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Age at mating and male quality influence female patterns of
reproductive investment and survival
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Abstract

The trade-off between the allocation of resources toward somatic maintenance or
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reproduction is one of the fundamentals of life history theory and predicts that fe-
males invest in offspring at the expense of their longevity or vice versa. Mate quality
may also affect life history trade-offs through mechanisms of sexual conflict; how-
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ever, few studies have examined the interaction between mate quality and age at
first mating in reproductive decisions. Using house crickets (Acheta domesticus), this
study examines how survival and reproductive trade-offs change based on females’
age at first reproduction and exposure to males of varying size. Females were ex-
posed to either a large (presumably high-quality) or small male at an early (young),
middle (intermediate), or advanced (old) age, and longevity and reproductive invest-
ment were subsequently tracked. Females mated at a young age had the largest num-
ber of eggs but the shortest total lifespans while females mated at older ages
produced fewer eggs but had longer total lifespans. The trade-off between age at
first mating and eggs laid appears to be mediated through higher egg-laying rates and
shorter postmating lifespans in females mated later in life. Exposure to small males
resulted in shorter lifespans and higher egg-laying rates for all females indicating that
male manipulation of females, presumably through spermatophore contents, varies
with male size in this species. Together, these data strongly support a trade-off be-
tween age at first reproduction and lifespan and support the role of sexual conflict in

shaping patterns of reproduction.
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1 | INTRODUCTION

time and potentially resources for reproduction but living longer.
Thus, life history theory suggests that females that begin reproduc-

Individuals have limited resources to allocate toward either re-
production or somatic maintenance, which results in a trade-off
between survival and reproduction (Kirkwood & Rose, 1991). For
example, individuals may invest in reproduction early in life at the

cost of longevity, or individuals may wait to reproduce, leaving less

ing early in life have a fitness advantage over those that postpone
reproduction (Roff, 2002; Stearns, 1989,1992). Yet, females—even
in short-lived species—vary in their timing of reproduction. While
environmental circumstances, such as poor nutritional conditions,

may arise in which it is advantageous for females to postpone
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reproduction (Bertness, 1981; Moehrlin & Juliano, 1998; Wessels,
Kristal, Netter, Hatle, & Hahn, 2011), other factors, such as the
availability of preferred or high-quality mates, may also play a role
in a female's decision to postpone mating. Given the trade-off be-
tween reproduction and longevity, it is unclear whether postponing
reproduction in hopes of locating a better mate is an advantageous
strategy since the fitness benefits from mating with a high-quality
male may or may not outweigh the fitness costs associated with ini-
tiating offspring production later in life. The extent to which male
characteristics and the timing of female reproduction may interact
to impact investment patterns and ultimately, fitness, have not been
thoroughly explored.

There is ample evidence that females can adjust reproductive
investment patterns in response to male quality (Burley, 1988;
Gowaty, 2008; Kindsvater, Rosenthal, & Alonzo, 2013; Sheldon,
2000; Ting, Judge, & Gwynne, 2017). However, it remains unclear
how female age influences these decisions. Since females that
postpone reproduction (older females) have fewer reproductive
opportunities and are more constrained than those that begin
producing offspring earlier (young females), reproductive alloca-
tion patterns are expected to vary across an individual's lifetime
(Cotter, Ward, & Kilner, 2010; Harris & Uller, 2009; McNamara
& Houston, 1996; McNamara, Houston, Barta, Scheuerlein, &
Fromhage, 2009; Roff & Gelinas, 2003). Young females have more
opportunities to find mates and are more selective of mates (Gray,
1999; Mautz & Sakaluk, 2008) suggesting, as predicted by life
history theory, that young females possess higher reproductive
value than older females. It is expected that young females will
also be more selective about the allocation of their reproductive
resources (Gowaty & Hubbell, 2009). In contrast, older females
should be less selective and invest at a greater rate and poten-
tially more, both in terms of offspring size and number, as they age
if their condition permits (Kindsvater, Alonzo, Mangel, & Bonsall,
2010). However, larger investments over shorter time periods are
costly. This strategy of quickly investing significant resources to-
ward reproduction is expected to reduce somatic allocation, which
may impact postmating female survival resulting in less time to in-
vest in reproduction. Thus, it is unclear whether females can com-
pensate for postponed investment in fitness or whether there may
be other consequences such as a trade-off between fecundity and
fertility. These factors are likely to inform age-specific trade-off
patterns observed for house crickets (Acheta domesticus).

Despite an expected decrease in offspring quantity, postponing
reproduction in order to find a higher-quality mate may confer bene-
fits via offspring quality. For example, high-quality male house crick-
ets can confer heritable benefits to offspring (Ryder & Siva-Jothy,
2001), thus, a female may choose to wait to reproduce and attempt
to find a better mate. This may be especially true in species with
lek-style mate systems like crickets since variation in female fitness
across generations will be largely dependent on the success of her
sons. Thus, mate choice decisions should be associated with indi-
rect benefits (Endler & Basolo, 1998; Hunt & Sakaluk, 2014; Prokop,
Michalczyk, Drobniak, Herdegen, & Radwan, 2012).
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Previous studies have established that female house crickets
prefer larger males (Gray, 1997; Ryder & Siva-Jothy, 2001; Stoffer
& Walker, 2012). For this species, it is known that immune response
and body size are heritable (Head, Hunt, & Brooks, 2006; Ryder
& Siva-Jothy, 2001) and positively correlated (Ryder & Siva-Jothy,
2001), suggesting that large size is an indicator of male quality. The
benefit of a better immune response is clear; however, this may not
be the only potential benefit associated with mating with a larger
male.

In addition to indirect benefits, mate quality may also be linked to
direct benefits that influence reproductive allocation patterns. Since
male house crickets to do not provide parental care or nuptial gifts,
direct benefits would be conferred through spermatophore con-
tents. Previous studies in crickets have shown that spermatophore
contents correlate with male phenotype. For example, in the variable
field cricket (Gryllus lineaticeps), males with higher chirp rates trans-
fer more sperm to females (Wagner & Harper, 2003). Seminal fluids
may also provide benefits or potentially costs to females through
compounds such as sex peptides or prostaglandins, which may play
a role in sexual conflict. Prostaglandins transferred in house cricket
spermatophores induce oviposition (Larson, Andrés, & Harrison,
2012; Loher & Edson, 1973; Murtaugh & Delinger, 1985) and are
associated with increased fecundity (Tanaka, 2014; Worthington,
Jurenka, & Kelly, 2015) but are also associated with a reduction in
female lifespan (Green & Tregenza, 2009; Tanaka, 2014). While a
relationship between male attractiveness and amount of prosta-
glandin transferred during mating has not, to the author's knowl-
edge, been established in house crickets, this relationship has been
demonstrated in insects (Pitnick & Garcia-Gonzaélez, 2002), suggest-
ing prostaglandin levels may vary with other male traits in house
crickets as well.

