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ABSTRACT Animals must Þnd and select mates in environments that naturally vary in both space
and time. Of particular importance for many species are the availability and phenology of host plants
for feeding and oviposition sites. Here, we used Murgantia histrionica (Hahn) (Hemiptera: Pentato-
midae), a herbivorous insect, to determine mating preferences and success using mating assays and
preferences based onodor cues.Wemanipulated the natal and encounter contexts using twodifferent
host plants, mustard and broccoli. We found that both the natal host plant and the host plant where
insects encountered potential mates signiÞcantly affected mating success in this insect. Broccoli-
reared individuals were more likely to mate in general; however, all individuals were more likely to
mate when placed in an encounter context of mustard. Using a separate assay, we also found that the
natal host plant affected female preference based on odor cues; females preferred the odors of males
from the same natal environment that the females experienced as nymphs. In addition, we examined
color and body size for host plant effects as both size and color are important factors for many species
during mate choice. We found that individuals reared on mustard were larger than those reared on
broccoli. However, the proportion of orange color on the dorsum of insects was not signiÞcantly
affected by the natal host plant. In summary, these results suggest that changes in host plants, as
commonly occurs seasonally, may have implications for sexual selection via mate choice.
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Variation in natural environments is ubiquitous. This
variation can take many forms, can be studied at dif-
ferent spatial and temporal scales, and can affect an-
imal behavior. Relatively few studies have examined
the effects of one common source of environmental
variation, host plant availability, on sexual selection.
Changes in host plant availability can affect the phe-
notypic expression of a variety of traits, including
mating behaviors and fecundity (Landolt and Phillips
1997, Awmack and Leather 2002), which are compo-
nents of Þtness.

Female mate choice, an important agent of sexual
selection, may be affected by resource variation. For
example, female preferences and choosiness can
change according to the physical condition of poten-
tialmates (Cotton et al. 2006,Hebets et al. 2008).Male
condition is often highly sensitive to food quality
(Uetz et al. 2002; Cotton et al. 2004a,b; Hebets et al.
2008) and likely affects multiple components of male
courtship signals (Candolin 2003, Hebets et al. 2008).
In addition, accumulating research suggests that fe-
males may alter their mating decisions based on their
own condition and their resource context (Cotton et
al. 2006, Hebets et al. 2008). Here, we manipulate host
plant availability to determine the effects on traits

potentially related to female preferences in one spe-
cies of herbivorous insect, the harlequin bug, Murgan-
tia histrionica (Hahn) (Hemiptera: Pentatomidae).

M. histrionica naturally feeds and oviposits on a
variety of cruciferous plants (Family, Brassicaceae;
Sullivan and Brett 1974, Ludwig and Kok 2001). The
plants from the family Brassicaceae differ in charac-
teristics suchasphysical structureand secondarycom-
pounds (Lin and Harnly 2010); thus, the environment
that offspring experience during rearing can be strik-
ingly different depending upon host plant availability.
In particular, many of the cultivated species in the
Brassicaceae produce a wide variety of glucosinolates
(Aliabadi et al. 2002); the glucosinolate proÞles of
these cruciferous plants are dependent upon both the
species and the environmental conditions present
(Halkier and Gershenzon 2006).

In many insects, chemical cues are important at
both long- and short-ranges for location of conspecif-
ics and courtship behavior. Chemical cues are com-
mon among stink bugs (Family, Pentatomidae) that
typically release odoriferous compounds from their
thoracic glands as adults and fromabdominal glands as
nymphs (Aldrich 1988b). Some of the compounds
present in the chemical cues of M. histrionica have
been identiÞed (Aldrich et al. 1996). For example,
adult males produce an aggregation pheromone, mur-1 Corresponding author, e-mail: cwmiller@uß.edu.
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gantiol, which attracts both sexes (Zahn et al. 2008b).
Males can also produce a male-speciÞc pheromone
during the late morning (Zahn et al. 2008b). These
chemical cues likely function in anatural environment
to aggregate males and females on the same plants
(Zahn et al. 2008b), facilitating the location of poten-
tial mates.

