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Abstract Competition is a major aspect of the ecology of insect communities exploiting ephemeral and frag-
mented resources. We analysed the effect of intraspecific (single species culture) and interspecific (mixed species
culture) competition on larval viability, developmental time and wing length in the cactophilic Drosophila buzzatii
and Drosophila koepferae (Diptera: Drosophilidae) reared in cultured media prepared with fermenting tissues of
three common natural cactus hosts in nature at different densities. Our results show that all traits measured were
affected by both intra- and interspecifc competition, although the effect of competition depended on the Drosophila
species and the rearing cactus. In fact, flies tended to have a lower viability, shorter wing size and longer
developmental time as a function of increasing density in single species culture in both D. buzzatii and D. koepferae
(intraespecific competition). Besides, the performance of both species was seriously affected (shorter body size,
slower developmental times, lower viability) by the presence of heterospecific competitors except in the case of
D. koepferae reared in its primary host plant, Trichocereus terschekii. We also show that D. koepferae successfully
utilized Opuntia quimilo, which is absent in most parts of its distribution range. We discuss the roles of intra- and
interspecific competition as determinants of the relative abundance of these two species in the arid zones of
Southern South America.
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INTRODUCTION

Many of the major events in the diversification of life
can be traced back to the appearance of novel species
interactions (Margulis & Fester 1991; Maynard Smith
& Szathmary 1995). Moreover, studies of species inter-
actions within natural communities suggest that inter-
actions between a pair or group of species can differ
greatly in outcome across landscapes (Thompson
1999; Thompson & Cunningham 2002). Competition
is an interaction between organisms or species, brought
about by a shared requirement for a resource in limited
supply. As a consequence of competition, some of the
individuals involved exhibit reductions in the survivor-
ship, growth and/or reproductive success (Cockburn
1991; Santos et al. 1992a; Joshi et al. 1996; James &
Partridge 1998).

Different models have been proposed to explain how
ecologically similar species can coexist avoiding the
effects of competition. According to the aggregation

model of coexistence two species may coexist indefi-
nitely if they exhibit aggregated but independent
distributions among patches (Shorrocks & Rosewell
1987; Rosewell et al. 1990). The habitat selection
model has also been invoked (Rosenzweig 1991;
Morris 1999) wherein ecological specialization and
niche expansion can be the result of trade-offs in per-
formance across different environments (Rausher
1984; Diehl & Bush 1989; Hopf et al. 1993; Rainey &
Travisano 1998).

Most Drosophila species live in conditions character-
ized by limited and ephemeral resources in nature
(Etges & Heed 1987; Robertson 1987; Thomas 1993;
Quezada Diaz et al. 1997), which promote com-
petition. Competition is expected to mainly affect
larval performance as the larval stage may be the most
important phase of resource limitation (Nunney 1990;
Santos et al. 1992a; Roper et al. 1996; Quezada Diaz
et al. 1997; Shiotsugu et al. 1997). However, the avail-
able evidence indicates that the consequences of
competition are not limited to the larval stages. For
instance, competition for resources during larval life
may affect adult body size (Robertson 1987; Etges &
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Heed 1987; Quezada Diaz et al. 1997), which is
usually correlated with reduced fecundity and short-
ened life span (Santos et al. 1992b; Rodriguez et al.
1999).

