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Abstract

Female-biased predation is an uncommon phenomenon in nature since males of many species take on riskier behaviours to
gain more mates. Several species of sphecid wasps have been observed taking more female than male prey, and it is not
fully understood why. The solitary sphecid Isodontia mexicana catches more adult female tree cricket (Oecanthus nigricornis)
prey. Previous work has shown that, although female tree crickets are larger and thus likely to be more valuable as prey than
males, body size alone cannot fully explain why wasps take more females. We tested the hypothesis that wasps catch adult
female tree crickets more often because bearing eggs impedes a female’s ability to escape predation. We compared female
survivors to prey of I. mexicana, and found that females carrying more eggs were significantly more likely to be caught by
wasps, regardless of their body size and jumping leg mass. We also conducted laboratory experiments where females’
jumping responses to a simulated attack were measured and compared to her egg load and morphology. We found a
significant negative relationship between egg load and jumping ability, and a positive relationship between body size and
jumping ability. These findings support the hypothesis that ovarian eggs are a physical handicap that contributes to female-
biased predation in this system. Predation on the most fecund females may have ecological-evolutionary consequences
such as collapse of prey populations or selection for alternate life history strategies and behaviours.
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include female-biased sex size dimorphism [6,8]; risky mating
behaviour such as mate-search [9], intrasexual competition [10] or
copulation [11-13]; or risks associated with rearing young, such as
trading-off vigilance for increased foraging [14,15], and guarding
eggs or young [16]. The physical stress and morphological changes
associated with carrying young or eggs may also lead to increased
female mortality. Gravid or ovigerous females are often reported
to suffer higher predation [17-21]. This increased mortality can

Introduction

Sex- biased predation is common in nature, and can have
significant evolutionary consequences for prey. For example, male-
biased predation can lead to rapid evolution of new phenotypes
and life-history strategies (e.g. [1]). While much is known about the
causes and consequences of male-biased predation [2,3], female-
biased predation is comparatively uncommon and requires further

understanding, especially since female-biased mortality can cause
unstable population dynamics which potentially leads to popula-
tion collapse [4]. Female-biased predation is evolutionarily
significant because it can lead to changes in prey behaviour and
life history strategies. In populations at high risk of predation,
females can prefer less conspicuous mates [5], or become less
receptive to courtship [6], and this, in turn, can lead to the
evolution of alternative mating strategies by males [7].

Broadly, the mechanisms of female-biased predation can be
classified as either predator-mediated (that predators have a
preference for or an improved ability to catch females) or prey-
mediated (morphology or life-history traits of females put them at
greater risk of predation), but many instances of female-biased
predation will likely be influenced by both mechanisms. Life-
history traits that can lead to increased predation on females
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sometimes be attributed to the physical handicap of females
carrying and developing eggs [17,22,23]. Furthermore, in species
where females transfer eggs to a conspecific, it is often the egg-
bearing individual that suffers from increased predation (e.g.
Pipefish Nerophis ophidion: [24], Golden egg bug Phyllomorpha
laciniata: [25]).

Although female-biased predation occurs infrequently among
insects in general [4], it occurs commonly among arthropods
hunted by sphecid and crabronid wasps as fresh (paralysed)
provisions for wasps’ larvae [11,26-31]. Isodontia mexicana, a
sphecid, has been observed provisioning its nest with more female
than male tree crickets (Oecanthus nigricornis and O. quad-
ripunctatus) [32,33]. The 1. mexicana and tree cricket system is an
ideal one for examining the causes of sex-biased predation, since
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these wasps will nest in artificial trap nests [38], allowing many of
their intact prey to be sampled. I. mexicana prefer larger prey, and
although size accounts in part for the female bias, when body size
is controlled statistically, female crickets are still more likely to be
taken than males [34]. It is possible that sex-specific traits of female
crickets, in particular ovarian eggs, make them more vulnerable to
wasp predation. A common response to predator stimulus among
orthopterans is jumping to evade the predator [35,36]. In jumping
orthopterans, jump performance depends on both leg muscle mass
and body mass [37], and females with more eggs are expected to
be more constrained when jumping to escape a predator. In this
paper, we test this hypothesis, predicting first that female crickets
caught by wasps have more ovarian eggs than survivors, and
second, that more eggs decrease a female’s mobility by restricting
jumping distances.

