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Abstract. Studies were carried out on some biological and behavioral aspects of Cir-
rospilus diallus Walker and Cirrospilus pictus (Nees) (Hymenoptera: Eulophidae) in
relation to their host, the citrus leafminer (CLM), Phyllocnistis citrella Stainton (Lep-
idoptera: Gracillariidae). Adults of both species fed with sugar lived on average
4.45+0.19 days, whereas adults provided with honey survived on average 40.62+
1.97 days. Rates of host mortality due to parasitoid stings without oviposition were as
high as 31.25 and 37.73% for C. pictus and C. diallus, respectively. Both species showed
arrhenotokous parthenogenesis. Sex ratios of parasitoids emerging from the 2nd and
3rd instar host larvae were male biased, whereas from the 4th instar larvae and pupae
sex ratios were female biased. For both species, the duration of the development time of
egg, 2nd-3rd instar larva and pupal stages was influenced mainly by temperature.
C. diallus required 17-18 days at 26 °C to complete development from egg to adult.
C. pictus required 11, 16 and 21 days at 26, 21 and 16 °C, respectively. A brief
description of courtship and mating (only in C. pictus), female oviposition and larval
behaviour is reported.

Key words: behaviour, Eulophidae, Gracillariidae, host-mortality, Hymenoptera, Lep-
idoptera, life-cycle, longevity, sex-ratio

Introduction

The citrus leafminer (CLM), Phyllocnistis citrella Stainton (Lepidop-
tera: Gracillariidae) (formerly Phyllocnistis saligna Zeller and Litho-
colletis citricola Shiraki) is native to India, China, and other southeast
Asian countries (Clausen, 1931). It has spread rapidly since 1993 to
all citrus-growing areas of the world (CABI, 1995; Hoy and Nguyen,
1997). It was first detected in Italy in 1995 (Benfatto, 1995) where it
has been spreading through citrus growing regions. Because of the
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extensive mining of young shoots caused by this pest it is considered
a serious threat to citriculture. Under typical Mediterranean condi-
tions, CLM damage is of economic importance only on young and
top-grafted trees, and is considered to be merely an aesthetic factor
for mature trees (Gonzalez, 1997). In Sicily, Italy, the citrus leafminer
is active during the summer and autumn months producing about 10
generations/year with a life-cycle of 15 days in the summer and
134 days in winter (Lo Pinto and Fucarino, 2000). Damage consists
of mines on leaves, peduncles and flower calyces, causing flower abor-
tium and sporadically, damage to young fruits (Liotta et al., 1996a).
A number of indigenous natural enemies attack citrus leafminer in
Sicily, including the Eulophid parasitoids; Pnigalio, Cirrospilus, Ratze-
burgiola, Apotetrastichus, Chrysocharis, Neochrysocharis, Asecodes,
Baryscapus, Elasmus and Semielacher genus (Liotta et al., 1996b).
These parasitoid species were previously found on various wild hosts
and started to attack P. citrella when it made its appearance. Several
exotic species have also been introduced into Sicily (Mineo and
Mineo, 1999). During the last 5 years, the main parasitoids found on
P. citrella have been Cirrospilus spp., Semielacher petiolatus (Girault)
and an exotic species, Citrostichus phyllocnistoides Narayanan (Liotta
et al., 2003).

Previous field observations showed Cirrospilus diallus and C. pic-
tus to be most common and widespread native parasitoids in Sic-
ily, with parasitism levels usually around 10-15% (Lo Pinto and
Salerno, 1997). These species had already been reported as primary
or secondary parasitoids of other lepidopterous, hymenopterous
and coleopterous leafminers (Boucek and Askew, 1968). C. pictus
has also been recorded on P. citrella in Spain (Garrido and Del
Busto, 1994) and in Morocco (Abbassi in Caleca et al., 1995),
whereas C. diallus has been reported on P. citrella only in Italy
(Liotta et al., 1996b). Therefore, C. diallus and C. pictus might
constitute new parasitoid/host associations not yet present in P. cit-
rella’s country of origin, thus leading to potential advantages for
biological control purposes (Hokkanen and Pimentel, 1989). Our
objective was to study the biology and foraging behaviour of these
two species to improve their use as biological control agents. To
this end we examined longevity, host mortality due to parasitoid
stings, parthenogenesis, sex ratio in different host stages, stage
development times, life-cycle, courtship and mating (observed in
C. pictus only, because of the scarcity of individuals of C. diallus),
and oviposition and larval behaviour of both parasitoid species in
the laboratory.
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Materials and methods

