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In a comprehensive review of the genus Dro-
sophila. Bock (1984) listed 266 cases of inter-
specific hybridization in the laboratory and al so
8 reported cases ofhybridization in nature. These
data show that interspecific hybridization in this
genus is not at all a rare phenomenon, at least
under the artificial conditions of the laboratory.
But this review also shows clearly that the pro-
duction ofviable hybrids is restricted to the most
closely related species. When large species groups
have been subdivided into subgroups using clas-
sical taxonomic criteria, crosses have in most
cases been accomplished only within subgroups,
and in some cases only within complexes within
subgroups. This makes sense because the ability
to produce hybrids must require that the two
species have similar genetic constitutions. In this
study, however, we will show that frequent sue-
cessful interspecifie crosses occur among several
species of the Drosophila repleta group that are
distantly related according to their current phy-
logenetic classification.

3 Present address: Department of Biological Sci-
ences, Stanford University, Stanford, California 94305.

The phylogenetic relationships among the spe-
eies of the D. repleta species group have been
traced back by a combination of morphologieal
and cytological analyses (Wasserman 1982 and
many earlier references). Among the six main
subgroups, the most complex evolutionary sit-
uation is that of the mulleri subgroup, whieh
comprises 40 speeies grouped into five speeies
complexes plus four miscellaneous forms. The
stalkeri complex comprises two species inhab-
iting Florida and the West Indies: D. stalkeri and
D. richardsoni (Wasserman 1982; Vilela 1983).
The mulleri eomplex, the largest of the mulleri
subgroup, has been further subdivided into six
clusters of c10sely related species. Two of the six
c1usters are endemic to South America (except
for the colonizing species D. buzzatii, which is
subcosmopolitan). The martensis cluster consists
of four species found in the deserts of northem
Colombia and Venezuela: D. martensis, D. un-
iseta, D. starmeri, and D. venezolana (Wasser-
man 1982; Wasserman et al. 1983). Another four
species have been grouped into the buzzatii clus-
ter: The Brazilian D. serido and D. borborema

(Sene et al. 1982), and D. buzzatii and D. koep-
Jerae, whieh are found chiefly in Argentina and
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TABLE 1. List ofthe Drosophilaspeciesand stocksused in this study. The fieldcollectors(exceptfor the Bowling
Green stocks) were A. Ruiz and A. Fontdevila for the buzzatii cluster species; H. Cerda, M. Benado, and A.
Fontdevila for the martensis cluster species; W. B. Heed and M. Wasserman for the stalkeri complex species.

Taxon

buzzatii cluster

Species

D. borborema

Geographicalorigin of stocks

Cafamaum, Bahia, Brazil (Bowling Green stock no. 15081-
1281.0).

San Luis, Argentina; San Lorenzo, Argentina; Los Negros, Boliv-
ia; Adeje, Canary Islands, Spain.

San Luis, Argentina (two stocks); San Isidro, Bolivia.
Cafamaum, Bahia, Brazil (Bowling Green stock no. 15081-

1431.4).
Guaca, Venezuela.
Oricao, Venezuela; La Boca, Venezuela.
Guaca, Venezuela; Oricao, Venezuela (two stocks); El Anís, Ven-

ezuela; Mal País, Cura~o, Netherlands Antilles.
Guaca, Venezuela; Oricao, Venezuela; Piritu, Venezuela; Pru-

dencio, Venezuela; Mal País, Cura~o, Netherlands Antilles.
Sto Petersburg, Florida (Bowling Green stock no. 15081-1451.0);

Discovery Bay, Jamaica; Little Cayman, Cayman Islands;
Grand Cayman, Cayman Islands.

Fox's Bay, Montserrat; Spanish Point, Montserrat; BeefIsland,
Tortola; Biras Creek, Virgin Gorda.

D. buzzatii

D. koepJerae
D. serido

martensis cluster D. martensis
D. uniseta
D. starmeri

D. venezolana

stalkeri complex D. stalkeri

D. richardsoni

Bolivia (Wasserman 1982; Wasserman and
Richardson 1987; Fontdevila et al. 1988). With
the extant information, the species in the stalkeri
complex are not closely related to those in the
martensis and buzzatii c1usters (Wasserman
1982). However, their apparent morphological
similarities in the male genitalia (Vilela 1983)
suggested that they could be closer relatives. Their
frequent interspecific hybridization, as shown in
this study, reinforces this observation. The data
presented here show that 41 of the 90 possible
interspecific crosses (45.6%) attempted among
the 10 species of the stalkeri complex and the
buzzatii and martensis clusters produced hybrid
progeny. Among the successful combinations, 12
of26 (46.2%) took place between species within
the same cluster, 13 of32 (40.6%) between spe-
cies in different clusters, and 16 of 32 (50%) be-
tween species in different complexes. These re-
sults are discussed in relation to the proposed
phylogenetic relationships among the 10 species.

