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Abstract. Maternal age influences offspring quality of
many species of insects. This observed maternal age in-
fluence on offspring performance may be mediated
through maternal age effects on egg size, which in turn
may be directly influenced by the female’s nutritional
state. Thus, behaviors that influence a female’s nutrition-
al status will indirectly influence egg size, and possibly
offspring life histories. Because males provide nutrients
to females in their ejaculate, female mating frequency is
one behavior which may influence her nutritional status,
and thus the size of her eggs and the performance of her
offspring. In this paper, I first quantify the influences of
maternal age on egg size and offspring performance of
the bruchid beetle, Callosobruchus maculatus. 1 then ex-
amine whether nutrients transferred during copulation
reduce the magnitude of maternal age effects on egg size
and larval performance when mothers are nutrient-
stressed. Egg size and egg hatchability decreased, and
development time increased, with increasing maternal
age. Multiple mating and adult feeding by females both
resulted in increased egg size. This increase in egg size of
females mated multiply did not translate into reduced
development time or increased body size and egg hatch-
ability, but did correlate with improved survivorship of
offspring produced by old mothers. Thus, it appears that
because the influence of mating frequency on egg size is
small relative to the influence of maternal age, the in-
fluence of nutrients derived from multiple mating on
offspring life history is almost undetectable (detected
only as a small influence on survivorship). For C. macula-
tus, female multiple mating has been demonstrated to
increase adult female survivorship (Fox 1993a), egg
production (Credland and Wright 1989; Fox 1993a), egg
size, and larval survivorship, but, contrary to the sugges-
tion of Wasserman and Asami (1985), multiple mating
had no detectable influence on offspring development
time or body size.
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Maternal age influences offspring quality of many species
of insects (Parsons 1964; Mousseau and Dingle 1991).
Offspring of older mothers frequently suffer higher mor-
tality, develop slower, and are smaller at adult emergence
than offspring from younger mothers (Mousseau and
Dingle 1991). Similarly, older mothers frequently lay
smaller eggs (Jones et al. 1982; Wiklund and Persson
1983), such that much of the observed maternal age
influence on offspring performance may be mediated
through egg size (Mousseau and Dingle 1991).

The influence of female age on egg size, and thus
offspring performance, may be mediated by the female’s
nutritional state. Although female insects generally
emerge as adults with numerous eggs already matured
and ready to oviposit (Wilson and Hill 1989), in many
species females subsequently mature more eggs, which
are either oviposited or stored in the ovaries and later
resorbed (Engelmann 1970; Wilson and Hill 1989). Due
to the gradual exhaustion of the female’s resources, the
eggs that are matured post-emergence may be smaller,
poorer quality eggs than eggs matured pre-emergence,
particularly when the females are nutrient-stressed. This
difference in egg size and quality may then translate into
differences in offspring mortality, development rate, and
body size (Murphy et al. 1983; Rossiter 1991).

If a decline in egg size is mediated by a female’s
nutritional status, then behaviors that influence nutri-
tional status will indirectly influence egg size, and pos-
sibly offspring life histories. In many insect species, males
provide nutrient benefits to females in their ejaculate
(Boggs 1990). Male derived substances have been detect-
ed in oocytes and female somatic tissue of many species
(Boggs 1990), including two species of bruchid beetles
(Huignard 1983; Boucher and Huignard 1987). For
many species, however, the benefits of this transfer of
nutrients during copulation have not been detectable
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(Greenfield 1982; Jones et al. 1986; Svard and Wiklund
1988 ; Oberhauser 1989 ; Wedell and Arak 1989), while in
others benefits to the female have been detected only
when females were nutrient-stressed (Gwynne 1984,
1988; Gwynne et al. 1984; Boucher and Huignard 1987;
Butlin et al. 1987; Simmons 1988; Markow et al. 1990;
Fox 1993a).

