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ABSTRACT Drosophila koepferae Fontdevila et a ] .  n. sp., is a member of the D. buzzatii 
cluster (D. mulleri complex) of the D. repleta species group of the genus Drosophila. I t  is 
distinguished from its sister species, D. serido, by morphological, genetic, ecological, and 
reproductive criteria. Chromosomal differentiation has led to standard sequences and in- 
version polymorphisms characteristic for each species. Genetic distance between both species 
measured by allozyme loci polymorphisms is in the range of true species and by itself justifies 
species status. In laboratory tests involving mass cultures with no choice, interspecific matings 
take place. Gene exchange between the two species is theoretically possible, for fertile hybrid 
females as well as sterile hybrid males are produced. However, both species have developed 
a strong premating isolation and also appear to be allopatric. In view of the marked differences 
between the two species, it is very improbable that any significant gene flow could occur in 
an area of sympatry, if such a region does exist The extreme biological diversity of known 
D. serido populations suggests that the species may qualify as a superspecies. 
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THE D. buzzatii cluster consists of several species 
of the Drosophila mulleri complex inhabiting South 
America and sharing a common chromosomal phy- 
logeny (Fontdevila 1982, Ruiz et al. 1982). At pres- 
ent, three species (D .  buzzatii Patterson & Wheel- 
er, D. serido Vilela & Sene, and D. borborema 
Vilela & Sene) are included in this cluster (Was- 
serman 1982). Although these three species can 
exchange genetic material under laboratory con- 
ditions, sympatric populations are reproductively 
isolated. 

D. serido was described from specimens col- 
lected in northeastern Brazil (Vilela & Sene 1977). 
Later it was found to range from Brazil to Argen- 
tina and Paraguay (Vilela et al. 1980. Ruiz et al, 
1982). Flies from different geographical areas dif- 
fer morphologically, (e.g., male genitalia), and in 
their karyotypes and inversion polymorphisms. 
showing that, at least, D. serufo is a polytypic species. 
consisting of several geographical races or subspe- 
cies (Sene et a]. 1982, Baimai et a]. 199,  \Vasser- 
man et al. 1983). The taxonomic status of these 
races is at present unclear, for no detailed repro- 
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ductive studies among populations of diverse origin 
have been reported. In our view, the status of D. 
serido deserves close scrutiny, which could shed 
light on the evolution not only of the D. buzzatti 
cluster but also of the entire D. mulleri complex. 

\Ve report here some results of recent collections 
in northwestern Argentina and central Bolivia. Ge- 
netic analysis of these samples has revealed a r e  
markably high degree of divergence between these 
populations and those from Brazil, from which the 
type material of D. serido was derived (Vilela 1983). 
In addition, reproductive tests performed in the 
laboratory usine strains from both areas show an " 
almost complete prezygotic isolation under artifi- 
cial conditions of sympatry. These data, coupled 
with previous information, lead to the conclusion 
that these Argentinian and Bolivian populations 
should be considered a separate species from D. 
serido. .\ formal description of the new species, 
which we are naming Drosophila koepferae, fol- 
lows. 

Drosophila koepferae 
Fontdevila & F'asserman, n. sp. 

External Characteristics of Imagines. Male, fe- 
male Arista with 7 branches, antennae yellowish 
brown. third segment shghtl> darker Frons dark 
brou n, orbits, small median area pollinose, bristles 
arising from blackish spots Middle orbital about 

length of other t \ \o Second oral about % length 
of hrst Palpus pale \ ellou, ith se\eral bristles- 
F d ~ e  yellow ish brown Cheeks ! ellowish, their. 
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c t width about YJ greatest diameter of eyes. 
- ~ingish- \e rn~i l ion  with short black pile. 

!>tical hairs in 8 rows; no prescutellars. An- 
I 1 - 1 , , ~  cutellars convergent, Sterno index ca. 0.9. 

