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Associative Learning in Anastrepha obliqua (Diptera, Tephritidae)
Wild Females and Males of Different Ages and Nutritional States

CARLA GRESONI-PEREIRA,/ LUANDA MEDEIROS-SANTANA & FERNANDO
SERGIO ZUCOLOTO*
Department of Biology, FFCLRP — Unwersity of Sao Paulo, Ribeirdo Preto, SE Brazil

Adult Anastrepha obliqua fruit-flies need protein sources to promote sexual maturation and egg production. Learning can be a
mechanism to improve the foraging behavior to acquire this nutrient. Learning could be defined as the acquisition of a new
representation of neuronal information, and it can only be indirectly observed through its potential effect on behavior. In the
present study, the occurrence or not of associative learning in A. obligua females and males of different ages and nutritional
states concerning sucrose (carbohydrate) and brewer’s yeast (protein source) was observed. Associative learning for sucrose was
demonstrated in young and old females and males only when deprived of food for 2 days after the experience period. As concerns
yeast, the associative learning was demonstrated in deprived young and old females only.
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Aprendizagem assoctativa em fémeas e machos de Anastrepha obliqua (Diptera, Tephritidae) com diferentes idades e estados nutricionats

Adultos de moscas-das-frutas, Anastrepha obliqua, necessitam de fontes proteicas para promover a maturacao sexual e produgéo de
ovos. A aprendizagem pode ser um mecanismo para melhorar o comportamento de forrageamento na aquisi¢ao deste nutriente.
Dentre as diferentes defini¢oes de aprendizagem uma delas a define como a aquisi¢io de uma nova representacao de informagao
neuronal e pode ser indiretamente observada através de seu efeito potencial no comportamento. No presente estudo, a ocorréncia
ou ndo de aprendizagem em fémeas e machos de 4. obligua de diferentes idades e estados nutricionais foram observadas em
relagdo a sacarose (carboidrato) e 1évedo de cerveja (fonte de proteina). A aprendizagem associativa para sacarose foi demonstrada
em fémeas e machos jovens e velhos somente quando privados de alimento por dois dias depois do periodo de experiéncia. Em
relag@o ao lévedo, a aprendizagem associativa foi demonstrada em fémeas jovens e velhas, mas nao nos machos.
Palavras-chave: aprendizagem associativa, mosca-das-frutas, sacarose, proteina

Adult Anastrepha obliqua fruit-flies need car- 2011; Papaj & Prokopy, 1989; Simpson & White,

bohydrate sources to survive and protein sources 1990; Stireman, 2002; Tomberlin et al., 2006). In
to promote sexual maturation and egg production these cases, learning can result in changes concer-
(Aluja, 1994; Braga & Zucoloto, 1981). In Tephri- ning the feeding preferences when the taste of a cer-
tidae, some mechanisms to acquire these nutrients tain food is associated to satisfactory post-ingestive
were already investigated, among them the females effects; consequently, taste acquires the neural inter-
associative learning (Cresoni-Pereira & Zucoloto, pretation of adequate food (Bernays & Weiss, 1996;
2001; 2006a). Burke & Waddell, 2011; Fujita & Tanimura, 2011).
Several studies have shown that a variety of Association learned as concerns partners for copu-
mnsects, including predators, polyphagous and medi- lation in Drosophila melanogaster (Dukas, Clark & Ab-
cal importance insects, can learn associations with bott, 2006), and the choice of hosts for oviposition
resources, odors and tastes (Bernays & Weiss, 1996; through colors learned by some Tephritidae genders
Cresoni-Pereira & Zucoloto, 2006a; Glinwood et al., (Papaj & Prokopy, 1989) and by Piers brassicae (Smal-
legange, Everaarts & Van Loon, 2006) were already
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tactics were shown (Durier & Rivault, 2001).
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Learning could be defined as the acquisition
of new representations of neuronal information,
as spatial configurations, spatial information, asso-
clations among stimuli, environmental factors and
motor patterns (Dukas, 2008). Learning can only
be indirectly observed through its potential effect on
behavior (Dukas, 2008), and therefore can often be
confused with other behavioral aspects.

Some recently discussed questions as con-
cerns to learning by insects refer to the adaptive va-
lue of learning in at least two aspects, because asso-
ciative learning can be more beneficial for the insects
than the innate behaviors, and because the insects
must learn during short lifetimes (Dukas, 1999; Meri
& Kaweki, 2005, Dukas, 2008). The hypothesis for
these questions lies in the increased fitness during the
mnsect lifetime, considering the short foraging time
provided by the associations learned in relation to
the resources.