In the bruchid beetle, C. maculatus, multiple mating
increases average female longevity by approximately 0.5
days when females are nutrient-stressed (starved), but
has no effect on survivorship when females have unlim-
ited access to yeast and sugar-water (Fox 1993a). This
result is consistent with the hypothesis that nutrients
transferred during copulation are utilized by female
C. maculatus for somatic maintenance and egg produc-
tion when nutrient-stressed, but that the male contribu-
tion is relatively unimportant when surplus food and
water are available.

In this paper, I first quantify a male’s potential contri-

bution to egg production by measuring ejaculate sizes of

the bruchid beetle, Callosobruchus maculatus. 1 then
quantify the influence of maternal age on egg size and
offspring performance. Finally, I extend my investigation
of the influence of multiple mating on the life-history of
C. maculatus (Fox 1993a) by examining whether nu-
trients transferred during copulation reduce the mag-
nitude of maternal age effects on egg size and offspring
performance under conditions of nutrient-stress, as has
been suggested by Wasserman and Asami (1985).

Methods and materials
Natural history

Callosobruchus maculatus is a cosmopolitan pest of stored legumes
(Fabaceae). Females generally mate multiple times during their
lifetime, although only one, or occasionally two, matings are re-
quired to fertilize all of their eggs (C. Fox, unpublished data;
P. Eady, personal communication). Following mating, females
commence egg-laying (often within minutes, if seeds are available),
cementing their eggs to the surface of the host seeds (Messina 1991;
Fox 1993b). Approximately 4-5 days later (at 28° C), the eggs hatch
and the first instar larvae burrow into the seed. Larval development
and pupation are completed entirely within a single seed.

Populations of C. maculatus are most commonly detected in
stores of dried legumes. These beetles have likely been associated
with dried legumes for thousands of years (Messina 1991), and their
life cycle appears well adapted for reproduction in a storage en-
vironment. Reproduction without access to food and water is typi-
cal for adults in storage conditions. Although adults will readily
feed on yeast and sugar-water in the laboratory, which increase
survivorship and egg production of adult females (Fox 1993a),
emerging adults require neither food nor water to reproduce.

All beetles used in these experiments were collected from stored
azuki beans ( Vigna angularis) near San Francisco, California (Fox
1993b). The laboratory population was established with more than
1000 eggs and maintained on azuki beans, before and during the
experiment, at 27+ 1° C, 24 h light. Beetles from approximately the
10th laboratory generation were used in the experiments presented
here.

Male ejaculate size

A male’s potential contribution to egg production was estimated by
measuring the size of male ejaculates. Ejaculate size was estimated

by comparing both male and female body weight before and after
mating. For each estimate of body weight, an individual was
weighed twice to 0.01 mg precision on an electronic balance. The
estimate of the individual’s body weight was the average of these two
weighings. If both weighings differed by more than 0.04 mg, a third
weighing was performed, and the estimate of body weight was then
the average of these three weighings. Ejaculate size was calculated
as (weight gain of female + weight loss of male)/2. This technique
is moderately precise: male weight loss during mating was highly
correlated with female weight gain during mating (Pearson correla-
tion r=0.76; P<0.001).

Maternal age and mating freguency influences on egg
size and offspring performance

The following experiment was designed to quantify the influences
of maternal age and mating frequency on egg size and offspring
performance. Virgin females, collected from isolated seeds within
12 h of adult emergence from the seed, were presented with a single
virgin male in a 30mm petri dish and allowed to copulate. Following
a single copulation, females were transferred to 60 mm petri dishes
containing approximately 3.5 g dry azuki seeds and allowed to
oviposit. These females were then divided into four treatments: (1)
Mated once, nutrient-stressed ; (2) Mated multiply, nutrient-stressed ;
(3) Mated once, supplemental diet; (4) Mated multiply, supplement-
al diet.

The two groups of experimental females in the supplemental diet
treatments were provided with baker’s yeast (Red Star active dry
yeast) ad libitum and a 5% sucrose solution (supplied in 0.5 dram
shell vials stoppered with cotton and replaced every 48 h throughout
the experiment). Females in the two nutrient-stressed treatments
were maintained without access to yeast or sugar water.

