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A growing body of research over the past decade indicates that interindividual variation in behavior can result from a variety of fac-
tors. Two important sources of this variation are behavioral plasticity (adaptive variation in behavior) and behavioral type (i.e., an
individual with consistent behavioral differences across one or more situations). Although oviposition-site selection (0S) is widespread
and affects both parents and offspring, it has been overlooked in the context of the behavioral type. Thus, we used the Texas field
cricket (Gryllus texensis) to determine if OS could be integrated into the behavioral type paradigm and if a relevant environmental vari-
able (food limitation) influences behavioral type. We found that behavioral type was consistent across contexts because individuals
exhibiting riskier (bolder) behavior in a novel environment also exhibited riskier behavior during oviposition. Also, individuals traded
off safety with food availability during oviposition—that is, fasted crickets were more likely to choose food over safety (shelter) when
making an oviposition decision. Last, relative to fed crickets, those that were fasted oviposited fewer eggs during overnight trials in
which food was available. By integrating a behavior tightly linked to multigenerational fitness with an established behavioral assay
(behavior to novel stimuli), we show that behavioral type can be both consistent across contexts and plastic in response to a ubiqui-
tous environmental factor (food limitation).
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INTRODUCTION Despite the relative rigidity of behavioral type, individuals typi-
cally exhibit some amount of behavioral plasticity, which allows
individuals to adapt their behavior to varying environments (Sih
1992; Dewitt et al. 1998; Sih et al. 2004; Tremmel and Miiller
2013). Predation and food availability are key environmental forces
that vary across temporal and spatial scales (reviewed in Brown
1988). Predation affects the behavior and fitness of animals (Lima
1998; Preisser et al. 2005; Cressler et al. 2010), and predation pres-

Behavior strongly influences traits linked to animal fitness, including
survival, reproduction, and energy balance (Brown 1988: reviewed
in Smith and Blumstein 2008). Interindividual variation in behavior
was traditionally viewed as nonadaptive “noise” around an adap-
tive mean (Wilson 1998). However, a growing body of research over
the past decade indicates that interindividual differences result from
behavioral plasticity (adaptive variation in behavior), behavioral

types (individuals with consistent behavioral differences across one sure can select for b?havioral types (BCH, 2005; Dingemanse et z_d'
or more situations), or both (Sih et al. 2004; Bell 2007; Smith and 2007; Luttbeg and Sih 2010; but see Pruitt et al. 2010). Food avail-

Blumstein 2008; Dall et al. 2012). For example, a “bold” behavioral ability can also affect behaviors linked to fitness, including repro-
ductive behaviors (Kim et al. 2008; Smith et al. 2013), foraging

activity (Sogard and Olla 1996; Metcalfe et al. 1999), and activ-
ity in an open field (Heiderstadt et al. 2000). In addition to their
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type may confer a fitness advantage in one environment or situation,
whereas a “shy” type is advantageous in another environment or

situation—thus, both types persist in variable environments (Re¢ale e ; i :
and Festa-Bianchet 2003; Dingemanse et al. 2004; Sih et al. 2004) individual effects, predation and food availability can interact to
’ : ' influence behavior (Brown and Kotler 2004), which can result in a

foraging-survival tradeoff. For example, if predation is high, food-
limited individuals must balance the benefits of increased behav-

Further, examining behavioral type in different functional behav-
ioral categories (“contexts”) and under different conditions (“situa-
tions”) can account for environmental effects and can validate the

reliability of behavioral type assessments (Sih et al. 2004). ioral (foraging) activity (e.g., increased energy intake) with its costs

