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Abstract

Most studies of female choice have assumed that mating preferences are shared within a population or species. However, varia-
tion both within and among females exists in natural populations, and foraging history is among the many ways in which females
may vary. Here, we used diet manipulations in an effort to understand how foraging history influences female mate choice. Im-
mature Schizocosa wolf spiders collected from a mixed population of brush-legged and non-ornamented males were reared in the
laboratory on two diets that varied in both quality and quantity (low/high diet). For low- and high-diet individuals, we recorded
data on rates of development, adult size and adult mate choice. Consistent with previous work, we found that high-diet spiders
matured more quickly and were significantly larger as adults than low-diet spiders. Males also matured earlier than females.
Body condition varied with diet treatment and sex. High-diet individuals and females were both characterized by better body
condition indexes. In addition, high-diet brush-legged males had larger brushes than low-diet brush-legged males. Upon matu-
ration, females were paired simultaneously with a low- and a high-diet male of the same form (brush-legged or non-ornamented)
in a mate choice trial. While no obvious differences were observed in courtship and/or mating effort between males, female mate
choice varied with the female’s diet treatment. High-diet females mated more frequently with high-diet males than with low-diet
males, whereas low-diet females showed no selectivity.
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The importance of female mate choice in the evolution Nicoletto, 2001; Hebets, 2003; Hebets and Vink, 2007), fe-
of male secondary sexual traits is unequivocal (reviewed  male self-perception (Little et al., 2001; Burley and Foster,
in Andersson, 1994), yet the extent of variation in female 2006; Little and Mannion, 2006), and female-male compat-
mate choice within and among populations remains un-  ibility can influence female preferences and/or choice. En-
clear (Jennions and Petrie, 1997, Widemo and Saether,  vironmental or ecological factors such as predation risk
1999). Although modern theories of sexual selectionrely on ~ or time of year may also affect mating decisions (Hedrick
consensus female mating preferences (reviewed in Ander-  and Dill, 1993; Borg et al., 2006). The extent to which female
sson, 1994), recent studies have highlighted the prevalence =~ mate choice varies in natural populations has strong impli-
of variability in female mate choice both among and within  cations for the strength of sexual selection and, thus, for the
populations (Kodric-Brown & Nicoletto, 1996). In addition, ~ evolution of male secondary sexual traits.
individual females may vary over time in their mating pref- Theory predicts that variation in both mate quality and
erences. Factors such as female parasite load (Poulin, 1994; mate choice costs will influence active mate choice (Parker,
Lopez, 1999; Pfennig and Tinsley, 2002), female age (Moore  1983). Specifically, Parker’s model of mate choice suggests
and Moore, 2001; Coleman et al., 2004; Uetz and Norton, that a female’s level of choosiness is a function of her re-
2007), female experience (Collins, 1995; Kodric-Brown and  productive quality and, thus, we should expect to find con-
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dition-dependent mate choice (Parker, 1983; Widemo and
Saether, 1999). Several recent studies have focused on how
condition, or the pool of resources available to allocate to
life history traits (Rowe & Houle, 1996), influences mating
behavior. For example, in female guppies, diet influences
female condition and sexual responsiveness (i.e. willing-
ness to engage in active mate choice), but not female pref-
erence functions (Syriatowicz & Brooks, 2004). In the black
field cricket Teleogryllus commodus, females reared on high-
protein diets are more sexually responsive and show stron-
ger preference functions than those reared on low-protein
diets (Hunt ef al., 2005). In the stalk-eyed fly Cyrtodiopsis
dalmanni, females fed on corn express stronger preferences
for large-eyespan males than those fed on sucrose (Hin-
gle et al., 2001) and female preferences in the stalk-eyed fly
Diasemopsis meigenii are positively associated with female
eyespan, a condition-dependent trait (Cotton et al., 2006).
However, not all studies of diet manipulations have led to
observable differences in mate choice (Archard et al., 2006).

Here, we explore the extent to which diet influences a
series of life history traits and reproductive behavior in a
predatory arthropod, Schizocosa wolf spiders. For preda-
tory arthropods, food quality as well as availability may
vary tremendously throughout an environment, both spa-
tially and temporally. In arachnids, variation in prey qual-
ity leads to significant variation in survivorship, develop-
ment, body condition and secondary sexual traits (Toft and
Wise, 1999; Uetz et al., 2002), all of which may have impor-
tant implications for reproductive success.

