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Toxicidade do Fentiom Relacionada a Idade e ao Tempo de Exposi¢do de Machos
e Fémeas dAanastrepha fraterculu@Vied.) (Diptera: Tephritidae)

RESUMO - O efeito da idade, sexo e tempo de exposicao de machos e fémeas
deAnastrepha fraterculu@/Vied.) a toxicidade do fentiom foi avaliado. A idade

das moscas mostrou ser importante para o aparecimento dos primeiros sintomas
de intoxicacdo; machos e fémeas no pico reprodutivo (30 e 60 dias de idade,
respectivamente) sdo menos susceptiveis ao inseticida que moscas nas demais
idades (quatro e 120 dias). N&o foram detectadas diferencas de toxicidade
relacionadas com o peso corporal dos insetos. O fle variou de 3-7 min,
mostrou serem 0s machos menos sensiveis que as fémeas em todas as idades
testadas. Adultos de ambos os sexos, com 30 dias de idade, submetidos a uma
exposicao continua e descontinua ao fentiom, ndo apresentaram efeito
toxicologico cumulativo do inseticida. Andlises estatisticas sugerem a possivel
ocorréncia de um mecanismo geral de desintoxicagdo (quantitativo e/ou
qualitativo) relacionado com o sexo, a idade e o tempo de exposicao ao fentiom.
Como a espécie apresenta alta mobilidade na natureza sugere-se que estas
caracteristicas biolégicas e comportamentais sejam consideradas para a obtencao
de resultados mais realistas.

PALAVRAS-CHAVE: Insecta, mosca-das-frutas, inseticida, toxicidade.

ABSTRACT- Effect of age, sex and time exposureAéstrepha fraterculus
(Wied.) to toxicity of fenthion was evaluated. The age of the flies was important
to the appearance of the first intoxication symptoms; males and females of re-
productive ages (30 and 60 days-old, respectively) were less susceptible to in-
secticide than flies in the remainder ages (four and 120 days-old). The effect of
body weight on insect intoxication was not detected, biossay with fenthion
(varying from 3-7 minutes) showed a lower susceptibility of males than females
at all ages. Adults of both sexes and 30 days-old submitted to continuous and
discontinuous exposure to fenthion did not show toxic cumulative effect of the
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insecticide. The statistical analysis suggests a possible general detoxification
mechanism (quantitative and/or qualitative) to fenthion sex-, age- and time-re-

lated. Once the species is highly mobile in nature we suggest that in fruit fly

toxicological bioassays, these biological traits need to be observed in order to
obtain more realistic data.

KEY WORDS: Insecta, fruit-fly, insecticide, toxicity.

The family Tephritidae contains some of Material and Methods
the most important fruit pests in the world,
including the broad-range pulp fruit pestsThe A . fraterculuspopulation and biologi-
such asAnastrepha fraterculugNVied.). The cal conditions tested The A. fraterculus
characteristic features of this species are a lommpulation was collected in the town of Sao
adult life, dispersion flights and migrationsJoaquim, SC, Brazil from fruits of guava
(Zwdlfer, 1983) that usually dictate a quick(Feijoa sellowiand It was reared in condi-
control response in suppression campaignsipns described by Da Cretal (1997). The
hence the extensive use of aerial applicatiorexperiments were carried out using the first
in the control area (Rossler, 1989). generation of field collected fruit-flies; this

A recent study i\. fraterculugDa Cruz  procedure avoids loss of genetic variability
et al 1997) showed differential fenthion tox-that may decrease when the population is
icity in three classic bioassays: feeding, topireared for many generations under laboratory
cal contact and residual contact. The insectonditions.
exposed to residual contact were 18 times Intoxication symptoms and | Jbioassays
more susceptible than those exposed by feedrere measured in independent fruit-fly age-
ing bioassay. One of the suggested explangroups (4, 30, 60, 90 and 120 days). For con-
tions for the differences was the effect of théinuous and discontinuous fenthion exposure
insecticide exposure time. This was continubioassay 30 day-old flies were used.
ous in residual contact and discontinuous in
the feeding bioassay. In the ecological conBiossay ProceduresThe organophosphate
text, these differences are important since thi=enthion” [0,0-dimethyl-0,-
adult population shows a high mobility and(methylmercapte-4-methylphthiophenyl)-
different ages (review in Zwolfer, 1983). thiophosphate 0,0- dimethyl-0-(3-methyl-4-
Moreover, there are longevity differences bemethylthio-phenyl) phosphorothionate] 500
tween males and females Af fraterculus CE was used in a 10 ppm concentration. The
which makes this species a good model tmsecticide manipulation and glass prepara-
study age-related modulation of insecticide¢ion were made as described by Da Cetiz
stress-response. al. (1997) for the residual contact bioassay.

