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ABSTRACT. The insects oviposition behavior is fundamental to study population dynamics, life history evolution, insect-plant and
parasitoid-host interactions. Zabrotes subfasciatus (Boheman, 1833) females oviposition behavior in the presence and absence of a host
is unknown. The main objective of this study was to describe in detail the oviposition behavior of host deprived or non-deprived females,
and observe how the several situations of deprivation (days without host) influence oviposition. Six groups were assembled, three
deprived of the host (for 2, 5 and 8 days) and three control groups (with host), each containing one newly-emerged couple (0-24h) of wild
Z. subfasciatus, The non-deprived (control) groups received the hosts every day (5 bean seeds Phaseolus vulgaris (Fabaceae)) and the
others were deprived for 2, 5 and 8 days, respectively. For each group 12 repetitions were made. Consequently, 12 couples were host
deprived during two days, 12 couples were host deprived during five days and 12 couples were host deprived during eight days. When the
seeds of the deprived groups were added the experiments started. There was a control group for each deprived group. The experiments
and the insects were maintained at constant temperature 29 + 2°C and 70-80% relative humidity. At 15 minutes interval, the number of
times the females manifested the different categories of behavior was observed (frequency). The behavior categories were: rest inside the
box, locomotion, resource exploration (seeds), copulation and oviposition. The deprived females stayed most of the time in contact with
the host to carry out oviposition, while the non-deprived (control) females spent most of the time at rest. This was observed in al the
deprivation times. The results show that host deprivation influences the oviposition behavior of the studied species and also shows the
flexibility in the oviposition strategies that these females present when the environment changes (absence and presence of resources).
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RESUMO. Comportamento de ovoposicao de fémeas selvagens de Zabrotes subfasciatus (Coleoptera, Chrysomelidae) privadas
do hospedeiro Phaseolus vulgaris (Fabaceae). O comportamento de oviposicao de insetos é fundamental em pesquisas de dinamica
populacional, evolucdo da histéria de vida, interagdes inseto-planta e parasitéide-hospedeiro. O comportamento de oviposicéo de fémeas de
Zabrotes subfasciatus (Boheman, 1833) na presenca e auséncia de hospedeiro € desconhecido. O principal objetivo deste trabalho foi
verificar de que modo as vérias situagdes de privagdo temporéria de hospedeiro influenciam a oviposi¢do. Foram montados 6 grupos, sendo
3 privados de hospedeiro (por 2, 5 e 8 dias) e 3 controles (com hospedeiro), cada um contendo um casal recém-emergido (0-24 h) de Z.
subfasciatus selvagem. Apenas os grupos controles receberam os hospedeiros todos os dias (5 sementes de feijao, Phaseolus vulgaris
(Fabaceae)); os demais ficaram sem o hospedeiro por 2, 5 e 8 dias, respectivamente. Para cada grupo, 12 repeticoes foram realizadas. Desta
forma, 12 casais foram privados do hospedeiro por 2 dias, 12 casais foram privados do hospedeiro por 5 dias e 12 casais foram privados do
hospedeiro por 8 dias. Quando as sementes dos feijdes foram adicionadas nos grupos privados, as observacdes iniciavam. Havia um grupo
controle para cada grupo privado. Os experimentos e 0s insetos foram mantidos a uma temperatura constante de 29 + 2°C e 70-80:% umidade
relativa. A cada 15 minutos, foi observado o nimero de vezes que as fémeas manifestavam as diferentes categorias de comportamento
(frequéncia). As categorias de comportamento foram: repouso dentro da caixa, locomogéo, exploracdo dos recursos (sementes), copula e
oviposicdo. As fémeas privadas ficaram a maior parte do tempo em contato com o hospedeiro para realizar a oviposi¢éo, enquanto as
controles ficaram a maior parte do tempo em repouso. Isto foi observado em todos os tempos de privagdo. Os resultados mostram que a
privacdo de hospedeiro influencia o comportamento de oviposicdo da espécie estudada e também mostra a flexibilidade nas estratégias de
oviposicao que estas fémeas apresentam quando o ambiente se altera (auséncia e presenca de recursos).

