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Abstract Close range prezygotic barriers are assumed to be present between sister
taxa who have overlapping distributions. Here we report the results of studies
designed to test the existence of prezygotic barriers between two closely related
species, A. fasciatus and A. socius. We finely dissected the courtship and mating
rituals and performed Monte Carlo analysis on lengths of time and number of
occurrences of particular events in the courtship mating sequence. These detailed
investigations of the courtship and mating behavior of conspecific and heterospecific
pairs demonstrate that behavioral isolation is non-existent. We also measure the adult
lifespan and number of progeny produced from singly and multiply mated males and
females in conspecific and heterospecific trials. We found that cost of a
heterospecific mating is asymmetric between the sexes with males paying a higher
cost.
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Introduction

Prezygotic isolation exists between many related species and the evolution of
behavioral differences between species has long been considered an important
component of speciation events (Alexander 1962; Martinez Wells and Henry 1992;
Uzendosski and Verrell 1993; Eberhard 1994; Boake and Hoikkala 1995; Hoikkala
and Welbergen 1995; Alexander et al. 1997; Seehausen et al. 1997; Ptacek 2000;
Boake 2002; Coyne and Orr 2004). Fewer studies, however, have focused on mating
preferences between divergent populations and closely related species leaving us
with an unclear understanding of the role that prezygotic isolation plays in the initial
onset of speciation. Studies investigating prezygotic isolation between divergent
populations in a variety of taxa will enlighten our understanding of the role
prezygotic isolation plays in speciation.

The frequent occurrence of prezygotic barriers between related, sympatric species
may have one of two explanations. First, behavioral barriers may be under direct
selection and critical to the emergence of new species, thereby, evolving early in the
speciation process. Models of sexual selection and sexual conflict indicate that
coevolution between the sexes can result in rapid behavioral divergence between
allopatric populations and can even lead to splits in sympatric populations (Lande
1981; Turner and Burrows 1995; Takimoto et al. 2000; Gavrilets nd Waxman 2002).
Second, behavioral isolation may evolve as a response to selection against costly
mating interactions and gamete wastage. Here, we investigate the role that courtship
may play in positive assortative mating between two closely related species of
striped ground crickets as well as test for costly mating interactions between these
two species.

Members of the ground cricket genus Allonemobius are small, ground-dwelling
omnivores that inhabit short grassland areas of North America. Research on this
genus is far reaching and includes the process of speciation (Reviewed in: Howard et
al. 1998b), cytoplasmic incompatibility (Marshall 2004), sexual selection (Fedorka
and Mousseau 2002c; Fedorka and Mousseau 2002b; Fedorka and Mousseau
2002a), sexual conflict (Fedorka and Mousseau 2004), temporal partitioning (Birge
et al. 2007), and reproductive protein evolution (Braswell et al. 2006). One of the
species pairs in this group, A. fasciatus and A. socius, represent one of the most
intensively studied systems in evolutionary biology with regard to reproductive
isolation (Coyne and Orr 2004).

Allonemobius fasciatus has a more northerly distribution in North America,
whereas A. socius is found to the south. Where the two species occur together, in a
zone of varying width that extends from New Jersey to at least as far west as Illinois.
Roughly 5–8% of the contact zones consists of advanced backcrosses indicating that
reproductive isolation is strong but incomplete (Britch et al. 2001). Trait differences
responsible for reproductive isolation have been studied in the field and in the
laboratory. As a result of this work, we know that A. fasciatus and A. socius are not
isolated by male calling song differences (Doherty and Howard 1996). Early work
also indicated that phenological differences and habitat utilization differences could
not explain reproductive isolation (Howard et al. 1993). Similarly, there is no
evidence of hybrid inviability, infertility, or reduction in hybrid fitness in natural
populations or in a laboratory setting (Gregory and Howard 1993; Howard et al.
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1993). However, evidence of assortative mating was found in population cages in
which individuals of A. fasciatus were less abundant than individuals of A. socius
(20% A. fasciatus, 80% A. socius, Howard et al. 1998a). When A. socius was less
abundant, there was no assortative mating (Howard et al. 1998a). The only strong
barriers to gene flow between A. fasciatus and A. socius that have been identified
thus far are traits linked to post-mating, prezygotic isolation like conspecific sperm
precedence and the ability of males to induce females to lay eggs (e.g., Howard and
Gregory 1993; Howard et al. 1998a, b; Marshall 2007).

Because Allonemobius females are highly promiscuous (Howard et al. 1998b) and
exhibit strong conspecific sperm precedence, heterospecific matings frequently result
in few to no hybrid offspring. Females can mate with heterospecific males and still
produce eggs fertilized only by conspecific males. If the cost of a heterospecific
mating is low for females, then selection pressure for female discrimination between
species should be weak in sympatric populations (Howard et al. 1998b; Marshall et
al. 2002, see West-Eberhard 1983 for a more general discussion on this point). The
situation is different for males of Allonemobius as they provide two types of nuptial
gifts: a spermatophore and hemolymph which females feed upon from a specialized
spur on the male’s tibia during copulation (Fedorka and Mousseau 2002c). The
nuptial feeding results in a loss of up to 10% of a male’s body mass during a single
mating (Fedorka and Mousseau 2002b). Thus, males in sympatric populations
should be under strong selection pressure to avoid engaging in heterospecific
matings that are energetically expensive and result in few to no offspring (Howard et
al. 1998b; Marshall et al. 2002).

Despite the mate choice work that has been done to this point, in-depth
comparisons of the mating sequence in A. fasciatus and A. socius have yet to be
carried out. Here, we present the results from detailed investigations of the mating
behavior of the two species that were designed to detect even slight differences in
behavior that might contribute to reproductive isolation in the field. At the same
time, we present data that provides further insight into the costs and benefits
associated with mating for both males and females.

Materials and Methods

Crickets

To compare the mating sequence between A. fasciatus and A. socius, eggs of both
species were obtained from two laboratory populations. The lab populations were
created from 100 wild crickets obtained during the summer of 2000 from two sites in
New Jersey: Lippincott Farm and mile marker 23–22 Hwy 50. Both populations are
near, but just outside, the area of overlap between the two species. The populations
were maintained in pure species cages and bred for one generation in the laboratory.
Populations of A. fasciatus and A. socius were maintained in 28°C environmental
chambers that had photoperiod regimes of (L: D/14:10). In spring of 2001, juveniles
were reared in large Rubbermaid containers (53×38×23 cm). Fluker’s Cricket Feed,
water soaked cotton for humidity, and crumpled paper towels for refuge were
provided ad libitum. Crickets were sorted by gender to ensure virginity and held in
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single sex groups. Adults were identified on their eclosion date and segregated from
the single sex juvenile populations.

Another collection from the same sites and the same year were used to document the
costs and benefits of mating. Specifically, we measured lifespan, number of eggs layed
and hatching success. Crickets were again supplied with Fluker’s Cricket Feed and
water soaked cotton for humidity were provided ad libitum before and after mating.
They were maintained in rearing rooms at 28°C with a 14:10 h. light:dark cycle after
mating. All crickets were 10–15 days post-eclosion when mated. Mating occurred in 1-
pint glass jars on a moistened filter paper substrate. After completion of their treatment,
females were maintained with oviposition dishes (Petri dishes with a mixture of sand/
soil/vermiculite). After a 2 week period of time, the dishes were removed. Females in the
lifespan experiment were maintained in environmentally controlled chambers until their
natural deaths. The egg dishes were kept at 28°C for two additional weeks, then at room
temperature for 1 week, and then moved to a 5°C refrigerator for 3.5 months. Upon
removal from the refrigerator, each egg dish was kept at room temperature for 11 days
and then moved to the 28°C rearing room until emergence was complete. Egg dishes
were kept moist for one month and then allowed to dry naturally in an effort to stress
eggs into hatching. Emergence was considered complete after no offspring appeared for
21 days. Emergence counts were conducted every other day.

Courtship Mating Sequence

Because flow diagrams rely on presence versus absence of traits, they are of
restricted usefulness in this study. A priori, we know that these species are closely
related and hybridize in nature, so we do not expect the complete absence of any
behaviors. Therefore, we chose to measure lengths of time and/or number of
occurrences of particular events in the courtship mating sequence. Here, we have
indicated the position in the mating sequence of all measured attributes in the
appendix with the number, in italics, assigned to it in the appendix. We have also
provided a visual display of gross behavioral changes in Fig. 1. The complex mating
ritual of Nemobiines was qualitatively described by Mays (1971). The ritual consists
of an intricate stimulus-response chain that can last up to 2 h (1). Once a male and a
female are put in a mating arena, the male frequently begins stridulating with his
forewings prior to physical contact with the female (2, 3, 4, 5). Shortly after or
during initial physical contact, the male will face and follow the female while
stridulating and quickly jerking his body in a forward then backward motion (6).
This jerking motion continues throughout the mating ritual but the intensity and
speed changes. After first physical contact, the male maintains a tactile presence
throughout most of the mating sequence by attenating (7), drumming (8), and
walking (9) on the female. Eventually, the male will expose his genitalia. Several
minutes after genitalia exposure, the male will turn his back to the female and start
singing and shaking from side to side, as well as forward and backward (10, 11, 12).
This is called the initiation dance. The female will then mount the male by walking
onto his back (13, 14). During this period of pseudocopulation, the female and male
engage in genitalic contact (15, 16). This first mounting is required for the
production of the spermatophore, a sperm containing ampulla with an ejaculatory
canal.
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Following the dismount by the female, the male continues courting the female
while the spermatophore is produced (17). During this time, the male stridulates,
jerks his body (18), and maintains close tactile contact with the female. As the
spermatophore is exuded from the genital opening (19), the male extends his
metathoracic legs, i.e. the hind leg, lifting and then arching the posterior end of his
abdomen toward the substrate.