(e.g., increased risk of predation) (sensu the “marginal value theo-
rem”; Charnov 1976; Brown 1988; Brown and Kotler 2004).
We used manipulative approaches to explore related tradeofls
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different contexts (behavior in a novel environment and oviposi-
tion behavior) and situations (fed or fasted) to address 3 hypotheses
related to environment-induced tradeoffs mediated by behavior.
First, behavioral type is consistent across contexts. We predict that a
cricket exhibiting relatively risky (bold) behavior in a novel environ-
ment will also exhibit relatively risky behavior during oviposition-
site selection (OS). Many animals, including insects, exhibit OS
(reviewed in Royle et al. 2012). It can profoundly affect offspring
fitness, (and hence the fitness of parents) yet has been overlooked in
the context of behavioral type. Second, individuals tradeoff safety
with food availability during OS. Therefore, we predict that fasted
crickets will be relatively more likely to choose food over safety
(shelter) when making an oviposition decision. Third, fasting influ-
ences oviposition. We predict that relative to fed crickets, those that
are fasted will oviposit fewer eggs during overnight trials in which
food is available. By integrating a behavior tightly linked to mul-
tigenerational fitness (OS) with an established behavioral assay
(behavior to novel stimuli: Boissy 1995; Hedrick 2000; reviewed in
Smith and Blumstein 2008), we provide new insight into the inde-
pendent and interactive effects of predation risk and food availabil-
ity on behavioral type.

MATERIALS AND METHODS
Study animals and feeding treatments

We used long-winged adult G. texensis that were part of a long-term
(>12 generations), predator-free colony, which has been described
previously (Adamo and Lovett 2011). Initially, we held nymphs in
large 1661 plastic containers with approximately a few hundred
nymphs per container. We supplied nymphs with abundant food,
water, and egg carton shelters. Once crickets became adult, we
transferred them to large, mixed sex containers (72X 37 X 34cm)
with approximately 20-60 adults per container. This species is
omnivorous and forages intermittently. Briefly, we supplied all crick-
ets with water ad libitum and housed crickets in a room maintained
at 26 £ 1 °C and a 12:12 light:dark cycle. All studies were approved
by the Animal Care Committee of Dalhousie University (#19-026)
and are in accordance with the Canadian Council on Animal Care.
We used 2 behavioral trials on G. texensis over a 22-h period
to characterize 1) the effects of food limitation on behavior in a
novel environment and 2) the effects of food limitation and preda-
tion risk on OS (see below). We isolated female crickets 10-15 days
post-adult molt from group housing in the colony because G. fex-
ensis have typically mated at least once by 10 days post-adult molt
(Solymar and Cade 1990; Adamo SA, unpublished data). We indi-
vidually housed crickets for 3 days in transparent plastic containers
(18X 14.5 X 9 cm). During this isolation period, we created 2 feeding
treatments: “fed” crickets were supplied with food (cat food pellets)
ad libitum and “fasted” crickets were not supplied with any food.

Trial 1: Behavior in a novel environment

After 3 days of isolation, we used a “plus maze” arena to char-
acterize crickets’ behavior in a novel environment between 11:00
and 13:00 (Figure 1). The arena was 6.5 cm high, 34 cm long, and
constructed of black acrylic. It consisted of an open center region
(8x8cm), 2 covered (sheltered) arms, and 2 open (nonsheltered)
arms. We carefully transferred each cricket from its individual con-
tainer into a translucent cup (height and diameter of base: 7 cm).
We then capped the cup with a sheet of black cardboard before
gently inverting the cup and placing it on the floor of the center
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Figure 1

Top-view schematic of the plus maze arena used in Trial 1: Behavior in
a novel environment. Each cricket began a given trial in the center of the
arena, and its behavior was monitored for 10 min. Detailed information can
be found in Materials and Methods.

of the arena. Next, we carefully removed the black cardboard from
the rim of the cup. After 1 min, we gently raised the cup to expose
the cricket to a novel environment (i.e., the “plus maze” arena).