The aim of this study was to observe the oc-
currence of associative learning in A. obliqua females
and males of different ages and nutritional states
concerning sucrose (carbohydrate) and brewer’s ye-
ast (protein source). The relevance of the associated
factors (nutrients) is discussed focusing costs and be-
nefits of learning

Method

Wild 4. obligua adults were obtained in Spon-
dias venulosa, Anacardiaceae, infested fruits collected
in the Bonfim Paulista district, Ribeirdo Preto, Sdo
Paulo (21°17°757’S, 47°8172""W).

The infested fruits were collected and placed
in plastic boxes (60x40x10 cm) containing sand (ap-
proximately 5 cm). When the pulps were completely
dry, the fruits were removed from the box and the
pulps were separated from the sand with a sieve, wa-
shed with running water and placed in acrylic boxes
(11x11x3 cm) containing sterilized sand.

The boxes containing the pupae and the ex-
perimental acrylic boxes were maintained in a woo-
den muffle with glass lid at 29 + 1°C on average,
70 to 80% relative humidity and 12 hours light/12
hours dark photoperiod, using 400 lux fluorescent
lamps.

The experimental acrylic boxes (11x11x3 cm)
had three lateral orifices (1 cm diameter) to offer diet
and water. The water was offered in small cotton ta-
pped test tubes. The solid diets were offered as pieces
attached to a pin stuck in a cork.
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When emerging, the flies (15 females and 15
males per treatment; 1 box = 1 replicate) were ran-
domly chosen and individualized in the acrylic boxes
for the experiment.

The diets were placed in Erlenmeyers (200
ml), autoclaved, distributed in (50x12 mm) Petri di-
shes, and stored under refrigeration (10°C) for pos-
terior use.

Six different diets were offered as follows:

Y = yeast diet (Mae Terra, Sdo Paulo, Brazil) (6.5 g)

YOS = yeast diet (6.5 g) + quinine sulphate (Quimi-
bras, Rio de Janeiro, Brazil) (25 mg)

S = sucrose diet (Synth, Diadema, Brazil) (11.0g)
SQS = sucrose diet (11.0 g) + quinine sulphate (25 mg)
A = agar diet (Vetec, Sdo Paulo, Brazil) (2.5g)

AQS = agar diet (2.5g) + quinine sulphate (25 mg)

Diets Y, YOS, S and SQS contained also agar
2.5 g (Vetec, Sdo Paulo, Brazil), distilled water 100
ml, and Nipagin 1.5 ml (Merck®).

The daily ingestion measurements were ob-
tained through the formula I = TDM-RDM (Can-
gussu & Zucoloto, 1995), where I = ingestion (mg/
day), TDM = total dry matter (total weight of the
diet placed in boxes without flies, maintained under
the same experimental conditions to control evapo-
ration), RDM = remaining dry matter (total weight
of the diet placed in the experimental box).

The diets withdrawn from the boxes after 24
hours were further dried in a muffle for 24 hours at
80 £ 1°C and then weighted to calculate ingestion.

Groups

Females and males were tested with regard to
learning in relation to sucrose and brewer’s yeast.
The tests followed the schedule presented in Table
I. The nutrient tested was sucrose or brewer’s yeast
for different classes of flies (young or old flies, de-
prived or non-deprived ones). In the period of food
deprivation flies were not fed, except group G, that
received only sucrose as food in this period. In the
experience period flies fed the diet described in the
third column (diet consumed during the experien-
ce period). The “test of choice” describes the day in
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which the tests of choice of food was conducted. In
this test, two diets were given to flies, as described
in Table 1 for 24 hours. After this period, the diet
was weighed (as described above) to determine the
amount of food ingested by each group.

There was not a group of sucrose deprived
old flies simultaneously to the yeast deprived ones
(groups G, deprivation 1-50 days), because the flies
do not survive more than 2 days without a carbo-
hydrate source. The group G did not received only
yeast diet during deprivation period.

Therefore, for the sucrose tests, another
group was formed not only with young flies but also
with old ones (groups B and D, respectively), in whi-
ch, after the experience period, there was a two-day
period of food deprivation before the choice.

The sucrose tested groups (A, B, C and D)
were not fed with yeast in any of the tests. The yeast
tested groups (E, I and G) received also sucrose diet
during the tests because they do not survive without
a sugar source.

The results were analyzed by the Wilcoxon
test with 5% significance level. The statistic tests
were made using the SigmaStat for Windows, ver-
sion 2.03, Jandel Corporation.

Results

All groups fed with the diet composed by the
tested nutrient without quinine sulphate during the
experience period (all groups from A to G, 1 and 2,
Table I) did not show significant differences among
the offered diets in the day of choice. This result has
shown that the nutrient by itself did not influence
decisively the choices in any of the groups, indepen-
dently of age, sex and nutritional state.