PALAVRAS-CHAVE. Privacéo de hospedeiro, comportamento de oviposi¢éo, Bruchinae.

In phytophagous holometabolous insects,
selection of an adequate site for oviposition is
determinant in the choice of the host plant for the
immatureinsects, mainly if the offspringisunableto search
additional hosts before using the nutritive resources
selected by the mother (Sincer, 1986; Renwick, 1989;
MavHew, 1997). The oviposition process involves a
consecutive series of behaviors which demand for each
individual case the presence of an adequate stimulus in
order that a satisfactory response occurs (Hsiao, 1985).

Zabrotes subfasciatus (Boheman, 1833) isaserious
pest of stored beans (Meik & Dosig, 1986), known as
“caruncho dofeijdo” (bean worm). Zabrotes subfasciatus
isfoundintropical and subtropical regionsof the Central
and South Americas and is one of the main pests of
Phaseolus vulgaris (Fabaceae) during storage (HAINES,

1991). Despite the importance of the species, relativelly
littleisknown of itsbiology and most referencestoit are
based on numerous assumptions and analogies with
other, better known, of the Bruchinae subfamily
(CrebLAND & DenpY, 1992).

In this species, the eggs are directly laid on the
seeds and the immatures are unable to shift and search
another alimentary source (CrebLAND & Denpy, 1992).
After eclosion, the larvae perforate the seed tegument
and compl ete their development eating only the contente
of aseed (SouTHGATE, 1979; CrepLAND & DenpY, 1992).
During storage, the adults may produce many generations
without any food (JoHnson, 1989).

In the Bruchinae subfamily, the adult weevils
usually deposit and adhere their eggs in the bean seed
surface apparently at random, but the Z. subfasciatus
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females lay some of their eggs in the seed surface in
groups of 2, 3, 4 or more eggs (UTipa, 1967; Sari et al.,
2003; SperanDIO & ZucoLoTo, 2004). Therefore, as the
adults in general do not feed themselves (CarvALHO &
RosserTo, 1968) the adult femal es” determing” the amount
of available resources for each of the descendants in
potential (Denpy & CrebLanp, 1991); probably, they
develop the behavior of maximizing their fitness, for
instance, distributing a higher amount of eggs in the
largest hosts (Y AanG & Horng, 2002; Core & Fox, 2003;
SzenTes, 2003).

The egg load of females (number of mature ovules
inthe ovaries) isconsidered animportant factor in relation
to oviposition behavior. Pro-ovigenic insects as Z.
subfasciatus emerge with all eggs mature (MINKENBERG
et al., 1992). Host deprivation immediately after adult
emergence has different consequences for pro-ovigenic
and synovigenic species because egg resorption might
occur during the period of host deprivation (FLEURY &
BouLETREAU, 1993).

Deprivation of the host is frequently used to
investigate the effect of the eggs load on the oviposition
behavior (FiTT, 1986; HarrIS & MILLER, 1988), however,
the effect of deprivation itself on the insects oviposition
behavior hasreceived little attention (Sabecur & GILBERT,
2000).

Experiments with host deprivation for wild Z.
subfasciatus, using P. vulgaris variety Rosinha as host,
have shown that the temporary deprivation period (2 to
10 days) of the host alters the oviposition peak for the 1%
day after its inclusion, as also aggregates more eggs in
relation to the P. vulgaris seeds (SPErANDIO & ZucoLoTO,
2004). However, the frequence the females manifested
different kinds of behavior was not observed.

The aim of this study was to describe in detail the
oviposition behavior of host deprived or non-deprived
females, and observe how the several situations of
deprivation (days without host) influence oviposition.