Male characteristics can clearly impact reproductive alloca-
tion patterns (Bretman, Rodriguez-Mufoz, & Tregenza, 2006;
Harris & Uller, 2009; Head et al., 2006; Iglesias-Carrasco, Jennions,
Zajitschek, & Head, 2018; Kindsvater & Alonzo, 2014; Ting et al.,
2017). Changes in allocation patterns as a function of mate quality
have been discussed as differential allocation when females invest
more when mated with high-quality males or reproductive com-
pensation when females invest more when mated with low-quality
males. Although, more recent work has considered them as ends of
a continuum (Haaland, Wright, Kuijper, & Ratikainen, 2017; Harris &
Uller, 2009; Kindsvater & Alonzo, 2014; Ratikainen & Kokko, 2010).
These effects can manifest as changes in fecundity, offspring char-
acteristics, or both. For example, female field crickets (Gryllus penn-
sylvanicus) exposed to songs from high-quality males and mated to
randomly chosen male laid more and larger embryos compared to
females exposed to songs from low-quality males and then, mated
with a randomly chosen mate (Ting et al., 2017).

We sought to examine the interaction between age-specific
changes in allocation patterns and mate quality in A. domesticus by
manipulating age at first reproduction and the size of the male a fe-
male was exposed to (and mated with) for 24 hr. We hypothesized
that female crickets would adjust reproductive investment based on
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when they began reproduction and that their exposure to a large or
small male was likely to impact investment patterns. We predicted
that females mated at younger ages would produce more offspring
and have shorter lifespans than those that mated at more advanced
ages and that, consistent with differential allocation, females mated
with large males would produce more offspring and also have longer
lifespans than females mated with small males. Lastly, we expected
females mated at more advanced age to have higher rates of repro-

ductive investment and shorter postmating lifespans.

2 | METHODS

This study was conducted in accordance with the Institutional
Animal Care and Use Policies of California State University Fullerton.
Juvenile house crickets were obtained from Fluker Farms (Port Allen,
LA, U.S.A.) and housed communally in 84 L bins until they reached
their adult stage. Bins were checked daily and all adult crickets
were removed and housed individually in clear plastic containers
(13 x 13 x 4 cm). Crickets were kept on a reverse 12:12 hr light-dark
cycle at 25°C. They were maintained on ad libitum cat food and
water throughout the study. Since crickets are nocturnal, all subse-
quent work was conducted during the dark portion of the light-dark
cycle under red lighting. Males and females were not acoustically
isolated because female house cricket mate decisions are not af-
fected by population density or age (Tinghitella, 2014).

Female age at first mating was selected based on the range
of house cricket lifespans for a laboratory setting (Murtaugh &
Delinger, 1985; Tinghitella, 2014) and the authors’ past observations
of young female mating behaviors. At the time of their male expo-
sure trial, females mated at young (N = 59), intermediate (N = 25),
and old (N =41) ages were 14-16, 24-26, and 34-36 days past
adult eclosion, respectively. We henceforth refer to these groups as
young, intermediate, or old. Young, intermediate, or old virgin female
house crickets were mated with virgin males that were categorized
as either large (N = 64) or small (N = 61) for a total of six treatment
groups. Large males weighed more than 0.34 g (x + SD=0.39 + 0.03)
and small males weighed less than 0.30 g (x + SD=0.26 + 0.04) based
on previously established female preferences (Stoffer & Walker,
2012). Males selected for the study were all 14-16 days past adult
eclosion at the time of mating (males will court females and transfer
spermatophores upon reaching their adult molt [e.g., Fleischman &
Sakaluk, 2004; Stoffer & Walker, 2012]). Females were randomly as-
signed to treatment groups, and all individuals were used only once.

At the beginning of each exposure, one male and female were
placed in a clean clear enclosed plastic arena (36 x 23 x 17 cm). Each
cricket was initially held in a separate smaller container (11 cm diam-
eter, 20 cm height) within the arena for two minutes before being
released. Each pair was observed for an hour to ensure normal male
courtship behaviors followed by a 23-hr unobserved exposure pe-
riod in order to standardize the amount of time each female was
exposed to a male. During this time, all pairs had access to food
and water. After each exposure, the female was placed back in her

original container and the male was euthanized. Females were given
a Petri dish containing moist sand and vermiculite in which to lay
eggs, which was replaced every two days. Half of the contents of
each collected Petri dish were immediately removed and the eggs
were counted to ensure oviposition. Since females readily lay eggs
after the successful transfer of a spermatophore (Murtaugh &
Delinger, 1985; Engelmann, 2015) and unmated females lay few to
no eggs (Clifford & Woodring, 1986; Murtaugh & Delinger, 1985),
females who did not lay eggs in the first 2 days post male expo-
sure and those that did not produce fertile eggs were assumed to
have not successfully mated and were not used in the study. The
Petri dishes with the remaining eggs, sand, and vermiculite were
placed into an incubator for 14 days at 28°C allowing the eggs to
develop and hatch. The number of hatchlings, shells, and unhatched
eggs were counted. The developmental status (whether or not an
egg showed development) was also noted for each egg in order to
track fertility. Measurements continued for the lifespan of each fe-
male. Since variation in reproductive investment may be observed
as differences in primary reproductive allocation (fecundity) and/
or fertility, each of these measures of reproductive success was
analyzed in order to understand evolutionary consequences of
postponed female reproduction and male size. In addition to repro-
ductive measures, total adult lifespan and postmating lifespan were
also recorded. Since seminal fluids can influence egg production for
up to a week postmating (Worthington et al., 2015), egg-laying rate
was calculated as the number of eggs laid in the first six days after
male exposure. Fertilization rate was measured as the proportion
of eggs incubated that hatched or showed development. Lifetime
egg production and egg-laying rate were based on total counts of
eggs from both incubated eggs and those counted immediately upon
collection. Fertilization rates were based on counts from only eggs
that were incubated. A combined total of 125 exposure trials are
included in the following analyses (young female/small male = 30;
young female/large male = 29; intermediate female/small male = 14;
intermediate female/large male = 11; old female/small male = 21; old
female/large male = 20).