P. citrella was reared on two-year old potted orange trees (Citrus aur-
antium L.) pruned to obtain homogeneous young flushes. When the
oldest leaves of the new flushes measured about 4-5 cm, 45 plants
were introduced into rearing cages of transparent Plexiglas
(60 cm x 50 cm x 50 cm) in a climatic chamber at 27 + 1 °C, 65 + 5%
R.H., and L:D 16:8 and left for 3 weeks. Such a long period allowed
moths to emerge within the cage so that artificial re-infestation was not
necessary. Leafminer adults used for the infestation of new plants were
initially collected from different citrus orchards located in areas of wes-
tern Sicily. Adult moths were fed with honey and water solution placed
directly on plants. In order to use P. citrella larvae for parasitization,
groups of 15 plants were exposed to about 200 adults of P. citrella. One
day later, plants were removed and kept undisturbed for 1 week. Leaves
with leafminer at suitable stages for parasitization (2nd, 3rd and 4th
instar larvae and pupae) were used in the assays. To rear C. pictus and
C. diallus, a group of six plants infested with P. citrella were introduced
into a cage where 50 pairs of parasitoid wasps collected from citrus fields
were released. Adults were fed with a honey and water solution and left
undisturbed for 15 days. Different cages were used for each species. At
the end of the exposure period, the plants were removed and their leaves
collected, wrapped with tissue paper, and kept in a plastic bag until adult
emergence. Emerged parasitoids were collected daily and either used in
the assays or released into the rearing cages. All calculations were done
using the SAS/STAT package (SAS Institute Inc., 1999).

Longevity

Newly emerged parasitoid adults were kept singly in glass test tubes
(length = 7.5 cm; diameter = 1 cm) sealed with wet cotton and
containing a small amount of food, and observed daily until death.
Adults were fed either (1) sugar (glucose) or (2) honey, which
absorbed the humidity from the wet cotton cap sealing the test-tube.
In all, 116 adults (59 males and 57 females) of C. diallus and 194
adults (106 males and 88 females) of C. pictus were tested. A log-
rank test was used to compare wasp longevity using food type, sex,
and species as independent variables. Pre-planned tests were also
performed to compare average longevity values maintaining an over-
all significance level of 5%, using a modified Bonferroni procedure
(Hochberg, 1988).
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Host mortality due to female stings

Two day-old mated females (67 C. pictus and 64 C. diallus) were
isolated singly on orange seedlings infested by 2 (14 and 18), 3 (15
and 11), 4 (12 and 13), 5 (14 and 11) or 6 (12 and 11) unparasi-
tized P. citrella hosts (using larvae and/or pupae randomly) (num-
bers in brackets correspond to number replicates for C. pictus and
C. diallus, respectively) enclosed in transparent polyethylene bags
ventilated by means of a sponge placed in the opening. After 24 h,
the female was removed and the leaves with hosts were checked un-
der the microscope in order to count living hosts, parasitized hosts
and paralysed hosts (due to stings by females) without parasitoid
eggs. Attack rates in each replicate were computed, and compared
between wasp species and between different host/parasitoid ratios,
using a logistic regression analysis with a binomial distribution for
the error term.

Parthenogenesis

One day-old virgin females (n = 15 in C. diallus and n = 18 in
C. pictus), were placed singly on orange seedlings infested by 20 un-
parasitized P. citrella hosts (2nd, 3rd and 4th instar larvae and pupae
present in equal numbers), enclosed in transparent polyethylene bags
ventilated by means of a sponge placed in the opening and allowed to
oviposit for a maximum of 5 days. They were fed with honey and wa-
ter solution. Leaves with parasitized hosts were checked daily under a
microscope. Portions of leaf around the parasitized host were cut off,
placed singly in a glass test tube (length = 7.5 cm; diameter = 1 cm)
and observed daily. Upon emergence of parasitoids, new adults were
sexed and counted.

Sex ratio

Twenty mated females of each parasitoid species were placed singly
for two days on orange seedlings infested by unparasitized P. citrella
hosts (2nd, 3rd and 4th instar larvae and pupae present in equal num-
bers) (6 for each stage) enclosed in polyethylene bags as described
above. Portions of leaves having a single parasitized host were cut off,
placed in glass test tubes (length = 7.5 cm; diameter = 1 cm), and
observed daily. Upon emergence, the sex of all parasitoid adults ob-
tained from each P. citrella stage was recorded. For both parasitoid
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species, the percentage of parasitized hosts leading to male or female
adults was calculated for each host stage. Comparisons between data
were done using a logistic regression analysis with a binomial distri-
bution for the error term.

