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INTRODUCTION

Species in sexual cross-fertilizing or-
ganisms are reproductively isolated popu-
lations. Such populations may or may
not be distinguishable in morphological
characteristics. Mayr (1942) has pro-
posed the designation ‘“‘sibling species”
for species that are morphologically simi-
lar or identical. Camp and Gilly (1943)
have called such species phenons, and
other authors have referred to them as
physiological species (Lancefield, 1929),
cryptic species, etc. The theoretical in-
terest of sibling species lies in that their
existence shows that reproductive isola-
tion may arise without divergence in mor-
phological traits, and that physiological
differences are mnot necessarily accom-
panied by morphological ones.

As disclosed especially by the work of
J. T. Patterson and his school, the genus
Drosophila contains several groups of
closely related species with small morpho-
logical differences between them. The
present article reports the results of a
study of a cluster of four sibling species
native to tropical America, that previously
have been confused under the name of
Drosophila willistoni Sturtevant.

Drosophila willistoni Sturtevant and Dro-
sophila paulistorum Dobzhansky and
Pavan, sp.n.

In 1896, Williston described Drosoph-
tla pallida, a species from the isle of St.
Vincent, in the West Indies. The name
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being preoccupied, Sturtevant changed it
in 1916 to willistoni. Sturtevant (1921)
and Patterson (1943) recorded this spe-
cies from a fair number of localities in a
territory extending from the Bahamas,
Florida, Cuba, and Mexico, through the
West Indies and Central America to
Brazil.

In 1943, Dobzhansky and Pavan ex-
amined a series of cultures of willistoni-
like flies descended from progenitors cap-
tured in the state of Sdo Paulo, Brazil.
These cultures fell into two classes, the
flies in some cultures being larger than
those in others. A more detailed exami-
nation revealed other minor morphological
differences between the large-bodied and
the small-bodied flies, and an examination
of the salivary gland chromosomes sug-
gested that these were different as well.
This led to the inference that two distinct
although morphologically very similar
species were involved, one of them being
willistons Sturtevant and the other a new
one, to which the name paulista Dobzhan-
sky and Pavan was given. Since neither
living nor preserved material from out-
side Brazil was available to Dobzhansky
and Pavan in 1943, they conjectured that
the species found more frequently among
their cultures, which happened to be the
small-bodied species, corresponded to
willistoni, while the less frequent species
was a new one, to which the name paulista
was assigned. We now believe that this
conjecture was an unfortunate one.

Through the courtesy of Professor J. T.
Patterson, we received a culture of wil-
listoni-like flies from Quirigua, Guate-
mala, and Professor John A. Moore
kindly collected several strains for us at
Axtla, in the state of San Luis Potosi,
Mexico. These strains proved to inter-
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cross freely with the larger-bodied flies
from Brazil. If the species described by
Williston from the Isle of St. Vincent is
identical with that found in Mexico and
Guatemala, a nomenclatorial confusion
must be faced, because, in accordance with
the Rules of Nomenclature, the name wil-
listoni Sturtevant would necessarily ap-
ply to the large-bodied Brazilian species to
which the name paulista was given by
Dobzhansky and Pavan. The name paul-
tsta would thus become a synonym of
willistoni. The smaller Brazilian species,
designated as willistoni by Dobzhansky
and Pavan, would then require a new
name.

The situation can not, however, be de-
finitively settled without examination of
living material from St. Vincent and of
Williston’s types, which are preserved in
the British Museum. We have been un-
able to examine either, and there is no
immediate prospect of our doing so;
furthermore, it may not be possible from
examination of Williston’s long-dried
specimens to decide which of the four
sibling species (see below) they represent.
Under the circumstances, we are adopt-
ing the following course as temporary
expedient that reduces to a minimum the
confusion in the existing literature. The
name willistoni Sturtevant is applied to
the larger of the two species found in the
state of Sdo Paulo. It is identical with
that known to live in Guatemala and in
Mexico (the willistoni of Patterson, 1943 ;
Patterson and Mainland, 1944 ; Dobzhan-
sky and Mayr, 1944; and Dobzhansky,
1946 ; but not of Dobzhansky and Pavan,
1943). For the smaller of the two spe-
cies found in the state of Sdo Paulo, to
which, apparently erroneously, the name
willistons was applied by Dobzhansky and
Pavan (1943), the name paulistorum is
hereby proposed.