When the experience period diet contained
quinine sulphate (all groups from A to G, 3 and 4,
Table I), associative learning for sucrose was de-
monstrated in young and old females and males only
when deprived of food for 2 days after the experien-
ce period (before the choice test) (Figures 1 and 2,
and 5 and 6). When the choice test was carried out
immediately after the experience period, no asso-
ciation between the experience period diet and the
choice diets was observed.

As concerns yeast, the associative learning
was demonstrated in deprived young and old fema-
les (Figures 3 and 4). The males did not show as-
sociative learning in relation to yeast in any age or
nutritional state (yeast deprived or non-deprived) (Fi-
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gures 7 and 8), as well as the non-deprived females
(Figures 3 and 4).

It is important to observe that, when the
choice test diets had nutritive value, learning was not
always evident as in the cases when the choice diets
were constituted by agar.

Discussion

Previous studies have shown that quinine sul-
phate is not phago-stimulant for 4. obliqua females
(Cresoni-Pereira & Zucoloto, 2006a). In this study,
all groups fed during the experience period with the
test diet containing the tested nutrient without quini-
ne sulphate did not show significant differences in the
day of choice as compared to the other offered diets.
This fact may indicate that the results from other
groups are not due to quinine sulphate adverse effects
(a novelty effect, for instance). Dukas (2008) alerts that
care must be taken in the experimental design to gua-
rantee that the stimulus presentation and the nutritio-
nal or environmental status of the individuals do not
generate behavioral patterns that may be interpreted
as learning not being so. In addition, small sample si-
zes may generate wrong conclusions about the ability
for individual learning and inter and intraspecific di-
fferences (Thornton & Lukas, 2012).

Learning can be very specific as concerns re-
levant stimuli for the insect fitness. The parasitoid
reproductive fitness, for instance, depends on its abi-
lity to find nectar or honeydew, since sugar is a pre-
-requisite for survival and reproduction (Winkler et
al., 2006). Associative learning is one of the means
the parasitoids can optimize their reproductive suc-
cess (Wiackers et al., 2006).

The ability to learn seems to be related to the
insect nutritional status, sex, rearing condition and
age (Thornton & Lukas, 2012). In this study, lear-
ning was evident for yeast, which is a protein source,
and proteins are, admittedly, a sparse resource in na-
ture (Bateman, 1972). For 4. obliqua females, proteins
are very important for the youngsters as concerns
sexual maturation and for older females when they
are deprived of this nutrient during their lives, since
the females of this species are able to reproduce late
in life when they have been deprived of protein in
the beginning of their lives (Cresoni-Pereira, perso-
nal observation). Insects are considered organisms of
short lifetime when compared to mammals, for ins-
tance. However, if the insect is able to reproduce late
in life, as is the case for A. obliqua, due to the lack of a
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Table 1. Experimental groups and diets tested to evaluate the occurrence of associative learning in 4. obligua females and

males.
Diet
d | E . Deprivati Test of Number
Tested Age consume ¥perience | Weprivation) esto Tested of flies
. during the Period Period Choice | Group .
Nutrient | Class . d d d Diets (males or
experience (days) (days) (day) females)
period
Al SxSQS 15
S 1-5 - 6
Young A2 AxAQS 15
Flies (A) A3 SxSQS 15
SOS 1-5 - 6
A4 AxAQS 15
Bl SxSOS 15
- S 1-5 6-7 8
Deprived ) \xAQS 15
Young
. B3 SxSQS 15
Flies (B) SOS 1-5 6-7 8 o
B4 AxAQS 15
Sucrose
C1 SxSQS 15
S 51-55 - 56
Old Flies C2 AxAQS 15
(@) C3 SxSQS 15
SQS 51-55 - 56
C4 AxAQS 15
Dl SxSQS 15
. S 51-55 56-57 58
Deprived D2 \QS 15
Old Flies
D D3 SxSQS 15
D) SQS 51-55 56-57 58
D4 AxAQS 15
El LxLQS 15
Y 1-5 - 6
Young E2 AxAQS 15
Flies (E) E3 IxLQS 15
YOS 1-5 - 6
E4 AxAQS 15
Fl1 LxLOS 15
Non- Y 51-55 - 56 :
Deprived F2 AxAQS 15
Yeast .
Old Flies F3 LxLQS 15
YOS 51-55 - 56
®) F4 AxAQS 15
Gl LxLOS 15
. Y 51-55 1-50 56
Deprived G2 \xAQS 15
Old Flies
G G3 LxLOS 15
G) YOS 51-55 1-50 56
G4 AxAQS 15
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Figure 1. Choice of diets containing sucrose or sucrose + (quinine sulphate) by Anastrepha obliqua females of different ages
fed during a five-day experience period with sucrose + quinine sulphate diet (SQS). Different letters indicate statistical
difference between the ingestion of diets of test groups (Wilcoxon test, p<0.05). See Table 1 to assess the legend of the