Stage development times and life cycle

Forty mated females of each parasitoid species were placed singly for
one day on orange seedlings infested by unparasitized P. citrella hosts
(2nd, 3rd and 4th instar larvae and pupae present in equal numbers),
enclosed in bags as above. Portions of leaves having a single parasit-
ized host were cut off, placed in glass test tubes (as above) and ob-
served three times per day until the emergence of the adults. Tests
were carried out at three temperatures, 26, 21 and 16 °C with 361
males and 367 females C. pictus. Due to scarcity of C. diallus, 111
males and 109 females were observed only at 26 °C. Duration times
of each development stage were compared by means of a Cox’s
regression.

Behavioral observations

Courtship and mating behaviour were studied in C. pictus alone. In
order to obtain virgin parasitoid adults, portions of leaves having a
single parasitized host were cut off, isolated in glass test tubes and ob-
served until adult emergence. New parasitoid adults were sexed and
provided with a honey and water solution. Then, 20 pairs were intro-
duced singly into test tubes and observed under the microscope for
about 30 min. Behavioural sequences and postures of pre-copulatory,
copulatory and post-copulatory courtship phases were recorded and
quantified.

To observe the oviposition behaviour of C. diallus and C. pictus,
two day-old virgin (15 of each species) and mated (15 of each species)
females were placed singly in a Petri dish (diameter = 8.5 cm) con-
taining a leaf with unparasitized hosts and observed under the micro-
scope for about 30 min.

For tests of larval behaviour, we used the same method as that
for the experiment on the stage development time. Every day, 20
immature individuals of each parasitoid species were observed
under the microscope during the development period from eggs to
pupae. External changes and behavior of each individual were
recorded.
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Results and discussion
Longevity

As in many parasitoids (Godfray, 1993), longevity of both Cirrospilus spe-
cies was strongly affected by food type (x*>=353.69, df = 1, p < 0.0001)
(Figure 1). Similar to observations on Ratzeburgiola incompleta Boucek
(Lo Pinto, 1997), sugar fed adults had a very short average life-span (aver-
age C. diallus males 4.89+0.39 days, n = 28, C. diallus females
4.83+0.30 days, n = 29; C. pictus males 3.66+0.30 days, n = 29, C. pi-
cus females 4.44 £0.53 days, n = 27), whereas adults provided with honey
survived for a long time (average C. diallus males 37.65+4.25 days,
n = 31, C. diallus females 32.96+4.08 days, n = 28; C. pictus males
47.82+3.80 days, n = 77, C. picus females 36.56+2.72 days, n = 61).
Wackers (2000) showed that some parasitoids have difficulty feeding from
solid sugar residues, but the food used in our experiments absorbed the
humidity present in the air in the test-tube (due to the wet cotton cap seal-
ing the tube), and so it seems that adults were able to feed on sugar. No
significant differences were found between the sexes (x>=1.58, df = 1,
p=0.208, n = 165 males, n = 145 females), even though males had, on
average, a higher longevity than females, and between species (x>=0.83,
df =1, p = 0362, n = 116 C. diallus, n = 194 C. pictus). However,
differential longevity between sexes has been recorded in a number of
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Figure 1. Survival functions of C. diallus and C. pictus adults fed with two types of
food, sugar and honey.
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species of parasitoid wasps, with females in most cases suffering greater
mortality (Godfray, 1993).

Host mortality due to female stings

No significant differences in host mortality were observed between the
two species and the different host-parasitoid ratios (Figure 2) (all 2,
p>0.05). For both Cirrospilus species, the number of hosts stung
without oviposition was greater than the number of those with ovipo-
sition (about 70% of attacked hosts in all host-parasitoid ratios). It is
likely that the greater number of hosts killed, but not parasitized, is
due to factors such as probing with the ovipositor for the host selec-
tion and a sort of predation trough the host-feeding by females dur-
ing their foraging. These aspects may represent an important
contribution to control of P. citrella. Above all, host feeding by these
parasitoids can cause significant leafminer mortality (Askew and
Shaw, 1979).

Parthenogenesis and sex ratio

C. diallus and C. pictus virgin females laid eggs on the exposed hosts.
Progeny obtained were males only, 45 C. diallus and 51 C. pictus,
showing arrhenotokous parthenogenesis.

