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Selecdo de Sitios de Oviposicao por Anastrepha obliqua (Macquart) (Diptera: Tephritidae)
Selvagem Baseada na Composi¢éo Nutricional

RESUMO - S&o raros os trabalhos que detalham os nutrientes associados aos hospedeiros que sdo
atrativos para as fémeas de Anastrepha obliqua (Macquart) e determinam a escolha dos sitios de
oviposi¢do. A relagdo do macho nafisiologiae no comportamento dasfémeastambém é pouco estudada
e parece ter relagdes ecol bgicas importantes para o conhecimento da biologia da espécie. O abjetivo
destetrabalhofoi avaliar o comportamento de escolhade A. obliqua entre sitios de oviposi ¢do contendo
diferentesnutrientes. A presencado macho eo“status’ nutricional dasfémeasforam, também, abordados.
Foram desenvolvidos dois experimentos; no primeiro foi verificadaaescolhapor fémeasdeA. obliqua
entre alguns substratos artificiais de oviposi¢ao; no segundo experimento as fémeas foram colocadas
para escolher entre dois tipos de substratos de oviposi¢éo, quando mantidas na auséncia e presenca
dos machos e alimentadas com dieta pobre ou adequada de sacarose. No primeiro experimento, A.
obliqua evidenciou maior preferéncia por substrato contendo levedo de cerveja e sacarose. Substrato
contendo apenaslevedo foi 0 segundo mais escolhido. O desenvolvimento da prole eaaimentagdo do
adulto podem ter sido osfatores que determinaram a escolha do substrato contendo levedo e sacarose.
A presencada proteinano levedo pode sinalizar paraasfémeas a qualidade nutricional do hospedeiro,
deformamais precisa, que a sacarose. Também no segundo experimento, o levedo foi preferido pelas
fémeas. A ausénciado macho foi um fator importante na decis@o da escolha do hospedeiro e producdo
de ovos por A. obliqua.

PALAVRAS-CHAVE: Comportamento de oviposicdo, selecdo de hospedeiros, mosca-das-frutas,
auséncia dos machos

ABSTRACT - Few works have studied in detail the types of nutrients associated to hosts which are
attractive to females of Anastrepha obliqua (Macquart) and influence the choice of the oviposition
site. Therelationship of the malesin the physiology and in the behavior of those femaleshas aso been
scarcely studied and some ecol ogical relationships seem to be quite important for the knowledge of this
species’ biology. Our objectivein this study wasto eval uate the discriminatory behavior of A. obliqua
between oviposition sites containing different nutrients. The presence of the male and the nutritional
status of the female were also considered in thiswork. Two experimentswere developed: inthefirst, the
preference of A. obliqua females between artificial oviposition substrateswas eval uated; in the second,
females were submitted to two types of artificial oviposition substrates in the presence and in the
absence of males and were fed either on a poor diet or on an adequate diet concerning sucrose
concentration. In the first experiment, A. obliqua showed higher preference for substrates containing
brewer’s yeast and sucrose. Substrate containing only yeast was the second most accepted. Offspring
development and adult feeding may have determined the choice for the substrate containing brewer’s
yeast and sucrose. In addition, the presence of protein in the brewer’s yeast may indicate nutritional
quality to the femalesin amore accurate way than the sucrose. In the second experiment, the brewer’s
yeast was the most accepted by the females. The male absence was also an important factor in the
selection of hosts and in the egg production of A. obliqua.

KEY WORDS: Oviposition behavior, selection of hosts, fruit fly, male absence
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Most of the studies using holometabolous insects are
directed to the immature stages and they involve the
performance of larvae on different hosts and less frequently
provide information regarding oviposition behavior
(Krainacker et al. 1987). Research concerning this subject faces
many difficultiesin the experimental design, especialy those
performed under natural conditions, mainly due to the
presence of predators, competition between females, host
availability and wesather variations(Thompson & Pellmyr 1991).