Methods

Black-horned tree crickets (Oecanthus nigricornis) are common
and widespread orthopterans in meadows of North America
[39,40]. They are univoltine in Canada, and adults are present
between July and September. Females are polyandrous and
receive a nutritionally valuable nuptial gift during courtship [41]
from metanotal gland secretions consumed during and after
courtship [42]. A mated female O. nigricornis chews a hole into
the stem of a suitable plant (usually raspberry, goldenrod, or
sumac), and digs a chamber into the pith using her ovipositor, into
which she deposits an egg [42]. It can take ten to thirty minutes to
lay a single egg in this fashion, and a female may lay about a dozen
eggs in a single session of oviposition [42]. Mated females may be
restricted in unburdening themselves of eggs quickly and they may
hold several dozen mature ovarian eggs [42]. Egg-laden female
Oecanthus often show visibly distended abdomens in nature [43]
(Figure la and b). Oecanthus crickets are often preyed upon by I.
mexicana [44], a solitary sphecid wasp that paralyzes and
provision their nests with crickets and small katydids [45]
(Figure lc and d).

Between 2009 and 2012, we placed out artificial trap-nests each
season 1in tree cricket habitat at the University of Toronto Koffler
Scientific Reserve (KSR) in King City, ON (44°03'N, 79°54'W).
Trap-nests were blocks of wood with drilled bores, and topped
with acrylic lids to allow viewing of contents [46]. Thirty-five
blocks were stacked in a box on a platform about 1 m off the
ground, and covered with a shingled roof. Every year, from the
beginning of the I. mexicana nesting season (mid- to late- July),
recently-provisioned prey were sampled approximately weekly
from trap-nests. At these times, surviving tree crickets were also
sampled via haphazard net sweeps in the habitat surrounding the
trap nests. All adult female samples were sacrificed and preserved
in 95% ethanol until they could be dissected. See [34] for a more
detailed description of the trap-nest setup and sampling. In 2011,
there were too few adult female crickets found in I. mexicana nests
(8 crickets, likely caught by only 2 different wasps) to perform any
meaningful comparison, so these data were omitted from the
analysis.

To test whether females with more eggs are less mobile than
their less fecund sisters, we reared 29 female O. nigricornis to
adulthood in the lab and tested their jumping performance.
Crickets were caught as 4™ or 5™ instar nymphs from a wild
population on the University of Toronto at Mississauga campus in
the summer of 2013. Captive crickets were housed in separate
10 cm diameter Plexiglas cylinders and given food (pollen, cat
food, and occasionally apple) and water ad lLibidum, as well as
10 cm sections of raspberry stem as oviposition substrate. Jumping
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trials commenced two weeks after all crickets had reached
maturity. For each trial, an individual cricket was placed in the
centre of a 48 cmx62 cm paper-lined arena. To prevent contact
pheromones from previous subjects affecting behaviour, paper was
changed between trials. Each cricket was allowed 15 minutes to
habituate to the arena, and then a predator attack was simulated
by brushing her hind leg with a paintbrush. The technician who
simulated predation was blind to the hypothesis of the experiment.
Female jumps were recorded by a camera (Casio EX-S7) on a
tripod positioned downwards towards the inside of the arena. The
tracking software Kinovea (version 0.8.15) was used to replay the
recordings on a computer and measure the cricket’s jump distance.
Each female was tested twice, and the longer of the two jumps was
used in statistical analysis. Following the trials, crickets were
sacrificed and preserved in 95% ethanol until they could be
dissected and measured.

