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Abstract  Maternal manipulation of offspring sex ratio in response to conspecifics 24 
is considered in relation to sex ratio theory using the parasitoid wasp Spalangia 25 
endius. Females produced a greater proportion of sons in response to mated but 26 
not virgin females. This is the first demonstration of a differential sex ratio 27 
response to virgin versus mated females and provides support for local mate 28 
competition theory. More recent sex ratio models that predict sex ratio responses 29 
to conspecifics, specifically constrained, perturbation, and crowding models, were 30 
not supported. An increased proportion of sons in response to another mated 31 
female occurred on the second day of oviposition but not on the first, and the day 32 
effect resulted from experience not age. When females oviposited alone after 2 d 33 
exposure to another female, they still produced a greater proportion of sons than if 34 
they had always been alone, but only if the other female was mated, not if she was 35 
virgin. Females do not seem to assess the presence of virgin versus mated females 36 
indirectly by using a low density of males or a long latency to mate as an indicator 37 
for virgin females: neither affected offspring sex ratio. That mated females 38 
adjusted their sex ratios in response to other mated females but not virgin females 39 
or males may be due proximally to mated females not often encountering the 40 
latter. Virgin females and males are not located as deep in the oviposition 41 
substrate as mated females. 42 
 43 
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Introduction 1 
In a wide range of taxa, mothers adjust their offspring sex ratios (proportion of 2 
sons) in response to environmental factors (e.g., Charnov 1982; Dittus 1998). For 3 
example, in many parasitoid wasps, mothers increase their offspring sex ratio in 4 
the presence of other mothers (reviewed in King 1993, Godfray 1994). An 5 
adaptive explanation for this increase was proposed by Hamilton (1967) in the 6 
form of local mate competition theory (LMC). As adaptive sex ratio theories go, 7 
LMC is well known and accepted (e.g., Thornhill and Alcock 1983; Krebs and 8 
Davies 1993; Fellowes et al. 1999). In fact, sex ratio theory in general and LMC 9 
in particular have been cited as being among the most successful areas of 10 
evolutionary biology (Bull and Charnov 1988; Godfray and Hardy 1993: 11 
Fellowes et al. 1999). Criteria for the success of any scientific model/theory 12 
should include data other than that which led to the theory in the first place and 13 
ruling out of alternative models. Both of these criteria deserve greater attention 14 
and are provided here for LMC by examining sex ratio response to conspecifics 15 
in the parasitoid wasp Spalangia endius in relation to LMC and to other more 16 
recent adaptive sex ratio models. 17 

LMC assumes that some or all mating takes place at the natal site resulting 18 
in competition among brothers for mates (Hamilton 1967; Nunney and Luck 19 
1988). This assumption is supported for Spalangia (Myint and Walter 1990; Hardy 20 
1994). One explanation for LMC is that by increasing her proportion of sons in 21 
response to other mothers, a mother increases the chance that one of her sons, and 22 
not another mother's sons, inseminates the local females (Taylor 1981). In 23 
addition, with the presence of other mothers, the advantage to producing daughters 24 
as mates for her sons also decreases because now those daughters can become 25 
mates for the other mothers' sons. 26 

LMC may seem to be supported for many parasitoid wasp species (King 27 
1993): consistent with LMC, overall sex ratios are often female-biased (Clausen 28 
1939; Waage 1982; Luck et al. 1993); and the female-bias often decreases in the 29 
presence of other females or hosts parasitized by other females (Salt 1936; 30 
Jackson 1966; King 1993). However, note from the dates of these publications that 31 
these empirical patterns had been demonstrated prior to, and are cited in, the first 32 
LMC paper (Hamilton 1967). While additional instances of the same empirical 33 
patterns are still of interest and provide greater confidence in a theory, arguably a 34 
stronger test of the theory is to use an empirical pattern other than the one that led 35 
to the theory in the first place (Chalmers 1982), as done here. Specifically, LMC 36 
predicts that a female's sex ratio response to a virgin female should be the same as 37 
when she is alone or with a male, in contrast to the increase predicted in response 38 
to a mated female (equation 2, Werren 1980). The responses to virgin females and 39 
to males have been little studied yet can be tested within a single species, as done 40 
here.  41 