The mgjority of female insects find and approach their
host plants in response to several stimuli, such as, feeding
attractants, search for mates and resting sites, aswell asthe
responseto theoviposition stimuli (Diaz-Fleischer et al. 1999).
Oviposition preference is away of maternal investing; the
females spend time and energy in such activity, which may
result or not in providing the offspring development
(Krainacker et al. 1987). Themajor hypothesisof theevolution
of oviposition behavior is that the females would choose
species of plants that could maximize larval survival and
growth (Thompson & Pellmyr 1991). However, other factors
besidesthe offspring devel opment areinvolved in the choice
of the oviposition site (Mayhew 2001). Studies on Ascia
monuste (Godart) (L epidoptera: Pieridae) showed that even
though the apical region of the kale leaf was the most
adequate for the offspring development, the choice of this
region as an oviposition site is determined by the presence
or the absence of predators (Catta-Preta & Zucoloto 2003).

Among the generalist tephritids, oviposition on hosts
unsuitablefor the development of theimmaturesisacommon
behavior (Krainacker et al. 1987). Few studiesare available
regarding the oviposition behavior of the tephritids; it is
well known that specialists respond more positively to
chemical compounds of host plants than generalists (Diaz-
Fleischer et al. 1999). The types of nutrients associated to
hosts which are attractive to females and which determine
the choice of the oviposition site are not often studied in
detail (Diaz-Heischer et al. 1999). Similarly, sudiesonfemae
choice for oviposition sites and offspring development are
alsorare (Thompson 1988).

Aluja et al. (2001) observed that egg production in
Anastrepha obliqua (Macquart) (Diptera: Tephritidag) might
be stimulated by the male presence, with no need of
copulation. In Ceratitis capitata (Wied.) (Diptera:
Tephritidae), the mal e presence changes the femal e behavior
fromforaging to the search for oviposition sites (Jang 1995).
Theinfluence of the mal e on the behavior and physiology of
the femaleis not completely understood for A. obliqua and
seems to have very important ecological relationships and
implications for the knowledge of thisspecies’ biology.

Some speciesof fruit fliesbecome more attracted to sugar
and protein when fed on items poor in these nutrients
(Cresoni-Pereira & Zucoloto 2001, Cohen & Voet 2002,
Fontellas& Zucoloto 2003). However, whether thiscondition
is also applicable to the selection of oviposition sitesis not
very clear. Our objective was to evaluate some variablesin
the selection behavior of A. obliquainrelation to oviposition
sites containing different nutrients. The male presence and
the nutritional status of the females are some of the factors
that were also analyzed in thiswork.

Fontellas-Brandalha & Zucoloto

Material and Methods

Biological Material. Pupae were obtained from Spondias
lutea L. and SpondiasdulcisL. fruits, Ribeirdo Preto Campus,
USP, and Estac&o Experimental do Instituto Agronémico de
Campinas(S21°17' and 75", W 47°81' and 2"), Ribeir&o Preto,
SP, Brazil. After emergence, the adults were separated at
random in the experimental groups.

Selection Between Different Pairings of Oviposition
Substratesby Femalesof A. obliqua K ept Without M ales.
The diet supplied to the females consisted of 6.5 g brewer’s
yeast (Boneg, Juiz de Fora, Brazil), 11 g sucrose (Synth,
Diadema, Brazil), 100 ml distilled weter, 2.5 g agar-agar (Merck,
Darmstadt, Brazil), and 1.5 ml Nipagin (methylparaben, Merck)
in 20% al cohol, prepared as described by Fontellase Zucol oto
(1999). Thefemales had free access to water and to the diet.

Newly emerged femaleswere kept in plastic boxes (20 x
13.5x13.5 cm) from emergenceto the end of the experiment.
Holes on the plastic boxes were covered with a 15-cm long
nylon mesh, allowing for internal handling and preventing
thefemal esfrom escaping.

The oviposition substrates were prepared as follows: a)
agar substrate = 100 ml distilled water and 3 g agar-agar; b)
sucrose substrate = 100 ml distilled water, 3 g agar-agar and
11 g sucrosg; ¢) protein substrate = 100 ml distilled water, 3g
agar-agar and 6.5¢g brewer’s yeast; and d) protein + sucrose
substrate= 100 ml distilled water, 3 g agar-agar, 11 g sucrose
and 6.5 g brewer’syeast.

