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Larval performance of the oriental fruit moth across
fruits from primary and secondary hosts
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Abstract. A common characteristic of many invasive herbivorous insects is their
ability to utilize a broad range of host plants. By using various hosts in phenological
succession, multivoltine herbivores may increase the number of successful annual
generations, at the same time as potentially increasing their overall fitness. To achieve
such success, herbivores must be able to develop efficiently on the nutritional resources
offered by their hosts. The oriental fruit moth Cydia (= Grapholita) molesta (Busck)
(Lepidoptera: Tortricidae) is one of the most damaging invasive insect species. Peach
(Prunus persica) is its primary host, whereas the pome fruits apple (Malus × domestica
Borkh) and pear (Pyrus communis) are considered as secondary hosts. In many parts
of its geographical range, including southern Europe, populations of the moth switch
from peach to apple or pear orchards during the growing season. The present study
tests whether this temporal switch is supported by the physiological capability of
the larvae with respect to developing efficiently on fruits of these taxonomically-
related host plants. Larvae are reared on peach, apple or pear fruits; several life-
history traits are measured; and correlations between the traits are calculated. The
results obtained show that larvae do not have the same physiological capability with
respect to using apple or pear fruits as hosts compared with using peach fruit. Pear
fruit in particular is a sub-optimal diet. These findings suggest that, in the case
of continuous geographical expansion, concomitantly with global warming, apple
orchards might support oriental fruit moth populations better than pear orchards,
and that the switch onto novel hosts might be accompanied by restricted population
growth.

Key words. Cydia (=Grapholita) molesta , host quality, host switch, insect devel-
opment, insect performance, invasive insect, larval diet, life-history trait.

Introduction

The ability to utilize a broad range of host plants is a common
characteristic of many invasive herbivores (Walter et al ., 2010;
Zhang et al ., 2010). By using various hosts in phenological
succession, invasive multivoltine insects may increase the
number of successful annual generations, at the same time as
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potentially increasing their overall fitness (Uechi & Yukawa,
2006). To achieve such success, herbivores must be able to
develop efficiently on nutritional resources from their host
plants. Relatively specialized invasive herbivores feeding on
taxonomically-related plants might benefit from potentially
shared physical and/or chemical features of such related hosts
(Berenbaum, 1981; Fahey et al ., 2001).

The oriental fruit moth Cydia (= Grapholita) molesta
(Busck) (Lepidoptera: Tortricidae) is an oligophagous invasive
insect of Asian origin that reproduces on plants within the
family Rosaceae and produces several generations per year. It
has spread across a large geographical range and is presently
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distributed in temperate and subtropical regions of Asia,
Europe, the Americas, Africa and Australia (Tremblay, 1990;
Rothschild & Vickers, 1991; Timm et al ., 2008; Lopez-
Vaamonde et al ., 2010; Bisognin et al ., 2012), with its
economic relevance expected to continue increasing in the next
decades (Torriani et al ., 2010). The larvae are internal feeders
in stone and pome fruits mostly from the genera Prunus , Malus
and Pyrus (Rothschild & Vickers, 1991). The stone fruits peach
(Prunus persica) and nectarine (Prunus persica var. nectarina)
serve as primary hosts, whereas the pome fruits apple
(Malus × domestica Borkh) and pear (Pyrus communis) are
considered as secondary hosts (Rice et al ., 1972; Rothschild
& Vickers, 1991). However, in many parts of the geographical
range of this moth, populations show seasonal dynamics in
host plant use, with a switch from stone-fruit orchards to
pome-fruit orchards during the growing season, particularly
after the stone fruit harvest (Natale et al ., 2003; Il’ichev et al .,
2007; Myers et al ., 2007). Behavioural studies indicate that the
olfactory preferences of ovipositing oriental fruit moth females
correspond to the patterns of infestation of peach, apple and
pear orchards in the field. Early in the season, only peach trees
offer an attractive chemical environment to the female moths,
and neither apple, nor pear are attractive, whereas, later in the
season, female attraction shifts to volatiles from apple (Piñero
& Dorn, 2009) or pear fruit-bearing trees (A. Najar-Rodriguez,
B. Orschel and S. Dorn, unpublished observations).