MATERIALS AND METHODS

Thirty strains of the 10 species were used in
the hybridization tests (table 1). Their geograph-
ical origin is shown in figure 1. Severa! stocks of
Drosophila starmeri, D. buzzatii, and D. koep-
Jerae (formerly known as D. serido from Argen-
tina; Fontdevila et al. 1988) were used because
each ofthese three species is highly polymorphic
for chromosome inversions, and there is evi-
dence for a certain degree of genetic differenti-

ation among populations of different geograph-
ical origin (Ruiz and Fontdevila 1981; Fontdevila
et al. 1988). Although the Brazilian species D.
serido probably consists of several partialIy iso-

A

B

FIG. 1. Geographical origin ofthe stocks used in this
study. (a) StoPetersburg; (b) Grand Cayman; (c) Little
Cayrnan; (d) Jamaica; (e) Tórtola; (f) Virgin Gorda; (g)
Montserrat; (h) El Anís; (i) Prudencio; (j) Cura~ao; (k)
La Boca; (1)Oricao; (m) Piritu; (n) Guaca; (o) San Isi-
dro; (p) Los Negros; (q) San Lorenzo; (r) San Luis; (s)
Cafamaum.
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lated subspecific taxa (Sene et al. 1988), only one
strain was available to us and was included in

the study.
We tested 372 out ofthe 900 possible crosses

among the 30 strains, including 28 intrastrain
crosses as controls. Two to 17 replicates (usually
5) were set up for each strain combination as
follows. Ten pairs of virgin flies, 4 to 9 d old,
were placed in a vial with 25 cc of fresh culture
medium (David 1962). After 6 d, they were
transferred to a new vial with fresh food where
they remained for 10 more days, and they were
discarded thereafter. Vials were carefully in-
spected for the presence oflarvae and pupae, and
all the emerged adults were sexed and males and
females separately counted.

The fertility ofthe F¡ adults was tested in sev-
eral ways. When severa1 were available, they were
mass crossed to test for F2 yield. When the num-
ber of F¡ individual s was very limited or no F2
progeny was produced, males and females were
separately studied. A sample of F ¡ females were
backcrossed in mass with males of at least one,
and frequentIy both, paren tal strains. They were
scored as fertile if any offspring, no matter how
few, was obtained. However, males were studied
by combining morphological analysis and cross-
ability. Mature males were dissected and regard-
ed as sterile if they showed noticeably reduced
testes and absence of germinal tissue. Only when
the size or microscopic appearance of the testes
was normal or nearly normal were they back-
crossed in mass with virgin females from the
parental stocks.

REsULTS

Intraspecific Crosses. -All intraspecific cross-
es produced abundant (usually more than 100
adults per vial) and fertile progeny. The only
single exception was found in Drosophila star-
meri. When the strains from Oricao and El Anís
in westem Venezuela (see fig. 1) were crossed to
that from Guaca in eastem Venezuela, very few
or no F2 adults were obtained, no matter the
direction of the original cross. These results cor-
roborate those of Ruiz and Fontdevila (1981),
which indicated the existence of two geograph-
ical races (westem and eastem) in this species.

Interspecific Crosses within the martensis Clus-
ter. -In general, interspecific crosses within the
martensis cluster did not produce hybrids (table
2A). Only the cross between D. starmeri males
and D. venezolana females yielded some proge-

ny, although the number ofF1 adults was usually
quite low. The reciprocal cross produced only
larvae but Ruiz and Fontdevila (1981) have re-
ported sterile males and fertile females in the F I

ofthis cross. When crossed to D. starmeri males,
D. venezolana females of the strain from Piritu
in eastem Venezuela produced more hybrids than
those ofthe strains from westem Venezuela. Ruiz
and Fontdevila (1981) also reported a high de-
gree ofhybridization in similar crosses using an-
other D. venezolana strain from eastem Vene-
zuela (La Esmeralda, Sucre). Thus, there seem
to be genetical differences among the D. vene-
zolana strains in relation to their geographical
origino

Although we have not studied D. martensis
and D. uniseta as extensively as D. starmeri or
D. venezolana, absence of F I hybrids in crosses
among D. martensis, D. uniseta, and D. starmeri
have also been reported by other authors (Was-
serman et al. 1973; Wasserman and Koepfer
1979). Thus, the low crossability within the clus-
ter does not seem to be a consequence of the
particular strains used in this study.

1nterspecific Crosses within the buzzatii Clus-
ter. - A very different situation is found within
the buzzatii cluster where 10 of 12 interspecific
combinations produced hybrids and in five cases
FI females were partially fertile (table 2B). The
species that hybridized most readily was D. koep-
Jerae: all five cases producing fertile F¡ females
involved this species. In both reciprocal crosses
between this species and D. serido, the strain
from San Isidro in Bolivia produced many more
hybrids than those from Argentina, in good
agreement with the observations of Fontdevila
et al. (1988). The species that offered the most
difficulties was D. buzzatii. Relatively few F¡ hy-
brids were obtained when D. buzzatii males were
crossed with females of the other three species,
and virtually no adult offspring were recovered
when D. buzzatii females were tested. In general,
the results were similar to those previously ob-
tained by other authors (Wasserman et al. 1983;
Fontdevila et al. 1988). It is worth noting, how-
ever, the production of sterile males and females
in two combinations with negative results in these
previous studies: D. buzzatii males x D. bor-
borema femates and D. buzzatii males x D. ser-
ido females.

