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ABSTRACT. This study aimed to evaluate fitness componentZagrionus indianusGupta, 1970, a species recently introduced in
Brazil and currently in process of colonization. Longevity, productivity, developmental speed and viability of flies saomled fr
population from Mirassol (state of Sado Paulo, Brazil) were evaluated. Longevity was higher than that of some Indian pgmdations
productivity was similar or higher than in other Drosophilidae. Time of development, one of the main fithess components for
competition, was very similar to the values scoredinsophila sturtevantDuda, 1927 a species that occurs in high frequencies in the
same area a&. indianus These data might contribute further for understanding the colonization success of this newcomer species in
South America.
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RESUMO. Componentes do valor adaptativo de uma populacao recentemente estabelecida no BrasilZderionus indianus

(Diptera, Drosophilidae). Neste estudo foram avaliados componentes do valor adaptatiZapd®nus indianusGupta, 1970, uma

espécie recentemente introduzida no Brasil e, atualmente, em processo de colonizagdo de praticamente todas as reg&dsobaasileir
avaliadas a longevidade, a produtividade, a velocidade de desenvolvimento e a viabilidade de individuos amostrados dacémalgopul
Mirassol (estado de Sdo Paulo, Brasil). A longevidade foi maior do que aquelas registradas em popula¢des indianas, ermuanto que
produtividade foi similar ou maior do que a observada em outros Drosophilidae. O tempo de desenvolvimento, um dos principais
componentes relacionados a habilidade competitiva, foi muito similar aos valores registraddr@sophila sturtevantDuda, 1927,

espécie que ocorre em alta freqliéncia na mesma area. quaianus Esses dados podem contribuir para o entendimento do sucesso de
colonizacao desta espécie recém-introduzida na América do Sul.

PALAVRAS-CHAVE : Componentes do valor adaptativo, produtividade, viabilidade, tempo de desenvolvidemtionus

ZaprionusCoquillett, 1901 is a genus composed Although Z. indianushas not been considered
by the subgenerdaprionus which contains 44 speciesas a pest in the Afrotropical region, it seems to be
from Afrotropical region (BassacnArRD& Tsacas, 1993;  reaching the pest status in the fig main producer areas
CHassAGNARD, 1996) andAnaprionus with 12 species of the state of S&o Paulo (Brazil). In 1999, 50% of the
from Australia and Southeastern AsiaskEas & fig crops were lost due to oviposition of these flies
CHASSAGNARD, 1990; GupTa & GupTa, 1991).Zaprionus  (ViLeLa et al, 2001). Sinc&. indianushas also been
indianus seems to be the unique specieZaprionus found in other tropical fruits, such as citrus,
subgenus that is spreading throughout the tropicpérsimmon, guava, jambul and acerolag\va et al,
regions, probably due to the intensification of the worl@001), it is possible that this species will become
fruit commerce (MELA et al, 2001). This species occursinvasive in the culture of these agricultural products,
throughout Africa, India and Saudi Arabia, as well as ithus causing damages to regional economies.
islands of the Indian Ocean (Comores, Madagascar, Little information abou®. indianusreproductive
Seychelles, Mauritius and Réunion) and of the Atlantibiology is found in the literature. Therefore, the
Ocean (Canary and Saint Helenakr{€sacnarp &  quantification of fitness components in laboratory is an
KraalJEVELD, 1991; GiassacNARD & Tsacas, 1993). In  important tool to evaluate the life-history parameters and
Africa, it has been found in 74 species of 31 botanictéhe strategies used by exotic species to establish
families; among them, several are native of the Americdhemselves into new habitats. Siteéndianusguickly
continent (avocado, pineapple, guava and papaya) spreadhroughout the Brazilian regions, the aim of this
have been here introduced (carambola, banana, citragjdy was to evaluate five fithess component& of
mango and fig) (kcHaIse & Tsacas, 1983). indianustaking as a sample a population of the northwest