Host plant utilization by herbivorous insects has two major
components, including (i) the ability of an adult female to
find, recognize and accept a plant as a suitable host for
oviposition (i.e. behavioural adaptation) and (ii) the larval
ability to successfully develop on the plant (i.e. physiological
adaptation) (Karban & Agrawal, 2002; Wheat et al ., 2007;
Erbout et al ., 2009). In the present study, it is hypothesized
that, for the oriental fruit moth, the switch from the primary
host peach to secondary hosts, such as pear or apple, late in
the growing season (after peach harvest) might be supported by
the ability of larvae to develop efficiently on these hosts. This
is achieved by rearing larvae of C. molesta on fruits of peach,
apple and pear. Several life-history traits of all individuals
derived from the different fruits are quantified, and correlations
between the different life-history traits are calculated. Both the
invasion dynamics and the potential for host range expansion of
the oriental fruit moth are not yet clearly established (Hughes
et al ., 2004). Therefore, the results of the present study are
expected to increase the current understanding of the potential
threat posed by this invasive moth to fruit orchards as it
continues to expand its distribution range, concomitantly with
recent climate warming (Torriani et al ., 2010).

Materials and methods

Insect and plant materials

Larvae of the oriental fruit moth C. molesta were
obtained from a laboratory colony that was reared on an
artificial diet devoid of host plant cues. The composi-
tion of the diet, as described previously (Huber et al .,
1972), was optimized by adding methyl-4-hydroxy benzoate

Table 1. Artificial diet devoid of host plant cues modified from Huber
et al . (1972) and used in the present study to rear oriental fruit moth
larvae.

Constituent Quantity

Distilled water 986 mL
Agar 12.8 g
Cholesterol 0.4 g
Choline chloride 0.8 g
Mould inhibitor (methyl-4-hydroxy benzoate) 1.1 g
Sorbic acid 2.1 g
Ascorbic acid 6.8 g
Wesson’s salt 10.2 g
Vanderzant vitamin mix 12.1 g
Dry yeast 34.1 g
Low fat milk powder 40.8 g
Sucrose (commercial grade) 40.8 g
Soybean flower 91.0 g
Sunflower oil 7.5 mL
Formalin 5% 1.5 mL
Ethanol 5.0 mL
Ampicillin (optional) 2.3 g

Quantities are given per 1000 mL of diet.

(Sigma-Aldrich, Switzerland) as a mould inhibitor, Wesson’s
salt (MP Biomedicals, LLC, Germany), Vanderzant vitamin
mix (Sigma-Aldrich), sunflower oil (instead of linseed oil)
(MP Biomedicals, LLC) and ampicilin (Sigma-Aldrich), and
by omitting powdered apple seeds (Table 1). The suppliers
of the remaining constituents were Hänseler AG (Switzer-
land) for agar and dry yeast; Sigma-Aldrich for cholesterol,
choline chloride and sorbic acid; Kantonsaphoteke (Switzer-
land) for ascorbic acid and formalin; and Fluka (Switzerland)
for ethanol. The colony of C. molesta originated from individ-
uals collected from peach orchards in Italy (Emilia-Romagna
region) and was maintained in the laboratory under an LD
16 : 8 h photocycle at 24 ◦C and 60% relative humidity for
no more than 10–12 generations before the bioassays (Najar-
Rodriguez et al ., 2012).

Peach (P. persica cultivar ‘Red Heaven’), pear (P. communis
cultivar ‘Harrow Sweet’) and apple (M. × domestica cultivar
‘Resi’) fruits originated from an organic farm in Airolo,
southern Switzerland (46◦23’43.73”N, 8◦53’11.67”E; 357 m
a.s.l.). Plant protection measures were confined to a single
spray of copper in the spring applied to prevent fungal diseases.