During the year, individuals must locate conspecif-
ics within a heterogeneous environmental landscape.
Broccoli (Brassica oleracea L. variety italica Plenck),
cabbage (Brassica oleracea L. variety capitata L.), cau-
lißower (Brassica oleracea L. variety botrytis L.), mus-
tard (Brassica juncea (L.) Czern.), and other crucif-
erous crops are commonly foundwithinhomegardens
as well as in larger-scale agriculture. However, al-
though thesecrops cangrowthroughmuchof theyear
in northern Florida, the availabilities of these crops
differ throughout the year on individual farms. As host
plant availability and suitability change spatially and
temporally, M. histrionica, like other stink bugs, moves
among wild host plants and cultivated agricultural
crops to feed (McPherson and McPherson 2000).
Therefore, one pervasive form of environmental vari-
ation experienced by this species is host plant avail-
ability.

In Florida, M. histrionica can be active year-round;
therefore, eggs are laid on different host plants during
the year and result in nymphs being provided with
food sources of differing type and quality. The devel-
opmental host plant environment is known to inßu-
ence the preoviposition period (Ludwig and Kok
2001). Effects on adult size, if present, may impact
reproductive success because female size in insects is
often correlated with fecundity. Different qualities of
diet may also affect coloration (Taylor et al. 2011), a
potentially important factor in mate choice.

Here,weuse a series of experimentalmanipulations
to investigatewhether environmental variation inhost
plant availability is likely to inßuence sexual selection
for M. histrionica. To do so, we conducted two kinds
of behavioral assays, one involving physical contact
and the other where female preferences were mea-
sured based solely on odor cues. We also measured
color and size, two variables important for sexual se-
lection in many species. M. histrionica is excellent for
this research because this species naturally feeds on a
wide variety of host plants from the family Brassi-
caceaeduring the year anduses differentmodalities of
cues to Þnd and select mates. Based on preliminary
observations that demonstrated female preferences as
the likely dominant factor in mating success, we fo-
cused our attention on female choice as an agent of
sexual selection likely to be important for this species.
To generate ecologically relevant environmental vari-
ation, we reared individuals on and then introduced
them to potential mates on mustard or broccoli, com-
mon host plant species.

Materials and Methods

Insects. Adults of M. histrionica were Þeld-collected
from a variety of host plants in the University of Flor-

ida Organic Gardens in Gainesville, FL, during Octo-
ber and November 2010, and brought to the lab for
breeding. We provided this parental generation with
a variety of cruciferous plants in their rearing con-
tainers.

The offspring of the parental generation were split
into groups of even-sex ratios with 2Ð6 adults per con-
tainer, after Streams and Pimentel (1963b). For this ex-
periment, all individualswerehoused inclearplasticdeli
containers (11 by 15 cm)under controlled environmen-
tal conditions (mean temperature � 24.9�C; relative hu-
midity [RH] 49%; and a photoperiod of 16:8 [L:D] h).
The offspring of the Þrst generation adults were main-
tained throughout development on one of two different
randomly assigned mustard (Brassica juncea (L.) Cz-
ern.) or broccoli (Brassica oleracea L. variety italica
Plenck) plant species; these second-generation individ-
uals comprised the experimental population used in this
study.

Plant varietiesused for insect rearing and trialswere
obtained from local farms. Thus, the plants used for
the experiments reßected those actually available to
the focal speciesduring this time frame.All plantsused
in this study were grown without pesticides. Each
rearing containerwas suppliedwith a fresh segment of
plant every 2Ð3 d. All the lab-reared M. histrionica
weremaintainedon their assignedplant typeprovided
ad libitum throughout their life cycle. During both
maintenance and behavioral trials of these bugs, the
mustard consisted of the vegetative portions of the
plant (i.e., leaves and stems) while the broccoli con-
sisted of the leaves, stem, and ßorets of the plant. The
plant structures used reßected those commonly avail-
able in the Þeld to M. histrionica during the same time
period and therefore were biologically relevant.

The insects were reared with one clutch per con-
tainer and maintained in these groups until they
eclosed to adults; clutches of this species typically
consist of 12 eggs laid in two rows (Streams and Pi-
mentel 1963a). In the Þeld, nymphs from a single
clutchwill typicallybe foundon the sameplant variety
because of their inability to ßy until adulthood and
their tendency to aggregate, primarily during the Þrst
instar (Canerday 1965). Because sexual maturation
occurs �7 d after eclosion to adulthood (Canerday
1965, Zahn et al. 2008a), we isolated second-genera-
tion insects in individual containers within 48 h of
adult eclosion to ensure they remained unmated be-
fore behavioral trials.

