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ABSTRACT. Age and multiple mating effects on reproductive success of Grapholita molesta (Busck) (Lepidoptera, Tortricidae).
The reproductive success of the oriental peach moth was evaluated in four experiments: 1) assessment of the mating duration,
fecundity, fertility and longevity of females paired with virgin and immediately mated males; 2) mating duration, spermatophore
size, fecundity, fertility and longevity in females paired with virgin and up to four times mated males; 3) receptivity of females to
additional copulations after mating with virgin or mated males, and the effects of this behavior in female fecundity, fertility and
longevity; 4) influence of insects age in the reproductive output. Males (33%) could copulate immediately after a previous copula.
They were fertile until the fourth mating, but only in the first copula they transferred the longest (1.43 = 0.10 mm) and widest (0.83
+ 0.11 mm) spermatophore, presenting the fastest mating duration (34.8 + 2.62 min). A high proportion of females copulated by
non-virgin males (84%) was receptive to other copulas, in comparison to those copulated by virgin males (32.4%). However, the
fecundity, fertility, and longevity were similar among females that copulate once or more. The age was the most important factor
affecting reproductive variables, where one and three day old insects had a significant higher fecundity, fertility and presented a
shorter mating duration in comparison with older individuals. Results pointed out that the reproductive capacity of Grapholita
molesta changes a little with respect to the analyzed factors, highlighting the elevated biotic potential of the species.
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RESUMO. Efeito da idade e de multiplos acasalamentos no sucesso reprodutivo de Grapholita molesta (Busck) (Lepidoptera,
Tortricidae). O sucesso reprodutivo da mariposa-oriental foi avaliado em quatro bioensaios: 1) avaliagdo do tempo de copula,
fecundidade, fertilidade e longevidade de fémeas pareadas com machos virgens e imediatamente acasalados; 2) tempo de copula,
tamanho do espermatoforo, fecundidade, fertilidade e longevidade em fémeas pareadas com machos virgens e acasalados até
quatro vezes; 3) receptividade de fémeas a copulas adicionais apds o acasalamento com machos virgens ou acasalados, ¢ o efeito
deste comportamento na fecundidade, fertilidade e longevidade das fémeas; 4) influéncia da idade dos insetos no sucesso reprodutivo.
Machos (33%) foram capazes de copular logo apds o primeiro acasalamento. Os machos foram igualmente férteis até o quarto
acasalamento, mas somente na primeira copula transferiram espermatéforo com maior comprimento (1,43 = 0,10 mm) e na largura
(0,83 + 0,11 mm), e apresentaram cdpula de menor duracdo (34,8 £ 2,62 min). Uma maior propor¢do de fémeas copuladas por
machos nio virgens (84%) foram receptivas a novos acasalamentos em comparagio as pareadas com virgens (32,4%). No entanto,
a fecundidade, fertilidade e longevidade foram semelhantes entre as fémeas que copularam uma ou varias vezes. A idade foi o fator
que mais afetou as varidveis reprodutivas, onde insetos de um e trés dias de idade foram significativamente mais fecundos, férteis
e apresentaram menor tempo de copula que os mais velhos. Os resultados apontam que a capacidade de reproducdo de G. molesta
altera-se pouco com relacgéo aos fatores analisados, ressaltando assim, elevado potencial bidtico da espécie.

PALAVRAS-CHAVE. Idade; copulas; fertilidade; mariposa-oriental.

In despite of costs that multiple copulations may raise,
the use of such behavior also incurs in advantages for several
lepidopterans species (Torres-Vila et al. 2004; Torres-Vila
& Jennions 2005). Males would be favored in transferring
sperm to a higher number of partners (Wiklund 2003), and
females, by the acquisition of genetic diversity, possibility
of sperm selection, and nutritional benefits (Wedell 2003),
which may increase fecundity, reproductive period and
lifespan (Svird & McNeil 1994; Wedell ef al. 2002).