The second phase of the courtship ritual is the copulatory step. Here, the mating
sequence is characterized by two nuptial gifts. After the spermatophore is
produced, a 10–30 min time interval ensues before copulation. During this time,
the male stridulates, jerks (20), and maintains close physical contact with the
female. Then, the female mounts the male a second time (21). This is the phase of
mating in which the spermatophore is transferred from the male to the female (22,
23, 24).

During copulation, the female feeds on a specialized tibial spur, one of which is
located on each metathoracic leg of the male (25). The tibial spurs exude a glandular
substance, which is the first nuptial gift. Fedorka and Mousseau (2002b) were able to
demonstrate that this glandular substance is, in fact, male hemolymph. Recent
studies indicate that males may lose as much as 10% of their body weight during one
of these feeding episodes (Fedorka and Mousseau 2002b).

To terminate copulation, the female and male walk off in different directions (26,
27). After copulation, the male may commence a quick jumping and jerking dance
(28). In a few instances this dance was observed following unsuccessful matings. A
mating is considered successful when the spermatophore is transferred from the male
to the female. Shortly after copulation termination, the female will remove the
spermatophore by rubbing it between her abdomen and the substrate in a backwards
motion (29).

Fig. 1 A diagram of the mating ritual in Allonemobius. Arrows are used to indicate interchangeable
behaviors.
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Matings

All trials were performed under the same lighting and temperature conditions. In
each trial, males were the focal sex, and each trial consisted of one virgin female
mated to one virgin male, both individuals were 10–21 days post-eclosion to ensure
sexual readiness.

Mating took place in a clear plastic box (17 cm×12 cm×6 cm) with soaked
cotton to provide humidity. After a chamber was used it was rinsed out with water
to remove any chemical stimulus. To allow females ample time to acclimate to the
chamber, they were placed in the chamber at least 24 h before they were mated. If a
male failed to commence courtship within 10 min of being placed in the chamber,
he was replaced by a new male. Females could avoid courtship by kicking at the
male.

The treatment groups were as follows: (A) A. fasciatus female mated to a
conspecific male (n=17); (B) A. fasciatus female mated to a heterospecific male
(n=24); (C) A. socius female mated to a conspecific male (n=12); (D) A. socius
female mated to a heterospecific male (n=17). Treatments A and C provided the
courtship sequence of conspecific pairings and allowed the identification of any
differences in mating rituals between the two species. Heterospecific treatments B
and D provided information on changes in action patterns associated with
heterospecific pairings and serve to identify sequence elements that might play a
role in behavioral isolation. All trials were videotaped so that they could be studied
exhaustively and would be available for future reference. Continuous, discrete, and
nominal data were collected. The total number of times discrete acts are performed
is dependent on the total time the male and female are allowed to interact. To
control for this potential difference, these count data were divided by the number
of seconds that males and females were allowed to interact before statistical
analyses were performed.

Monte Carlo procedures were used to evaluate differences between the four
“cross-type” treatments above, as well as the treatment of successful or unsuccessful
spermatophore transfer. Specifically, for each comparison, data from all treatments
were randomly assigned (drawing without replacement) to each treatment. The
original sample sizes per treatment were maintained for all randomly generated
datasets. Test statistics were generated for all datasets. This procedure was repeated
1,000 times with the resulting distribution of test statistics being used to assess
significance of the original dataset.

Videotaping

Each mating chamber was placed on a sheet of graph paper with 1 cm×1 cm
squares for filming. All trials were video taped for future reference using a
Panasonic WV-BP110 camera attached to a TESTRITE Instruments CS-3 copy-
stand, a Panasonic AG-6040 time lapse video cassette recorder, and a Panasonic
CT-2084Y color monitor. The mating sequence was videotaped from the time
the male entered the chamber until 10 min after the spermatophore was
knocked off the female or the male, depending on whether or not the mating
was successful.
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Discrimination and cost of reproduction in multiple matings in males: Courtship
and copulation durations

In the set of experiments designed to understand the costs and benefits of mating in
males and females, we mated a virgin male with two virgin females in one of the
following combinations: 1) conspecific followed by conspecific; 2) heterospecific
followed by conspecific. Each male had three hours to complete one successful
spermatophore transfer. This initial mating period was followed by another mating
session that began an hour after the first session ended. One hour was used in an
attempt to challenge males; so, costs could be readily measured. As population
densities are often quite high in nature, this is not an unrealistic recycle time. For
each pair, we recorded the courtship duration (time from first contact to copulation
commencement) and copulation duration. Using an analysis of variance, we tested
whether courtship duration or copulation duration were different between
conspecific and heterospecific females for A. socius and A. fasciatus males
separately.

Effects of Single Versus Multiple Mating: Lifespan

To test for effects of single versus multiple matings on males, a virgin male was
mated with a virgin female in one of the following combinations: 1) one single
mating within 3 days; 2) three matings with the same female within 5 days. In both
cases, only one successful spermatophore transfer per day was allowed. Females in
the multiple-mating treatments that did not mate on the initial day were replaced the
following day. We tested whether male lifespan decreased with multiple matings via
an analysis of variance.

To test for effects of single versus multiple mating on females, a single virgin
female was mated with a conspecific virgin male in one of the following
combinations: 1) one single mating within three days, 2) three matings with the
same male within five days, allowing only one successful spermatophore transfer per
day. Thus, there were four treatment groups of females: two of A. fasciatus females
and two of A. socius females. Females in the multiple-mating treatment that did not
mate on the initial day were replaced the following day. Because species effects may
be different, we tested whether female lifespan was affected by single versus
multiple mating via an analysis of variance.

Effects of Conspecific Versus Heterospecific Mating on Females: Offspring
Production

To determine whether offspring production varied between conspecific and
heterospecific parings, a virgin female was mated with two virgin males in one of
the following combinations: 1) conspecific followed by conspecific, 2) conspecific
followed by heterospecific, 3) heterospecific followed by conspecific, and 4)
heterospecific followed by heterospecific. Thus, there were eight groups of females,
four for A. fasciatus and four for A. socius. Females were given a maximum of three
days (four hours each day spent with a male) to achieve two successful
spermatophore transfers. Only one spermatophore transfer was allowed per day.
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For each mating event, we recorded the number of resulting offspring. We tested
whether conspecific and heterospecific parings effected offspring production using
an analysis of variance.

Effects of Single Versus Multiple Mating on Females: Offspring Production

To evaluate the effect of single versus multiple matings on offspring production and
female lifespan, a single virgin female was mated with a conspecific virgin male in
one of the following combinations: 1) one single mating within three days, 2) three
matings with the same male within five days, allowing only one successful
spermatophore transfer per day. Thus, there were four treatment groups of females:
two of A. fasciatus females and two of A. socius females. Females in the multiple-
mating treatment that did not mate on the initial day were replaced the following day.
We tested whether offspring was affected by single versus multiple mating via an
analysis of variance.

Results

Mating Sequence in Single Matings: Overall Comparisons

Because the treatments were unbalanced, Monte Carlo simulations were used for
comparisons. We conducted multiple tests on the components of the mating system;
therefore, a p-value of 0.05 would be inappropriate. We used a critical value of
0.002. This value was achieved using a strict Bonferroni adjustment (however, our
results do not change even if a serial Bonferroni adjustment is used). In general, the
mating sequences of the two species are very similar (Appendix). This seemed to be
the case before and after copulation. Furthermore, males seemed to spend the same
amounts of time calling and touching. While there were no significant differences,
heterospecific males did tend to take longer in initiating the “first mount” (Appendix,
#10 interaction P=0.049) and did attempt more first mounts (Appendix, #11
interaction P=0.056). It would be of interests to follow up on this pattern. In general,
results suggest no evidence of species discrimination at any stage of the mating
sequence during single mating events. This seems to be true whether the signal was
tactile, acoustic, or visual.

Mating Sequence in Single Matings: Copulatory Comparisons

The critical measure during copulation is the time interval between the copulation
mount (SM) and when the female dismounts the male (D); this is the amount of time
in copula. Our Monte Carlo ANOVA did not reveal any significant effect
(Appendix).

When females were mated twice, A. socius females did not spend more time in
copula with A. socius males than with A. fasciatus males during the first (F 3,43=
0.04, p=0.9909) or second matings (F 3,43=0.44, p=0.7258). Similar results were
found with A. fasciatus females (first mating: F 3,41=1.35, p=0.2720; second
mating: F 3,41=2.47, p=0.0767).
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Mating Sequence in Single Matings: Post-Copulatory Comparisons

There were no significant male species, female species, or interaction effects for
two post-copulation behaviors associated with mating trials that end with a
successful spermatophore transfer, i.e., the number of post-copulation dances by
the male (IZ) and the time interval between dismount (D) and when the female
removes the spermatophore (KS) (Appendix). Once again, the data indicate that
con- and heterospecific matings do not differ in these post-copulation behaviors.

Mate Discrimination and Cost of Reproduction in Multiple Matings: Courtship
and Copulation Durations

To quantify any differences in the amount of time males spent in courtship with
conspecific versus heterospecific females, we mated a virgin male with two virgin
females in one of the following combinations: 1) conspecific followed by
conspecific; 2) heterospecific followed by conspecific (Table 1). During the first
courtship, neither A. socius or A. fasciatus males spent significantly different
amounts of time with conspecific or heterospecific females (F 3,33=0.274, p=
0.8435). Moreover during the second mating, neither A. socius or A. fasciatus males
spent significantly different amounts of time courting the two female types (F 3,33=
1.643, p=0.1983).

