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ABSTRACT Ongoing discussion on the taxonomic status of Anastrepha fraterculus (Wiedemann)
and limited biological knowledge of this species emphasize a need for information on sexual behavior
and mating compatibility among populations from different ecological regions. In this study, we
studied four populations of A. fraterculus from different fruit-growing and biogeographical areas in
Argentina, i.e., Yuto and Horco Molle from the northwest and Posadas and Concordia from the
northeast. Pair-wise compatibility tests were performed for all possible combinations. Virgin males and
females, in the proportion 1:1, were released into Þeld cages containing a tangerine tree (Citrus
reticulata Blanco). Sexual behavior was recorded in each cage. To determine the degree of mating
compatibility between any two populations, sexual isolation indices and male and female performance
indices were calculated. The values of the sexual isolation index did not differ statistically from the
expected value (zero) under the assumption of random mating. This result indicates thatA. fraterculus
populations are fully mating compatible in Argentina, thus encouraging the application of the sterile
insect technique to control this species in the region. Differences found between some populations
in copulation duration and couple location in the cage suggest that variability might exist for these
traits, requiring conÞrmation in the future.

RESUMEN La controversia acerca del estatus taxonómico de la mosca sudamericana de la fruta,
Anastrepha fraterculus (Wiedemann) y el limitado conocimiento de la biologṍa de esta especie
muestran con fuerza que se necesita información sobre el comportamiento sexual y la compatibilidad
para aparearse entre poblaciones de diferentes regiones ecológicas. Nuestro estudio enfrentó cuatro
poblaciones de A. fraterculus provenientes de diferentes áreas biogeográÞcas y de cultivo de fruta en
Argentina, a saber, Yuto y Horco Molle, del noroeste del paṍs, y Posadas y Concordia, del noreste. Se
realizaron pruebas de compatibilidad entre todas las combinaciones posibles tomadas de a pares. Se
liberaron machos y hembras vṍrgenes en una proporción 1:1 dentro de una jaula de campo conteniendo
un árbol de mandarina (Citrus reticulata Blanco). En cada jaula se registró el comportamiento sexual.
Para determinar el grado de compatibilidad para el apareo entre cada par de poblaciones se calcularon
ṍndices de aislamiento sexual, de comportamiento relativo del macho y de comportamiento relativo
de la hembra. Los valores del ṍndice de aislamiento sexual no fueron estadṍsticamente diferentes del
valor esperado bajo la hipótesis de apareamiento al azar (cero). Este resultado indica que las
poblaciones de A. fraterculus son totalmente compatibles en Argentina y alienta a la aplicación en la
región de la técnica del insecto estéril para controlar esta especie. Las diferencias que aparecieron en
algunas de las poblaciones en cuanto a duración de la cópula y posición de la pareja en la jaula sugieren
que podrṍa existir variabilidad para estos caracteres, pero esto deberá ser conÞrmado en el futuro.

KEYWORDS South American fruit ßy, cryptic species complex, Þeld cages, sexual isolation index,
male and female performance index

THE SOUTH AMERICAN FRUIT FLY, Anastrepha fraterculus
(Wiedemann) (Diptera: Tephritidae), has a largely
neo-tropical distribution from southern United States

to central Argentina. In South America, A. frater-
culus occurs in two broad, apparently unconnected,
bandsÑone along the western and northern edges
of the continent, including both lowland and high-
land areas of the Andean range, and the other along
the east coast of the continent (Salles 1995, Steck
1998), being absent from the Amazon rain forest.
A. fraterculus has been reported to infest �80 host
plants including major fruit crops (Norrbom and
Kim 1988), making it a highly destructive pest and
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causing quarantine restrictions for fruit exportation
(Steck 1998).

