. Therefore, 

Table 1. The sex ratio of parental investment 
in reproductives on single- and multiple- 
foundress nests in P. fuscatus. All sex ratio 
estimates were multiplied by a single estimate 
of the ratio of parental investment per individ- 
ual of each sex [from wet weight at eclosion 
(6)]. Sex ratios are based on the number of 
male and female reproductives marked on 
each nest. It was usually not possible to mark 
every individual eclosing, as indicated by nest 
maps. The proportion of reproductives 
marked is estimated for each nest. 

Repro- Investment 
ductives Males ratio 
marked females 

(proportion) () female) 

Single-foundress nests 
0.8 40: 80 1: 2.12* 
1.0 19: 12 1 0.67 
0.7 4:9 1 2.39 
0.8 7:10 1: 1.52 
1.0 26: 35 1: 1.43 
0.9 15:12 1: 0.85 
1.0 11:11 1:1.06 
0.9 4: 5 1: 1.33 
0.8 17: 11 1:0.69 
0.9 30: 8 1:0.28* 
0.8 7: 15 1:2.27* 
0.8 : 15 1: 3.19* 

Multiple-foundress nests 
0.8 23 :10 1:0.46* 
0.9 123 :32 1:0.71* 
0.9 69: 39 1:0.60* 
0.5 4:5 1: 1.33 
0.9 20: 36 1: 1.91* 

Entire population 
424: 395 1: 0.99 

*Significantly different from an investment ratio of 
1 : 1 (x2 test, P < .05). 

their queens and workers should have 
suffered no counterselection on the basis 
of the devaluation of the more numerous 
sex (8). 

A population-wide investment ratio of 
1:1 might result from a balance between 
nests that are male- and female-biased in 
their investment patterns. For example, 
if certain proportions of nests are consis- 
tently orphaned before reproductive fe- 
male eggs are produced, thus producing 
only males, queens might be selected to 
produce a female-biased investment ra- 
tio. They could thereby take advantage 
of the increase in reproductive value of 
females caused by the excess of males. 
This did not seem to be the case in the 
populations I studied. The queens of 
male-biased nests survived well beyond 
the time when the reproductive brood is 
usually complete. Nor was there any evi- 
dence of a worker's laying eggs in two of 
the male-biased nests that were observed 
regularly during July, the month of peak 
egg production (5). On one female-biased 
nest observed regularly, I saw no unusu- 
al strife between the queen and the work- 
ers nor any sign that the queen was 
dominated by the workers. 

For several reasons, P. fuscatus colo- 
nies might be more likely to produce a 
1:1 investment ratio than other species 
discussed by Trivers and Hare (2). The 
number of workers is small, usually less 
than 40. Workers are therefore less likely 
to realize their optimal sex ratio of pa- 
rental investment by confronting the 
queen (17). Colonies are annual, and 
workers are reared almost entirely by 
foundresses. Queens are thus in a posi- 
tion to manipulate worker options by 
feeding them less as larvae than they 
might prefer. Queens probably mate 
multiply, so that the asymmetry in work- 
er relatedness to brothers and sisters 
may be less than 1:3. The tendency for 
colonies to produce males earlier than 
reproductive females increases the ex- 
pense to workers of modifying the colo- 
nial investment ratio in their own inter- 
ests. When workers eclose, few female 
eggs and larvae are present. The males 
have usually completed part of their de- 
velopment and, therefore, have a higher 
reproductive value than contemporary 
eggs. This increases the costs to workers 
of discriminating against males or of re- 
placing them with the workers' own male 
eggs (18-20). 

Other characteristics of Polistes colo- 
nies make it more likely that workers will 
realize their optimal investment pattern. 
Because colonies are annual and there is 
only one reproductive brood, it may be 
easier for workers to assess the colony 
investment ratio and adjust their parental 
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effort to optimize their inclusive fit- 
nesses. Workers do not lay while the 
original queen is on the nest, so they 
should be strongly selected to bias their 
parental investment in favor of females. 

KATHARINE M. NOONAN 
Museum of Zoology, University of 
Michigan, Ann Arbor 48109 
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technique (3), as this retains the advan- 
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conditioning without the disadvantag- 
es. With this technique a steady base- 
line of responding (lick rate) was first es- 
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Table 1. Behavioral thresholds, outer and inner hair-cell loss, and frequency discrimination 
after kanamycin administration. 

Frequency Hair-cell loss (%) Behavioral Frequency 
(reqzncy Cat threshold discrimination 
(kHz) Inner Outer changes (dB) changes (F) 

1 6 0 0 -8 4.04* 
8 0 0 -5 0.96 

10 0 0 7 0.80 

4 6 0 0 0 0.79 
8 35 0 0 0.60 

10 25 0 -2 0.48 

8 6 65 0 23 1.46 
8 100 0 22 0.65 

10 95 0 21 1.73 

10 6 100 0 28 1.22 
8 100 5 26 0.86 

10 100 15 36 1.06 

12 6 100 75 40 6.47* 
8 100 50 51 4.30* 

10 100 <100 49 2.57* 

*For F (9, 24) > 2.36, P < .05. 
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