Generalized linear models (ANOVA or logistic regression) were
used to analyze the effects of female age at mating and male size on
the following response variables: lifespan, postmating lifespan, life-
time egg production, egg-laying rate (proportion of eggs laid during
the first six days) (logistic regression), and fertilization rate (logistic
regression). We started with models including all main effects and
interactions and simplified the models by removing nonsignificant
interactions until only main effects remained. a < 0.05 was consid-
ered significant for all analyses. Deletion tests for interactions are
presented. We evaluated assumptions using diagnostic plots and
analyses were carried out using R v 3.5.1. Diagnostic plots for logis-
tic regression (generalized linear models) were examined using the
DHARMa package which was also used to test for overdispersion
(Hartig, 2019). During examination of diagnostic plots, we checked
for outliers as well as other assumptions (e.g., normality for ANOVA).
Logistic regression models were fit using glm in R. In both cases,
the data were overdispersed and to account for this we used the
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Degrees of Mean square
Variable freedom Sum of squares of the error F-value p-Value
Postmating 5,124 2.83 0.019
lifespan
Female age at 2 292 1.46 412 0.019
mating
Male size 1 2.08 2.08 5.89 0.017
Residuals 121 42.78 0.35
Total lifespan 5,124 7.00 <0.0001
Female age at 2 2.44 1.22 17.15 <0.0001
mating
Male size 1 0.39 0.39 5.50 0.021
Residuals 121 8.60 0.07

Note. Female age at mating (young, intermediate, old) and male exposure (small, large) impacted fe-
male postmating lifespan and total lifespan (two-way ANOVA). The first row for each characteristic
is the test for the full model (main effects + interactions). The interactions between female age at
mating and male exposure was not significant (postmating lifespan: Fz, 110 = 0.111, p = 0.895; total
lifespan: F, ;4 = 0.309, p = 0.735).
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FIGURE 1 Number of days females lived postadult eclosion and postmating. Postmating and adult lifespan significantly differed based on
female age at mating (a and c) and mate size (b and d). Letters indicate significant differences among treatments as determined by the Holm
procedure. Results correspond to Table 1. The box represents the 25th, 50th (median), and 75th quartile. The whiskers are 1.5 x interquartile
range (IRQ). Whiskers show the maximum of the data if it is <1.5 x IQR
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Degrees of Mean square
Variable freedom Sum of squares of the error
Total egg 5,124
production
Female age at 2 777.65 388.82
mating
Male size 1 145.68 145.68
Residuals 121 6,910.55 57.11

TABLE 2 Lifetime egg production

F-value p-Value
3.70 0.004
6.81 0.002
2.55 0.113

Note. Female age at mating (young, intermediate, old) impacted the total number of eggs laid pro-
duced in a female's lifetime. The first row is the test for the full model (main effects + interactions).
The interaction between female age at mating and male size was not significant F, ;5= 1.14,

p =0.3241.

quasibinomial error distribution instead of the binomial error dis-
tribution (Crawley, 2013). We controlled for family size error rate
when doing multiple comparisons using the Holm procedure (Holm,
1979). The following variables were transformed in order to meet
the assumptions of ANOVA: lifetime egg production (square root)
and total and postmating life span (log). Since lifetime egg produc-
tion is correlated with female mass, we performed analyses of this
response variable using female mass as a covariate. Although female
mass was correlated with the response variable, it did not change our

results so these analyses are not presented.

3 | RESULTS

Female age at first mating and male size influenced female postmat-
ing lifespan and total female lifespan (Table 1). Total female lifespan
differed significantly among females mated at different ages with
young females having the shortest total lifespans (p < 0.039) and
old females having the longest (p < 0.018) (Figure 1a,c). Old females
had shorter postmating lifespans than young females (p = 0.021).
Females exposed to large males had longer postmating and total
lifespans than females exposed to small males (Figure 1b,d).

Female age at first mating influenced the total number of eggs
laid and egg-laying rates (Tables 2 and 3). Young females pro-
duced the most eggs (p < 0.032) (Figure 2). Male size did not sig-
nificantly impact the number of eggs produced by females (x + SD:
small = 539.42 + 352.77; large = 707.26 + 429.61; Table 2). Old fe-
males had the highest egg-laying rates (p < 0.05) (Figure 3a), and fe-
males mated to large males had lower egg-laying rates than females
mated to small males (Figure 3b). There was no significant effect of
female age at first mating, male size, or their interaction when exam-
ining fertilization rate (which included eggs that hatched and those

that showed development; Table 3, Figure 4).

4 | DISCUSSION
Patterns of reproductive and somatic investment among females
mated at different ages support the trade-off between survival and

reproduction predicted by life history theory (Kirkwood & Rose,

1991; Roff, 2002; Stearns, 1989,1992) in which females that invest
more in reproduction have shorter lifespans and females that invest
less in reproduction live longer. Females mated at a young age laid
more eggs at a lower rate and had shorter lifespans while the op-
posite pattern was observed for females mated after 25 days (inter-
mediate and old females), which is consistent with classic life history
trade-offs (Roff, 2002; Stearns, 1992). These patterns addition-
ally indicate that postponing reproduction impacts female fitness,
which is consistent with studies of senescence demonstrating that
reproductive investment declines with age (Flatt & Partridge, 2018;
Kirkwood & Rose, 1991).

House crickets clearly exhibit age-specific plasticity in repro-
duction. Young female house crickets produced the most eggs while
deferred reproduction to an old age was associated with longer total
life span and fewer eggs. Postmating lifespans were longer for fe-
males mated at young ages than for females mated at older ages and
this is inversely correlated with egg-laying rate since older females
laid eggs more quickly than younger females. Taken together, it is
clear that shorter total lifespans, but longer postmating lifespans
allow for a greater investment in reproduction, while longer total
lifespans, but shorter postmating lifespans allow for a more rapid
investment in reproduction. Similar patterns have been observed in
a number of insects (Evenden, Lopez, & Keddei, 2006; Kaitala, 1991;
Lyn, Aksenov, LeBlanc, & Rollo, 2012; Miyatake, 1997; Rogers &
Marti, 1996; Travers, Garcia-Gonzalez, & Simmons, 2015; Wagner &
Harper, 2003, but see: Maklakov, Kremer, & Arnqgvist, 2007) which
suggests a strong adaptive value for maintaining age-specific plas-
ticity in resource allocation.