Contact Trials for Mating Success. Once individuals
have come into contact with one another, males often
begin courting females. The courtship behavior of this
species is well deÞned and readily observable; court-
ship typically begins with the antennation of the fe-
male by the male and then proceeds with extension of
the pygophore by the male and rotation of the male to
a 180-degree position in relation to the female (Lani-
gan and Barrows 1977, Zahn et al. 2008a). These be-
haviorswere observed consistently during the current
study and were typical of this population from northÐ
central Florida.
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To assess the effects of host plant variation on mate
choice,we conducted behavioral trials between virgin
males and females thatwere reared on one of twohost
plant species. Individual adult males and females were
paired for behavioral trials no earlier than 12 d after
eclosion to ensure sexual maturity; the adults used for
these trials ranged in age from 12 to 59 d (mean age �
34 d) after eclosion to the adult stage. Each adult pair
included individuals that were similar in age (mean
age difference � 0.597 d) but from different clutches.
Individualsusedduring the trials in lateApril andearly
May were typically older than those used both before
and after this period. For the behavioral trials, one
female and one male were removed from their rearing
environments and paired in a new environment (i.e.,
11 by 15 cm clear plastic deli container) with an
encounter treatment of either mustard or broccoli.
This design was suitable for this experiment because
this species likely makes sequential mating decisions
when one female encounters one male.

Behavioral trials were performed between 1000 and
1600 hours. This time period encompasses most re-
productive activity in this species; most courtship be-
havior is conÞned to thephotophase from1000 to 1400
hours (Zahn et al. 2008a). In total, 119 behavior trials
wereperformed including all possible combinationsof
natal environment (i.e., the plant used in the rearing
containers) and encounter environment (i.e., the
plant in the containers used for the behavioral trials).
For all treatment combinations including a broccoli-
reared male, 18 behavioral trials were performed; for
all treatment combinations (except one combination)
including a mustard-reared male, 12 trials were per-
formed (Supp. Table 1 [online only]). During the
behavioral trials, eight pairs were observed concur-
rently in separate clear deli containers for 1 h. This
time period was sufÞcient for observations; latency to
mate with individual pairings of males and females is
usually less than 1 h (Lanigan and Burrows 1977). To
ensure that 1 h was sufÞcient for behavioral observa-
tions, the initial 32 trials for this study were performed
for 4 h each; these trials resulted in 20 matings, all of
which occurred during the Þrst hour of observation.
As a result, all data analyseswereperformedwith a 1-h
observation period (i.e., the additional 3 h of obser-
vationwerediscardedbefore statistical analysis for the
initial 32 trials).

Presence or absence of copulation was recorded for
each trial; copulation was deÞned as successful cou-
pling of the genitalia with the anterior portions of the
male and female positioned 180 degrees from each
other. We used copulation as a proxy for mating suc-
cess in this study. Attempted copulations were also
recorded. All males attempted to mate during the
behavioral trials; therefore, mating success was under
female control during these trials.

Assays for Female Preference Based on Odor Cues.
Sixty trials were performed using a Y-tube olfactom-
eter (common arm 15 cm in length; choice arms 12 cm
in length each and placed at a 90-degree angle from
one another with a 135-degree angle between each
choice arm and the common arm; tube diameter was

�3 cm). In 47 trials, the focal female fed on broccoli
as a host plant; in the remainder of the trials, the focal
female fed on mustard. During this portion of the
study, fewer mustard-reared females were available
for trials because of a lack of sufÞcient mustard avail-
able for colonymaintenance.For these trials, onemale
from each natal environment was placed at the ends
of the Y-tube olfactometer. A female was then placed
into the base of the olfactometer and allowed 20 min
to choose one male. A female was considered to have
made a choice when entering and remaining com-
pletely within the end section of the arms of the Y for
at least 15 s continuously. Preliminary trials demon-
strated that the presence of a female for 15 continuous
seconds in one arm of the olfactometer was sufÞcient
to record a choice being made.