The increase in oviposition rate as a function of matings
may be caused by stimuli originated from several factors,
such as spermatophore presence in the bursa copulatrix, flu-
ids in the seminal receptacle, and spermatic cells in the sper-
matheca, as registered in Zeiraphera diniana (Guenée, 1845)
(Tortricidae) (Benz 1969). In Bombyx mori (Linnaeus, 1785)

(Bombycidae), only the presence of fertile spermatic cells,
which stimulate the abdominal ganglia placed in the seminal
duct junction, were responsible for an increase in the num-
ber of eggs (Karube & Kobayashi 1999).

The substances transferred by the males may also modify
the female reproductive behavior (Gillot 2003). Secretions
from male accessory glands and apyrene cells may deter-
mine the female refractory period, by decreasing or even stop-
ping the pheromone release (Kingan et al. 1993). In Epiphyas
postvittana (Walker, 1863) (Tortricidae), mating triggers a
permanent inactivation of pheromone production in the fe-
male (Foster 1993), which is not originated by the spermato-
phore mechanic pressure in the bursa copulatrix. Hormonal
and neural factors were the most relevant to explain such
phenomena.
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The spermatophore size may vary depending on the num-
ber of male’s previous matings (Jiménez-Pérez & Wang 2004;
Marcotte et al. 2005; Knight 2007). Although the male re-
productive success is related to the number of females they
can copulate with, multiple matings in Spodoptera littoralis
(Boisduval, 1833) (Noctuidae) resulted in spermatophores
with reduced fertilization ability and induction of a brief re-
fractory period (Sadek 2001).

The age, which the mating occurs, affects the reproductive
performance. Average fecundity and fertility of one day old
females of Lobesia botrana (Denis & Schiffermueller, 1776)
(Tortricidae) were 150 eggs and 90%, respectively. However,
16 days old mated females deposited 22 eggs during the same
period, which 23% were fertile (Torres-Vila et al. 2002). Similar
results were observed in other Tortricidae species such as E.
postvittana (Foster & Howard 1999) and Argyrotaenia
sphaleropa (Meyrick, 1909) (Pinto et al. 2005). The fertiliza-
tion capacity depends on the males age. Average fecundity and
fertility of Cydia pomonella (Linnaeus, 1758) females paired
with one and seven days old males reduced, compared with
those mated with two and three days old ones (Knight 2007).

The oriental fruit moth, Grapholita molesta (Busck, 1916)
(Tortricidae) is a polygamous species, and important pest of
peaches and apples (Salles 2001). The mechanisms involved
in mating and its effects on the species biotic potential are
important for the improvement of control strategies. This
study aimed to evaluate the effects of age and multiple copu-
lations in the reproductive success of G. molesta.

MATERIAL AND METHODS

Adults of G. molesta came from a culture kept under con-
trolled conditions (photoperiod of 16 hours; 25 + 1°C; 60 +
5% R.H.), at the Department of Fitossanidade, Universidade
Federal do Rio Grande do Sul, southern Brazil. Adults were
reared with honey solution (15% honey and 5% Nipagin)
and the larvae on artificial diet (Arioli et al. 2007).

Three-day-old virgin insects were paired and placed in
250 mL plastic cylinders, and continuously observed for three
hours and half before scotophase, recording the occurrence
and duration of copulation. Statistical analyses were per-
formed using the Bioestat 4.0 software (Ayres et al. 2005).
Four experiments were conducted, as described below.

Assessment of the mating duration, fecundity, fertil-
ity and longevity of G. molesta females paired with virgin
and immediately mated males. Just after the first copula-
tion, males were immediately paired with another virgin fe-
male. After each pairing, the copulated females were
individually isolated in 500 mL plastic cylinders with food.
The number of eggs were recorded daily until the female
death. Fecundity, fertility, longevity and mating duration of
38 females were evaluated, 19 mated with virgin males and
the remaining ones with mated males. The treatments were
compared by Mann-Whitney test (o = 0.05).

