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ABSTRACT—The effects of the consumption of the spermatophylax produced by males on female fitness
were studied in the decorated cricket, Gryllodes sigillatus. An increase in the number of spermatophylaces
presented to females did not increase the total number of eggs made by females, the number of eggs laid, or
the hatchability of eggs laid by females, but increased the number of eggs laid in the early stage of adult life
of females. The duration of the egg stage decreased with the number of spermatophylaces presented to
females. The implication of the results on the sham hypothesis that the spermatophylax does not have
nutritional value is discussed.
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INTRODUCTION

Courtship feeding, in which a male gives food to a female
during or prior to mating, has been reported in diverse animal
taxa (Alcock, 1987). The selective significance of courtship
feeding has been documented in two ways that are not mutu-
ally exclusive. The first is that the transfer of prey or nutri-
tional materials to the female ensures the transfer of sperm
from the male to his mate (e.g., Thornhill, 1976; Sakaluk, 1984).
The second is that courtship feeding increases the fecundity
of the female or improves the offspring fitness, and is thus a
kind of paternal investment (e.g., Gwynne, 1984).

Both types of the selective significance of courtship feed-
ing have been demonstrated empirically in orthopteran insects.
Sakaluk (1984) showed that sperm transfer occurred during
the feeding on spermatophylax by the female in the deco-
rated cricket, Gryllodes sigillatus. Gwynne (1984) reported the
consumption of spermatophylax increased the fecundity of the
female in the katydid Requena verticalis.

Several authors reported no effect of spermatophylax
consumption on female fecundity in orthopteran insects
(Wedell and Arak, 1989; Reinhold and Heller, 1993). Will and
Sakaluk (1994) argued that the spermatophylax of some or-
thopteran insects including the cricket, G. sigillatus, is a sham
gift in its nutritional value. This sham hypothesis predicts that
there is no increase in the fecundity of females that consume
more spermatophylaces. However, no effect of spermato-
phylax consumption on fecundity could be observed even

when the spermatophylax has a nutritional value. For example,
if spermatophylax consumption increases the number of eggs
laid in a short period but does not increase that in other peri-
ods, the variation in the daily number of eggs laid may mask
the effect of spermatophylax consumption.

In the present study, we examined the effects of the feed-
ing of the spermatophylax on the oviposition schedule and on
other fitness components of females in the cricket, G. sigillatus.
These results are used to test predictions from the sham hy-
pothesis by Will and Sakaluk (1994).

MATERIALS AND METHODS

Insects
We used the decorated cricket, G. sigillatus maintained in the

Entomological Laboratory, Hirosaki University, Hirosaki, Japan. The
crickets used were almost entirely brachypterous (S. Masaki, per-
sonal communication, and our personal observation). The crickets
were reared at 16L8D, 30°C and 70–78% RH. RH was controlled by
saturated solutions of sodium bromide and sodium chloride. The crick-
ets were given ample food (food pellets for insects, Oriental Yeast
Company). Prior to the experiments, the observed mating behavior of
the crickets was, in general, similar to that reported by Sakaluk (1986).
However, the duration of a mating (87.3 ± 37.4 sec, mean ± SD) was
shorter than the durations reported by Sakaluk (119.2 sec) and
Alexander and Otte (1967, 2 or 3 min). Females laid eggs without
mating.

Experimental design
Virgin female crickets of 8 days after the final eclosion were used

for the experiments. The spermatophore produced by the male crick-
ets consists of two parts: the ampulla, which contains sperm, and the
spermatophylax, which consists of a jelly-like material and which does
not contain sperm. Female crickets were subjected to one of five treat-
ments. Females were either mated with a male but given no
spermatophylax (Treatment 0), mated with a male and given one
spermatophylax (Treatment 1), mated with a male and given three
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spermatophylax (Treatment 3), mated with a male and given seven
spermatophylax (Treatment 7), or not mated and not given
spermatophylax (No mating). In Treatment 0, the spermatophylax was
removed within 5 min after the beginning of copulation (before con-
sumption of the spermatophylax. This was determined by a prelimi-
nary observation). The female was confined in a small vial (1 × 1 × 4
cm) to prevent her from removing the ampulla. The ampulla was re-
moved by tweezers after 1 hr in Treatments 1, 3 and 7. Males that
were used to be mated with the females are unmated ones of 6 to 9
days after the final eclosion.

In Treatment 1, we fed one spermatophylax to the female during
the confinement in the vial. In Treatments 3 and 7, we fed two or six
additional spermatophylax to the female during the following 14 days.
The time schedule was as follows. In Treatment 3, the first additional
spermatophylax was given between the 3rd and 6th day (3.9 ± 1.0,
mean ± SD in days, n = 14), and the second additional spermatophylax
was given on the 9th or 10th day (9.7 ± 0.5). In Treatment 7, the first
additional spermatophylax was given on the 2nd or 3rd day (2.9 ± 0.3,
n = 14), the second additional one was given on the 4th day, the third
additional one was given on the 6th or 7th day (6.4 ± 0.5), the forth
additional one was given between the 9th and 11th day (10.1 ± 0.5),
the fifth additional one was given on the 11th or 12th day (11.8 ± 0.4)
and the sixth additional one was given on the 13th or 14th day
(13.1 ± 0.3). We did not feed more than one spermatophylax on a
single day in both of treatments.