Color and Size. We photographed a subset of the
lab-reared colony and measured the photographed
insects using ImageJ (Rasband2012) imageprocessing
software available from the National Institutes of
Health and available in the public domain. The mea-
surement tools of ImageJ were used to outline the
dorsal area and orange portions of the photographed
insects. Dorsal area and relative proportion of orange
on the dorsum were calculated from the photographs
for each individual with an included scale to calibrate
themeasurements.For the statistical analyses, sizewas
measured as total dorsal area (excluding head). Dif-
ferences were also noted in the intensity or hue of
orange as variation in color was observed in these
bugs. As a result, a color standard was included in the
photos to facilitate use of intensity or hue in analyses.
However, the bugs also differed in proportion of or-
ange. Proportion of orange was selected as a more
objective measurement because of the observation
that the photos varied in the intensity of lighting.

Statistical Analysis. The generalized linear model
(GLM) with the binomial distribution and logit link
function was used with the Wald �2 test to analyze the
likelihood ofmating. Factors included in the Þnalmodel
were male natal plant, female natal plant, encounter
plant, date of behavioral trial, and the interaction of date
and male natal plant. Because of the wide range of ages
used in themating trials, agewas also included as amain
effect in initial analyses; however, age was not a statis-
tically signiÞcant factor and was removed from the Þnal
model. Size data were available for a subset (n � 77) of
the behavioral trials; therefore, an additional GLM was
constructed on these data to evaluate the signiÞcance of
size as a predictor of mating success. However, size was
not signiÞcant in any of the models with this subset of
data; therefore, this factor was removed and the entire
data set (n � 119) used for the Þnal explanatory model
(Table 1). Initial descriptive statistics revealed a time-
dependent shift in the likelihood of mating by males
reared on the different natal plants. As a result, the date
and the interaction of date and male natal plant were
added to the GLM as signiÞcant factors (Table 1).

Inaddition,weused logistic regression todetermine
whether female natal treatment had a signiÞcant ef-
fect on their choice of males based on chemical cues
in an olfactometer. The GLM was used with the Wald
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�2 test to determine whether female M. histrionica
were more attracted to the chemical cues of males
reared on the same plant as they were than to males
reared on a different host plant.

Statistical analyses of the proportion of orange and
size were performed using a two-way analysis of vari-
ance (ANOVA). Dorsal area and pronotum width
were signiÞcantly correlated (n � 167; r � 0.9016; F �
716.771; df � 1,165;P � 0.0001). Therefore, dorsal area
was used in all analyses including size as a factor.

Results

ContactTrials forMatingSuccess.Boththenataland
the encounter host plants signiÞcantly affected the like-
lihood of mating success in this species. During the be-
havioral trials,males rearedonbroccoliweremore likely
(P � 0.0224) to mate than those reared on mustard
regardless of the rearing environment of the female or
encounterhost plant environment (Fig. 1). Females also
showed this same pattern, with females reared on broc-
coli more likely (P � 0.0050) to mate regardless of the

rearing environment of themale (Fig. 2). Pairs placed in
a mating treatment of mustard were more likely (P �
0.0128) to mate than those placed with broccoli as an
encounter treatment regardless of the rearing environ-
ments of the individuals (Fig. 3). Date of the behavioral
trial also signiÞcantly affected (P � 0.0037) likelihood of
matingasdid the interactionofdate andmalenatal plant
(P � 0.0005; Fig. 4).

Assays for Female Preference Based on Odor Cues.
Forty of the 60 trials with a Y-tube olfactometer re-
sulted in the female selecting a male based on chem-
ical cues; in 20 trials, the females didnotmake a choice
during the allotted observation period. Overall, 31 of
47 broccoli-reared females made a choice and 9 of 13
mustard-reared females selected a male. Among the
females that made a choice, female natal plant signif-
icantly affected the male chosen by chemical cues in
theolfactometer(�2 �3.8343;df�1;P�0.0502),with
females from both rearing environments more likely
to choose a male from their common rearing environ-
ment than one from a different rearing environment
(Fig. 5).

