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Senescence in field crickets (Orthoptera;
Gryllidae): examining the effects of sex and a
sex-biased parasitoid

David A. Gray and William H. Cade

Abstract: The evolutionary theory of aging proposes that senescence is related to decreased selection against deleteri
ous mutations acting late in life. Senescence, i.e., an increase in intrinsic mortality with age, should reflect levels of
extrinsic mortality early in life. We tested these predictions using two species of field criékgtus integerand

Gryllus pennsylvanicusGryllus integermales are host to a sex-biased parasitoid fly, which orients to the male calling
song. As a result, males have reduced life expectancy compared with females in the field. In contrast,

G. pennsylvanicusnales and females appear to have similar life expectancies in the wild. Thus, we predicted that there
would be a significant species x sex interaction, w&hintegermales having the shortest life-span. In two replicates,

we found that males of both species died at a significantly younger age than females. However, no evidence of a
species x sex interaction was found: in the first replic&@ejntegermales died earliest, in the second replicate,

G. pennsylvanicusnales died earliest.

Résumé: La théorie évolutive sur le vieillissement suppose que la sénescence est reliée a une sélection moins impor
tante contre les mutations déléteres qui agissent au cours de la phase tardive de la vie. La sénescence, c.-a-d. I'aug-
mentation de la mortalité intrinséque en fonction de I'age, devrait refléter les degrés de mortalité extrinséque du début
de la vie. Nous avons vérifié ces prédictions chez deux especes de grilHiorikis integeret Gryllus pennsylvanicus

Les males de5. integerservent d’hdtes a une mouche parasitoide qui a une préférence pour les males et qui les trouve

en s'orientant d’apres leurs cris d’appel. Il en résulte que les males ont une espérance de vie réduite par rapport a celle
des femelles en nature. Par ailleurs, les males et les femell& gennsylvanicusemblent avoir la méme espér-

ance de vie en nature. Nous avons donc posé en hypothése qu’il y aurait une interaction significative espéce x sexe
par laquelle les males d8. integerdoivent avoir la longévité la plus courte. Dans deux expériences répétées, nous

avons constaté que les méles des deux espéces meurent a un age significativement plus jeune que les femelles. Cepen-
dant, nous n'avons observé aucun indice d’interaction espece x sexe : dans la premiéere expérience, les males de

G. integersont morts avant alors que, dans la seconde, les mal& gennsylvanicusont morts les premiers.

[Traduit par la Rédaction]

Introduction senescence at later ages than species with high rates of ex

trinsic mortality. A variety of evidence supports this predic

The evolutionary theory of aging proposes that an in 4gp (reviewed in Comfort 1979; Rose 1991).

crease in intrinsic mortality with age (senescence) is the
outcome of the decreased strength of selection opposi
age-specific deleterious mutations acting late in life (Williams
1957; Rose 1991). These deleterious mutations may ha
either pleiotropic beneficial effects or be neutral with respec
to survival and reproduction when young. Senescence i
rarely observed in the wild, presumably because extrinsid’
mortality (i.e., predation, disease, food limitation, etc.) tend
to produce a constant mortality rate with few, if any, individ
uals actually living to the ages when senescent effects al
typically observed in the laboratory (Rose 1991; but see Mc
Donald et al. 1996). Extrinsic mortality affects the strength
of selection against intrinsic deterioration with age; specie
with low rates of extrinsic mortality are predicted to show

n The field cricketsGryllus integer and Gryllus pennsyl
Fanicusare well suited to testing predictions derived from
\}Qe evolutionary theory of aging. In both species, males use
tspecialized forewings to produce a calling song to attract fe
§1ales for mating. Sexual selection theory predicts that males
ill be the sex to adopt the more risky mate-finding behav
géar (except in sex-role reversed species; Alexander and
orgia 1979). InG. integey males are attacked by an aceus
gdﬁcally orienting parasitoid flyOrmia ochraceawhich uses
the cricket calling song to locate males (Cade 1975; Gray
and Cade 1999). Male crickets infected with fly larvae live
bout 7 days, dying when the larvae emerge to pupate.
ryllus integer females are almost never infected (Cade
1979; A.-M. Murray, unpublished data cited in Murray and
Cade 1995). The age structure ®f integerin the field sug
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not attacked by a sex-biased parasitoid, and males and fe
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Fig. 1. Survivorship curves for males and femalesGfyllus
integer and Gryllus pennsylvanicuéreplicate 1). Solid symbols
represent females and open symbols represent males.
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Fig. 2. Survivorship curves for males and females@f integer
and G. pennsylvanicugreplicate 2). Solid symbols represent
females and open symbols represent males.
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acting deleterious mutations in the males®f integerare  and photoperiod as the rearing conditions. Containers were
under less intense selection than similar mutations in the feshecked daily and the longevity of individuals recorded to the
males ofG. integeror in either sex ofG. pennsylvanicus  nearest 1 day. On six occasions, 1 day was missed. Crickets found