Each mixturewasplaced into 3-cm diameter x 1.5-cmwide
plastic plates. The procedure used to prepare the substrates
was the same used for the diets, except for the absence of
Nipagin.

Each substrate was covered with Parafilm® in the attempt
to provide aslight resistance to the females' ovipositor, asit
happens on the surface of the host fruits. The artificia
substrateswere placed in plastic boxes, from the 17" day on,
when oviposition begun. The substrates were daily replaced
by new ones and the old ones were stored in the freezer for
further egg counting.

Thefollowing pairingsof artificial substrateswere offered
tothefemales: PS (protein + sucrose) X A (agar); PS (protein
+ sucrose) x P (protein); PS(protein + sucrose) x S (sucrose);
P (protein) x S (sucrose); and S (sucrose) x A (agar). Ten
replicates were performed for each substrate pairing with 10
femalesin each plastic box. The experiment was carried out
for 20 days from the beginning of the egg laying, so that al
the females were still young at the moment of choice.

The t-test (Sigma Stat for Windows, 1994- Jandel
Corporation, California) with P = 0.05 was used for the
statistical analysis of al the results.

Selection Between the Two Substratesby FemalesKept in
Different Conditions. Standard diet: The diet was prepared
similarly to the preceding one, except for the fact that the
brewer’s yeast and the sucrose were offered concurrently, in
separate pieces. Sucrose diet: 11 g sucrose, 100 ml distilled
water, 2.5g agar-agar and 1.5 ml Nipagin. Protein diet: 6.59
brewer’syeast, 100 ml distilled weter, 2.5g agar-agar and 1.5ml
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Nipagin. Low sucrose diet: the difference between this diet
and the sucrose diet is the sucrose content, which was
reduced to 3.5g.

The influence of the male absence on the choice of the
oviposition substrate by the females was tested in this
experiment. Thefemal eswere placed to select only between
substrates containing brewer’s yeast and substrates
containing sucrose. Eight femal es were placed in each box,
and the experiment was carried out until al femaleswere dead.
Dietswereoffered in separate pieces of yeast diet and sucrose
diet.

Females fed on a standard diet and kept in the presence
of males were also studied. The procedure was the same
adopted in the preceding experiment, except that the males
were confined with the females. The same number of males
and females were placed in each box, with the diets protein
and sucrose, in separate pieces. The experiment was carried
out until all the femaleswere dead.

Thebehavior of femalesfed on low sucrose diet and kept
in the male presence was also studied, in order to verify
whether [ow dietary energy supply might influence the choice
of theoviposition substrate. Such diet was offered in separate
pieces of yeast and sucrose, because the females would not
survivein ahomogeneous mixturewith yeast, in such sucrose
concentration (seediscussionin Fontellas & Zucoloto 2003).
When the diet is supplied in separate pieces, thefemalesare
able to regulate yeast and sucrose ingestion, assuring
survival and egg production (Cresoni-Pereira & Zucoloto
2001).

Themaleswere placed inthe samerecipient asthefemales,
althoughinasmaller box (5 x 4 x 4 cm) provided with lateral
holes through which diet and water were offered. The top of
the box, made of transparent acrylic, was covered with athin
nylon mesh, preventing the femalesto get in touch with the
male' sdiet.

Femalesfed on adiet of low sucrose content and kept in
the absence of males were also studied. In this experiment
the females were submitted to two adverse conditions:
reduction of energy supply and male absence. The objective
wasto analyze whether or not the femaleswould change the
oviposition site selection in these adverse conditions.

The t-test (Sigma Stat for Windows, 1994- Jandel
Corporation, California) with P = 0.05 was used for the
statistical analysis of all the results.

Results

Selection Between Different Pairings of Oviposition
Substratesby Femalesof A. obliqua K ept Without M ales.
A. obliqua showed higher preferenceto oviposit on substrates
containing brewer’s yeast and sucrose together, rather than
on substrates containing only yeast. The substrate
containing no nutrients (agar) was the least accepted. When
both brewer’s yeast and sucrose substrates were offered,
the femal es sel ected the yeast substrate. Between yeast plus
sucrose and sucrose alone, the femal es sel ected the substrate
containing both sugar and yeast; the same choice was made
for the pairing yeast plus sucrose and yeast alone. The
sucrose substrate was sel ected only when it was paired with
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the agar substrate. This substrate, although showing some
egq laying, was never selected (Table 1).