Color and Size. Females were larger (F � 45.3663;
df � 1,163; P � 0.0001) and had proportionately more
orange thanmales (F � 4.8481; df � 1,163;P � 0.0291).
Males and females were both larger when reared on
mustard (F � 5.2548; df � 1,163; P � 0.0232), but the
proportion of orange color on the dorsal area was not
signiÞcantly affected by the natal host plant (F �
2.1856; df � 1,163; P � 0.1412). Interactions of sex and
the natal host plant did not signiÞcantly affect (F �
3.9291; df � 1,162; P � 0.2801) the proportion of
orange color and were thus removed from the Þnal
model.

Table 1. Factors in the final generalized linear model affecting
likelihood of mating during behavioral trials (n � 119)

Treatment df �2 P value

Male natal host plant 1 5.212 P � 0.0224
Female natal host plant 1 7.888 P � 0.0050
Encounter host plant 1 6.197 P � 0.0128
Date of behavioral trial 1 8.434 P � 0.0037
Date * male natal plant 1 12.233 P � 0.0005

All factors included in the Þnal model signiÞcantly affected the
likelihood of mating.

Fig. 1. Likelihood of mating in lab-reared M. histrionica based upon male natal host plant environment. Males reared on
broccoli were more likely to mate during our observation period regardless of the rearing environment of the female or the
encounter host plant (n � 119). Error bars represent �SE.
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Discussion

Herbivorous insects naturally experience environ-
mental variation in the form of host plant availability
and phenology. This environmental variation can af-
fect reproductive success and Þtness in general (Aw-
mack and Leather 2002, Hebets et al. 2008). Many
species of stink bugs (Family Pentatomidae) have a

wide range of host plants on which they can feed and
reproduce (Jones and Sullivan 1982, McPherson and
McPherson 2000), however, current environmental
factors can affect the host plants used at a particular
time (Reeves et al. 2010).

Both the natal and encounter host plants affected
mating preferences and success in the current study

Fig. 2. Likelihood of mating in lab-reared M. histrionica based upon female natal host plant environment. Females reared
on broccoli were more likely to mate during our observation period regardless of the rearing environment of the male or
encounter host plant (n � 119). Error bars represent �SE.

Fig. 3. Likelihood of mating in lab-reared M. histrionica based upon encounter host plant environment. Pairs provided
mustard as an encounter host plant were more likely to mate during our observation period regardless of the rearing
environments of the individuals (n � 119). Error bars represent �SE.
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demonstrating that environmental variation can affect
Þtness. In our contact trials for mating success, M.
histrionica individuals reared on broccoli were more
likely tomate than those rearedonmustard.However,
adults on mustard as an encounter host plant were
more likely to mate than those placed on broccoli. In
addition, individuals reared on mustard were signiÞ-
cantly larger than those rearedonbroccoli. Consistent
with previous work, mustard appears to be a superior
host plant for this population. If that is the case, mus-

tard-reared individuals may be larger and in better
condition and more likely to be choosy when placed
with a potential mate. In our study, the presence of
mustard as anencounterhost plant correspondedwith
an increased likelihood of mating. If mustard is a su-
perior host plant, then the presence of this plant dur-
ing behavioral trials may stimulate individuals to mate
becauseof the availability of a suitableoviposition site.
In Þeld studies, higher levels of damage and larger
numbers of M. histrionica are observed on mustard

Fig. 4. The effects of male natal host plant on the likelihood of mating during behavioral trials conducted over different
time periods. (A) From 28 March 2011 through 20 April 2011, mustard-reared males (n � 16) were more likely to mate than
broccoli-reared males (n � 15). (B) From 29 April 2011 through 19 May 2011, broccoli-reared males (n � 56) were more
likely to mate than mustard-reared males (n � 31). Error bars represent �SE.
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than on broccoli, suggesting that this species prefers
mustard as a food source when both crops are present
(Sullivan and Brett 1974, Ludwig and Kok 1998). M.
histrionica also prefers mustard over collard in Þeld
studies (Wallingford et al. 2013), further supporting
the suitability of mustard as a preferred host plant for
this species under variable Þeld conditions.

When locating a suitable host plant, pentatomids
often use chemical cues for long-range communica-
tion and vibrational cues at shorter ranges (Millar
2005). The combination of chemical and vibrational
cues allows individuals to identify members of their
own species and potential mates (McBrien et al. 2002,
Moraeset al. 2005).Previous studieshavedocumented
chemical signals (Aldrich et al. 1996, Aliabadi et al.