The ovaries of all adult female O. mnigricornis from field
sampling and laboratory jump trials were dissected and mature
eggs were counted to determine egg load. Mature eggs were
identified as being smooth, whitish-yellow, with a visible,
differentiated cap. Females with internal parasites were removed
from further analysis. The hind jumping legs of all females from
field sampling and lab trials were removed and dried in a
desiccating oven at 50°C for 75 minutes (15 minutes after any
change in mass was detectible) and weighed on a Mettler Toledo
balance. Dry leg mass was used instead of wet mass to correct for
differences in liquid loss or absorption between older and more
recently collected crickets due to storage in ethanol. Although
body mass of crickets is likely an important variable in predicting
jumping performance [37], we did not include it in our analysis
because paralysed crickets sampled from wasp nests necessarily
have lower mass than survivors due to excreting but not ingesting.
Instead we measured pronotum length as a proxy for overall body
mass, since the two traits are strongly correlated [34]. Pronotum
length was measured using Image] software from photographs
taken by an AmScope 5 MP digital camera mounted to a Wild
Heerbrugg M5A dissecting microscope.

All statistics were computed using R version 3.0.2 [47]. To
determine if egg load, leg mass, and body size affect a females’
chance of surviving wasp predation in the wild, we used logistic
regression of a generalized linear model. We first tested a model
with leg mass, egg number, and pronotum length, pair-wise
interactions between morphological variables, sampling vyear,
sampling date as a blocking factor. We removed non-significant
terms from the model using the R function “step”, and removed
terms with a variance inflation score over 20. To compare day
effects across the years, we converted sampling date to relative
date: we numbered the first day of each year that adult female
survivors and prey were collected as day 1 and the last day as day
n. We then divided each day number by n and multiplied it by the
days in the longest sampling season (22 days).

To determine the effect of female cricket egg load, leg mass, and
body size on jump distance in the lab, we performed a multiple
regression. Leg mass was log-transformed to conform to a normal
distribution. We started by testing a model of the effect of egg
number, leg mass, pronotum length, and all pair-wise interactions
on jump distance. We removed non-significant terms from the
model using the R function “step”, and removed terms with a
variance inflation score over 20.

Results

The number of eggs in a female tree cricket was significantly
negatively related to her chances of surviving wasp predation in
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Figure 1. Adult female tree crickets Oecanthus nigricornis with a) few ovarian eggs and b) an abdomen full of ovarian eggs; ¢/
Predaceous wasp /sodontia mexicana (marked with a bee tag); and d) /. mexicana (marked with white paint) in a nest bore she is
provisioning with paralysed O. nigricornis crickets. Below her is a nest provisioned with spiders by Trypoxylon lactitarse. Photos by K. Ercit.

doi:10.1371/journal.pone.0110298.9001

the wild (= —0.10, P<<0.01) (Table 1b). Neither leg mass, body
size, year nor any interactions between morphological variables
were significantly related to chance of survival. In every sampling
year, prey females held more eggs than survivor females (Table 2
and Figure 2). As reported in a previous publication [34], wasps
took significantly more female prey than was representative of the
cricket population (2009: prey 1:2.3 (m:f), survivors 1:1.3; 2010:
prey 1:1.8, survivors 1:1.3; 2012 prey 1:2.3, survivors 1:1.1).

Lab-reared females had more eggs than those found in the wild,
and were smaller in general (Table 2). Multiple regression revealed
that egg number and pronotum length significantly affected jump
distance: pronotum length affected jump distance positively
(f=18.1, P=0.02), and the number of eggs affected jump
distance negatively (f=—0.11, P<<0.01) (Figure 3). Neither leg
mass nor any interactions between variables had a significant effect
on jump distance (Table la). Multicollinearity was not a
significant problem in either field or laboratory analysis: in the

Table 1. Results of multiple regressions testing variables of female Oecanthus nigricornis that explain a) the distance they can
jump; and b) the chance of surviving predation in the wild by Isodontia mexicana wasps.