Cactophilic species of the genus Drosophila belong-
ing to the repleta group are an excellent model system
for the study of competition and adaptation because
of their well-known ecology (Powell 1997). Drosophila
buzzatii and D. koepferae are two cactophilic sibling
species that belong to the D. buzzatii complex of the
repleta group (Wasserman 1992; Ruiz & Wasserman
1993). The former has a subcosmopolitan distribu-
tion (Barker & Starmer 1982; Fontdevila 1989;
Hasson et al. 1992), whereas the latter is restricted to
the deserts of Southern South America where both
species have partially overlapping distributions
(Fontdevila et al. 1988; Hasson et al. 1992; Piccinali
et al. 2004). Studies in natural populations from
Argentina have shown that D. buzzatii emerges
primarily from the necrotic cladodes of prickly
pears (genus Opuntia as O. quimilo, O. ficus-indica
and O. sulphurea), and secondarily from columnar
cacti (Trichocereus terschekii and T. candicans, for
example), whereas the reverse is true for D. koepferae
(Fontdevila et al. 1988; Hasson et al. 1992; Fanara
et al. 1999). However, they are not differentially
attracted to the necroses of their main host plants
(Fanara et al. 1999). Three explanations have been
offered to elucidate the differences in the proportions
of both species attracted to, and emerged from,
columnars and prickly pears: host specific fitness, ovi-
position preferences and/or interspecific competition.
Laboratory studies have shown that both species
maximize larval viability (LV), developmental time
(DT) and body size in their main host plant, i.e.
D. buzzatii in Opuntia cacti and D. koepferae in
columnar cacti, though these differences cannot
explain the observations in natural populations
(Fanara et al. 1999). Concerning oviposition prefer-
ences, D. buzzatii and D. koepferae differ sharply in
their acceptance of both hosts (Fanara et al. 1999).
Specifically, D. buzzatii lays more eggs on rotting
materials of Opuntia while D. koepferae prefers colum-
nar cacti as an oviposition site (Fanara & Hasson
2001). Finally, studies addressing the effect of inter-
specific competition in this pair of sibling species that
exhibit a certain degree of niche overlap are lacking,
although there was an attempt to fill this gap. In fact,
Fanara et al. (2004) showed that the presence of one
species affected the performance of the other by
studying the performance of both species in single
and mixed species cultures, in which the proportion
of each species in the eggs seeded in the cactus media
was largely unknown.

In the present paper we examine the effects of intra-
and interspecific competition on the general perfor-
mance of D. buzzatii and D. koepferae in vials started

with varying proportions of both species and different
densities in media prepared with fermenting tissues of
three alternative host plants.

MATERIALS AND METHODS

Flies analysed in the present study were collected in
the locality of Ruinas de Quilmes (26°27′22′′S,
66°02′46′′W, Tucumán Province, Argentina), which
lies in the arid Monte phytogeographical province (see
Fanara et al. 1999 for further details). In this locality,
there are two different host cacti that serve as breeding
and feeding resources for the flies: O. sulphurea and
T. terschekii. As we describe below, we also included
another prickly pear species, O. quimilo, which is not
present in the site of collection, but is the most
common host plant in the Chaco phytogeographical
province, where D. buzzatii is the dominant Drosophila
species and D. koepferae is at very low density (Hasson
et al. 1992).

Flies were collected by means of net sweeping on
fermented banana baits and sorted by sex. Isofemale
lines were founded in vials containing 5 mL of David’s
(1962) killed yeast laboratory medium and identified
to species by the inspection of the genitalia of one male
progeny (Vilela 1983; Fontdevila et al. 1988).Twenty-
two D. koepferae and 20 D. buzzatii isofemale lines
were used in the foundation of two outbreed stocks,
one of each species. Isofemale lines were reared indi-
vidually in identical conditions for three generations in
bottles with 30 mL of laboratory medium and never
exposed to the medium prepared with rotting cactus.
We also collected fresh cacti and juice exudates from
pieces of naturally occurring rotting cacti. Fresh and
rotting O. quimilo were collected in the locality of Río
Hondo (27°30′37′′S, 64°51′13′′W, Santiago del Estero
Province, Argentina) that belongs to the Chaco phy-
togeographical province (for a description see Fanara
et al. 1996). Pieces of fresh cactus were stored at
-20°C and the fermenting juice of each cactus main-
tained in the laboratory by adding 10 g of fresh cactus
every 2 weeks until the onset of the experiments. For
the preparation of the cactus media, pieces of cactus
of a given species were mixed in a blender and 5 mL
poured into glass vials and autoclaved. After cooling,
each vial was inoculated with 0.1 mL of the ferment-
ing juice and incubated at 25°C for 24 h.

