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ABSTRACT

The influence of two factors, age and previous experience, on the oviposition hierarchy preference of Ceratitis
capitata (Wiedemann, 1824) females was studied. Two populations were analyzed: one reared in laboratory during
17 years and the other captured in nature. In the first experiment the oviposition preference for four fruits, papaya,
orange, banana and apple was tested at the beginning of oviposition period and 20 days past. The results showed
that the wild females as much the laboratory ones had an oviposition preference hierarchy at the beginning of peak
period of oviposition. However this hierarchic preference disappeared in a later phase of life. In the second experiment
the females were previously exposed to fruits of different hierarchic positions and afterwards their choice was
tested in respect to the oviposition preference for those fruits. The results showed that there was an influence of the
previous experience on the posterior choice of fruits to oviposition when the females were exposed to fruits of lower
hierarchic position.
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INTRODUCTION

The oviposition behavior in insects has been a highly studied theme in the insect-
plant interaction context. That behavior is connected to the causes for insect’s specificity
to determined host plants, to the origin of the host changes and to the insect-plant
coevolution (THOMPSON & PELLMYR, 1991). In holometabolous insects the oviposition
behavior is decisive in the choice of proper host plant to the immature, once they have
relatively little mobility and depend on the nutritional resources selected by the adult
females for their survival (SINGER, 1986; RENWICK, 1989). How the females find and
select the proper host to oviposition is a quite complex question. A conjugation of plant
physical and chemical factors influences on that choice and the balance between positive
and negative stimuli determines the final selection (EISEMANN & RICE, 1985; MCINNIS,
1989; OI & MAU, 1989; MESSINA, 1990; KOSTAL, 1993).

The existence of a hierarchy in preference for host in polyphagous phytophagous
species has been shown (THOMPSON, 1988). Although a change in the hierarchy is difficult
to occur, it can be modified by the influence of the previous experience, which is the
preference of the females for host plants they had already had a previous contact with,
during a certain period (COOLEY et al., 1986; PAPAJ & PROKOPY, 1986; HOFFMANN, 1988). In
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the lack of a preferable host, the females may also lay eggs on hosts of lower hierarchy
(SINGER, 1986). Some authors infer yet that the female age is an important factor in the
hierarchic change (COURTNEY et al., 1989).

The species Ceratitis capitata (Wiedmann, 1824) is a multivoltinuous and a
polyphagous one. In Brazil it is found specially in the south and south-east regions and
can infest about 200 species of commercial and non-commercial fruits (MALAVASI et al.,
1980; MARTINS et al., 1993). About the oviposition behavior of the females it is also
pointed out that they make use of smell and visual signs to locate and recognize the
oviposition sites and that they prefer to lay eggs on ripe fruits (PROKOPY & ROITBERG,
1984; OI & MAU, 1989). Females with previous experience of oviposition have a higher
tendency to chose the same fruit to land on and to perforate (PROKOPY et al., 1989). The
females also present a learning ability to recognize the host biotype (COOLEY et al.,
1986).

Many aspects of the host plant selection to oviposition among the C. capitata are
still poorly known. The objective is to study whether there was or not a hierarchy in the
oviposition preference for different commercial hosts by the females of this species and
what is the influence on this hierarchic preference of two factors, age and previous
experience.

MATERIAL AND METHODS

The experiments were conducted with two different populations of C. capitata. One of these populations
comes from a laboratory raising at the Biology Department at the Faculdade de Ciências e Letras de Ribeirão
Preto, USP, São Paulo, Brazil. They were about 17 years, about 170 generations, came up from infested peaches.
The other population was composed of wild flies collected from orchards in the region of Ribeirão Preto, SP. Both
populations were compared in terms of the proposed objectives.

To verify the existence or inexistence of an oviposition hierarchic preference by the females as much the
influence of age on this hierarchic preference, four fruits were chosen as hosts: papaya (Carica papaya L.), banana
(Musa paradisiaca L.), orange (Citrus sinensis (L.) Osbeck) and apple (Pyrus malus L.). The choice of
the fruits for oviposition was based on a former work (ZUCOLOTO, 1993) in which the fruits had a
different acceptability by the females when tested individually. The fruits were always bought from the
same supermarket in Ribeirão Preto, SP.