~ i d d l e  sternopleural ca. '/4 length of posterior. 
Mesonoturn pollinose, bristles arising from brown 
,pots, these not tending to fuse. Scutelluni pollinose, 
,,.ith wide brow 11 X-shaped mark; scutellar bristles 
arising from darker brown spots. Pleura light yel- 
lowisti gray with indistinct fuscous band from base 
,,: \vine to humerus, from base of halter to forecoxa, 
. ross the sternopleurals. Legs yellowish gray, 

r r o w  dark bands on distal ends of femora 
i r  tibia1 bases. Wings clear, veins brown, 

i ; ~ ~ \ e i ~ ~ s  darker, apex of 1st costal section darker. 
costal index ca. 3.0; 4th vein index ca. 2.0; S x  
index ca. 1.2; 4s index ca. 1.0. Two well-developed 
r is t les  at apex of 1st costal segment; 3rd segment 
with heavy bristles on basal Vi. 

~ b d o m i n a l  segments yellowish pollinose; 4th- 
(;ti1 tergites with interrupted grayish-brown band 
, , l t l i  forward extensions at  interruption, lateral 
I ' and angle of tergites, last extensions wid- 
I anterior margin, connecting laterally with 
, < i . i i  extensions and enclosing irregular yellowish 
~ r e a ,  2nd and 3rd tergites as above but band often 
interrupted at posterior part of angle of tergites. 

Body length of female 2.8 mm,  that of male 2.7 
~ - --  

Internal Characters of Imagines. Testes yellow, 
turning orange with age, with 2% inner and  2 %  
outer coils. Ventral receptacle with ca. 8 loose coils 

- ! ) a l l v ,  ca. 10 tight coils distally. Penis appa- 
I ,< 1. 

:i. .tria. Each anterior spiracle with ca. 12 
)ranches, horn index ca. 2.5. 

Chromosomes. Metaphase plate showing 5 pairs 
of rods, one pair of dots. X chromosome approxi- 
mately 40% longer than autosomes. Y chromosome 
a metacentric, total length ca. equal to that of an 
autosome. 

Relationship. Distribution, and Ecology. D. 
km'pfme belongs to the D. buzzatii cluster of the 
p , '  . i complex of the D. repleta species group. 
I .. ,i:.nuiarizes the collecting sites in Argentina 
I I  i)o!i\ ia, including those reported previously as 
1 ) .  serido bv Ruiz et al. > 1982). The  known distri- 
)iltion extends from Sierra d e  San Luis in Argen- 
t l ~ a  to Comarapd in Bolivia. 

Data on the breeding and feeding niches of D. 
Lepferae are fragn~entar \  but indicate that it lives 
prilnaril!. i f  not exclusively, on columnar cacti. 
l)f-ca\ ed portions of Trichocereus terschekii Par- 

~ i i d  \eocardenasia herzogiana Backe- 
1 1 ,  

t columnar cacti collected in localities 4 
- - ipect ively,  were taken to the laboratory. 

~1ld kiclded 25 and about 100 adults of D. koep- 
h'rue, respectively. Fontdevila and Ruiz (reported 

\Vassernian et al. 1983: collected rotting cladodes 
1 ( ~ p ~ n f i a  quimilo Schumann in Vipos, Argentina, 
'A liere D. koepferae occurs. but obtained only adults 
f D. bnzati i .  More recently, Hasson and Naveira 

Fig. 1. Male genitalia of D. koepferae (1, Argentina; 
2, Bolivia) and 3,  D. serido: (a) Frontal view of epan- 
driuin primary teeth at the scanning electron microscope 
(SEM), 900 x ; (b) Lateral aspect of aedeagus (SEM), 230 x ; 
(c) Lateral drawings of aedeagus at the light microscope 
(Lhl), 1 0 0 ~ ;  (d) View of tip and ventral margins of 
aedeagus (SEM)(l, 2 ,000~;  2, 1 , 5 0 0 ~  ; 3, 1 , 0 0 0 ~ ) .  

(unpublished) collected decayed portions of Cereus 
validus Haworth and 0. quimilo in Vipos. Cladodes 
of 0. quimilo produced D. btazatii almost exclu- 
sively, thus confirming previous observations. On 
the other hand, C .  validus produced 4:1  D. koep- 
ferae/D. buzzatii, respectively. D. serido, the  Bra- 
zilian sibling species of D. koepferae, also appears 
to live primarily on columnar cacti (Cereus sp. 
Miller and Cephalocereus piauhyensis Gurke), al- 
though a few adults have been reared from rotting 
cladodes of Opuntia ficus-indica Linnk (Pereira e t  
al. 1983). It seems that Opuntia species a r e  not the 
common hosts of either of the two sibling species, 
which both prefer columnar cacti of their natural 
substrates. 