Large quantities of first instar larvae of each species
were obtained by placing batches of 100 pairs of sexu-
ally mature flies into egg-collecting chambers (for a
description see Fanara et al. 1999). Eight chambers
were set up for each combination of Drosophila
(D. buzzatii and D. koepferae) and cactus species
(O. sulphurea, O. quimilo and T. terschekii). Egg-laying
medium was poured into Petri dishes (8 cm of diam-
eter) and the fermenting juice of the corresponding
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rotting cactus species was spread onto the agar surface
to stimulate oviposition. Chambers were prepared in
the morning and 8 h later all flies were removed.
Dishes were incubated for an additional 24 h at 25°C
to allow egg hatching. Batches of 40 first instar larvae
were collected from the dishes and seeded in vials
containing the same cactus medium used to stimulate
oviposition.

Two different types of vials were set up: single
(intraspecific competition) and mixed (interspecific
competition) species cultures. In single species cul-
tures, 40, 80 and 120 first instar larvae (low, medium
and high density, respectively) of one species (100%
D. koepferae or 100% D. buzzatii) were seeded in vials
containing cactus media. In mixed species cultures
interspecific competition was studied by means of
substitution experiments in the three cactus media.
In these vials, both Drosophila species were initially
present in the same proportions but the total number
of larvae varied according to the density (40, 80 or 120
larvae per vial). As an example, 40 larvae of each
species were seeded in mixed species vials at medium
density (80 larvae per vial).We ran five replicated vials
for each combination of Drosophila species, type of
culture, cactus and density, making a total of 10 800
first instar larvae seeded in 135 vials. All experiments
were conducted at 25°C and at a photoperiod of 14:10
light : dark.

Emerging adults were collected daily at 9 am and
sorted by sex. LV, DT and body size were scored only
in males as females of both species are morphologically
indistinguishable. We determined that this procedure
was valid as the proportion of males and females
emerged from single species cultures in all combina-
tions of Drosophila species, cactus and density (data
not shown) did not depart from the expected 1:1,
indicating that survival was independent of sex. Thus,
LV was measured in each vial, as the proportion of
males of each Drosophila species emerged relative to
the number of first instar larvae of each Drosophila
species initially seeded in the vials divided by two. For
instance, LV in D. buzzatii reared in mixed species
culture at medium density (80 larvae) was calculated
as the number of emerging D. buzzatii males relative to
20 as 40 larvae (20 male and 20 female) were seeded
of each Drosophila species in each vial. DT was esti-
mated as the time elapsed since first instar larvae were
transferred to the vials until adult emergence. We also
measured wing length (WL) as an estimation of body
size. Three to five D. buzzatii and D. koepferae males
emerged in each vial were randomly chosen and the
right wing removed.WL was measured as the distance
between the intersection of the second and the third
veins and the distal end of the latter using a binocular
microscope fitted with an ocular micrometer.

Larval viability, DT andWL were analysed by means
of anovas in which each vial (replicate) was considered

the experimental unit, with Drosophila species (D. buz-
zatii vs. D. koepferae), type of culture: (single vs. mixed
culture), cactus (T. terschekii vs. O. quimilo vs. O. sul-
phurea) and density (low vs. medium vs. high), all fixed
factors.Thus, the mean values of DT andWL, averaged
across all individuals scored, in each replicate were
included in the analysis. Our anova designs contained a
large number of interactions that allowed us to investi-
gate different issues related to ecological factors that
affect the performance of both Drosophila species. First,
the interaction Drosophila species by type of culture
tested whether species performed differently alone
(intraspecific competition) or in competition (interspe-
cific competition). Second, the interaction Drosophila
species by type of culture by cactus tested whether
intra- and interspecific competition affected differen-
tially D. buzzatii and/or D. koepferae in the different
rearing media. Finally, the interaction Drosophila
species by cactus tested the differential effect of the
rearing media on each Drosophila species.