Similar results were obtained with regard to copulation (Table 2). Specif-
ically, during the first mating, there was no difference across treatments (F 3,33=
0.347, p=0.7917). Neither A. socius or A. fasciatus males spent significantly
different amounts of time in copula with the different female types during the first
mating (A. fasciatus mated to conspecifics vs. A. fasciatus mated to one
heterospecific followed by a conspecific Fisher’s PLSD=0.1539; A. socius mated
to conspecifics vs. A. socius mated to one heterospecific followed by a conspecific
Fisher’s PLSD=0.8409). While there was a significant difference across mating

Table 1 Effects of Mating with Heterospecific Versus Conspecific Females: Courtship Duration. Note:
Neither A. socius or A. fasciatus males spent significantly different amounts of time with conspecific or
heterospecific females

Treatment First Mating (mean±standard
error in minutes)

Second Mating (mean±standard
error in minutes)

A. fasciatus male X con female, con
female (n1=10, n2=10)

49.7±9.1 40.4±2.5

A. fasciatus male X het female, con
female (n1=13, n2=13)

44.0±7.2 50.8±9.1

A. socius male X con female, con
female (n1=12, n2=12)

42.5±6.8 63.8±14.2

A. socius male X het female, con
female (n1=12, n2=12)

39.0±9.5 51.8±8.5

Significant treatments are designated with asterisks
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types for the second mating (F 5,49=14.569, p<0.0001), A. socius males spent
more time with the second mate than A. fasciatus males did with conspecifics
regardless of species identity (A. fasciatus mated to conspecifics vs. A. socius
mated to two conspecifics Fisher’s PLSD=0.0117; A. fasciatus mated to
conspecifics vs. A. socius mated to a heterospecific and then a conspecific Fisher’s
PLSD=0.0114). Because these trials took place over the course of a day, a control
mating group was established for the afternoon trials. The afternoon control group
consisted of males mated singly to a conspecific. These data indicated that the
significant difference in the overall analysis of variance for the second mating was
largely due to a longer copulation times in the A. fasciatus afternoon matings rr (A.
fasciatus mated to a conspecific vs. A. fasciatus mated to two conspecifics Fisher’s
PLSD<0.0001).

Effects of Single Versus Multiple Mating: Lifespan

Lifespan of males appeared to be negatively impacted by multiple mating (F
3,56=5.980, p=0.0013). Allonemobius socius males that mated only once lived
11.4 days longer than A. socius males that mated three times (one-mated: n1=19,
53.526±2.381 days; thrice mated n2=16, 42.125±1.938 days; Fisher’s PLSD=
7.401; p=0.0032). Although not significant, A. fasciatus males that mated only
once lived on average 2.5 days longer than A. fasciatus males that mated three
times (once-mated: n1=15, 41.200±3.046 days; thrice-mated: n2=10, 38.700±
4.534 days; Fisher’s PLSD=8.905; p=0.5761). Furthermore, singly mated A.
socius males lived longer than both singly mated A. fasciatus males (Fisher’s
PLSD=7.532; p=0.0018) and multiply mated A. fasciatus males (Fisher’s PLSD=
8.521; p=0.0010).

In contrast, lifespan of females appeared to be positively impacted by multiple
mating (F 3,56=2.067, p=0.1149). There was a trend for A. socius females to enjoy
increased lifespan with additional matings. Allonemobius socius females that mated

Table 2 Effects of Mating with Heterospecific Versus Conspecific Females: Copulation Duration. Note:
A. socius males spent more time with the second mate than A. fasciatus males regardless of species
identity

Treatment First Mating (mean±standard
error in minutes)

Second Mating (mean±standard
error in minutes)

A. fasciatus male X con female, con
female (n1=12,, n2=12)

17.2±3.4 10.3±2.8

A. fasciatus male X het female, con
female (n1=10, n2=10)

18.9±2.2 15.5±2.2

A. socius male X con female, con
female (n1=11, n2=11)

22.9±3.2 19.0*±2.7

A. socius male X het female, con
female (n1=12, n2=12)

17.0±2.8 18.9*±1.8

P<0.05 are designated with asterisks
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three times lived 9.279 days longer than those that mated only once (multi-mated:
n=16, 57.188±2.530 days; single-mated: n=22, 47.909±3.47 days; Fisher’s PLSD=
9.986; p=0.0680). Allonemobius fasciatus females did not give the same result. A.
fasciatus females experienced similar life spans whether mated once or more than
once (multi-mated: n=10, 45.100±2.755 days; single-mated: n=12, 45.083±
3.730 days; Fisher’s PLSD=13.013; p=0.9980). Finally, multiply mated A. socius
females tended to live longer than multiply mated A. fasciatus females (Fisher’s
PLSD=11.606; p=0.0412).

Effects of Conspecific Versus Heterospecific Mating: Offspring Production

Overall, A. socius females produced significantly different amounts of offspring
across treatments (F 3,33=3.190, p=0.0363). There was a trend for A. socius
females to produce more offspring in all of the treatments that involved at least one
conspecific male than in the treatments in which females mated with two
heterospecifics (Table 3). A. socius females mated with two conspecific males
produced significantly more offspring than females mated with two heterospecific
males (with two conspecifics: n=8, 54.9±10.2 offspring; with two heterospecifics:
n=8, 6.3±16.6 offspring, Fisher’s PLSD=41.532, p=0.0043).

Overall, A. fasciatus females produced significantly different amounts of
offspring across treatments (F 3,31=7.430, p=0.0007). Specifically, A. fasciatus
females produced more offspring in all of the treatments that involved at least one
conspecific male than in the treatments in which females mated with two
heterospecifics (Table 3). Moreover, A. fasciatus females produced the most
offspring when mated to two conspecific males than the other three mating
treatments (Table 3).

Effects of Single Versus Multiple Mating: Offspring Production

While the analysis of variance proved to be significant overall, this difference was
do to the fact that A. socius produces more offspring than A. fasciatus (n=45,
F3,41=6.256, p=0.0013). Of the matings that did produce offspring (15/18 of the
multi-mated A. socius, 13/18 of the single-mated A. socius, 9/10 of the multi-mated
A. fasciatus, and 8/14 of the single-mated A. fasciatus), multi-mated A. socius
females showed an increase in hatchling production over their single-mated
counterparts but it was not significant. (multi-mated: n=15, 82.133±10.940
offspring; single-mated: n=13, 63.692±11.138 offspring; Fisher’s PLSD=26.994,
p=0.1752). Similar results were found with A. fasciatus females. Of the A.
fasciatus matings that produced hatchlings, the multi-mated A. fasciatus females
showed an increase in offspring production over their single-mated counterparts,
but it was not significant (multi-mated: n=9, 37.889±7.731 offspring; single-
mated: n=8, 21.625±6.305 offspring; Fisher’s PLSD=34.615; p=0.0.3482).
Overall A. socius did produce significantly more offspring than A. fasciatus in
both females mated multiply (Fisher’s PLSD=30.037; p=0.0049) and females
mated singly (Fisher’s PLSD=32.011; p=0.0113).
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Discussion

We compared courtship behavior in the two species by carefully observing mating
behavior and measuring time intervals associated with components of this behavior
in intraspecific and interspecific pairings. Differences in time intervals identify
components of the signal—response system that have diverged between the two
species and may play a role in reproductive isolation (Boake 2002). In addition, we
compared the vigor with which males of the two species engaged in various
behaviors, as females tend to mate with the most vigorous male. We also analyzed
costs associated with both intra- and interspecific matings to determine: (1) whether
multiple mating decreases the life span of males and females; (2) whether selection
against hybridization exists; and (3) whether there are asymmetries between males
and females in the costs associated with heterospecific matings.

All in all, A. socius and A. fasciatus are very similar in mating sequences and
there are few significant differences. Not only do both species show the same

Table 3 Effects of Heterospecific Versus Conspecific Mating on Female Offspring Production. Note: A.
fasciatus females produced significantly more offspring in all of the treatments that involved at least one
conspecific male than in the treatments in which females mated with two heterospecifics. Furthermore, a
dosage effect is apparent. Females mated to two rather than one conspecific produced more offspring

Treatment N Offspring (mean±standard error)

1. A. fasciatus female X con male, con male 8 54.875±11.597

2. A. fasciatus female X con male, het male 8 26.875±7.654

3. A. fasciatus female X het male, con male 11 27.909±6.331

4. A. fasciatus female X het male, het male 8 2.375±1.558

5. A. socius female X con male, con male 10 91.400±17.205

6. A. socius female X con male, het male 11 65.273±10.084

7. A. socius female X het male, con male 8 57.000±16.952

8. A. socius female X het male, het male 8 28.875±11.340

Corresponding p-values for A. fasciatus

1 2 3

1 – – –

2 0.0173* – –

3 0.0139* 0.9210 –

4 <0.0001* 0.0353* 0.0193*

Corresponding p-values for A. socius

5 6 7

5 – –

6 0.1740 –

7 0.1014 0.6818

8 0.0043* 0.0778 0.2002

P<0.05 are designated with asterisks
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behaviors, the timing of the behaviors is similar. These findings are in basic
agreement with the results of assortative mating studies in population cages
(Howard et al. 1998a, b). In these experiments, the two species appeared to
mate at random, except when A. fasciatus individuals were rare in the population.
In this situation, females of A. fasciatus mated more frequently with conspecific
males than expected based on the frequency of conspecific males in the population.

Spermatophore attachment time (element 27 in the Appendix) and time in copula
(element 29 in the Appendix) did not vary significantly between groups. Moreover,
we found no relationship between spermatophore attachment time after copulation
and size of the nuptial gift (the amount of time spent chewing on the tibial spur of
males by females). This result is in agreement with an intra-specific experiment
performed on A. socius (Fedorka and Mousseau 2002a).

Based on the series of mate choice studies that have been carried out in the
past (Gregory et al. 1998; Howard et al. 1998a; Howard et al. 1998b), as well as
the results of the current behavioral work, the isolating potential of mating
behavior seems to be quite low in the case of A. fasciatus and A. socius. In
general, males and females of both species engage readily in heterospecific
matings and these matings are generally successful (result in a spermatophore
transfer). Thus, differences in mating behaviors cannot explain the strong
reproductive isolation that exists between these two species in areas where they
occur together.