Morphological Differentiation. Lighter in color 
than 0. serido and D. borlwrerna, D. koepferae 
also differs from its sibling species. D. serido, from 
northeastern Brazil, by having i branches in the 
arista instead of 6, by having an X-shaped mark 
on the scutellum (lacking in D. serido), and  by 
having the spots at the base of the 8 rows of acros- 
tical hairs more clearly defined than they a re  in D. 
serido. In  general, D. koepferae shows a tergite 
oatteni more similar to D. buzzatii than to D. ser- 
ido. However, the penis apparatus is qui te  distinct 
from D. btizzatii and differs from D. serido (Fig. 
1 )  The  posterior end of the aedeagus of D. koep- 
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Genetic Differentiation 

Fie. 2. Map of South America showing the known 
distributions of D. koepferae and D. serido. Description 
of sampled localities Comarapa ( I ) ,  San Isidro (2. Los 
Segros (3) ,  Quilmes (4), Vipos ( 5 ) ,  Mazin (6), Palo La- 
brado ( 7 ) ,  El Diquecito (8) and San Luis (9). Localities 
5. 7 ,  8, and 9 are described in Ruiz et a1 1982. Localities 
1. 2 ,  and 3 are situated in a broad valley between the 
Central and the Oriental Andean ranges of Bolivia. about 
200 krn west of Santa Cruz. The most abundant cacti 
ire Cereus dayamii Spegazzini, Cereus comarapanus 
Cirdenas. -\'eocardenasia herzogiana Backeberg. Roseo- 
a ~ e u s  tephracanthus (Lab.) Backeberg, Opuntia sul- 
phurea G.  Don, Cleistocactus fusiflorum Cirdenas. 
Gymnocaltcium q a r r a e  Cirdenas, and Echinopsis ob- 
repanda (Salm-Dyck) Schumann. Locality 4 is in the 
ruins of Quilmes, an old Indian fort in the Santa Maria 
Valle>. 90 km west of San Miguel de Tucumin, Cactus 
species present are: Trichocereus terschecki Parmentier 
and Opuntia sulphurea G. Don, Locality 6 is on the 
uestern slopes of the Sierra de Ambato. just at the entr! 
of the passage named Quebrada de la Cebila. about 20 
Mn east of Villa Mazin. Cactus species as in locality 5 .  

ierae differs from that of D. serido in shape. length 
Fig 1, part c ) ,  and teeth size (Fig. 1, part dl. 

Moreover, the epandrium teeth are different in the 
two species (Fig. 1, part a ) .  

Type Material. Holotype m a l e  ARGENTINA. 
Tucumin.  2 km south of Vipos. old road to Tu- 
cumin .  collected b!, A.  Fontdevila and A Ruiz. 
22-XI-1979 (Fig. 2). Paratypes: same data as ho- 
lot\pe. The holotype and five paratypes (2. 66 and 
3 QQ) will be deposited in the National Drosophila 
Species Resource Center at Bowling Green State 
Lni\ersity. Four additional paratypes (2 86 and 2 
) \ \ i l l  be deposited in the Museo Enton~olbgico 
del Institute Miguel Lillo, Tucumin ,  Argentina. 

Two kinds of genetic markers have been used 
to study genetic differentiation between D. keep- 
ferae and D. serido; i.e., chromosomal rearrange- 
ments and alloz\ mes. 

This study has been performed by using strains 
from D. koepferae populations 1, 2, 3, 4, 6, and 7 
F i g .  2)  and D. serido strains 1431.1 (Rio Para- 
guaqu), 1431 .?  I Milagres), and 1431.4 (Cafar- 
naum), all from the State of Bahia, northeastern 
Brazil. 