Oogenesis of unmated female house crickets continues at least
through 18 days postadult eclosion at an increasingly slower rate
with age (Clifford & Woodring, 1986). Thus, older females should
have more stored eggs in which to oviposit once mated. Why this
trend was not observed for intermediate females is unclear and
suggests that age-specific egg storage cannot fully explain how
female reproductive investment varies with age. Old females
should benefit from rapid egg production even at the cost of lon-
gevity given (a) that it is costly to store eggs over a long period
both in terms of lost subsequent egg production and reduced gut
size (Clifford & Woodring, 1986) and (b) that they are less likely to
obtain additional matings compared to younger females. A more
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Degrees of Residual degrees of

Variable freedom Deviance freedom Residual deviance F-value p-Value

Egg-laying rate 5,119 5.31 0.0002
Female age and mating 2 509.76 120 3,083.24 10.94 <0.0001
Male size 1 209.64 119 2,873.61 9.00 0.003
Null 122 3,593.01

Fertilization rate 5,111 2.54 0.033
Female age and mating 2 30.85 114 674.56 2.90 0.059
Male size 1 4.46 113 670.10 0.84 0.362
Female age and mat- 2 31.83 111 638.28 2.99 0.054

ing x male size

Null 114 425.09

Note. Egg-laying rate was measured as the number of eggs laid during the 6 days after male exposure and fertilization rate was measured as the propor-
tion of developed eggs relative to total eggs laid. These data were modeled with generalized linear models using a quasibinomial error structure and a
logit link. The first row for each characteristic is the test for the full model (main effects + interactions). Female age at mating (young, intermediate, old)
and male exposure (small, large) impacted egg-laying rate. The two-way interaction between female age at mating and male size was not significant (Fzy
117 = 0.44, p = 0.65). Female age at mating (young, intermediate, old) and the interaction between female age at mating and male exposure (small, large)

tended to impact the fertilization rate of female eggs.

Number of eggs

2
rH—' [I‘ inijHer—+—a>

211 L e

o HH-1+= -!

Young Intermediate
Female age at mating

FIGURE 2 Lifetime production of eggs. The number of eggs laid
in a female's lifetime differed significantly based on female age at
mating. Letters indicate significant differences among treatments
as determined by the Holm procedure. Results correspond to Table
2. The box represents the 25th, 50th (median), and 75th quartile.
The whiskers are 1.5 x interquartile range (IRQ). Whiskers show the
maximum of the data if itis <1.5 x IQR

complete mechanistic explanation requires further study since
very few studies—proximate or ultimate—have considered the ef-
fect of postponed mating on life history trade-offs and even fewer
have considered the full range of female age. This area of study
will surely provide exciting insights and help underscore the phys-
iological trade-offs driving age-specific variations in reproductive
strategy described here.

Interestingly, the number of eggs produced by females mated
at intermediate and old ages did not differ significantly, but old
females laid eggs at a higher rate. This suggests that postponing

reproduction past a certain point may result in reduced fitness
likely due to lost opportunities for oogenesis and oviposition since
old females were unable to fully compensate for fecundity losses
by increasing their rate of egg laying, which likely contributed to
their reduced postmating lifespan. The difference in reproductive
investment patterns between intermediate and old females sup-
ports the profitability of assessing female age at more than two
levels and highlights nuanced age-specific trade-offs that have not
been widely considered.

The mechanisms mediating female age-specific reproductive and
somatic allocation may more generally underscore plasticity within
this trade-off since other environmental stressors result in similar
patterns of allocation (Auld & Houser, 2015; Bascunan-Garcia, Lara,
& Cordoba-Aguilar, 2010; Kaitala, 1991; Tanaka & Suzuki, 1998;
Visanuvimol & Bertram, 2010). For example, similar findings have
been observed when insect species, including A. domesticus, are
faced with immune challenges (Adamo, 1999; Bascunan-Garcia et
al., 2010; Sadd et al., 2006). Though, not all organisms respond this
way to aging (Cotter et al., 2010; Nussey et al., 2008), it would appear
that house crickets switch toward reproducing at a high rate when
they begin producing offspring at an advanced age or are presented
with challenges that indicate limited future reproduction, which ad-
versely affects their subsequent lifespans (e.g., immune challenge).

Studies have shown that female house crickets prefer large
males (Gray, 1997; Ryder & Siva-Jothy, 2001; Stoffer & Walker,
2012 but see: Mautz & Sakaluk, 2008) and male size can be consid-
ered an indicator of male quality (Gray, 1997; Ryder & Siva-Jothy,
2001; Stoffer & Walker, 2012). Here, we find that in addition to
being important for mate choice, male size also has a role in sexual
conflict. Sexual conflict is an important factor in shaping life history
trade-offs (Brooks & Garratt, 2017; Chapman, 2006; Chapman,
Arngvist, Bangham, & Rowe, 2003; Johnstone & Keller, 2000), and
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FIGURE 3 Proportion of the total eggs laid in the first 6 days following male exposure (egg-laying rate). Egg-laying rate differed
significantly based on female age at mating (a) and mate size (b). Letters indicate significant differences among treatments as determined
by the Holm procedure. Results correspond to Table 3. The box represents the 25th, 50th (median), and 75th quartile. The whiskers are
1.5 x interquartile range (IRQ). Whiskers show the maximum of the data if it is <1.5 x IQR

here, we found that male size had a significant impact on female
reproductive and somatic allocation patterns. Females mating with
smaller, presumably nonpreferred, males had decreased postmat-
ing and total lifespans and increased egg-laying rates irrespective
of female age at first mating. These patterns suggest male manipu-
lation and/or harassment of females by nonpreferred males, which
is consistent with sexual conflict theory. Indeed, similar trends of
sexual conflict have been previously described in crickets as well as
other insects and involve manipulating females through ejaculate
contents (Garcia-Gonzalez & Simmons, 2010; Green & Tregenza,
2009; Pitnick & Garcia-Gonzalez, 2002; South & Lewis, 2011)
indicating male house crickets could be capable of this strategy
(Fleischman & Sakaluk, 2004). Wagner and Harper (2003) ob-
served a similar pattern in the variable field cricket in relation to
preferred male calling characteristics, female reproduction, and
lifespan and suggest that female preferences may select males
with beneficial ejaculates. Since female house crickets prefer large
males and mating with these males resulted in less manipulation
(e.g., longer postmating lifespans) a similar correlation would be
expected here.