The questions remain, does selection against hybridization exist and does
mating entail a lifespan cost to males and females? The results of our studies
indicate that mating with a heterospecific male does not cause a decline in
offspring production for females, as long as they mate with a conspecific male (see
Results). Moreover, if females mate with both heterospecific and conspecific
males, they produce few, if any, hybrid offspring (Howard and Gregory 1993,
Howard et al. 1998a; Gregory and Howard 1994). Finally, females appear to
benefit from multiple matings. The more matings a female engages in, the longer
she lives and the more eggs she lays (see Results). Taken together, these results
indicate that heterospecific matings are not highly detrimental to females. Indeed,
the cost of a heterospecific mating, in the presence of conspecifics, appears to be
non-existent.

The situation is quite different for males. A male that mates with a heterospecific
female has engaged in a costly behavior, as measured by weight loss (Fedorka and
Mousseau 2002b) and impact on lifespan (see Results), and receives relative few, if
any, offspring in return if the female mates with a conspecific male. Thus, males in
sympatric populations should be under strong selection to discriminate against
heterospecific females.

The enhanced lifespan of multiply-mated A. socius females is at odds with results
reported by Fedorka and Mousseau (2002b), who found that females mated multiple
times suffered a decline in lifespan compared to females mated only once. The
disparity in results may be explained in a number of ways. First, the experimental
protocols in the two studies were quite different. In our work, we controlled for male
experience by mating females to virgin males each time. Fedorka and Mousseau
(2002b) controlled for male experience by rotating males within the polyandrous
treatment group. Since the quality of male ejaculates may change in relation to
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mating frequency (Dewsbury 1982; Nakatsuru and Kramer 1982; Olsson et al. 1997;
Engqvist and Reinhold 2006) studies that vary with regard to mating protocols may
produce different results. Second, nutritional conditions varied between the studies.
Crickets in our study were fed Fluker’s Cricket Chow ad libitum while specimens in
the Fedorka and Mousseau (2002b) study were reared on Purina cat chow before
mating and carrots after matings began. Thus, differences in diet may account for the
incongruent results. Indeed, the impact of multiple matings on female lifespan in
Drosophila depends on the diet (Chippindale et al. 1993; Chapman and Partridge
1996; Piper et al. 2005).

The mating behaviors of A. fasciatus and A. socius are extremely similar and
there is little indication that close range signals operating prior to insemination
serve as a barrier to gene flow between them. This finding is consistent with the
qualitative work conducted by Mays (1971), who found that close range courtship
behaviors are similar across a variety of species of Nemobiinae suggesting that the
mating sequence evolved early in the history of this genus and has evolved
relatively slowly since then. These results resemble the findings of Phelan and
Baker (1990) who reported relatively few mating pattern differences between 12
species of phycitine moths. Together, these findings demonstrate that speciation
can occur prior to the evolution of behavioral barriers to gene flow. Ultimately, the
lack of divergence in mating behaviors serves to underscore the remarkable
rapidity with which post-mating, prezygotic barriers, such as conspecific sperm
precedence and a male’s ability to induce a female to lay eggs, have evolved
between species in the A. socius complex—given that these species are estimated
to have diverged from one another about 30,000 years ago (Marshall 2004;
Marshall 2007).

The study of reproductive isolation is at the heart of studies of species
formation (Howard and Berlocher 1998; Coyne and Orr 2004). Many studies of
reproductive barriers between closely related species have been carried out, but
very few have been exhaustive, exploring in detail the isolating potential of
behavioral, ecological, gametic, and developmental differences between closely
related species. The relative dearth of detailed studies examining reproductive
isolation between pairs of closely related species means that while evolutionary
biologists can catalog the diversity of isolating barriers that exist in nature, they
still cannot determine whether some barriers arise earlier than others and hence
play a more important role in the initial onset of reproductive isolation. Clearly,
this gap in our knowledge must be filled if we hope to fully understand species
formation. Here, we demonstrate that precopulatory isolation is not present in two
incipient sister species who are separated by a postcopulatory but prezygotic
mechanism of isolation.

Acknowledgements Funding was provided by Sigma Xi, New Mexico State University Biology
Departmental Fellowship, and the Environmental Protection Agency STARR/GRO Fellowship awarded to
LMB as well as a GearX.com donation to LMB. JLM was supported by a grant from the Advanced
Research Program of Texas (ARP 003656-0067-2001). DJH was supported by NSF (DEB 0316194 and
IRCEB 0111613). Thanks go to the reviewers of this manuscript for their comments as well as to past and
present denizens of the Laboratory of Ecological and Evolutionary Genetics at New Mexico State
University for help rearing crickets. Thanks to Aysegul Birand, Evan Braswell, and Christin Slaughter for
comments on early versions of this manuscript.

J Insect Behav (2010) 23:268–289 281281



T
ab

le
4

M
at
in
g
S
eq
ue
nc
e
S
um

m
ar
y:

L
en
gt
hs

of
T
im

e
an
d,

or
N
um

be
r
of

O
cc
ur
re
nc
es

of
P
ar
tic
ul
ar

E
ve
nt
s
in

th
e
C
ou

rt
sh
ip

M
at
in
g
S
eq
ue
nc
e.

N
um

be
r
U
nd

er
‘M

at
in
g

S
eq
ue
nc
e’

C
or
re
sp
on
ds

to
V
er
ba
l
D
es
cr
ip
tio

n
in

th
e
‘C
ou
rt
sh
ip

M
at
in
g
S
eq
ue
nc
e’

of
th
e
M
at
er
ia
l
an
d
M
et
ho
ds

M
at
in
g
se
qu
en
ce

M
al
e
ef
fe
ct

p-
va
lu
e;

F
em

al
e
ef
fe
ct

p-
va
lu
e;

In
te
ra
ct
io
n
ef
fe
ct

p-
va
lu
e

F
X

F
F
X

S
S
X

F
S
X

S

1.
T
he

to
ta
l
tim

e
m
at
in
g

P
=
0.
05
2;

M
ea
n
=
29
81
.1
76
5

M
ea
n
=
31
87
.5
41
7

M
ea
n
=
26
77
.0

M
ea
n
=
32
08
.4
70
6

P
=
0.
45
1;

S
E
=
13
6.
03
43

S
E
=
15
5.
15
84

S
E
=
17
9.
87
35

S
E
=
23
7.
46
26

P
=
0.
37
8

M
ed
ia
n
=
28
59
.0

M
ed
ia
n
=
30
75
.5
0

M
ed
ia
n
=
25
29
.5
0

M
ed
ia
n
=
33
30
.0

IQ
R
=
80
2.
0

IQ
R
=
10
29
.5
0

IQ
R
=
64
5.
50

IQ
R
=
13
97
.0

N
=
17

N
=
24

N
=
12

N
=
17

2.
T
he

tim
e
th
e
m
al
e
sa
ng

du
ri
ng

th
e
m
at
in
g
tr
ia
l

ex
pr
es
se
d
as

a
pr
op
or
tio

n
of

to
ta
l
tim

e
m
at
in
g

P
=
0.
59
7;

M
ea
n
=
0.
32
57

M
ea
n
=
0.
39
87

M
ea
n
=
0.
29
91

M
ea
n
=
0.
28
38

P
=
0.
21
3;

S
E
=
0.
04
01

S
E
=
0.
04
69

S
E
=
0.
06
49

S
E
=
0.
06
56

P
=
0.
42

M
ed
ia
n
=
0.
31
75

M
ed
ia
n
=
0.
39
73

M
ed
ia
n
=
0.
24
18

M
ed
ia
n
=
0.
21
82

IQ
R
=
0.
15
54

IQ
R
=
0.
34
49

IQ
R
=
0.
35
03

IQ
R
=
0.
26
34

N
=
17

N
=
24

N
=
11

N
=
16

3.
T
he

tim
e
at

w
hi
ch

a
m
al
e
fi
rs
t
be
ga
n
to

si
ng

a
co
ur
ts
hi
p
so
ng

ex
pr
es
se
d
as

a
pr
op
or
tio

n
of

th
e

to
ta
l
tim

e
m
at
in
g

P
=
0.
42
5;

M
ea
n
=
0.
04
61

M
ea
n
=
0.
04
94

M
ea
n
=
0.
05
35

M
ea
n
=
0.
03
41

P
=
0.
68
5;

S
E
=
0.
01
27

S
E
=
0.
00
69

S
E
=
0.
01
03

S
E
=
0.
00
44

P
=
0.
22
2

M
ed
ia
n
=
0.
02
27

M
ed
ia
n
=
0.
03
94

M
ed
ia
n
=
0.
04
86

M
ed
ia
n
=
0.
03
61

IQ
R
=
0.
03
56

IQ
R
=
0.
05
17

IQ
R
=
0.
06
00

IQ
R
=
0.
02
36

N
=
17

N
=
24

N
=
11

N
=
17

4.
T
he

le
ng
th

of
ea
ch

si
ng
in
g
pe
ri
od

di
vi
de
d
by

th
e
nu
m
be
r
of

si
ng
in
g
pe
ri
od
s
in

ea
ch

m
at
in
g

tr
ia
l
ex
pr
es
se
d
as

a
pr
op
or
tio

n
of

th
e
to
ta
l

tim
e
si
ng
in
g

P
=
0.
28
6;

M
ea
n
=
0.
10
50

M
ea
n
=
0.
14
77

M
ea
n
=
0.
11
13

M
ea
n
=
0.
15
41

P
=
0.
89
4;

S
E
=
0.
01
62

S
E
=
0.
04
18

S
E
=
0.
02
41

S
E
=
0.
02
63

P
=
0.
99
9

M
ed
ia
n
=
0.
07
97

M
ed
ia
n
=
0.
07
73

M
ed
ia
n
=
0.
07
81

M
ed
ia
n
=
0.
13
21

IQ
R
=
0.
06
42

IQ
R
=
0.
11
68

IQ
R
=
0.
14
70

IQ
R
=
0.
11
98

N
=
16

N
=
24

N
=
11

N
=
12

A
p
p
en
d
ix

282 J Insect Behav (2010) 23:268–289



M
at
in
g
se
qu
en
ce

M
al
e
ef
fe
ct

p-
va
lu
e;