In order to evaluate the fenthion time ex-Each of the following experiments was repli-
posure effects on sex and agdirfiraterculus cated five times, including the controls; 10
mortality three bioassays were carried out: 1hnales and 10 females were used in each rep-
the time of exposure necessary to obsendi&ation. Flies of both sexes were grasped by
the early symptoms of intoxication; 2) expo-the wings with tweezers and then placed in-
sure time bioassay to kill 50% of populationside the glass containers. After insecticide ex-
(LT,,) and 3) toxicological effect of continu- posure, fruit flies that did not move any ap-
ous and discontinuous fenthion exposure ipendage when picked up with tweezers were
fruit fly mortality. considered to be dead.
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Fenthion intoxication symptoms iA. stress caused by glass transference, the same
fraterculusare easily characterized. Initially discontinuous experiment was performed us-
the fly becomes immobilized and this is fol-ing clean glasses. After 24 hours the mortal-
lowed by fast wing beats, circling movementsty was evaluated in all samples.
and finally it lies down ventrally. The intoxi- Fenthion intoxication symptoms were
cation effect was estimated using the initiahnalyzed by one way analysis of variance
appearance time of the rapid wing beat pafollowed by LSD Fisher’s test for pairwise
tern of behavior. For this analysis, Petri dishesomparisons. The differences between sex of
previously treated with fenthion were used agach age were also evaluated using the non-
described in residual contact bioassay (Dparametric Wilcoxon Mann-Whitney test. The
Cruzetal 1997) . The samples were observeeéffects of sex, age and body weight on fenthion
at 5 min intervals until more than 95% showedoxicity was determined by multivariate analy-
intoxication effects. When the first intoxica- sis (general linear model, MANOVA). Le-
tion symptoms were seen, the fruit flies werdhal time bioassay results from all replicates
immediately collected and transferred to cleaffor each sex- and age- samples were pooled
Petri dishes. The mortality was assessed aftand subjected to probit analysis (Finney,
24 hours. The weights of all flies was measi1971). The hypothesis of equality of regres-
ured before testing to check whether bodgion was tested by likelihood ratio test using
weight affect fenthion intoxication. a computer program [POLO-PC (Le Ora

An LT, time-response bioassay was peri987, Berkeley, CA)]. A minimum of 100 in-
formed using independent sampling of insecsects ( 20 per treatment) was used in the analy-
ticide exposure for a given fixed time sis to ensure reliability in the estimation of
(Robertson & Preissler, 1992). A preliminaryLT values (Robertsoet al 1984). The
test was made in order to determine the rangmalysis of cumulative effect was made by
of exposure-time. Samples were exposed tohi-square goodness fit test using the
at least nine different times of fenthion expo-MINITAB computer package (Ryaat al
sure. Petri dishes treated with alcoholl985) following recommendations of Zar
(because alcohol was used as insecticide-dil{1984).
ent) and clean Petri dishes were used as con-
trols. No differences were found between Results and Discussion
these two control groups. For each test the
samples were kept in fenthion-treated Petri Fenthion intoxication as well as the | T
dishes during the fixed time intervals ancbioassays results were age- and sex-related.
immediately transferred to clean glasses. Afin the first experiment, young and older flies
ter 24 hours, mortality was assessed and thveere more responsive when in contact with
LT, evaluated. fenthion than fruit flies in reproductive ages.

The continuous and discontinuous expoHowever, all samples died after the first in-
sure effect of fenthion toxicity was alsotoxication effect appear. When we compare
analyzed. The continuous exposure test wahe intoxication rate by sex, age and body
made with insects continuously exposed foweight we observed influence of the two first
one, two and 10 minutes and then transferredhriables in the age groups tested (Table 1,
to clean glasses. Discontinuous fenthion exfable 2)
posure evaluations were made with insects that Except for the 60 day-old samples, the
were placed for 2 min in glasses treated witlntoxication rate in both sex was similar in
the insecticide and then transferred to cleaall ages (Table 1).
glasses for 10 min. This procedure was re- Body weight did not affect the toxic re-
peated until the insects had been exposed sponse to fenthion. Males and females with
the insecticide for an accumulated 10 min. Irsignificantly different body weight did not
order to verify the effects of the manipulationshow any differences in intoxication rates
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Table 1. Mean + SEM of first fenthion intoxication symptoms and body weight of
fraterculusmales and females at different ages (in days).