Adaptive sex ratio response to conspecifics has also been described by 42 
another more recent model, the constrained model, which examines the effects of 43 
females constrained to produce only sons, e.g., virgins (Godfray 1990; Godfray 44 
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and Hardy 1993). Females may estimate the proportion of constrained females 1 
present based on their own mating status and that of conspecifics that they 2 
encounter, e.g., 0.5 for a mated female with a virgin versus 0 for a mated female 3 
alone or with another mated female. Given these estimates, in the absence of 4 
LMC, a female should produce the same sex ratio when alone as when with a 5 
mated female but should produce a decreased sex ratio when with a virgin 6 
female. The presence of LMC is expected to reduce the decrease in sex ratio seen 7 
in response to constrained females. With extreme LMC the reduction should be 8 
so great as to practically eliminate the effect of constrained females (Godfray 9 
1990).  However, many parasitoid wasps, including Spalangia, appear to 10 
experience partial LMC, with some but not all mating occurring at the natal site 11 
(Myint and Walter 1990; Hardy 1994)). With partial LMC, the effect of 12 
constrained females is expected to be intermediate. Thus, a sex ratio decrease in 13 
response to constrained females supports the constrained model; the lack of a 14 
decrease suggests that LMC overwhelms any effect of constrained females. 15 

The present study tests whether females respond directly to virgin versus 16 
mated females and whether females respond to the frequency of males or to 17 
latency to mate. Fewer males or a longer latency may indicate a greater likelihood 18 
that another female is constrained (Charnov 1982).   19 

Another sex ratio model of potential relevance to Spalangia is the crowding 20 
model (Waage 1982; Werren 1984). The crowding model assumes: multiple 21 
females lead to crowding of offspring within hosts; crowding leads to small 22 
offspring; and being small is less detrimental to sons than daughters. Thus, this 23 
model predicts an increased proportion of sons in response to other females 24 
regardless of their mating status but not a sex ratio change in response to males. 25 
This model was designed for gregarious species. This model is less likely to apply 26 
to solitary species but is tested here for completeness because solitary species 27 
sometimes face competition for resources within a host. They occasionally 28 
produce more than one offspring per host and even more frequently oviposit 29 
multiple eggs per host (e.g., Propp and Morgan 1985; King and Seidl 1993). The 30 
crowding model is tested here by testing the assumption that offspring will be 31 
larger when from lone mothers than from pairs of mothers. 32 

Finally, this study briefly examines whether differential sex ratio responses 33 
to different categories of conspecifics, such as a response to other females but not 34 
males, could be related proximally to differences in vertical distribution. If 35 
females and males spend their time at different substrate depths, females may 36 
encounter each other more often and this greater encounter rate may somehow 37 
trigger the sex ratio response, e.g., via a response to physical contact or 38 
pheromones.   39 

 40 
Methods 41 
The S. endius were from a colony established from wasps collected in 1996 from 42 
Florida, U.S.A. Experiments 1 and 3 were performed the same year, experiment 2 43 
a year later, all using a natural host, Musca domestica.  44 
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Host size was kept uniform by providing 800 mm3 of eggs with 1030 ml fly 1 
larval media (King 1988). 0-day-old hosts were presented to females in small clear 2 
plastic vials (40 mm high, 36 mm top diameter, 27 mm bottom diameter) for 24 h 3 
at about 25oC with a drop of honey on the vial wall for food. Each female had 4 
emerged from an isolated host and so had no previous contact with wasps other 5 
than her mate prior to use in an experiment.  6 

Offspring sex ratio at oviposition was estimated from sex ratio at emergence 7 
because there is no evidence of differential mortality of the sexes during 8 
development in S. endius (Donaldson and Walter 1984; Napoleon and King 1999; 9 
King 2000). In two-female treatments, sex ratios were pooled across both females 10 
because data from such females would not be statistically independent and 11 
because genetic markers for tracking individual female's offspring have not been 12 
identified. Statistical analyses of sex ratios were on arcsine transformed values; 13 
means and 95% confidence intervals (CI) have been backtransformed. P values are 14 
two-tailed.  15 