Current information on the biology ofA. fraterculus
is far from complete, and the high degree of morpho-
logical variation found among populations from dif-
ferent areas has made the taxonomic status of this
species debatable. The correct taxonomic identiÞca-
tion of adult specimens is controversial because of
morphological variation of important taxonomic
traits, such as female ovipositor shape and wing
coloration (Stone 1942, Baker 1945, Zucchi 1981,
Hernandez-Ortiz et al. 1999). Based on different sets
of data, this taxon is treated as a species complex by
many researchers (Morgante et al. 1993, Solferini
and Morgante 1987, Steck 1991, Steck and Sheppard
1993, Selivon 1996, Selivon and Perondini 1997, 1998,
Selivon et al. 1997, 1999, 2001, 2002). Karyotypic
variation has been reported among Mexican and
Brazilian populations (Mendes 1958). Solferini and
Morgante (1987) observed four karyotypic forms
among populations from Brazil that were considered
cryptic species. Isozyme differentiation was de-
tected among populations from Venezuela and Brazil
(Morgante and Malavasi 1985, Steck 1991). Restriction
fragment-length polymorphism (RFLP) analysis of
mitochondrial DNA strongly corroborated isozyme
data, indicating lack of gene ßow between contiguous
lowland and highland regions of Venezuela and two
populations from Brazil (Bahia and southern Brazil)
(Steck and Sheppard 1993). Selivon et al. (1997) and
Selivon and Perondini (1998) described differences
in egg morphology and extrusion of yolk masses be-
tween two cryptic species of the A. fraterculus
complex referred to as species 1 and species 2. In
summary, regional differences in morphology,
behavior, and biochemical and molecular traits sug-
gest that A. fraterculus consists of a complex of
cryptic species rather than a single biological entity
(see Steck 1998 for a revision). Additional support for
this hypothesis was obtained recently from ap-
proaches involving morphology, cytogenetics, ovipo-
sition behavior (Selivon et al. 2001), and DNA analysis
(Infante-Malachias et al. 2001, Suesdek-Rocha and
Selivon 2001).

In Argentina, A. fraterculus is abundant in two re-
gionsÑthe northwest and the northeast (Vergani
1956). These two regions are characterized by a hot
and wet subtropical climate (Cabrera and Willink
1980) and represent the southern limits of the two
apparently unconnected bands reported for the con-
tinental distribution of A. fraterculus (Salles 1995,
Steck 1998). The northwest and northeast regions of
Argentina are separated from each other by an ex-
tremely arid region, the Chaqueña biogeographical
province (Cabrera and Willink 1980), where the pest
is restricted to small areas associated with human ac-
tivities and settlements. Gene ßow between northwest
and northeast bands seems possible only through fruit
trade, resulting in mostly isolated ßy populations be-
tween these regions.

The pest status of A. fraterculus varies according
to geographic region. It is an important pest in Ar-

gentina, the east coast of Brazil, and in some regions
of Colombia and Venezuela. However, it is not con-
sidered a serious pest in Mexico, Costa Rica, and
the Venezuelan valleys (Salles 1995, Steck 1998).
Another fruit pest, the Mediterranean fruit ßy, Cera-
titis capitata (Wiedemann) (Diptera: Tephritidae) is
also present along the same geographical range. In
Argentina, C. capitata is effectively suppressed by
means of the sterile insect technique (SIT) (Aruani
et al. 1996, De Longo et al. 2000), and there is
speculation about whether developing SIT to control
A. fraterculus is a good idea also. The general belief
that A fraterculus comprises a complex of cryptic spe-
cies might lead to the conclusion that SIT would be
impractical as a pest control method because of iso-
lation between a particular laboratory strain and wild
populations belonging to different cryptic species.
Chromosome (Basso and Manso 1998, Lifschitz et al.
1998) and molecular polymorphisms (Sonvico et al.
1996, Alberti et al. 2002) are detected within Argen-
tinean populations, but isozyme and mitochondrial
DNA variation (Alberti et al. 2002) have, so far,
indicated relatively low genetic differentiation among
them.

Beyond indirect evidence from morphology, life
history traits, cytogenetics, and population genetics,
the Þnal conÞrmation of species identity between
two populations with a certain degree of differen-
tiation should be the absence of reproductive iso-
lation (Mayr 1963). One type of reproductive isola-
tion, behavioral isolation, is a mechanism in which
populations may present different behavioral pat-
terns that inhibit them from cross-mating (Dobzhan-
sky 1937). This process can appear as a by-product
of the genetic and morphological divergence in
two allopatric populations (Mayr 1963) or as a rein-
forcement of postmating isolation mechanisms al-
ready present in sympatric populations (Fisher 1930,
Dobzhansky 1940). An alternative concept for a bio-
logical species is based on speciÞc mate recognition
systems (Paterson 1978, 1985), which emphasize that
the members of a species have a common method of
recognizing mates. This view is focused on the ability
of members of a species to attract and mate with each
other rather than on the ability to reject individuals
from a different species. In both concepts, however,
sexual behavior is the key to deÞne a biological spe-
cies.