a) Lab experiment

n=29 Term Coefficient P
Intercept —19.2 0.17
Leg mass (mg) 0.88 0.91
Egg number —0.1 <0.01
Pronotum length (mm) 18.1 0.02

b) Field sampling

n=189 Term Coefficient P
Intercept 1.01 0.73
Egg number —0.10 <0.01
Leg mass (mg) 1.29 0.18
Pronotum length (mm) —-1.19 0.42
Relative sampling date 0.07 0.01

doi:10.1371/journal.pone.0110298.t001
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The original regression models contained leg mass, ovarian egg number, pronotum length, all pair-wise interaction terms, and (for the field data) year, and sampling
date as a blocking factor. Non-significant interaction terms were removed via model simplification. Bold terms indicate significance at o= 0.05.
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Table 2. Summary statistics of morphological traits and number of mature eggs in female Oecanthus nigricornis reared in the lab
as well as those from a wild population that survived and succumbed to predation by wasp Isodontia mexicana.

Median and IQR

Mean =SEM

Egg number Pronotum length (mm) Leg mass (mg)
Lab-reared 39 (21-69) 2.30%+0.022 1.13£0.042
2009 Survivor 4 (0-11) 2.32+0.019 1.260.041
2009 Prey 19 (6-30) 2.34+0.018 1.32+0.031
2010 Survivor 0 (0-10) 2.51+0.024 1.41+0.063
2010 Prey 10 (0-21) 2.50%0.031 1.43£0.056
2012 Survivor 13 (0-17) 2.51%0.022 1.58+0.054
2012 Prey 17 (5-24) 2.52*0.020 1.57£0.042

doi:10.1371/journal.pone.0110298.t002

final, simplified models, variance inflation scores of any term did
not exceed 3.

Discussion

Both of our initial predictions were supported: in the wild, the
number of mature ovarian eggs had a significant negative
relationship with a female cricket’s chances of surviving wasp
predation. Also, in laboratory experiments, the number of mature
ovarian eggs had a negative effect on jump distance. These
findings support the hypothesis that female-biased predation of
adult O. nigricornis by wasps is influenced by female prey being
physically handicapped by ovarian eggs. We cannot rule out the
hypothesis that wasps actively prefer ovigerous females, as
observed in the jumping spider Portia labiata hunting its spitting
spider prey, Scytodes pallida [48]. It is also possible that wasps take
females with more eggs because they are larger and easier for a
predator to detect. We included pronotum length in our analyses
as proxy of body mass, and we found no effect of pronotum length
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Figure 2. Number of mature ovarian eggs from wild female
Oecanthus nigricornis that were prey (triangles and dashed line)
and survivors (filled circles and solid line) of /sodontia mexicana.
doi:10.1371/journal.pone.0110298.9g002
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on risk of capture by wasps, but egg-laden females with distended
abdomens [43], may be more detectable.

We note that pronotum length had a positive effect on jump
distance in the laboratory experiment, but did not find evidence of
this relationship in the wild. Although larger-bodied crickets in the
wild may be able to jump farther, these crickets may be more
detectable by predators. This discrepancy may also be due to the
fact that animals often perform differently in nature versus in
laboratory experiments [49]. Our finding that leg mass had no
detectable effect on either jump performance or survival in the
wild is consistent with results for another jumping orthopteran, the
grasshopper Melanoplus femurrubrum, where improvement in
jumping performance and predation avoidance was not due to
differences in leg size [33].

The greater predation risk for egg-laden females may explain
why other solitary wasps often take more female prey. Not only
would egg-burdened prey take less energy to catch, but there are
probably nutritional benefits of large, egg-laden prey because they
are nutrient-rich and likely easier to digest [50], and their higher
value means fewer foraging trips. Sphecid wasps provision a
certain mass of prey per egg rather than a certain number [26],
and tend to take as close to the maximum mass of prey that they
are able to carry per trip [51]. Energetic benefits likely contribute
to the overrepresentation of adult females in the prey of I
mexicana and other predatory wasps.

Predation on fecund females is unlikely to result in total
selection on prey females for fewer mature eggs as mortality costs
are probably countered by sexual or fecundity selection to produce
more eggs. Not only are females with more eggs likely to have
more surviving offspring, but males also tend to prefer females that
appear to bear more eggs [52]. This male preference is especially
important in a nuptial gift-giving species like O. nigricornis
because females that mate more receive more gifts, which can
further increase their reproductive output [41]. When multiple
mating is beneficial to females, sexual selection may occasionally
result in female ornaments that accentuate fecundity, as seen in
dance flies Rhamphomyia longicauda [53]. Even though these
ornaments carry a mortality cost [54], they persist, likely because
males are attracted to larger females.

