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INTRODUCTION

In their monograph published in 1952,
Patterson and Stone knew of 613 described species of Drosophila. The number of known species has beeen growing
rapidly in recent years. This growth is
due to two causes. First, the Drosophila
fauna of somllepreviously unexplored regions is being investigated. Secondly,
some of the old "species" are being ana.
lyzed with the aid of genetic, cytological,
and ecological techniques. fn several instances, such arnalysis has disclosed the
existence of extremely interesting groups
of very closely related, and yet biologically
quite clearly independent, sibling species
which were previously confused under
one species name. The obscura species
group (Dobzhansky and Epling, 1944;
Dobzhansky, 1951; Buzzati-Traverso and
Scossirolli, 1952), the virilis group (Patterson and Stone, 1952), and the willistoni group (Burla et al., 1949) are
examples.
The neotropical faunal region contains
apparently the greatest diversity of species
of Drosophila. The study of Drosophila
of this region is still in an early exploration stage. Many territories have never
been studied for Drosophila, and the nature of most of the described species is
inadequately understood. The present
article reports the results of a study of the
evolutionary status of a cluster of related
species, which may be called the 1esophragmatica species group from the oldest described species Drosophila mnesophragrnatica Duda. Some species of this
group are quite common in parts of Peru,
1 This work has been supportedin part by a
grant from the Rockefeller Foundation.
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Bolivia, Chile, and Argentina. The six
species which we are able to distinguish
are extremely favorable as materials for
genetic and evolutionary studies. They
are easily reared in the laboratory, and
their chromaosomesare easily stained and
analyzed in microscopic preparations.
Finally, a comparative investigation of
these species discloses iulteresting evolutionary relationships.
A REVIEWOF THE TAXONOMICSTATUS
The name Dr-osophila nesophragmatica
Duda (1927) belongs to a species collected at La Paz (Bolivia) and at Cuzco
(Peru), and described by its author on
the basis of examination of pinned and
dried specimens. In 1947, Pavan and da
Cunha found at Campos de Jordao (Brazil) some flies which seemed to fit Duda's
description of mnesophragmatica, and
which they used for a redescription of
this species. Jaeger and Salzano (1953)
described a form which is very abtundant
in the state of Rio Grande do Sul (Brazil), in Uruguay, and in a part of Argentina under the name of Drosophila gattcha.
Finally, Brncic (1957) reported the existence in Chile of a species which seemed
morphologically ratlher similar to that of
Pavan and da Cunha, as well as to that
of Jaeger and Salzano.
Owing to the kindness of Professor C.
Pavan of the University of Sao Paulo and
of Professor Cordeiro of the University
of Porto Alegre, we have obtained stocks
from Campos de Jordclo and from Rio
Grande do Sul. The crosses betweeen
them, as well as the crosses with the Chilean species, revealed that both Brazilian
forms belong to the same species. The
hybrids between them are completely fer-
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tile, and no differences can be found in
the salivary gland chromosomes. On the
other hand, hybrids between the Brazilian
and the Chilean strains are completely
sterile, and some chromosomal differences
between these strains are observed. This
leads to the conclusion that, although the
Brazilian and the Chilean forms are al-