MATERIAL AND METHODS

The study was carried out in the Insect Nutrition
and Feeding Behavior Laboratory, Biology Department,
Faculdade de Filosofia, Ciéncias e Letras de Ribeiréo
Preto, SP, Brazil. Seeds containing Z. subfasciatus were
collected in Ribeirdo Preto (21°05'-21°15' S and 47°50' -
47°55' W) warehouses. Thevariety of the seeds collected
to obtain the insects was always the same (carioquinha).
The seeds were taken to the laboratory and placed in
acrylic sealed boxes (11 x 11 x 3 cm) until the emergence
of adults. Afterwards, they were transferred to identical
compartments containing bean seeds, variety Rosinha,
to compose breeding in laboratory. After ageneration in
the laboratory the experiments started. The Z.
subfasciatus populations were wild, since they were
always collected in warehouses.

The experiments and the insects were maintained
in wooden ovens (90 x 50 x 30 cm) equipped with a
thermostat and electric resistance to maintain constant
temperature 29 + 2°C and R.H. 70-80 %. The experiments
were conducted in acrylic sealed boxes (11 x 11 x 3 cm).
The seeds were maintained in afreezer at —18° C for 48

hoursto avoid any kind of predation and, before starting
the experiments, they were placed in ovensat 29 + 2° C
for 48 hours to maintain an adequate temperature for the
Z. subfasciatus population.

The insects used in the experiments were newly
emerged (0-24 hour-old). Paini & JaseaL (1986) observed
that males and females newly emerged from Phaseolus
lunatus seeds (Rajmash), are in general able to copulate
after one hour and thefemales are able oviposit from 2 to
30 hours after copulating, at a 30° C temperature and 70
%R.H.

Only one variety of bean seeds (P. vulgaris var.
Rosinha) was used. This variety was chosen because it
is common in the region where those wild insect
populations were collected and, therefore, no rejection
problems should arise as concerned the host (TeixeirA
& ZucoLoto, 2003).

Six groups were assembled, three deprived of the
host (for 2, 5 and 8 days) and three control groups (with
host), each containing one newly-emerged couple (0-24h)
of wild Z. subfasciatus. The non-deprived (control)
groups received the hosts every day (5 bean seeds P.
vulgaris) and the others were deprived for 2, 5 and 8
days, respectively. For each group 12 repetitions were
made. Consequently, 12 couples were host deprived
during two days, 12 couples were host deprived during
five daysand 12 coupleswere host deprived during eight
days. When the seeds of the deprived groups were added
the experiments started. There was a control group for
each deprived group. Four boxes were assembled at the
sametime, 2 fromthe control group and 2 from thedeprived
group. If an insect died during the experiment, it was
discarded without reposition. The repetitions were not
always carried out at the same moment, however, there
always was a correspondent control group to be
simultaneously observed with the deprived group.

The females of each group were observed under a
stereomicroscope in days corresponding to the above
mentioned deprivations, from 10 a.m. to 3 p.m. Thisperiod
of timewas chosen because the mgjority of the Bruchinae
subfamily is diurnal (SoutHeaTE, 1979). The number of
times the females remained in the different behavior
categories was observed: at rest in the box, locomotion,
exploration of the resources (seeds), copulation and
oviposition, each 15 minutes. Locomotion was defined
as the displacement of the females inside the boxes
without touching the seeds and exploration as the
displacement of the females on the seeds.

To show what happened to the females along the
observation period, the average frequencies of each
female activity were calculated. The average frequency
of each behavior in each group was defined dividing the
sum of all absolute frequencies by the total number of
females.

The Kolmogorov-Smirnov test was used to verify
normality. As only some groups presented a normal
distribuition of the data, the Mann-Whitney non-
parametric test was used for comparisons between 2
groups. These tests were conducted using the SigmaStat
program for Windows Version 2.03- Jandel Corporation.
Thelevel of significancewasat 5 %.
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RESULTS