Evaluation of the mating duration, spermatophore
size, fecundity, fertility and longevity in females paired
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with virgin and until four times mated males. The repro-
ductive success of once (n = 45), twice (n = 38), three (n =
29) and four (n = 23) times-copulated males was evaluated
daily through the fecundity and fertility of three-days-old
virgin females. The copulated females were isolated in plas-
tic cylinders (500 mL) containing food, and their postures
were followed during 15 days. Another group of females,
under the same conditions previously described, paired with
males at their first (n = 37), second (n = 26), third (n = 18)
and fourth (n = 15) copulation, were dissected right after the
mating, and the spermatophore length and width were mea-
sured. The means were compared by the Kruskal-Wallis test
(o =0.05) for all the variables. The correlation between the
spermatophore size and the number of males copulations was
tested by using the Pearson Correlation and Simple Linear
Regression.

Assessment of the receptivity of G. molesta females to
recopulation after mating with virgin or mated males, and
its effects in fecundity, fertility and longevity. Two groups
of females were compared, one with three-day-old virgin fe-
males (n = 34) mated with virgin males of the same age, and
other with virgin females (n = 25) paired with once mated
males 24 hours before. After the first mating, all females
started to receive a three-days-old virgin male daily, remain-
ing with it for three hours and half. The proportion of copu-
lation between the two groups of females was compared using
the heterogeneity Chi-Square test. Regarding to the females
paired only with virgin males, the fecundity, fertility and lon-
gevity of the females that copulated once were compared to
those ones that copulated twice or more times. The means
were compared by the Mann-Whitney test (e = 0.05).

Influence of insect age in the reproductive output. Vir-
gin adults of both sexes were paired when they were one (n =
35), three (n =30), six (n =62), nine (n=27) and 12 (n=41)
days old. After the pairing period, each female that had copu-
lated was isolated in a plastic cylinders (500 mL) containing
food, the postures were counted, and the egg fertility was
daily recorded for ten days.

The average fecundity, fertility and mating duration were
compared among the treatments by using Kruskal-Wallis test
(a=0.05). The correlation among the variables was assessed
through Pearson Correlation and the Simple Linear Regres-
sion.

RESULTS

The mating duration, fecundity, fertility and longev-
ity of females paired with virgin and immediately mated
males. Among the mated males, 33.3% recopulated. The sec-
ond pairing took 32 minutes, on average, after the first one.
The first mating duration was from 28 to 47 minutes, and the
second from 122 to 1.110 minutes, being both significantly
different (U =0; df = 1; P <0.0001). The mating time did not
affect fecundity (U = 122.5; P = 0.141), fertility (U = 125;
df=1;P=0.162), and longevity (U=137;df=1; P=0.204)
(Table I).
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Table 1. Fecundity, fertility, longevity (days) and mating duration (min)
means (+ SE) of females paired with Grapholita molesta virgin (n = 19)
and mated males (n = 19).

Fecundity Fertility Longevity ~Mating duration
Virgin 115.4 + 11.38a* 102.6 = 11.58a 139+ 1.07a 35.7 + 1.25b
Mated 92.7 +16.36a 78.0+17.4la 154 +0.70a 527.8 + 50.29a

* Means values followed by distinct letters in the column differ significantly
(o =0.05).

The mating duration, spermatophore size, fecundity,
fertility and longevity in females paired with virgin and
until four times mated males. The first mating average du-
ration (min) was significantly shorter than the others
(H=7.43; df = 3; P < 0.05) (Table II). The fecundity
(H=2.787; df = 3; P = 0.425), fertility (H = 2.361; df = 3;
P =0.501) and longevity (H=1.795; df=3; P =0.616) was
not significantly affected by the number of the males copu-
lation (Table II). The spermatophore from the first copula-
tion was significantly larger in length (1.43 + 0.10 mm)
(H=71.93; df = 3; P < 0.05) and width (0.83 = 0.11 mm)
(H =55.55; df =3; P < 0.05) (Table III). The spermatophore
length (r=-0.785; df=95; P <0.0001) and width (r = -0.681;
df=95; P <0.0001) were negatively correlated with the num-
ber of males copulations. Both dimensions were significantly
related with the males copulation status (length: F = 152.91;
R?=61.28%; P < 0.0001) (width: F = 82.07; R* = 45.79%;
P <0.0001) (Fig. 1).