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species which is namiedD. pavani (Brncic,
1957). The other two members of the
group are described as D. altiplanica (Bolivia) and D. orkui (Peru) by Brncic
and Koref (1957). A sixth species, collected in March 1957 at Machu Pichu
(Peru), by Dr. Marta Breuer of the
University of Sao Paulo, Brazil, and in
morphologically,
miost indistiniguishable
April, 1957, by Brncic in the same lothey most probably represent two differ- cality is described under the name of D.
viracochi Brncic and Koref (1957).
ent specific entities.
Now, which of these species correOf the six species mentioned in this
sponds to D. m/esophragmatica Duda? paper, samples of the populations have
Fortunately, thanks to the efforts of Mr. been analyzed from the following localiJ. Stiffel, who collected material in the ties: D. mesophragrnatica from Cuzco
neighborhood of La Paz, Bolivia, in 1955, (Peru) and La Paz (Bolivia) ; D. gaucha
it was possible to study aboout100 speci- from Campos de JordTo, Sao Paulo (Bramens of flies resembling D. nmsophrag- zil), Porto Alegre (Brazil), Cordoba
miaticafrom Duda's type locality. Later (Argentina) and San Luis (Argentina);
in the same year, one of the authors D. pavani from the Chilean provinces of
(Brncic) collected similar flies at Cuzco, Atacama (Copiapo and Vallenar), CoPeru. This- material proved to contain quimbo (La Serena, Vicuna, Paihuano,
four distinct species.
Ovalle), Santiago (Bellavista and ArBy means of morphological, cytological rayan), Colchagua (Los Alpes) and from
and breeding analysis, it has been found Mendoza and San Luis, both in Argenthat one of the Bolivian species is identi- tina; D. altiplanica from La Paz (Bocal with the Brazilian one. Other two livia) ; D. orkti from Cuzco (Peru), and
species also found in Bolivia are very D. viracochi from Machu Pichu (Peru).
similar to the first, but they failed to cross
The cultures of all these species are
each other. On closer ex- maintained on the usual Drosophila culwith it or w%xith
amination, it was found that they can be ture medium; the cytological studies of
distinguished by several minor morpho- the metaphase and salivary gland chromological features. Among the flies from somes are made with the aid of the acetoCuzco, Peru, one of the forms found is
orceine squash miethod.
identical to one of the Bolivian species,
while the other, although it has most
MORPHOLOGY OF THE SPECIES OF THE
traits in commnonwith the forms menMESOPHRAGMATICA GROUP
tioned, is clearly a new species in the
The following are the common traits of
group.
Comparing all the flies with the original the six species which can be included in
description of Duda, we conclude that the the mesophragmatica group: Brown
form founldboth in Ctlzco and in La Paz, forms; arista with 7 to 9 branches; carina
the type localities given by Duda, is the prominent and sulcate; 8 rows of acroone which agrees best with the type stichal hairs; mesonotum pollinose with
species. It is redescribed in this paper faint longitudinal stripes; abdominal terunder the name of D. rnesophragmnatica, gites with transversal blands, interrupted
Duda. The name, D. gaucha Jaeger and in the midline and diffusely spread out
Salzano, is maintained for the Brazilian towards the lateral angles; anterior Malspecies, including the one redescribed by pighian tubes free; posterior fused with
Pavan and Da Cunha as D. mesophrag- continuous lumen; members of the subm,tatca. The Chilean form is a sibling genus Drosophila.
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Color patterns of the abdomeen of D. pavani (1), D. gatccha
FIG. 1.
(2), D. mesophragmatica (3), D. altiplactica (4), D. orkiti (5), and D.
v7i1rfcnchi(6)