Effect of larval diet on individual performance

Oriental fruit moth larvae were reared on fruits from the
primary host peach (fruit weight = 86.03 ± 3.58 g) and the
secondary hosts pear and apple (fruit weight = 87.18 ± 2.15 g
and 88.22 ± 3.15 g, respectively). Host fruits used were at the
mid-fruiting stage. Fruits at the early fruiting stage were not
used in these experiments because preliminary trials indicated
that they become dehydrated long before the completion of
larval development.

Sixteen fruits per plant species were collected and brought
to the laboratory for infestation on the same day. Before
infestation, fruits were immersed in deionized water three times
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to remove any potential copper residues, and then air-dried.
They were each infested with three neonate larvae within 6 h
after their hatching (n = 48 larvae/plant species). As a control,
16 plastic Petri dishes (diameter 14 cm, height 2 cm) containing
the optimized artificial diet (Table 1), as used for maintenance
of the stock colony, were infested with three neonate larvae
each, within 6 h after their hatching (n = 48 larvae).

Infested fruits were placed on glass rings to allow the fruits
to stand upright. Each fruit-ring set-up was then placed inside
a plastic container (20 × 10 × 8 cm) that had been lined with a
paper towel to provide the larvae with a substrate for pupation.
Plastic containers were kept in a controlled climate chamber
(Conviron Ltd, Canada) under an LD 16 : 8 h photocycle at
24 ◦C and 60% relative humidity. Infested fruits were checked
daily to monitor larval emergence. Once the fully developed
larvae emerged from the fruits, they were also checked daily
until they built their cocoons inside the plastic containers.
Subsequently, they were withdrawn from the containers and
from their cocoons, and the fresh mass and the sex of each
newly-formed pupa were recorded. Each pupa was then placed
into a separate plastic box (6 × 4 × 2 cm), which was checked
daily for adult emergence. Each newly-emerged adult was
weighed (AB204-S/FACT analytical balance; Mettler Toledo,
Switzerland; accuracy of 0.1 mg) and then returned to its
individual box. At this point, a wet piece of cotton was placed
into each box to prevent dehydration of the insect. Water was
provided ad libitum . Newly-emerged adult females were paired
with newly-emerged males from the stock culture. The number
of eggs laid by each female and the number of days until female
death were recorded. Newly-emerged unmated males were kept
in their individual boxes to measure their longevity. Thus,
for each individual, we quantified important life-history traits
comprising: (i) larval development time (LDT), taken as the
number of days between initial fruit infestation and emergence
from the fruit; (ii) fresh pupal mass, measured less than 24 h
after cocoon formation; (iii) fresh adult mass (AM), measured
less than 24 h after adult emergence; and (iv) larval and pupal
survivorship. For adult male and female individuals, longevity
was assessed as the number of days between adult emergence
and death. For female adults that reproduced and laid eggs
successfully, fecundity (F) was assessed as the number of eggs
laid by each female during its lifespan, and the proportionate
mass loss between pupation and adult eclosion as: proportional
mass loss (PML) = 1 − (adult mass/pupal mass) (Gotthard
et al ., 1994). For each of these females, two further indices of
efficiency of larval diet conversion were established, calculated
as the time taken for larval development in relation to fecundity
(LDT/F), or as the relationship between female adult mass and
fecundity (AM/F). The shorter the development times and the
higher the female fecundity, (or the lower the female masses
and the higher the female fecundity) and thus the closer to zero
the index.

Statistical analysis

A general linear model with sex and larval diet as indepen-
dent factors was conducted for larval development time, pupal
and adult masses, and female fecundity. If significant effects

were detected, Tukey’s honestly significant difference tests
were conducted. Before analysis, data were log10(x + 1) trans-
formed, if necessary, to meet the assumptions of normality and
heteroscedasticity for parametric tests. Adult female longevity
across the different diets was compared by Kaplan–Meier
survival analysis using spss, version 20 (SPSS Inc., Chicago,
Illinois). The percentages of surviving larvae and pupae were
square-root transformed and analyzed with unpaired-sample
t-tests. The alpha value for each comparison was adjusted
downward using the procedure of Benjamini & Hochberg
(1995) to correct for false discovery rates (type I errors)
(Verhoeven et al ., 2005). Furthermore, one-way analysis of
variance and Tukey’s honestly significant difference tests
(jmp, version 9.0; SAS, Cary, North Carolina) were conducted
to test for differences across female PML and across the
indices of LDT/F and female AM/F. To test for correlations
between the different insect performance traits, pairwise
Pearson correlation tests were conducted (jmp, version 9.0).
Unless otherwise stated, all analyses were conducted in r
(R Foundation for Statistical Computing, Austria).