Table 1. Number of eggs deposited by females of A.
obliqua on different oviposition substrates. The females
were placed to select between two substrates, totaling five
pairings, in laboratory. ( L14:D10 photocycle, 28 + 2°C and
75%RH)

Pairings Average (i. SD.) .Of eggs
in each oviposition site

P 455+ 13.26a

S 108+ 254b

S 129+527a

PS 54.6 +£16.04b

A 11.2+459a

PS 348+6.72b

S 15.1+6.37a

A 10.2+2.05b

P 28.2+6.87a

PS 31.9+519b

S=sucrose, P = protein, PS = protein + sucrose and A = agar-agar
Comparisonsarevalidfor each pair Px S, Sx PS, A x PS, Sx A and
P x PS. Different letters between pairs show significant difference
(t-test, P = 0.05).

Thetotal number of eggslaid in each pairing was higher
in the substrates containing both yeast and sucrose. The
pairing sucrose and agar resulted in the lower number of
eggslaidinall pairings (Table 1). When the sucrose substrate
was paired with protein and protein plus sucrose, the amount
of eggs found in the sucrose substrate was very similar to
the agar substrate. An increase on the amount of eggs
deposited in sucrose substrate was only observed when this
substrate was paired with agar.

Selection Between the Two Substratesby FemalesKept in
Different Conditions. Inthisexperiment it was also evident
that between yeast and sucrose, the yeast is preferred as
oviposition site. The physiological status of females and
the absence of males did not change this choice (Table 2).
Femalesfed on the standard diet in the male presence laid
more eggs on the yeast than the females fed on the same
diet, but without males. Females fed on low sucrose diet
and kept inthe male presencelaid less eggs on the sucrose
substrate than the females fed on the same diet and kept
without males. The number of eggs laid by females kept
without males and fed on a standard diet was very similar
to the one presented by females kept with males and fed
on adiet poor in sucrose (Table 2).

Discussion

The total number of eggs found in the substrates
containing yeast was significantly higher, twice as many on
average, compared to the number of eggslaidin the substrates
without this item. Such situation may be related to at least
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Table 2. Number of eggs deposited by A. obliqua on artificial oviposition substrates containing protein or sucrose under
the following conditions: females fed with diet with low content of sucrose kept with or without males and femalesfed with
regular diet also kept with or without males. ( L14:D10 photocycle, 28 + 2°C, 75 % RH)

Oviposition Diet with low content of sucrose Standard diet

substrate Females Males and females Females Males and females
Protein 151+1195a 16.4+6.89a 154+ 3.74 a 31.7+10.96 a
Sucrose 9.6+10.24b 3.3+249b 48+210b 75+1.92b

Different |etters between pairs in the same column show significant difference (t-test, P = 0.05).

two factors: 1 — the presence of protein in the yeast
stimul ates oviposition, considering that nutrient is essential
in adult feeding for egg production (Braga& Zucoloto 1981),
2 - protein is essential for larval development, and the
absence of this nutrient may result in eggs retained inside
thefemale. Although an artificial diet, effectiveto maintain
several generations of A. obliqua in thelaboratory, was not
yet devel oped, preceding tests showed that newly emerged
larvae kept on artificial diet containing only sucrose could
not survive longer than two days, while diets containing
only yeast assured larvae survival until adult emergence
(T. M.L. Fontellas-Brandalha & F.S. Zucoloto unpublish.
data).

Thefact that egg laying increased when the protein was
present in at least one substrate may show a positive
correlation between the choice of protein and oviposition.
Similar results were obtained with Pierisrapae L., which
laid more eggs on kale, the most acceptable host for the
immatures, than on wallflower, the least acceptable host
(Hopkins & van Loon 2001). Even though the tests with
|epidopteran were acceptability tests rather than choice
tests, both behavior responses may be understood through
the same process.