mnesophragmatica Duda, 1927
The essential characteristics of this species are as follows: Arista with 7 to 8
branches, 8 being the usual number; Antennae brown; third joint pilose and
darker than the other two. Front brown.
Space between the ocelli blackish, forming a triangle. Bases of all orbital and
vertical bristles dark brown, almost undistinguishable in color from the rest of
the front, only slightly pollinose. The
anterior orbital about the same size as
posterior; middle orbital about 34, to Y2
the length of other two. Only one prominent oral bristle; second one about 14 to
13 length of the first. Carina prominent
and sulcate, gradually broadening below.
Face grayish yellow. Cheeks grayish yellow, with some pollinosity, their greatest

Drosophila

width about 15 to

14

greatest diameterof

eye. Eyes wine red with dark pilosity.
Acrostichal hairs in 8 regular rows.
No prescutellars. Anterior scutellars divergent. Mesonotum dark brown, pollinose. Very faint diffuse darker streaks
inside and outside the dorsocentral rows.
Scutellum dark brown. Pleuras very
dark brown, with darker sutures. Sternoindex about 0.7. Legs tannish brown;
apical bristles on first and second tibiae,
preapical on all three. Abdomen light
yellow with dark brown bands on the posterior margins of each tergite, interrupted

in the miiiddle,and covering a little less
than /-2 of the segment width. On the
lateral mnargins,the bands expand forwards reaching the anterior border of the
tergite and formiing solid black areas. In
fenmalesthe last abdomiinalsegment almost
entirely yellow, or only slightly darkened.
Wings clear, slightly tannish. Veins
light brown; anterior crossvein slightly
clouded, posterior crossvein a little more
clouded. Apex of first costal section
with two prominient bristles of equal
length; third costal section with heavy
bristles on its basal 16 to ?. Costal index
about 3.3; 4th vein index about 1.4; 5x
index about 1.0; 4c index about 0.70.
Length body about 2.9 to 3.6. Wings
about 2.8 - 3.1 mm. Testes yellow with
about 3 to 4 inner and 5 outer coils.
Spermatic pump with two posterior diverticula. Ventral receptacle with about
30 coils. Spermathecae cherry-shaped,
brown, chitinized, with a strongly marked
base.
Drosophila gaucha Jaeger and Salzano,
1953
The description of this species was
based on specimens collected at Muitos
Capoes, Rio Grande do Sul, Brazil, in
June 1952. According to a personal comnmunication from the authors, the species
is abundant in the South of Brazil, in
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Uruguay, and Argentina. It is easily distinguished from D. mtesophragmnatica by
several characteristics: General color
lighter, yellowish brown; markings of the
abdomnenfainter and more diffuse; all
segments in the female of the same color;
third costal section with heavy bristles
on its basal 14 or less.
Dr-osophila pavani Brncic, 1957
This species is difficult to distinguish
from D. gaucha by its morphological
characteristics; nevertheless, when both
forms are examined simultaneouly under
the microscope they may be separated by
some minor details: In D. gaucha the
bases of the orbital and vertical bristles
cannot be distinguished clearly from the
neighboring regions, nor do they have
the silvery reflections of the Chilean species; 5x index in D. pavani is 1.32 ? 0.13
in males and 1.27 ? 0.14 in females,
while in D. gaucha it is 1.09 ? 0.08 in
males and 1.02 ? 0.07 in females. The
external genitalia of the males are also
different in both species; the lower margin of the clasper is a little straighter
in D. pavani; the lower margin of the
genital arch is strongly convex and forms
a prominence in the Brazilian species,
while in D. pavani this convexity is not
so pronounced.
Drosophila altiplanica Brncic and Koref,
1957
This species differs from D. mesophragnatica in the following main characters:
Arista with about 8 to 9 branches, 9 being
most frequent; last two tarsal segments
blackish; posterior dark brown bands on
the abdominal segments thinner and apparently uninterrupted in the midline; the
last segments of the females with the same
markings as the others; the ventral receptacle in the females with about 40 to 45
coils.
Drosophila orkui Brncic and Koref, 1957
This species is darker in color than the
other members of the group; the mesonoturn is dull dark brown, darker in the

midline and a little more strongly striped
than the others; sterno-index about 0.5 0.6; legs tannish brown with darkened
coxae; third costal section with heavy
bristles on its basal 14 to ?.
Drosophila viracochi Brncic and Koref,
1957
Differs from the other species of the
group in having only 7 bran-lchesin the
arista, andl in having the anterior scntellar bristles convergent.
Excepting D. gaitcha and D. pavani,
the species members of the group can be
distinguished by examination of their
external morphology. The following key
may be used for recognition of the species:
1. Anterior scutellar bristles divergent .....
Anterior scutellars convergent

2

D. viracochi

2. Third costal section with heavy bristles on
its basal ' or less . .
3
Third costal section with heavy bristles on
its basal 4 or more .........
4
...........
3. Arista with 7 to 8 branches; costal index
3.3; dark bands on- the posterior margins
of the tergites clearly interrupted in the
middle

..

D. lmcsoplhrag11atica

Duda.