Interspecific Crosses within the stalkeri Com-
plexo -No hybrids were produced in either ofthe
two reciprocal crosses between D. stalkeri and



TABLE2. Summary of the resultsobtained in the hybridization tests among 10speciesof the Drosophilamul/eri
subgroup from South America and the Caribbean. N+ , number of vials producing progeny. N, number of vials
set up. e (%), crossability, percentage of vial s with offspring. M, F, males and females; their total number and
fertility (F) or sterility (S) are given. P, productivity, number ofFl hybrids per crossed female.

Cross p

22x&3

N+/N C (%) N+/N C (%) M pFM F

E. Interspecific crosses between the stalkeri complex and the martensis and buzzatii clusters
borborema x stalkeri 0/10 - - - - 8/13 61.5 42S 41S
borborema x richardsoni 0/9 - - - - 2/10 20.0 5S 2S
buzzatiix stalkeri 0/30 - - - - 1/30 3.3 LARVAE
buzzatii x richardsoni 2/19 10.5 2S 1S <0.1 17/30 56.7 92S 129F
koepferae x stalkeri 0/19 - - - - 3/20 15.0 4S 5S
koepferae x richardsoni 3/13 23.0 8S 5F 0.1 4/21 19.0 2S 6S
seridox stalkeri 016 - - - - 3/8 37.5 - 5S
seridox richardsoni 1/4 25.0 8S 9F 004 1/5 20.0 - IS
martensisx stalkeri 0110 - - - - 0110
martensis x richardsoni 7/10 70.0 6S 34S 004 OlIO
uniseta x stalkeri 0/14 - - - - 0110
uniseta x richardsoni 0/12 - - - - 0110
starmeri x stalkeri 0/28 - - - - 6/36 16.7 lOS
starmeri x richardsoni 0/26 - - - - 6/24 25.0 6S
venezolana x stalkeri 0/31 - - - - 5/36 13.9 2S
venezolana x richardsoni 0/22 - - - - 18/30 60.0 206S

martensis x uniseta
martensis x starmeri
martensis x venezolana
uniseta x starmeri
uniseta x venezolana
starmeri x venezolana

borborema x buzzatii
borborema x koepferae
borborema x serido
buzzatii x koepferae
buzzatii x serido
koepferae x serido

stalkeri x richardsoni

D.

borborema x martensis
borborema x uniseta
borborema x starmeri
borborema x venezolana
buzzatii x martensis
buzzatii x uniseta
buzzatii x starmeri
buzzatii x venezolana
koepferae x martensis
koepferae x uniseta
koepferae x starmeri
koepferae x venezolana
serido x martensis
serido x uniseta
serido x starmeri
serido x venezolana

A. Interspecific crosses within the martensis cluster
0110 - - - - 0/9
015 - - - - 0/1O
015 - - - - 015
015 - - - - 015
015 - - - - 015
4150 8.0 LARVAE - 22/66 33.3

B. Interspecific crosses within the buzzatii cluster
3/19 15.8 12S 16S 0.1 1/20 5.0
9/11 81.8 177S 218F 3.6 11/16 68.8
1/12 8.3 LARVAE - 0/13-
1/48 2.1 1 LARVA - 20/45 4404
0/30 - - - - 6/23 26.1

16/24 66.6 706S 899F 6.7 20/21 95.2

C. Interspecific crosses within the stalkeri complex
0/22 - - - - 0/18

Interspecific crosses between the martensis and buzzatii clusters
015 - - - - 016
015 - - - - 015
6/18 33.3 82S 105S 1.0 0/20
9/22 40.9 19S 20S 0.2 0/16
1/10 10.0 - 1 <0.1 0/14
0111 - - - - 0/13
0166 - - - - 0150
3/52 5.8 7S 11F <0.1 0156
2/10 20.0 4S 3S <0.1 0/7
1/10 10.0 2S 2S <0.1 OlIO

37/37 100 1672S 2060F 10.1 13/40 32.5 62S
35153 66.0 254S 284F 1.0 3/52 5.8 7S
0/12 - - - - 0110
015 - - - - 0/7

10/10 100 660S 873F 15.3 1/26 3.8
6/18 33.3 7S 12S 0.1 0/23

81F 004
6F <0.1

IS <0.1

0.6
0.1

0.7
<0.1
<0.1

0.1
<0.1

9S 0.1
9F 0.1
7S <0.1

213S lA

347S 182F 0.8

- 1 <0.1
223S 246F 2.9
- - -
149S 254F 0.9
29S 16S 0.2

1147S 943F 10.0




