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ABSTRACT Climatic conditions and the physiological state of a parasitoid may alter its host selection
behavior and thus its efÞciency as a biological control agent. We studied the inßuence of these
parameters on the behavior of Fopius arisanus (Sonan), an egg-pupal parasitoid of many Tephritidae.
In the Þrst experiment, we assessed in Þeld cage assays the inßuence of temperature, humidity, light
intensity, barometric pressure, and wind speed. Both ßight and parasitism were mainly affected by
temperature and humidity. However, because these two factors were strongly correlated in our
experiments, the direct inßuence of each one cannot be speciÞed. Flight activity was affected by
variations in barometric pressure. In a second set of experiments, we conducted release and recapture
assays with dyed insects to determine the inßuence of sex, mating status, egg load, age, and starvation
on attraction toward infested fruit. Males were not attracted, suggesting that fruit are not a mating site.
The egg load seemed to be a major parameter of foraging motivation. Finally, we showed that ßight
activity strongly decreased after 48 h of starvation. We observed a possible switch to food in the
foraging motivation of starved females, but this result was impaired by poor recoveries: �10% of
released females were recaptured after 96 h of starvation. We Þnally discuss the importance of these
observations on the efÞciency of F. arisanus as a biological control agent in tropical humid areas.

KEY WORDS climatic parameters, physiological state, circadian rhythm, host selection, biological
control

The host selection behavior of parasitoid insects de-
picts their search for a suitable host to support the
development of their offspring. This behavior is me-
diated by genetic, acquired, environmental, and phys-
iological factors. Genetic factors are innate and in-
variable, whereas acquired factors encompass the
experience gained by the insect throughout its life.
The environmental factors include the leading stimuli
from the host and/or the host habitat as well as abiotic
factors, mainly climatic conditions. Finally, the phys-
iological state of the parasitoid inßuences its foraging
motivation; age, egg load, hunger, and mating status
are among the parameters known to inßuence host
selection behavior (Vinson 1998).

For example, the inßuence of weather on the be-
havior of Hymenoptera is well documented for mem-
bers of various families, including Apidae (Iwama
1977, Heard and Hendrikz 1993), Ichneumonidae
(Dyer and Landis 1997, Idris and GraÞus 1998), and
Chalcididae (Barbosa and Frongillo 1977). Moreover,
the inßuence of physiological parameters has been
studied in the case of many Braconid parasitoids. For
instance, the effect of the egg limitation in several
parasitoid families has been reviewed by Heimpel and
Rosenheim (1998). Lewis and Takasu (1990) reported

the foraging switch between host and food in hungry
females of Microplitis croceipes (Cresson) (Microgas-
trinae). Michaud (1994) studied the inßuence of mat-
ing status of aphid parasitoids (Aphidiinae), whereas
Steinberg et al. (1992) examined the inßuence of age
in Cotesia glomerata L. (Microgastrinae).

Despite their great economic importance, opiine
parasitoids of fruit ßies (Diptera: Tephritidae) have up
to now received little attention. The inßuence of wind
effect on movement ofDiachasmimorpha longicaudata
(Ashmead) was studied in wind tunnel assays (Mess-
ing et al. 1997). Also, for mass rearing purposes, the
inßuence of age on fecundity has been examined for
several species (Ramadan et al. 1992, 1994; Bautista et
al. 1999). Because the most efÞcient parasitoids of fruit
ßies pests belong to this subfamily, species of Opiinae
are often used for biological control purposes. The
interaction of environmental factors with host selec-
tion therefore strongly inßuences the success of these
programs. Dukas and Duan (2000) showed the inßu-
ence of associative learning for experienced females of
Fopius arisanus (Sonan) (Hymenoptera: Braconidae:
Opiinae), and we studied the visual (Rousse et al.
2007a) and olfactory stimuli (Rousse et al. 2007b)
leading the female of this species to its host. The next
step was to examine the inßuence of climatic and
physiological conditions on this behavioral sequence.1 Corresponding author, e-mail: serge.quilici@cirad.fr.
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For these reasons, we studied the response of F. arisa-
nus to biotic and abiotic factors while foraging for a
host, using Þeld cages to create seminatural condi-
tions.