Table II. Fecundity, fertility, longevity (days) and mating duration (min)
means (£ SE) of females paired with Grapholita molesta virgin males and
males with distinct mating histories (n = number of couples).

Matings Fecundity Fertility Longevity Mating duration
1° (n =49) 155.8 £ 8.66a* 152.1 £9.00a 17.1 £0.92a 34.8 +2.62b
2° (n=39) 156.6 +8.45a 155.6+8.59a 17.0 £ 1.05a 95.1 = 14.84a
3°(n=29) 151.6 £ 11.82a 1504 + 11.72a 16.9 £ 1.10a 104.8 = 17.90a
4° (n =23) 130.5 + 13.75a 129.5 £ 13.90a 15.1 = 1.26a 81.9 + 14.26a

* Means values followed by distinct letters in the column differ significantly
(o =0.05).

Table III. Means (+ SE) length (mm) and width (mm) of the spermatophores
transferred to females by Grapholita molesta virgin males and males with
distinct mating histories (n = number of couples).

Matings Length Width
1°(n=37) 1.4 £0.0la* 0.8 +0.01a
2° (n = 26) 1.0 £ 0.02b 0.7 £ 0.01b
3°(n=18) 1.1 +£0.03b 0.7 £ 0.01b
4°(n=15) 0.9 £ 0.01b 0.6 £ 0.02b

* Means values followed by distinct letters in the column differ significantly
(o =0.05).

The receptivity of G. molesta females to recopulation
after mating with virgin or mated males, and its effects in
fecundity, fertility and longevity. A significantly higher pro-
portion of females (84%) was receptive to additional copula-
tions when paired with mated males, compared to those

copulated by virgin males (32.4%) (x>*=26.3; df=4; P <0.001).
The majority of females (67.6%) that had copulated with vir-
gin males did not copulate again. Among those paired with
mated males, 44% performed three copulations (Fig. 2). The
refractory period between the first and the second copula-
tion was similar for females initially copulated by virgin (4.18
days) or mated males (3.14 days) (U= 74.5;df=1; P=0.104).
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Fig. 1. Spermatophore length (mm) (A) and width (mm) (B) by number of
Grapholita molesta males matings

bl

Number of matings

[3%] o B W [N ~ [ele]
(=} (=] (=] (=} (=] f=] (=}
1 1 1 1 1 1 I

Percentage of mated female

—_
f=]
1

(=}

Fig. 2. Percentage of Grapholita molesta females by the number of mating
performed through lifetime after mated with virgin (gray bars) or mated
males (white bars).

The fecundity (U="77; df=1; P=0.068), fertility (U = 79;
df =1; P =0.080) and longevity (U =81; df = 1; P =0.094)
of females that copulated only once were similar to those
copulated two or more times (Table IV). The oviposition peak,
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regardless of the number of matings, occurred on the third
day after the copulation (Fig. 3). There was no difference in
the first mating duration (U = 94.5; df = 1; P = 0.311) be-
tween females that mated only once and those that had addi-
tional mating.

Table IV. Fecundity, fertility and longevity (days) means (+ SE) of Grapholita
molesta females that realized one or several matings through lifetime.

Matings Fecundity Fertility Longevity
One (23) 174.0 £ 9.26 * 172.2 £9.45 12.30 + 1.16
Several (11) 216.7 + 19.56 214.27 £ 18.79 14.0 £2.26

* Means values aren’t significantly different (a = 0.05).
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Fig. 3. Average number of fertile eggs of Grapholita molesta females mated
with males once or several times through lifetime.