We fed the spermatophylax to females while females were con-
fined in the vial. All the females (under all the treatments) experi-
enced the same number of the confinements in order to avoid any
effects the confinement might have on the condition of the females.

Female body lengths (excluding antenna and ovipositor) were
measured. That of males were also measured in Treatments 0, 1, 3,
and 7.

Individual females were allowed to oviposit in a plastic container
and, to correspond with the high food condition of Will and Sakaluk
(1994), were given food in excess. Eggs oviposited by each female
on sand in a small vessel during a single day were separately incu-
bated at 30°C and 70–78% RH. The number of newly oviposited eggs
and that of newly hatched eggs were recorded daily. The status of
females (dead or alive) was recorded daily for 30 days. After the pe-
riod of 30 days, the females were then dissected under anesthetiza-
tion and the number of eggs within the body were counted. Hereafter,
“total eggs” refers to the number of eggs oviposited plus the number
of eggs found in the body after dissection.

Statistical analysis
To analyse the effect of the consumption of multiple spermato-

phylaces, we made two statistical comparisons. The first was a com-
parison of a particular variable between Treatment 0 and Treatments
1, 3, and 7 (contrast, hereafter). This was tested by the analysis of
variance of ranks (Meddis, 1980). The second comparison was the
correlation between the number of spermatophylax and a particular
variable (trend, hereafter). This was tested by isotonic regression. By
restricting the analyses to these two, we were able to refrain from
testing a large number of post-hoc hypotheses and finding statistical
artifacts. These two types of tests may reveal the mode of the effect
of the materials transferred from the male to the female. For example,
when the material is used as a direct source of nutrition, a trend that
the number of eggs increases with the number of spermatophylaces
is predicted. When the material acts as a catalyzer or essential mi-
croelement, the number of eggs under Treatments 1, 3, and 7 is likely
to be larger than that under Treatment 0.

The score used in the statistical analysis is the mean (or another
representative value) for an individual female and the mean ± SD of
this score is shown. It is noteworthy that this is probably a conserva-
tive procedure. The sample size is the number of females if not other-
wise mentioned.

RESULTS AND DISCUSSION

First, we analysed the confounding effect of body size on
the two variables that showed a significant effect among the
different treatments. This was tested by examining a partial
regression. The body length of both sexes did not affect the
first quantile of the date of oviposition (t = 0.270 and P > 0.05
for the female body length, and t = 0.087 and P > 0.05 for the
male body length). The body length of both sexes did not af-
fect the duration of eggs (t = – 1.472 and P > 0.05 for the fe-
male body length, and t = – 0.787 and P > 0.05 for the male
body length).

The different treatments did not significantly affect the
number of eggs laid by females (Table 1, z = 1.043 and
P > 0.05 for contrast, and z = 0.755 and P > 0.05 for trend).
Neither the total eggs of a female (z = 1.379 and P > 0.05 for
contrast, and z = 1.108 and P > 0.05 for trend) nor the propor-
tion of eggs laid (number of eggs oviposited/number of total
eggs) (z = 0.087 and P > 0.05 for contrast, and z = 0.299 and

Table 1. Female fitness components under the different treatments (mean ± SD)

Treatment No mating 0 1 3 7 statistical tests

sample size (No. of females) 9 12 12 14 14 trend1 contrast2

fecundity 351.9 ± 175.7 456.3 ± 213.3 564.8 ± 247.6 525.6 ± 177.9 500.6 ± 266.4 0.755 1.043
egg production 692.3 ± 136.1 709.7 ± 154.5 803.7 ± 212.4 813.1 ± 146.8 749.8 ± 217.4 1.108 1.379
proportion of eggs 51.4 ± 24.8 62.2 ± 23.8 67.0 ± 16.5 64.2 ± 18.2 63.7 ± 22.4 0.299 0.087
laid (%)

hatchability (%) 0 10.3 ± 10.6 6.7 ± 3.3 8.6 ± 5.1 6.2 ± 5.6 1.222 0.109

oviposition schedule
median (day) 22.7 ± 4.8 17.4 ± 3.4 12.9 ± 6.5 12.8 ± 5.5 15.2 ± 8.2 1.496 1.716
first quantile (day) 21.5 ± 6.0 15.3 ± 7.0 10.3 ± 6.2 9.9 ± 4.3 12.7 ± 8.2 1.757 2.172*
duration of egg (day) – 20.5 ± 1.5 21.5 ± 1.8 20.6 ± 2.0 19.3 ± 2.0 2.386* 0.608

1 Value of z by isotonic regression.
2 Value of z (0 vs 1, 3 and 7) by Meddis’ (1980) ANOVA by ranks.
* P < 0.05
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P > 0.05 for trend) was affected significantly by the number of
spermatophylax consumed (Table 1). Females without mat-
ing had eggs comparable to those in Treatment 0 (Table 1).