2002, Zahn et al. 2008b) used for defense and aggre-
gation as well as vibrational signals (Čokl et al. 2004,
2007) used during courtship in M. histrionica. During
close-range courtship, individuals are likely exposed
to both chemical and vibrational cues. Both types of
cues may be affected by the host plants available
during natal development or during the reproductive
adult life stage.

Some insect species sequester chemicals from their
host plants and incorporate these into their sex pher-
omones or precursors (Reddy and Guerrero 2004).
Although several chemical cues are likely produced
by M. histrionica, this species possesses a reduced
metathoracic gland, suggesting that it may obtain sig-
niÞcant chemical components for production of

Fig. 5. Sixty trials were conducted with females placed in a Y-tube olfactometer to assess their choice of male based upon
chemical cues. In total, 47 females were reared on broccoli and 13 were reared on mustard. (A) Each female was given a
choice of a mustard-reared male or a broccoli-reared male in the olfactometer. One male from each rearing environment was
placed at separate ends of the Y-tube olfactometer, while the female was placed at the base of the apparatus and allowed
to select one of the males based on odor cues. (B) Among females that made a choice based on chemical cues in the
olfactometer, females were more likely to choose a male from a similar rearing environment. Twenty of the 60 females used
did not make a choice during the observation period.
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semiochemicals from the cruciferous plants on which
it feeds (Aldrich 1988a, Aldrich et al. 1996). M. histri-
onica has been shown to sequester chemicals, includ-
ingmustard oil glycosides that are characteristic of the
plant species used as a food source (Aliabadi et al.
2002). For example, M. histrionica collected from cab-
bage possess volatile compounds typically found in
cabbage (Aldrich et al. 1996).

In addition, the metabolic products derived from
the hydrolysis of sequestered glucosinolates vary and
are dependent upon the host plant species on which
an insect feeds (Halkier and Gershenzon 2006). As a
result, feeding on various plants may result in the
sequestration and hydrolysis of a variety of plant-
speciÞc compounds (e.g., glucosinolates from Brassi-
caceae) that are used differentially during courtship
by individuals. For example, crucifers contain both a
free form of mustard oil as well as a glucosidal com-
bination (Bonnemaison 1965). The volatiles produced
by these plants can also shift in response to the ovi-
position and feedingbehaviors ofM.histrionica (Conti
et al. 2008). Therefore, both the variation in natal host
plants available and their current volatile production
can affect the sequestration of different compounds
by M. histrionica and potentially the compounds re-
leased by these insects.

The sequestration of host plant chemicals is ob-
served in other insect orders as well and may impact
mating preferences and success in these systems. For
example, the cuticular hydrocarbons of the mustard
leaf beetle, Phaedon cochleariae (F.) (Coleoptera:
Chrysomelidae), are dependent upon the cruciferous
host plant variety on which an individual feeds; the
differing cuticular hydrocarbon proÞles in this species
result in males preferring to mate with females reared
on the same plant species (Geiselhardt et al. 2012).

In our assays of female preferences to male odor
cues, female M. histrionica placed in an olfactometer
signiÞcantly preferred chemical cues from males
reared on the same host plant type as the femalewhen
given a choice between males reared on two different
plant varieties (i.e., broccoli or mustard). This sug-
gests that males were producing chemical cues that
were dependent in composition on their natal host
plant. If M. histrionica sequesters chemical precursors
for its pheromones from the natal host plant, then
adult-released chemical cues would likely differ in
composition. The metabolic products of the seques-
tered compounds likely depend upon the volatile pro-
Þle of the host plant and may be incorporated into the
insectÕs own chemical proÞle. Additionally, these se-
questered compounds may play a role in the cuticular
hydrocarbon signature of these individuals (Geisel-
hardt et al. 2012). Any change in an individualÕs cu-
ticular hydrocarbons may be important during the
antennation portion of the courtship sequence, in
which the male repeatedly antennates the female.
Therefore, if cuticular hydrocarbons were affected
by natal host plants, these changes could have af-
fected the mating success of these individuals dur-
ing our contact trials. Ultimately, host plant-speciÞc
cues such as these could lead to assortative mating

and potentially ecological speciation within a pop-
ulation (Malausa et al. 2005).