 16 
Experiment 1 17 
The first experiment examined whether mated females adjust sex ratio in response 18 
to other mated females, whether they adjust sex ratio in response to males, and 19 
whether they do so on both their first and second day. This experiment also 20 
compared the physical location of females versus males in order to determine 21 
whether a lack of sex ratio response to males could be related to males not being 22 
where the females were. There were four treatments: F = one female, mated; FF = 23 
two females, mated; FM = one female and one male (not the male with whom the 24 
female had just mated), both mated; F4M = one female and four males (including 25 
the male with whom the female had just mated), all mated. In each treatment the 26 
wasp(s) were given 30 hosts for each of two successive days. Females were less 27 
than 1 d old. Sex ratios and number of offspring were analyzed separately by 28 
repeated measure analysis of variance, with day as a within-subject factor and 29 
treatment as a between-subjects factor.  30 

At the end of each day the location of each wasp was recorded, as 1 if in the 31 
bottom half of the vial, 2 if in the top half. Scores were averaged across wasps of 32 
the same sex for those treatments with multiple wasps of the same sex. Within 33 
treatments, location did not differ between the first and second day for males or 34 
for females (P > 0.25), so days were combined prior to comparing location among 35 
treatments.  36 

 37 
Experiment 2 38 
The second experiment examined 1) whether, in the first experiment, the sex ratio 39 
response to conspecifics on the second day but not the first was related to age or 40 
experience, 2) whether prior exposure to other wasp(s) affected subsequent sex 41 
ratios, and 3) whether the sex ratio response to a female depended on whether she 42 
was mated or virgin.  43 

Thus, this experiment was similar to the first except: 1) Females were given 44 
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their first set of hosts a day later. Each female spent the first day in a vial with 1 
honey. The next day, the experiment proceeded as in the first experiment, with 30 2 
hosts for each of two consecutive days. 2) The FM treatment was replaced with an 3 
FV treatment of one mated female with one virgin female. 3) After the first 2 days 4 
with hosts, each female was isolated (only one female in treatment FF) and given 5 
15 hosts for a day. Once isolated, the two females in FV could be distinguished 6 
because the virgin female produced only sons. Virgin versus mated female's sex 7 
ratios could not be distinguished when they were together; thus, treatment FV was 8 
analyzed only for the third day, when each female was isolated. 4) To test the 9 
crowding model, the head width of one offspring of each sex was measured from 10 
treatments F and FF on the third day, i.e., the treatments and day showing a sex 11 
ratio difference that could result from crowding (see Results). 12 

For sex ratio, the interaction between treatment and day was examined for 13 
F, FF, F4M on days 1 and 2 and for F, FF on days 1-3. The interaction could not 14 
be examined across all four treatments on all three days because treatment F4M 15 
was not continued for the third day and the sex ratio from mated females was 16 
inseparable from that of virgin females for treatment FV on days one and two. 17 
Number of offspring per female was compared within days between treatments by 18 
t-tests, or by Mann-Whitney U when assumptions of normality or 19 
homoscedasticity were not met. 20 
 21 
Experiment 3 22 
The third experiment examined the effect of latency to mate on sex ratio. Each 23 
female mated within a day of emerging from an isolated host in the immediate 24 
mating treatment and two days later in the delayed mating treatment. Males had 25 
emerged from an isolated host within a day prior to mating. Each female was 26 
given 30 hosts for a day when she was 3 d old; this host presentation was within 27 
10 min after mating in the delayed mating treatment.  28 
 29 
Results 30 
Experiment 1 31 
The effect of treatment on sex ratio depended on day (treatment-by-day 32 
interaction: F3,130 = 2.98, P = 0.034), so treatments were compared within each 33 
day. Specifically, each treatment was compared to treatment F because this is 34 
where LMC and the constrained model differ. On the first day of oviposition, 35 
when females were 0 d old, the offspring sex ratio produced by lone females was 36 
not significantly different from that produced by pairs of females or by females in 37 
the presence of one or four males (Table 1). In contrast, on the second day of 38 
oviposition, when females were 1 d old, the offspring sex ratio of lone females 39 
was significantly more female biased than the sex ratio of pairs of females.  40 