For 10min, we characterized 8 behaviors associated with the
bold-shy continuum or behavioral activity that were previously
shown to be repeatable in G. texensis (Adamo et al. Forthcoming).
First, we measured “freeze time,” which is the duration of time
between a cricket’s exposure to the novel environment (ie., the
raising of the cup) and any motion by a cricket (e.g., walking,
antennal movement, or grooming). Ireezing is a stereotypic anti-
detection response associated with predation avoidance across taxa
(Chelini et al. 2009; reviewed in Stynoski and Noble 2012). Second,
we measured the number of times each cricket entered/exited a
covered arm (“covered arm exploration”). Crickets should seek
the arena’s covered arms to reduce their risk of predation—thus,
individuals that entered and exited multiple covered arms were
presumably bolder (less risk averse) than those that simply stayed
within a single covered arm during the 10-min trial period. Third,
we measured the proportion of time each cricket spent locomoting
(“locomotion™) as a proxy for behavioral activity. After each trial,
we cleaned the arena with 70% ethanol and returned each cricket
to its individual container. We weighed each cricket between 14:00
and 15:00 before OS trials (see below).

Trial 2: OS

We used a cylindrical arena that has previously been described
(Stahlschmidt and Adamo 2013) to measure OS in G. fexensis after
“plus maze” trials (see above). Briefly, the arena (height: 30.5 cm; diam-
eter: 24cm) had several ports for cotton-filled water bottles (height:
6.2 cm; width: 2.4 cm) that served as oviposition sites. We conducted all
trials overnight and into the next morning between 17:00 on the first
day until 9:00 the second day (16h in total). At each trial’s conclusion,
we counted the number of eggs laid in each oviposition site (2 sites per
cricket) to determine OS. To reduce the scent of previous crickets, we
lined the floor of each arena with clean white paper and wiped the
inside surface of each arena with 70% ethanol prior to each trial.

In front of each oviposition site, we placed a small disposable
weigh boat. We randomly filled one of these 2 weigh boats with
approximately 0.27 g of ground cat food (equivalent to 1 cat food
pellet), whereas the other weight boat was left empty. Thus, only
one oviposition site was adjacent to food. We also placed a shel-
ter over one of the 2 oviposition sites. Each shelter had 2 ports
that allowed crickets access to the water bottle and to leave/enter
the shelter. The shelters were opaque plastic and in the shape of
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a truncated cone (height and diameter of base: 7cm). Crickets
are thigmotactic and prefer sheltered areas over nonsheltered
areas likely due to higher rates of predation in nonsheltered areas
(Sakaluk and Belwood 1984; Hedrick and Dill 1993; Csada and
Neudorf 1995; Hedrick 2000; Stahlschmidt and Adamo 2013).
Thus, we created one oviposition site with low predation risk by
providing shelter, and we created another site with high preda-
tion risk by not providing shelter. Together, this design produced
2 shelter treatment groups: “Food sheltered” was an ideal scenario
(an oviposition site where food was sheltered), whereas “Food not
sheltered” was a nonideal scenario (where crickets were forced to
choose between an oviposition site with food but not shelter and a
site with shelter but not food).

Statistical analyses

We performed all analyses with SPSS (version 19, IBM Corp.), and
we determined 2-tailed significance at o <0.05. All data met the
assumptions of parametric statistics, were transformed as necessary,
or were analyzed using nonparametric tests (see below).

We used principal components analysis (PCA) to generate an
index of behavioral type in a novel environment using “freeze
time,” “covered arm exploration,” and “locomotion” as initial
variables. For subsequent analyses, we included the only principal
component (PC) with an eigenvalue >1 (accounting for 59% of the
variance), which loaded negatively onto “freeze time” (—0.36) and
positively onto “covered arm exploration” (0.89) and “locomotion”
(0.92)—that is, a relatively high PC score reflected less freeze time
and more exploration and activity. Thus, we herein refer to this PC
as “plus maze boldness.”