The occurrence @&. indianusn South America was of Sao Paulo state. This study might provide essential
first reported in Brazil (YeLa, 1999) and then in Uruguay information to identify the factors responsible for its fast
(Gori et al.,2001). It has been suggested that this speciggreading throughout the Neotropical region.
may have been introduced in Brazil by airplane transportation
from African or Asian countries to the city of Sdo Paulo, MATERIAL AND METHODS
possibly in meals (fruits for instance) offered to passengers
(ViLELA, 1999; Toon et al, 2003).Zaprionus indianufas Zaprionus indianusvas collected in Mirassol, S&o
been found in all regions of Brazil{&ro& V aLenTg, 2001;  Paulo State, Brazil (20°47’S, 49°30'W) in April and May
VILELA, 1999; MLELA et al, 2001; Toon et al, 2003). 2001. About 100 collected females were put individually
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in vials with banana-agar medium and maintained at 25 °C RESULTS AND DISCUSSION

until the imagoes emergence. Virgin males (150) and

females (150) emerged from these vials were used to study There are few studies about longevity of
longevity of sexually active and sexually inactive fliesindianus The values found in literature are those of
productivity and developmental speed. The remained fliesntrol groups used for investigation of effects of various
were used to set up a mass culture that was maintainecinioxidants on the lifespan and ageing characteristics
constant room temperature at 25 °C. of Z. paravittiger Godbole and Vaidya, 1972 (Z.

For the study of longevity of sexually activeindianug. According to Sarma et al.(1995), the mean
flies, 50 one day old couples of virgin flies, were placetbngevity for males and females kept in the same vial is
pair by pair into vials containing culture medium, and0.6 days (maximum lifespan: 70 days) and 34.3 days
transferred to new vials at intervals of seven days unfiinaximum lifespan: 76 days) respectively; values very
their death. Longevity of sexually inactive flies wassimilar to those obtained byaKkar et al. (1996), 35.1
studied in a similar way, putting together two virgindays for males and 41.7 days for females. Both studies
males or two virgin females in each vial to maintain thevere made in corn-meal agar medium at 26 + 2 °C.
same number of individuals as in the studies of sexually ~ Longevity of virgin males oZ. indianusemerged
active flies. The Foffspring of 32 couples used in thein laboratory ranged from 7 to 138 days (68.0 = 3.4),
longevity experiment were scored to studywhereaslongevity of virgin females ranged from 7 to 154
productivity, by sex, until their death. These vials werdays (97.5 + 3.0). Survival of males and females kept in
also daily observed to estimate the period of time fdhe same vial ranged from 11 to 150 days (81.7 + 5.0) for
the emergence of the first imago as a way to estimateales, and from 4 to 145 days (92.6 + 4.6) for females. In
the speed of development. Since each female couddth situations, longevity was higher than that observed
lay eggs in every of the seven days in which the couply SiarvA et al.(1995) and Kkkar et al.(1996). Females
was maintained in the vial, the period of time for thdived longer than males, however the differences were
emergence of the first imago was considered as tk@gnificant only for virgin flies (t = 6.3% < 0.01). The
number of days between the entrance of the couplenmortality slopes of the four groups of flies analyzed
the vial and the first emergence minus 3.5 days (tlshowed a similar pattern, however, as a group, males died
average period of oviposition in each vial). earlier than females, irrespective of their reproductive

In order to study time of development and viabilitystate (fig. 1). This relation is commonly found in insects
a population cage (a transparent plastic box 19 cm long,ntset al, 1983).

15 cm wide and 12 cm high) was set up with flies that had
been maintained in laboratory mass culture during six
generations. The eggs were collected from the population
cage in which females were allowed to lay eggs in plastic
dishes containing culture medium for a period of 12 h.
The dishes were closed and stored for three days at 25
°C. The hatched larvae were transferred, in groups of 208
to 20 vials with culture medium, performing a total of 400 E‘)
larvae. The number of pupae on the wall of the vial and3
on the surface of the culture medium was daily counteds?
as well as the number of emerged adults. These data were
used to estimate the time of development from egg to
pupa, from pupa to imago, and from egg to imago. The

numbers of pupae and adults yielded in each vial were — °™15%™5™ %50 50 70 80 00 100 110 120 130 140 150 160
used to calculate the larva-pupa and pupa-imago Days

viabilities (the percentage of pupae and emerged imagoes

in each vial). For estimating the egg-larva viability, 100@ig. 1. mortality slopes ofmales and females iZaprionus
fertilized eggs were taken from the population cage. Th&lianus (sexually active males: -+ —; sexually active females:
fertilized eggs, identified by their characteristic—e —; sexually inactive males: 4 —; sexually inactive females:
turgescence and pale coloration, were put in groups ef* —).