Influence of insect age in the reproductive output. The
longest mating duration was recorded for the six, nine and
12 days old insects, compared to the one and three days old
ones (H=47.74, df =4, P <0.05) (Table V). The correlation
between age and mating duration was significant (F =40.45,
R?*=24.74%, P < 0.0001) (Fig. 4A). The mean fecundity
(H=34.39,df=4, P <0.05) and fertility (H =44.87, df =4,
P < 0.05) were significantly higher in the insects of one and
three-days-old (Table V). A negative correlation between fer-
tility and age of the insects (r=—0.572,df =119, P <0.0001)
was observed. The age was a main factor responsible for fe-
male fertility (F = 57.84, R* = 32.14%, P < 0.0001) (Fig.
4B).

Table V. Fecundity, fertility and mating duration (min) means (+ SE) of
Grapholita molesta couples mated at different ages (n = number of couples).

Ages (day) Fecundity Fertility Mating duration
1(n=14) 149.0 + 14.53a* 146.4 £ 14.50a 32.21 £1.92b
3 (n=26) 162.1 + 8.59a 154.9 + 8.27a 36.07 = 1.09b
6 (n=32) 107.9 + 10.03b 94.4 + 9.08b 44.90 + 2.45a
9 (n=26) 96.59 + 7.79b 86.62 = 7.69b 44.96 + 1.53a
12 (n =22) 78.5 + 9.99b 49.5 + 11.06b 59.40 + 5.38a

* Means values followed by distinct letters in the column differ significantly
(o =0.05).

Revista Brasileira de Entomologia 56(3): 319-324, setembro, 2012

140 - y=2.2364x +29.57 A
120 4 R?=0.2537 *
= *
£ 100 ¢
£ L 4
ué 80 A V'S
=
T 60 4 $
£
s 40 A
=
20 A
2
0 . . . . . .
0 2 4 6 8 10 12 14

Insects age (days)

300 - y=-9.7868x + 167.35 B

L 4 R>=0.3271

L 4

250 4

200 +

& 0

100 -

Number of fertile eggs
7
(=)

wn
o
1

¢
0 —

0 2 4 6 8 10
Insects age (days)

L X X 24

s O L X

14
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Grapholita molesta individuals.

DISCUSSION

The mating duration was affected by age and copulation
status in G. molesta males. The mating duration mean in-
creased in insects with three or more days old. The longest
mating time in late-mating insects may be due to the diffi-
cult of males in transferring the sperm with the increase of
age, as already recorded in Choristoneura rosaceana (Har-
ris, 1841) (Foster et al. 1995). However, in other tortricids,
as Ctenopseutis herana (Felder & Rogenhofer, 1875),
Planotortrix octo Dugdale, 1990 and E. postvittana, the same
authors observed that the mating duration was the same from
the first to the seventh day of age of the insects.

Grapholita molesta virgin males spend less time mating
than those that have already mated. It was also recorded in
other lepidopterans species, as C. pomonella (Howell et al.
1978), Choristoneura fumiferana (Clemens, 1865) (Tortricidac)
(Marcotte et al. 2005), Pieris rapae (Linnaeus, 1758) (Pieridae)
(Bissoondath & Wiklund 1996) and Jalmenus evagoras
(Donovan, 1805) (Lycaenidae) (Hughes ef al. 2000). In C.
pomonella, the time of spermatophore transfer may vary de-
pending on the number of male copulations, i.e., from 37 in
the first to 76 min in the forth (Howell ef al. 1978). The au-
thors observed that the copulations that lasted more than 30
minutes generally resulted in bigger spermatophores, while
the smallest ones were from those that reached at least 25 minu-
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tes. In G. molesta the spermatophore size and mating time are
related to the male mating history, the virgins took less time
and transfer bigger spermatophores than the mated ones.

The decrease in the amount of substances, such as pro-
teins, from the male accessory glands, requires a longer inter-
val to produce them in consecutives mating (Oberhauser 1988).
In G. molesta males, when the second copulation event oc-
curred immediately after the prior, it lasted on average 15 times
more than the first, maybe as a consequence of the temporary
semen unavailability. According to Wiklund (2003), in lepi-
dopterans, although the males perform subsequent copulations
even without the adequate amount of semen, this behavior as-
sures the offspring paternity in a higher number of females.