Here we report the results of a study testing this predicdead the following day were given intermediate longevity scores to
tion. Specifically, we predicted th&. integermales would ~ the 0.5 day it = 25 crickets), so that a cricket found dead 24 days
not live as long as females of either species and that therdter the adult molt, but following a day that was missed, was

. - . . given a score of 23.5 days. New adults in the rearing bins were dis

would be a SpEcies x Sex mteraqtlon’ WED pen_nsylvanlcus carded. As senescence can only occur after reproductive maturity
males having similar laboratory life expectancies as females(ROse 1991), crickets dying at age 5 days or lass: (30 total)
were excluded from the analysis (5 days based on data in Sakaluk
1982; Solymar and Cade 198)0 All crickets were unmated and

Methods
) ) ) remained so throughout their lives.
We measured the longevity of the first generation offspring of

field-collected crickets. We used first generation crickets to elimi
nate the possibility of past selection for enhanced longevity, adiesults

an artifact of laboratory conditions, affecting the resu®yllus . . . . :
integer individuals were collected in Austin, Texas, at the .SUI‘VIVOI‘ShIp curvgs_, by speCIeS_ and sex, are gl_ven In
Figs. 1 and 2. Statistical assumptions that are required for

Brackenridge Field Laboratory of the University of Texas at Austin ;
and transported to Brock Universit@. pennsylvanicusdividuals ~ P00ling data were not met, thus the data were analyzed sepa

were collected in the Niagara region near Brock University. Torately by replicate. The effect of mass was examined by an
use only first generation offspring, collections were conducted inanalysis of covariance (ANCOVA). The assumption of equal
both 1997 and 1998Gryllus pennsylvanicuss an obligate egg- slopes within cells was tested using the method outlined by
diapausing species. Diapause was broken by refrigerating eggs Btarcikowski (1983, p. 318). Slopes were not significantly dif
4°C for 60 days (Rakshpal 1962Fryllus integerhas no obligate ~ ferent, thus justifying this assumption (replicateFl; 35 =
diapause. Offspring were reared from eggs at 28°C with a 13 Ip 9o P > 0.05; replicate 2F(3 254 = 2.37,P > 0.05).
U\?af:; tldh”gft‘lz‘;nph&%e”(’d[ Nygwplzjs l\{vere fed cat foo%af”d g"t’ﬁ” Mass was a significant covariate in replicate 1 but not in

' y eclosed adulls were removed Ttom e qqiat0 2. To facilitate comparisons, results are presented

rearing bins daily. Because body size may affect longevity -(Par .
tridge and Farquhar 1983; Nelson and Nolen 1997), we weigheé?Oth from ANCOVA correcting for mass and from an analy

crickets to the nearest 1 mg within 24 h of their adult moult. MassSiS Of variance (ANOVA) ignoring mass. There was no effect
at the time of moulting is a very good measure of structural bodyof species, females lived longer than males, and there was
size in crickets (Gray 1997). Crickets were housed individually inno species x sex interaction (Table 1). Table 2 presents the
containers with ad libitum food and water at the same temperaturenean longevities both with and without correcting for mass;
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Table 1. Summary of the results of ANCOVA and ANOVA cem Table 2. Sample sizes and longevities (mean + SD and least
paring mean longevities of males and femalesGofllus integer squares mean (LSM)) corrected for mass for male and female

and Gryllus pennsylvanicufor each replicate. G. integerand G. pennsylvanicu$or each of the two replicates.
Replicate 1 Replicate 2 Longevity (days)
Fl1,355) P Fi1,257] P Species Sex n Mean + SD LSM
ANCOVA Replicate 1
Mass 5.44 0.0202 1.23 0.2688 G. integer Female 85 32.4+11.6 32.0
Species 0.75 0.3868 0.22 0.6373 Male 93 28.1+12.7 27.4
Sex 7.87 0.0053 13.56 0.0006 G. pennsylvanicus
Species x sex 0.90 0.3446 2.21 0.1387 Female 92 31.6+11.9 32.0
- - Male 90 29.0+10.7 29.7
Replicate 1 Replicate 2 Replicate 2
Fia,356) P Fru.258) P G. integer Female 75 37.6+15.4 37.2
ANOVA Male 78 33.7+16.0 334
Species 0.00 0.9601 0.85 0.3573 G. pennsylvanicus
Sex 7.81 0.0055 13.11 0.0004 Female 57 38.3+11.2 38.9
Species x sex 0.46 0.4958 1.83 0.1777 Male 52 29.8+9.5 30.0