We also used PCA to generate an index of behavioral type that
integrated behavior in the plus maze and during oviposition. We
” “covered arm exploration,” “locomotion,”
and the proportion of eggs laid in the sheltered oviposition site as
initial variables. For subsequent analyses, we included the only PC
with an eigenvalue >1, which accounted for 47% of the variance.

included “freeze time,

Behavior in the plus maze and during oviposition was correlated
because this PC loaded negatively onto “freeze time” (—0.37) and
the proportion of eggs laid in the sheltered oviposition site (—0.20)
and positively onto “covered arm exploration” (0.89) and “locomo-
tion” (0.92)—that is, a relatively high PC score reflected less freeze
time and relatively fewer eggs laid in the sheltered oviposition site,
and more exploration and activity. Thus, we herein refer to this PC
as “Integrated boldness.”

To determine the effects of food limitation on behavior type, we
used a log-rank test (Mann—Whitney U test) to compare the bold-
ness indices (plus maze boldness and integrated boldness) of fed
and fasted crickets because data were not normally distributed. To
examine a tradeoff between shelter and feeding status during ovipo-
sition, we used a mixed model with the number of eggs laid in the
sheltered oviposition site as the dependent variable, feeding status
and shelter treatment as fixed effects, individual ID as a random
effect, and the total number of eggs laid and femur length (a proxy
for body size) as covariates. To examine a tradeoff between feeding
and oviposition, we used a linear mixed model with the total num-
ber of eggs laid as the dependent variable, feeding treatment and
shelter treatment as fixed eflects, individual ID as a random effect,
and femur length as a covariate. To determine whether food limi-
tation affected behavioral consistency, we used the Fisher R-to-<
transformation to compare the correlation coefficient between
“plus maze boldness” and the proportion of eggs laid in the shel-
tered oviposition site of fed and fasted crickets.
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RESULTS
Trial 1: Behavior in a novel environment

Fasted crickets (» = 28) had a higher plus maze boldness than fed
crickets (n = 29) (U= 277, L= 2.07, P= 0.039)—that is, fasted crickets

tended to be relatively exploratory and active in a novel environment.

Trial 2: OS

The relative number of eggs that females laid at the sheltered
oviposition site was affected by feeding treatment (Fjg5 = 6.61,
P = 0.012) and a feeding X shelter treatment interaction
(Fies = 5.38, P = 0.024), but not by shelter treatment alone
(Fy g4 = 2.41, P = 0.13) or femur length (¥4 = 3.21, P = 0.078)
(Figure 2). The total number of eggs that females laid was affected
by feeding treatment (£ 4 = 18.7, P < 0.001) and a feeding x
shelter treatment interaction (F 5, = 5.43, P = 0.023), but not by
shelter treatment alone (Fg; = 1.69, P = 0.20) or femur length
(Fr 65 = 2.59, P = 0.11) (Figure 3). Thus, fasted crickets laid signifi-
cantly fewer eggs than fed crickets during the trial (Iigure 3).

Effect of fasting on integrated boldness and
behavioral consistency

Fasted crickets (n = 24) had a higher integrated boldness than fed
crickets (n = 23) (U = 154, £ = 2.59, P = 0.010). In other words,
fasted crickets tended to be relatively exploratory and active in a
novel environment, and they tended to lay relatively fewer eggs in
the sheltered oviposition site. We found no difference in behavioral
consistency between crickets in the fed and fasted treatment groups

(2=-1.34, P=0.18).

DISCUSSION

Our first hypothesis that behavioral type was consistent across
contexts was supported because fasted crickets exhibited bolder
or riskier behavior in a novel environment and when ovipositing.
A related field cricket (Gryllus integer) similarly exhibits behavior
type consistency across contexts (activity in a novel environment
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Figure 2

Effects of feeding status (fed or fasted) and shelter status (food sheltered or
not sheltered) on the percentage of eggs oviposited at sheltered oviposition
sites by Gryllus texensis during 16-h trials. Sample sizes are displayed on
each bar, and values are displayed as mean * standard error of the
mean. Significant effects: feeding status and feeding status X shelter status
interaction.