Schizocosa wolf spiders are ground-dwelling preda-
tory arthropods found commonly throughout most of
North America. The genus encompasses approximately
23 described species in North America and harbors tre-
mendous variation both among and within species with
respect to male secondary sexual traits and behaviors as
well as female mate choice (Stratton, 2005). Because of
their abundance and diversity, considerable research has
focused on the evolution of male secondary sexual traits
and female choice among various Schizocosa species (He-
bets, 2003; Hebets, 2005; Stratton, 2005; Hebets et al., 2006;
Hebets and Vink, 2007; Uetz and Norton, 2007; reviewed
in Uetz & Roberts, 2002). Despite the plethora of studies
focusing on Schizocosa, however, there is only one study
to date that has examined the influence of diet on life his-
tory and secondary sexual traits. Uetz ef al. (2002) found
that S. ocreata wolf spiders raised on different life-long
feeding regimes (high- versus low-quantity food) varied
significantly in mortality, development time, size, condi-
tion and brush size. While this study was the first to show
condition-dependent secondary sexual traits in Schizocosa,
it did not assess how feeding regime might influence fe-
male mate choice.

In the present study, we use a diet manipulation exper-
iment to examine whether variation in female diet leads to
variation in female mate choice. We use spiders from a re-
cently discovered mixed population in Mississippi, U.S.A.,
where both brush-legged (similar to S. ocreata) and non-or-
namented (similar to S. rovneri) males are found syntopi-

cally. In this mixed population, both behavioral as well as
mitochondrial data suggest that these spiders encompass
a freely interbreeding population (Hebets & Vink, 2007).
We found that diet influenced development time, size and
body condition. In addition, we found that diet influenced
female mate choice: females fed a high-nutrient diet dis-
criminated among potential mates, whereas females fed a
low-nutrient diet showed no mate selectivity.

Methods

Spider Collecting and Rearing

We collected immature male and female spiders from
rock and leaf litter substrates on March 19 and 21, 2005, at
the University of Mississippi’s greenhouse in Oxford, MS,
U.S.A. Spiders at this locality occur as a mixed population
of brush-legged and non-ornamented male forms, which
resemble Schizocosa ocreata and S. rovneri, respectively, in
morphology and behavior (Hebets & Vink, 2007). While
mitochondrial sequence data distinguishes all other Schizo-
cosa species examined to date, it does not distinguish be-
tween brush-legged and non-ornamented males from this
mixed population (Hebets & Vink, 2007). In addition, prior
research on this population revealed that the mating fre-
quency for each male form depends on a female’s prior ex-
perience, providing behavioral evidence that these forms
freely interbreed and thus probably represent discrete male
phenotypes of a single species (Hebets & Vink, 2007).

Individuals were brought back to the laboratory where
they were immediately weighed and assigned to a diet
treatment (high- versus low-nutrient diet; see below). Upon
recording their initial weights, spiders were housed indi-
vidually in 6 x 6 x 8 cm AMAC Plastic Products boxes (Pet-
aluma, CA, U.S.A)). They were kept on a 12:12 h light:dark
cycle and provided with a constant source of water. All spi-
ders were fed crickets (Acheta domesticus) once per week fol-
lowing the diet treatments described below. Feeder crickets
arrived weekly from Bassett’s Cricket Ranch, Inc. (Visalia,
CA, US.A)) and were immediately separated into one of
two plastic tubs: high-nutrient feeder crickets or low-nutri-
ent feeder crickets (see below).

High-nutrient diet

High-nutrient feeder crickets received Fluker’s High-
Calcium Cricket Feed (Port Allen, LA, U.S.A.), TetraColor
Tropical Fish Flakes and Fluker’s Calcium Fortified Cricket
Quencher ad libitum. The spiders assigned to the high-nu-
trient diet were fed two times their body weight once per
week in high-nutrient crickets.

Low-nutrient diet

Low-nutrient feeder crickets received Fluker’'s Calcium
Fortified Cricket Quencher. Spiders assigned to the low-nu-
trient diet were fed one-half of their body weight once per
week in low-nutrient crickets. Our diet manipulations pur-
posefully involved both quantity and quality differences to
ensure observable differences in diet treatment.
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Quantifying Development and Size

All individuals were checked every 2-3 days for molts.
Every molt was recorded through to the final maturation
molt. To calculate maturation time, we used the date at
which spiders were brought into the laboratory (23 March)
as the starting point and counted the number of days that
elapsed until maturation. We also recorded the total num-
ber of molts per individual in the laboratory.