Arista with 8 to 9 branches; costal index
about 4; dark bands on the posterior margins of the tergites, diffusely or faintly interrupted in the midline
D. altiplaitca Briicic and Koref

4. Mesoniotumdull dark brown, darker in the
midline with several faint light stripes, legs
tannish brown with coxas darkened
D. orkutiBrncic and Koref.
Mesonotum brown; legs yellow
D. pavanii Brncic, or
D. gaucha Jaeger and Salzano,
GEOGRAPHICDISTRIBUTION

Data on the geographic distribution of
the six known members of the mnesophragmatica group are represented in figure 2.
D. miesophragmtaticahas been reported
from Bolivia (La Paz) and from Peru
(Cuzco and Machu Pichu); D. orkwi and
D. viracochi have been collected only in
Peru (Cuzco and Machu Pichu, respectively) ; D. altiplanica is described from
Bolivia; D. gaucha has been found in
Southern Brazil, in Uruguay, Argentina
and Bolivia; and D. pavani in Chile, and
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FIG.

2. Known geographic distribution of the six members of the
inesopthragmatica group.

in a part of Argentina close to the Eastern
slope of the Andes.
Summarizing, D. viracochi, D. mesophragmatica and D. orkui are sympatric
in Peru (Cuzco) ; D. mesoplh-agmatica,
D. altiplanica and D. gaucha are sympatric
in Bolivia (La Paz), while D. gaucha and
D. pavani overlap in a small region in
Argentina (province of San Luis).
According to a personal communication
from Professor Wheeler, of the University
of Texas, specimens very similar to D.
altiplanica or D. orkui have been collected
by Dr. W. B. Heed in the mountains near
Bogota, Colombia, at about 11,000 feet of

altitude. In any case, with the exception
of D. gaitcha, most of the species of this
group seem to be fundamentally Andean.
Its miembersare abundant in nature, and
in some places they are the dominant species of Drosophila. For example, at some
collecting spots near CLzco, Peru, the
members of this group made up a 51.35%o
to a 95.23% of the total Drosophila flies
obtained. The same situation seems to
exist at La Paz, Boliva, although there are
no exact quantitative data from there.
In the north-central part of Chile, D.
pavani is the most abundant species, and
in some collections it forms up to three-
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quarters of all individuals of Drosophila
found (Atacama). Professors Pavan and
Cordeiro inform us that D. gaucha is relatively scarce in Brazil. In Argentina it
is probably more abundant. It seems to

live by preference at certain altitudes.
For example, in the "Sierra" of Cordoba
(Argentina) it makes up 31.84%o,and in
the "Sierra" of San Luis (Argentina)
16.8%oof the specimens of the genus.
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FIG. 3. The X-chromosome of D. pavani and the distal portions of the
autosomes of D. pavani and D. gaucha. The arrow indicates the heterochromatic zone of the X-chromosome, the location of which distinguishes
D. pavani from the other members of the group. The double inversion in
the lower part of the figure occurs in the hybrid X-chromosomes in the
cross D. pavani by D. gaucha.
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FIG. 4. Gene homologies and inversions found in the hybrids betweeen D. gactha
and D. mesophragmatica. 1. X-Chromosome; 2. Left arm of the fourth chromosome; 3. The third chromosome; 4. The second chromosome; 5. Right arm of the
fourth chromosome.

CHROMOSOMES

Pavan and da Cunha (1947) and Jaeger
and Salzano (1953) have studied the
caryotype of D. gaucha and Brncic (1957)
that of D. pavani. The metaphase chromosomes of the mesophragmatica group
are shown in figure 5. D. pavani, D.
gaucha and D. viracochi all have one pair
of V shaped chromosomes, 3 pairs of rods,
one of which is the X-Y pair, and one
pair of dots. D. altiplanica has the same
basic chromosomal configuration, although