Chromosomal Rearrangements. Both species 
stem from the standard karyotype of the b w t i i  
cluster (Xabc;?abd:she^;3b;4;5) (Ruiz et  al. 1982). 
D. serido has a fixed inversion (2x7) and is poty- 
morphic for 4 other inversions, 2ah, 2b8, 2c8, and 
2d' on the second chromosome (Wasserman & 
Richardson, personal communication). O n  the 0th- 
er hand, the ph>lad of D. koepferae has a different 
standard sequence on the second chromosome, with 
qf  inversion fixed (?d2sne2j"), and is polymorphic 
for eleven inversions not found in D. serido. Four 
of these inversions (2uq, 2vq, 2x", 2w") a re  charac- 
teristic of the Bolivian populations, four (2n9, 3k2. 
4rn, 5w) are found only in the Argentinian popu- 
lations, and three \?I", ?kt', 2m") are  common in 
both areas. 

Allozymic Differentiation. Twenty-two allo- 
zyme loci were studied tor the cited populations 
and strains of D. serido and D. koepferae (Sanchez 
& Fontdevila, in preparation). Genetic distances 
and identities (Se i  1972) are  given in Table 1. D. 
serido shows a high degree of genetic differentia- 
tion from D. koepferae, being 0.850 from Argen- 
tinian D. koepjerae and 0.778 from Bolivian D. 
koepferae. Comparison between Argentinian and 
Bolivian D. koepferae gives a small degree of di- 
vergence (0.131 :. \ et higher than that obtained in 
most intrapopulational studies. 

Reproductive Isolation 

Two tests were performed to evaluate degree of 
reproductive isolation between D. koepferae and 
D. suido: i.e., pwtzvgotic and prezygotic. 

Postzygotic Isolation. Interspecific crosses were 
performed in IIIA-s cultures, each containing 10 
males and 10 females (Table 2) .  Both species can 
exchange genes, because although the male hybrids 
are sterile, the female hybrids a re  fertile. Offspring 
production ma? depend on the sex of the parents 
and also on the geographical origin of D. koepferae, 
Thus. fewer offspring are  produced when the pa- 
rental males are D .  serido, regardless of the gee- 
graphical origin ot the strains, and also when AT- 
gentinian D. Lot-pjerae are used, regardless of 
whether D. kocpferae is the male or female parent. 

Prezygotic Isolation. In multiple-choice mating 
tests. replicates of 20 males and 20 virgin female 
each of D. serido m d  D. koepferae were placed 
together and allowed to mate for 72 h. Each female 
was then placed in its own vial and allowed to 
ov iposit. Electrophoretic analysis of the offspring 
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1 ,  1. Nei's genetic identit: ( I )  and distance (D) and their standard errors between D. koepferae and D. serido 

Comparison No I 15 

I )  \mdo  versus 0 kocpJcrar \rgcntitia) 9 0.429 Â 0012 0 850 Â 0.030 
1) \t,rtdo versus 0. kofvjcrat Bolivia) 9 0.460 Â 0.010 0 778 2 0.022 
0 hieiifcrae ( I )  \ ~ T < I I S  D kin-pfcrae (1%) 9 0 878 Â 0.016 0.131 5 0.019 

dentifid the nlale(s) which inseminated the fe- 
male-R scrido strain 14.31 4 is homozvgous for 
i 57 and Id11 106 electromorphs and D. koep- 

riiins from S.  Luis (Argentina) and Los Ne- 
-. l i v i a )  are homozygous for Pgm 95 and Idh 
102 eIectromorphs. 

Table 3 gives the results of four replicates of the 
lnultiple-cl~oice tests. The tests involving D. serido 
with D. koepferae from Argentina show total iso- 
lation; all offspring were the result from homogam- 
ic matings. D. koepferae from Bolivia, on the other 
hand, is only partially isolated from D. serido. D. 
/.~~'iifi'rae females from Bolivia do not accept D. 
,, iitles, but D. serido females produce three 
k i offspring: pure D. serido, hybrids, and a 
mixture of both. The latter case results from mul- 
tiple inseminations. 

Discussion 

Early studies by Vilela (1953) showed that D. 
serido is  morphological^ pol\ typic. In addition, 
kiimai et al. (1983) found si\ different types of 
I - e  kar!ot\pes within D. serido. This species 
1 1  ~ c t ,  prove to be a superspecies, consisting 
I I allopatric species. the geographical dis- 
tributions of which are presently not known. Here 
lata are presented which clearly demonstrate that 
:lie Argentinian and Bolivian populations are spe- 
cifically distinct from the remainder of the D. seri- 
do forms 

D. serido and D. koepferct are quite distinct 
r\ to logic all^ . The!. represent two independent 
plr, '.. 1, from the second chromosome standard se- 
'11 :~bdYe^),  D. koepfcrae being homozy- 
c, , 21 . whereas D. serido is homoz\gous for 

111 'idditinn. each has its ov 11 unique inversion 
" J I >  liiorphisrn. 