Results

Effect of diet on larval performance

The fruit species used as larval diet significantly affected the
performance of both larvae and adults. Both female and male
larvae developed approximately 25% faster on peach fruits than
on apple or pear fruits (F = 36.87, d.f. = 3, P < 0.01, n = 116)
and this fast development was similar to that reached on the
optimized artificial diet, which was devoid of host plant cues
(Fig. 1A). Significantly fewer larvae (35.41%) survived when
reared on pear fruits compared with peach fruits, apple fruits
or the artificial diet (68.8%, 62.5% and 85.4%, respectively)
(t = 5.38, d.f. = 4, P < 0.01).

Newly-emerged female pupae from larvae reared on peach
fruits or the artificial diet were significantly lighter than
those from larvae reared on apple or pear fruits (F = 9.04,
d.f. = 3, P < 0.01, n = 56) (Fig. 1B). By contrast, mass values
of newly-emerged male pupae did not differ regardless of
the diet (F = 0.43, d.f. = 3, P = 0.72, n = 50), being always
significantly lower than female values (F = 91.13, d.f. = 3,
P < 0.01, n = 106) (Fig. 1B). The percentage of surviving
pupae from pear fruits (76.5%) was significantly lower than
from peach, apple or the artificial diet (93.9%, 96.7% and
85.4%, respectively) (t = 4.56, d.f. = 4, P = 0.01).

In the adult stage, despite the mass differences noted at
the pupal stage, no significant differences were detected in
newly-emerged female or male mass across individual moths
originating from the various diets (F = 1.08, d.f. = 3, P = 0.36,
n = 55 and F = 0.40, d.f. = 3, P = 0.75, n = 45 for females and
males, respectively) (Fig. 1C). However, female adults were
consistently heavier than male adults (F = 135.70, d.f. = 1,
P < 0.001, n = 101) (Fig. 1C). Mean values of the proportional
mass loss from the pupal to the adult stage (PML) were larger
when females had developed from heavier pupae (on apple or
pear diet) than from lighter pupae (on peach and on artificial
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Fig. 1. Mean larval development time (A), pupal mass (B) and adult
mass (C) of female (dark dots) and male (grey triangles) individuals of
the oriental fruit moth (Cydia molesta) that have developed on three
different fruit species (peach, apple and pear), and on an artificial diet
devoid of host plant cues. Means followed by the same lowercase
letter are not significantly different (Tukey’s honestly significant test;
P < 0.05). Larval development time: n = 48 larvae for each diet type.
Pupal mass: n = 16, 18, 9 and 17 females and 15, 10, 7 and 18 males
on peach, apple, pear and artificial diet, respectively. Adult mass: n
values as per pupal mass, except for males on pear (n = 4).

Table 2. Efficiency of larval diet conversion for oriental fruit moth female
individuals that developed on peach, apple or pear fruits or on an artificial
diet devoid of host-plant cues, calculated as the proportional mass loss from
the pupal to the adult stage index, the time taken for larval development
in relation to female fecundity index, and the relationship between adult
female mass and fecundity index.

Larval diet
Proportional
mass loss index

Larval development/
fecundity index

Adult mass/
fecundityindex

Peach 0.25 ± 0.05a 0.89 ± 0.06bc 0.99 ± 0.11bc

Apple 0.34 ± 0.03a 1.32 ± 1.18ab 1.32 ± 0.17ab

Pear 0.35 ± 0.04a 1.84 ± 0.34a 1.93 ± 0.37a

Artificial diet 0.26 ± 0.02a 0.73 ± 0.04c 0.79 ± 0.04c

The more efficient a particular larval diet was converted by a given
individual female, the closer to zero the index. Values followed by the same
lowercase letter within a given column are not statistically different from
each other (one-way analysis of variance and Tukey’s honestly significant
difference tests, P < 0.05).

diet), although these differences were not significant (F = 1.88,
d.f. = 3, P = 0.14, n = 55) (Table 2).