Since individuals were weighed every week immedi-
ately prior to feeding, we used the first weight recorded
after maturation as an individual’s “maturation weight.”
Upon completion of all behavioral trials, or upon death,
individuals were preserved in 70% EtOH to obtain accu-
rate body measurements. Using digital dial calipers, we
took three measurements each of every preserved individ-
ual’s cephalothorax width (CW) and cephalothorax length
(CL). The CW measurements were taken at the widest
point on the cephalothorax and the CL measurements were
taken at the shortest point (i.e. directly in the centre). All
measurements were taken by the same individual.

To obtain accurate leg measurements, the right fore-
leg of each individual was removed and mounted on a
microscope slide. Upon removal, the foreleg was dehy-
drated three times in 95% EtOH and for 10 min and three
times in 100% EtOH for 10 min. The foreleg was then re-
moved from the 100% EtOH, cleared in methyl salicylate
for 1.75 min and mounted on a microscope slide with PVA
mounting medium. Once the slide dried, we took a dig-
ital photograph of each leg under a Leica DM 4000B mi-
croscope with a Spot Flex digital camera (Diagnostic In-
struments, Inc, Sterling Heights, MI, U.S.A.) under a 1.25x
objective and 1.2x camera coupler. The stage was illumi-
nated by two fiber optic lights from above and a stage lamp
from below. All photographs were taken the same day un-
der identical lighting conditions. Digital images were im-
ported to a computer using the software program Image
Pro-Discovery (Medi Sybernetics, Bethesda, MD, U.S.A.).
Using Image Pro-Discovery, we took measurements of
the tibia length (x3) and femur length (x3) for every pos-
sible individual. For brush-legged males, we took various
other measurements as well: “dorsal brush height,” the
distance that the brush extended above the dorsal surface
of the tibia; “ventral brush height,” the distance that the
brush extended below the ventral surface of the tibia; “lat-
eral brush height,” the total height of the brush (including
the tibia) from the lateral view; and “brush area,” a mea-
sure of the entire lateral area encompassed by the brush.
For every body part for which we had multiple measure-
ments, we averaged the three measurements to give a sin-
gle score per individual.

In spiders, a multivariate axis that summarizes leg
lengths and cephalothorax dimensions should provide a
functionally relevant measure of overall body size. Accord-
ingly, we performed a principal component analysis on the
variance-covariance matrix of the following four variables:
femur length, tibia length, cephalothorax width (CW) and
cephalothorax length (CL). The analysis was conducted
separately for each sex because there are differences in al-

lometry between the sexes. Similarly, a multivariate axis
that summarizes various brush measurements should pro-
vide a functionally relevant measure of overall brush size.
Thus, we performed a principal component analysis on the
variance-covariance matrix of the following four brush
measurements: In(dorsal brush height), ventral brush
height, lateral brush height and In(brush area).

Mate Choice Trials

Mate choice trials were run in circular plastic arenas
measuring 20.3 cm in diameter by 7.6 cm in height (Pioneer
Plastics, Inc., Dixon, KY, U.S.A.). A piece of white filter pa-
per lined the bottom of the arena and a single oak leaf was
placed in the centre to provide a refuge under which fe-
males could hide. Females were initially placed in the arena
and allowed to acclimate for 2-5 min, after which time two
males, a high- and a low-diet male, were introduced simul-
taneously at opposite ends of the arena. At least 2 h before
introduction, we individually marked high- and low-diet
males with either a red or a green dot of paint (Deco Color
Paint Pens, DecoArt, Stanford, KY, U.S.A.) on their cepha-
lothorax to ensure that we could distinguish between them
once they were released into the arena. At the start of a
trial, each male was placed underneath an inverted vial and
both vials were lifted simultaneously. All three individuals
were allowed to interact for 45 min. Females ranged from
14 to 49 days old at the time of mate choice trials.

As described above, we tested 60 females in a single
mate choice trial in which they were paired with two males
simultaneously, a high-diet and a low-diet male (low-diet
females: N =32; high-diet females: N = 28). Since females
were collected from a mixed population of brush-legged
and non-ornamented males (see Hebets & Vink, 2007),
and females were indistinguishable, each female was ran-
domly assigned either a brush-legged or non-ornamented
male form. Of the 32 low-diet females, 16 were paired with
brush-legged males and 16 were paired with non-orna-
mented males. Of the 28 high-diet females, 14 were paired
with brush-legged males and 14 were paired with non-or-
namented males.