females groups.
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Figure 2. Choice of diets containing agar or agar + QS (quinine sulphate) by Anastrepha obliqua females of different ages
fed during a five-day experience period with sucrose + quinine sulphate diet (SQS). Different letters indicate statistical
difference between the ingestion of diets of tested groups (Wilcoxon test, p<0.03). See Table 1 to assess the legend of the

females groups.
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Figure 3. Choice of diets containing brewer’s yeast or brewer’s yeast + QS (quinine sulphate) by Anastrepha obligua temales of
different ages fed during a five-day experience period with brewer’s yeast + quinine sulphate diet (YQS). Different letters
indicate statistical difference between the ingestion of diets of tested groups (Wilcoxon test, p<0.05). See Table 1 to assess

the legend of the females groups.
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Figure 4. Choice of diets containing agar or agar + QS (quinine sulphate) by Anastrepha obligua females of different ages fed
during a five-day experience period with brewer’s yeast + quinine sulphate diet (YOS). Different letters indicate statistical
difference between the ingestion of diets of tested groups (Wilcoxon test, p<0.03). See Table I to assess the legend of the

females groups.
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Figure 5. Choice of diets containing sucrose or sucrose + QS (quinine sulphate) by Anastrepha obligua males of different ages
fed during a five-day experience period with sucrose + quinine sulphate diet (SQS). Different letters indicate statistical
difference between the ingestion of diets of tested groups (Wilcoxon test, p<0.05). See Table 1 to assess the legend of the

males groups.
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Figure 6. Choice of diets containing agar or agar + QS (quinine sulphate) by Anastrepha obligua males of different ages
fed during a five-day experience period with sucrose + quinine sulphate diet (SQS). Different letters indicate statistical
difference between the ingestion of diets of tested groups (Wilcoxon test, p<0.05). See Table 1 to assess the legend of the

males groups.
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Figure 7. Choice of diets containing brewer’s yeast or brewer’s yeast + QS (quinine sulphate) by Anastrepha obliqua males of
different ages fed during a five-day experience period with brewer’s yeast + quinine sulphate diet (YOS). Different letters
indicate statistical difference between the ingestion of diets of tested groups (Wilcoxon test, p<0.05). See Table 1 to assess
the legend of the males groups.
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Figure 8. Choice of diets containing agar or agar + QS (quinine sulphate) by Anastrepha obliqua males of different ages fed
during a five-day experience period with brewer’s yeast + quinine sulphate diet (YQS). Different letters indicate statistical
difference between the ingestion of diets of tested groups (Wilcoxon test, p<0.03). See Table 1 to assess the legend of the

males groups.
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nutrient during the young phase, any learned aspect
that can revert that reproductive failure is biologi-
cally relevant for the species. In this case, capability
to learn 1s highly beneficial as any other strategy to
search and select adequate foods.

Males did not evidence learning in relation
to yeast. Apparently, the larval protein supply is de-
terminant for the reproductive performance of the
adult male, since it would influence important as-
pects as size (Blay & Yuval, 1999) and the production
and release of pheromone (Ferro & Zucoloto, 1989).
Regarding proteins in feeding adults, Shelly & Ken-
nelly (2002), using C. capitata, have shown that pro-
tein non-deprived males obtained significantly more
copulation than the protein deprived males, either
wild or bred in the laboratory. Drew (1987) obser-
ved that Bactrocera tryon: males do not need a protein
source to produce sperm, however they need one to
maintain production along their lives.

As concerns A. obligua males, Cresoni-Pereira
& Zucoloto (2006b) observed that males maintained
in a sucrose diet had reduced longevity when compa-
red to males fed with sucrose and protein. Therefore,
the A. obliqua males reproductive performance can
be improved by the ingestion of a protein source but
is not impaired by its absence. Maybe that is why
there is not a learned mechanism that can improve
the males efficiency to search and select this nutrient.