Female adult longevity and fecundity were significantly
affected by larval diet. Females lived fewer days (log-rank
test: χ2 = 10.24, P = 0.01, n = 55) (Fig. 2) and laid fewer
eggs (Fig. 3) at a reduced rate when reared on pear fruits
than when reared on peach fruits, apple fruits or the artificial
diet (F = 4.89, d.f. = 3, P < 0.001, n = 55). Male adults lived
fewer days when reared on pear fruits than when reared on
peach fruits, apple fruits or the artificial diet, although these
differences were not significant (F = 0.77, d.f. = 3, P = 0.53,
n = 45).

Correlations among individual performance parameters

Female larval development time was positively correlated
with adult mass regardless of the diet, and was positively
correlated with female fecundity when individuals were reared
on peach or on the artificial diet but not when reared on apple
or pear fruits (Table 3). Female adult mass was positively
correlated with fecundity when individuals were reared on
peach or on the artificial diet but not when reared on apple
or pear fruits. Female longevity, by contrast, was positively
correlated with female fecundity, regardless of the diet.
No significant correlations were found across the remaining
combinations of insect life-history trait parameters (Table 3).

In the case of male individuals, pupal mass was positively
correlated with adult mass, regardless of the larval diet
(Table 4). Larval development time and longevity were
positively correlated only when individuals developed on peach
fruits, and adult mass was positively correlated with longevity
only when individuals developed on apple fruits. No significant
correlations were found across the remaining combinations of
insect life-history trait parameters measured (Table 4).

Indices of efficiency of larval food conversion

The indices of efficiency of larval diet conversion LDT/F
and AM/F yielded best mean values for conversion of peach
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Fig. 2. Cumulative survival of oriental fruit moth (Cydia molesta)
adult females that developed on three different fruit species (peach,
apple and pear) or an artificial diet devoid of host plant cues. The
starting number of females (obtained from successfully developed
immatures; Fig. 1) was 16, 18, 9 and 17 for peach, apple, pear and
artificial diet, respectively.

fruits (similar to the artificial diet), followed by conversion of
apple fruits and, finally, of pear fruits (Table 2). The differences
were consistently significant for all comparisons across indices
between peach and pear fruits (LDT/F: F = 8.74, d.f. = 3,
P < 0.001, n = 57 and AM/F: F = 7.15, d.f. = 3, P < 0.001,
n = 57).

Discussion

Because the multivoltine invasive oriental fruit moth
C . (= Grapholita) molesta can switch from its primary stone
fruit host peach to its secondary pome fruit hosts apple and
pear during the growing season, the nutritional quality of these
hosts for the herbivore are compared. Striking differences are
found in the effects of the various diets on the life-history
traits of the moth, particularly when contrasting peach and
pear fruits. Furthermore, pairwise comparisons reveal that a
number of correlations across life-history traits of the moth
are affected by the larval diet.

The developmental performance of C. molesta is signifi-
cantly affected by the larval fruit diet, indicating differential
degrees of adaptation of this invasive species collected from
southern Europe with respect to utilizing its Rosacean host
plants. Individuals using pear fruit as a larval host show a sig-
nificant increase in larval development time and a significant
decrease in larval survival and efficiency of food conversion
compared with those using peach fruit as larval host. Adult
females from pear fruit also suffer a significant reduction in
longevity and fecundity compared with those from peach fruit.
For most herbivorous insects, the fitness effects of using low
quality diets include a longer development time (Nylin &
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Fig. 3. Mean adult fecundity (number of eggs/life span) of oriental
fruit moth (Cydia molesta) adult females that developed on three
different fruit species (peach, apple and pear) and on an artificial diet
devoid of host plant cues. Means followed by the same lowercase
letter are not significantly different (Tukey’s honestly significant test
test; P < 0.05) (n = 16, 18, 9 and 17 females for peach, apple, pear
and artificial diet, respectively).