Table 2. Offspring number* in crosses between D. 
lwy ferae  and D. serido 

- l:Â¥:r'-.~~-lb cross?. Off 'pnns 

\ - - 1 .  

I I  D tcr1(1/1 
3 H T , F  l l l . S l  

A great deal of information on genetic distances 
based on protein polymorphisms is available. 
Thorpe (1982), in a comprehensive review of Nei's 
genetic identity (I) distributions among congeneric 
species and conspecific populations, concludes that 
if two allopatric populations have a genetic identity 
below 0.85 (D  > 0.16) it is ver! improbable ( P  = 
0.02) that they would be conspecific. We found 
values of I between D. serido and D. koepferae 
much smaller than 0.85 and, following Thorpe's 
reasoning, their probability of being conspecific is 
still much lower than 0.02. However, this conclu- 
sion is based mostly on vertebrate taxa, excluding 
birds, with very few data from Drosophila studies. 
So, the applicability of Thorpe's review rests in the 
universality of the molecular clock. 

Avise and Aquadro (1982) have pointed out the 
extreme heterogeneity in mean interspecific ge- 
netic distances among vertebrate genera and have 
challenged the idea of a unique and universal mo- 
lecular clock. This is certainly true for birds, whose 
molecular evolution seems to be much slower than 
that of other vertebrate classes. 

In Drosophila, mean D heterogeneity among 
species groups is lower than among vertebrate 
classes, but there are group differences (Maclntyre 
& Collier 1986). Whether these differences are due 
to different rates of molecular evolution among 
groups is open to discussion. Carson (1976), com- 
bining electrophoretic and biogeographic data, 
claimed that Hawaiian Drosophila (planitibia 
subgroup) show an accelerated rate of protein evo- 
lution. However, this idea has recently been chal- 
lenged by Beverley & Wilson (1985), who used 
immunological distances for a Drosophila larval 
hemolymph protein (LHP). Moreover, these au- 
thors claim not only that LHP evolves at the same 
rate in continental and in Hawaiian Drosophila, 

Table 3. dumber of females per species that g i le  a 
certain offspring t>pe in interspecific crosses 

T\ pe of offspring" 

T\ [x* of cross D s 
Ds D b D k  - D k 

Ds Dk 

0. serido x D. koepferac (Boil\ ia) 

P. koepjerae females - 0 - 60 
D. serido females -10 3 18 - 



but that this protein changes at a rate similar to 
that of other secreted proteins in mammals (Bev- 
erley & Wilson 1982, 1984). 

The few studies on the D. repleta group show 
some of the smallest D values. Thus, Zouros 11973). 
working with four species of the mulleri subgroup, 
found maximal D values of interspecific differen- 
tiation ranging from 0.27 (sibling species' to 0.32 
(nonsibling species). In contrast, recent work by 
Sanchez (1986) with eight species of tlie muulleri 
subgroup has shown that mean D values for inter- 
species comparisons range from 0.59 (siblings) to 
0.97 (nonsiblings). These figures are similar to those 
reported for other species groups (Ayala 1975). In 
the superspecies D. serido, genetic distances be- 
tween allopatric populations from northeastern 
Brazil and northwestern Argentina (D = 0.85) or 
Bolivia ,D  = 0.78) fall in the range of true different 
species. 

These comparisons are based on the premise that 
the rate of protein evolution is steady, mostly in- 
dependent of ecological conditions. The lo\\ D val- 
ues in the D. repleta group led Zouros 1,1973) to 
assign the small niche differentiation among these 
cactiphilic species as the main cause for their low 
protein divergence. Richardson et al. (19771. \vork- 
ing with species of the mulleri subgroup. reached 
similar conclusions-that molecular divergence is 
correlated with ecological differentiation. Several 
independent authors (Sene & Carson 1977. Cabrera 
et al. 1953, Gonzalez et al. 1983) have also pointed 
out certain correlations between genetic distances 
and similarities in ecological conditions. However, 
an exhaustive study of the cactophilic niche in the 
D. martensis cluster (mulleri subgroup ,Benado 
et al., unpublished) shows that ecological differ- 
entiation is unrelated to protein evolution. 