Studies of sexual behavior and mating compatibility
in A. fraterculus are very scarce (Petit-Marty 1999,
Selivon et al. 1999); however, the Þnal answer about
the taxonomic status of Argentinean populations of
this species and the suitability of SIT against it requires
direct evaluation of mating compatibility among
the different populations of A. fraterculus present in
Argentina. Therefore, the main objective of this work
was to study the sexual behavior and mating compat-
ibility of four wild populations of A. fraterculus rep-
resenting the extremes of the distribution of this spe-
cies in Argentina.
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Materials and Methods

Wild Populations. Four wild populations were se-
lected: Yuto (33�38�S, 64�27�W) and Horco Molle
(26�48�S, 65�20�W) from northwest Argentina and
Concordia (31�02�S, 58�09�W) and Posadas (27�23�S,
55�52�W) from northeast Argentina (Fig. 1). These
populations were chosen because they were expected
to represent a good deal of the diversity of A. frater-
culus populations in Argentina. Horco Molle is a pop-
ulation derived from guava fruit trees,Psidiumguajava
L. (Myrtaceae), that grow wild at the foot of San Javier
Hill, at the eastern edge of the Yungas rainforest. This
population is �5 km from the nearest commercial
lemon orchard. Yuto is also in the Yungas, but this site
is located in an experimental agricultural station with
orchards of tropical and citrus fruit species. The Posa-
das population is located in a different tropical forest
inside the Paranaense province. This is part of the
Amazonian dominion, where agricultural activities are
mostly dedicated to forestation and tea, “yerba mate”
(Ilex paraguariensis St.-Hil.) and tropical fruit produc-
tion. Concordia is located in a region with temperate
climate, the Pampeana province, and the sampling site
here is in an area with diverse citrus species. All the
samples were obtained from infested guavas, except in
Concordia, where some were obtained from fruits of
pineapple guava, Feijoa sellowiana Berg (Myrtaceae).

Three fruit collections were carried out for each
population. To obtain wild ßies, infested fruits were
collected and sent to the Instituto Nacional de Tec-
nologṍa Agropecuaria (INTA) laboratory at Castelar
where they were placed on plastic trays over a layer
of sand to allow pupation. The sand was periodically
sieved to obtain pupae, which were placed in plastic

1-liter ßasks. These pupae were maintained under
controlled conditions (25 � 1�C, 80 � 5% RH, and
12L:12D) until adult emergence.
Adult Sexing and Identification. Emerging adults

were removed from the ßasks every 24 h. To facilitate
sorting by sex, ßies were anesthetized by exposure
to a temperature of 0�C for 10 min. Fifty individuals
of each sex were placed in glass 3-liter containers
and supplied with water and adult food. The food
contained brown sugar: corn hydrolyzed protein
(R.M. SAIC; 2:1) (Manso 1998). Adults fed this diet
developed to sexual maturity in laboratory strains
(Manso 1998). Adults were kept under laboratory
conditions (25 � 2�C, 60 � 20% RH, and 12L:12D)
until sexually mature. De Lima et al. (1994) reported
ßies under such conditions reach sexual maturity in
16 d. In a pilot Þeld cage test, we found an increasing
proportion of mating with ßy age, but mortality also
increased with age. An age of 20 � 1 d after emergence
was found to be the best compromise between matu-
rity and viability. The taxonomic identiÞcation of a
sample of adults was conÞrmed by A. Bartolucci,
ISCAMEN (Instituto de Sanidad y Calidad Agropec-
uaria Mendoza). Voucher specimens were deposited
both at INTA in Castelar and ISCAMEN laboratories.
Fly Marking. Three days before each experiment,