F
em

al
e
ef
fe
ct

p-
va
lu
e;

In
te
ra
ct
io
n
ef
fe
ct

p-
va
lu
e

F
X

F
F
X

S
S
X

F
S
X

S

5.
T
he

to
ta
l
nu
m
be
r
of

tim
es

m
al
e
sa
ng

du
ri
ng

th
e
m
at
in
g
tr
ia
l
di
vi
de
d
by

th
e
to
ta
l
tim

e
m
at
in
g

P
=
0.
36
6;

M
ea
n
=
0.
00
50

M
ea
n
=
0.
00
50

M
ea
n
=
0.
00
47

M
ea
n
=
0.
00
34

P
=
0.
21
5;

S
E
=
0.
00
05

S
E
=
0.
00
07

S
E
=
0.
00
08

S
E
=
0.
00
09

P
=
0.
44
6

M
ed
ia
n
=
0.
00
53

M
ed
ia
n
=
0.
00
44

M
ed
ia
n
=
0.
00
51

M
ed
ia
n
=
0.
00
23

IQ
R
=
0.
00
38

IQ
R
=
0.
00
43

IQ
R
=
0.
00
45

IQ
R
=
0.
00
39

N
=
16

N
=
24

N
=
11

N
=
12

6.
T
he

to
ta
l
nu
m
be
r
of

je
rk
s
pe
rf
or
m
ed

by
th
e

m
al
e
fr
om

be
gi
nn
in
g
of

th
e
tr
ia
l
di
vi
de
d
by

th
e

to
ta
l
tim

e
it
to
ok

th
e
fe
m
al
e
to

m
ou
nt

th
e
m
al
e

fo
r
th
e
fi
rs
t
tim

e

P
=
0.
9;

M
ea
n
=
0.
13
21

M
ea
n
=
0.
14
64

M
ea
n
=
0.
12
74

M
ea
n
=
0.
10
74

P
=
0.
39
4;

S
E
=
0.
02
24

S
E
=
0.
01
98

S
E
=
0.
03
65

S
E
=
0.
02
02

P
=
0.
49
7

M
ed
ia
n
=
0.
11
23

M
ed
ia
n
=
0.
13
23

M
ed
ia
n
=
0.
06
84

M
ed
ia
n
=
0.
09
60

IQ
R
=
0.
08
33

IQ
R
=
0.
14
35

IQ
R
=
0.
10
53

IQ
R
=
0.
11
27

N
=
16

N
=
23

N
=
9

N
=
15

7.
T
he

to
ta
l
nu
m
be
r
of

at
te
nu
at
io
n
bo
ut
s

th
e
m
al
e
pe
rf
or
m
ed

on
th
e
fe
m
al
e’
s
bo
dy

du
ri
ng

th
e
m
at
in
g
tr
ia
l
di
vi
de
d
by

th
e
to
ta
l
tim

e
m
at
in
g

P
=
0.
84
;

M
ea
n
=
0.
00
36

M
ea
n
=
0.
00
50

M
ea
n
=
0.
00
43

M
ea
n
=
0.
00
31

P
=
0.
31
2;

S
E
=
0.
00
04

S
E
=
0.
00
04

S
E
=
0.
00
06

S
E
=
0.
00
06

P
=
0.
02
5

M
ed
ia
n
=
0.
00
36

M
ed
ia
n
=
0.
00
49

M
ed
ia
n
=
0.
00
39

M
ed
ia
n
=
0.
00
30

IQ
R
=
0.
00
14

IQ
R
=
0.
00
23

IQ
R
=
0.
00
08

IQ
R
=
0.
00
34

N
=
12

N
=
21

N
=
9

N
=
11

8.
T
he

to
ta
l
nu
m
be
r
of

bo
ut
s
w
he
re

th
e
m
al
e

dr
um

m
ed

on
th
e
fe
m
al
e
w
ith

hi
s
pa
lp
s
pe
rf
or
m
ed

du
ri
ng

th
e
m
at
in
g
tr
ia
l
di
vi
de
d
by

th
e
to
ta
l

tim
e
m
at
in
g

P
=
0.
93
9;

M
ea
n
=
0.
00
40

M
ea
n
=
0.
00
46

M
ea
n
=
0.
00
55

M
ea
n
=
0.
00
48

P
=
0.
37
6;

S
E
=
0.
00
08

S
E
=
0.
00
06

S
E
=
0.
00
14

S
E
=
0.
00
11

P
=
0.
47
9

M
ed
ia
n
=
0.
00
28

M
ed
ia
n
=
0.
00
48

M
ed
ia
n
=
0.
00
48

M
ed
ia
n
=
0.
00
45

IQ
R
=
0.
00
47

IQ
R
=
0.
00
36

IQ
R
=
0.
00
47

IQ
R
=
0.
00
65

N
=
17

N
=
24

N
=
10

N
=
10

9.
T
he

to
ta
l
nu
m
be
r
of

bo
ut
s
w
he
re

th
e
m
al
e

w
al
ke
d
on
to

th
e
fe
m
al
e
pe
rf
or
m
ed

du
ri
ng

th
e

m
at
in
g
tr
ia
l
di
vi
de
d
by

th
e
to
ta
l
tim

e
m
at
in
g

P
=
0.
40
8;

M
ea
n
=
0.
00
22

M
ea
n
=
0.
00
23

M
ea
n
=
0.
00
37

M
ea
n
=
0.
00
26

P
=
0.
14
;

S
E
=
0.
00
05

S
E
=
0.
00
04

S
E
=
0.
00
10

S
E
=
0.
00
08

P
=
0.
30
8

M
ed
ia
n
=
0.
00
15

M
ed
ia
n
=
0.
00
20

M
ed
ia
n
=
0.
00
33

M
ed
ia
n
=
0.
00
14

IQ
R
=
0.
00
17

IQ
R
=
0.
00
27

IQ
R
=
0.
00
46

IQ
R
=
0.
00
28

N
=
17

N
=
23

N
=
11

N
=
13

10
.
T
he

to
ta
l
tim

e
it
to
ok

th
e
m
al
e
to

in
iti
at
e
th
e

“f
ir
st
m
ou
nt
”
ex
pr
es
se
d
as

a
pr
op
or
tio

n
of

th
e

to
ta
l
tim

e
m
at
in
g

P
=
0.
64
7;

M
ea
n
=
0.
13
80

M
ea
n
=
0.
17
99

M
ea
n
=
0.
19
51

M
ea
n
=
0.
12
60

P
=
0.
96
1;

S
E
=
0.
02
27

S
E
=
0.
02
41

S
E
=
0.
04
03

S
E
=
0.
02
22

P
=
0.
04
9

M
ed
ia
n
=
0.
11
24

M
ed
ia
n
=
0.
14
11

M
ed
ia
n
=
0.
16
78

M
ed
ia
n
=
0.
10
64

J Insect Behav (2010) 23:268–289 283283



T
ab

le
4

(c
on
tin

ue
d)

M
at
in
g
se
qu
en
ce

M
al
e
ef
fe
ct

p-
va
lu
e;

F
em

al
e
ef
fe
ct

p-
va
lu
e;

In
te
ra
ct
io
n
ef
fe
ct

p-
va
lu
e

F
X

F
F
X

S
S
X

F
S
X

S

IQ
R
=
0.
09
96

IQ
R
=
0.
15
56

IQ
R
=
0.
25
64

IQ
R
=
0.
09
33

N
=
17

N
=
24

N
=
11

N
=
15

11
.
T
he

nu
m
be
r
of

tim
es

th
e
m
al
e
in
iti
at
ed

th
e

“f
ir
st
m
ou
nt
”
di
vi
de
d
by

th
e
to
ta
l
tim

e
m
at
in
g

P
=
0.
64
7;

M
ea
n
=
0.
00
08

M
ea
n
=
0.
00
12

M
ea
n
=
0.
00
10

M
ea
n
=
0.
00
04

P
=
0.
40
6;

S
E
=
0.
00
02

S
E
=
0.
00
03

S
E
=
0.
00
03

S
E
=
0.
00
01

P
=
0.
06
8

M
ed
ia
n
=
0.
00
05

M
ed
ia
n
=
0.
00
07

M
ed
ia
n
=
0.
00
05

M
ed
ia
n
=
0.
00
04

IQ
R
=
0.
00
07

IQ
R
=
0.
00
09

IQ
R
=
0.
00
12

IQ
R
=
0.
00
03

N
=
17

N
=
24

N
=
12

N
=
16

12
.
T
he

tim
e
in
te
rv
al

be
tw
ee
n
th
e
tim

e
th
e
m
al
e

be
ga
n
to

si
ng

an
d
w
he
n
he

in
iti
at
ed

of
th
e

“f
ir
st
m
ou
nt
”
ex
pr
es
se
d
as

a
pr
op
or
tio

n
of

th
e

to
ta
l
tim

e

P
=
0.
97

M
ea
n
=
0.
09
19

M
ea
n
=
0.
13
05

M
ea
n
=
0.
14
16

M
ea
n
=
0.
10
48

P
=
0.
65
2;

S
E
=
0.
02
18

S
E
=
0.
02
53

S
E
=
0.
03
54

S
E
=
0.
02
49

P
=
0.
14
2

M
ed
ia
n
=
0.
06
24

M
ed
ia
n
=
0.
07
99

M
ed
ia
n
=
0.
14
29

M
ed
ia
n
=
0.
07
11

IQ
R
=
0.
06
71

IQ
R
=
0.
16
42

IQ
R
=
0.
20
69

IQ
R
=
0.
11
83

N
=
17

N
=
24

N
=
11

N
=
16

13
.
T
he

tim
e
at

w
hi
ch

th
e
“f
ir
st
m
ou
nt
”
oc
cu
rr
ed

ex
pr
es
se
d
as

a
pr
op
or
tio

n
of

th
e
to
ta
l
tim

e
m
at
in
g

P
=
0.
84
9;