€102 ‘€ ;equissed uo ASBAIUN UBYINoS BIBI0ss) e /610°s[euInofpioxo0ssysdy//:dny woJj pepeojumod


http://beheco.oxfordjournals.org/
http://beheco.oxfordjournals.org/

Page 4 of 5

120 -

L®]

2 |

:“%‘

g

S 80 -

o

(2]

()]

(@]

()

S 40-

[}

Q

5

z
0_

A A A A
Sha O %, Sha O Op,
400 She S 8O0 /e O
e/“e //@ /,gO, ,9/'9 e/f@ /,gO/

Fed Fasted

Figure 3

Effects of feeding status (fed or fasted) and shelter status (food sheltered or
not sheltered) on the number of eggs oviposited by Gryllus texensis during
16-h trials. Sample sizes are displayed on each bar, and values are displayed
as mean T standard error of the mean. Significant effects: feeding status
and feeding status X shelter status interaction.

and aggressive behavior) (Kortet and Hedrick 2007). However, to
our knowledge, we are the first to demonstrate that oviposition
decisions can be integrated into the behavioral type paradigm.
Traditional metrics of behavioral type, such as exploratory behav-
ior and aggression, influence survival and/or reproductive success
across taxa (Smith and Blumstein 2008). However, OS is a wide-
spread trait that entails benefits and costs to mothers (e.g., increased
reproductive success and susceptibility to predation, respectively)
and that affects offspring (e.g., variation in hatching success and
hatchling size: Stahlschmidt and Adamo 2013). Thus, we argue for
the continued incorporation of OS into the behavioral type para-
digm. For example, future research could investigate how rigid or
plastic OS is by measuring its repeatability in different situations.

Fasted crickets were more likely to choose food over shelter when
making an oviposition decision (Figure 2) in support of our second
hypothesis that individuals tradeoft safety with food availability during
oviposition. Fed crickets overwhelmingly chose to oviposit in sheltered
sites with no food (95% of each female’s eggs on average) over non-
sheltered sites with food (Figure 2). However, fasted crickets adopted
a riskier oviposition strategy that included ovipositing relatively more
in sites with food that lacked shelter (Figure 2), presumably due to
increased food motivation as is the case in other animals (reviewed
in Lima and Dill 1990). Crickets are at the bottom of the food chain
and are eaten by a large variety of predators that can appear at any
time (Hedrick 2000). Consequently, there should be heavy selection
against crickets remaining in an exposed position, and even lab-reared
crickets tend to stay in shelter unless actively foraging or searching for
mates (Sakaluk and Belwood 1984; Hedrick and Dill 1993; Csada and
Neudorf 1995; Hedrick 2000; Stahlschmidt and Adamo 2013). We
found that fasted crickets were also bolder or less risk averse in a novel
environment—ypresumably, this increase in exploratory behavior was
due to increased foraging effort. Thus, future efforts should continue
to focus on linking boldness with predator avoidance (e.g., Niemela,
DiRienzo, et al. 2012; Adamo et al. Forthcoming) to better under-
stand the costs and benefits of behavioral type.

In support of our third hypothesis that fasting influences oviposi-
tion, fasted G. fexensis oviposited fewer eggs during trials relative to
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fed crickets (Figure 3). Reduced oviposition was likely not due to
fasted females having fewer eggs available to oviposit because G. fex-
ensis eggs take about 6 days to produce (Shoemaker and Adamo
2007). Therefore, the number of stored eggs should have been
minimally affected by the brief period (3 days) of food limitation
in this study. Rather, oviposition in G. texensis may be constrained by
time because females produce more eggs than they oviposit (Adamo,
unpublished data) similar to other insects (Diaz-Ileischer and Aluja
2003; Xu et al. 2012). Egg laying is time intensive in field crickets
(ca. 1min per egg: Sugawara and Loher 1986). Thus, the time a
fasted female spent feeding may reduce the amount of time avail-
able for ovipositing. Although reproduction-foraging tradeoffs are
widespread—from insects (Scheirs and De Bruyn 2002) to reptiles
(reviewed in Stahlschmidt and DeNardo 2011)—we show that meet-
ing foraging needs may contribute to a reduction in oviposition of
more than 50% in the short term (Iigure 3). Yet, recent work in
G. texensis demonstrates that short-term food deprivation (4 days)
leads to reduced oviposition rate even in the absence of food pre-
sentation—that is, when a reproduction-foraging tradeoff is not pos-
sible (Stahlschmidt ZR, Adamo SA, unpublished data). Thus, food
availability and/or body condition may influence oviposition rate.
Reduced food availability and, as a result, reduced body condition
may downregulate insulin or insulin-like signaling pathways that
regulate several traits in other invertebrates, including reproduction,
growth, and feeding (Richle et al. 2002; Nassel 2012; reviewed in
Van Wielendaele et al. 2013). Future work should examine the con-
sequences of chronic food limitation on the number and quality of
offspring produced by females over their lifespan.