A bias in predation on fecund females by sphecids may hold
potentially important consequences for prey populations. In
addition to greatly reducing local prey populations [55] and
creating unstable population dynamics [4], hunting the most
fecund females likely further limits tree cricket population growth.
This potentially strong viability selection on females may result in
selection for alternative behaviours and life history strategies in
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Figure 3. The relationship between a) the number of ovarian eggs and b) the pronotum length (as a proxy for body mass) and the
distance a female Oecanthus nigricornis can jump in laboratory conditions.

doi:10.1371/journal.pone.0110298.9003

females such as delayed reproduction [19], or reduced movement
and increased crypsis [56].

Supporting Information

Data S1 Raw data from the collection of Oecanthus nigricornis
as survivors and prey of the predaceous wasp Isodontia mexicana
at Koffler Scientific Reserve, as well as results of laboratory
experiments of O. nigricornis jump performance. Includes the date
of collection, survival status, ovarian egg number, and morpho-
logical measurements for field samples; and ovarian egg number,
morphological measurements, and results of laboratory jumping
trials.

(XLSX)

References

1. Zuk M, Rotenberry JT, Tinghitella RM (2006) Silent night: adaptive
disappearance of a sexual signal in a parasitized population of field crickets.
Biol Lett 2: 521-524.

2. Trivers RL (1972) Parental investment and sexual selection. In: Campbell B,
editor. Sexual Selection and the Descent of Man 1871-1971. Chicago, U.S.A.:
Aldine. 136-179.

3. Burk T (1982) Evolutionary significance of predation on sexually signalling
males. Florida Entomol 65: 90-104.

4. Boukal DS, Berec L, Krivan V (2008) Does sex-selective predation stabilize or

destabilize predator-prey dynamics? PLoS One 3: €2687.

. Hedrick A 'V, Dill LM (1993) Mate choice by female crickets is influenced by

predation risk. Anim Behav 46: 193-196.

6. Su KFY, Li D (2006) Female-biased predation risk and its differential effect on
the male and female courtship behaviour of jumping spiders. Anim Behav 71:
531-537.

7. Endler JA (1987) Predation, light intensity and courtship behaviour in Poecilia
reticulata (Pisces: Poeciliidac). Anim Behav 35: 1376-1385.

8. Pocklington R, Dill LM (1995) Predation on females or males: who pays for
bright male traits? Anim Behav 49: 1122-1124.

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

10. Bussiére LF, Gwynne DT (2002) Female mating swarms increase predation risk
in a “role-reversed” dance fly (Diptera: Empididae: Rhamphomyia longicauda
Loew). Behaviour 139: 1425-1430.

11. Kemp DJ (2012) Costly copulation in the wild: mating increases the risk of
parasitoid-mediated death in swarming locusts. Behav Ecol 23: 191-194.

12. Arnqvist G (1989) Multiple mating in a water strider: mutual benefits or
intersexual conflict? Anim Behav 38: 749-756.

13. Rowe L (1994) The costs of mating and mate choice in water striders. Anim
Behav 48: 1049-1056.

14. Gotmark F, Post P, Olsson J, Himmelmann D (1997) Natural selection and
sexual dimorphism: sex-biased sparrowhawk predation favours crypsis in female
chaffinches. Oikos 80: 540-548.

o

PLOS ONE | www.plosone.org

Acknowledgments

We thank Melanie Morrow for help conducting laboratory experiments
and measuring cricket samples, and Edyta Piascik and Kendra Lahut for
help with collecting samples from the field. The advice of Peter Hallett was
invaluable for constructing and setting up wasp trap nests. Arthur Weis and
Koffler Scientific Reserve at Joker’s Hill provided access to study sites and
field support.