We used 78 males in the 60 mate choice trials (2 males
per trial = 120 male slots): 38 low-diet males (brush-legged:
N =16; non-ornamented: N =22) and 40 high-diet males
(brush-legged: N =21; non-ornamented: N =19). Because
of the limited number of individuals available, some males
in each treatment were reused multiple times. Of the low-
diet males, 20 were used once, 15 were used twice, two
were used three times and only one was used four times
(11 brush-legged males and 7 non-ornamented males were
used multiply). Of the high-diet males, 24 were used once,
13 were used twice, two were used three times and only
one was used four times (8 brush-legged males and 8 non-
ornamented males were used multiply). Only one of the
reused males (a high-diet male) had previously copulated
and that male copulated in two of three trials. Although
some males were used multiple times in a haphazard fash-
ion, none of the low- versus high-diet male pairings were
repeated and thus each male-male pairing was unique.
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Results

Diet and Development

Of the 177 field-collected immature individuals that
were reared on high- and low-nutrient diets (ultimately
representing 87 females and 90 males), we obtained ini-
tial weights for 175 individuals. Initial weight did not dif-
fer between individuals placed on low- and high-diet treat-
ments (low diet: N =84, mean * SE = 0.02 £ 0.0006 g; high
diett N =91, mean+SE =0.019 £0.0006 g; Fl,173 =1.87,
P=0.17), but immature individuals that ultimately be-
came males initially weighed significantly more than im-
matures that ultimately became females (males: N =90, m
ean + SE = 0.02 £ 0.0006 g; females: N =85, mean * SE = 0.
018 + 0.0006 g; F1,173 =722, P=0.008). The following anal-
yses incorporate data from all 177 individuals. Male form
at maturity did not depend on diet treatment (low diet:
42% developed into brush-legged males (N =18) and 58%
developed into nonornamented males (N = 25); high diet:
53% developed into brush-legged males (N = 25) and 47%
developed into nonornamented males (N = 22); chi-square
test: x,2=1.16, P =0.28). Time to maturation varied with
both diet and sex. High-diet individuals matured earlier
than low-diet individuals and males matured earlier than
females, but we found no interaction between diet and
sex (ANOVA: whole model: F;,,;=11.04, P <0.0001; ef-
fect tests: diet: I-“1 175 =9.49, P =0.0024; sex: F1 175 = 23.59,
P <0.0001; diet x sex: F, 1,5 =0.66, P =0.42; Flgure 1). The
number of molts per individual in the laboratory prior to
maturation did not depend on diet or sex (whole model:

1—"3,173 =0.17, P = 0.91; effect tests: diet: F1,175 =0.08, P=0.78;
sex: F1,175 =0.02, P = 0.89; diet x sex: F1,175 =041, P =0.52).
Diet and Size

Some individuals died prematurely (e.g. from parasitoids
accrued in the field) or in such a way that made it impossi-
ble to get accurate body measurements (e.g. from mould or
cannibalism), and thus the following analyses incorporate
only the 136 individuals for which we had complete body
measurements: N =54 females (30 low-diet and 24 high-
diet) and N =82 males (38 low-diet, 16 brush-legged, 22
non-ornamented; 44 high-diet, 23 brush-legged, 21 non-or-
namented). In cases where data were not normally distrib-
uted, we conducted transformations to normalize the data.
A two-way ANOVA using a natural log transformation of
the weight data revealed that maturation weight depended
on diet and sex, and there was a significant interaction be-
tween the two (whole model: F; 5, = 26.94, P <0.0001; ef-
fect tests: diet: F, 15, =34.42, P <0.0001; sex: F, ,, =53.51,
P <0.0001; diet x sex: F, 15, =3.9, P=0.05; Table 1). A post
hoc Tukey HSD test comparing all means (JMP 6.0, SAS In-
stitute Cary, NC, U.S.A.) revealed that high-diet females
weighed more at maturation than all other groups, low-
diet males weighed less than all other groups and low-diet
females and high-diet males did not differ in mean weight
at maturity (Table 1).

In both sexes, the first axis of the principal component
analysis (PC1) was interpretable as an overall size vector.

[ ]Female

. Male

Time to maturation (days)
NOw s
S & o o o

T T T T T

[

—_
=]
T

Low nutrient diet High nutrient diet

Diet treatment

Figure 1. Development time of male and female wolf spiders reared
on low- versus high-diet treatments. Time to maturation (days) was
calculated from the time that individuals were brought into the labora-
tory (23 March) until the time they molted to maturity. Different letters
indicate a significant difference (P < 0.05). *P < 0.05.