its dots are slightly elongated, and one of
the pairs of rods is bent, giving the impression of small V's. D. mesophragmatica and D. orkui both have one pair
of V's and four pairs of rods, one of which
is shorter than the rest. The sex pair also
corresponds to one of the pairs of rods.
In contrast to what is observed in the
metaphase plates, the structure of the
salivary gland chromosomes is very similar in all six species. There are 5 long
euchromatic arms which converge to-
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wards a large heterochromatic chromocenter, in which is embedded a small
strand, corresponding to the dot-like chromosome. Figure 3 shows the distal free
ends of the euchromatic arms, as they are
seen in D. pavani and D. gaucha. Slight
differences in the disc patterns in these
arms permit the identification of the species from cytological preparations. The
homologies between D. pavani or D.
gaucha and D. rnesophragmatica's chromosomes may also be seen in figure 4.
The fact that in the salivary gland chromosomes of D. mesophragmatica and D.
orkui there are only 5 euchromatic arms
instead of 6, as should be expected according to the metaphase plates, may indicate that one of the rods, probably the
shortest one, corresponds to the dot observed in the other members, which has
been modified through the addition of
extra heterochromatin, as has been suggested by Wharton (1943) for other species. On the other hand, the fact that
D. aitiplanica has the same basic chromosomal configuration, when theoretically
it should have 6 euchromatic strands, as
one of the pairs of rods has been replaced
by a pair of V's, indicates that in this
case the shape does not reflect the position of the centromere, and that these
chromosomes are most probably acrocentric instead of metacentric. The V-like
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shape could be due to the presence of a
secondary constriction.
REPRODUCTIVE

ISOLATION

A study of the reproductive isolating
mechanisms which prevent the exchange
of genes between closely related species is
essential for an understanding of the evolutionary status of these species. Evidence is available to show that the natural
populations of the six species of mesophragmatica group are reproductively isolated. No gene exchange is taking place
between these species, even when they are
sympatric. This applies as well to the
sibling species, D. gancha and D. pavani.
Individual as well as mass culture
crosses have been tried out between all
the members of the mnesophragmatica
group (see table 1). Virgin females
were aged in isolation for 5-8 days before being placed with males of other
species. The flies were then kept either
at 16' or at 25? C. If no larvae appeared,
the females were dissected after exposures
to the males for periods up to 30 days.
The ventral receptacles of the females
were examined under the microscope for
the presence of spermatozoa.
D. gaucha and D. pavani mate freely
under the laboratory conditions. Hybrids
are produced in almost all crosses of
these species, but they are nearly always

a fiplanica

A
mnsophragmatica

/t
o r k ui

Metaphase plates and hypothetical phylogenetic relationships of the six
members of the mesophragmatica group.
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Prodiuction or non-production of hybrids in crosses between different species
of the mesophragmatics species group
Females

_

Males
rnesophragmatica

mesophragmatica
gaucha

gatucha

pavaaii

orkai

altiplanica

viracochi

none

few pupae

none

none

none

none

none

none

none

none

few pupae
sterile,
some ciTciT
occasionally
fertile

pavani

few pupae

sterile
9 9

and
orkui

none

none

none

altiplanica

none

none

none

none

viracochi

none

none

none

none

none

none
none

none

sterile. The hybrid flies may copulate spermatozoa in the sperm receptacles of
with each other or with representatives of females of foreign species.
the parental species; however, spermatozoa occasionally found in the ventral re- PROBABLEPHYLOGENETIcRELATIONSHIPS
IN THE MESOPHRAGMATICA
ceptacles of hybrid females are inactivated.
SPECIES GROUP
Only in two instances, F1 hybrid males
from the cross pavani ? by gaucha &were
The six species of the iiiesophragniatica
fertile when backcrossed to pavani fe- group are obviously closely related. They
males. Other crosses which have pro- are morphologically very close, and D.
duced a few hybrids are mnesophragmnaticagaucha and D. pavani are sibling species
? by gautchae and mesophragrnatica? by which cannot be distinguished by any of
pavani S. Occasionallysome larvae are the traits commonly used in Drosophila
found in the cultures, and they form taxonomy. Nevertheless, the reproducscattered pupae, which die without giving tive isolation seems to be complete. The
rise to adult hybrids.
areas of D. gaucha and D. pavani overlap
All other crosses produce no progeny in a part of Argentina, but no indications
whatever. However, the failure to pro- of even occasional hybridation have been
duce progeny is not due to lack of copu- observed. D. gaucha, D. mesophraglation. In fact, inseminated females can niatica and D. altiplanica are sympatric
be found in most crosses, but the few in Bolivia, and D. rnesophragmatica, D.
sperms which can be seen in the ventral orkuti and D. viracochi are sympatric at
receptacles are always inactive. The eggs Cuzco, Peru.
laid by such females are always unfertiSince most of the species fail to prolized. The most effective reproductive duce hybrids, it is not possible to make
isolating mechanism operative in these detailed comparisons of the gene arrangecrosses is, therefore, the inviability of the ment in their chromosomes by observing