Although some of the control females presented
different behaviors in the same moment of observation,
most of them presented characteristics in common: they
remained most of thetime at rest in the box, motionless.
Thiswasstatistically different from the deprived females
(Tabs. I, 11, 111) that spent most of the time laying eggs.
Most of the control females also moved inside the box
without touching the seeds, but in lower frequency and
showed statistical differences as concerned the deprived
females only with 8 days of host deprivation (Tab. I11).
The control and deprived females walked on the seeds,
exploring them repetitively with the antennas extremity
and the control females explored less in relation to the
deprived femaleswith 5 days host deprivation only (Tab.
I1). They rested the ovipositor on the seeds, moistening
them, however they did not lay the eggs. Or they stuck
themselves to the seed trying to lay the eggs, but as the
mal es approached and touched them (trying to copul ate)
they left the seed. Copulation was observed in the control
and deprived femal es and the former copulated | ess (with
statistical difference) only in the group of 2 days host
deprivation (Tab. 1).

As concerns ovipositions, they were much more
frequent in the deprived females with statistical
differences in all the groups (Tabs. I, II, IIl). The
aggregation of eggswas very rare in the control females
groups (during thetime of observation of the experiments)
and in the deprived females was very common. The
deprived femal esremained stuck to the seed. Afterwards,
they walked on it, leaving the ovipositor in contact with

Table I. Average frequence of the 5 different kinds of behavior of
wild control and host deprived for 2 days Zabrotes subfasciatus
(Boheman, 1833) females. Number of couples: 10 (control) and 9
(deprived)*. Averages followed by different letters in the same line
indicate that there was a statistical difference between the groups
(p< 0.05, Mann-Whitney test, a=0.05) (*, two control and three
deprived females died before the experiment started).

Behavior Control females Deprived females
(% of occurrence) (% of occurrence)
At rest in the box 12.8 + 4.4a 49 + 3.8b
Locomotion 35+ 3.6a 21+ 28a
Exploration 0.5+ 0.7a 10+ 11a
Copulation 0.7 £ 1.3a 18+ 1.7b
Oviposition 25 + 2.6a 10.2 £ 5.1b

Table 1. Average frequence of the 5 different kinds of behavior of
wild control and host deprived for 5 days Zabrotes subfasciatus
(Boheman, 1833) females. Number of couples: 12 (Control) and
12 (Deprived). Averages followed by different letters in the same
line indicate that there was a statistical difference between the
groups (p< 0.05, Mann-Whitney test, «=0.05).

Behavior Control females Deprived females
(% of occurrence) (% of occurrence)
At rest in the box 16.2 + 2.4a 46 +5.2b
Locomotion 15+ 15a 0.8 + 1.3a
Exploration Oa 19+ 23b
Copulation 09 + 1.3a 0.5 £+ 0.9a
Oviposition 14 + 1.1a 12.2 + 5.6b

Table 111. Average frequence of the 5 different kinds of behavior of
wild control and host deprived for 8 days Zabrotes subfasciatus
(Boheman, 1833) females. Number of couples: 12 (control) and
12 (deprived). Averages followed by different letters in the same
line indicate that there was a statistical difference between the
groups (p< 0.05, Mann-Whitney test, «=0.05).

Behavior Control females Deprived females
(% of occurrence) (% of occurrence)
At rest in the box 13.7 + 4.8a 7.4 £ 8.0b
Locomotion 22+ 28a 0.2 £ 0.4b
Exploration 0.7 £ 1.4a 0.6 £ 0.8a
Copulation 3.0 £ 4.9a 0.8 £ 1.5a
Oviposition 0.6 + 1.2a 11.0 + 7.0b

the seed (asthey walked). Then, they stopped in aspecific
region of the seed and tried to lay the eggs. Several times
there were only tentatives until oviposition takes place.
Soon after that, they stayed still on the egg, touched it
with the antennas, the labial palps and the anterior legs.
They moved alittle using the anterior legsin front of the
egg, stayed still and tried again to lay eggs near the first

€gg.
DISCUSSION

The control females spent most of the time at rest.
This coincides with RosenHEiM & Rosen (1991) who
observed at 30° C and 70% R. H. that the Aphytis
lingnanensis (Compere, 1955) parasitoid females that
possessed smaller loads of eggs spent most of the time
at rest, and were not host deprived. However, the deprived
females in this study spent most of the time in contact
with the host and laid eggs with higher frequency than
the control ones.