Age (days) Sex Intoxication rate (min) Body weight (mg)
Mean + SEM Mean = SEM
4 M 21.20+1.04 & 111.64+1.74 a
F 22.00 +1.06 x 112.60 + 1.49 x
ns? ns
30 M 79.00+4.44b 141.38+2.84 b
F 76.20+4.13 z 161.62 + 3.26 z
ns P< 0.008
60 M 87.10+431b 131.08 £2.54 b
F 73.00+4.12 7 170.00 £+ 4.18 z
P<0.002 P<0.000
120 M 58.00+5.16 ¢ 134.64+2.36 b
F 49.30+5.15w 164.92 + 3.66 z
ns P< 0.000

M= male; F= female

ns = non significant males and females comparison by non parametric Wilcoxon-Man-Whitney
test

SMeans followed with same letter (a, b, c for males and x, y, z for females), are not signifi-
cantly different by Anova One-Way, Fisher’s LSD test;

The number of samples tested in each age group was 100.

(Table 1). Similar results have been describedal parameter in the remaining tests.
in other organisms. Robertson & Preissler LT bioassay presented a dramatic effect
(1992) suggested that the use of body weiglih A. fraterculuswith a range of 3.06 to 7.39

Table 2. MANOVA testing of first fenthion intoxication symptoms/offraterculusto
evaluate sex, age and body weight interaction.

Biological Criterion values and statistic significance

parameters  Wilk's lambda Lawley-Hotelingtrace Pillai trace F (df) P

Age 0.725 0.379 0.275 37.36 (4.4) 0.000
Sex 0.988 0.0012 0.012 482 (1.4) 0.029
Body weight 0.744 0.344 0.256  0.926 (107.3) 0.676

variable in toxicity tests is very complicatedmin to kill 50% of the population (Table 3).
because generally the data obtained does not Reproductive males (30 - 90 day-old) were
present a positive or negative regressioriess responsive than 4 and 120 day-old males
Therefore, we did not consider this biologi-as observed in intoxication rate presented in
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Table 3. Time-response &. fraterculugmales and females) at different ages exposed to
fenthion using residual contact bioassay.

Age Sex Slope+SEM LT (95% CL} LT sexratio x?(df) P
(days) (min) M/F
4 M 2.09+0.28 3.29 (2.39-4.33) a 1.02 8.02 (4) P<0.05
F 2.80+0.27  3.23(3.14-4.14) x 18.17 (10) P<0.01
x%=0.18
ns ns
30 M 2.63+0.23 5.37 (4.35-6.41) b 1.34 13.39 (7) P<0.01
F 2.89+0.21  4.01 (3.39-4.32) x 7.97 (7) ns
X>=16.72
P<0.000 P<0.005
60 M 6.52+0.77 7.39 (9.46-7.54) c 1.73 2.10 (6) ns
F 3.03+0.27  4.24 (3.37-4.38) x 3.63 (5) ns
X?=26.54
P<0.000 P<0.000
90 M 3.50+0.35 6.04 (5.13-7.55) ¢ 1.40 11.67 (6) P<0.05
F 3.15+0.31  4.32 (3.35-5.27) x 7.73 (5) ns
x3=0.54
ns ns
120 M 2.22+0.22  3.15(2.16-4.21) a 1.03 9.79 (5) P<0.05
F 2.19+0.28  3.06 (1.17-4.16) x 3.93(3) ns
x2=0.07
ns ns

M= male; F=female.

2Hypothesis test that male and female slopes are the same.

*ns = non significarg® goodness-of-fit values of comparison betweep bf males and fe-

males at each age.