Females 'in the two multiply mated treatments were remated
every 48 h. These females were transferred into an empty 30 mm
petri dish, presented with one virgin male less than 12 h old, and
allowed to copulate once (as in Fox 1993b). These females were then
transferred into a new 60 mm petri dish containing 3.5 g azuki seeds.
All females were maintained solitarily between matings. The
females in the once-mated treatments were mated only once, imme-
diately following adult emergence.

Every 12 h (until death) each female in each treatment was
transferred to a new-dish containing 3.5 g dry azuki seeds. Length
and width of eggs from each half day were measured using an
optical micrometer on a 50 x dissecting scope. Because the benefits
of nutrients transferred by males during copulation may be detect-
able only when females are nutrient-stressed (see introduction), eggs
from the two nutrient-stressed treatments (those where females had
no access to yeast or sugar-water) were reared to adult. Beetles were
reared at densities of one beetle per azuki seed. Emerging adults
were collected and weighed individually within 12 h of adult emer-
gence. Eggs from age-classes 1.5, 2, 3.5, and 4 days, however, were
not measured or reared to aduit. Data on egg size were thus collect-
ed for all four treatments, while data on larval survivorship, de-
velopment time, and body size were collected in only the two
nutrient-stressed treatments.

Data on egg hatching success (proportion of eggs hatching) were
recorded in a nearly identical experiment performed four months
earlier with the same laboratory population. This other experiment
was identical to the above described experiment except that (1) eggs
were collected at 24 h intervals rather than 12 hour intervals, and
(2) eggs of 115 females were collected in each treatment (rather than
40 females per treatment) (Fox 1993b for details).

Because females were transferred to new seeds at 12 hour inter-
vals, female ages will be divided into age-classes. For statistical
analyses of egg size, development time, and body size, an age-class
is a 12 h period, in which eggs laid in an age-class are laid in the
twelve h previous to that day (e.g. eggs laid at age-class 0.5 days are
those laid between adult emergence and 12 h post-emergence, and
cggs laid at age-class 6 days are eggs laid between 5.5 and 6 days



post-emergence). For analyses of egg hatchability and larval sur-
vivorship, age-classes are 24 hour periods (e.g. eggs laid in age-class
1 day were laid in the first 24 h post-emergence).

Data used in all statistical tests are the average egg size, sur-
vivorship, development time, or body size of offspring produced by
a female during each age-class. All multiple comparisons tests fol-
low the sequential bonferroni procedure as described by Rice
(1989).

Results
Male ejaculate size

Males contributed an average of 0.18 +0.01 mg of mate-
rial to females in their first mating post-emergence
(n=42). This was equivalent to 5.1+0.2 percent of the
average male weight at emergence, and 3.3 £0.2 percent
of the average female weight at emergence. In the mul-
tiply-mated treatments of the following experiments,
each female mated with 3 to 5 virgin males, for an esti-
mated male contribution of between 0.54 and 0.90 mg,
which is 9.9 to 16.5 percent of the female’s body weight
at emergence.

Maternal age and size both influence egg size

For all age-classes, larger females laid larger eggs (Fig.
1). Within age-class 0.5 days (eggs laid in the first 12 h
post-emergence), in which most eggs that are laid have
been matured pre-eclosion (Wilson and Hill 1989),
female body weight was positively correlated with egg
length (P<0.01, n=115), but not with egg width
(P=0.12) (Fig. 1).