For number of offspring per female, there was no interaction between 41 
treatment and day (F3,133 = 1.16, P = 0.33) and no day effect (F1,133  = 0.10, P = 42 
0.75), but there was a treatment effect (F 3,133  = 13.28, P < 0.001). Comparing the 43 
daily average for each treatment to that for treatment F, the only significant effect 44 
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was that pairs of females produced fewer offspring per female than did lone 1 
females (Table 2). 2 

The biggest difference in vertical location was between males and females 3 
(Table 3). Males tended to be in the top half of the vial and females in the bottom 4 
half, usually on a host. Location of females did not differ significantly between 5 
treatments F and FF (Mann-Whitney U = 1453.0, n1 = 52, n2 = 57, P = 0.81) or 6 
FM and F4M (Mann-Whitney U = 1599.0, n1 = 57, n2 = 58, P = 0.59). In the 7 
presence of males, females were slightly but not significantly lower in the vial (F 8 
and FF versus FM and F4M: Mann-Whitney U = 5720.5, P = 0.08).  9 

 10 
Experiment 2 11 
The effect of treatment on sex ratio depended on day (treatment-by-day 12 
interactions for F, FF, F4M on days 1 and 2:  F2, 85 = 4.43, P = 0.015; and for F, FF 13 
on days 1-3: F2, 56 = 4.44, P = 0.016), so again treatments were compared within 14 
each day. On the first day of oviposition, when females were 1 d old, sex ratios of 15 
lone females were not significantly different from those of pairs of mated females 16 
or mated females with males (Table 4). On the second day of oviposition, when 17 
females were 2 d old, sex ratios of lone mated females were significantly more 18 
female-biased than those of pairs of females, although still not significantly 19 
different from those of mated females with males.  20 

On both the first and second day of oviposition, number of offspring per 21 
female was significantly lower for pairs of females than for lone females, 22 
regardless of whether the pairs were both mated or one mated and one virgin 23 
(Table 5). Number of offspring per female did not differ significantly between the 24 
mated-mated and the virgin-mated treatment. Number of offspring per female was 25 
not significantly different when a female was alone versus with males.   26 

On the third day of oviposition, females in all treatments were alone. Sex 27 
ratio from the lone female treatment was still more female-biased than from the 28 
paired mated-females treatment and was not different from that of mated females 29 
who had been with virgin females previously (Table 4). Number of offspring did 30 
not differ significantly among treatments (Table 5). 31 

 32 
Experiment 3 33 
Proportion of sons was not significantly greater for females that mated 34 
immediately than females that mated 2 d later (mean = 0.15, 95% CI = 0.10 - 0.20, 35 
n = 41 versus mean = 0.19, 95% CI = 0.12 - 0.28, n = 41; t80 = 1.12, P = 0.27). 36 
Likewise, number of offspring did not differ significantly between females that 37 
mated within a day of emergence versus two days later (mean ± s.e. = 12.5 ± 0.6, 38 
n = 41 versus 12.1 ± 0.6, n =  41; t = 0.52,  df = 40, P = 0.61). 39 
 40 
Discussion 41 
Testing sex ratio theory 42 
S. endius's sex ratio response to conspecifics is better explained by LMC than by 43 
the constrained, crowding and perturbation models. S. endius's production of a 44 
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greater proportion of sons in response to mated females but not virgin females or 1 
males was consistent with effects of LMC but not with effects of constrained 2 
females or crowding. LMC was supported even though Spalangia experiences just 3 
partial LMC and is a solitary species (one offspring per host). LMC was originally 4 
designed for gregarious species (multiple offspring per host). However, when 5 
solitary species have clumped hosts, as is true for Spalangia (personal 6 
observation), they are described as quasigregarious and LMC should apply (van 7 
den Assem et al. 1980).  In fact, LMC's prediction of a greater proportion of sons 8 
in response to other mothers has actually been reported for a greater proportion of 9 
solitary than gregarious species (King 1993). 10 