Gotthard, 1998), as well as a lower individual survivorship,
body mass, longevity and fecundity (Stillwell et al ., 2007;
Velten et al ., 2007; Piskorski & Dorn, 2011). The opposite
is true for highly nutritional diets (Awmack & Leather, 2002;
Heisswolf et al ., 2005; Häckermann et al ., 2007). Thus, pear
fruit appears to be a sub-optimal diet for the oriental fruit moth
compared with fruits of the primary host peach.

Many lepidopteran larvae compensate for low-quality food
by increasing larval consumption and developing more slowly
(Awmack & Leather, 2002; Bauerfeind & Fischer, 2005; Velten
et al ., 2007). A longer development time, as documented
when fruits of the secondary hosts, apple and pear are used
as a nutritional source for the larvae, could have negative
ecological consequences for individual insects. Such adverse
effects include an increased temporal window of susceptibility
to predation, parasitism and/or disease (Kührt et al ., 2005;
Bonebrake et al ., 2010; Gripenberg et al ., 2010) or later access
to mating opportunities and oviposition sites (Guntrip et al .,
1996; Nylin & Gotthard, 1998). Pupae might also have more
difficulty in finding favourable pupation sites (Heisswolf et al .,
2005). Thus, for the oriental fruit moth, the fitness advantages
of developing on the fruit of its primary host surpass those of
developing on fruits of secondary hosts. This corresponds to
the ecological expectations that the primary host of an insect
herbivore should be more nutritionally suited to the insect in
question than its secondary hosts (Walter, 2003; Schoonhoven
et al ., 2008).

On apple fruit, female larval development takes a similar
time to that on pear fruit but, otherwise, the adverse fitness
effects of apple diet are minimal. Thus, apple appears to be a
more suitable diet than pear for C. molesta under the conditions
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Table 3. Pairwise correlations between life-history traits measured for female oriental fruit moth individuals that developed on peach, apple or pear fruits
or on an artificial diet devoid of host-plant cues.

Larval diet Larval development Pupal mass Adult mass Longevity

Peach Larval development – – – –
Pupal mass r = −0.26, P = 0.39 – – –
Adult mass r = 0.96, P < 0.01 r = −0.16, P = 0.55 – –
Longevity r = 0.19, P = 0.47 r = –0.37, P = 0.17 r = 0.04, P = 0.86 –
Fecundity r = 0.79, P < 0.01 r = −0.40, P = 0.12 r = 0.72, P < 0.01 r = 0.60, P = 0.01

Apple Larval development – – – –
Pupal mass r = −0.30, P = 0.26 – – –
Adult mass r = 0.89, P < 0.01 r = −0.22, P = 0.40 – –
Longevity r = 0.21, P = 0.45 r = −0.24, P = 0.35 r = 0.29, P = 0.26 –
Fecundity r = 0.09, P = 0.71 r = −0.30, P = 0.35 r = 0.05, P = 0.85 r = 0.58, P = 0.01

Pear Larval development – – – –
Pupal mass r = −0.48, P = 0.18 – – –
Adult mass r = 0.88, P < 0.01 r = −0.34, P = 0.36 – –
Longevity r = 0.40, P = 0.08 r = −0.13, P = 0.74 r = 0.50, P = 0.16 –
Fecundity r = 0.49, P = 0.10 r = −0.29, P = 0.43 r = 0.48, P = 0.14 r = 0.69, P = 0.03

Artificial diet Larval development – – – –
Pupal mass r = 0.18, P = 0.48 – – –
Adult mass r = 0.91, P < 0.01 r = −0.08, P = 0.75 – –
Longevity r = 0.25, P = 0.32 r = −0.07, P = 0.77 r = 0.30, P = 0.23 –
Fecundity r = 0.82, P < 0.01 r = 0.14, P = 0.58 r = 0.71, P < 0.01 r = 0.51, P = 0.03

Coefficient (r) and significant (P ) values P < 0.05 are based on pairwise Pearson correlation tests.