Together, our results demonstrate the complexity of the behav-
ioral type paradigm. Crickets varied consistently across several
contexts because individuals exhibiting riskier (bolder) behavior in
a novel environment also exhibited riskier (bolder) behavior during
oviposition. However, food limitation shifted these interindividual
differences in behavior. Thus, in combination with other recent
work (Niemela, DiRienzo, et al. 2012; Niemela, Vainikka, et al.
2012; Tremmel and Miiller 2013), we demonstrate that environ-
mental conditions may significantly influence behavioral types or
“personality” in insects. We encourage others to continue to use
factorial manipulations and to integrate OS (a behavior tightly
linked to multigenerational fitness) when investigating the causes
and consequences of behavioral types. In particular, future work
could address the interactive effects of ontogenetic factors (e.g.,
predator exposure and social experience: Niemela, Vainikka, et al.
2012) on behavioral type.

FUNDING

Killam Trusts Foundation (to Z.S. and S.A.); National Science and
Engineering Research Council of Canada (to S.A.).

/e thank the Killam Trusts Foundation (to Z.S. and S.A.) and the National
Science and Engineering Research Council of Canada (to S.A.) for fund-
ing support. We also appreciate Michael D’Angelo for assistance and Alison
Bell and two anonymous reviewers for comments on the manuscript.

Handling editor: Alison Bell

REFERENCES

Adamo SA, Kovalko I, Mosher B. Forthcoming. The behavioural effects of
predator-induced stress responses in the cricket (Gryllus texensis): the upside
of the stress response. J Exp Biol.

€102 ‘€ ;equissed uo ASBAIUN UBYINoS BIBI0ss) e /610°s[euInofpioxo0ssysdy//:dny woJj pepeojumod


http://beheco.oxfordjournals.org/
http://beheco.oxfordjournals.org/

Stahlschmidt et al. * Food limitation and integrated boldness

Adamo SA, Lovett MM. 2011. Some like it hot: the effects of climate
change on reproduction, immune function and disease resistance in the
cricket Gryllus texensis. ] Exp Biol. 214:1997-2004.

Bell AM. 2005. Behavioural differences between individuals and two popu-
lations of stickleback (Gasterosteus aculeatus). ] Evol Biol. 18:464-473.

Bell AM. 2007. Future directions in behavioural syndromes research. Proc
Biol Sci. 274:755-761.

Boissy A. 1995. Fear and fearfulness in animals. Quart Rev Biol.
70:165-191.

Brown JS. 1988. Patch use as an indicator of habitat preference, predation
risk, and competition. Behav Ecol Sociobiol. 22:37-47.

Brown JS, Kotler BP. 2004. Hazardous duty pay and the foraging cost of
predation. Ecol Lett. 7:999-1014.

Charnov EL. 1976. Optimal foraging, the marginal value theorem. Theor
Popul Biol. 9:129-136.

Chelini MC, Willemart RH, Hebets EA. 2009. Costs and benefits of
freezing behaviour in the harvestman Fumesosoma roeweri (Arachnida,
Opiliones). Behav Processes. 82:153-159.