In all four treatments, egg width decreased as females
aged (Table 1). Females with access to yeast and sugar-

Table 1. Mean egg widths (mm/10) for females in four treatments
and 13 age-classes. Mean egg size was calculated as the average
(across females) of the average egg size (across all eggs laid by a
single female during that half day). Number of females contributing
to the estimate is in parentheses. All age-classes represent half day
periods (e.g. age-class 4.5 represents eggs laid between age 4.0 days
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Fig. 1a, b. The influence of female body size on the egg size of
Callosobruchus maculatus. Only eggs laid in the first 12 h post-emer-
gence are included in this analysis. a Egg length; b Egg width

and 4.5 days). Type III sums-of-squares were calculated for the
2-way analyses of variance using SAS GLM. * indicate significance
following a sequential bonferroni (Rice 1989; number of com-
parisons= 13 for each main effect). When an interaction between
mating treatment and feeding treatment was included in the model,
all interaction effects were non-significant

Age- Mated Once Mated Multiply 2-way Analyses of Variance
Class w/o food w/ food w/o food w/ food Food Treatment Mating Treatment
F P F P
¢.5 3.93 (19) 3.95 (20) 3.96 (20) 3.94 (20) 0.01 ns 0.17 ns
1.0 3.76 (19) 3.84 (20) 3.86 (20) 3.84 (18) 0.99 ns 311 ns
2.5 3.69 (19) 3.78 (20) 3.73 (20) 3.79 (20) 9.00 0.00* 1.12 ns
30 3.66 (19) 3.76 (18) 3.66 (20) 3.79 (19) 23.44 0.00* 0.65 ns
4.5 3.55 (18) 3.66 (20) 3.60 (20) 3.74 (20) 23.37 0.00* 7.1 0.01
5.0 3.48 (18) 3.62 (19) 3.53 (20) 3.70 (20) 27.78 0.00* 4.72 0.03
5.5 3.37.(17) 3.59 (18) 3.49 (20) 3.69 (19) 46.73 0.00* 13.77 0.00*
6.0 3.37 (15) 3.54 (19) 3.46 (19) 3.65 (18) 29.11 0.00* 9.05 0.00*
6.5 3.30 (12) 3.51 (17) 341 (17) 3.61 (20) 37.26 0.00* 10.13 0.00*
7.0 3.25(1) 3.46 (19) 3.36 (12) 3.59 (18) 22.36 0.00* 8.01 0.01
1.5 3.29 (8) 3.48 (19) 3.44 (10) 3.57 (19) 10.97 0.00* 6.06 0.02
8.0 3.12 3) - 349(17) 332 9 3.59 (19) 31.58 0.00* 6.09 0.02
8.5 3.15 (5) 3.46 (18) 3.34 (1) 3.54 (18) 6.12 0.02 0.86 ns

- df for all treatment effects is 1
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water laid larger eggs at older ages than nutrient-stressed
females, and females that mated multiply laid larger eggs
at older ages than females that mated only once (two-way
analyses of variance, Table 1). When a feeding treat-
ment X mating treatment interaction was included in the
analyses of variance, this interaction was not significant
for any age-class, suggesting that the influences of both
feeding and mating treatments on egg size were additive.
Thus, contrary to expectations, multiple mating resulted
in larger eggs for both females that were nutrient-stressed
and females that had access to yeast and sugar-water ad
libitum.

The maternal age influence on egg length was similar
to the influence on egg width: eggs of older mothers were
shorter than eggs of younger mothers (data not presented
here). However, the influence of both feeding and mating
treatments on egg length were less striking: although the
general patterns were the same, in a two-way analysis of
variance (as in Table 1) the feeding treatment effect was
not significant for any age-class, while the mating treat-
ment effect was significant for only age-class 6.5 days.
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Offspring Development Time (days)

05 1 25 3 45 5 55 6 65 7
Maternal Age (days)
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a3} [] Mated Multiply

Offspring Development Time (days)

o5 1 25 3 45 5 655 6 65 7
Maternal Age (days)

Fig. 2a, b. The influence of maternal age on development time of
her a male and b female offspring. Callosobruchus maculatus off-
spring reared from eggs laid by young mothers developed signifi-
cantly faster than offspring reared from eggs laid by the same
mothers when they were older (in a one-way repeated measures
analysis of variance, the effect of maternal age was significant for
both treatments and both sexes; P<0.001)

Thus, although both feeding treatment and mating treat-
ment had a large effect on egg width, they had no statis-
tically detectable effect on egg length.

Maternal age and offspring performance

Only offspring of females from the two nutrient-stressed
treatments were reared to adult.