LMC's prediction of a differential sex ratio response to virgin versus mated 11 
females assumes that virgins oviposit in natural populations. In most parasitoid 12 
wasps including S. endius, virgin females do oviposit, often as much as mated 13 
females (reviewed in Godfray, 1994; King in press); and virgins have been 14 
collected in natural populations, although their prevalence is often low (Godfray 15 
and Hardy 1993).  16 

I have not discussed numerical values of sex ratio despite the sex ratio of  17 
0.21 - 0.23 observed with two mothers (Tables 1, 3) being close to the 0.25 18 
predicted by Hamilton's (1979) LMC model. (That the value with one mother is 19 
greater than the predicted 0% would traditionally be explained by the suggestion 20 
that a lone female should produce just enough sons to inseminate her own 21 
daughters (Hamilton 1967).) My focus has instead been on sex ratio pattern, 22 
specifically an increase in proportion of sons with increasing mothers, because 23 
this pattern appears to be quite robust. It is met with asynchronous or synchronous 24 
oviposition and with or without postdispersal mating by males (Nunney and Luck 25 
1988). In contrast, predictions of the sex ratio value expected at any given number 26 
of mothers is highly dependent on these parameters and others (Bull and Charnov 27 
1988), many of which are difficult to estimate with much confidence.  28 

The crowding model was not supported in S. endius because the model 29 
assumes that offspring size is affected by another ovipositing female's presence, 30 
but in S. endius it was not.  31 

The perturbation model, another natural selection model that predicts a sex 32 
ratio response to conspecifics (Werren and Charnov 1978), also was not supported 33 
in S. endius. The model assumes overlapping generations, which S. endius lacks: 34 
development duration in S. endius is at least twice as long as adult longevity 35 
(personal observation; Napoleon and King 1999).  36 

Attempts to distinguish among all of these natural selection sex ratio models 37 
in a single species have been rare (but see King 1996), partly because the 38 
constrained model is relatively recent. Some earlier studies have distinguished 39 
between LMC and the crowding models (e.g., Werren 1980; King 1992).  40 

Although the sex ratio response to mated females has been examined in 41 
dozens of species (e.g., King 1993), the response to virgin versus mated females 42 
has been examined in only two other species besides S. endius, Nasonia 43 
vitripennis and Bracon hebetor (Werren 1984; Ode et al. 1997). Both differ from 44 
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S. endius in that females adjust their sex ratio in the presence of another mated 1 
female but also in the presence of a virgin female, although the pattern in B. 2 
hebetor could be an artifact of experimental design (see "Proximal Mechanisms" 3 
below).  4 

This lack of support for LMC in terms of the response to virgin females, is 5 
of special interest in N. vitripennis because it is probably the best known, most 6 
frequently cited species in relation to LMC (e.g., Thornhill and Alcock 1983; 7 
Krebs and Davies 1993). In N. vitripennis, both mated and constrained (sperm-8 
lacking) females are found at oviposition sites (Skinner 1983). If LMC applies, 9 
there should be selection against a general response to conspecifics as the 10 
mechanism for responding to mated females because according to LMC, selection 11 
will favor different sex ratio responses to mated versus constrained females (Table 12 
3). A differential sex ratio response to mated versus constrained females in N. 13 
vitripennis is still possible. Perhaps females respond to a trait that covaries with 14 
the lack of sperm in nature but not in Werren's (1984) laboratory experiment.  15 

In addition to support for LMC from intraspecific tests, interspecific tests 16 
also provide some support. In Nasonia the greatest proportion of sons occurs in the 17 
congener with the highest rate of within host mating, consistent with LMC 18 
(Drapeau and Werren 1999), although  based on just three species (all yet known 19 
in Nasonia). A recent study of 44 species of non-pollinating fig wasps provides 20 
some support for LMC and, in contrast to earlier interspecific tests, controls for 21 
phylogeny  (Fellowes et al. 1999).   22 