ßies were labeled to identify their origin. Approxi-
mately 20 ßies were placed in a mesh bag (1-mm hole
diameter) where, one at a time, they were gently
immobilized and painted on the thorax with a dot of
water-based paint (Tempera Alba; Alba, Argentina).
Colors (green, red, white, and yellow) were inter-
changed sequentially each day. After labeling, 25 ßies
were placed in 1-liter containers with food and water
and held under laboratory conditions until required.
Mating Compatibility Tests. All populations were

crossed in pairs (Horco Molle-Concordia, Horco
Molle-Posadas, Horco Molle-Yuto, Yuto-Concordia,
Yuto-Posadas, and Concordia-Posadas) in individual
Þeld cages. At least six replicates were carried out for
each combination. The total number of replicates de-
pended on the number of available ßies. The tests took
place at the Instituto Nacional de Tecnologṍa Agro-
pecuaria, Castelar (58�40�W, 34�40�S), between 2 and
22 April, 2001. Outdoor nylon screened cages (2.5 m
high by 3 m diameter) were erected over rooted
1.5-m-tall, 3-yr-old tangerine trees, Citrus reticulata
Blanco (Rutaceae). Field cages were identiÞed by
number, and each day a test and observer were ran-
domly assigned to each one. Inside each cage, 25 males
and 25 females of each population were released. Be-
cause mating occurs mainly in the morning (Malavasi
et al. 1983, Morgante et al. 1983, De Lima et al. 1994),
the observation period was from 0715 (soon after
sunrise) to 1300 hours. Males were released 15 min
before females to allow their establishment in the
cage. Only healthy marked ßies were released, while
nonactive or dead ßies were replaced. For each mating
pair, the following data were recorded: copulation
start time, copulation location (fruit, net, ground,
stem, abaxial-adaxial side of a leaf, height in the tree),
and male and female colors. The pairs were gently

Fig. 1. Southernmost part of South America showing the
location in Argentina of the four wild populations that were
analyzed. They are in the Cabrera and Willink (1980) bio-
geographical regions of Yungas (Yuto and Horco Molle),
Pampeana (Concordia), and Paranaense (Posadas).
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induced to walk into 20-ml plastic vials and placed in
the shade until the mating couple disengaged. This
moment was recorded as the copulation end time.
Temperature, relative humidity, sunshine, and wind
speed were recorded every hour at the meteorological
station of the Instituto de Clima y Agua, Castelar,
located 2 km from the experimental site.
Data Analysis.Copulation start time and copulation

duration were recorded for all pairs. For statistical
purposes, these values were standardized to have
mean zero and unit variance for each day to remove
day to day variation in the environmental conditions.
Percentage of mating inside each cage was calculated
by dividing the number of mated pairs obtained by the
number of potential pairs. Possible associations be-
tween this value, copulation start time and duration,
and the different environmental variables were eval-
uatedbymeansofSpearmanrankcorrelations(Daniel
1990). Mating compatibility was assessed by means of
the Index of Sexual Isolation (ISI) and mating com-
petitiveness by the Male and Female Relative Perfor-
mance Indices (MRPI or FRPI for males and females,
respectively) (Cayol et al. 1999). ISI varies from 1
(total isolation) to �1 when all copulations involve
individuals from different populations. An ISI estimate
of zero indicates random mating (lack of isolation).
MRPI varies from one when males of one of the tested
populations engage in all the copulations, to �1 when
males from the other population do all the copulating.
The range for FRPI is the same as that of MRPI. The
statistical signiÞcance of any departure from random
mating or equal performance of each sex was tested by
means of an independence �2 test taking into account
the total number of each mating combination (ISI),
the total number of mated and unmated males (MRPI)
or females (FRPI), of each population. Those cages
with a low percentage of copulation (�20%) were not
used to estimate compatibility and relative perfor-
mance indices, as suggested by the guidelines in “A
Manual of Quality Control for Fruit Flies” (Anony-
mous 1998) for Þeld cage tests. Homogeneity among
replicates was analyzed by means of homogeneity �2

tests. Possible differences between medians of copu-
lation start time or copulation duration were assessed
by means of a nonparametric Kruskal-Wallis analysis
of variance (ANOVA). Pair-wise comparisons to Þnd
the origin of signiÞcant differences were performed

by the DunnÕs rank test (Hollander and Wolfe 1976).
To evaluate any possible relationship between male
origin and the location of the mating site in the cage,
a homogeneity �2 test was performed. All statistical
analyses were performed using Statistica for Windows
(Statistica 5.1; StatSoft 2000).