Tukey’s tests were used for a posteriori comparisons
when necessary (Sokal & Rohlf 1985). Prior to the
anovas, LV data (expressed as proportions) were angu-
larly transformed and, DT and WL were log trans-
formed. All statistical analyses were performed using
the GLM procedure implemented in the statistica

software package (StatSoft, Tulsa, OK).

RESULTS

Estimates of viability in single species cultures of
D. koepferae were relatively high at all densities (78%,
79.4% and 64.2% at low, medium and high density,
respectively).Viability in D. buzzatii was also relatively
high at low (79%) and medium densities (62.5%),
though it substantially decreased at high density
(37.5%).

Our results also show (Table 1) that, on average,
D. koepferae had largerWL and longer DT than D. buz-
zatii, and that flies raised in mixed species cultures
tended to be smaller and to develop faster than in single
species culture. Likewise, lower LV, smaller WL and
longer DT were recorded at increasing densities indi-
cating an effect of crowding on flies’ performance. In
addition, flies reared in O. sulphurea exhibited higher
survival, larger WL and shorter DT, whereas flies
emerged in T. terschekii vials showed, in average, a
poorer performance for all traits analysed when com-
pared with flies reared in O. quimilo and O. sulphurea.
However, it is important to note that the significant
interactions involving the main factors detected in the
anovas (Table 2) preclude the direct interpretation
of the differences observed between species, cactus
media and type of culture and among densities
(Table 2).Thus we explore the interactions to test our
inquiry. The Drosophila species by cactus interaction
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was significant for DT and WL (Table 2), indicating
that these traits in D. buzzatii and/or D. koepferae
depended on the rearing media used. In fact, DT
and WL differences between Drosophila species were
smaller in T. terschekii than in both Opuntia (not
shown). The significant Drosophila species by density
interaction detected in the anovas for DT and WL
suggest that intraspecific competition differentially
affected these traits in D. buzzatii and D. koepferae
(Table 2). However, the trends observed for each trait
were different. Indeed, DT differences between D. buz-
zatii (11.58, 12.24 and 13.81 days at low, medium and
high density, respectively) and D. koepferae (11.96,
13.44 and 14.37 days at low, medium and high density,

respectively) were largest at intermediate (80 larvae per
density) density, while differences for WL between
D. buzzatii (1.792, 1.781 and 1.772 mm at low,
medium and high density, respectively) and
D. koepferae (1.828, 1.817 and 1.792 mm at low,
medium and high density, respectively) were signifi-
cantly smaller at low density (40 larvae per vial) than at
intermediate and high densities (data not shown).

The Drosophila species by type of culture interaction
was also significant in the anovas for LV,WL and DT,
although the pattern observed varied among traits
(Fig. 1). The trends observed for WL and DT were
similar across species. In effect, D. buzzatii and
D. koepferae had smaller wings and developed more

Table 1. Mean and standard deviation (between parentheses) of larval viability (in percentage of survival), developmental time
(in days) and wing length (in millimetre) for Drosophila buzzatii and D. koepferae reared in single and mixed species culture raised
at low, medium and high density (40, 80 and 120 larvae per vial, respectively) in vials prepared with Opuntia quimilo, O. sulphurea
and Trichocereus terschekii

Factor Level n Larval viability Developmental time Wing length

Drosophila species D. buzzatii 90 64.04 (2.48) 12.49 (1.62) 1.87 (0.08)
D. koepferae 90 59.68 (2.22) 13.15 (1.57) 2.01 (0.12)

Type of culture Single 90 59.94 (1.77) 13.31 (1.46) 1.96 (0.12)
Mixed 90 63.78 (2.82) 12.34 (1.64) 1.92 (0.13)

Density Low 60 69.58 (2.46) 11.67 (0.94) 2.00 (0.11)
Medium 60 60.58 (2.54) 12.70 (1.56) 1.94 (0.12)
High 60 55.42 (1.80) 14.10 (1.29) 1.88 (0.13)

Cactus O. quimilo 60 61.06 (2.31) 13.15 (1.41) 1.93 (0.12)
O. sulphurea 60 68.75 (1.94) 11.87 (1.18) 2.02 (0.10)
T. terschekii 60 55.78 (2.61) 13.45 (1.79) 1.88 (0.12)

n, sample size.