Cressler CE, King AA, Werner EE. 2010. Interactions between behavioral
and life-history trade-offs in the evolution of integrated predator-defense
plasticity. Am Nat. 176:276-288.

Csada RD, Neudorf DL. 1995. Effects of predation risk on mate choice in
female Acheta domesticus crickets. Ecol Entomol. 20:393-395.

Dall SR, Bell AM, Bolnick DI, Ratnicks FL. 2012. An evolutionary ecology
of individual differences. Ecol Lett. 15:1189-1198.

Dewitt TJ, Sih A, Wilson DS. 1998. Costs and limits of phenotypic plastic-
ity. Trends Ecol Evol. 13:77-81.

Diaz-Fleischer F Aluja M. 2003. Behavioural plasticity in relation to egg
and time limitation: the case of two fly species in the genus Anastrepha
(Diptera: Tephritidae). Oikos. 100:125-133.

Dingemanse NJ, Both C, Drent PJ, Tinbergen JM. 2004. Fitness conse-
quences of avian personalities in a fluctuating environment. Proc Biol
Sci. 271:847-852.

Dingemanse NJ, Wright J, Kazem AJ, Thomas DK, Hickling R, Dawnay N.
2007. Behavioural syndromes differ predictably between 12 populations
of three-spined stickleback. J Anim Ecol. 76:1128-1138.

Hedrick AV. 2000. Crickets with extravagant mating songs compensate for
predation risk with extra caution. Proc Biol Sci. 267:671-675.

Hedrick AV, Dill LM. 1993. Mate choice by female crickets is influenced by
predation risk. Anim Behav. 46:193-196.

Heiderstadt KM, McLaughlin RM, Wright DC, Walker SE, Gomez-Sanchez
CE. 2000. The effect of chronic food and water restriction on open-field
behaviour and serum corticosterone levels in rats. Lab Anim. 34:20-28.

Kim TW, Sakamoto K, Henmi Y, Choe JC. 2008. To court or not to court:
reproductive decisions by male fiddler crabs in response to fluctuating
food availability. Behav Ecol Sociobiol. 62:1139-1147.

Kortet R, Hedrick A. 2007. A behavioural syndrome in the field cricket
Gryllus integer: intrasexual aggression is correlated with activity in a novel
environment. Biol J Linn Soc. 91:475-482.

Lima SL. 1998. Stress and decision making under the risk of predation:
recent developments from behavioral, reproductive, and ecological per-
spectives. Stress Behav. 27:215-290.

Lima SL, Dill LM. 1990. Behavioral decisions made under the risk of pre-
dation — a review and prospectus. Can J Zool. 68:619-640.

Luttbeg B, Sih A. 2010. Risk, resources and state-dependent adap-
tive behavioural syndromes. Philos Trans R Soc Lond B Biol Sci.
365:3977-3990.

Metcalfe NB, Fraser NHC, Burns MD. 1999. Food availability and the
nocturnal vs. diurnal foraging trade-off in juvenile salmon. J Anim Ecol.
68:371-381.

Nassel DR. 2012. Insulin-producing cells and their regulation in physiology
and behavior of Drosophila. Can J Zool. 90:476-488.

Page 5 of 5

Niemela PT, DiRienzo N, Hedrick AV. 2012. Predator-induced changes in
the boldness of naive field crickets, Gryllus integer, depends on behavioural
type. Anim Behav. 84:129-135.

Niemela PT, Vainikka A, Lahdenpera S, Kortet R. 2012. Nymphal den-
sity, behavioral development, and life history in a field cricket. Behav Ecol
Sociobiol. 66:645-652.

Preisser EL, Bolnick DI, Benard MF. 2005. Scared to death? The effects
of intimidation and consumption in predator-prey interactions. Ecology.
86:501-509.