“Data for each sex, followed by the same letter (a, b, ¢ for males and X, y, z for females), do not
differ significantly based on the overlap of confidence intervals gt LT

Table 1, Figure 1. However, females werdRappaport, 1979). However, a line neither
found not to be time mortality age-related.equal nor parallel was seen in 60 days-old
Gerder comparisons showed that males weraales. This may suggest qualitative and quan-
more tolerant to fenthion exposure than fetitative enzyme differences among samples
males at all ages tested. Biologically, thes&ested.

differences observed from Probit regressions Inthe cumulative test we observed signifi-

may reflect the quality and quantity of en-cant differences between 10 min continuous
zymes involved in detoxification pathways.and 10 min discontinuous treatments. In 10
Parallel lines may indicate that organisms havenin continuous samples the male and female
gualitatively identical (same detoxification mortality was 63% and 75% respectively,

enzymes), but quantitatively different levelswhereas the 10 min discontinuous samples
of detoxification enzymes (Robertson & showed similar mortality to those at two min-
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Figure 1. Mortality (in %) ofA. fraterculusmales and females 30 days-old exposured
during 1, 2, 10 continuous and 10 discontinuous min to fenthion residual contact bioassay. 0

(control mortality).

utes exposure (Fig. 1). egories: constitutional endowment, reproduc-
Although the fenthion L] was very low tive biology and behavior. This framework can
in discontinuous test, the differences observeprovide insights into how sex differences may
in both fruit fly mortality tests suggest ancontribute to stress or environmental stress
absence of a cumulative effect on the insectgsponse.
and, at the same time, the presence of general Sex differences in traits which have a
metabolic pathways of detoxification. Sincestrong influence on stress response may arise
the species is very mobile, the displacemerthrough either natural or sexual selection
and flying behavior at places with and with-(Carey & Liedo 1995). Natural selection re-
out insecticide could help metabolic degrafers to being able to pass on one’s genes to
dation of the insecticide. future generations by being able to survive to
In general, there is little information aboutbreeding age and reproduce (Futuyma, 1979;
the nature of male-female mortality differ- Hoyenga & Hoyenga, 1982; Maynard Smith,
ences for most non-human species whethd976). Natural selection pressures on the
submitted to stress conditions such as inseciphysiology and behavior of the genders could
cide exposure or not. However, several studdiffer if their reproductive roles are different.
ies suggest that there is a general framewoi&exual selection refers to being able to pass
for mortality differences between sexes. Th®n one’s genes by successfully persuading a
underlying mortality factors are grouped bymember of the opposite sex to engage in re-
Careyet al. (1995) in three interrelated cat- production. This can occur through success-
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ful competition within one’s own gender for sex mortality differentials. The Gerontol.
mates (Charnov, 1982). There are several 35: 588-596.

pieces of information about sex selection-re-

lation, but differential metabolic responsesCarey, J.R., P. Liedo, D. Orozco, M. Tartar
related to environmental stress are stillincipi- & J.W. Vaupel. 1995. A male-female
ent and need to be understood. Therefore bio- longevity paradox in medfly cohorts. J.
chemical analysis in male and female groves Animal Ecol. 64:107-116.

with different responses observed in the

present data need to be made to understa@harnov, E. 1982.The theory of sex
the possible detoxification differences be-  allocation. Princeton, NJ. Princeton
tween sex. University Press, 359p.

The results obtained in the present experi-
ments are important once conventional an?)a Cruz, I.B.M., E. Humeres. & A. K.
alternative insecticides can have reduced ef-
fects in nature due to flight behavior. The ef-
fect of mobility behavior over insecticide tox-
icity response was demonstrated in other or-
ganisms. Zhai & Robinson (1992) showed that
the amount of walking affects the rate of . _
knockdown of German cockroaches placed ofiinney; D. J. 1971Probit analysis. 3 rd. Ed.

a cypermethrin-treated surface. Therefore, we Cambridge Univ. Press. London, 585p.
suggest that to obtain more realistic data in

fruit fly toxicological bioassays, sex, age and~utuyma, D.J. 1979 Evolutionary biology.
insecticide exposure time must be considered. Sunderland, MA. Sinauer Associates,
Furthermore additional biochemical studies of ~ 345p.

A. fraterculusorganophosphate detoxification

related enzymes such as esterases, as welllgyenga, K.B. & K.T. Hoyenga. 1982.
further toxicological studies, such as fenthion Gender and energy balance: sex
toxicological activity inA. fraterculuspre- differences in adaptations for feast and

imaginal stages, could help to understand the  famine. Physiol. & Behavior 28: 545-563.
sex- and age differences observed here. These

Oliveira. 1997. Toxicity of fenthion to
Anastrepha fraterculu@Vied.) (Diptera:
Tephritidae): dose response analysis. An.
Soc. Entomol. Brasil. 26: 471-479.

studies are in course in our laboratory. Le Ora Software, 1987 POLO-PC: a user’s
guide to probit or logit analysis. Le Ora
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