MESOPHRAGMATICA GROUP: DROSOPHILA

the paring of homologous chromosomes in
the hybrids. A comparative study of the
chromosomes in metaphase plates and in
salivary gland cells permits, nevertheless,
some inferences concerning the possible
phylogenetic relationships between the
species of the group. Figure 5 indicates
the probable phylogenetic arrangement.
The sibling species D. gaucha and D.
pavani are obviously the closest relatives.
Figure 5 shows that their metaphase
chromosomes are identical. However,
the gene arangement in their chromosomes
has diverged appreciably, as shown in
figure 3. The hybrids show a double
overlapping inversion in the basal part of
the X-chromosome. Because of these inversions, a large heterochromatic section
which is submedian in D. pavani is subbasal in D. gaucha. This trait, easily
visible in preparations of the salivary
gland chromosomes, distinguishes D. pavani from D. gaucha. In fact, it distinguishes D. pavani from the other four species as well, since in all members of the
group, except D. pavani, the heterochromatic section in the X-chromosomes occupies a subbasal position.
D. viracochi has, like D. gaucha, the
heterochromatic section in the X-chromosome in a subbasal position. The
former species is, on this basis, considered closer to D. gaucha than to D. pavani,
and it is placed accordingly in figure 5.
D. nesophragmatica and D. orkui are
-probably related, since they have identical
metaphase configurations, although they
do not cross and differ in some externally
visible traits. Sinice the crosses of D.
rnesophragmatica to D. gaucha and D.
pavani produce a few hybrids which die
in the pupal stage, it may be inferred that
these species are closer to each other than
they are to D. orhui. The study of the
chromosomes in the salivary glands of
the hybrids gives very interesting restults,
shown in figure 4. The evolutionary divergence between D. mesophragiatica
and D. gaucha has involved formation of
paracentric inversions. In fact every
chromosome differs in the gene arrange-
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ment from the corresponding chromosome
in the other species. There exist multiple
inversions, as well as a lack of pairing of
certain sections, the latter apparently due
to lack of homology between some of the
bands.
Since D. altiplanica has failed to cross
to any other species, it is difficult to establish its position securely. The V shape
acquired by one of the pairs of rods also
separates this species from the rest of the
group. The metaphase configuration,
nevertheless, suggests that D. altiplanica
is near to D. gaucha and D. viracochi.
SUMMARY

Six species of the subgenus Drosophila.
living in South America, have been included in the new mnesophragmaticaspecies group: D. mnesophragmaticaDuda,
D. gautchaJaeger and Salzano, D. pavani
Brncic, D. altiplanica sp. nov., D. orkui
sp. nov., D. viracochi sp. nov.
With the exception of D. gaitcha and
D. pavani, which exhibit only cryptic
morphological differences, all the other
members can be distinguished by their
external characteristics.
The six species show varying degrees
of reproductive isolation. D. gautchaand
D. pavani mate freely under laboratory
conditions, but the hybrids are always
sterile. Hybrids between D. mnesophragmnaticafemales and D. gaucha or D. pavani
males are rarely produced and develop
only to the pupal stage. Most of the other
species copulate, but the sperm are rapidly inactivated, and the eggs which the
females lay are not fertilized. In addition, there is good chromosomal and genetic evidence to show that no gene exchange takes place in the natural populations of the six species of the group, in
spite of the fact that some are sympatric
in certain regions, including the two sibling species D. pavani and D. gaucha.
All six species have five pairs of chromosomes in the metaphase plates. D.
gaucha, D. pavani and D. viracochi have
one pair of V's, three pairs of rods and
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one pair of dots. In D. mesophragmatica helped in the collecting trips in these
and D. orkui, the dots are transformed by countries.
addition of heterochromatin into a pair
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