M
ea
n
=
0.
14
17

M
ea
n
=
0.
16
80

M
ea
n
=
0.
17
62

M
ea
n
=
0.
14
16

P
=
0.
87
;

S
E
=
0.
02
26

S
E
=
0.
01
98

SE
=
0.
04
07

S
E
=
0.
02
64

P
=
0.
27
8

M
ed
ia
n
=
0.
11
63

M
ed
ia
n
=
0.
13
97

M
ed
ia
n
=
0.
14
31

M
ed
ia
n
=
0.
11
21

IQ
R
=
0.
09
71

IQ
R
=
0.
15
80

IQ
R
=
0.
19
34

IQ
R
=
0.
14
69

N
=
17

N
=
23

N
=
10

N
=
15

14
.
T
he

nu
m
be
r
of

tim
es

th
e
m
al
e
an
d
fe
m
al
e

en
ga
ge
d
in

a
“f
ir
st
m
ou
nt
”
di
vi
de
d
by

th
e
to
ta
l

tim
e
m
at
in
g

P
=
0.
69
1;

M
ea
n
=
0.
00
05

M
ea
n
=
0.
00
06

M
ea
n
=
0.
00
05

M
ea
n
=
0.
00
07

P
=
0.
64
6;

S
E
=
0.
00
01

S
E
=
0.
00
01

S
E
=
0.
00
02

S
E
=
0.
00
03

P
=
0.
81
9

M
ed
ia
n
=
0.
00
04

M
ed
ia
n
=
0.
00
04

M
ed
ia
n
=
0.
00
04

M
ed
ia
n
=
0.
00
03

IQ
R
=
0.
00
02

IQ
R
=
0.
00
04

IQ
R
=
0.
00
04

IQ
R
=
0.
00
02

N
=
17

N
=
24

N
=
12

N
=
17

15
.
T
he

tim
e
in
te
rv
al

be
tw
ee
n
th
e
tim

e
th
e
m
al
e

be
ga
n
to

si
ng

an
d
w
he
n
th
e
“f
ir
st
m
ou
nt
”

P
=
0.
82
;

M
ea
n
=
0.
09
56

M
ea
n
=
0.
11
75

M
ea
n
=
0.
11
90

M
ea
n
=
0.
10
90

P
=
0.
76
2;

S
E
=
0.
02
18

S
E
=
0.
02
05

S
E
=
0.
03
42

S
E
=
0.
02
63

284 J Insect Behav (2010) 23:268–289



M
at
in
g
se
qu
en
ce

M
al
e
ef
fe
ct

p-
va
lu
e;

F
em

al
e
ef
fe
ct

p-
va
lu
e;

In
te
ra
ct
io
n
ef
fe
ct

p-
va
lu
e

F
X

F
F
X

S
S
X

F
S
X

S

oc
cu
rr
ed

ex
pr
es
se
d
as

a
pr
op
or
tio

n
of

th
e
to
ta
l

tim
e
m
at
in
g

P
=
0.
50
7

M
ed
ia
n
=
0.
06
63

M
ed
ia
n
=
0.
07
72

M
ed
ia
n
=
0.
07
58

M
ed
ia
n
=
0.
07
38

IQ
R
=
0.
06
72

IQ
R
=
0.
16
52

IQ
R
=
0.
20
11

IQ
R
=
0.
14
56

N
=
17

N
=
23

N
=
10

N
=
15

16
.
T
he

tim
e
in
te
rv
al

be
tw
ee
n
th
e
tim

e
th
e
m
al
e

in
iti
at
ed

th
e
“f
ir
st
m
ou
nt
”
an
d
w
he
n
th
e
“f
ir
st

m
ou
nt
”
oc
cu
rr
ed

ex
pr
es
se
d
as

a
pr
op
or
tio

n
of

th
e
to
ta
l
tim

e
m
at
in
g

P
=
0.
05
6;

M
ea
n
=
0.
00
37

M
ea
n
=
0.
00
30

M
ea
n
=
0.
00
32

M
ea
n
=
0.
00
19

P
=
0.
50
1;

S
E
=
0.
00
05

S
E
=
0.
00
04

S
E
=
0.
00
08

S
E
=
0.
00
04

P
=
0.
60
5

M
ed
ia
n
=
0.
00
34

M
ed
ia
n
=
0.
00
27

M
ed
ia
n
=
0.
00
29

M
ed
ia
n
=
0.
00
14

IQ
R
=
0.
00
25

IQ
R
=
0.
00
21

IQ
R
=
0.
00
44

IQ
R
=
0.
00
26

N
=
17

N
=
23

N
=
10

N
=
16

17
.
T
he

tim
e
in
te
rv
al

fr
om

th
e
“f
ir
st
m
ou
nt
”
to

th
e

pr
od
uc
tio

n
of

th
e
sp
er
m
at
op
ho
re

ex
pr
es
se
d
as

a
pr
op
or
tio

n
of

th
e
to
ta
l
tim

e
m
at
in
g

P
=
0.
4;

M
ea
n
=
0.
06
96

M
ea
n
=
0.
05
62

M
ea
n
=
0.
06
60

M
ea
n
=
0.
05
51

P
=
0.
65
8;

S
E
=
0.
00
45

S
E
=
0.
00
30

S
E
=
0.
00
69

S
E
=
0.
00
32

P
=
0.
78

M
ed
ia
n
=
0.
06
60

M
ed
ia
n
=
0.
05
72

M
ed
ia
n
=
0.
06
13

M
ed
ia
n
=
0.
05
54

IQ
R
=
0.
02
64

IQ
R
=
0.
02
60

IQ
R
=
0.
03
12

IQ
R
=
0.
01
79

N
=
17

N
=
22

N
=
7

N
=
14

18
.
T
he

to
ta
l
nu
m
be
r
of

gy
ra
tio

ns
th
e
m
al
e

pe
rf
or
m
ed

du
ri
ng

th
e
tim

e
in
te
rv
al

fr
om

th
e

“f
ir
st
m
ou
nt
”
to

th
e
pr
od
uc
tio

n
of

th
e

sp
er
m
at
op
ho
re

di
vi
de
d
by

th
e
nu
m
be
r
of

se
co
nd
s

in
th
is
tim

e
in
te
rv
al

P
=
0.
62
1;

M
ea
n
=
0.
25
91

M
ea
n
=
0.
29
68

M
ea
n
=
0.
24
22

M
ea
n
=
0.
24
36

P
=
0.
38
1;

S
E
=
0.
03
04

S
E
=
0.
02
79

S
E
=
0.
04
21

S
E
=
0.
04
92

P
=
0.
64
8

M
ed
ia
n
=
0.
24
32

M
ed
ia
n
=
0.
30
10

M
ed
ia
n
=
0.
21
99

M
ed
ia
n
=
0.
21
31

IQ
R
=
0.
13
9

IQ
R
=
0.
22
26

IQ
R
=
0.
22
70

IQ
R
=
0.
22
43

N
=
16

N
=
22

N
=
7

N
=
15

19
.
T
he

tim
e
th
e
m
al
e
pr
od
uc
ed

th
e
sp
er
m
at
op
ho
re

ex
pr
es
se
d
as

a
pr
op
or
tio

n
of

th
e
to
ta
l
tim

e
m
at
in
g

P
=
0.
53
7;

M
ea
n
=
0.
21
12

M
ea
n
=
0.
21
77

M
ea
n
=
0.
21
73

M
ea
n
=
0.
18
05

P
=
0.
56
4;

S
E
=
0.
02
05

S
E
=
0.
01
93

SE
=
0.
05
19

S
E
=
0.
02
11

P
=
0.
40
6

M
ed
ia
n
=
0.
17
94

M
ed
ia
n
=
0.
19
57

M
ed
ia
n
=
0.
15
35

M
ed
ia
n
=
0.
16
99

IQ
R
=
0.
09
63

IQ
R
=
0.
14
29

IQ
R
=
0.
14
01

IQ
R
=
0.
11
34

N
=
17

N
=
22

N
=
7

N
=
15

20
.
T
he

to
ta
l
nu
m
be
r
of

gy
ra
tio

ns
th
e
m
al
e

pe
rf
or
m
ed

du
ri
ng

th
e
tim

e
in
te
rv
al

be
tw
ee
n
th
e

pr
od
uc
tio

n
of

th
e
sp
er
m
at
op
ho
re

an
d
co
pu
la
tio

n
di
vi
de
d
by

th
e
nu
m
be
r
of

se
co
nd
s
in

th
is
tim

e
in
te
rv
al

P
=
0.
13
1;

M
ea
n
=
0.
37
94

M
ea
n
=
0.
43
75

M
ea
n
=
0.
42
49

M
ea
n
=
0.
37
43

P
=
0.
60
9;

S
E
=
0.
04
02

S
E
=
0.
05
49

S
E
=
0.
05
77

S
E
=
0.
03
33

P
=
0.
57
1

M
ed
ia
n
=
0.
39
81

M
ed
ia
n
=
0.
48
65

M
ed
ia
n
=
0.
36
97

M
ed
ia
n
=
0.
39
76

IQ
R
=
0.
20
80

IQ
R
=
0.
33
62

IQ
R
=
0.
17
66

IQ
R
=
0.
15
36

N
=
14

N
=
15

N
=
6

N
=
12

J Insect Behav (2010) 23:268–289 285285



T
ab

le
4

(c
on

tin
ue
d)

M
at
in
g
se
qu
en
ce

M
al
e
ef
fe
ct

p-
va
lu
e;

F
em

al
e
ef
fe
ct

p-
va
lu
e;

In
te
ra
ct
io
n
ef
fe
ct

p-
va
lu
e

F
X

F
F
X

S
S
X

F
S
X

S

21
.
T
he

tim
e
th
e
m
al
e
in
iti
at
ed

co
pu
la
tio

n
ex
pr
es
se
d
as

a
pr
op
or
tio

n
of

th
e
to
ta
l
tim

e
m
at
in
g

P
=
0.
23
8;