Materials and Methods

Insects. A colony of F. arisanus was started in De-
cember 2003 in the CIRAD Réunion Entomology Lab-
oratory from a batch of parasitized pupae ofBactrocera
dorsalis (Hendel) obtained from USDAÐARS Hawaii
(E. J. Harris). Emerging adults were subsequently
offered Bactrocera zonata (Saunders) eggs. The main
colony was reared for 20 generations in a 110 by 60 by
60-cm plastic screened cage at 25 � 2�C, 70 � 20% RH,
and 12 L:12 D, with free access to spun honey and
water on a moistened sponge for adults.
Circadian Activity. These experiences were de-

signed to show the inßuence of temperature, light
intensity, humidity, wind speed, and atmospheric
pressure on ßight activity and parasitism. Flight ac-
tivity was assessed by a periodical recording of female
wasps attracted by a fruit over a 24-h cycle. Parasitism
was effective parasitism (i.e., emerging adults in off-
spring) rates recorded at different periods of the day.

The two experiments took place in large Þeld cages
(2.5 m high by 3 m diameter; Synthetic Industries,
Gainesville, FL) containing four young potted mango
trees (1.5Ð2.0 m tall).

For the Þrst experiment (circadian rhythm of at-
traction to the host microhabitat), an orange fruit
infested by tephritid eggs was coated with glue
(Soveurode; Plantin, Courthezon, France) and hung
in the middle of the cage, 1.5 m above ground. A
preliminary assay showed that the glue was not re-
pellent to the parasitoids. The fruit was infested just
before beginning the experiment by manually pierc-
ing 40 holes with a needle and maintaining it for 1 h
in a cage containing 100 gravid B. zonata females. The
experiment started at 2000 hours, when 100 10-to 15-
d-old females of F. arisanus were released into the
cage. These females had no previous oviposition ex-
perience and were assumed to be mated (reared with
males). The remainder of the cohort (reserve pool)
was maintained in a similar cage to experience the
same climatic conditions. Each hour, starting from
0600 hours the next day until 2000 hours, the fruit was
replaced, and the captured females were counted and
replaced by the same number of females from the
reserve pool. The capture data were the number of
females stuck on the orange. Climatic parameters
were recorded by a thermo-hygrometer (JRI Maxant,
Argenteuil, France), a luxmeter (Lutron, Fischer Sci-
entiÞc, France), a barometer (Naudet-Dourde, Le
Perreux sur Marne, France), and an anemometer (TSI
830; TSI France, Marseille, France).

For the second experiment (circadian rhythm of
parasitism), a rearing cage (30 by 30 by 30 cm) was
placed in the Þeld cage. The experiment started at
2000 hours. An orange fruit infested by B. zonata (see
above) was placed in the rearing cage with 50 females
of F. arisanus. The orange fruit was used to decrease

the oviposition pressure experienced by the naive
females and was discarded at 0600 hours. From this
time until 2000 hours, an infested banana was placed
for parasitism in the cage. Bananas were chosen be-
cause they enable proper development of both ßies
and parasitoids (Harris and Bautista 1996). They were
manually pierced and infested for 2 h in a rearing cage
containing 200 gravidB. zonata females. Every 2 h, the
banana was replaced with a fresh one. The banana was
placed on an artiÞcial diet (Etienne 1973) to allow the
larvae to develop until pupation. The pupae were
collected, and the number of emerging wasps was
recorded. The preimaginal development occurred in
a climatic room with conditions similar to those used
for the main rearing (see above). Both experiments
were carried out simultaneously. Each experiment
was replicated 10 times over 5 d between April and
June 2005, i.e., from late summer to early winter.

Statistical analyses were performed with R statisti-
cal software (Version 2.3.1; R Foundation for Statis-
tical Computing, Vienna, Austria). We Þrst assessed
the relations linking the climatic parameters with a
preliminary principal component analysis (dudi.pca
function from package ade4). We used the mean value
of each parameter for each time interval between two
data recordings. We used nested generalized linear
models (function glm) with quasibinomial family and
logit link considering overdispersion (McCullagh and
Nelder 1989) to explain capture (captured females)
and parasitism (number of offspring) probabilities
over a 24-h cycle. Variable selection was provided by
dropping and adding variables using F tests on devi-
ance for nested models (Venables and Ripley 2002).
Influence of Sex and Physiological State.The aim of

these experiments was to assess the inßuence of the
femaleÕs physiological condition when foraging for a
host. In the middle of each Þeld cage (see above), a
black painted trap (Tephritrap, Sorygar, Spain) was
hung. For the Þrst eight experiments, the trap con-
tained an infested orange (see above) and one half a
dispenser of dichlorvos (C-72; Biosystèmes, Herblay,
France) to quickly kill any entering wasp. Preassays
did not show any repellent effect of the insecticide.