Offspring of older mothers took significantly longer to
develop than offspring of young mothers (Fig. 2). In both
once-mated and multiply-mated treatments, for both
sexes of offspring, eggs laid in the first half-day (age-class
0.5 days) developed significantly faster than eggs laid by
the same female at all older ages, with the exception of
age-class 1 day, which did not differ from age-class 0.5
day for either sex or treatment (Wilcoxon Signed-Rank
Test, corrected for multiple comparisons, with 9 com-
parisons for each treatment and sex; P<0.05).

Offspring from both young and old mothers were
approximately the same size at adult emergence (Fig. 3).
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Fig. 3a, b. The influence of maternal age on body size of her a male
and b female offspring. Callosebruchus maculatus offspring reared
from eggs laid by young mothers developed to be approximately the
same size as offspring reared from eggs laid by the same mothers
when they were older (in a one-way repeated measures analysis of
variance, the effect of maternal age was not significant for either
treatment or sex; P> 0.05)



For neither sex in either treatment did eggs laid the first
half-day (age-class 0.5 day) produce larger offspring than
eggs laid by the same female in any other age-class (Wil-
coxon Signed-Rank Test corrected for multiple com-
parisons, with 9 comparisons for each treatment and sex;
P<0.05). However, a two-way repeated measures analy-
sis of variance (Wilkinson 1990), with mating treatment
as a categorical variable and maternal age-class as the
repeated measure, detected a significant influence of ma-
ternal age on female offspring size (P <0.01), but not on
male offspring size (P> 0.50). Thus, there appears to be
a trend toward older females producing smaller female
offspring (Fig. 3b), but the influence of maternal age on
offspring size is relatively small (e.g. in the one-way
repeated measures analyses of variance, the effect of
maternal age was not significant for either treatment or
sex).

Both egg hatchability (the proportion of eggs which
hatched) and larval survivorship decreased with increas-
ing maternal age (Fig. 4). Eggs laid in age-classes 5 and
6 for once mated females, and eggs laid in age-classes 5
through 9 by multiply mated females, were less likely to
hatch than eggs laid in age-class 1 (Fig. 4a; Wilcoxon
Signed-Rank Test corrected for multiple comparisons,
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Fig. 4. The influence of maternal age on a egg hatchability and b larval
survivorship of Callosobruchus maculatus
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with 8 comparisons for each treatment; P<0.05). For
larval survivorship, no age-classes differed significantly
from age-class 1 (Wilcoxon Signed-Rank Test corrected
for multiple comparisons, with 6 comparisons for each
treatment), although there was a trend for offspring of
older females to have much lower survivorship in each
treatment (Fig. 4b).

Because egg size dramatically decreases with maternal
age, much of the maternal age influence on offspring
performance observed above may be mediated through
the maternal age effect on egg size (Mousseau and Dingle
1991). In this experiment it is not possible to separate the
effects of increasing maternal age from decreasing egg
size, so we can not directly test the influence of egg size.
However, within age-class 0.5 (in which egg size varies
across females, independent of female age), there was no
significant relationship between egg length or egg width
and either offspring development time, body size (least-
squares linear regression, P> 0.05 for each sex), or larval
survivorship (Pearson correlation, P> 0.05), suggesting
that egg size does not influence subsequent larval perfor-
mance. Because eggs are glued directly to host seeds, it
is not possible to examine the influence of egg volume or
egg weight on offspring performance.

Mating frequency and offspring performance

Mating treatment (once-mated or multiply-mated) had
no detectable effect on development time or body size of
offspring, or the hatchability of eggs laid by females in
any age-class (Mann-Whitney U-test for each age-class,
corrected for multiple comparisons, 10 comparisons in
each group) (Figs. 2, 3 and 4a). Thus, although multiple
mating resulted in increased egg size of older females, this
increase in egg size did not translate into shorter develop-
ment time nor increased body size of the offspring reared
from these eggs.