clearly the effects of mass were trivial, albeit significant in Males of both species appear more susceptible to mortality

replicate 1. at later ages than females. This is potentially due to males of
both species adopting the more risky strategy during their
Discussion reproductive life-span (Alexander and Borgia 1979). Such

The mean longevities reported here fall within the rangean argument suggests that pennsylvanicusnales should

of values reported for a number of cricket species (Masakin fact _d|e .sooner ;han females when mortality IS measured
and Walker 1987) and a previous studyGf pennsylvanicus In the field; a prediction not supported by the available data

(Zuk 1987). Male crickets showed reduced longevity Cc)m_(Murray and Cade 1995). Alternatively, the earlier labora-
pared with females. This finding is consistent with the evo-t0ry senescence of males may be due to the fundamental

lutionary theory of aging (Williams 1957; Alexander and reproductive difference between males and females. Female

Borgia 1979) and a number of studies of other species (W"prickets fertilize €9gs using ;tored Sperm .and can continue
liams 1957; Rockstein and Lieberman 1958; Comfort 197910 Produce offspring only while they remain alive. In con-

Georgiadis 1985; Rose 1991; Promislow 1992; Promislow e’[rast, female sperm storage allows males to father offspring

al. 1992). In vertebrates, one of the proximate mechanism¥€!l after they themselves have died. Female remating and
sperm mixing will tend to diminish but may not eliminate

romoting higher male mortality may be pleiotropic effects . g
P g g Ty may P etotrop s effect. Both female remating and sperm mixing have

of testosterone, which enhances reproduction but decreasgg . . . )
immune function (Folstad and Karter 1992). Although such?€€n described inG. integer (Backus and Cade 1986;

effects have not been described in invertebrates, some evpelymar and Cade 196))
dence indicates that there are sex differences in insect im Although we failed to find the predicted species x sex
mune function (Karp 1985; Rheins and Karp 1985; Grayinteraction, we note that our comparative test used only one
1998). species of each type. Further study of other species may pro
Despite the clear difference between males and femaleyide more support for the hypothesis. Several other species
there was no species x sex interaction. This was not in ac®f crickets and katydids are potential candidates: the North
cord with our predictions. Because of the effects of a sexAmerican field cricketsGryllus rubensand Gryllus lineatk
biased parasitoid iiG5. integey we predicted thaG. integer cepsare also attacked by the same parasitoid fly, as is the
males would die sooner tha®. integer females, but Hawaiian population offeleogryllus oceanicu@Nalker and
G. pennsylvanicusnales and females would have similar Wineriter 1991; Zuk et al. 1995; Wagner 1996). Unfortunately,
longevities. There was no strong evidence of this in replicatéghe utility of these species for further comparative tests is-com
1 or 2. In replicate 1G. integermales died soonest, whereas promised by phylogeny and recency of association. The three
in replicate 2,G. pennsylvanicusnales died soonest. The Gryllus species are each others closest relatives (A. Zera, un
departure of the data from our predictions was caused bpublished molecular phylogeny) and thus do not represent in
G. pennsylvanicusWe predicted thatG. pennsylvanicus dependent tests (Harvey and Pagel 1991); Botloceanicus
males and females would show similar longevity, thus eausandOrmia ochraceavere introduced to Hawaiand so their
ing the species x sex interaction. However, this was not th@association may be too recent for an effect to be observed.
case asG. pennsylvanicusnales died sooner than females Perhaps better comparative tests can be made using species
in a manner similar to the sex-biased mortality found inof katydids, which also face different risks of attack from
G. integer Thus, the effect of sex seems predominant ovecoustically orienting parasitoid flies, e.goecilimon velu
any effects of extrinsic mortality. chianusproduces a monosyllabic song and has an average
There are a number of nonmutually exclusive explanationparasitism rate of 14%, whereas its congeRemariannae
for the absence of the predicted species x sex interactioproduces a polysyllabic song and has an average parasitism
We focus here only on the few we consider most likely.rate of 51% (Lehmann and Heller 1998). Clearly more eom
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