A lack of difference in the number of eggs laid or in the
total eggs among treatments does not necessarily mean that
there is no difference in the oviposition (mx) schedules. We
tested for a difference in oviposition schedule by examining
the following two measures. If a female lays a half of total
eggs before a date and the other half after the date, the date
is hereafter called the median. Similarly, if a female lays a
quarter of total eggs before a date and three quarters after
the date, the date is hereafter called the first quantile. We
were able to examine the change in oviposition schedule of
females by analysis of the median and first quantile. Though
there was no significant difference in the median (z = 1.716
and P > 0.05 for contrast, and z = 0.134 and P > 0.05 for trend),
that in the first quantile was significant (z = 2.172 and P < 0.05
for contrast, and z = 1.757 and P > 0.05 for trend) (Table 1).
Consumption of the spermatophylax by the female shortened
the first quantile. This was done by laying a large number of
eggs during the first week (z = 2.823 and P < 0.05 for con-
trast).

There was no significant difference among treatments in
hatchability of eggs laid (Table 1, z = 0.109 and P > 0.05 for
contrast, and z = 1.222 and P > 0.05 for trend).

Our results show that the consumption of spermatophylax
increased the number of eggs laid by females in their early
life in G. sigillatus. However, the effects of spermatophylax
consumption on the number of eggs laid or total eggs ob-
served in several orthopteran insects (e.g., Gwynne, 1984;
Simmons, 1988) were not found in the present study.

The sham hypothesis of Will and Sakaluk (1994) predicts
spermatophylax consumption has no effect on oviposition in
the early life of female adults. The present results do not sup-
port this hypothesis. However, it is noteworthy that the present
results are consistent with the results of Will and Sakaluk in
that both studies showed no significant effect of spermato-
phylax consumption on the total number of eggs laid. The
present results show that a lack of difference in the number of
eggs laid does not mean that there is no effect on oviposition
or female fitness. To test the sham hypothesis, it is necessary
to examine the oviposition schedule as well as the total num-
ber of eggs laid.

In the present study, spermatophylaces were presented
during the early stage of adult life of females. An increase in
the number of eggs in the early life of females would be pre-
dicted if some substance in the spermatophylax that is used
as a nutritional source or that activates oviposition is consumed
and depleted quickly by oviposition. Because we gave
spermatophylaces to females only in their early life in each of
the treatments, an effect would be found only in the early life
if the substance contained in spermatophylax is consumed.
Simmons (1988) argued that mating continually throughout
the life of females is necessary to realize the beneficial effect
of male-donated egg stimulants and proteins. The present
results suggest that the consumption of spermatophylax in

the later stage of adult life of females increases the number of
eggs laid in the later stage and thus increases the total num-
ber of eggs laid.

Two types of differences among treatments, contrast and
trend, were examined in the present study. Only contrast be-
tween Treatments 0 and 1, 3 and 7 was significant for the first
quantile and the number of eggs oviposited in the first week.
If the material in spermatophylax is used as a direct source of
nutrition or energy, a linear increase with the number of
spermatophylaces would be expected. The present results
suggest that the material in spermatophylax acts as a catalyst
or an essential microelement.

Duration of the egg, which is the time from oviposition to
hatching of an egg, was measured for each of the eggs. As
mentioned in Materials and Methods, we used the mean for
an individual female as the score in this study. This procedure
may lower the statistical power. A large number of
spermatophylax consumed significantly shortened the dura-
tion of the eggs (z = 2.386 and P < 0.05 for trend) (Table 1).

Most studies, except Gwynne (1988), have examined the
effects of the consumption of male-donated nutrition in ortho-
pteran insects on female fitness only in relation to the total
fecundity or egg size. In the present study, the duration from
oviposition to hatching of G. sigillatus became shorter with
the number of spermatophylax consumed by the female. This
appears to be the first report of this kind of effect on female
fitness in orthopteran insects. Though we did not weigh the
eggs in the present study, the weight of an egg in this species
could have been heavier in females that consumed a greater
number of spermatophylax, as occurs in other orthopteran
insects (e.g., Gwynne, 1984).

Wasserman and Asami (1985) found a similar shorten-
ing of the duration of eggs in a bruchid beetle, Callosobruchus
maculatus, though they did not separate the effect of multiple
copulations and the consumption of multiple spermatophores.
The present study found no direct effect of multiple copula-
tions itself, but rather an effect of the consumption of multiple
spermatophores (spermatophylax, strictly).
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