PC1 explained 90% of the variance among females (eigen-
value = 0.21), and factor loadings were uniformly positive
for each of the four characters: femur length = 0.45, tibia
length = 0.35, CW = 0.48 and CL = 0.67. PC1 explained 84%
of the variance among males (eigenvalue = 0.17), and fac-
tor loadings were also uniformly positive for each of the
four characters: femur length =0.52, tibia length =0.44,
CW =0.47 and CL = 0.57. Since our PCA analysis yielded
different PCls for males and females, we analyzed each
sex separately in a one-way ANOVA looking at the ef-
fect of diet on body size. For both sexes, body size at ma-
turity depended on diet, with low-diet individuals being
smaller (females: F, 5, = 11.65, P = 0.001; males: F, 4, =12.2,
P =0.0008). As an indicator of body condition, we used re-
siduals from a maturation weight by cephalothorax width
(CW) regression in a two-way ANOVA. We found that
body condition depended on diet and sex and that there
was a diet by sex interaction (whole model: F;,, =110,
P <0.0001; effect tests: diet: F, 5, =15.67, P=0. 0001; sex:
F)13, =868, P=0.004; diet x sex: F, 3, =16.58, P <0.0001;
Flgure 2). Using a post hoc Tukey HSD test (JMP 6.0), we
found that high-diet females were in significantly better
body condition than all other categories (Q = 2.6, a = 0.05;
Figure 2).

Diet and Secondary Sexual Traits

Complete body and brush measurements were recorded
for 39 brush-legged males. The first axis of the principal
component analysis (PC1) was interpretable as an over-
all brush size vector. PC1 explained 88% of the variance
among individuals (eigenvalue = 0.05), and factor loadings
were uniformly positive for each of the four characters:
In(dorsal brush) height = 0.57, ventral brush height =0.21,
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Table 1. Average body measurements for individuals across sex and diet treatments

Maturation Leg 1 tibia Leg 1 femur Cephalothorax Cephalothorax

weight (g) length (mm) length (mm) width (CW) (mm)  length (CL) (mm)
Low diet female 0.045+0.002, 2.23+0.04 2.72+0.04 2.76+0.04 3.70+0.05
Low diet male 0.035+0.002, 2.50+0.03 2.85+0.03 2.54+0.03 3.28+0.04
High diet female 0.067+0.003, 2.27+0.04 2.81+0.04 2.92+0.04 3.850.05
High diet male 0.042+0.002, 2.59+0.03 2.97+0.03 2.67+0.03 3.46+0.04

Different subscript letters indicate significant differences (P < 0.05).

total brush height = 0.51, In(brush area) = 0.61. Using PC1
scores as an index of overall brush size, a one-way ANOVA
revealed that brush size depended on diet, because low-
diet males had smaller brushes than high-diet males (low
diet: N=16, mean +SE =-0.12 £ 0.05; high diet: N =23,
mean + SE = 0.08 + 0.04; F1,37 =9.24, P =0.004). Using a re-
gression of PC1 for body size against PC1 for brush size,
we found a significant relationship between body size and
brush size for both low- and high-diet males (2 =0.34,
P =0.0019; Figure 3). However, given that diet influenced
body size, these findings are not surprising. Thus, to con-
trol for body size when assessing brush size, we used the
residuals from a brush size (PC1 brush size) by body size
(PC1 body size) regression in a one-way ANOVA assess-
ing the effect of diet. We found that when controlling for
body size, brush size was not dependent on diet (F1,38 =1.8,
P=0.18).

Diet and Mate Choice

Copulation frequency did not depend on female diet
treatment, as both low- and high-diet females were equally
likely to mate (X12 =0.23, P = 0.63; Figure 4). Of the females
that mated, however, a female’s choice of mates was de-
pendent on female diet. High-diet females mated more
with high-diet males, whereas low-diet females showed
no mate selectivity ()(12 =5.89, P =0.015; Figure 4). To de-

0.016
[ Low diet
M High diet
0.012}
<
< 0.008}
£
c
Qo
Z 0.004F
=)
o
o
>
3 0
- .
—0.004
Female Male
-0.008

Figure 2. Body condition index (residuals of a regression of matura-
tion weight and cephalothorax width) of male and female wolf spiders
reared on low- versus high-diet treatments.

termine whether male form (brush-legged versus non-or-
namented) influenced mate selectivity, we did a combined
analysis looking for an effect of female diet, male pheno-
type, and an interaction between the two on female mate
choice. We found that only female diet influenced fe-
male choice of mates (high- versus low-diet male) and
not male phenotype (nominal logistic model: female diet:
X{>=7.53, P=0.006; male phenotype: x,2=2.56, P=0.11;
diet x phenotype: x,>=1.36, P=0.24). In other words,
high-diet females preferred high-diet males regardless of
whether they were comparing brush-legged males or non-
ornamented males. When we excluded all trials in which
a male was reused, we found the same significant pattern
of mate choice: low-diet females (N =5) copulated with
high-diet males 60% of the time, whereas high-diet females
(N =7) copulated with high-diet males 100% of the time
(x;2=4.08, P =0.04). The time between first courtship and
copulation depended on female diet treatment as well, but
not on the copulating male’s diet treatment. High-diet fe-
males mated more quickly than low-diet females, regard-
less of whether they mated with a high- or a low-diet male
(female diet: F1,26 =494, P=0.04; copulating male’s diet
treatment: Fl, ¢ =319, P=0.09; female diet X copulating
male’s diet: F1,26 =0.05, P = 0.8; Figure 5).