Pruitt JN, Riechert SE, Iturralde G, Vega M, Fitzpatrick BM, Avilés L.
2010. Population differences in behaviour are explained by shared within-
population trait correlations. ] Evol Biol. 23:748-756.

Reéale D, Festa-Bianchet M. 2003. Predator-induced natural selection on
temperament in bighorn ewes. Anim Behav. 65:463-470.

Riehle MA, Garczynski SE Crim JW, Hill CA, Brown MR. 2002.
Neuropeptides and peptide hormones in Anopheles gambiae. Science.
298:172-175.

Royle NJ, Smitheth PT, Kolliker M. 2012. The evolution of parental care.
Oxford: Oxford University Press.

Sakaluk SK, Belwood JJ. 1984. Gecko phonotaxis to cricket calling song — a
case of satellite predation. Anim Behav. 32:659-662.

Scheirs J, De Bruyn L. 2002. Integrating optimal foraging and optimal ovi-
position theory in plant-insect research. Oikos. 96:187-191.

Shoemaker KL, Adamo SA. 2007. Adult female crickets, Gryllus texensis,
maintain reproductive output after repeated immune challenges. Physiol
Entomol. 32:113-120.

Sih A. 1992. Prey uncertainty and the balancing of antipredator and feed-
ing needs. Am Nat. 139:1052-1069.

Sih A, Bell A, Johnson JC. 2004. Behavioral syndromes: an ecological and
evolutionary overview. Trends Ecol Evol. 19:372-378.

Smith BR, Blumstein DT. 2008. Fitness consequences of personality: a
meta-analysis. Behav Ecol. 19:448-455.

Smith JA, Harrison TJE, Martin GR, Reynolds SJ. 2013. Feathering the
nest: food supplementation influences nest construction by Blue (Cyanistes
caeruleus) and Great Tits (Parus major). Avian Biol Res. 6:18-25.

Sogard SM, Olla BL. 1996. Food deprivation affects vertical distribution
and activity of a marine fish in a thermal gradient: potential energy-con-
serving mechanisms. Mar-Ecol Prog Ser. 133:43-55.

Solymar B, Cade WH. 1990. Age of 1st mating in field crickets, Gryllus inte-
ger (Orthoptera, Gryllidae). Florida Entomol. 73:193-195.

Stahlschmidt ZR, Adamo SA. 2013. Warm and cozy: temperature and
predation risk interactively affect oviposition-site selection. Anim Behav.
86:553-558.

Stahlschmidt ZR, DeNardo DF. 2011. Parental care in snakes. In: Aldridge
RD, Sever DM, editors. Reproductive biology and phylogeny of snakes.
Enfield (NH): Science Publishers Inc. p. 673-702.

Stynoski JL, Noble VR. 2012. To beg or to freeze: multimodal sen-
sory integration directs behavior in a tadpole. Behav Ecol Sociobiol.
66:191-199.

Sugawara T, Loher W. 1986. Oviposition behavior of the cricket
Teleogryllus-commodus—observation of external and internal events.
J Insect Physiol. 32:179-188.

Tremmel M, Miller C. 2013. Insect personality depends on environmental
conditions. Behav Ecol. 24:386-392.

Van Wielendaele P, Badisco L, Vanden Broeck J. 2013. Neuropeptidergic
regulation of reproduction in insects. Gen Comp Endocrinol.
188:23-34.

Wilson DS. 1998. Adaptive individual differences within single populations.
Phil Trans Roy Soc B-Biol Sci. 353:199-205.

Xu LL, Zhou CM, Xiao Y, Zhang PE Tang Y, Xu Y]J. 2012. Insect oviposi-
tion plasticity in response to host availability: the case of the tephritid
fruit fly Bactrocera dorsalis. Ecol Entomol. 37:446-452.

€102 ‘€ ;equissed uo ASBAIUN UBYINoS BIBI0ss) e /610°s[euInofpioxo0ssysdy//:dny woJj pepeojumod


http://beheco.oxfordjournals.org/
http://beheco.oxfordjournals.org/