Studies in crickets have not identified patterns of phenotype-
correlated male manipulation through male seminal fluids. However,
these correlations have been found with sperm number (Klaus,
Fitzsimmons, Pitcher, & Bertram, 2011; Wagner & Harper, 2003) and
males can differentially allocate sperm based on environmental cues
(Bailey, Gray, & Zuk, 2010) including the characteristics of his mate
(Thomas & Simmons, 2007). Specifically, in house crickets, a nega-
tive relationship between male house cricket mass and the number
of sperm transferred in spermatophores has been observed (Klaus et
al., 2011), although the effect of differential sperm transfer on female
laying rate remains to be studied. Thus, it is likely that male effects

on female life history traits resulted from some degree of female
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FIGURE 4 Proportion of total eggs laid that developed including
both hatched and unhatched offspring. Fertilization rate tended to
differ based on female age at mating and the interaction between
female age at mating and male size. Results correspond to Table 3.
The box represents the 25th, 50th (median), and 75th quartile. The
whiskers are 1.5 x interquartile range (IRQ). Whiskers show the
maximum of the data if it is <1.5 x IQR

manipulation via spermatophore contents or behavioral interactions
during the time they were paired. Increased egg-laying rate, along
with reduced lifespans, observed for females exposed to small males
may be associated with higher levels of manipulation through sper-
matophore contents. While the relationship between male size and
seminal fluid content has not been studied in house crickets, male
house crickets can manipulate females through the transfer of pros-
taglandins during mating, which increases female egg-laying rates
(Larson et al., 2012; Murtaugh & Delinger, 1987; Worthington et al.,
2015) presumably at the cost of her longevity (South & Lewis, 2011,
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Zajitschek, Lailvaux, Dessmann, & Brooks, 2012). Given their pres-
ence in seminal fluids across taxa (Kennedy, Korn, & Thurston, 2003;
Templeton, Cooper, & Kelly, 1978; Worthington et al., 2015), prosta-
glandins may play a role in sexual conflict across taxa (Sirot, Wong,
Chapman, & Wolfner, 2015). The role of prostaglandins in cricket
reproduction is complicated since they are depleted after mating.
Worthington et al. (2015) hypothesize female G. texensis who re-
mate have higher fecundity, in part, due to increased prostaglandin
levels which stimulate egg laying. Thus, in crickets, it is unclear if
prostaglandins/accessory substances manipulate females or play a
key role as a gift that stimulates egg laying (Green & Tregenza, 2009;
Worthington et al., 2015).

Interestingly, larger or more dominant male insects tend
to cause more harm to females (Bretman et al., 2006; Iglesias-
Carrasco et al.,, 2018; Pitnick & Garcia-Gonzélez, 2002) while
results here suggest that smaller house crickets may cause more
harm through female manipulation, which aligns with the idea that
preferred males may transfer more beneficial (or less costly) ejac-
ulates (Wagner & Harper, 2003). If it is costly for males to alter
female investment patterns, then a trade-off between male body
size and mate manipulation may exist. Since small males are not
preferred by females, these males are likely to obtain fewer mat-
ings and would benefit from tactics that help them obtain more
offspring from each mating despite the costs associated with these
tactics. In addition to indicating better immune response (Ryder &
Siva-Jothy, 2001), larger body size may also indicate to a potential
mate that he will inflict less harm. Studies aimed at isolating direct
and indirect benefits/costs associated with male quality will allow
us to better understand the role of sexual conflict in female pref-
erence and male trade-offs.

While females may postpone mating if a high-quality mate is not
available (Gray, 1999; Moore & Moore, 2001; Wilgers & Hebets,
2012), this strategy could be detrimental given that females post-
poning reproduction produced fewer eggs regardless of the size of
their mate. There are potentially strong indirect and possibly direct
benefits from mating with a high-quality male when other fitness
components are considered (Garcia-Gonzalez & Simmons, 2010;
Head, Hunt, Jennions, & Brooks, 2005). Thus, it is possible these
benefits could offset the reduced fecundity observed for interme-
diate and old females exposed to large males across multiple gen-
erations and contribute to delayed mating as a viable reproductive
strategy.

ACKNOWLEDGMENTS

We would like to thank members of the author's laboratory for as-
sistance with animal care, the University of California Fullerton for
providing funding and resources and two anonymous reviewers for

improving this manuscript.

CONFLICT OF INTEREST

None declared.

Ecology and Evolution o 5447
& WILEY- 2

AUTHOR CONTRIBUTIONS

Both authors conceived and designed the experiment and wrote the
manuscript. KMW performed the experiment and SEW analyzed the
data.

DATA ACCESSIBILITY

Data for this study have been archived at figshare: http://dx.doi.
org/10.6084/m9.figshare.1209125

ORCID

Kerianne M. Wilson https://orcid.org/0000-0002-6356-1898

REFERENCES

Adamo, S. A. (1999). Evidence for adaptive changes in egg laying in crick-
ets exposed to bacteria and parasites. Animal Behaviour, 57, 117-124.
https://doi.org/10.1006/anbe.1998.0999

Auld, J. R., & Houser, R. (2015). Age-dependent effects of predation risk
on reproductive success in a freshwater snail. Evolution, 69, 2793-
2798. https://doi.org/10.1111/ev0.12769

Bailey, N. W.,, Gray, B., & Zuk, M. (2010). Acoustic experience shapes al-
ternative mating tactics and reproductive investment in male field
crickets. Current Biology, 20, 845-849.

Bascunan-Garcia, A. P,, Lara, C., & Cordoba-Aguilar, A. (2010). Immune
investment impairs growth, female reproduction and survival in the
house cricket, Acheta domesticus. Journal of Insect Physiology, 56,
204-211. https://doi.org/10.1016/j.jinsphys.2009.10.005

Bertness, M. D. (1981). Pattern and plasticity in tropical hermit
crab growth and reproduction. The American Naturalist, 117,
754-773.

Bretman, A., Rodriguez-Mufioz, R., & Tregenza, T. (2006). Male domi-
nance determines female egg laying rate in crickets. Biology Letters,
2,409-411.

Brooks, R. C., & Garratt, M. G. (2017). Life history evolution, reproduc-
tion, and the origins of sex-dependent aging and longevity. Annals of
the New York Academy of Sciences, 1389, 92-107.

Burley, N. (1988). The differential-allocation hypothesis: An experi-
mental test. The American Naturalist, 132, 611-628. https://doi.
org/10.1086/284877

Chapman, T. (2006). Evolutionary conflicts of interest between males and
females. Current Biology, 16, R744-R754. https://doi.org/10.1016/j.
cub.2006.08.020

Chapman, T., Arnqvist, G., Bangham, J., & Rowe, L. (2003). Sexual con-
flict. Trends in Ecology & Evolution, 18,41-47. https://doi.org/10.1016/
S0169-5347(02)00004-6

Clifford, C. W., & Woodring, J. P. (1986). The effects of virgin-
ity and ovariectomy on growth, food consumption, fat body
mass and oxygen consumption in the house cricket, Acheta do-
mesticus. Journal of Insect Physiology, 32, 425-431. https://doi.
org/10.1016/0022-1910(86)90002-8

Cotter, S. C., Ward, R. J. S., & Kilner, R. M. (2010). Age-specific reproduc-
tive investment in female burying beetles: Independent effects of
state and risk of death. Functional Ecology, 25, 652-660. https://doi.
org/10.1111/j.1365-2435.2010.01819.x

Crawley, M. J. (2013). The R Book. Hoboken, NJ: John Wiley and Sons Ltd.