Support for the constrained model is very limited. A small proportion of 23 
parasitoid wasp species lack an increase in sex ratio in the presence of other 24 
mothers (reviewed in King 1993), consistent with the constrained model. If the 25 
constrained model is responsible for this pattern, these species should also exhibit 26 
a decreased proportion of sons in response to constrained females relative to 27 
mated and lone females, something not yet examined. However, as noted above, 28 
none of the three species for which sex ratio response to constrained females has 29 
been examined exhibit such a decreased proportion of sons (Werren 1984; Ode et 30 
al. 1997; this study). 31 

Ode et al. (1997) suggest that female-biased sex ratios in the parasitoid 32 
wasp B. hebetor have been selected for due to constrained females in the 33 
population. However, the B. hebetor females studied by Ode et al. (1997) 34 
increased the proportion of sons in response to other mated mothers, and this 35 
pattern is not consistent with the constrained model. This pattern is consistent 36 
with LMC theory. Ode et al. (1997) suggest ruling out LMC based on the 37 
observation of outbreeding in B. hebetor. However, in the absence of inbreeding, 38 
competition among brothers for mates is sufficient to select for LMC sex ratios 39 
(Taylor 1981). Competition among brothers has been neither demonstrated nor 40 
ruled out for B. hebetor.  Current data on B. hebetor's sex ratio response to virgin 41 
females do not support either the constrained model or LMC but with a more 42 
natural experimental design might support LMC (see below).  The constrained 43 
model has received some empirical support from a thrips (e.g., Kranz et al. 2000). 44 
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Proximal Mechanisms 3 
The prediction of a different sex ratio response to virgin versus mated 4 

females depends on the assumption that mated females can obtain information 5 
about the presence of virgin versus mated females. However, a different response 6 
to virgin versus mated females does not require that females distinguish between 7 
them when presented with both. Encountering virgin females less frequently than 8 
mated females despite their presence in the population is a perfectly valid 9 
proximal mechanism for behaving differently to them. This provides a particularly 10 
straightforward mechanism by which the proper LMC response may be achieved 11 
since the proper LMC sex ratio response to a virgin female is the same as when 12 
alone. An analogy would be that selection can favor avoiding inbreeding but this 13 
does not have to be by recognizing kin from nonkin; rather, one sex may simply 14 
disperse and hence not be encountered.  15 

Differences in encounter rate due to differences in spatial distribution may 16 
be the proximal mechanism for the differences in sex ratio response of S. endius to 17 
mated versus virgin females and mated females versus males. A female is 18 
probably more likely to encounter another female than a male given that males 19 
were found significantly higher in their containers than females. Virgin females 20 
are also found higher than mated females when hosts are present (King in press). 21 
The gender differences in spatial distribution of S. endius in the laboratory are 22 
corroborated by those of S. cameroni in the field (Donaldson and Walter 1984); 23 
laboratory gender differences of B. hebetor are also corroborated by field data 24 
(Guertin et al. 1996). Number of interactions between females in N. vitripennis 25 
correlates with sex ratio under some conditions (King et al. 1995 and references 26 
therein). The effect of interactions does not appear to be related to simple physical 27 
contact in N. vitripennis (King et al. 1995) or in S. cameroni (King 1996). 28 
Encounter rate may play a role in the proximal mechanisms of a wide range of 29 
behaviors (e.g., Uvarov 1966; Gordon 1994).  30 

The potential importance of encounter rate suggests that response to virgin 31 
versus mated females may be worth revisiting in B. hebetor.  That females 32 
responded to mated and virgin females with the same sex ratio, contrary to LMC, 33 
could be an artifact of the small depth of the dishes used (Ode et al. 1997). When 34 
given the opportunity, virgin B. hebetor females spend more time near the surface 35 
than mated females do (Guertin et al. 1996). Thus, with a deeper container more 36 
similar to their natural habitat, mated females should encounter mated females 37 
more than virgin females; in which case mated but not virgin females might evoke 38 
a sex ratio response. (The depth difference observed in the laboratory was not 39 
corroborated by field data, but the field study may have wiped out any differences 40 
by combining the top 5 cm (Ode et al. 1997).) This concern about container size 41 
probably does not explain N. vitripennis's lack of a differential sex ratio response 42 
to virgin versus mated females because deeper containers were used (Werren 43 
1984). 44 
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Besides obtaining information about virgin versus mated females by 1 
differences in encounter rate as just suggested, behavioral and pheromonal 2 
differences may also be used.  Such differences have been documented in 3 
parasitoid wasps (e.g., Fauvergue et al. 1995; McNeil and Brodeur, 1995; 4 
Pompanon 1995) and other insects (e.g., Andersson et al. 2000; Ayasse et al. 5 
1999; Tompkins and Hall 1981; Belmain et al. 2000). 6 