For all experiments, two groups of wasps were
reared separately and marked with ßuorescent dyes
(Radglo green [JST11] and red [JST15]; Radiant
Color, Houthalen, Belgium). To do so, the parasitized
pupae obtained from the main rearing were covered
with a 1- to 2-cm layer of dye and wheat bran (volume
1:8) and then with a thin layer of river sand. The
potential inßuence of this marking treatment on the
parasitoidÕs ßight capability was assessed in a Þrst
experiment, where a group of 50 nondyed females
(control) was released with two groups of 50 dyed
females, one for each dye as described below.

TheÞrst groupwas referred toas thecontrol and the
second as the treatment. The control group was
formed with 10- to 15-d-old females, mated and fed,
without any oviposition experience. The treatment
group consisted of wasps in one of eight different
physiological states as described in Table 1. Fifty fe-
males of each group were released in the cage 15 min
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before putting the traps in. Two hours later, the traps
were removed, and the number and the color of wasps
caught were recorded. The color distinction was per-
formed under UV light (254 nm). Each experiment
was repeated eight times.

In a Þnal experiment, we assessed the evolution of
ßight capability and foraging preferences of females
starved for 1Ð4 d. The treated groups were formed
with females starved for 24, 48, 72, or 96 h. The ex-
periment took place in a similar Þeld cage. It was Þrst
conducted with a unique trap (baited with an orange
fruit infested with B. zonata eggs) and repeated with
two traps in the cage. The Þrst one contained a sponge
(6 by 4 by 2 cm) soaked with spun honey, whereas the
second contained a moist sponge of similar dimensions
impregnated with host feces (left for 4 h in a small
container with �100 adults of the host fruit ßy B.
zonata). These feces are known to have a kairomonal
olfactory effect on F. arisanus females (Rousse et al.
2007b). We carried out eight replicates for each star-
vation period. For each day, we conducted one rep-
licate of each of the four treatments (starvation pe-
riod) to reduce the variations of ßight activity induced
by climatic conditions. We took into account only
those replicates where the mortality caused by treat-
ment (dead insects in the releasing jar at end of the
experiment) was inferior to 10% of the group.

For all experiments but the last, we assessed the
inßuence of the treatment on capture using an analysis
of deviance with normal error (generalized linear re-
gression with function glm, considering a Gaussian
family and identity link). In the last experiment, we
Þrst analyzed the inßuence of starvation period on the
percentage of total captures compared with the re-
leases and secondly its inßuence on the percentage of
captures in the trap containing honey compared with
the total captures. This was performed using an anal-
ysis of deviance with binomial error and consideration
of overdispersion (quasibinomial family and F test)
(Venables and Ripley 2002).

Results

Circadian Activity. Figure 1 depicts the climatic
pattern of the Þve days of experimentation. Principal

component analysis showed that temperature and
light intensity were strongly positively correlated (r�
0.83), whereas temperature and relative humidity
were strongly inversely correlated (r� �0.95). These
three parameters explained the Þrst axis (eigenvalue
62%) with 27, 26, and 25% of absolute contribution to
this axis. The second axis of the PCA (eigenvalve 20%)
was explained mostly by atmospheric pressure and
wind speed (63 and 28% of absolute contribution,
respectively). The stepwise method for selecting cli-
matic variables to model F. arisanus captures showed
that humidity (P� 10�10), atmospheric pressure (P�
10�3), and temperature (P� 10�5) were successively
chosen (Fig. 2); wind speed and light intensity were
not. Concerning parasitism rates, Þrst humidity (P �
10�10) and then temperature (P � 10�2) were suc-
cessively chosen in the model (Fig. 3). All three other
parameters had no signiÞcant inßuence.