Endler, J. A,, & Basolo, A. L. (1998). Sensory ecology, receiver biases and
sexual selection. Trends in Ecology & Evolution, 13, 415-420. https://
doi.org/10.1016/50169-5347(98)01471-2


http://dx.doi.org/10.6084/m9.figshare.1209125
http://dx.doi.org/10.6084/m9.figshare.1209125
https://orcid.org/0000-0002-6356-1898
https://orcid.org/0000-0002-6356-1898
https://doi.org/10.1006/anbe.1998.0999
https://doi.org/10.1111/evo.12769
https://doi.org/10.1016/j.jinsphys.2009.10.005
https://doi.org/10.1086/284877
https://doi.org/10.1086/284877
https://doi.org/10.1016/j.cub.2006.08.020
https://doi.org/10.1016/j.cub.2006.08.020
https://doi.org/10.1016/S0169-5347(02)00004-6
https://doi.org/10.1016/S0169-5347(02)00004-6
https://doi.org/10.1016/0022-1910(86)90002-8
https://doi.org/10.1016/0022-1910(86)90002-8
https://doi.org/10.1111/j.1365-2435.2010.01819.x
https://doi.org/10.1111/j.1365-2435.2010.01819.x
https://doi.org/10.1016/S0169-5347(98)01471-2
https://doi.org/10.1016/S0169-5347(98)01471-2

WILSON ano WALKER

ﬂLWl LEY—ECO|09y and Evolution

Open Access,

Engelmann, F.(2015). The Physiology of insect reproduction. International
series of monographs in pure and applied biology: Zoology.
Amsterdam, the Netherlands: Elsevier.

Evenden, M. L., Lopez, M. S., & Keddei, B. A. (2006). Body size, age, and
disease influence female reproductive performance in Choristoneura
conflictana (Lepidoptera: Tortricadae). Annals of the Entomological
Society of America, 99, 837-844.

Flatt, T., & Partridge, L. (2018). Horizons in the evolution of aging. BMC
Biology, 16, 93.

Fleischman, R. R., & Sakaluk, S. K. (2004). No direct or indirect bene-
fits to cryptic female choice in house crickets (Acheta domesticus).
Behavioral Ecology, 15, 793-798. https://doi.org/10.1093/beheco/
arh081

Garcia-Gonzalez, F., & Simmons, L. W. (2010). Male-induced costs of
mating for females compensated by offspring viability benefits in an
insect. Journal of Evolutionary Biology, 23, 2066-2075.

Gowaty, P. A. (2008). Reproductive compensation. Journal of Evolutionary
Biology, 21, 1189-1200. https://doi.org/10.1111/j.1420-9101.2008.
01559.x

Gowaty, P. A., & Hubbell, S. P. (2009). Reproductive decisions under
ecological constraints: It's about time. Proceedings of the National
Academy of Sciences of the United States of America, 106, 10017-
10024. https://doi.org/10.1073/pnas.0901130106

Gray, D. A. (1997). Female house crickets, Acheta domesticus, prefer the
chirps of large males. Animal Behaviour, 54, 1553-1562. https://doi.
org/10.1006/anbe.1997.0584

Gray, D. A. (1999). Intrinsic factors affecting female choice in house
crickets: Time cost, female age, nutritional condition, body size, and
size-relative reproductive investment. Journal of Insect Behavior, 12,
691-700.

Green, K., & Tregenza, T. (2009). The influence of male ejaculates on fe-
male mate search behaviour, oviposition and longevity in crickets.
Animal Behaviour, 77, 887-892.

Haaland, T. R., Wright, J., Kuijper, B., & Ratikainen, I. 1. (2017). Differential
allocation revisited: When should mate quality affect parental in-
vestment? The American Naturalist, 190, 534-546.

Harris, W. E., & Uller, T. (2009). Reproductive investment when
mate quality varies: Differential allocation versus reproductive
compensation. Philosophical Transactions of the Royal Society B:
Biological Sciences, 364, 1039-1048. https://doi.org/10.1098/
rstb.2008.0299

Hartig, F. (2019). DHARMa: Residual diagnostics for hierarchical (multi-
level/mixed) regression models. R package version 0.2.2. Retrieved
from http://florianhartig.github.io/DHARMa/

Head, M. L., Hunt, J., & Brooks, R. (2006). Genetic association between
male attractiveness and female differential allocation. Biology Letters,
2, 341-344. https://doi.org/10.1098/rsbl.2006.0474

Head, M. L., Hunt, J., Jennions, M. D., & Brooks, R. (2005). The indi-
rect benefits of mating with attractive males outweigh the direct
costs. PLoS Biology, 3, 289-294. https://doi.org/10.1371/journal.
pbio.0030033

Holm, S. (1979). A simple sequentially rejective multiple test procedure.
Scandinavian Journal of Statistics, 6, 65-70.

Hunt, J., & Sakaluk, S. K. (2014). Mate choice. In D. Shuker, & L. Simmons
(Eds.), The evolution of insect mating systems (pp. 129-158). Oxford,
UK: Oxford University Press.

Iglesias-Carrasco, M., Jennions, M. D., Zajitschek, S. R. K., & Head, M. L.
(2018). Are females in good condition better able to cope with costly
males? Behavioral Ecology, 29, 876-884.

Johnstone, R. A., & Keller, L. (2000). How males can gain by harming their
mates: Sexual conflict, seminal toxins and the cost of mating. The
American Naturalist, 156, 368-377. https://doi.org/10.1086/303392

Kaitala, A. (1991). Phenotypic plasticity in reproductive behaviour of wa-
terstriders: Trade-offs between reproduction and longevity during
food stress. Functional Ecology, 5, 12-18.

Kennedy, J. H., Korn, N., & Thurston, R. J. (2003). Prostaglandin levels in
seminal plasma and sperm extracts of the domestic turkey, and the
effects of cyclooxygenase inhibitors on sperm mobility. Reproductive
Biology and Endocrinology, 1, 74.

Kindsvater, H. K., & Alonzo, S. H. (2014). Females allocate differentially
to offspring size and number in response to male effects on female
and offspring fitness. Proceedings of the Royal Society of London. Series
B, Biological Sciences, 281, 20131981.