The selection of oviposition substrate containing yeast
plus sucrose, when paired with the substrate containing only
yeast, may also be related to the offspring development. In
the initial stage of the larvae development, protein is the
most required nutrient, but both nutrients (sucrose and
protein) are required to complete the larval stage (Zucoloto
1987). In some species of insects, for example some
lepidopteran, sugar is not essentia for the development of
the larval stage; however when sugar is added to the diet,
the number of individuals to complete the larval cycle
increases (Savopoul ou-Soultani et al. 1994).

The higher amount of laid eggsin the substrate containing
yeast plus sucrose may also be understood through the
relationship with the adult’sdiet and not necessarily with the
offspring success. The substrate yeast plus sucrose presents
nutritional value similar to the food source used by the adult
during the whole experiment and such similarity may have
influenced thefemales’ choice.

Studies on C. capitata reared in laboratory showed that
the mechanisms involved in the discrimination among hosts
arenot very refined, many timesresulting inlaying that do not
assurethesurvival of theimmatures. Such non-discriminatory
characteristic expands the hosts range; occasionally, some

larva may present physiologic and genetic characteristics,
which allow for the adaptation to new hosts (Krainacker et al.
1987). Thisfact would explaintheeggsfound on agar substrate.

Wild A. obliqua may also present a non-adaptive
oviposition behavior, as well as C. capitata kept under
laboratory conditions, which would lay eggs in substrates
without any nutritional stimulus (Schwartz et al. 1981).
Furthermore, although there were eggs in the agar, the total
number of eggsin the pairingsin which the agar was present
was smaller than in other pairings. Hosts of low nutritional
quality for larvae seem to reduce egg production in several
species of insects (Fletcher et al. 1978).

Aluja et al. (2001) observed that the presence of hosts
and their volatile substances are important for ovarian
maturation of A. obliqua. In addition, the presence of ripe
fruits also influences the females' oviposition decision,
probably due to the sugar content (Fernandes-da-Silva &
Zucoloto 1997, Diaz-Fleischer & Aluja2003). So, according
to our results, the protein isthe nutrient that most stimulates
oviposition. Why, if carbohydrateisalso stimulating and the
most abundant in the fruits?

The answer to this question is probably related to
minimizing the energy costsin the search for hosts. Sucrose
is an important carbohydrate which is present in most food
sources and, therefore, widely distributed in nature (Dadd
1985). Thusit becomes a quite inaccurate chemical cluefor
host acceptance (Zucol oto 2000).

Webelievethat thediscussion presented by Diaz-Fleischer
and Aluja (2003) regarding the oviposition behavior of
Anastrepha ludens (Loew) is aso applicable to what was
observed for A. obliqua. Ripefruits, with higher sugar content,
aremore attractive and susceptibleto predation by vertebrates,
occasiondly leadingto larva sdeath. So, thelower attraction
for sucrose may be an adaptive characteristic and probably an
attempt to assure offspring survival. Therefore, when insects
lay eggs on lower sugar content fruits (unripe fruits), despite
the higher toxicity, itispossiblethat morelarvae surviveinthis
toxic environment than when vulnerable to predators. These
aspectsmust be subjectsof further researchin order to analyze
whether or not thereisan adaptiverel ation between the amount
of laid eggs both on unripe and ripe fruits and the offspring
success (Diaz-Fleischer & Aluja2003).

Regarding the second experiment, the hypothesis that the
condition of the females fed on a diet of low sucrose content
and the male absence could influence the choice of the
oviposition substrate was not confirmed. It was expected that
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females with less energy would lay alower number of eggs
and would not show preference for any kind of substrate.
However, thefemales preferred the substrate containing yeast
and the male absence did not influence the amount of eggs
laid.

Females fed on the standard diet and kept without males
laid lesseggsin comparison with the femalesfed on the same
diet and kept with males. The females kept with males laid,
approximately, twice as many eggs when compared to the
females kept without males. Male absence may have caused
an egg re-absorption process. This process probably provides
some energy saving, which might be spent on other activities,
such as the search for sites where males can be found.