In the beginning of the experiment 20 recently emerged couples were set individually in cages (20x20x20cm)
and fed on a yeast based diet (Boneg, Juiz de Fora, Brazil) - 6.5g sucrose - 11.0g/ 100 ml diet. When the oviposition
peak started, in 7 days for the laboratory and 15 days for the wild females (once the mating and the egg laying begin
earlier in flies raised in laboratory), the four fruits were offered simultaneously. The fruits were offered in small
pieces (5.0g) and placed equidistantly from the others. The pieces were replaced daily by fresh ones and their
positions in the cage were changed to avoid a possible interference of the place in the oviposition preference by the
females. The experiment was closed after 6 days and  the amount of eggs in each fruit was counted. Twenty days
after the closing of the first test, the oviposition preference for the fruits was again tested with the same females. The
flies that died during the experiment were discarded from the analyses. Many repetitions were proceeded until the
sample reached 20 females. The data were analyzed by the Freedman statistic test at a level of 5% (SIEGEL, 1956).

The second experiment evaluated the influence of the adult previous experience on the oviposition hierarchic
preference. The objective here was to evaluate whether the experience with one host of lower hierarchy increased
or not the preference for it in relation to another of a higher hierarchy. Three fruits with different hierarchic positions
were chosen to this test, based on the results from the experiment about hierarchy in the first part of this work.

Three groups of recently emerged flies (with 30 males and 30 females each) were set in the cage and fed on
the diet referred above. In the beginning of the oviposition period, two pieces (5.0g) of one of the three tested fruits
were given to each of the three groups. After three days of exposure to the fruits, twenty females from each group
were tested individually in relation to the oviposition preference between the two fruits. The fruits were tested two
by two in simultaneous choice tests, as following: group 1 (exposure to fruit 1), choice tests between fruit 1 and
fruit 2 and between fruit 1 and fruit 3; group 2 (exposure to fruit 2), choice tests between fruit 2 and fruit 1 and
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between fruit 2 and fruit 3; group 3 (exposure to fruit 3), choice tests between fruit 3 and fruit 1 and
between fruit 3 and fruit 2. For each choice test 10 females were used.

The fruits were replaced by other pieces of fruit (5.0g) after 24 hours and the experiment was closed after
48 hours. The data were analyzed by the Wilcoxon statistic test at a significance level of 5% (SIEGEL, 1956).

RESULTS

The oviposition preference by females for the different tested fruits at the beginning
of the oviposition period showed that papaya was the preferred fruit both by the wild
and the laboratory females (fig. 1). The second fruit, according to the number of eggs,
was the banana, followed by the apple and the orange. Therefore, the hierarchic order
of oviposition preference was: papaya>banana>apple>orange (Freedman, p=0.02 - lab;
p=0.0006 - wild).

The results on the nutritive value of the fruits to the immature (tab. I) showed that
both the wild and the laboratory larvae had, in general, a better performance in the
papaya and in the banana.

When it was studied the females age influence on the hierarchic change of the
oviposition preference for the fruits (fig. 2), it was noted that the results were different
from those obtained in the first experiment. It was yet observed that there was a higher
oviposition of the wild flies on the papaya, however there was not a statistical difference
when all the fruits were compared. The laboratory flies laid more eggs on the banana
but, also comparing all fruits, the differences were not statistically significant (Freedman,
p=0.81 - lab; p=0.37 - wild).

Based on the results from the previous experiment, the groups of flies, wild and
from laboratory, were exposed to one of the three fruits in different hierarchic positions
(papaya, banana and orange). The females from the laboratory population previously
exposed to the papaya preferred it to the others. The groups of flies from the laboratory
population, exposed to either the banana or the orange, did not show a preference to any
of these fruits in posterior tests of individual preference (tab. II).
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Figs. 1-2. Oviposition preference of laboratory and wild Ceratitis capitata females. 1,  at the beginning of oviposition
peak; there was statistical difference among all results in both populations (Freedman, p=0.02, laboratory and
p=0.0006, wild). 2, after 20 days of the oviposition peak period; there was no statistical difference between the
dates (Freedman, p=0.81, laboratory and p=0.37, wild). Papaya (white), apple (hachured), banana (black), orange
(gray).
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The results on wild flies population were similar to those obtained with the laboratory
flies (tab. II). It was observed a preference for the papaya when compared to the others.
The groups exposed to the banana and to the orange did not show significant statistical
differences in the oviposition preference for the tested fruits.