Associative learning for sucrose was demons-
trated in young and old males and females. Similar
results were obtained for Culex quinquefasciatus, in
which case males and females are able to learn the
association of an odor with a source of sugar (males
and females) and blood (females) (Tomberlin, et al.,
2006), and Microplitis croceipes where males responded
as well as females to sucrose associated odor (Takasu,
Rains & Lewis, 2007). In relation to sucrose, learning
was evident only in cases of deprivation. Some stu-
dies show that hunger is necessary for more robust
olfactory learning (Fujita & Tanimura, 2011). Car-
bohydrates are abundant in nature, consequently the
development of learned responses for this resource
may not be advantageous, except in deprivation ca-
ses. As the learned responses involve a neural cost,
responses for abundant nutrients may represent an
unnecessary cost.

A question for the future is to know the du-
ration of the learned responses for an alimentary
resource. In this case, deprivation immediately follo-
wed the experiment, therefore the response for the
quinine sulphate was demonstrated. If that associa-
tion 1s long lasting and translates a recognition res-

76

ponse of the resource in future deprivation periods,
that learned association can be highly advantageous
for the insect as concerns increased foraging effi-
ciency in adverse environments.

An important factor is the relevance of the le-
arned stimulus. The classic conditioning theory anti-
cipates that a high quality reward would increase the
probability of learning in relation to a low quality
reward (Hutt, 1954 apud Wickers et al., 2006). The
protein source undoubtedly is a high quality reward
for young A. 0bliqua females and for protein deprived
old ones. However, as concerns sucrose, though it is
important for survival, it can be substituted by other
highly nutritive carbohydrates easily found in nature
(Fontellas & Zucoloto, 1999).

According to Papaj & Prokopy (1989), one of
the attributes in order that a behavior is considered
learning is its reversibility in the absence of a repe-
ated stimulus, that is, the behavioral change that ac-
companies the experiment diminishes in the absence
of a continuous experience of the same kind. This
reversibility was demonstrated by Cresoni-Pereira &
Zucoloto (2006a) in A. obliqua females. In the abo-
ve mentioned study, the flies have shown association
in the first day of the choice test, giving preference
to the quinine sulphate diet that was the compound
associated to yeast in the experience period. In the
second day, as agar lacks nutritive value, the females
directed their preference to a diet without quinine
sulphate but also containing agar, and in the third
day they ingested both diets indiscriminately.

This situation, registered by Cresoni-Pereira
& Zucoloto (2006a), does not indicate lack of persis-
tence as concerns the learned behavior; it indicates
that the behavior ceased to be manifested in the ab-
sence of a positive post-ingestive response. Conside-
ring these data, it is not possible to affirm that the
behavior could not be reactivated in a future situa-
tion with positive post-ingestive feedback.

Wiickers et al. (2006), working with the M.
croceipes parasitoid, found that the gustatory respon-
ses, more than the post-ingestive feedback, act as a
non-conditioned stimulus to learn odors related to
phagostimulant carbohydrates. They also tested
non-phagostimulant carbohydrates, however of si-
milar nutritional value, that elicited weak learned
responses, and this reinforced the hypothesis that
taste 1s important and the post-ingestive feedback is
not. These results do not agree with previous results
found for A. obliqua (Cresoni-Pereira & Zucoloto,
2006a). However, Drosophila flies can learn the nutri-
tional value of a non-sweet sugar when it is associa-
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ted with an odor, and they can discriminate betwe-
en sugars using a post-ingestive evaluation system,
showing that the palatability and nutritional value
contribute to form a more effective learning (Fujita
& Tanimura, 2011; Burke & Waddell, 2011).

Aminoacids have different pre- and post-
-ingestive effects on behavior, and the nutritional
and neuromodulating functions are primarily post-
-ingestive (Kim & Smith, 2000). The post-ingestive
effects have a course of minutes or hours. Several in-
sects have sensorial receptors sensitive to aminoacids
(Simpson et al., 1991). Therefore, aminoacid detec-
tion and the responses could be oriented by sensorial
pre-ingestive inputs that have a very short course of
seconds (Kim & Smith, 2000).

Facility and readiness to form memory may
vary among species and among individuals of the
same species, depending on several factors as the
environmental variability and the species longevi-
ty (Smid & Vet, 2006). The only influence of the
apparent age on this study results was related to the
reproductive capability. No other aspects resulting
from aging as retarded responses, for instance, can
be inferred here.

Results similar to those found for A4. obligua in
this study were found for omnivorous Periplaneta ame-
ricana cockroaches (Gadd & Raubenheimer, 2000)
and Schistocerca gregaria (Simpson & White, 1990) that
do not learn to associate non-alimentary odors to
sucrose, however they learn the association with pro-
teins showing that learning can be nutrient-specific.

Future studies must concentrate in the lear-
ned responses duration and in the type of resources
that trigger the responses in order that one can esta-
blish more precisely the adaptive value of the insect
capacity in learning to associate the resources to con-
ditioned stimuli.
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