Table 2. Analysis of variance testing for differences in larval viability (LV), developmental time (DT) and wing length (WL)
in Drosophila buzzatii and D. koepferae reared in three different host cacti (Opuntia sulphurea, O. quimilo and Trichocereus
terschekii), reared in mixed and single species culture at three different densities (40, 80 and 120 larvae per vial)

d.f.

LV DT WL

SS F SS ¥ 10-2 F SS ¥ 10-2 F

Drosophila species (A) 1 0.039 2.71 2.39 52.41* 4.16 273.40*
Type of culture (B) 1 0.014 0.33 5.45 135.67* 0.41 26.77*
Density (C) 2 0.281 9.51* 19.31 240.30* 2.54 83.60*
Cactus (D) 2 0.285 9.68* 9.20 114.50* 3.11 102.39*
A ¥ B 1 0.278 18.83* 0.77 19.20* 0.09 5.94**
A ¥ C 2 0.061 2.06 0.28 3.54** 1.35 4.26**
B ¥ C 2 0.077 2.61 0.53 6.59*** 0.08 3.10**
A ¥ D 2 0.071 2.42 0.80 9.92* 0.23 7.69*
B ¥ D 2 0.221 7.52* 0.64 7.98* 0.56 18.45*
C ¥ D 4 0.230 3.89*** 2.92 18.14* 0.71 11.65*
A ¥ B ¥ C 2 0.060 2.04 0.03 0.36 0.01 0.18
A ¥ B ¥ D 2 0.295 10.02* 0.79 9.84* 0.12 3.42**
A ¥ C ¥ D 4 0.128 2.17 0.62 3.85*** 0.05 0.78
B ¥ C ¥ D 4 0.056 0.95 1.29 8.01* 0.11 1.85
A ¥ B ¥ C ¥ D 4 0.114 1.939 1.04 6.50* 0.02 0.38
Error 144 2.124 – 5.79 – 2.19 –

*P < 0.001, **P < 0.05, ***P < 0.01.
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slowly in mixed than in single species cultures (Fig. 1;
Turkey’s test, P < 0.05 for both Drosophila species),
although differences were larger in D. buzzatii.
Regarding LV the effect of the type of culture was
more noticeable in D. buzzatii than in D. koepferae, as
survival in the former significantly decreased in single
relative to mixed species cultures (Fig. 1;Turkey’s test,
P < 0.01). Besides, the strength of the effect of inter-
specific competition on WL and DT differed across
densities as suggested by the significant type of culture
by density interaction (Table 2). Actually, the effect of
interspecific competition was strongest at high density
for both traits (data not shown).

The results described above suggest that both Droso-
phila species are differentially affected by intra- and
interspecific competition. However, according to the