In G. molesta, the spermatophore size was reduced after
the first mating, however, it did not affected the number of
fertile eggs. The same pattern was observed in Plodia
interpunctella (Hubner, 1813) (Pyralidae) (Cook 1999),
Cnephasia jactatana Walker, 1863 (Tortricidae) (Jiménez-
Pérez & Wang 2004) and C. pomonella (Knight 2007). The
studies indicated that the amount of semen did not affect the
reproductive success of these insects. The maintenance of
fertility, even when the male deposits less semen, may be
related to the enough production quantity of fertile sperm
cells to fertilize the females oocytes (Marcotte ef al. 2005).

Controversially, in some species, the spermatophore size
may directly affect the fertility. In C. jactatana, the spermato-
phore transferred in the second copulation was 45% smaller
than in the first, decreasing the fertility in about 23%
(Jiménez-Pérez & Wang 2004). The same was observed in
Tuta absoluta (Meyrick, 1917) (Gelechiidae), which had the
fertility reduced from 97 to 50% after mating with virgin
and a male that had mated 11 times, respectively (Silva 2008).

The majority of G. molesta females paired with virgin
males, copulated only once in a lifetime, similar to the ob-
served in E. postvittana (Foster & Ayres 1996). The remated
behavior might related to spermatophore size, the increase
in the sperm quantity transfer became female less receptive
to further copulations. Even though, smaller spermatophores
from multiple mating incurs in a reduction of the amount of
substances capable to inhibit the female acceptability to sub-
sequent copulations. However, in other tortricid species, as
C. fumiferana and C. rosaceana, the size of the spermato-
phore received did not affect the female receptivity to
remating (Marcotte et al. 2003; Jiménez-Pérez et al. 2003).

The refractory period of once-copulated G. molesta fe-
males was the same when paired with virgin and copulated
males. The sexual receptivity reestablishment to new mating
coincided with the declined of eggs laid, corroborating
Marcotte et al. (2006) results with C. rosaceana according
to Bissoondath & Wiklund (1996), short copulations, may
also required additional mating. Nevertheless, in this study
as well as recorded in C. jactatana (Jimenéz-Pérez et al.
2003), the duration of the first mating was similar in once or
multiple-copulated females.

The fecundity, fertility and longevity of Grapholita
molesta females that had mated once or more times was the

same as observed in Phthorimaea operculella (Zeller, 1873)
(Fenemore 1977) and Tecia solanivora (Povolny, 1973)
(Gelechiidae) (Rincon & Garcia 2007). Such results do not
corroborate the compiled in some reviews (Arnqvist &
Nilsson 2000; Torres-Vila et al. 2004), in which the authors
concluded that, in general, high polyandry levels increase
lepidopterans oviposition and fertility.

Multiple mating in G. molesta did not result in the im-
provement in posture and longevity, it supports the idea that
advantage would be more related to sperm selection and ge-
netic variability (Wiklund 2003), than to obtaining nutritional
benefits used in oviposition (Vahed 1998). According to
Wedell et al. (2002), although the polyandrous behavior is
determined by genetic factors, the change in the species poly-
andry degree may occur as a response to certain needs such
as lack of resources.

In the present study fecundity and fertility in G. molesta
decline when they were paired from the sixth day of life. The
decrease may be associated to the delay in the female first
copulation, as has been reported in G. molesta by Fraser &
Trimble (2001), and in E. postvittana by Foster & Ayres
(1996). According to Chapman (1998), Dytrisia females
emerge with all the oocytes they will use throughout life,
although posture of infertile eggs occurred before mating
might restricted the number of oocytes that would be fertil-
ized in late copulations.

The reproductive performance of G. molesta was affected
only by the age. The number of males previous mating did
not decrease its insemination output, as well as, the females
did not depend on additional copulations to achieve the re-
productive peak. Such results characterize G. molesta as a
species with high reproductive potential, which is an impor-
tant aspect to assume its pest status in rosaceans orchards.
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