A t  the moment we have no basis in Drosophila 
to believe that protein evolutionary rates are 
changed by ecological or demographic causes. and 
the hypothesis of genetic distances as evolutionary 
clock seems workable. Therefore, the degree of 
protein divergence between D. koepferae and D. 
serido is large enough to justify their definition as 
true. separate species. 

The true test of species differentiation is repro- 
ductive isolation, and this ma!. not be correlated 
with the degree of genetic divergence. Thus. Zou- 
ros (197-3) showed that in some species of the mu/- 
leri subgroup this correlation is significant for h\ - 
brid \iabilitv (developmental factors) but not for 
hybrid sterility, an equally important mechanism 
for isolating species. These considerations point to 
the danger inherent in the use of the degree of 
genetic divergence as the major criterion tor species 
definition 

Our data on reproductive isolation relate direct]! 
to the question of the validity of the species. The 
sterilit!. of the hybrid males obtained in all our 
crosses between D. serido and D. koepft~rae is a 
common postmating isolation mechanism found in 
many other sibling species and semispecies Pre- 
mating isolation, if present, is readily observable 

n sympatric species, but it becomes an experi- 
mental problem when species are allopatric. In our 
experiments we have been able to show a high] Y 
developed prezygotic isolation between both ~ - -  
species. Ethological isolation between Argentinian 
populations of D. koepferac and D. serido is corn- 
plete, whereas Bolivian D. koepferae is only par- 
tiall? isolated from D. serido. In this latter case we 
have calculated the Levene index (Magolowkin- 
Coeliu et al. 1965), considering that mixed off- 
springs iDs/Dk + Ds) are the result of double mat- 
i n g s ~ o n e  liomogan~ic plus one lieterogamic mat- 
ing. The index value (0.67 Â 0.06) is in the order 
of magnitude found in allopatric seinispecies of the 
D. paulistorum Dobzl~ansky & Pavan complex 
(Ehrman 1965) or between allopatric populations 
of D. mojavensis Patterson & Crown and D. ari- 
zonensis Patterson & Wheeler (Wasserman & 
Koepfer 1977). It is uncertain whether our sibling 
species are sufficiently ecologically or ethologically 
distinct to allow them to coexist sympatrically, but 
it seems most likely that here, strong premating 
and postmating isolation arose in allopatry, there 
being no reason to believe that there has ever been 
an) secondary contact between the two diverging 
populations. Other similar cases unveiled by elec- 
trophoretic studies have been reported in Aedes 
and Culex mosquitoes (Bullini 198.3). 

Within the species D. koepferae, a certain level 
of differentiation has arisen. Geographical cytolog- 
ical differentiation between Argentinian and Bo- 
livian populations of D. koepferae is present. Both 
populations are polymorphic for 2k7 219, and 2m9. 
The Bolivian populations are polymorphic for 2us, 
2\". 2w9. and 2xq, and the Argentinian populations 
are po!!morphic for 2m-. 3k2, 4131, and 5\v (Ruiz 
et al. 1982). The data thus far indicate that all of 
the polymorphism in the Bolivian populations is 
limited to chromosome 2. whereas that of the Ar- 
gentinian populations is spread throughout the ge- 
nome. If true, this probably indicates there is a 
fundamental difference in the selective basis of the 
pol\ morphisms between the two populations. The 
genetic distance between the Argentinian and Bo- 
li\ ian populations of D. koepferae also indicates a 
degree of di\ ergence ( D  = 0.131 1. being within the 
range often found when geographical races are 
compared. 

Although chromosomal and allozvmic data sug- 
sest an incipient racial differentiation among D- 
koepr't-rue populations. this is not sustained by re- 
productive isolation tests In fact. populations of 
both geographic areas can be crossed and produce 
abundant F and F_ offspring similar to crosses be- 
tueen populations belonging to the same region 
unpublished results 1. 