M
ea
n
=
0.
62
36

M
ea
n
=
0.
58
30

M
ea
n
=
0.
57
18

M
ea
n
=
0.
52
46

P
=
0.
13
7;

S
E
=
0.
02
53

S
E
=
0.
03
32

SE
=
0.
05
06

S
E
=
0.
03
46

P
=
0.
93
4

M
ed
ia
n
=
0.
58
51

M
ed
ia
n
=
0.
58
95

M
ed
ia
n
=
0.
58
74

M
ed
ia
n
=
0.
45
94

IQ
R
=
0.
16
67

IQ
R
=
0.
25
44

IQ
R
=
0.
16
60

IQ
R
=
0.
20
75

N
=
15

N
=
16

N
=
6

N
=
12

22
.
T
he

to
ta
l
nu
m
be
r
of

tim
es

th
e
m
al
e
in
iti
at
ed

a
“s
ec
on
d
m
ou
nt
”
du
ri
ng

th
e
tr
ia
l
di
vi
de
d
by

th
e

to
ta
l
tim

e
m
at
in
g

P
=
0.
27
6;

M
ea
n
=
0.
00
06

M
ea
n
=
0.
00
04

M
ea
n
=
0.
00
02

M
ea
n
=
0.
00
02

P
=
0.
10
9;

S
E
=
0.
00
02

S
E
=
0.
00
01

S
E
=
0.
00
01

S
E
=
0.
00
00

P
=
0.
98
7

M
ed
ia
n
=
0.
00
04

M
ed
ia
n
=
0.
00
03

M
ed
ia
n
=
0.
00
00

M
ed
ia
n
=
0.
00
02

IQ
R
=
0.
00
04

IQ
R
=
0.
00
05

IQ
R
=
0.
00
04

IQ
R
=
0.
00
03

N
=
17

N
=
24

N
=
12

N
=
17

23
.
T
he

tim
e
at

w
hi
ch

co
pu
la
tio

n
oc
cu
rr
ed

ex
pr
es
se
d
as

a
pr
op
or
tio

n
of

th
e
to
ta
l
tim

e
m
at
in
g

P
=
0.
18
6;

M
ea
n
=
0.
62
60

M
ea
n
=
0.
57
44

M
ea
n
=
0.
57
69

M
ea
n
=
0.
52
72

P
=
0.
18
3;

S
E
=
0.
02
54

S
E
=
0.
03
35

S
E
=
0.
05
19

S
E
=
0.
03
46

P
=
0.
97
5

M
ed
ia
n
=
0.
58
74

M
ed
ia
n
=
0.
54
29

M
ed
ia
n
=
0.
58
97

M
ed
ia
n
=
0.
46
23

IQ
R
=
0.
16
51

IQ
R
=
0.
23
69

IQ
R
=
0.
18
33

IQ
R
=
0.
20
86

N
=
15

N
=
15

N
=
6

N
=
12

24
.T
he

to
ta
l
nu
m
be
r
of

“s
ec
on
d
m
ou
nt
s”

th
e
m
al
e

at
te
m
pt
ed

du
ri
ng

th
e
m
at
in
g
tr
ia
l
di
vi
de
d
by

th
e

to
ta
l
tim

e
m
at
in
g

P
=
0.
25
7;

M
ea
n
=
0.
00
03

M
ea
n
=
0.
00
03

M
ea
n
=
0.
00
02

M
ea
n
=
0.
00
02

P
=
0.
87
5;

S
E
=
0.
00
01

S
E
=
0.
00
01

S
E
=
0.
00
01

S
E
=
0.
00
00

P
=
0.
16
1

M
ed
ia
n
=
0.
00
03

M
ed
ia
n
=
0.
00
03

M
ed
ia
n
=
0.
00
00

M
ed
ia
n
=
0.
00
02

IQ
R
=
0.
00
01

IQ
R
=
0.
00
04

IQ
R
=
0.
00
04

IQ
R
=
0.
00
03

N
=
17

N
=
24

N
=
12

N
=
17

25
.
T
im

e
w
he
n
th
e
fe
m
al
e
be
ga
n
fe
ed
in
g
on

tib
ia
l

sp
ur

ex
pr
es
se
d
as

a
pr
op
or
tio

n
of

th
e
to
ta
l
tim

e
m
at
in
g

P
=
0.
11
6;

M
ea
n
=
0.
60
49

M
ea
n
=
0.
58
09

M
ea
n
=
0.
58
10

M
ea
n
=
0.
43
36

P
=
0.
10
7;

S
E
=
0.
03
04

S
E
=
0.
03
92

S
E
=
0.
05
20

S
E
=
0.
06
52

P
=
0.
27
7

M
ed
ia
n
=
0.
58
69

M
ed
ia
n
=
0.
59
29

M
ed
ia
n
=
0.
59
64

M
ed
ia
n
=
0.
46
00

286 J Insect Behav (2010) 23:268–289



M
at
in
g
se
qu
en
ce

M
al
e
ef
fe
ct

p-
va
lu
e;

F
em

al
e
ef
fe
ct

p-
va
lu
e;

In
te
ra
ct
io
n
ef
fe
ct

p-
va
lu
e

F
X

F
F
X

S
S
X

F
S
X

S

IQ
R
=
0.
13
23

IQ
R
=
0.
24
79

IQ
R
=
0.
18
02

IQ
R
=
0.
17
21

N
=
14

N
=
12

N
=
6

N
=
12

26
.
T
he

tim
e
w
he
n
fe
m
al
e
di
sm

ou
nt
s
th
e
m
al
e

ex
pr
es
se
d
as

a
pr
op
or
tio

n
of

th
e
to
ta
l
tim

e
m
at
in
g

P
=
0.
65
7;

M
ea
n
=
0.
68
16

M
ea
n
=
0.
65
47

M
ea
n
=
0.
69
94

M
ea
n
=
0.
69
51

P
=
0.
38
5;

S
E
=
0.
02
49

S
E
=
0.
03
07

S
E
=
0.
03
74

S
E
=
0.
03
29

P
=
0.
75
1

M
ed
ia
n
=
0.
71
06

M
ed
ia
n
=
0.
69
57

M
ed
ia
n
=
0.
70
05

M
ed
ia
n
=
0.
73
26

IQ
R
=
0.
18
05

IQ
R
=
0.
23
51

IQ
R
=
0.
15
76

IQ
R
=
0.
13
71

N
=
15

N
=
15

N
=
6

N
=
11

27
.
T
he

tim
e
in
te
rv
al

be
tw
ee
n
th
e
tim

e
co
pu
la
tio

n
be
ga
n
an
d
th
e
tim

e
w
he
n
th
e
fe
m
al
e
di
sm

ou
nt
s

ex
pr
es
se
d
as

a
pr
op
or
tio

n
of

th
e
to
ta
l
tim

e
m
at
in
g

P
=
0.
16
2;

M
ea
n
=
0.
05
57

M
ea
n
=
0.
08
03

M
ea
n
=
0.
12
25

M
ea
n
=
0.
18
65

P
=
0.
3;

S
E
=
0.
01
64

S
E
=
0.
02
33

S
E
=
0.
03
57

S
E
=
0.
03
83

P
=
0.
56
3

M
ed
ia
n
=
0.
02
28

M
ed
ia
n
=
0.
05
86

M
ed
ia
n
=
0.
10
09

M
ed
ia
n
=
0.
17
23

IQ
R
=
0.
07
51

IQ
R
=
0.
07
56

IQ
R
=
0.
16
30

IQ
R
=
0.
23
10

N
=
15

N
=
15

N
=
6

N
=
11

28
.
T
he

to
ta
l
nu
m
be
r
of

po
st
-c
op
ul
at
or
y
“d
an
ce
s”

pe
rf
or
m
ed

du
ri
ng

th
e
m
at
in
g
tr
ia
l
di
vi
de
d
by

th
e

to
ta
l
tim

e
m
at
in
g

P
=
0.
42
5;

M
ea
n
=
0.
00
03

M
ea
n
=
0.
00
02

M
ea
n
=
0.
00
03

M
ea
n
=
0.
00
02

P
=
0.
87
9;

S
E
=
0.
00
01

S
E
=
0.
00
02

S
E
=
0.
00
03

S
E
=
0.
00
01

P
=
0.
79
7

M
ed
ia
n
=
0.
00
00

M
ed
ia
n
=
0.
00
00

M
ed
ia
n
=
0.
00
00

M
ed
ia
n
=
0.
00
00

IQ
R
=
0.
00
04

IQ
R
=
0.
00
00

IQ
R
=
0.
00
03

IQ
R
=
0.
00
00

N
=
17

N
=
23

N
=
11

N
=
17

29
.
T
im

e
at

w
hi
ch

th
e
fe
m
al
e
kn
oc
ke
d-
of
f
th
e

sp
er
m
at
op
ho
re

ex
pr
es
se
d
as

a
pr
op
or
tio

n
of

th
e

to
ta
l
tim

e
m
at
in
g

P
=
0.
68
3;

M
ea
n
=
0.
78
49

M
ea
n
=
0.
80
61

M
ea
n
=
0.
81
07

M
ea
n
=
0.
81
21

P
=
0.
53
7;