Author Contributions

Conceived and designed the experiments: KE AMN DTG. Performed the
experiments: KE AMN. Analyzed the data: KE. Contributed to the writing
of the manuscript: KE AMN DTG.

15. Post P, Gotmark F (2006) Foraging behaviour and predation risk in male and
female eurasian blackbirds (Turdus merula) during the breeding season. Auk
123: 162-170.

16. Post P, Gétmark F (2006) Predation by sparrowhawks Accipiter nisus on male
and female pied flycatchers Ficedula hypoleuca in relation to their breeding
behaviour and foraging. J Avian Biol 37: 158-168.

17. Shine R (1980) “Costs” of reproduction in reptiles. Oecologia 46: 92-100.

18. Hairston NG, Walton WE, Li KT (1983) The causes and consequences of sex-
specific mortality in a freshwater copepod. Limnol Oceanogr 28: 935-947.

19. Berglund A, Rosenqvist G (1986) Reproductive costs in the prawn Palaemon
adspersus: effects on growth and predator vulnerability. Oikos 46: 349-354.

20. Madsen T (1987) Cost of reproduction and female life-history tactics in a
population of grass snakes, Natrix natrix, in southern Sweden. Oikos 49: 129—
132.

21. Lewis SE, Loch-Mally AM (2010) Ovigerous female amphipods (Gammarus
pseudolimnaeus) face increased risks from vertebrate and invertebrate predators.
J Freshw Ecol 25: 395-402.

22. Seigel RA, Huggins MM, Ford NB (1987) Reduction in locomotor ability as a
cost of reproduction in gravid snakes. Oecologia 73: 481-485.

23. Kullberg C, Houston DC, Metcalfe NB (2002) Impaired flight ability
reproduction in female blue tits. Behav Ecol 13: 575-579.

24. Svensson I (1988) Reproductive costs in two sex-role reversed pipefish species
(Sygnathidae). J Anim Ecol 57: 929-942.

25. Kaitala A, Espadaler X, Lehtonen R (2000) Ant predation and the cost of egg
carrying in the golden egg bug: experiments in the field. Oikos 89: 254-258.

26. Lin N (1979) Differential prey selection for the sex of offspring in the cicada killer
Specius speciosus (Hymenoptera: Sphecidae). Proc Entomol Soc Washingt 81:
269-275.

27. Gwynne DT, Dodson G (1983) Nonrandom provisioning by the digger wasp,
Palmodes-laeviventris (Hymenoptera, Sphecidae). Ann Entomol Soc Am 76:
434-436.

28. Volkova T, Matthews RW, Barber MC (1999) Spider prey of two mud dauber

wasps (Hymenoptera: Sphecidae) nesting in Georgia’s Okefenokee swamp.

J Entomol Sci 34: 322-327.

a cost of

October 2014 | Volume 9 | Issue 10 | e110298



29.

30.

31.

36.

37.

38.

39.

40.

41.

O’Neill KM, O’Neill RP (2007) Nests and prey of Isodontia elegans (F. Smith)
(Hymenoptera: Sphecidae) in Montana, U.S.A. Entomol News 118: 139-142.

Hook AW (2004) Nesting behavior of Chlorion cyanewm (Hymenoptera:
Sphecidae), a predator of cockroaches (Blattaria: Polyphagidae). J Kansas
Entomol Soc 77: 558-564.

Kurczewski FE, Coville RE, Schal C (2010) Observations on the nesting and
prey of the solitary wasp, Tachysphex inconspicuus, with a review of nesting
behavior in the 7. obscuripennis species group. J Insect Sci 10: 1-16.

. O’Neill KM, O’Neill RP (2003) Sex allocation, nests, and prey in the grass-

carrying wasp Isodontia mexicana (Saussure) (Hymenoptera: Sphecidae).
J Kansas Entomol Soc 76: 447-454.

. O’Neill KM, ONeill JF (2009) Prey, nest associates, and sex ratios of Isodontia

mexicana (Saussure) (Hymenoptera: Sphecidae) from two sites in New York
State. Entomol Am 115: 90-94.