Mated females of both parasitoid species showed a similar pattern
of male and female progeny allocation in different host stages

F]C. pictus Oc. diallus

hosts killed by parasitoid stings (%)

2:1 3:1 4:1 5:1 6:1
host-parasitoid ratio

Figure 2. Average (+ SE) rates of P. citrella killed by parasitoid female stings of the
two species C. pictus and C. diallus, under different host/parasitoid ratios.
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Figure 3. Sex ratio (+SE) laid by the two species C. diallus and C. pictus females in
relation to the different host stages exposed. Bars with different letters indicate signifi-
cantly different percentage values (p <0.05; logistic regression).

(x> = 0.2, df = 1, p = 0.636). When provided with a choice (Fig-
ure 3), both parasitoids laid a significantly greater proportion of male
eggs in 2nd-3rd instar larvae than in 4th instar larvae (y>=43.9,
df = 1, p<0.0001) or pupae (x°=37.9, df = 1, p<0.0001). There
was no significant difference in the proportion of male eggs laid be-
tween 4th instar larvae and pupae (x°=1.0, df = 1, p = 0.316).
Many parasitoid species lay male eggs in small hosts and females eggs
in large hosts (Charnov, 1982), and the sex ratio may depend on host
size determining the size of the adult parasitoid (Quicke, 1997). Wa-
age (1982) and Werren (1984) suggested that the effect of host size on
sex ratio is most likely to be found in species that attack non-growing
host stages, or those preventing their hosts from continuing to grow
(idiobionts). This is the case for both Cirrospilus species which lay
their eggs on hosts after paralysing them permanently.

Development times and life cycle

Development times of the different stages, at three different tempera-
tures, 26, 21 and 16 °C) for C. pictus and, at 26 °C, for C. diallus, are
presented in Table 1. The duration of egg, 2nd-3 rd instar larva and 4th
instar larva, and pupal stages was significantly influenced by tempera-
ture (y?=47.8, df = 2, p<0.0001, ¥*=63.0, df = 2, p<0.0001,
y>=16.2, df = 2, p<0.001, and y*=124.8, df = 2, p<0.0001, respec-
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tively), whereas for the pre-pupal stage no significant differences were
found (y>*=3.5, df = 2, p = 0.16744). This influence of temperature
variation has been reported also for other eulophids (Boucek and
Askew, 1968). Development times obtained were not statistically differ-
ent between sexes for all stages (eggs: x>=0.4, df = 1, p = 0.482, 2nd-
3rd instar larva: XZZO.l, df = 1, p = 0.721, 4th instar larva: xzz 1.9,
df = 1, p = 0.163, pre-pupae: ¥>=0.5, df = 1, p = 0.492, pupae:
y*=1.1, df = 1, p = 0.303). When development time was compared,
at 26 °C between the two parasitoid species, significant differences were
detected for all stages, except for pre-pupae, (eggs: y°=17.8, df = 1,
p<0.0001, 2nd-3rd instar larva: x*>=37.6, df = 1, p<0.0001, 4th instar
larva: ¥*=21.9, df = 1, p<0.0001, pre-pupa: x°=0.1, df = 1,
p = 0.701, pupae: ¥>*=27.8, df = 1, p<0.0001).

When comparing the life-cycle duration, significant differences
were observed between the three different temperatures (y°=163.5,
df = 2, p<0.0001) and, at 26 °C, between the two species (y>=84.1,
df = 1, p < 0.0001), but not between the sexes (3°=0.2, df = 1,
p = 0.654). These aspects are quite common to most insect parasi-
toids, and similar results have been obtained from different Eulophid
leafminer parasitoids (Llacer et al., 1998; Urbaneja et al., 1999).