In addition to chemical cues, M. histrionica uses
vibrational cues during encounters with potential
mates (Čokl et al. 2004). Vibrational cues are typically
numerous during courtship in M. histrionica (W.L.H-H.,
unpublisheddata).Differences inacousticorvibrational
cues because of the host plantmay affectmate choice in
insects that use these signals for mate attraction and
courtship. For example, when males of the variable
Þeld cricket, Gryllus lineaticeps Stål (Orthoptera:
Gryllidae), eat a high quality diet they produce calls
that are more attractive to potential mates (Wagner
and Hoback 1999). These vibrational cues, which may
differ based on the host plant, may help explain the
variation in mating success during contact trials that
we observed in this study.

In addition to changes in chemical or vibrational
cues important in mate selection, host plant variation
may lead to temporal isolation that can affect mate
choice. For example, in Enchenopa binotata Say (Ho-
moptera: Membracidae), sympatric species are found
on six different host plants. Temporal variation in
mating was likely involved in the speciation process
for this group as the timingof copulationdiffers byday
or timeof day for eachhost plant (Wood andGuttman
1982). In Spodoptera frugiperda (J. E. Smith) (Lepi-
doptera: Noctuidae), temporal variation in mating be-
havior is the most important factor in the isolation of
strains from corn and rice (Pashley et al. 1992). Fe-
males feedingoncornweremore likely tomateduring
theÞrst two-thirds of thenight,while those feeding on
rice mated during the last one-thirds of the night
(Pashleyet al. 1992).Becauseof thewide rangeofhost
plants used by M. histrionica throughout the year,
differing temporal availability of host plants may lead
to changes in sexual selection in this species.

Species may prefer different host plants during the
year because of variation in host plant quality and
phenology as well as the spatial arrangement of avail-
able host plants (Reeves et al. 2010). For example, we
found that date affected the likelihood of mating dur-
ing our behavioral trials, suggesting that time of year
is important for mating success in M. histrionica. In
particular, the effects of the maleÕs natal host plant on
mating success varied during our trials through an
interaction effect with date. In addition, the rearing
and behavioral trials for the current study were con-
ducted with available plant parts, which often in-
cluded reproductive structures forbroccoli butnot for
mustard. Therefore, the plant structures used here
may have affected behavior, although they reßected
the seasonal availability of the plants. Thus, reproduc-
tive structures are a potential confounding variable
with plant variety in this study. However, our plant
structures mimic those found in the Þeld during the
time period of this study; thus, our results reßect
behaviors under biologically relevant and realistic
conditions.

Variation in host plants can affect mate choice and
even result in assortative mating, which can be a Þrst
step in the process of speciation. For example, in S.
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frugiperda, females select males as mates from the
same strain they fed upon �85% of the time (Pashley
et al. 1992). Pheromonal differences are one possible
explanation for differences in mate choice in some
populations but are likely not an effective isolating
mechanism in all species. In Ostrinia nubialis (Hüb-
ner) (Lepidoptera: Crambidae), the host plant of the
females signiÞcantly affects the composition of the
pheromones they produce, a possible factor in assor-
tative mating (Thomas et al. 2003).

Additional studies could further elucidate the
mechanisms resulting in the differences in mating
success and the olfactory preferences of female M.
histrionica. Environmental conditions can affect both
the choosiness of individuals in mate choice and the
accuracy with which they can discriminate signals
(Jennions and Petrie 1997). Future studies of M. his-
trionica in the Þeld could determine preferred host
plants for this species in landscapes includingdifferent
potential suitable host plants and also determine
whether choosiness in mate choice is affected by the
encounter host plant.

Although we found that natal and encounter host
plants signiÞcantly affected mating success, we do not
yet know whether this is a result of differences in one
or more male-produced cues used during courtship.
For example, the effects of the natal host plant on the
chemical compounds comprising cuticular hydrocar-
bons and male pheromones need to be studied to
identify potential differences in the chemical cues
produced. Collection of headspace volatiles and char-
acterization of the chemicals associated with individ-
uals feeding on different host plants would provide
information necessary to determine a potential mech-
anism by which the host plant may affect chemical
cues produced by this species. These compounds
could then be compared with those found in the host
plants.