DISCUSSION

The present results indicate that: a) the wild and the laboratory females presented
a hierarchic preference for the tested fruits in the beginning of the oviposition period,
that did not repeat in a later phase of life; b) the exposition of the females to the fruits
with lower hierarchic position decreased the intensity of their oviposition preference for
the preferred fruit.

The preference hierarchy observed at the beginning of the oviposition peak period
could be related to the larval performance, once both the wild and the laboratory larvae
had a better performance on the papaya and on the banana. Although having shown a
good nutritional value to the larvae, the banana received a lower percentage of eggs
than the papaya, especially from the wild population. As the pieces of fruit were offered
with their peels and as they are more resistant in the banana, this could have limited the

Table I. Performance of two Ceratitis capitata populations when fed on 4 different fruits. Means followed by
different letters were statistically different  (P<0.05, α = 0.05, Kruskal-Wallis test).

Fruits Time to emergence (days) Emergence (%)
 Laboratory Wild Laboratory Wild

Papaya 16.17±1.04
a

15.30±0.26
a

76.67±5.77
a

87.67±5.77
a

Orange 17.06±0.06
a

16.76±1.56
a

24.67±6.11
b

49.00±8.54
b

Banana 18.20±0.35
b

16.50±0.50
a

72.67±1.15
a

78.33±7.64
a

Apple 17.00±0.00
a

19.83±0.76
b

13.33±5.77
c

16.67±11.55
c

Table II. Results of  the experiments performed to determine the previous experience influence on oviposition
preference of Ceratitis capitata. Percentages followed by different letters (within columns) were statistically different
(P<0.05, α = 0.05, Wilcoxon test).

Previous exposition Eggs / female (%) Eggs / female (%)
(3 days) Laboratory Wild

PAPAYA Papaya 83% a 85% a
Orange 17% b (p=0.0029) 15% b (p=0.0019)

Papaya 77% a 87% a
Banana 23% b (p=0.0043) 13% b (p=0.0012)

ORANGE Orange 60% a 54% a
Papaya 40% a (p=0.512) 46% a (p=0.823)

Orange 46% a 67% a
Banana 54% a (p=0.811) 33% a (p=0.500)

BANANA Banana 42% a 54% a
Papaya 58% a (p=0.399) 46% a (p=0.678)

Banana 67% a 67% a
Orange 33% a (p=0.250) 33% a (p=0.960)
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number of oviposition on this fruit. Another reason that could explain the low number of
oviposition on the banana in relation to the papaya is that, in nature, the banana is not
used as a host by C. capitata, in contrast to what occurs with the papaya. This fact also
demonstrates that this species can physiologically quickly adapt itself to a non-host fruit
with proper nutritional value. Therefore, a behavioral change, as the choice of a fruit to
oviposition, would be less fast. Physiological changes faster than behavioral changes
have already been evidenced for C. capitata (JOACHIM-BRAVO & ZUCOLOTO, 1998).

The hierarchy of oviposition preference related to the nutritional value of the
hosts, as suggested here, does not agree with data obtained previously in experiments of
oviposition preference with C. capitata (JOACHIM-BRAVO & ZUCOLOTO, 1997a). In those
experiments, groups of either 15 wild or laboratory flies were exposed to two fruits with
different nutritional values, so that the absence of preference for nutritionally more
appropriate fruits to the larvae was observed. The differences between the results obtained
previously and those obtained here, where tests were performed with individuals and a
preference for a host of better nutritional quality to the larvae was evidenced, can be
explained by the change in the methodology approach. It has been discussed in literature
that the experiments with groups of flies could conceal a possible genetic variability in
preference or could result in a competition for the host, compelling some females to lay
on a less preferred fruit (THOMPSON & PELLMYR, 1991). Such considerations can be real
especially when one works with natural hosts, once the nutritional differences between
them, most of the time, are quantitative and not qualitative. Even in oviposition preference
tests with groups of flies, when a proper diet or attractive substance is tested against an
inert substrate (agar-agar), the flies exhibit a clear preference for the first (JOACHIM-
BRAVO & ZUCOLOTO, 1997b).