significant interaction Drosophila species by type of
culture by cactus the effect of the type of culture on LV,
DT and WL also depended on the cactus medium
(Table 2). Neither D. buzzatii nor D. koepferae showed
significant differences in LV when reared in mixed
versus single species cultures in O. sulphurea. In con-
trast, LV differences between mixed and single species
cultures were significant in both D. buzzatii and
D. koepferae in T. terschekii, though species’ responses
differed between cactus hosts (Fig. 2). Drosophila
koepferae had a significantly lower LV in mixed species
cultures raised in T. terschekii (Turkey’s test, P < 0.01),
while D. buzzatii showed a significantly lower LV in
single species cultures (Turkey’s test, P < 0.01). In
O. quimilo, only D. buzzatii showed a significant lower
viability in single species cultures (Turkey’s test,
P < 0.01). Regarding DT, both species developed faster
in mixed than in single species cultures (Fig. 2;
Turkey’s test, P < 0.01) with the exceptions of
D. koepferae grown in O. quimilo and D. buzatii in
O. sulphurea, in which differences between types of
culture were not significant. Finally, flies of both
D. buzzatii and D. koepferae species, emerged from
mixed species vials had, on average, a smallerWL than
in single species cultures in both O. quimilo and O. sul-
phurea (Fig. 2; Turkey’s test, P < 0.01) although this
pattern was different in D. koepferae reared in T. ter-
schekii owing to this species exhibited larger WL in
mixed than in single species cultures (Fig. 2; Turkey’s
test, P < 0.01).

DISCUSSION

The present study showed that LV, DT and WL are
affected by both intra- and interspecifc competition
in D. buzzatii and D. koepferae. Although intraspecific
aggregation can be adaptive under certain circum-
stances (Rohlfs & Hoffmeister 2004; Sanders et al.
2005), crowding can cause a severe decline in overall
performance (Santos et al. 1997; James & Partridge
1998; Baldal et al. 2005). The presence of conspecific
and heterospecific competitors may constitute a limit-
ing factor for the growing larvae because it can affect
the quality and/or quantity of food supply.Thus, larvae
would need to spend more time feeding until achieving
a certain critical size to pupate (Bakker 1961; Prasad
et al. 2001). In this sense, our results show that body
size and DT were decreasing and increasing func-
tions of density, respectively, suggesting that both
D. buzzatii and D. koepferae suffered a detrimental
effect at higher densities. Similarly, LV decreased in
crowded conditions.

Likewise, the observed differences in performance
between flies grown in columnar and Opuntia cacti
can also be explained by differences in food quality
between hosts, and are in line with available evidence
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Fig. 1. Mean and standard deviation of larval viability in
percentage of survival (LV), developmental time in days
(DT) and wing length in millimetre (WL) of Drosophila buz-
zatii (open circle) and D. koepferae (filled circle) reared in
single and mixed species culture.
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(Fanara et al. 1999, 2004). For example, concentra-
tion of carbohydrates in prickly pears has been shown
to be higher than in columnar cacti inhabiting the
desert of Sonora (Kircher 1982; Fogleman and Abril
1990). In addition, differences in the relative abun-
dance and diversity of the yeasts associated with the
decaying process of cacti (Starmer et al. 1990) are also
important factors that may differentiate T. terschekii
and Opuntia as breeding sites. In addition, the pres-
ence of toxic compounds produced by the host or
different waste products produced by a competing
species, or a combination of both, may also affect the
suitability of the host plant (Cockburn 1991; Santos
et al. 1992a; Joshi et al. 1996; James & Partridge
1998).

Interspecific competition is a major feature in the
ecology of insect communities exploiting ephemeral
and fragmented resources (Inouye 1999; Krijger et al.
2001). In this sense, our results suggest that inter-
specific competition offers only a partial explanation
for the different records of emergence of D. koepferae
and D. buzzatii from naturally occurring rotting cacti
(Hasson et al. 1992; Fanara et al. 1999). For most