Kindsvater, H. K., Alonzo, S. H., Mangel, M., & Bonsall, M. B. (2010).
Effects of age- and state-dependent allocation on offspring size and
number. Evolutionary Ecology Research, 12, 327-346.

Kindsvater, H. K., Rosenthal, G. G., & Alonzo, S. H. (2013). Correction:
Maternal size and age shape offspring size in a live-bearing fish,
Xiphophorus birchmanni. PLoS ONE, 8(10), e48473.

Kirkwood, T. B. L., & Rose, M. R. (1991). Evolution of senescence: Late
survival sacrificed. Philosophical Transactions of the Royal Society B:
Biological Sciences, 332, 15-24.

Klaus, S. P., Fitzsimmons, L. P., Pitcher, T. E., & Bertram, S. M. (2011). Song
and sperm in crickets: A trade-off between pre- and post-copulatory
traits or phenotype-linked fertility? Ethology, 117, 154-162.

Larson, E. L., Andrés, J. A, & Harrison, R. G. (2012). Influence of the male
ejaculate on post-mating prezygotic barriers in field crickets. PLoS
One, 7,e46202.

Loher, W., & Edson, K. (1973). The Effect of mating on egg pro-
duction and release in the cricket Teleogryllus commodus.
Entomologia Experimentalis Et Applicata, 16, 483-490. https://doi.
org/10.1111/j.1570-7458.1973.tb00300.x

Lyn, J., Aksenov, V., LeBlanc, Z., & Rollo, C. D. (2012). Life history features
and aging rates: Insights from intra-specific patterns in the cricket
Acheta Domesticus. Evolutionary Biology, 39, 371-387. https://doi.
org/10.1007/5s11692-012-9160-0

Maklakov, A. A., Kremer, N., & Arnqvist, G. (2007). The effects of age at
mating on female life- history in a seed beetle. Behavioral Ecology,
18, 551-555.

Mautz, B. S., & Sakaluk, S. K. (2008). The effects of age and previous mat-
ing experience on pre- and post-copulatory mate choice in female
house crickets (Acheta domesticus L.). Journal of Insect Behavior, 21,
203-212. https://doi.org/10.1007/s10905-008-9120-9

McNamara, J. M., & Houston, A. 1. (1996). State-dependent life histories.
Nature, 380, 215-221. https://doi.org/10.1038/380215a0

McNamara, J. M., Houston, A. |, Barta, Z., Scheuerlein, A., & Fromhage,
L. (2009). Deterioration, death and the evolution of reproductive
restraint in late life. Proceedings of the Royal Society B: Biological
Sciences, 276, 4061-4066. https://doi.org/10.1098/rspb.2009.0959

Miyatake, T. (1997). Genetic trade-off between early fecundity and lon-
gevity in Bactrocera cucurbitae (Diptera: Tephritidae). Heredity, 78,
93-100. https://doi.org/10.1038/hdy.1997.11

Moehrlin, G. S., & Juliano, S. A. (1998). Plasticity of insect reproduction:
Testing models of flexible and fixed development in response to dif-
ferent growth rates. Oecologia, 115, 492-500.

Moore, P. J., & Moore, A. J. (2001). Reproductive aging and mating: The
ticking of the biological clock in female cockroaches. Proceedings of
the National Academy of Sciences of the United States of America, 98,
9171-9176. https://doi.org/10.1073/pnas.161154598

Murtaugh, M. P., & Delinger, D. L. (1985). Physiological regulation of
long-term oviposition in house crickets, Acheta domesticus. Journal of
Insect Physiology, 8, 611-617.

Murtaugh, M. P., & Delinger, D. L. (1987). Regulation of long-term ovipo-
sition in the house cricket, Acheta domesticus: Roles of prostaglandin
and factors associated with sperm. Archives of Insect Biochemistry and
Physiology, 6, 59-72. https://doi.org/10.1002/arch.940060107

Nussey, D. H., Kruuk, L. E. B., Morris, A., Clements, M. N., Pemberton, J.
M., & Clutton-Brock, T. H. (2008). Inter- and intrasexual variation in
aging patterns across reproductive traits in a wild deer population.
The American Naturalist, 140, 868-882.


https://doi.org/10.1093/beheco/arh081
https://doi.org/10.1093/beheco/arh081
https://doi.org/10.1111/j.1420-9101.2008.01559.x
https://doi.org/10.1111/j.1420-9101.2008.01559.x
https://doi.org/10.1073/pnas.0901130106
https://doi.org/10.1006/anbe.1997.0584
https://doi.org/10.1006/anbe.1997.0584
https://doi.org/10.1098/rstb.2008.0299
https://doi.org/10.1098/rstb.2008.0299
http://florianhartig.github.io/DHARMa/
https://doi.org/10.1098/rsbl.2006.0474
https://doi.org/10.1371/journal.pbio.0030033
https://doi.org/10.1371/journal.pbio.0030033
https://doi.org/10.1086/303392
https://doi.org/10.1111/j.1570-7458.1973.tb00300.x
https://doi.org/10.1111/j.1570-7458.1973.tb00300.x
https://doi.org/10.1007/s11692-012-9160-0
https://doi.org/10.1007/s11692-012-9160-0
https://doi.org/10.1007/s10905-008-9120-9
https://doi.org/10.1038/380215a0
https://doi.org/10.1098/rspb.2009.0959
https://doi.org/10.1038/hdy.1997.11
https://doi.org/10.1073/pnas.161154598
https://doi.org/10.1002/arch.940060107

WILSON anp WALKER

Pitnick, S., & Garcia-Gonzalez, F. (2002). Harm to females increases with
male body size in Drosophila melanogaster. Proceedings of the Royal
Society of London. Series B, Biological Sciences, 269(1502), 1821-1828.

Prokop, Z. M., Michalczyk, t., Drobniak, S. M., Herdegen, M., & Radwan,
J. (2012). Meta-analysis suggests choosy females get sexy sons
more than ‘good genes’. Evolution, 66, 2665-2673. https://doi.
org/10.1111/j.1558-5646.2012.01654.x

Ratikainen, I. I., & Kokko, H. (2010). Differential allocation and com-
pensation: Who deserves the silver spoon? Behavioral Ecology, 21,
195-200.

Roff, D. A. (2002). Life history evolution. Sunderland, MA: Sinauer Press.