We selected the most explanatory nested model for
both cases. It showed that temperature/humidity to-
gether and then atmospheric pressure were sufÞcient
to fully explain the variations in ßight activity, whereas
humidity/temperature explained the variations in par-
asitism rates.
Influence of Sex andPhysiological State.The results

of the Þrst nine experiments are shown in Table 1.
Marking the females with dyes had no signiÞcant in-
ßuence on their ßight ability (F2,21 � 10�3; P� 0.99).
Sex had a major inßuence (F1,14 � 21.27; P � 10�3),
because nearly no males were caught in the trap.
Mating had no signiÞcant inßuence (F1,14 � 0.02; P�
0.90). Zero- to 5-d-old females were less attracted to
the fruit than 10- to 15-d-old ones (F1,14 � 19.55; P �
10�3), but no differences appeared between 10- to 15-
and 20- to 25-d-old females (F1,14 � 0.01; P � 0.91).
Females that had oviposited the day before the ex-
periment were less attracted to the trap (F1,14 � 8.15;
P� 10�2), but this was not the case if oviposition had
taken place before this 24-h period (F1,14 � 0.30; P �
0.60). Females that had been starved for 24 h were not
signiÞcantly affected (P� 0.78), but signiÞcantly less
were recovered in the trap when the starvation period
lasted 48 h (F1,14 � 14.23; P � 10�2).

In both analyses of the last experiment, the factors
starvation period and treatment signiÞcantly inter-

Table 1. Influence of sex and physiological status: comparison of mean captures of females from the control and treated groups

Experience Treatment Controla Treateda Result

Dye test Two groups marked by the two ßuorescent dyes 17.6 � 3.2 17.6 � 2.4 17.8 � 3.2 NS
Sex Males 11.6 � 4.6 0.5 � 0.9 b

Mating status Females reared without males 8.4 � 4.3 8.0 � 3.7 NS
Egg load 24 h Free access to a ßy infested orange for 24 or 48

h before the experiment
14.0 � 4.1 6.0 � 3.6 c

Egg load 48 h 16.5 � 4.2 14.9 � 4.0 NS
Starvation 24 h Starved 24 or 48 h before the experiment 20.4 � 2.5 19.9 � 2.4 NS
Starvation 48 h 22.4 � 2.9 13.5 � 3.6 c

Age (0Ð5 d) 0Ð5 or 20Ð25 d oldd 19.9 � 4.0 8.0 � 2.7 b

Age (15Ð25 d) 11.4 � 2.6 11.1 � 3.5 NS

aMean captures � 95% conÞdence interval.
b P � 10�3.
c P � 10�2.
dControl and treated females had free access to a ßy infested orange for 24 and 48 h before the experiment to homogenize egg resorption.
NS, nonsigniÞcant.
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acted. The percentage of captured starved females
signiÞcantly decreased from the second day of star-
vation (F1,14 � 11.29; P� 10�2, F1,14 � 40.95; P� 10�4,
and F1,14 � 67.80; P � 10�6 during the second, third,
and fourth days, respectively). Less than 10% of them
were captured after 4 d of starvation (Fig. 4). In-
versely, the proportion of these females recovered in
the trap containing honey tended to increase with the
starvation period (Fig. 5); the percentage of starved
females preferring the trap containing honey was
higher than that of fed females on the third (F1,14 �
5.50; P � 0.03) and fourth days (F1,14 � 23.81; P �
10�3). This last result, however, mainly relies on lim-
ited captures of starved females and should be care-
fully considered.

Discussion

Amajorweaknessof climatic inßuence studies is the
lack of variability of the weather. We, however, ob-
tained a good range of values for each of the Þve
considered parameters, as well as a satisfactory inter-
day dissimilarity (Fig. 1), although the similar covari-
ances of temperature, humidity, and light intensity did
not allow for a signiÞcant discrimination between
these parameters.

Our analyses showed the predominant inßuence of
temperature and humidity on the recorded behaviors
ofF. arisanus.Flight and parasitism activities increased
with temperature and decreased with relative humid-
ity (Figs. 2 and 3). However, the strong correlation
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Fig. 1. Range of climatic parameters recorded for the 5 d of circadian rhythm experimentation. The box and whisker plots
depict the medians and quartiles; the isolated dots are outlying values.