Yuvd et al. (1998) found out that thefemalesof C. capitata
usenutrients, especialy protein of thespermwhichistransferred
fromthemal esafter copulation. However, theamount of protein
provided by the diet in this experiment is enough for egg
production, asdemonstrated in other papers (Cresoni-Pereira&
Zucoloto 2001, Kaspi et al. 2002). Therefore, itismorelikely that
the females kept without males have the eggs re-absorbed or
retai ned than that femal eskept with maeshave had an additiona
gain of proteinstransferred by the males.

When fema eswerefed on low sucrose diet, such behavior
was not evident. Probably, both groups of females (with or
without males) have their eggs re-absorbed or retained, due
to the low energy provided by the diet. Even though the
amount of eggs have not distinguished femalesfed on of low
sucrose diet, thefemal eskept with maleslaid lesseggsin the
substrate containing sucrose when compared to the females
kept without males. At least in theinitial phase of the larval
development, the sucrose does not support the survival of
the immature ones, as it was previously discussed. This
behavior seems to indicate that when males are present, the
femal es sel ect more adequate hostsfor the of fspring survival.

Our results show that the preference for substrates
containing protein is outstanding. The importance of protein
in the adult’s diet for the egg production was aready quite
emphasized in many speciesof tephritidae (Tsiropoul 0s 1992,
Mangan 2003). Theimportance of the protein asahost marker
or as an important nutrient for the larval development should
be better analyzed, especially for A. obliqua, whoserecordsin
relation to these aspects are yet quite afew.

Acknowledgments

We thank Mr. Laércio Massocato and Mrs. Ana Paula
dos Santos for technical assistance. We are also indebted to
Dr. CarlaCresoni-Pereira(Departamento de Biologia, FFCLRP/
USP, Ribeirdo Preto) for suggestions. Research supported
by Conselho Nacional de Desenvolvimento Cientifico e
Tecnoldgico do Brasil (CNPg).

Literature Cited

Aluja, M., F.D. Fleischer, D.R. Papaj, G. Lagunes & J.
Sivinski. 2001. Effects of age, diet, female density, and
the host resource on egg load in Anastrepha ludens e
Anastrepha obliqua (Diptera: Tephritidae). J. Insect
Physiol. 47: 975-988.

Neotropical Entomology 33(5)

561

Braga,M.A.S. & F.S. Zucoloto. 1981. Estudossobreamelhor
concentracdo de aminoécidos para moscas adultas de
Anastrepha obliqua. Rev. Bras. Biol. 41: 75-79.

Catta-Preta, PD. & F.S. Zucoloto. 2003. Oviposition behavior
and performance aspects of Ascia monuste (Godart,
1919) (Lepidoptera: Pieridae) on kale (Brassica oleracea
var. acephala). Revta. Bras. Ent. 47: 169-174.

Cohen, H. & H. Voet. 2002. Effect of physiological stete of
young Ceratitis capitata females, on resource foraging
behavior. Entomol. Exp. Appl. 104: 345-351.

Cresoni-Pereira, C. & F.S. Zucoloto. 2001. Dietary self-
selection and discrimination threshold in wild
Anastrepha obliqua (Diptera, Tephritidae). J. Insect
Physiol. 47:1127-1132.

Dadd, R.H. 1985. Nutrition: Organisms, p.313-389. InG.A.
Kerkut & L.I. Gilbert (eds.), Comprehensive insect
physiology, biochemistry and pharmacol ogy. Pergamon
Press, Oxford, IV 1176p.

Diaz-Fleischer, F., D.R. Papaj, R.J. Prokopy, A.L. Norrbom
& M. Aluja. 2000. Evolution of fruit fly oviposition
behavior, p.811-841. InM. Aluja& A.L. Norrbom (eds.),
Fruit flies (Diptera: Tephritidae): Phylogeny and
evolution of behavior. CRC Press, Boca Raton, 1182p.

Diaz-Fleischer, F.& M. Aluja. 2003. Clutch sizeinfrugivorous
insects as a function of host firmness: The case of the
tephritid fly Anastrephaludens. Ecol. Entomol. 28: 268-277.

Fernandes-da-Silva, P.G & F.S. Zucoloto. 1997. Effect of host
nutritive value on egg production by Ceratitis capitata
(Diptera, Tephritidae). J. Insect Physiol. 43: 939-943.