10in 10 petri dishes and 48 h later the egg-larva viability

was estimated as the percentage of hatched larvae in The differences among the mean longevity of flies
each dish. with and without sexual activity were not significant

The Student t-test was used for testing thé& = 2.33;P > 0.05 for males and t = 0.7B;> 0.05 for
differences between means of longevity and one-wdgmales). It is commonly accepted that reproduction in
ANOVA was used for testing homogeneity of theanimals and plants should have a cost: the larger the
developmental speed means. The Tukey multipleproductive activity, the shorter the duration of life. But,
comparisons test ¢&, 1984) was applied to evaluate thethe causes of this difference are not easily understood;
statistical differences among the means of developmenial males ofD. melanogasteiMeigen, 1830, it was
speed. Analyses of linear correlation were done tsuggested to be a consequence of a physiologic
estimate association between longevity of males amgpletion, caused by sperm and seminal fluid production
females and their productivity. (PARTRIDGE & FARQUHAR, 1981); in females, it could be a
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consequence of the allocation of energy for eggpecies of Drosophilida&aprionus indianufemales
production or to detrimental effects of the matingvere produced in higher number (32.7 £ 2.4) than males
(ParTRIDGE €t @I, 1987). HOwever, the findings about the(24.8 £ 2.2;t=2.42 < 0.05).
association between longevity and sexual activity are  Our data suggest that the reproductive effoi.of
very contradictory. Negative or positive correlations amdianusfemales does not affect their longevity because
well as absence of correlation have been found betweproductivity was positively correlated to the maternal
these traits (Muick & KipweLL, 1966; KpowerL &  longevity (r = 0.376; t = 2.11P < 0.05), but not to the
Matuick, 1967; GrareTo & MourAo, 1992). The absence paternal one (r = 0.333; t = 1.84> 0.05). Agreements
of correlation observed in our study could mean that ttend disagreements of associations among longevity,
energy that has not been allocated for reproduction hsexual activity and productivity are equally found. It is
not been used for increasing the lifespan dhdianus  possible that the correlation analysis values simply reflect
Productivity was evaluated by the mean number @farticularities of the different species as well as the
adults yielded at seven days of oviposition during thenvironmental conditions of the experiments.
whole life of the female. The individual productivity The mean developmental speed of the offspring
ranged from 16 to 103 flies. Each couple produced 57ykelded by parents in different periods of their lives varied
offspring in average during its fertile period, which rangedignificantly during the 14 fertile weeks (mean: 12.7 + 0.3
from 2 to 14 weeks (tab. I). In our laboratory, productivitydays; F,.,,.= 6.99;P <0.01). The developmental speeds
of Drosophilaspecies ranged from 12 to 68 individualganging from 16.3 + 0.5 days (one week old parents) to
per couple. IrD. mulleri Sturtevant, 1921, a species 0f11.2 + 0.4 days (@nd 11 week old parents), suggests that
the subgenuB®rosophila two homozygous strains for the younger the parents, the slower the developmental
the B esterases yielded 33.7 (E§}-4nd 68.2 (Est'd speed of the progeny. However, the values from the
individuals (Lourenco et al, 2001); in the subgenus second week of age on ranged very irregularly, from 11.2
Sophophorathe mean productivity of three strains oft 0.4 days (7 and 1Y weeks) to 14.2 + 0.9 (¥3veek).
D. prosaltansranged from 30 to 68 imagoes per femal&he pairwise comparisons of the 14 week means (Tukey'’s
(CaraRETO & MOURAO, 1991), and the mean productivitytest, a = 0.05) indicated that the significance observed is
four strains oD. sturtevantihomozygous for inversions, due only to the mean value of the first week (dms = 4.68;
ranged from 12 to 63.9 imagoesa@@reto & MourAo, P < 0.05). If the values of the first week are not used, the
1992) in average. These values show thaindianus difference among the remaining 13 means becomes not
has practically the same productivity as other analyzesinificant (F;.,40= 1.34;P > 0.05 and dms = 2.5P,>
0.05). These results indicate that the slower
Table I. Number of imagoes (males and females) yielded by eacqevel()pmental speed in offspring of parents one day old
couple, productivity and duration of fertile period (in weeks) of IS Notareal value. Infact, the slower developmental speed
Zaprionus indianug(X, mean; se, standard error). observed in the first week of emergence might result from
the variation in sexual maturity of the couples. Since the