Fig. 2. Circadian rhythm of ßight activity. One hundred females of F. arisanus are constantly present in the Þeld cage
with a glued, ßy-infested orange fruit. Evolution per hour of captures, temperature, humidity, and barometric pressure mean
data. No captures were recorded during the night (2000Ð0600 hours).
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linking these factors did not allow us to separate them.
Consequently, we cannot exclude that one of these
two factors could be indirectly implied. Nevertheless,
the inßuence of both factors on hymenopteranÕs ac-
tivity is well documented. For example, the direct
positive inßuence of temperature and negative inßu-
ence of humidity on ßight activity has been shown for
some Apidae (Iwama 1977, Sihag and Abrol 1986) and
Megachilidae (Abrol 1987). More generally, temper-
ature has been shown to be the main elicitor of activity
of poikilothermic animals. In terms of hymenopteran
ßight activity, this was shown for some Sphecoidea
(Kapyla 1974), Apidae (Burrill and Dietz 1981, Heard
and Hendrikz 1993), Ichneumonidae (Dyer and Lan-
dis 1997, Idris and GraÞus 1998), Trichogrammatidae
(Boldt 1974), or Chalcididae (Barbosa and Frongillo
1977). Indeed, temperature rarely has no effect on
host selection behavior, although this has been re-
ported in the case of an Ooencyrtus sp. (Kaya and
Anderson 1974).

We also showed that the ßight activity of F. arisanus
females was inßuenced by barometric pressure. The
activity was positively correlated with variations of
barometric pressure for the major part of the day but
still decreased while the pressure increased during the
late afternoon (Fig. 2). Roitberg et al. (1993) and
Fournier et al. (2005) showed that Leptopilina hetero-
toma (Thompson) (Hymenoptera: Eucoilidae) and

Trichogramma spp. (Hymenoptera: Trichogrammati-
dae), respectively, are sensitive to barometric pres-
sure variations. Indeed, such variations imply climatic
changes and may therefore be associated with higher
risks of mortality. In particular, rainy and windy con-
ditions cause high mortality in small species (Well-
ington 1946). However, we observed no signiÞcant
inßuence of barometric pressure on the parasitism
activity of F. arisanus. Indeed, if pressure variations
indicate a risk for ßying insects, this is less true for
ovipositing females less vulnerable to climatic hazard;
in fact, when foraging for oviposition sites on the fruit
surface, the females ofF. arisanushave nearly no ßying
activity (Wang and Messing 2003a). Barometric pres-
sure would therefore mainly inßuence ßight initiation
of landed insects.
Fopius arisanus is a strictly diurnal insect that ßies

from dawn to sunset. Our analysis, however, showed
that light intensity was a less explicative variable than
temperature, although both variables were strongly
correlated. We might therefore consider for light in-
tensity a threshold effect (Abrol 2006) and/or an in-
ternal physiological clock (Saunders 1997) regulating
the locomotor activity in a nonproportional way. Test-
ing such an hypothesis would require experiments in
controlled conditions. Finally, we did not notice any
effect of wind speed on the activity of F. arisanus.
Wind is known to limit the movements of D. longi-

Fig. 3. Circadian rhythm of parasitism activity. Twenty females of F. arisanus were offered a ßy-infested banana every
2 h. Evolution per 2 h of parasitism, temperature, and humidity mean data.
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caudata above 0.8 m/s (Messing et al. 1997). In our
experiments, we recorded a maximum wind speed of
1 m/s, but all the other records were �0.7 m/s (Fig.
1). This speed is probably too weak to signiÞcantly
affect F. arisanus.

In the second part of our study, we analyzed some
physiological parameters affecting host selection.
Most of our experiments were carried out using an
infested fruit as attractant. The stimuli emitted by such
a bait are involved in host selection (Rousse et al.
2007b), but we must keep in mind that, in our exper-
iments, fruits may be considered as a food source also.

No males were attracted by the bait, suggesting that
the fruit is not a mating or feeding site for F. arisanus.
Quimio and Walter (2000), describing the reproduc-
tive behavior of this species under natural conditions,
reported that males were more frequently encoun-
tered in lower vegetation than in canopy. All matings
they observed took place on leaves and not on fruit.
Moreover, in our experiments, mating status had no
inßuence on the attraction to the fruit: females do not
forage on the fruit in search of a mate but most likely
when in search of a host. Wang and Messing (2003b)
noticed that the mating status of F. arisanus had no
inßuenceonoocyteproduction.Asa result,matinghas
no inßuence on the egg load, which otherwise signif-
icantly inßuenced our results. Being an arrhenotokous
parthenogenic species, F. arisanus does not need to
mate to lay viable eggs, but mating is required to
produce females and therefore an ecological stable
strategy. Because males and host fruit are apparently
spatially separated, females face a trade-off between
looking for mate and looking for a host (Guertin et al.
1996). In F. arisanus, this assumed trade-off would not
be limiting enough to induce an observable difference
in ßight activity.