Table 4. Pairwise correlations between life-history traits measured for male oriental fruit moth individuals that developed on peach, apple or pear fruits or
on an artificial diet devoid of host-plant cues.

Larval diet Larval development Pupal mass Adult mass

Peach Larval development – – –
Pupal mass r = 0.01, P = 0.96 – –
Adult mass r = 0.18, P = 0.49 r = 0.89, P < 0.01 –
Longevity r = 0.58, P = 0.02 r = −0.03, P = 0.89 r = 0.15, P = 0.58

Apple Larval development – – –
Pupal mass r =−0.37, P = 0.28 – –
Adult mass r = −0.60, P = 0.04 r = 0.83, P < 0.01 –
Longevity r = −0.59, P = 0.05 r = 0.31, P = 0.37 r = 0.67 P = 0.03

Pear Larval development – – –
Pupal mass r = −0.23, P = 0.33 – –
Adult mass r = −0.26, P = 0.33 r = 0.90, P < 0.01 –
Longevity r = −0.25, P = 0.45 r = 0.27, P = 0.82 r = 0.40, P = 0.18

Artificial diet Larval development – – –
Pupal mass r = 0.27, P = 0.30 – –
Adult mass r = 0.11, P = 0.66 r = 0.84, P < 0.01 –
Longevity r = −0.06, P = 0.79 r = 0.19, P = 0.43 r = 0.01, P = 0.94

Coefficient (r) and significant (P ) values P < 0.05 are based on pairwise Pearson correlation tests.

tested but still does not reach the high nutritional quality of
peach. Male individuals are generally scarcely affected by the
diet, except for their development time, which is prolonged
on the secondary hosts pear and apple compared with the
primary host peach. Thus, these experiments demonstrate the
higher fitness costs for females than for males when developing
on the secondary hosts pear and apple. Because adults are
offered no food but only water in these experiments, it
appears that the nutrients acquired during larval development
must account for the observed differences. The physical
characteristics of the fruit, as well as chemical characteristics,
particularly primary and secondary metabolites, might underlie
the observed differences in the performance of the oriental

fruit moth on the related host plants tested in the present study
(Awmack & Leather, 2002; Bossart, 2003; Velten et al ., 2008).

When comparing different rosacean species for their suit-
ability as hosts for the oriental fruit moth, previous studies
and field observations report the investigation of only very few
fitness-related parameters. They either support the findings of
the present study indicating that peach fruit outcompetes apple
fruit (Allen & Brunson, 1943; Allen & Plasket, 1958) or report
a similar host quality for these two diets (Stearns & Neiswan-
der, 1930; Myers et al ., 2006a,b), where some intervarietal
effects also are noted (Myers et al ., 2006b, 2007). However, fit-
ness measurements in these earlier studies are confined mostly
to larval development time and survival on the hosts, with the
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findings being based on insect specimens from North America.
Thus, detailed fitness comparisons between oriental fruit moth
reared on peach and pear have been previously unavailable. To
our knowledge, the present study is the first to provide empir-
ical evidence for substantial differences between these two
host fruits. To what degree the geographical origin or maternal
effects might influence the performance of the oriental fruit
moth on different host diets remains to be demonstrated.

The sign (positive versus negative) and significance of phe-
notypic correlations between insect life-history traits might be
affected by larval diet (Berrigan & Charnov, 1994; Bauerfeind
& Fischer, 2008), as corroborated in the present study. For
example, female larval development time and adult mass are
both correlated positively with female fecundity when individ-
uals are reared on peach or on the artificial diet but not when
they are reared on apple or pear fruits. Similarly, male larval
development time and longevity are positively correlated only
when individuals develop on peach fruit, and adult mass is
positively correlated with longevity only when individuals
develop on apple fruit. The expected correlations between
pupal mass and development time or between pupal mass and
adult fecundity (Awmack & Leather, 2002; Colasurdo et al .,
2009) or the predicted trade-off between female development
time and fecundity (Klingenberg & Spence, 1997; Roff, 2000;
Bauerfeind & Fischer, 2008) are not observed in the present
study, regardless of sex or larval fruit diet. The only two corre-
lations that are observed consistently across all larval diets used
in the present study are also reported for various other species.
These are the correlation between female larval development
time and adult mass (Atkinson & Sibly, 1997; Klingenberg
& Spence, 1997) and between female fecundity and longevity
(Bauerfeind & Fischer, 2008; Colasurdo et al ., 2009). Indeed,
these correlations are expected for capital breeders such as the
oriental fruit moth (i.e. for herbivorous insects relying mostly
or entirely on resources acquired during larval development
for egg production) (Bauerfeind & Fischer, 2008).