Whatever the proximal mechanism of the different sex ratio responses by S. 7 
endius, the effects are not immediate. There was a sex ratio response on the 8 
second but not the first day of oviposition, and the effect persisted even after 9 
females were alone. 10 

Being in the presence of another mated female versus alone caused females 11 
to produce a greater proportion of sons on their second day of oviposition but not 12 
on their first. Amount of experience and not maternal age determined whether a 13 
female manipulated sex ratio in response to another mated female: a sex ratio 14 
response occurred on the second day of being with another female in both 15 
experiments one and two despite females being 1 d older in experiment two. The 16 
sex ratio response to another mated female persisted for a day after exposure.  17 

Effects of experience on sex ratio response to other females have not been 18 
well explored in other species. In the mite Typhlodromus occidentalis, single 19 
females produce a greater proportion of daughters than do sets of ten and four 20 
females respectively but, similar to S. endius, not on the first day of oviposition, 21 
only from days two to seven (Nagelkerke and Sabelis 1998).  22 

Besides not responding to direct encounters with virgin females, S. endius 23 
females also did not respond indirectly. Specifically, they did not seem to assess 24 
the potential of encountering mated versus virgin females by how many males 25 
they encountered or by latency to mate: neither significantly affected sex ratio. 26 
Comparison of S. endius to other parasitoid wasp species reveals a diversity of 27 
responses. Like S. endius, S. cameroni's offspring sex ratio is unaffected by 28 
latency to mate (B.H. King, unpublished); however, in three other species a 29 
greater latency results in a greater proportion of daughters (Hoelscher and Vinson 30 
1971; Rotary and Gerling 1973; Fauvergue et al. 1998). B. hebetor's sex ratio is 31 
unaffected by exposure to a conspecific male (Ode et al. 1997). In N. vitripennis, 32 
sex ratio is affected by exposure to three but not one or two conspecific male(s) 33 
(Wylie 1966, 1976). Brachymeria intermedia generally decreases, not increases, 34 
the proportion of sons it produces when in the presence of an increasing 35 
proportion of adult males (Mohamed and Coppel 1986).  36 

 37 
 38 
 39 
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 13 
Table 1  Proportion of sons on days 1 and 2 of oviposition in experiment 1. F = 14 
mated female, M = mated male, 4M = 4 mated males 15 
________________________________________________________________ 16 

Day 1     Day 2 17 
0 d old Mother    1 d old Mother 18 
______________________                _____________________ 19 
Mean  95% CI  (n)  Mean  95% CI  (n) 20 

________________________________________________________________ 21 
F  0.17 0.13 - 0.21 (36)  0.10 0.067 - 0.14 (36) 22 
FF  0.18 0.15 - 0.21 (37)  0.21 0.16 - 0.26 (36) 23 
FM  0.15  0.11 - 0.19 (37)  0.11 0.067 - 0.15 (36) 24 
F4M  0.21  0.16 - 0.26 (28)  0.15  0.11 - 0.20 (27) 25 
________________________________________________________________ 26 
F vs FF  t71 = 0.38, P = 0.71   t70 = 3.62, P = 0.001 27 
F vs FM  t71 = 0.83, P = 0.41   t70 = 0.25, P = 0.81 28 
F vs F4M t62 = 1.29, P = 0.20   t61 = 1.92, P = 0.06  29 
________________________________________________________________ 30 
 31 
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Table 2 Number of offspring per female on days 1 and 2 of oviposition in 1 
experiment 1. F = mated female, M = mated male, 4M = 4 mated males 2 
___________________________________________________ 3 