Couples  Fertile Productivity flies in the beginning of the study were one day-old and
Period Males Females Otal N .
(weeks) each one could have reached sexual maturity in different
1 8 28 35 63 periods during the permanence in the vial, the mean time
2 7 35 39 74 for the emergence of the first imago in those vials would
i ig i; gg Zg be higher than those in the following weeks, because
5 14 11 39 50 after seven days all flies should have reached sexual
6 10 9 9 18 maturity and should be able to lay eggs as soon as they
7 9 12 13 25  were placed into the vials.
8 12 25 25 50 The development time (days) at 25 °C for egg-pupa,
9 12 21 39 60 ; ; ; ;
pupa-imago and egg-imago periods varied from 9 to 15
10 11 17 44 61 X
11 11 3 13 16  days for the egg-pupa developmental time, 3 to 10 days
12 10 23 19 42  for the pupa-imago, and from 15 to 25 days for the egg-
13 11 28 37 65 imago; the mean values were 12.7, 5.8 and 18.5 days,
ig ﬂ ig gg gé respectively (tab.ll). The egg-imago development time
16 10 26 14 70  Wwas very close to the values recordedimsophila
17 10 21 37 58 sturtevanti(19.6 days; @rareto et al, 1999) or higher
18 9 12 19 31  tothose observed D. melanogaste(8.41 days; Wobs
19 8 51 49 100 etal.,2002) and. simulansSturtevant, 1919 (8.36 days;
29 8 39 o 2% Woops et al., 2002) at the same temperature. These
29 7 16 57 103  Species occur in high frequencies in the same area where
23 7 23 52 75 Z. indianushas been collected. Competitive interactions
24 6 47 41 88  among pre-adult stages @f indianus D. sturtevanti
25 5 38 33 71 andD. simulansshowed that the development timéof
26 4 37 37 74 . : .
57 3 29 19 a sturtevannan_d c_>fD. smulanswas reduced in yhe
28 3 19 29 48 presence oZ. indianusresidues in the culture medium.
29 2 18 25 43 It suggests a positive effect of the larval residues on
X+tse 86

06 248+22 327+24 575%*42development ofZ. indianuslarvae (Luis Gustavo da
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Conceicao Galego & Claudia Marcia Aparecida Cararetfgund in high numbers in almost all regions of Brazil, we
pers. comm.). should expect reproductive parameters with values that

Viability at 25 °C was scored for severalcould favor high production of offspring in a short period
developmental stages including egg-larvae, larvae-pups, time. However, it has been reported that this species
pupa-imago and larvae-imago periods. The larva-pupes remarkable population size contractions during dry
viability ranged from 60% to 100%, the larva-imago fronseasons (ibon et al, 2003). The low productivity scored
35% to 95% and the pupa-imago, calculated bgould be due to the laboratory conditions, such as the
subtracting the values of the first two estimates, rangedlture medium used and/or the temperature (controlled)
from 50% to 100% (tab. Il). The egg-larva viability, whichand humidity (uncontrolled), having the latter probably
was scored in an independent study, ranged from 55%th® main effect. Hence, these environmental factors might
96% with mean value of 72.5%, representing the stagelz# important for controlling population sizesgfindianus
development with the highest loss of offspring. in the several South American regions where it has been

It seems thaZ. indianusindividual productivity found. These data might contribute for understanding
in laboratory is unexpectedly low, considering theéhe colonization success of this newcomer species in
capacity of dispersion of this species. Since it has be&outh America.

Table Il. Viability and time of development @aprionus indianugE-I, egg-imago; E-L, egg-larvae; E-P, egg-pupa; L-I, larvae-imago;
L-P, larvae-pupa; P-I, pupa-imago; x, mean; se, standard error; *, viability was obtained independently in studies dheer that
present one).

Vials/ Viability (%) Time of Development (Days)
Dishes
E-L* L-P P-1 L-1 E-P P-I E-I

1 69 95 52.6 50 12 3 15
2 75 100 50.0 50 9 6 15
3 67 75 73.3 55 11 6 17
4 69 75 73.3 55 11 5 16
5 82 75 80.0 60 12 6 18
6 63 75 93.3 70 14 5 19
7 65 80 93.7 75 14 4 18
8 55 100 95.0 95 12 7 19
9 84 75 93.3 70 12 7 19
10 96 80 100.0 80 12 7 19
11 80 93.7 75 13 6 19
12 100 65.0 65 14 6 20
13 80 87.5 70 12 7 19
14 70 78.5 55 15 4 19
15 75 100.0 75 15 8 23
16 80 87.5 70 15 10 25
17 90 94.4 85 13 5 18
18 70 71.4 50 14 5 19
19 60 58.3 35 11 6 17
20 80 93.7 75 13 3 16

X + se 72.5%£3.8 80.7+2.4 81.7+3.5 65.7+3.2 12.7+0.3 5.810.4 18.5+0.5
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