Drosophila paulistorum Dobzhansky and
Pavan, species nova

Body smaller than in Drosophila wil-
listoni Sturtevant, wings shorter, costal
index lower, 4th vein and 5 X indices
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higher, branches in the arista fewer,
width of the front between the eyes
greater. The base of the middle orbital
bristle only a little posterior and very
close to the base of the first orbital.

Type locality: Mogi das Cruzes, state
of Sdo Paulo, Brazil.

Type in the Departamento de Zoologia
of the Museum of Sdo Paulo.

Ten strains of paulistoruwm from Mogi
das Cruzes, in the state of Sdo Paulo, and
nine strains of willistont, from the same
locality, have been identified by their sali-
vary gland chromosomes, as described
below. Five females and five males were
taken from each strain, and the length of
the body, wing length, costal index, 4th
vein index, and 5 X index were measured
and the number of branches in the arista
counted. The flies measured were raised
under optimal feeding and temperature
conditions. The body length was meas-
ured as the sum of the distances from the
antenna to the base of a halter and thence
to the end of the anal tubercle. The data
are summarized in table 1. It can be

TaBLE 1. Comparison of certain traits in
Drosophila paulistorum sp. #. and
Drosophila willistoni Sturtevant

Trait Species M £m Limits
Body-length (mm.) | paulistorum Q| 2.44-£0.02 |2.00-2.70
Body-length (mm.) | willistoni @ 2.65+0.02 |2.20-3.00

2.10-:0.014| 1.85-2.30
2.18 4-0.015| 2.00-2.40

2740.013| 2.10-2.40
47 40.013| 2.30-2.60
.0
1

Body-length (mm.) | paulistorum
Body-length (mm.) | willistoni &

Wing-length (mm.) | paulistorum @
Wing-length (mm.) | willistoni Q@

2.

2.
Wing-length (mm.) | paulistorum | 2.0140.013(1.80-2.20
Wing-length (mm.) | willistoni & 2.15+0.012| 2.00-2.35
Costal index paulistorum | 2.0140.02 |1.80-2.25
Costal index willistoni @ 2.1240.02 |2.00-2.35
Costal index paulistorum &' 1.87 £0.02 | 1.70-2.10
Costal index willistoni & 2.00+£0.02 | 1.90-2.15
4th vein index paulistorwm 9| 2.0340.02 | 1.80-2.30
4th vein index willistoni @ 1.9240.02 | 1.60-2.20
4th vein index paulistorum | 1.934+0.02 | 1.70-2.10
4th vein index willistoni & 1.90 £0.02 | 1.65~2.40
5 X index paulistorum Q| 2.01£0.03 |1.70-2.25
5 X index willistoni @ 1.78 40.03 |1.55-2.10
5 X index paulistorum 3| 1.90240.03 | 1.65-2.30
5 X index willistoni &t 1.88 £0.03 | 1.65-2.35
Branches of arista | paulistorum @ |10.66 £0.08 10-12
Branches of arista [ willistoni @ 11.51 +0.07 10-12
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seen that paulistorum has a smaller body,
a shorter wing, lower costal index, higher
4th vein and 5 X indices, and a lower
number of branches in the arista than
does willistoni. However, the variation
in all these traits is sufficient to make the
measurements of the two species overlap
broadly. Additional, and more satisfac-
tory, distinguishing characters are given
below.