Day 1    Day 2 4 
0 d old Mother   1 d old Mother 5 
_______________                  ______________ 6 
Mean ± s.e.   n   Mean ± s.e.   n  7 

F  13.8 ± 0.89    37         11.7 ± 0.68    36                                    8 
FF     8.6 ± 0.47    37           8.9 ± 0.42    36                                        9 
FM      12.9 ± 0.95    37         13.4 ± 0.75    36                                        10 
F4M     12.4 ± 1.12    30         12.3 ± 0.87    29 11 
___________________________________________________ 12 
Comparisons for day 1 and 2 averages: 13 
F vs FF  t70 = 6.68, P < 0.001    14 
F vs FM    t70 = 0.57, P = 0.57   15 
F vs F4M   t63 = 0.39, P = 0.70   16 
 17 
 18 
 19 
 20 
 21 
Table 3  Average location of female wasps and male  22 
wasps in experiment 1. F = mated female, M = mated  23 
male, 4M = 4 mated males 24 
__________________________________ 25 
  bottom <--------> top of vial 26 
score: 1 1.25 1.5 1.75 2 27 
__________________________________ 28 
Females: 29 
F 42    10 30 
FF 43  10  4 31 
FM 51    6 32 
F4M 50    8 33 
__________________________________ 34 
Males: 35 
FM 9    47 36 
F4M  1 10 16 29 37 
__________________________________38 
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Table 4 Observed proportion of sons from all females on days 1 and 2 of oviposition and from isolated mated 
 female on day 3 in experiment 2. F = mated female, M = mated male, 4M = 4 mated males, V = virgin female 

_____________________________________________________________________________________________ 
Day 1 = 1 d old Mother  Day 2 = 2 d old Mother  Day 3 = 3 d old Mother 

______________________  ___________________  _____________________ 
Mean   n 95% CI  Mean   n 95% CI  Mean   n 95% CI 

_______________________________________________________________________________________________ 
F  0.14 30 0.094 - 0.19  0.09 30 0.047 - 0.15  0.12 39 0.064 - 0.20 

FF  0.16  30 0.12 - 0.20  0.22  30 0.18 - 0.27  0.23 39 0.18 - 0.28 
FV  0.46 29 0.39 - 0.53  0.48 29 0.41 - 0.55  0.13 34 0.070 - 0.20 
F4M   0.15  28 0.11 - 0.20  0.12  28 0.080 - 0.18 
_______________________________________________________________________________________________ 
F vs FF  t58 = 0.66, P = 0.51   t58 = 3.55, P = 0.001   t76 = 2.38, P = 0.020 
F vs FV            t71 = 0.06, P = 0.95 
F vs F4M t56 = 0.48, P = 0.63   t56 = 0.36, P = 0.92   
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Table 5 Number of offspring per female on days 1 and 2 of oviposition and from isolated mated female  
on day 3 in experiment 2. F = mated female, M = mated male, 4M = 4 mated males, V = virgin female 

_______________________________________________________________________________ 
Day 1 = 1 d old Mother  Day 2 = 2 d old Mother Day 3 = 3 d old Mother 

    ______________  ______________  ______________ 
Mean  ± s.e.   n  Mean  ± s.e.   n  Mean  ± s.e.  n 

_________________________________________________________________________________ 
 
F       14.0 ± 1.06   30       11.5 ± 0.80    30         9.7 ± 0.46    40                                                                     
FF      10.4 ± 0.46    30          8.6 ± 0.36    30         9.9 ± 0.37  39 
FV           9.5 ± 0.52    29          8.1 ± 0.43    29          9.2 ± 0.43    34                                                                     
F4M      15.4 ± 0.86    28       12.0 ± 0.65    28           
_________________________________________________________________________________ 
 
F vs FF   U = 264.5, P = 0.006   U = 239.0, P = 0.002  t77 = 0.37, P = 0.71  
F vs FV  U = 213.0, P = 0.0007             t57 = 3.65, P = 0.001  t72 = 0.69, P = 0.50 
FV vs FF t57 = 1.37, P = 0.18  U = 400.0, P = 0.59   
F vs F4M t56 = 1.07, P = 0.29  t56 = 0.55, P = 0.59   