Thiscan be duetothefact that the deprived females
probably contained a large load of eggsin their ovaries
(SreraNDIO & ZucoLoTo, 2004); this may have led the
females to oviposit therefore avoiding a more intense
resorption of their eggs, since in pro-ovigenic species,
egg resorption can markedly reduce fecundity since eggs
are not replenished (FLeury & BouLeTreau, 1993).
Notwithstanding, RosenHEiM & Rosen (1991) shows that
the manipulation period with the host was inversely
related to the load of eggs in the parasitoid A.
lingnanensis, as well as of each component of the
activities that comprise host manipulation, including
preparation for oviposition, post-oviposition period,
grooming and rest.

The experimentswith host manipulation have been
supported by observations of oviposition in natural
populations, where the variation in behavior depends
both on the changes induced by the time to access the
host (Root & Kareiva, 1984) and on the variation in the
eggs load (OpenbaaL & RausHer, 1990). The studies
about host deprivation and others closely associated
studies have, in general, revealed increased amplitudein
the variation of hosts and/or increased size of the
aggregate, in response to deprivation and/or increased
load of eggs (RosenHEIM & Rosen, 1991).

The control and deprived females walked on the
seeds, exploring them repetitively with the extremity of
the antennas. BaTisTe (1967) in Bruchophagus kolobovae
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(Fedosseva, 1956), Kamm & ButTery (1986) in B. Roddi
(Gussakovskiy, 1933), KouLoussis & KATsovyAnNos (1994)
in Eurytoma amygdali (Enderlein, 1907) and Pereira et
al. (2003) in Bephratelloides pomorum (Fabricius, 1908)
also observed thisbehavior in femal esfrom other species
when exploring the host. According to these authors they
make antennation, probably searching an ideal site to
carry out oviposition. In parasitoid wasps, antennation
has as function to recognize the host and distinguish
whether it isparasited, as observed by Powers & OATMAN
(1984) in Chelonuns kellieae (Marsh, 1919) and C.
phthorimaeae (Gahan, 1917) and Tacawa et al. (1985) in
Apanteles glomeratus (Linnaeus, 1758). This behavior can
be due to the presence of odors of the host that orientate
thefemalefor oviposition (Visser, 1986). In E. amygdali
and B. roddi this orientation is due to the fruit surface
volatile components detected by the antennas sensillas
(Kamm & BUTERRY, 1986; KouLoussis & KATSOYANNOS,
1994). Those experimentes were conducted under the
sameenvironmental conditions(at 30° Cand 70% R. H.).

Antennation is related also to the femal e capacity
to evaluate the degree of seed infestation and, depending
on the availahility, to lay eggs in the less infested, as
KouLoussis & Katsovannos (1993) have shown in E.
amygdali.

In this study, other behaviors as locomotion,
resources exploration and copulation, were not
significantly different comparing control and deprived
females. One of the explanations for this fact is that the
deprived females spent more time contacting the host to
carry out oviposition. Time was the limitant factor
concerning oviposition, since the females live nine days
on average at 30° C and 70 % R. H. (Sari et al., 2003).
Therefore, when they found the host P. vulgaris, the
femalesdid not have timeto select the seed and carry out
oviposition adequately. Consequently, we observed more
aggregates in the deprived females. They concentrated
ovipositionin the 1% seed that they found at 29° C and 70
% R. H. (SreraNDIO & ZucoLoTo, 2004). ROSENHEIM &
Rosen (1991) also observed that in the A. lingnanensis
parasitoid, thefemaleswith larger loads of eggslaid larger
aggregates. Those observations are also in agreement
with MinkenBERG et al. (1992) and ALuaa et al. (2001) that
also observed that the load of eggs influences the size of
thefemaeaggregateat 26° Ctemperatureand 59- 72%R. H.