traits analysed differences between flies reared in
single and mixed species cultures were highly signifi-
cant, suggesting the effect of the presence of
heterospecifics. Flies may avoid the negative effect that
the presence of heterospecific competitors may cause
by shortening the time needed to reach the pupal stage
(Bakker 1961; Prasad et al. 2001), along with a con-
comitant reduction in body size. All in all, these results
point out that interference (for instance due to the
presence of waste metabolites) as well as exploitative
competition would play an important role during
interspecific competition. However, it is interesting to
note that the effect of interspecific competition varied
not only across species but also depended on factors
related to rearing conditions (cactus and density) and
the trait analysed. On the one hand, it may be argued
that the decrease in DT in combination with the
reduction observed in wing size, in both Opuntia hosts,
might be an indication of the susceptibility of these
cactophilic species to the presence of conspecifics but
not affecting survival. On the other hand, the effect of
the type of culture involved different patterns of varia-
tion in D. buzzatii and D. koepferae, particularly in
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Fig. 2. Mean and standard deviation of larval viability in percentage of survival (LV), developmental time in days (DT) and
wing length in millimetre (WL) of Drosophila buzzatii (open circle) and D. koepferae (filled circle) reared in single and mixed
species culture reared in Trichocereus terschekii (left column), Opuntia quimilo (central column) and O. sulphurea (right column).
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columnar cacti. In the former, this factor was only
significant for DT, suggesting a non-plastic response
to the presence/absence of heterospecific competitors
for LV and WL, whereas in D. koepferae flies attained
a larger size, faster DT and higher survival when
D. buzzatii larvae were present in the same vials.These
results suggest that there is an interspecific difference
in the efficiency of converting food into biomass that
depends on the cactus host.

The results of the present study are in agreement
with those obtained in similar experiments in
D. buzzatii and the distantly related D. aldrichi (Krebs
& Barker 1991, 1993; Krebs et al. 1992). Drosophila
buzzatii outperformed D. aldrichi when both species
competed for the same resources, while the latter had
a better performance than D. buzzatii when com-
petition was restricted to conspecifics. However, it is
important to point out that in these studies D. buzzatii
flies were derived from Australian natural populations
and were reared in different cactus media than those
used in the experiments reported herein. Nevertheless,
we cannot assert that D. buzzatii per se is a better
interspecific competitor than other cactophilic species,
although the evidence appears convincing.

Finally, we would like to address a question related
to the differential evolutionary success of D. buzzatii
and D. koepferae as judged by their present geographi-
cal distribution. In this paper we have shown that
D. koepferae has the ability to utilize O. quimilo as a
natural breeding site (see also Hasson et al. 1992).
Ecological surveys have shown that D. buzzatii is the
only species of the buzzatii complex that emerges
primarily from Opuntia rotting cladodes, while the
other members of the cluster: D. koepferae, D. serido,
D. borborema, D. antonietae, D. gouviei and D. seriema
emerge predominantly from columnars (Hasson et al.
1992; Manfrin & Sene 2006) and use prickly pears
only as secondary breeding sites (Hasson et al. 1992;
Fanara et al. 1999). Thus, emergence records suggest
that O. quimilo can be considered a novel resource for
D. koepferae as this cactus is abundant in the Chaco
phytogeographical province where D. buzzatii pre-
dominates and D. koepferae is rare. The ability to
switch to a novel resource may be critical in the colo-
nization of new habitats (Spicer & Jaenike 1995; Fry
2003; Parsons & Robinson 2006), wherein there are
two phases: host plant selection and exploitation of
the host during the expansion of a species. During host
plant selection females use volatile compounds as cues
to locate a suitable breeding site whereas the utilization
of the host plant refers to the ability of the larvae to
make use of it (Fogleman & Abril 1990). Our results
suggest that neither the performance of D. koepferae
nor the effect of competition can explain the absence
of D. koepferae in areas where O. quimilo is the domi-
nant cactus species in Chaco phytogeographical
province. Considering all the available evidence it

seems reasonable to propose that the greater evolu-
tionary success of D. buzzatii in the arid zones of
southern South America (Fontdevila 1989; Hasson
et al. 1992; Piccinali et al. 2004) cannot be attributed
to differential competitive ability. Then, other features
should be considered to explain the differences
between D. buzzatii and D. koepferae in the distribu-
tion and colonization of novel hosts. In this sense, it
has been shown that D. buzzatii and D. koepferae differ
in their willingness to accept different substrates as
oviposition sites (Fanara & Hasson 2001).Thus, future
work in D. buzzatii and D. koepferae should address a
simple question: is there a correlation between host
preference and performance in specific hosts?
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