Roff,D.A., & Gelinas, M. B. (2003). Phenotypic plasticity and the evolu-
tion of trade-offs: The quantitative genetics of resource allocation
in the wing dimorphic cricket, Gryllus firmus. Journal of Evolutionary
Biology, 16, 55-63. https://doi.org/10.1046/j.1420-9101.2003.
00480.x

Rogers, C. E., & Marti, O. G. (1996). Beet armyworm (Lepidoptera:
Noctuidae): Effects of age at first mating on reproductive potential.
Florida Entomologist, 79, 343-352. https://doi.org/10.2307/3495583

Ryder, J. J., & Siva-Jothy, M. T. (2001). Quantitative genetics of im-
mune function and body size in the house cricket, Acheta domes-
ticus. Journal of Evolutionary Biology, 14, 646-653. https://doi.
org/10.1046/j.1420-9101.2001.00302.x

Sadd, B., Holman, L., Armitage, H., Lock, F., Marland, R., & Siva-Jothy, M.
T. (2006). Modulation of sexual signaling by immune challenged male
mealworm beetles (Tenebrio molitor, L.): Evidence for terminal invest-
ment and dishonesty. Journal of Experimental Biology, 19, 321-325.

Sheldon, B. C. (2000). Differential allocation: Tests, mechanisms and
implications. Trends in Ecology & Evolution, 15, 397-402. https://doi.
org/10.1016/50169-5347(00)01953-4

Sirot, L. K., Wong, A., Chapman, T., & Wolfner, M. F. (2015). Sexual con-
flict and seminal fluid proteins: A dynamic landscape of sexual inter-
actions. Cold Spring Harbor Perspectives in Biology, 7,a017533.

South, A., & Lewis, S. M. (2011). The influence of male ejaculate quantity
on female fitness: A meta-analysis. Biological Reviews, 86, 299-309.
https://doi.org/10.1111/j.1469-185X.2010.00145.x

Stearns, S. C. (1989). Trade-offs in life-history evolution. Functional
Ecology, 3, 259-268. https://doi.org/10.2307/2389364

Stearns, S. C. (1992). The evolution of life histories. New York, NY: Oxford
University Press.

Stoffer, B., & Walker, S. E. (2012). The use of multimodal communication
in mate choice decisions by female house crickets, Acheta domesti-
cus. Animal Behaviour, 83, 1131-1138. https://doi.org/10.1016/j.
anbehav.2012.02.006

Tanaka, S., & Suzuki, Y. (1998). Physiological trade-offs between repro-
duction, flight capability and longevity in a wing- dimorphic cricket,
Modicogryllus confirmatus. Journal of Insect Physiology, 44, 121-129.
https://doi.org/10.1016/50022-1910(97)00099-1

Ecology and Evolution o 5449
& WILEY- 2

Tanaka, T. J. (2014). Effects of prostaglandin E2 on fecundity, immune re-
sponse, and mate-search behavior, in female crickets, Acheta domes-
ticus. M. S. thesis, California State University, Fullerton. Retrieved
from ProQuest dissertations and theses. (Thesis #1525748).

Templeton, A. A., Cooper, |., & Kelly, R. W. (1978). Prostaglandin con-
centrations in the semen of fertile men. Reproduction, 52, 147-150.

Thomas, M. L., & Simmons, L. W. (2007). Male crickets adjust the viabil-
ity of their sperm in response to female mating status. The American
Naturalist, 170, 190-195.

Ting, J. J., Judge, K. A., & Gwynne, D. T. (2017). Listening to male song
induces female field crickets to differentially allocate reproductive
resources. Journal of Orthoptera Research, 26, 205-210.

Tinghitella, R. M. (2014). Male and female crickets modulate their court-
ship behavior depending on female experience with mate availability.
Animal Behaviour, 91, 9-15.

Travers, L. M., Garcia-Gonzalez, F., & Simmons, L. W. (2015). Live fast die
young life history in females: Evolutionary trade-off between early
life mating and lifespan in female Drosophila melanogaster. Scientific
Reports, 5, 15469. https://doi.org/10.1038/srep15469

Visanuvimol, L., & Bertram, S. M. (2010). Dietary phospho-
rus availability influences female cricket lifetime reproduc-
tive effort. Ecological Entomology, 35, 386-395. https://doi.
org/10.1111/j.1365-2311.2010.01195.x

Wagner, W. E., & Harper, C. J. (2003). Female life span and fertility
are increased by the ejaculates of preferred males. Evolution, 57,
2054-2066.

Wessels, F. J., Kristal, R., Netter, F., Hatle, J. D., & Hahn, D. A. (2011).
Does it pay to delay? Flesh flies show adaptive plasticity in repro-
ductive timing. Oecologia, 165, 311-320. https://doi.org/10.1007/
s00442-010-1805-z

Wilgers, D. J., & Hebets, E. A. (2012). Age-related female mating deci-
sions are condition dependent in wolf spiders. Behavioral Ecology and
Sociobiology, 66, 29-38.

Worthington, A. M., Jurenka, R. A, & Kelly, C. D. (2015). Mating for male-
derived prostaglandin: A functional explanation for the increased
fecundity of mated female crickets? Journal of Experimental Biology,
218, 2720-2727.

Zajitschek, F., Lailvaux, S. P., Dessmann, J., & Brooks, R. (2012). Diet,
sex, and death in field crickets. Ecology and Evolution, 2, 1627-1636.
https://doi.org/10.1002/ece3.288

How to cite this article: Wilson KM, Walker SE. Age at
mating and male quality influence female patterns of
reproductive investment and survival. Ecol Evol.
2019;9:5440-5449. https://doi.org/10.1002/ece3.5137



https://doi.org/10.1111/j.1558-5646.2012.01654.x
https://doi.org/10.1111/j.1558-5646.2012.01654.x
https://doi.org/10.1046/j.1420-9101.2003.00480.x
https://doi.org/10.1046/j.1420-9101.2003.00480.x
https://doi.org/10.2307/3495583
https://doi.org/10.1046/j.1420-9101.2001.00302.x
https://doi.org/10.1046/j.1420-9101.2001.00302.x
https://doi.org/10.1016/S0169-5347(00)01953-4
https://doi.org/10.1016/S0169-5347(00)01953-4
https://doi.org/10.1111/j.1469-185X.2010.00145.x
https://doi.org/10.2307/2389364
https://doi.org/10.1016/j.anbehav.2012.02.006
https://doi.org/10.1016/j.anbehav.2012.02.006
https://doi.org/10.1016/S0022-1910(97)00099-1
https://doi.org/10.1038/srep15469
https://doi.org/10.1111/j.1365-2311.2010.01195.x
https://doi.org/10.1111/j.1365-2311.2010.01195.x
https://doi.org/10.1007/s00442-010-1805-z
https://doi.org/10.1007/s00442-010-1805-z
https://doi.org/10.1002/ece3.288
https://doi.org/10.1002/ece3.5137