Notwithstanding, if the period of search is long
and the females present limited oviposition, it is best to
be highly discriminatory, since the fate of each egg can
now be maximized without any “ preoccupation” withtime
(CourTNEY, 1982). This was observed with the control
femalesthat spent most of thetime at rest, since they did
not have time as a limitant factor for their ovipositions.
Thus, they could select adequately the seed, since the
resourceswere alwaysavailable. Thisfact coincideswith
the RosenHEIM & Rosen study (1991), who observed that
A. lingnanensis species parasitoids with lower load of
eggs and with previous experience of contact with the
host, laid smaller aggregates. More properly, thedecisions
about the aggregate size seem fundamentally dynamic,
responding to changesin the parasitoids physiology (load
of eggs) and to their perception concerning the
availability of the host (experience).

According to Van Loon & Dicke (2001), the
modifications in the host selection behavior as a result
of previous experiences can be observed both inthe faster
decision-making and in the change in preference, but the
behavior sequence remains the same. The sequence of
the behavioral phases and of the elements inside each
phase can be completely elaborated.

The host selection behavioral sequence can be
subdivided in 2 main and consecutive phases (VAN LooN
& Dickg, 2001). Thefirst, the search phase, endswith the
establishment of contact with the food or with the host
through visual and olfactory information, and the second,
the recognition phase, endswith ingestion or oviposition.
In the latter, the number of sensorial modalities and the
intensity of the stimuli increase and the insects exhibit
different exploratory behaviors, which involve repeated
contact with the antennas, mouthparts, legs and
ovipositor that carry mechanoreceptors and
chemoreceptor contact sensillas (VAN Loon & Dicke,
2001). However, thefinal decision of accepting or rejecting
the host is not only based in sensorial information, but
also in the physiological status of the insect (satiety,
sexual maturity, egg maturation) and all that information
isintegrated in the Central Nervous System (Van Loon
& Dickg, 2001).

The above mentioned phases coincide with this
study observations, with the exception of the contact
establishment with the host that, according to Zacher
(1930) apud Ferreira (1960) occurs mainly by touch (with
the palps and ovipositor) and olfaction as oviposition
inducersassuring that sight has not an appreciable action.
One can infer that the first phase (search) was shorter in
deprived females and that the second phase (contact)
was longer, since time being the limitant factor they
became less selective and as the seeds were introduced
several females started oviposition (pers. obs.). Besides
the time, the resources availability could also determine
the oviposition behavior.

These inferences are in agreement with the study
of RosenHEIM & Rosen (1991), who observed that the
load of eggs influenced the intensity of the search
behavior in the A. lingnanensis parasitoids, since the
femaleswith smaller |load of eggs needed moretimeinside
aforaging areato discover the host.

According to MANGEL (1987) the main qualitative
forecasts about the host selection interrelate when age
or the amount of mature oocytes increase, or else, when
the females are deprived of the host. In that moment,
they become less selective as concerns the oviposition
site, because the cost of rejection of the host in relation
to the reproductive success expected along the life
increases. A delay to find an adequate host probably
limitsthe available time for oviposition and can resultin
physiological changes (Asvan & Exeom, 2006); thiscan
have consequences on the insect fecundity (TAmmARU
& Javois, 2000).

RosenHEIM & Rosen (1991) observed that when the
parasitoids A. lingnanensis had a previous contact
experience with the host, they laid aggregates of smaller
sizes. This agrees with this study observations, where
deprived femaleslaid higher amounts of aggregated eggs
in relation to the control females (in all moments of
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deprivation) (pers. obs.). With less time to lay the eggs,
aggregation would be more advantageous, since the
females would spare time, avoiding the recognition of
each seed individually (SperanDIO & ZucoLoTo, 2004).

The oviposition study in deprived and non-
deprived (control) females has shown that the former
stayed most of the time in contact with the host after its
introduction to carry out oviposition, since the non-
deprived females stayed most of the time at rest.

Oviposition of deprived females was more
aggregated than that of control females, indicating a
strategy related to host deprivation.

Host deprivation influences the oviposition
behavior of the studied species that shows flexibility in
oviposition strategies under environment changes
(absence and presence of resources).
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