The experiments with individual C. capitata flies generate a difficulty in obtaining
the oviposition. Most of the flies die without laying eggs on any host. Such difficulty
has been related and discussed in literature where it is shown that, when in groups, the
females present a higher stimulus to lay eggs rather than when they are isolated (PROKOPY

& DUAN, 1998).
Comparing the wild and the laboratory population, one generally notes the same

hierarchic preference and it is pointed out that probably both laboratory and wild flies
had never before gotten in touch with the tested fruits. In spite of being raised for 17
years in laboratory, without the introduction of wild individuals, and usually laying
eggs in the holes of the fabric that covers the cage, it is evidenced here that the population
exhibited the same hierarchic preference behavior as the wild population. These data
might indicate the existence of a strong genetic component that influences such hierarchic
behavior on the preference related to the nutritional value of the host.

When the change of hierarchic preference for the fruits associated with the females
age was tested, the results showed an absence of hierarchy in the oviposition preference.
Despite the absence of preference by the hierarchic lower hosts, there was a higher
distribution of eggs through all the hosts, suggesting that the females might have less
discrimination in a later than in an earlier phase of life.

These results corroborate the data obtained from other groups of insects, that
pointed out an effect of age, among other factors such as foraging  time and number of
eggs in the ovary, on the increase of preference for the hierarchic inferior hosts (FITT,
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1986, MANGEL & ROITBERG, 1989; COURTNEY et al., 1989; VAN RANDEN & ROITBERG, 1996).
According to one of the models on selection patterns by phytophagous insects, reviewed by
MAYHEW (1997), the females become, in nature, more able to accept less preferred hosts as
they grow old, since it becomes a risk to leave the hierarchic inferior plant without oviposition.

The data obtained in this work suggest that it may have occurred an influence of
the previous experience on the posterior choice of lower hierarchy fruits to oviposition
by both wild females and laboratory females. This can be evidenced since the papaya
(the preferred fruit in other stages of the work) was not chosen when the flies were
previously exposed to the orange or the banana. Although there was no inversion in the
preference, since there was no difference in the percentage of laid eggs on the different
fruits, only the flies that were exposed to the papaya preferred this fruit. However, when
only the banana and the orange were compared, the previous experience on one of
either fruits had not influenced the posterior choice. This lack of preference for the two
fruits should probably result from the strong preference for the papaya by the females,
once the number of eggs laid on the papaya was always higher than the number on the
banana (second host in the hierarchy). According to some authors, when there is no
pronounced hierarchy among the hosts there is always a strong preference for those
which the females had a previous contact with. When there is a tendency for the choice
of a host over another, if the females had had a previous contact with this other, the
preference for the original host continues but decreases in terms of percentage (PHILLIPS,
1977; CASSIDY, 1978; COOLEY et al., 1986; PAPAJ & PROKOPY, 1986; HOFFMANN, 1988).

Many works have been done to show the importance of different kinds of learning
in the choice of diets or fruits to the feeding of the phytophagous insects (TRAYNIER,
1979; PAPAJ & RAUSHER, 1987; PAPAJ & PROKOPY, 1989). Studies with Rhagoletis pomonella
(Walsh), C. capitata and Dacus tryoni (Froggatt) have shown that the previous experience
of oviposition on a particular host fruit influences the extension the adults accept or
reject either one or another to oviposition (PROKOPY et al., 1985; PAPAJ & PROKOPY, 1986;
PROKOPY & FLETCHER, 1987). The role of learning in the host selection has been thoroughly
discussed. In studies with R. pomonella and C. capitata the learning process was shown
to be involved not only in the acceptance of a familiar fruit, but also in the rejection of
new fruits. It is postulated that a possible selective advantage of these two kinds of
learning is that the females might profit by rejecting the rare hosts if they are able to
discriminate between abundant host fruits, thus increasing their reproductive success
(PROKOPY et al., 1986; COOLEY et al., 1986; PROKOPY & PAPAJ, 1988).

In the experiments done here with C. capitata, the previous experience on a fruit
of hierarchic lower position made easy its posterior acceptance in a confrontation with
a more accepted host. Such data corroborate a model discussed by COURTNEY et al.
(1989) about the higher acceptance of hosts with lower hierarchic positions after the
females had been exposed to them. Such behavior of previous exposure presents the
selective advantage to the females of becoming less selective to hosts of lower quality
when the preferred hosts are not abundant. To C. capitata such behavior is advantageous,
once it makes the females able to find hosts all over the year and, among  other factors,
it can explain the polyphagous feature of the species.
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