Individual age was not normally distributed, and we
were unable to transform the data; thus, we used non-
parametric statistics. Since we needed to wait for low-diet

0.6 m=
- — Low diet

| — High diet

0.2

Principal component 1 for brush size

-0.8 —0.4 0 4 8

-0.4 '

Principal component 1 for body size

Figure 3. Regression of brush size and body size for brush-legged
male wolf spiders reared on low- and high-diet treatments (r? = 0.34,
P =0.0019).
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Figure 5. Time to copulation for female wolf spiders on low and high
diets mating with low- and high-diet males. *P < 0.05.

males to mature before running our simultaneous mate
choice trials, female age at the time of mate choice trials
differed significantly between high- and low-diet females:
low-diet females were younger on average than high-diet
females (low-diet: mean + SE =242 +1.7 days post matu-
ration, N =29; high-diet: mean + SE = 32.6 + 1.8 days post
maturation, N =25; Wilcoxon two-sample test: Z =3.67,
P =0.0002). If our mate choice data were to be explained by
female age alone (i.e. older females prefer high-diet males,
whereas younger females are not selective in their mate
choice), then we would expect that females that mated with
high-diet males would be older on average than those that
mated with low-diet males. In contrast, we found no dif-
ference in age between females that mated with low- ver-
sus high-diet males (low-diet mate choice male: N =10,
mean * SE = 21.8 + 3.3 days post maturation; high-diet mate
choice male: N =18, mean + SE =30 + 2.5 days post matu-
ration, Wilcoxon two-sample test: Z=-1.8, P =0.07). The
power of our test (at a =0.05) is estimated at 1 — 3 =0.48.
There was no difference in age between high- and low-diet
males used in mate choice trials (low-diet male: N =38,
mean + SE=3279+1.8 days post maturation; high-diet
male: N =40, mean + SE = 35.6 £ 1.7 days post maturation;
Wilcoxon two-sample test: Z = =1.3, P = 0.21).

High- and low-diet males did not appear to differ in
their courtship and/or mating effort. For trials in which
a copulation occurred, there was no difference between
the high- and low-diet males with respect to which male
courted first (low-diet copulating males, N =10: simulta-
neous courtship = 60%, high-diet male courted first =20%,
low-diet male courted first=20%; high-diet copulating
males, N =18: simultaneous courtship =39%, high-diet
male courted first = 22%, low-diet male courted first = 39%;
)(12 =1.38, P =0.5). In addition, female mate choice did not
depend on which male courted first (x,> = 1.38, P = 0.5). For
all trials, regardless of the male form or diet treatment, once
a male began courting, he typically continued throughout
the duration of the trial. In 20 of the 60 trials (33%), at least
one of the males unsuccessfully attempted to mount the fe-
male, suggesting that male mating effort does not neces-
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Figure 4. Female mate choice (number of copulations) for female wolf
spiders on low and high diets.

sarily result in mating and, instead, that females probably
control matings. Furthermore, there was no difference in
the number of attempted mounts between low- and high-
diet males (low-diet male: mean +SE = 0.65 + 0.21; high-
diet male: mean + SE = 0.55 £ 0.18, P = 0.28) and there was
a strong correlation between the number of attempted
mounts between low- and high-diet males within trials,
suggesting similar mating effort between males (r> = 0.80,
F, 53 = 237.3, P < 0.0001).

Discussion

Using laboratory-based diet manipulations, we found
that late-juvenile diet history influenced development,
adult size and adult female mate choice in a mixed popula-
tion of Schizocosa wolf spiders. While previous studies have
documented a life-long effect of diet on development, size
at maturation and secondary sexual traits in the wolf spi-
der S. ocreata (brush-legged males) (Uetz et al., 2002), this
is the first study to document condition-dependent mate
choice in a spider. Even though females reared on low- and
high-nutrient diets were equally likely to mate, high-diet
females mated significantly more with high-diet males than
with low-diet males, whereas low-diet females showed no
mate selectivity. The diet manipulations used were imple-
mented only during the last few juvenile stages, in contrast
to the results obtained from life-long feeding regimes used
in earlier studies (Uetz et al., 2002) and the fact that we re-
corded such extreme differences in growth, development
and behavior over such a relatively short period imply that
these traits are extremely sensitive to environmental condi-
tions such as food availability.