Acknowledgments 

T!::' paper \t as w ritten v. hile A F spent a sabbatical 
l e ~ i  c ~t the ['nit ersiti of Georgia, Athens, sponsored by 
a personal grant from tlie I S.-Spain Joint Committee 
t u r  Llentific iiil~! Tech~mlc~ical cooperation. We 
ackiiov. ledge the helpful comments 011 this paper sug- 



, I Wyatt .inderson and John F. McDonald (De- 
, n t  of Genetics, Lniv. of Georgia!. We are in- 

to 15. K. ole Mazar-Barnett, M, de Brewer, A. 
, krr ,  H. H. 11unziker. \\'. F, Kirschbaum, C. Sar-  
, i t ~ n l  1,. Poggio who kindl! allowed us to use some 
if their laboratory facilities in Argentina or helped us 
,vitll advice or both \f'e are also grateful to J. Borisov, 
1 E. Cocucci, M. A Delfino, lZ Palacios. R. Subils, and 
F \.erwoorst for their helpful discussions on Argentinian 
p\,vtogeography zones, cactus identification, and help on 

field nark. We are ier! grateful to F. Vervvoorst and 
M. Cr'iissi (Institute Miguel Lillo. Tucumin. Argentina) 
, ti~i'ir support and help during two collecting trips 

ilirr 1979 and December 1982) to the northwest 
ttiiia by two of us (A.F. and A R I .  We thank 

, i n i . i l  Drosophila Species Resource Center (Bowl- 
, ! <  CX-VII State L'ni~ersit! for providing us the D. serido 
stocks, and 0. Janer (Electron Microscope Service, Lni- 
,ersidad Aut6noma de Barcelona) for his advice and 
technical assistance in the E\l work. This research has 
bee:) supported by Grant No. 0910 81 auarded by Com- 
;.',&I Asesora para la Investigaci6n Cientifica y Tecnica 
c.JICYT). Spain, to A.F 

References  Cited 

\>i>e. J .  C. & Ch. F. Aquadro. 1982. A comparative 
summary of genetic distances in the vertebrates. Evol. 
Biol. 15: 151-165. 

.tyala, F. J .  1975. Genetic differentiation during the 
speciation process. Evol. Biol. 8: 1-76, 

[iaimai, V., F. M. Sene & M. A. Q. R. Pereira. 1983. 
Heterochromatin and karyot!pic differentiation of 
some neotropical cactus-breeding species of the Dro- 
,ophila repleta species group. Genetica 60. 81-92. 

Hi : I , , \ .  S. M. & A. C. Wilson. 1982. Molecular 
o n  in Drosophila and higher Diptera. I. Micro- 

.~!lriiient fixation studies of a larval hemol!,mph 
protein, J .  Mol. Evol. IS: 251-264. 

084. Molecular e\olution in Drosophila and the higher 
Diptera. 11, A time scale for fly evolution. J .  Mol. 
Evol. 21: 1-13. 

1985. Ancient origin for Hawaiian Drosophilidae in- 
ferred from protein comparisons. Proc Natl. .\cad. 
Sci. L'SA 82: 4733-4757. 

Iliillini. L. 1983. Taxonomic and evolutionary infer- 
: c e >  from electrophoretic studies of various animal 

. pp. 179-192. In  G. S. Oxford & D. Rollinson 
Protein pol! morphism: adaptive and taxonom- 

~~ginficance. Academic. New York. 
:iibrera. \ .. A. M. Gonzalez. J. Larruga & A. Gull6n. 

1983. Genetic distance and evolutionarv relation- 
ships in the Drosophila o6scura group ~volut ion 37: 
675-6S9. 

Oirson, H .  L. 1976. Inference of the time of origin 
of some Drosophila species. Nature 259- 395-396. 

1,;llrrnan. L. 1965. Direct oba?r\ation of sexual iso- 
'ition between allopatric and between sympatric 

' nf the different Drosofiliila pauhstorum races. 
1 1 1  19: 459-464. 

1 ' "  , 'ni. A.  1982. Recent developments on the evo- 
~tlL11'idl\ histor! of the Drosophila n~ullt-ri complex 
in South .\merica. pp. 51-95 In J.  S F Barker and 
\\'. T. Starmer [eds.]. Ecological genetics and e\olu- 
tion. Academic. Sew York. 