We showed, however, that the egg load pressure did
inßuence foraging females. Females showed a pos-
toviposition decrease of their foraging motivation, but
this difference disappeared after a 24-h period without
any access to a host. When presenting a host to females
deprived of hosts for 10Ð15 d, we reduced their egg
load. The oviposition pressure was therefore de-

creased, as was, subsequently, host foraging behavior.
Basically, synovigenic species may be considered as
periodically proovigenic for egg load pressure pur-
poses, i.e., they are periodically egg limited (Heimpel
and Rosenheim 1998). The pressure ßuctuates accord-
ing to successful ovipositions and egg maturation
rhythm. In F. arisanus, the oosorption begins after 4 d
without a host but can be stopped by a new contact
with it (Lawrence et al. 2000, Wang and Messing
2003a). Wang and Messing (2003b) showed that the
daily egg production of F. arisanus is quite high (�40
eggs/d at this age). This matches our results; after a
whole day without a host, the egg load pressure starts
to urge females to Þnd hosts.

We also showed that age inßuenced the ßight be-
havior of females. The low activity of young females
can be explained by a lower egg load pressure. Indeed,
the potential fecundity greatly increases during this
Þrst period. Ramadan et al. (1992) noticed that fe-
males reared on B. dorsalis had �40 mature eggs at
emergence and 120 6 d later. Wang and Messing
(2003b) similarly showed an evolution from �20 to
100 eggs during the same period for females reared on
C. capitata. In agreement with our results, Ramadan et
al. (1992) reported the Þrst oviposition at a mean age
of 4 d.

Inversely, senescent females showed the same at-
tractiveness to the bait as the control females. Twenty-
to 25-d-old females reached the end of their lifespan
(Ramadan et al. 1992 recorded a mean longevity of
15.3 d for host deprived females). Although their po-
tential fecundity decreases after the 15th day (Ra-
madan et al. 1994),F. arisanus females produce mature
oocytes throughout their life. Senescence has thus less
inßuence than for proovigenic species whose accep-
tation threshold may decrease when they reach the
end of their lifespan without having laid their whole
egg load (Wajnberg et al. 2006). The foraging moti-
vation of the females of F. arisanus seems to remain
constant all along their life as soon as they reach their
maximal potential fecundity, which is at the end of the
Þrst week after emergence (Ramadan et al. 1994).
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Fig. 5. Inßuenceof starvationon foragingmotivation.Proportionsof starvedand fed females recapturedbyahoney-baited
trap rather than a host kairomone-baited trap (means � 95% CI). Stars indicate a signiÞcant difference between treatments.
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Finally, we showed that a 2-d starvation period
reduced the ßight activity of females. The proportions
of females responding to food rather than host stimuli
(honey rather than ßy feces) increased from the third
day (Fig. 5), although this proportion concerned
�10% of the released females. Although few of them
were recovered, we observed that �90% of females
did leave the release jar. In our experiments, females
starved for 48 h, showing the Þrst signiÞcant sign of
sugar deprivation (Fig. 4), were not more attracted
toward honey than fed ones (Fig. 5). Actually, this
effect was more induced by a reduction of the ßight
induction than by a switch in foraging motivation. The
carbohydrate shortage seemed to limit the ßight in-
duction even before triggering an oriented ßight to-
ward a food source. The behavior in the Þeld would
therefore be strongly inßuenced by the accessibility of
carbohydrate sources such as hemipteran honeydew
or ßoral nectar.

Thus, the foraging motivation of F. arisanus females
seems to be mainly ruled by temperature/humidity
and by egg load parameters. Given the high egg pro-
duction rate of this species (Wang and Messing
2003a), the latter parameter should hardly be limiting
in the Þeld, allowing the parasitoid to express a high
rate of oviposition. However, for biological control
purposes, F. arisanus is mainly used in tropical humid
areas. As a consequence, the potentially negative im-
pact of humidity on ßight induction should be accu-
rately assessed. Nevertheless, such a negative impact
seems unexpected in an insect coming from the Indo
PaciÞc area. Finally, the results obtained on the in-
ßuence of climate on adultÕs behavior should also be
completed by a study of its inßuence on preimaginal
development.
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