In addition, vibrational cues and color could be
studied further to determine their potential roles in
mating success and preferences in M. histrionica. Re-
cordings of vibrational cues could be gathered to de-
termine conclusively whether the natal host plant
affects the signal properties of vibrational cues in this
species. In addition, although we examined the rela-
tive proportions of color on M. histrionica in the cur-
rent study, differences were also noted in the hue of
orange observed on these bugs. Future directions
could include intensity or hue in analyses of host plant
effects. Finally, further studies could determine the
effects that thenatal host plantmayhaveoncondition,
thereby affectingmate choice behaviors in bothmales
and females.

Here, we examined the effects of natal and encoun-
terhostplantenvironmentsonmating success andalso
theeffects of thenatal host plant on femalepreference
of chemical cues. Our results suggest that both natal
host plant and encounter host plant environment sig-
niÞcantly affect mating success and preferences. In
addition, we found that the natal host plant signiÞ-
cantly affected body size, but not proportions of color,
inM.histrionica.These results, in conjunctionwith the

additional research suggested here, could help explain
a method by which subpopulations of herbivorous
insects canbecome reproductively isolatedbecauseof
differences in host plant preferences and the resulting
effects onmatingbehavior.This couldbean important
mechanism for sympatric speciation. Although much
work in this area remains tobedone, thedataprovided
here demonstrate that environmental variation in host
plant availability and phenology can play a signiÞcant
role in the mating behavior of an herbivorous insect.
As environmental variation is experienced by all or-
ganisms at different scales both spatially and tempo-
rally, additional research shouldbeperformed to iden-
tify the impacts this variation has on sexual selection
and resulting implications for evolution.

Acknowledgments

We thank H. Jane Brockmann, Daniel A. Hahn, and Rich-
ard W. Mankin for advice and reviewing previous versions of
thismanuscript.Wealso thankBrandiSimmons,TonyRiggio,
Jade Hilliard, and Jesse Jecusco for assistance with insect
rearing. We thank RosieÕs Organic Farm for their supply of
mustard. We would also like to thank the University of Flor-
ida for providing the research space to conduct the experi-
ment.W.L.H.was fundedbyaUniversity ofFloridaGraduate
School Fellowship. This project was funded under National
Science Foundation Grant IOS-0926855, 2009-2013 to
C.W.M.

References Cited

Aldrich, J. R. 1988a. Chemical ecology of the Heteroptera.
Annu. Rev. Entomol. 33: 211Ð238.

Aldrich, J. R. 1988b. Chemistry and biological activity of
pentatomoid sex pheromones, pp. 417Ð431. In Horace G.
Cutler (ed.), Biologically Active Natural Products: Po-
tential Use in Agriculture. American Chemical Society,
Washington, DC.

Aldrich, J. R., J.W.Avery, C.-J. Lee, J. C.Graf,D. J.Harrison,
andF.Bin. 1996. Semiochemistry of cabbagebugs (Het-
eroptera: Pentatomidae) Eurydema and Murgantia. J. En-
tomol. Sci. 31: 172Ð182.

Aliabadi, A., J.A.A. Renwick, and D. W. Whitman. 2002.
Sequestration of glucosinolates by harlequin bug Mur-
gantia histrionica. J. Chem. Ecol. 28: 1749Ð1762.

Awmack, C. S., and S. R. Leather. 2002. Host plant quality
and fecundity in herbivorous insects. Annu. Rev. Ento-
mol. 47: 817Ð844.

Bonnemaison, L. 1965. Insect pests of crucifers and their
control. Annu. Rev. Entomol. 10: 233Ð256.

Candolin, U. 2003. The use of multiple cues in mate choice.
Biol. Rev. Camb. Philos. Soc. 78: 575Ð595.

Canerday, T. D. 1965. On the biology of the harlequin bug,
Murgantia histrionica (Hemiptera: Pentatomidae). Ann.
Entomol. Soc. Am. 58: 931Ð932.

Čokl, A., J. Prešern, M. Virant-Doberlet, G. J. Bagwell, and
J. G. Millar. 2004. Vibratory signals of the harlequin bug
and their transmission through plants. Physiol. Entomol.
29: 372Ð380.
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