In conclusion, the results of the present study show that the
larvae of the invasive oriental fruit moth do not appear to have
the same physiological capability with respect to using fruits
of the secondary hosts (i.e. apple and pear) as diets compared
with using fruit of the primary host (i.e. peach), despite the
taxonomical relatedness of these host plant species. Pear fruit,
in particular, is sub-optimal as a diet compared with peach
and apple fruits, which suggests that, in the case of continued
geographical expansion of the oriental fruit moth concomitant
with global warming, apple orchards might support populations
of this insect better than pear orchards, and also that switches
to novel hosts might be accompanied by restricted population
growth as a result of the limited physiological capability of the
larvae with respect to converting new diets. A consideration
of the physiological capability of the insects with respect to
developing on different hosts could have practical implications.
For example, the predictive capability of the degree-days
method relying solely on temperature-dependent development
as a basis for forecasting timing of adult emergence, flight and
mating activities could be considerably improved by including
the effects of larval diet type on insect development and
performance (Roltsch et al ., 1999).
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(ETH Zurich) and an anonymous referee for their helpful
comments on the manuscript.

References

Allen, H.W. & Brunson, M.H. (1943) The effect of proximity to apple
on the extent of oriental fruit moth injury in peach orchards. Journal
of Economic Entomology , 36, 879–882.

Allen, H.W. & Plasket, E.L. (1958) Populations of the oriental
fruit moth in peach and apple orchards in the eastern states . US
Department of Agriculture, Technical Bulletin, 1182, 1–13.

Atkinson, D. & Sibly, R.M. (1997) Why are organisms usually bigger
in colder environments? Making sense of a life history puzzle.
Trends in Ecology and Evolution , 12, 235–239.

Awmack, C.S. & Leather, S.R. (2002) Host plant quality and fecundity
in herbivorous insects. Annual Review of Entomology , 47, 817–844.

Bauerfeind, S.S. & Fischer, K. (2005) Effects of food stress and density
in different life stages on reproduction in a butterfly. Oikos , 111,
514–524.

Bauerfeind, S.S. & Fischer, K. (2008) Maternal body size as a
morphological constraint on egg size and fecundity in butterflies.
Basic and Applied Ecology , 9, 443–451.

Benjamini, Y. & Hochberg, Y. (1995) Controlling the false discovery
rate: a practical and powerful approach to multiple tests. Journal
of the Royal Statistical Society, Series B (Methodological), 57,
289–300.

Berenbaum, M. (1981) Patterns of furanocoumarin distribution and
insect herbivory in the Umbelliferae – plant chemistry and commu-
nity structure. Ecology , 62, 1254–1266.

Berrigan, D. & Charnov, E.L. (1994) Reaction norms for age and size
at maturity in response to temperature: a puzzle for life historians.
Oikos , 70, 474–478.

Bisognin, M., Zanardi, O.Z., Nava, D.E. et al . (2012) Burrknots as
food source for larval development of Grapholita molesta (Lepi-
doptera: Tortricidae) on apple trees. Environmental Entomology , 41,
849–854.

Bonebrake, T.C., Boggs, C.L., McNally, J.M. et al . (2010) Oviposition
behavior and offspring performance in herbivorous insects: conse-
quences of climatic and habitat heterogeneity. Oikos , 119, 927–934.

Bossart, J.L. (2003) Covariance of preference and performance on
normal and novel hosts in a locally monophagous and locally
polyphagous butterfly population. Oecologia , 135, 477–486.
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