Although our results suggest increased mate choice se-
lectivity in high-diet females, one could argue that our find-
ings are the consequence of male mate choice as opposed
to female mate choice: high-diet males may be more dis-
criminating and may choose high-diet females more than
they do low-diet females. If true, we might expect high-diet
males to court high-diet females more vigorously, to ini-
tiate courtship more readily and to attempt mounts more
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frequently. Instead, we found no differences between high-
and low-diet males with respect to which male courted
first, how long males courted, or how many mounts males
attempted. In fact, we found a strong correlation between
the number of mounts attempted by high- and low-diet
males within a trial, suggesting equal mating effort. Fur-
thermore, male mate choice has never been documented in
any Schizocosa species, while multiple studies have docu-
mented examples of female choice (e.g. Hebets, 2003; He-
bets, 2005; Hebets et al., 2006; Hebets and Vink, 2007; Uetz
and Norton, 2007; reviewed in Uetz & Roberts, 2002).

In addition to our finding of condition-dependent female
mate choice, our results also suggest that the development
of male form in this apparently polymorphic Schizocosa
population is not diet dependent. We found no significant
difference in the number of individuals that developed into
brush-legged versus non-ornamented males between the
diet treatments. If male form were condition dependent,
we might expect more non-ornamented males to have de-
veloped under low-diet conditions and more brush-legged
males to have developed under high-diet conditions. Al-
though this pattern held, it was not significant. None the
less, it is again important to note that these diet treatments
were only conducted over the last few juvenile stages, leav-
ing open the possibility that early nutritional variation can
influence ultimate male form.

While prior theoretical work has predicted a positive
correlation between female choosiness and body condition,
much of the work is based on the assumption that choosi-
ness is costly and that only high-quality females are capa-
ble of sustaining this cost (Janetos, 1980; Parker, 1983; Gib-
son and Bachman, 1992). In discussions of mate choice
costs, it is often assumed that there are time and energy
costs to choosiness. If such mate choice costs were to ex-
plain our results, we would expect low-quality females to
make quicker mate choice decisions than high-quality fe-
males, since they would not be willing to suffer the cost of
male assessment. In contrast, our results reveal that high-
diet females make faster mate choice decisions than low-
diet females, a pattern opposite to that predicted based on
time and energy costs. However, in our study, latency to
copulate may have been confounded by differences in fe-
male age. For example, while adult mate choice may be in-
fluenced by female condition (e.g. previous diet treatment),
latency to mate choice may be influenced by female age,
with older females making faster decisions than younger
females. Unfortunately, our female diet treatment was con-
founded by female age, and we are not able to tease apart
these effects in the present study. However, results from a
study on the same Schizocosa population (Hebets & Vink,
2007) indicate that there is no correlation between female
age and latency to copulation (F, 4, =0.99, P =0.33), sug-
gesting that female age cannot explain the observed copu-
lation latency differences in our study.

Instead of differential costs explaining our results, high-
diet females may simply be better able to discriminate
among males. For example, a study using diet manipula-
tions found that male drumming rate in the wolf spider
Hygrolycosa rubrofasciata is condition dependent (Kotiaho,

2000). As such, it seems likely that our diet manipulations
also affected various components of male courtship signal-
ing. Given this, if the sensory or processing system of high-
diet females allows for better discrimination among court-
ship signals, one might make two predictions: (1) high-diet
females should choose high-diet males more reliably over
low-diet males and (2) high-diet females should make their
mate choice decisions more quickly. Both predictions are
consistent with our results. An alternative, but not mutu-
ally exclusive, explanation is that the motivation to mate is
lower for low-diet females. Since females tend to mate only
once (Norton & Uetz, 2005), and since a female’s condition
at the time of mating may significantly affect her ultimate
fitness, a female may be less likely to engage in copulation
when in poor condition. For example, females in poor con-
dition may be more focused on foraging than on mating.
This could result in both an increased latency to copula-
tion and in a reduced selectivity of mates, again predictions
that are concordant with our results. In essence, a female
may devote her limited resources to food acquisition as op-
posed to mate acquisition. While this explanation remains
a possibility, we might also expect a difference in overall
likelihood to mate: higher mating frequency for high-diet
females as compared to low-diet females. Instead, our re-
sults show that both high- and low-diet females are equally
likely to mate. None the less, our mate choice trial dura-
tion may have been unnaturally long (45 min), resulting in
a higher proportion of low-diet female matings than might
be expected under natural field conditions. Further exper-
iments are clearly necessary to tease apart the alternative
explanations for why high-diet, but not low-diet females
are choosey in this system.