';~~lzalez. A. M., V. Cabrera. J. Larruga & A. Gullon. 
1983. Molecular variation in insular endemic Dro- 
sophila species of the Macronesian Archipelago. Evo- 
I~ition :ST: 1128-1 140. 

Maclntyre, R. J. & G .  E. Collier. 1986. Protein evo- 
lution in the genus Drosophifa, pp. 39-146. In M. 
Ashburner, H. L. Carson & J. N. Thompson, Jr. [eds.], 
The genetics and biology of Drosophiia, vol. 3e. Ac- 
ademic. New York. 

Magolowkin-Cohen, C., A. S. Simmons & H.  Levene. 
1965. A study of sexual isolation between certain 
strains of Droso1)hila paulistornm. Evolution 19: 95- 
103. 

Xei, M .  1972. Genetic distance between populations. 
Am. Natur. 106: 283-292. 

Pereira, M .  A .  Q. R., C. R. Vilela & F. M. Sene. 1983. 
Notes on breeding and feeding sites of some species 
of the replrta group of the genus Drosophila (Diptera, 
Drosophilidae). Cienc. Cult. (Siio Paulo) 35: 1313- 
1319. 

Richardson. R. E.. P. Smouse & M .  Richardson. 1977. 
Patterns of molecular variation. I1 Associations of 
electrophoretic mobility and larval substrate within 
species of the Drosophila nwlleri complex. Genetics 
85: 141-154. 

Ruiz, A., A. Fontdevila & M. Wasserman. 1982. The 
evolutionary history of Drosophila buzsatii. 111. Cy- 
togenetic relationships between two sibling species of 
the buzzatii cluster. Genetics 101: 503-518. 

Sanchez, A. 1986. Relaciones filogeneticas en 10s clus- 
ters buzzatii > niartensis (grupo repleta) de  Dro- 
sophila. Ph.D. thesis, Universidad .iut6norna de  Bar- 
celona, Spain. 

Sene, F. & H. L. Carson. 1977. Genetic variation in 
Hawaiian Drosophila. IV. Allozymic similarity be- 
tween D. silwstris and D. heteroneura from the is- 
land of Hawaii. Genetics 86: 187-198. 

Sene, F. M., M. A. Q. R. Pereira & C. R. Vilela. 1982. 
Evolutionary aspects of cactus breeding Drosophila 
species in South America, pp. 97-106. In J. S. F. 
Barker & \V. T. Starmer [eds.], Ecological genetics 
and evolution. Academic, New York, 

Thorpe, J. P. 1982. The molecular clock hypothesis: 
biochemical evolution, genetic differentiation and 
systematics. Annu. Rev. Ecol. Syst. 13: 139-168. 

Vilela, C. R. 1983. A revision of the Drosophila re- 
pleta species group (Diptera, Drosophilidae). Rev. 
Bras. Entomol. 27: 1-114, 

Vilela, C. R. & F. M. Sene. 1977. Two new neotropical 
species of D. repleta group of the genus Drosophila 
(Diptera, Drosophilidae), Pap. Avulsos Zool. (Sao Pau- 
lo) 30: 295-299. 

Vilela, C. R., F. M. Sene & M .  A. Q. R. Pereira. 1980. 
On the Drosophila fauna of Chaco and east slopes of 
the Andes in Argentina. Rev. Bras. Biol. 40: 837-841. 

Wasserman, M. 1982. Cytological evolution in the 
Drosophila repleta species group. pp. 44-64, In J.  S. 
F. Barker & \V. T. Starmer [eds.]. Ecological genetics 
and evolution. Academic, New York. 

Wasserman, M. & R. Koepfer. 1977. Character dis- 
placement for sexual isolation between Drosophila 
n~ojauensis and Drosophila arisoncnsis. Evolution 
31: 812-823. 

Wasserman, M.. A. Fontdevila & A. Ruiz. 1983. Po- 
tential gene exchange between South American Dro- 
sophila species. with description of a new species in 
the D. repleta (Diptera, Drosophilidae) group. Ann. 
Entomol. Soc. Am. 76: 675-677. 

Zouros, E. 1973. Genic differentiation associated with 
the early stages of speciation in the mulleri subgroup 
of Drosophila. Evolution 27: 601-621.. 

Received for publication 6 October 1986; accepted 2 
.Yoceder  1987. 