. Ercit K (2014) Size and sex of cricket prey predict capture by a sphecid wasp.

Ecol Entomol 39: 195-202.

. Hawlena D, Kress H, Dufresne ER, Schmitz OJ (2011) Grasshoppers alter

jumping biomechanics to enhance escape performance under chronic risk of
spider predation. Funct Ecol 25: 279-288.

Dangles O, Pierre D, Christides JP, Casas J (2007) Escape performance
decreases during ontogeny in wild crickets. J Exp Biol 219: 3165-3170.
Bennet-Clark HC (1975) The energetics of the jump of the locust Schistocerca
gregaria. J Exp Biol 63: 53-83.

Krombein K V (1967) Trap-nesting Wasps and Bees: Life Histories, Nests, and
Associates. Washington DC: Smithsonian Press.

Vickery VR, Kevan DKM (1985) The Grasshoppers, Crickets, and Related
Insects of Canada and Adjacent Regions. Ottawa, Canada: Canadian
Government Services.

Capinera JL, Scott RD, Walker TJ (2005) Field Guide to Grasshoppers,
Katydids, and Crickets of the United States. Ithaca NY U.S.A.: Cornell
University Press.

Brown WD (1997) Courtship feeding in tree crickets increases insemination and
female reproductive life span. Anim Behav 54: 1369-1382.

PLOS ONE | www.plosone.org

42,

43.

44.

46.

47.

48.

49.

50.

51.

52.

53.

54.

56.

Egg Load and Predation in Tree Crickets

Fulton BB (1915) The tree crickets of New York: life history and bionomics. New
York Agric Exp Stn Tech Bull 42: 53.

Ayers H (1884) On the development of Oecanthus niveus and its parasite, Teleas.
Bost Soc Nat Hist 3: 225-281.

Medler JT (1965) Biology of Isodontia (Murrayella) mexicana in trap-nests in
Wisconsin (Hymenoptera: Sphecidae). Ann Entomol Soc Am 58: 137-142.

. Iwata K (1976) Evolution of instinct: comparative ethology of Hymenoptera.

New Delhi, India: Published for the Smithsonian Institution and the National
Science Foundation by Amerind Pub. Co.

Hallett PE (2001) Building hives and observation nest blocks for solitary bees and
wasps. Am Bee J 141: 441-444.

R Development Core Team (2013) R: A language and environment for
statistical computing. Available: http://www.r-project.org/.

Li D, Jackson RR (2003) A predator’s preference for egg-carrying prey: a novel
cost of parental care. Behav Ecol Sociobiol 55: 129-136.

Irschick DJ (2003) Measuring performance in nature: implications for studies of
fitness within populations. Integr Comp Biol 43: 396-407.

Frick MG, Williams KL, Bolten AB, Bjorndal KA, Martins HR (2009) Foraging
ecology of oceanic-stage loggerhead turtles Caretta caretta. Endanger Species
Res 9: 91-97.

Coclho JR, Ladage LD (1999) Foraging capacity of the great golden digger wasp
Sphex ichneumoneus. Ecol Entomol 24: 480-483.

Bonduriansky R (2001) The evolution of male mate choice in insects: a synthesis
of ideas and evidence. Biol Rev 76: 305-339.

Funk DH, Tallamy DW (2000) Courtship role reversal and deceptive signals in
the long-tailed dance fly, Rhamphomyia longicauda. Anim Behav 59: 411-421.
Gwynne DT, Bussiére LF, Ivy T (2007) Female ornaments hinder escape from
spider webs in a role-reversed swarming dance fly. Anim Behav 73: 1077-1082.

. Dukas R (2005) Bumble bee predators reduce pollinator density and plant

fitness. Ecology 86: 1401-1406.

Cooper WE, Vitt L], Hedges R, Huey RB (1990) Locomotor impairment and
defense in gravid lizards (Eumeces laticeps): behavioral shift in activity may offset
costs of reproduction in an active forager. Behav Ecol Sociobiol 27: 153-157.

October 2014 | Volume 9 | Issue 10 | €110298


http://www.r-project.org/