Unfortunately, because of the effect of diet treatment
on maturation time (i.e. high-diet individuals matured ear-
lier than low-diet individuals), we could not begin running
high-diet females until we had sufficient numbers of ma-
ture low-diet males. As a result, our high-diet females were
older on average than our low-diet females, potentially
confounding the effects of diet treatment and age on female
mate choice. For example, older females may show stron-
ger selectivity in their mate choice than younger females,
independent of their diet treatment. Although possible, we
feel that this is highly unlikely for the following reasons.
First, if this were the case, we might expect that females
that mated with high-diet males would be older on aver-
age than those that mated with low-diet males. Although
our results showed a pattern in this direction, we found
no statistical difference in age between females that mated
with high- versus low-diet males (see Results). More im-
portantly, however, recent research on S. ocreata (a brush-
legged species similar to the brush-legged males used in
this study) showed that female choosiness decreases, not
increases, with age (Uetz & Norton, 2007). Using the video-
playback technique, Uetz & Norton (2007) found that fe-
males show the strongest selectivity of male secondary sex-
ual traits (brush-size in this case) between 15 and 21 days
post maturation, with selectivity subsequently declining af-
ter 3 weeks postmaturity. In our study, low-diet females
were on average 24 days old, whereas high-diet females
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were on average 32 days old. If age were to explain our re-
sults, we might expect the low-diet females to have shown
stronger mate choice selectivity than high-diet females, the
opposite pattern to that observed. Decreased choosiness
with age seems to be common and has been demonstrated
across numerous other taxa as well (e.g. guppies: Kodric-
Brown & Nicoletto, 2001; cockroaches: Moore & Moore,
2001).

Since one goal of this study was to ensure differences
between our diet groups, the treatments used in this ex-
periment involved both quality and quantity manipula-
tions, making it impossible to determine which variable
was most important in explaining our results. In a previ-
ous study using S. ocreata, only diet quantity was manipu-
lated, and while development time, adult size and second-
ary sexual traits were shown to depend on food quantity
during development, that study did not address any as-
pects of individual behavior (Uetz et al., 2002). Several re-
cent studies, however, suggest that the nutritional quality
of food can influence a variety of behaviors in arthropods,
including courtship (Wagner and Hoback, 1999; Holzer et
al., 2003; Hunt et al., 2004; Bertram et al., 2006) and mat-
ing (Mallard & Barnard, 2004). In addition, it has been sug-
gested that predatory arthropods such as spiders are fre-
quently nutrient limited in nature (Denno and Fagan, 2003;
Fagan and Denno, 2004) and that food quantity is also often
limited (Wise, 1993; Wise, 2006). These studies in combina-
tion with our results suggest that under natural conditions,
food quantity and/or quality could significantly affect fe-
male mate choice and the evolution of male secondary sex-
ual traits.

Given that predatory arthropods may be limited with re-
spect to both prey quality (i.e. nutrients) and prey quantity,
it is interesting to consider the implications of our results
for natural populations. Unfortunately, we did not have
condition measurements of mature virgin females from the
field for comparison, but such comparisons could elucidate
the extent to which condition-dependent mate choice may
influence the evolution of male secondary sexual traits un-
der natural conditions. For example, under the strict guide-
lines set forth for studies involving vertebrates, it follows
that individuals maintained in laboratory situations are
likely to be in much better condition on average than those
found in the field. If true, and if condition-dependent mate
choice is prevalent across vertebrate taxa, laboratory-based
studies could easily provide an overestimate of the effect
and potential strength of female choice under natural con-
ditions, potentially limiting our current understanding of
the importance of sexual selection in male trait evolution.

In summary, this study documents condition-depen-
dent female mate choice in a population of Schizocosa wolf
spiders. To determine the extent to which condition-depen-
dent mate choice may influence the strength or direction of
selection in natural populations, however, more data are
necessary on the extent to which female condition varies
naturally in the field. Unfortunately, because of the neces-
sity to control and/or manipulate condition to understand
its influence on behavior, most studies of condition-depen-
dent mate choice have taken place under artificial labora-

tory conditions. Until these results can be directly com-
pared to field conditions, we should be cautious in our
discussions relating to the effect of condition-dependent
mate choice on the strength of sexual selection.
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