Results

Environmental Conditions and Mating Behavior.
The environmental conditions during the experi-
mental period were in general favorable for the tests.
The average temperature ranged from 13.7 to 23.5�C,
the relative humidity was rather high (67Ð84%), the
percentage of the day with direct sunlight was vari-
able (0Ð89%), and the wind speed was low (2.6Ð
10.6 km/h). A total of 55 trials were performed, and
the mean percentage of mating was above 25% for all
tests (Table 1). Mating activity started soon after the
ßies were released into the cages with a maximum
between 0800 and 0900 hours (Fig. 2). The percentage
of mating pairs was positively associated with mean
temperature (Table 2), and both copulation start time
and copulation duration were signiÞcantly associated
with most environmental variables.
Mating Compatibility and Relative Performance.

The four possible mating combinations (Table 3), two
homotypic (AA, BB) and two heterotypic (AB, BA),
were homogeneous within all the tests as revealed by

Fig. 2. Number of copulations (added for all mating
combinations) every one-half hour during the experimental
period. (Note that the maximum mating activity occurs
within the Þrst hour of observation.)

Table 1. Percentage of mating (mean � SEM) for the six
mating compatibility tests performed among four wild populations
of A. fraterculus

Population crosses
Mating

percenta
Replicatesb

Horco MolleÐConcordia 39.2 � 8 8
Horco MolleÐPosadas 52.8 � 5 20
YutoÐHorco Molle 36.5 � 8 8
YutoÐConcordia 31.9 � 8 6
YutoÐPosadas 26.8 � 5 7
PosadasÐConcordia 40.5 � 6 6

aThe mean percentage of mating was �25 in all tests.
bThe no. of replicates for some tests was limited by available ßies.

Table 2. Correlations among four environmental variables and
the percentage of mating, mating start time, and mating duration
(all data lumped; there are no major differences among the different
strains)

Environmental
variables

Mating percenta

(N in parentheses)
Start timea

(N � 1041)
Durationa

(N � 1027)

Temperature 0.70 (55)*** �0.44*** �0.08**
Sunshineb 0.11 (46) 0.18*** �0.10**
Relative humidity 0.09 (55) �0.00 �0.06*
Wind speed 0.17 (55) �0.27*** Ñ

aNo asterisk, not signiÞcant; *, P� 0.05; **, P� 0.01; ***, P� 0.001
(SpearmanÕs rank coefÞcient).
b Percentage of the day with direct sunlight.
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the independence �2 values. The overall ISI for each
test did not differ signiÞcantly from zero. For most
tests, this result was homogeneous across replicates.
However, for the combination Horco Molle-Concor-
dia, a signiÞcant heterogeneity �2 was found (�2

Global

� 0.07, P � 0.79; �2
Total � 16, P � 0.003; and

�2
Heterogeneity � 16, P � 0.001). The relative perfor-

mances of both sexes were similar for Horco Molle-
Posadas, Horco Molle-Yuto, Yuto-Posadas, and Yuto-
Concordia combinations (P � 0.05). For the Horco
Molle-Concordia cross, Concordia males and females
had a lower performance than those from Horco
Molle. In contrast, Concordia females showed a
higher performance compared with Posadas females
(Table 3). Compatibility and relative performance
analyses were based only on those trials where the
percentage of mating was sufÞciently high (�20%),
following the International Atomic Energy Agency
recommendations (Anonymous 1998). In the 13 cages
deleted for having low mating, although the numbers
of particular crosses were not enough to perform any
valid test, the general trend in them was similar to that
described above; i.e., from a total of 100 pairs, 59%
were homotypic and 41% heterotypic, not differing
from the 1:1 expected ratio (�2 � 3.24; P � 0.07).
Copulation Start Time and Duration. Copulation

start time was similar for all mating combinations
(Table 4). The Kruskal-Wallis analysis of the four
homotypic crosses revealed no signiÞcant differ-
ences (H � 0.14; df � 3; P � 0.98). Copulation
duration (Table 5) was affected by speciÞc mating
combinations (H � 16.94; df � 3; P� 0.001). Pair-wise

comparisons showed that homotypic copulations from
Posadas lasted longer than homotypic copulations
from Horco Molle (P � 0.001). The copulation dura-
tion did not differ among other homotypic crosses.
Both possible heterotypic combinations between
Posadas and Horco Molle showed values intermediate
between the two homotypic crosses (Table 5).
Location of Mating Sites. Only homotypic mating

pairs were considered; most of them (82%) occurred
on the underside of the leaves, whereas only 3.5, 6.2,
2.5, and 5.8% were, respectively, located on the upper
side of the leaves, on fruits, on stems, or on the netting.
The distribution of mating pairs was heterogeneous
among populations (�2

12 � 23.27; P � 0.025). Con-
cordia and Yuto showed higher numbers of copula-
tions on the cage netting than Horco Molle and Posa-
das (�2

1 � 6.75; P � 0.009).
Regarding height in the tree, most mating pairs

(55%) occurred at intermediate heights in the tree,
and the remainingmatingpairs evenlyoccurredon the
upper (25%) or on the lower third (21%). No associ-
ation was detected between the population origin and
height in the tree where copulation occurred (�2

6 �
9.25; P � 0.16).