Mating treatment did influence larval survivorship
(Fig 4b): larval survivorship was higher in the multiply
mated treatment for all age-classes older than age 1 day,
although larval survivorship differed significantly be-
tween treatments only for age-class 6.0 days (Mann-
Whitney U-tests, corrected for multiple comparisons,
7 comparisons in each group; P<0.05).

Discussion

For Callosobruchus maculatus, egg size and egg hatch-
ability decreased (Table 1 and Fig. 4a), and development
time increased (Fig. 2), with increasing maternal age.
Both multiple mating and adult feeding by females result-
ed in increased egg size. The increase in egg size resulting
from multiple mating of nutrient-stressed females did not
translate into reduced development time or increased
body size and egg hatchability, but did correlate with
improved survivorship of offspring produced by old
mothers. Thus, it appears that because the influence of
mating frequency on egg size is small relative to the
influence of maternal age (Table 1), the influence of
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nutrients derived from multiple mating on offspring life
history is very small (only detectable as a weak effect on
survivorship; Figs. 2-4). For C. maculatus, female multi-
ple mating has been demonstrated to increase maternal
survivorship (Fox 1993a), lifetime fecundity (Credland
and Wright 1989; Fox 1993a), egg size, and offspring
survivorship, but, contrary to the suggestion of Wasser-
man and Asami (1985), multiple mating had no detect-
able influence on offspring development time or body
size.

As with C. maculatus, egg size has generally been
reported to decrease with maternal age in other insects
(Leonard 1970; Harvey 1977; Jones et al. 1982; Murphy
et al. 1983; Wiklund and Persson 1983; Yuma 1984;
Karlsson and Wiklund 1984, 1985; Wasserman and Asa-
mi 1985; Boggs 1986; Svard and Wiklund 1988; but see
Moore and Singer 1987), although both an increase
(Kasule 1991) or no change in egg size (Berger 1989;
Marshall 1990) have also been reported. This decrease in
egg size is generally attributed to a depletion of the
female’s resources, such that later laid eggs are necessar-
ily smaller and/or of poorer quality (Richards and Myers
1980; Wiklund and Karlsson 1984). Alternatively, Begon
and Parker (1986) have proposed that decreasing egg size
with increasing maternal age may be adaptive when
female clutch size is constrained. Although the experi-
ment reported here was not designed to sort among these
hypotheses, the result that females with access to food
laid larger eggs than nutrient-stressed or once-mated
females, respectively, is consistent with the “resource
depletion” hypothesis. Maternal feeding has also been
reported to increase egg size in other insects (Harvey
1983; Murphy et al. 1983; Steinwascher 1984; Wallin et
al 1992), likewise supporting the “resource depletion”
hypothesis. )

Also consistent with the “resource depletion” hypoth-
esis was the result that female C. maculatus that were
mated multiply laid larger eggs than females that were
mated only once. This result suggests that male-derived
substances are being incorporated into female’s oocytes.
Male-derived substances have been detected in oocytes
and/or female somatic tissue of many other insect species
(Friedel and Gillott 1977; Boggs and Gilbert 1979; Enge-
bretson and Mason 1980; Mullins and Keil 1980; Boggs
and Watt 1981; Greenfield 1982; Schal and Bell 1982;
Bowen et al. 1984; Markow and Ankey 1984, 1988;
Bownes and Partridge 1987; Butlin et al. 1987; Sivinski
and Smittle 1987; Markow 1988; Markow et al. 1990;
Pitnick et al. 1991), including two other species of bruch-
id beetles (Huignard 1983 ; Boucher and Huignard 1987).
Multiple mating has been found to result in increased egg
size in crickets and katydids (Gwynne 1984, 1988 ; Sim-
mons 1988), but had no influence on egg size in the
monarch butterfly (Svard and Wiklund 1988). For the
above crickets and katydids, however, the berefits of
multiple mating have only been detectable under con-
ditions of nutrient stress (Gwynne 1988 ; Simmons 1988).
For C. maculatus, multiple mating resulted in increased
egg size both when females were nutrient-stressed and
when females had unlimited access to yeast and sugar-
water. In addition, the effects of mating frequency and

feeding treatment appeared to be additive (based on a
non-significant interaction term in the analyses of vari-
ances), suggesting that the male contribution to egg
production supplements the nutrients available from
yeast and sugar-water, possibly by providing some limit-
ing nutrient not available in the yeast and sugar-water.
Alternatively, males may be transferring some accessory
gland secretion which influences egg production (Chen
1984).