Behavioral observations

Courtship and mating behaviour in C. pictus involves various actions
and postures, and the likely exchange of sexual pheromones through
antennal contact, wing and leg movements. These behaviours are of-
ten useful for identifying sibling species, or morphologically indistin-
guishable forms (Gordh and De Bach, 1978; van den Assem et al.,
1982). C. pictus displayed typical behavioural sequences and postures
characteristic of pre-copulatory, copulatory and post-copulatory
courtship phases which included chemical signals. These cues play a
very important role in mate recognition by hymenopterous parasitoids
where males often show arrestant and short-range attractant re-
sponses to chemicals associated with females (Gordh and DeBach,
1978; van den Assem, 1986). During the pre-copulatory courtship, the
C. pictus female remained motionless and the male touched the front
or side of a female with its antennae, or along the female’s side for
about 30 s, with likely female mates becoming receptive as a result of
the male’s courtship (Quicke, 1997). The male then mounted the fe-
male, and bending its head forward, its antennae vibrated and tou-
ched, or approached, the apices of the female’s antennal clubs. Such
antennal contact lasted from 1 to 10 minutes. Subsequently, the male
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placed its forelegs on the female’s head and its posterior legs on the
female’s thorax, while the middle legs fluttered at the sides of the fe-
male’s body for about 2-5 min. The swaying middle legs were proba-
bly used to intermittently extend a pheromone to hinder the female’s
movements (Gordh and DeBach, 1978). During the copulatory phase,
the male moved backwards, spreading its hind legs wide and touching
the substrate. With its fore legs on the distal margin of the female’s
wings and its middle legs on the female’s gaster, it bent its gaster un-
der the female’s to achieve genital contact. This phase lasted about
1520 s. Like many parasitic wasps that spend a considerable amount
of time in post-copulatory courtship (Allen et al., 1994), after copula-
tion the C. pictus male removed its gaster and performed antennal
movements on the female’s wings, then climbed upon the dorsum of
the female, assuming a position similar to that for pre-copulatory
courtship. This phase lasted about 12 min. It is likely that this
behaviour is employed by the male as a way to prevent the female
from mating with other males (Gordh and DeBach, 1978; Allen et al.,
1994).

Oviposition behaviour appears similar in both Cirrospilus species.
As for other parasitoid females (Godfray, 1993), host acceptance like-
ly occurs by means of chemical cues perceived through receptors in
the antennae, tarsi and ovipositor. Cirrospilus females searching for
hosts walked on leaves with one or more mines, repeatedly touching
the substrate with their antennae until a host was encountered. Gen-
erally, 2nd, 3rd, 4th instar larvae or pupae were selected. Females
recognised potential hosts for the oviposition via external examination
and, if the host seemed suitable, they then drilled it, perforating the
mine cuticle and inserted the ovipositor in the host body. Occasion-
ally, they stung the host body two or three times in different places.
The sting lasted several seconds but was not always followed by ovi-
position. If the host was accepted, females drilled the leaf cuticle
again with the ovipositor and laid an egg in contact with the host
(78.45% of the females), or within a distance of 6 mm from the host
(21.55% of the females). Oviposition lasted about 30 s. Females
sometimes returned to the same host to lay further eggs. Such super-
parasitism occurred in 26.7% (n = 49) of the parasitized hosts
(n = 183) in C. diallus and 37.2% (n = 73) of the parasitized hosts
(n = 196) in C. pictus. In the Eulophid family, such a phenomenon is
often present and depends on the size of the host (Rizzo and Mineo,
2000). In all cases, as observed in other solitary species (Viggiani,
1964; Subba Rao and Ramamani, 1966), secondary larvae are often
eliminated and only one individual reaches complete development,
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generally deriving from the first egg laid. The female’s injection cau-
ses paralysis in the host. Larvae stung became motionless within half
an hour and gradually took on a brown colour, swelled and subse-
quently died. This has already been observed in several parasitoids
that release venom or a series of secretions associated with oviposi-
tion in hosts (Vinson, 1998) causing permanent paralysis and their
death (Vinson, 1990; Quicke, 1997). Roundish melanic stains also ap-
peared in the ovipositor’s insertion points on the larvae body, as de-
scribed in other eulophid species (Viggiani, 1964; Celli and Raboni,
1993).

Larvae show typical ectophagous behaviour. At the end of the
incubation period, young larvae emerged from the chorion of the
egg and attached themselves to the paralysed host, breaking
through the host body cuticle with their mandibles. Larvae originat-
ing from eggs laid at a distance from the host (up to a 6 mm dis-
tance) were able to move towards the paralysed host and attack it.
Plesiotropism of hatching larvae has been noted in Eulophidae
(Boucek and Askew, 1968). Larvae feeding on the host body in-
creased in size and took on a brownish colour. At the end of their
growth the last instar larvae moved away from the host, rested,
stopped at a short distance, and remaining under the leaf cuticle,
expelled their faecal pellets for about 6-7 h. Then, they changed
into pre-pupa, which appeared completely whitish in colour and,
after about 12-24 h, the pupa gradually became darker, and finally
brown. In C. pictus, the expulsion of faecal pellets was a typical
characteristic because the last instar larva arranged the meconium in
3-6 small heaps around its own body with rotatory movements of
its gaster. The characteristic distribution of faecal pellets in small
heaps also occurs in other eulophid species (Viggiani, 1962) and is
needed to prevent the mine collapsing, with consequent damage to
the pupa, as it dries out.
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