Discussion

The general aspects of mating behavior for all Ar-
gentinean populations of A. fraterculus tested in the
present work are similar to the pattern reported for
populations of Brazil (Malavasi et al. 1983, Morgante
et al. 1983, De Lima et al. 1994, Salles 1995). In par-

Table 3. Number of homotypic and heterotypic mating pairs obtained, ISI, and MRPI or FRPI (Cayol et al. 1999) for each mating
compatibility test

Compatibility test Mating typea ISIb

(mean � SEM)
MRPIc

(mean � SEM)
FRPId

(mean � SEM)
Replicationse

Population A Population B AA AB BB BA

Horco Molle Concordia 45 32 24 37 �0.01 � 0.17 0.11 � 0.03* 0.19 � 0.09*** 5
Horco Molle Posadas 140 129 115 126 �0.03 � 0.05 0.05 � 0.03 0.06 � 0.05 18
Yuto Horco Molle 32 26 36 30 �0.01 � 0.05 �0.01 � 0.11 �0.12 � 0.07 5
Yuto Concordia 26 19 18 17 �0.04 � 0.17 �0.15 � 0.13 �0.06 � 0.10 4
Yuto Posadas 16 16 24 15 �0.09 � 0.09 �0.11 � 0.13 �0.14 � 0.07 4
Posadas Concordia 30 33 36 21 �0.09 � 0.13 �0.02 � 0.09 �0.20 � 0.11* 6

a AA, no. of pairs between a male and a female from the Þrst population; AB, same between males of the Þrst population and females of the
second population; and so on.
b Index of Sexual Isolation � 	(AA 
 BB) � (AB 
 BA)�/N.
cMale Relative Performance Index � 	(AB 
 AA) � (BA 
 BB)�/N.
d Female Relative Performance Index � 	(BA 
 AA) � (AB 
 BB)�/N.
eOnly replications with percentages of mating �20 were included.
***P � 0.001; *P � 0.05; no asterisk, not signiÞcant.

Table 4. Mean copulation start time (hours) for each mating combination (no. of pairs for each combination in parentheses)

Male
Female

Concordia Posadas Horco Molle Yuto Total

Concordia 0901 (78) 0922 (21) 0850 (37) 0917 (16) 0903 (152)
Posadas 0920 (33) 0851 (168) 0845 (124) 0907 (15) 0852 (340)
Horco Molle 0840 (32) 0851 (131) 0847 (221) 0848 (30) 0848 (414)
Yuto 0948 (19) 0906 (16) 0924 (32) 0913 (68) 0920 (135)
Total 0906 (162) 0854 (336) 0849 (414) 0907 (129) 0856 (1,041)

No signiÞcant difference in start time (DunnÕs rank test) for any of the homotypic crosses.
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ticular, copulation occurs early in the morning, with
most copulations taking place during the Þrst hour
and a half after sunrise (�0730Ð0900 hours). Males
aggregate in leks to call females, and copulation
takes place usually on the undersides of leaves, half
way up in the tree. Malavasi et al. (1983) found that
temperature and sunshine affected mating behavior
in A. fraterculus, and De Lima et al. (1994) observed
no copulation when temperature was below 16�C. In
this study, copulation start time and copulation du-
ration were affected by temperature, sunshine, and
wind speed. Temperature also affected copulation
rate.

The circadian rhythm of mating behavior seems
to be very important and could constitute a pre-
mating isolation mechanism (temporal isolation sensu
Dobzhansky 1937), resulting in reproductive isolation
(Morgante et al. 1993). In the genusAnastrepha, there
is an extremely wide range of mating circadian
rhythms (Aluja et al. 2000). The evolution of such
varied behaviors can be interpreted as the gradual
selection for patterns of sexual activity that limit in-
terspeciÞc interactions and hybridization (Sivinski
et al. 2000). Therefore, the fact that none of the
four homotypic crosses studied here showed differences
in copulation start time argues against the occurrence of
temporal isolation among these populations.