The observed decrease in egg size with increasing
maternal age appears to translate into decreased off-
spring performance in C. maculatus: egg hatchability
decreased, and the development time of offspring in-
creased, with maternal age. It is likely that these patterns
are at least partially a result of the smaller eggs laid by
older females, possibly interacting with a change in egg
quality. In this experiment, however, egg size is not in-
dependent of maternal age, so it is not possible to test
whether egg size is directly responsible for the observed
maternal age effect on egg hatchability and development
time.

Because egg size varies across females, it is possible to
examine the influence of egg size on offspring perfor-
mance by examining the influence of among-female
variation in egg size (controlling for maternal age) on
among-family variation in offspring performance. A pos-
itive correlation between egg size and offspring perfor-
mance among females of the same age class would sug-
gest that within female variation in offspring perfor-
mance may be partially mediated by egg size. However,
for C. maculatus there was no relationship between egg
width or egg length and any performance character of the
offspring.

This absence of a correlation between egg size and
offspring performance in C. maculatus is unusual for
insects: offspring developing from larger eggs generally
hatch earlier (Rossiter 1991; Wallin et al. 1992), have
higher hatching success (Richards and Myers 1980; Sim-
mons 1988), higher larval survivorship (Waliin et al.
1992), develop faster (Steinwascher 1984; Yuma 1984;
Rossiter 1991), develop into larger adults or pupae
(Steinwascher 1984; Yuma 1984; Honek 1987; Rossiter
1991), breed earlier (Sibly and Monk 1987), and/or have
higher starvation tolerance (Solbreck et al. 1989; Carl-
berg 1991; Tauber et al. 1991 ; but see Lamb and Smith
1980) or desiccation tolerance (Sota and Mogi 1992).
However, some studies have failed to detect an effect of
egg size on survivorship (Wiklund and Persson 1983;
Steinwascher 1984; Karlsson and Wiklund 1984; Wik-
lund and Karlsson 1984), development rate (Wiklund.
and Persson 1983 ; Karlsson and Wiklund 1984 ; Wiklund
and Karlsson 1984), offspring body size (Richards and
Myers 1980; Wiklund and Persson 1983; Karlsson and
Wiklund 1984; Wiklund and Karlsson 1984), or egg
mortality (Wiklund and Persson 1983; Karlsson and
Wiklund 1984, 1985; Wiklund and Karlsson 1984). One
likely explanation for the absence of a positive egg size
— offspring performance correlation in C. maculatus may
be that larvae were reared at low density on a uniformly
high quality resource (commercial azuki beans, Vigna
angularis). As found in many studies, variation in egg



size may be of significance only when offspring are reared
under adverse conditions, such as low quality or quantity
of a resource. Thus, we are in need of substantially more
data concerning the egg size on offspring performance
before we can generalize and ask the very interesting
question: If egg size is negatively correlated with egg
number, then why don’t females lay more small eggs
rather than fewer large eggs?

Although a large maternal age effect was detected for
both development time and egg hatchability of C. mac-
ulatus, no maternal age influence was detected on off-
spring body size. This absence of an effect on offspring
body size indicates that offspring developing from later
laid eggs may be compensating for small egg size by
developing longer to eventually pupate at the same size
as offspring developing from earlier laid eggs. This sug-
gests that size, rather than development time, may be a
cue as to when larvae should pupate. Similar results have
been found in other systems. For example, Battus
Pphilenor larvae reared on low quality diets take longer to
develop, but pupate at approximately the same size,
suggesting that size is a cue as to when to pupate (Tatar
1986).
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