S
E
=
0.
01
76

S
E
=
0.
01
02

S
E
=
0.
00
00

S
E
=
0.
01
17

P
=
0.
7

M
ed
ia
n
=
0.
79
01

M
ed
ia
n
=
0.
81
06

M
ed
ia
n
=
0.
81
07

M
ed
ia
n
=
0.
82
02

IQ
R
=
0.
03
89

IQ
R
=
0.
06
26

IQ
R
=
0.
00
00

IQ
R
=
0.
08
73

N
=
13

N
=
20

N
=
1

N
=
14

M
ea
ns
,m

ed
ia
ns
,s
ta
nd
ar
d
er
ro
rs
(S
E
),
in
tr
a-
qu
ar
til
e
ra
ng
es

(I
Q
R
)
an
d
sa
m
pl
e
si
ze
s
(N

)
of

tr
ai
ts
m
ea
su
re
d
in

th
e
m
at
in
g
se
qu
en
ce
.F

F
re
pr
es
en
ts
an

in
tr
as
pe
ci
fi
c
cr
os
s
be
tw
ee
n
an

A
.f
as
ci
at
us

fe
m
al
e
an
d
an

A
.f
as
ci
at
us

m
al
e.
F
S
re
pr
es
en
ts
an

in
te
rs
pe
ci
fi
c
cr
os
s
be
tw
ee
n
an

A
.f
as
ci
at
us

fe
m
al
e
an
d
an

A
.s
oc
iu
s
m
al
e.
SF

re
pr
es
en
ts
th
e
re
ci
pr
oc
al
in
te
rs
pe
ci
fi
c

cr
os
s
to

F
S
.
S
pe
ci
fi
ca
lly
,
it
is
a
cr
os
s
be
tw
ee
n
an

A
.
so
ci
us

fe
m
al
e
an
d
an

A
.
fa
sc
ia
tu
s
m
al
e.
SS

re
pr
es
en
ts
th
e
ot
he
r
in
tr
as
pe
ci
fi
c
cr
os
s
in

th
is
st
ud
y.
It
is
a
cr
os
s
be
tw
ee
n
an

A
.

so
ci
us

fe
m
al
e
an
d
an

A
.
so
ci
us

m
al
e

J Insect Behav (2010) 23:268–289 287287



References

Alexander RD (1962) The role of behavioral study in cricket classification. Syst Zool 11:53–72
Alexander RD, Marshall DC, Cooley JR (1997) Evolutionary perspectives on insect mating. In: Choe JC,

Crespi BJ (eds) The evolution of mating systems in insects and arachnids. Cambridge University
Press, Cambridge, pp 4–31

Birge LM, Braswell WE, Howard DJ (2007) A component of isolation between Allonemobius shalontaki
(Orthoptera: Gryllidae: Nemobiinae) and a sympatric congener. Ann Entomol Soc Am 100:721–728

Boake CRB (2002) Sexual signaling and speciation, a microevolutionary perspective. Genetica 116:205–
214

Boake CRB, Hoikkala A (1995) Courtship and mating success of wild-caught Drosophila silvestris males.
Anim Behav 49:1303–1313

Braswell WE, Andres JA, Maroja LS, Harrison RG, Howard DJ, Swanson WJ (2006) Identification and
comparative analysis of accessory gland proteins in Orthoptera. Genome 49:1069

Britch SC, Cain ML, Howard DJ (2001) Spatio-temporal dynamics of the Allonemobius fasciatus-A.
socius mosaic hybrid zone: a 14-year perspective. Mol Ecol 10:627–638

Chapman T, Partridge L (1996) Female fitness in Drosophila melanogaster: an interaction between the
effect of nutrition and of encounter rate with males. Proc R Soc Lond B 263:755–759

Chippindale AK, Leroi AM, Kim SB, Rose MR (1993) Phenotypic plasticity and selection in Drosophila
life-history evolution. I. Nutrition and the cost of reproduction. J Evol Biol 6:171–193

Coyne JA, Orr HA (2004) Speciation. Sinauer, Sunderland
Dewsbury DA (1982) Ejaculate cost and male choice. Am Nat 119:601–610
Doherty JA, Howard DJ (1996) Lack of preference for conspecific calling songs in female crickets. Anim

Behav 51:981–989
Eberhard WG (1994) Evidence for wide-spread courtship during copulation in 131 species of insects and

spiders, and implications for cryptic female choice. Evolution 48:711–733
Engqvist L, Reinhold K (2006) Theoretical influence of female mating status and remating propensity on

male sperm allocation patterns. J Evol Biol 19:1448–1458
Fedorka KM, Mousseau TA (2002a) Material and genetic benefits of female multiple mating and

polyandry. Anim Behav 64:361–367
Fedorka KM, Mousseau TA (2002b) Nuptial gifts and the evolution of male body size. Evolution 56:590–596
Fedorka KM, Mousseau TA (2002c) Tibial spur feeding in ground crickets: Larger males contribute larger

gifts (Orthoptera: Gryllidae). Fla Entomol 85:317–323
Fedorka KM, Mousseau TA (2004) Female mating bias results in conflicting sex-specific offspring fitness.

Nature 429:65–67
Gavrilets S, Waxman D (2002) Sympatric speciation by sexual conflict. Proc Natl Acad Sci USA

99:10533–10538
Gregory PG, Howard DJ (1993) Laboratory hybridization studies of Allonemobius fasciatus and A. socius

(Orthoptera, Gryllidae). Ann Entomol Soc Am 86:694–701
Gregory PG, Howard DJ (1994) A post-insemination barrier to fertilization isolates 2 closely related

ground crickets. Evolution 48:705–710
Gregory PG, Remmenga MD, Howard DJ (1998) Patterns of mating between two closely related ground

crickets are not influenced by sympatry. Entomol Exper et Appl 87:263–270
Hoikkala A, Welbergen P (1995) Signals and responses of females and males in successful and

unsuccessful courtship of three Hawaiian lek-mating Drosophila species. Anim Behav 50:177–190
Howard DJ, Berlocher SH (1998) Endless forms: species and speciation. Oxford University Press, New York
Howard DJ, Gregory PG (1993) Post-insemination signaling systems and reinforcement. Phil Trans R Soc

Lond B Biol Sci 340:231–236
Howard DJ, Waring GL, Tibbets CA, Gregory PG (1993) Survival of hybrids in a mosaic hybrid zone.

Evolution 47:789–800
Howard DJ, Gregory PG, Chu JM, Cain ML (1998a) Conspecific sperm precedence is an effective barrier

to hybridization between closely related species. Evolution 52:511–516
Howard DJ, Reece M, Gregory PG, Chu J, Cain ML (1998b) The evolution of barriers to fertilization

between closely related organisms. In: Howard DJ, Berlocher SH (eds) Endless forms: species and
speciation. Oxford University Press, New York, pp 279–288

Lande R (1981) Models of speciation by sexual selection on polygenic traits. Proc Natl Acad Sci USA
78:3721–3725

288 J Insect Behav (2010) 23:268–289



Marshall JL (2004) The Allonemobius-Wolbachia host-endosymbiont system: Evidence for rapid
speciation and against reproductive isolation driven by cytoplasmic incompatibility. Evolution
58:2409–2425

Marshall JL (2007) Rapid evolution of spermathecal duct length in the Allonemobius socius complex of
crickets: species, population, and Wolbachia effects. PLoS ONE 8:e720

Marshall JL, Arnold ML, Howard DJ (2002) Reinforcement: the road not taken. Trends Ecol Evol
17:558–563

Martinez Wells M, Henry CS (1992) The role of courtship songs in reproductive isolation among
populations of green lacewings of the genus Chrysoperla (Neuroptera: Chrysopidae). Evolution
46:31–42

Mays DL (1971) Mating behavior of Nemobiine crickets-Hygronemobius nemobius, and Pteronmemobius
(Ortherptera: Gryllidae). Fla Entomol 54:113–126

Nakatsuru K, Kramer DL (1982) Is sperm cheap? Limited male fertility and female choice in the Lemon
tetra (Pisces: Characidae). Science 216:753–755

Olsson M, Madsen T, Shine R (1997) Is sperm really so cheap? Costs of reproduction in male adders,
Vipera berus. Proc R Soc Lond B 264:455–459

Phelan PL, Baker TC (1990) Comparative study of courtship in twelve phycitine moths (Lepidoptera:
Pyralidae). J Insect Behav 3:303–326

Piper MDW, Skorupa D, Partridge L (2005) Diet, metabolism and lifespan in Drosophila. Exp Gerontol
40:857–862

Ptacek MB (2000) The role of mating preferences in shaping interspecific divergence in mating signals in
vertebrates. Behav Process 51:111–134

Seehausen O, van Alphen JJM, Witte F (1997) Cichlid fish diversity threatened by eutrophication that
curbs sexual selection. Science 277:1808–1811

Takimoto G, Higashi M, Yamamura M (2000) A deterministic genetic model for sympatric speciation by
sexual selection. Evolution 54:1870–1881

Turner GF, Burrows MT (1995) A model of sympatric speciation by sexual selection. Proc R Soc Lond B
260:287–292

Uzendosski K, Verrell P (1993) Sexual incompatibility and mate-recognition systems: a study of two
species of sympatric salamanders (Plethodontidae). Anim Behav 46:267–278

West-Eberhard MJ (1983) Sexual selection, social competition, and speciation. Q Rev Biol 58:155–183

J Insect Behav (2010) 23:268–289 289289


	Mating Behavior Differences and the Cost of Mating in Allonemobius fasciatus and A. socius
	Abstract
	Introduction
	Materials and Methods
	Crickets
	Courtship Mating Sequence
	Matings
	Videotaping
	Discrimination and cost of reproduction in multiple matings in males: Courtship and copulation durations
	Effects of Single Versus Multiple Mating: Lifespan
	Effects of Conspecific Versus Heterospecific Mating on Females: Offspring Production
	Effects of Single Versus Multiple Mating on Females: Offspring Production

	Results
	Mating Sequence in Single Matings: Overall Comparisons
	Mating Sequence in Single Matings: Copulatory Comparisons
	Mating Sequence in Single Matings: Post-Copulatory Comparisons
	Mate Discrimination and Cost of Reproduction in Multiple Matings: Courtship and Copulation Durations
	Effects of Single Versus Multiple Mating: Lifespan
	Effects of Conspecific Versus Heterospecific Mating: Offspring Production
	Effects of Single Versus Multiple Mating: Offspring Production

	Discussion
	Section121
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