Fletcher,B.S,, S. Pappas& E. Kapatos. 1978. Changesinthe
ovariesof oliveflies[Dacus oleae (Gmelin)] during the
summer, and their relationship to temperature, humidity
and fruit availability. Ecol. Entomoal. 3: 99-107.

Fontellas, T.M.L. & F.S. Zucoloto. 1999. Nutritive value of
diets with different carbohydrates for adult Anastrepha
obliqua (Macquart) (Diptera, Tephritidae). Rev. Bras.
Zool. 16: 1135-1147.

Fontellas, T.M.L. & F.S. Zucoloto. 2003. Effect of sucrose
ingestion on the performance of wild Anastrepha
obliqua (Macquart) females (Diptera, Tephritidae).
Neotrop. Entomol. 32: 209-216.

Hopkins, R.J. & J.J.A.Van Loon. 2001. The effect of host
acceptability on oviposition and egg accumulation by
thesmall white butterfly, Pierisrapae. Physiol. Entomol.
26:149-157.

Jang, E.B. 1995. Effect of mating and accessory gland
injections on olfactory mediated in the female



562  Selection of Oviposition Sites by Wild Anastrepha obliqua (Macquart)...

Mediterranean fruit fly, Ceratitis capitata. J. Insect
Physial. 41: 705-710.

Kaspi, R., S. Mossinson, T. Drezner, B. Kamensky & B.
Yuval. 2002. Effectsof larval diet on development rates
and reproductive maturation of male and female
Mediterranean fruit flies. Physiol. Entomol. 27: 29-38.

Krainacker,D.A.,J.R. Carey & R.J. Vargas. 1987. Effect of
larval host on life history traits of the mediterranean fruit
fly, Ceratitis capitata. Oecologia 73: 583-590.

Mangan, R.L. 2003. Adult diet and male-female contact
effectson femal e reproductive potential in Mexican fruit
fly (Anastrepha ludens Loew) (Diptera Tephritidae). J.
Econ. Entomol. 96: 341-347.

Mayhew, P.J. 2001. Herbivore host choice and optimal bad
motherhood. TrendsEcal. Eval. 16: 165-167.

Savopoulou-Soultani, M., D.G. Stavridis, A. Vassiliou, J.E.
Stafilidis & |. Iraklidis. 1994. Response of Lobesia
botrana (Lepidoptera: Tortricidae) to levels of sugar
and proteinin artificial diets. J. Econ. Entomol. 87: 84-
Q.

Schwarz, A J.,A.Zambada, D.H.S. Orozco,J.L. Zavala& C.O.
Calkins. 1981. Massproduction of the mediterranean fruit
fly a Metapa, Mexico. Fla Entomol. 68: 467-477.

Fontellas-Brandalha & Zucoloto

Thompson, J.N. 1988. Evolutionary ecology of therelationship
between oviposition preference and performance of
offspring in phytophagous insects. Entomol. Exp. Appl.
47:3-14.

Thompson, J.N. & O. Pelmyr. 1991. Evolution of oviposition
behavior and host preference in Lepidoptera. Annu. Rev.
Entomol. 36: 65-89.

Tsiropoulos, G.J. 1992. Feeding and dietary requirements of
the tephritidae fruit flies. p. 93-118. In T.E. Anderson &
N.C. Leppla(eds.), Advancesininsect rearing for research
and pest management. Westview Press, Boulder Co, 875p.

Yuval, B., R. Kaspi, S. Shloush & M.S. Warburg. 1998.
Nutritional reserves regulate male participation in
Mediterraneanfruit fly leks. Ecol. Entomol. 23: 211-215.

Zucoloto, F.S. 1987. Feeding habits of Ceratitiscapitata: Can
larvae recognize a nutritional effective diet? J. Insect
Physial. 33: 349-353.

Zucoloto, F.S. 2000. Alimentag&o e nutri¢do de moscas-das-
frutas, p.67-80. In A. Maavas & R.A. Zucchi (eds.),
Moscas-das-frutas de importancia econémica no Brasil.
Conhecimento béasico e aplicado. Ribeirdo Preto, Holos,
327p.

Received 20/10/03. Accepted 15/04/04.