Sexual selection plays an important role in the evo-
lution of species with polygynous lek mating systems,
which seem to be the norm in genusAnastrepha (Aluja
et al. 2000). In this mating system, females visit sites
where males aggregate and call and actively choose a
mating partner (Burk 1983). The sexual isolation in-
dices obtained here indicate that no pair combinations
among these four populations depart from random
mating expectations. Male relative performance and
female relative performance indices for the combina-
tions Horco Molle-Yuto, Horco Molle-Posadas, Yuto-
Concordia, and Yuto-Posadas showed that both males
and females of these four populations have similar
mating success. In the cross Horco Molle-Concordia,
males and females from Horco Molle were more suc-
cessful than those from Concordia, and in the cross
Posadas-Concordia, females from Concordia were
more successful than those from Posadas (Concordia
males showed similar success compared with Posadas
males). Interpretation of these results is difÞcult, be-
cause assortative mating was not present, as indicated
by the sexual isolation indices. Environmental condi-

tions in the experimental Þeld were similar for all
populations, so these differences in sexual activity
could have a genetic basis, but environmental effects
previous to fruit collection cannot be ruled out.
Casares et al. (1998), in isolation experiments, found
that when 50% of all possible copulations is exceeded,
the probability to obtain false isolation indices in-
creases. In the tests carried out in this study, the
percentage of mating exceeded 50% only few times. In
fact, mean percentage copulation varied from 26 to
52%. This is an indication that all copulations obtained
were under experimental conditions allowing female
choice and discrimination to occur.

Two behavioral differences were found in this
work. First, copulations from Posadas lasted on aver-
age 20% longer than those from Horco Molle. It is
not known whether copulation duration affects re-
productive success in A. fraterculus, but it might be
involved in postcopulatory sexual selection or behav-
ioral differences between any two populations.
When long copulations are performed, with female
acceptance, it may be possible that the male is pro-
viding the female with information she will use to
make reproductive decisions (Eberhard 2000). Sec-
ond, individuals from Yuto and Concordia exhibited
higher copulation rates than those from Posadas and
Horco Molle. In several species of the genus Anas-
trepha, only a few attractive males in the leks perform
the majority of the copulations. This may force less
attractive males to display an alternative mating be-
havior (Sivinski et al. 2000). If the differences found
here prove to have a genetic basis, they might suggest
that males from these two populations use alternative
mating strategies. This should also be taken into ac-
count during the establishment of strains for mass
rearing. However, the differences found do not seem
to affect the general pattern of mating preferences and
recognition.

In conclusion, this study shows that the popula-
tions of A. fraterculus from Argentina are com-
pletely compatible in mating. Although postmating
isolation, as previously shown for Brazilian popula-
tions (Selivon et al. 1999), cannot be ruled out in the
Argentinean populations, the occurrence of such
mechanisms does not, restrict the possibility of im-
plementing an area-wide pest control program based
on SIT.

Table 5. Mean copulation duration (h:min) for each mating combination (no. of pairs for each combination in parentheses)

Male
Female

Concordia Posadas Horco Molle Yuto Total

Concordia 1:21 (76) 1:21 (21) 1:18 (36) 1:15 (16) 1:19 (149)
Posadas 1:32 (32) 1:18 (166) 1:09 (123) 1:18 (15) 1:16 (336)
Horco Molle 1:19 (30) 1:10 (130) 1:05 (219) 1:09 (30) 1:08 (409)
Yuto 1:14 (19) 1:12 (16) 1:06 (32) 1:10 (67) 1:10 (134)
Total 1:22 (157) 1:15 (333) 1:08 (410) 1:12 (128) 1:13 (1,028)

One signiÞcant difference in duration (DunnÕs rank test) for homotypic crosses: Horco-Molle copulations lasted shorter than Posadas
copulations. Note that copulations involving partners from these two populations presented intermediate values.
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B. O. Saidman, and J. C. Vilardi. 2002. Evidence indi-
cating that Argentinean populations ofAnastrepha frater-
culus (Diptera: Tephritidae) belong to a single biological
species. Ann. Entomol. Soc. Am. 95: 505Ð512.
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