Drosophila willistoni strains, the spe-
cific identity of which has been ascertained
either by hybridization with known strains
of the same species or by cytological
methods, have been found in the following
localities: Mexico, San Luis Potosi:
Axtla; Guatemala : Quirigua ; Brazil, Ter-
ritory Rio Branco: Rio Uraricoera, north
of Boa Vista, Rio Mucajai south of Boa
Vista; Amazonas: several localities along
Rio Negro between the mouth of Rio
Branco and Manaos; Territory of Acre:
Rio Méa, Cruzeiro do Sul, Japiim, Pal-
mares; Territory of Guaporé: Porto
Velho; Isle of Marajé: Cape Maguari,
Soure; Pari: Belem; Maranhdo: Im-
peratriz, Carolina ; Bahia : Salitre, Catuni;
Goyaz: Palma, Monjolinho ; Federal Dis-
trict: Rio de Janeiro; Sdo Paulo: Piras-
sununga, Campinas, Mogi das Cruzes, Sao
Paulo, Bertioga, Vila Atlantica, Itanhaem;
Parana: Paranagui, Foz de Iguassu,
Iguassu National Park; Rio Grande do
Sul: Santo Angelo, Reuter; Bolivia:
Santa Cruz de la Sierra; Argentina, Ter-
ritory of Missiones, Iguassu.

Strains of Drosophila paulistorum,
identified cytologically, have been col-
lected in all the localities in Brazil and
Bolivia in which D. willistoni has been
found, except Catuni, and the places in
the states of Parand and Rio Grande do
Sul; D. paulistorum has not been found
in Mexico, Guatemala, or Argentina.
The two species are, consequently, sym-
patric in a large territory including most
of Brazil.

Drosophila equinoxialis Dobzhansky

A strain of flies from Tefé, Amazonas,
which when collected was not distin-
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guished from willisioni, proved to belong
to a morphologically very similar but re-
productively completely isolated species,
described as D. equinoxialis Dobzhansky
(1946). D. equinoxialis flies are similar
to D. willistons, although, as in the case of
D. paulistorum, the variation curves over-
lap broadly. Professor H. T. Spieth dis-
covered that the canal uniting the chiti-
nous speramatheca with the vagina is
cup-shaped in willistoni and vase-shaped
in equinoxialis (Spieth, 1949).
Genetically or cytologically identified
strains of D. equinoxialis have been col-
lected in the following localities in Brazil.
Territory of Rio Branco: Rio Uraricoera,
north of Boa Vista, Rio Mucajai; Ama-
zonas: Tefé, several localities along the
lower Rio Negro; Territory of Acre: Rio

* Mba, Japiim, Cruzeiro do Sul, Palmares;

Territory of Guaporé: Porto Velho;
Para: Belem; Maranhio: Imperatriz,
Carolina; Goyaz: Palma. The distribu-
tion area of D. equinoxialis is included in
those of D. willistoni and D. paulistorum.

Drosophila tropicalis Burla and da Cunha,
species nova

Male and female: Arista with 10-12
branches, 11 being the mean number. An-
tennae yellow, third segment darker, with
a rather dense and long pilosity. Front
dull yellow. Anterior orbitals slightly
shorter than the posterior, middle one %
posterior. Two or three prominent orals.
Face pale yellow. Carina short, gradu-
ally falling off below, not sulcate. Cheeks
pale yellow, their greatest width about %4
greatest diameter of eye. Eyes bright red
with a short yellow pile.

Acrostichals in 6 rows, the lateral rows
irregular. No prescutellars. Anterior
scutellars parallel or slightly convergent.
Thorax tannish-yellow, shining, pleurae
lighter. Anterior sternopleural about %
posterior and much thinner, middle one
slightly longer than the anterior. Legs
pale yellow; apical bristles on first and
second tibiae, preapicals on all three.
Abdomen yellow with diffuse brown mar-
ginal bands not interrupted in the middle
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and fading out laterally. Wings clear.
Two prominent bristles at the apex of
first costal section; third costal section
with heavy bristles on its basal 34. Costal
index @ 1.9-2.2, & 1.8-2; 4th vein index
Q19-21, & 1.8-195; 5 X index @ 1.4-
20, & 1.3-1.7.

Length of body Q@ 2.4-2.7, & 2.00-2.25
mm.; wings 2.2-2.8 mm. Two anterior
and two posterior Malpighian tubes, ends
free.

Testes yellow with 2 outer and 3 inner
coils.  Spermathecae spherical, weakly
chitinized, with an indentation.

Ventral receptacle a long tube forming
a flat spiral bent into a W-shaped plate
resting on the vagina.

Eggs—two filaments greatly expanded
and flattened distally, about 34 as long as
the egg itself.

Puparia—brownish yellow, horn very
short, each anterior spiracle with 11-12
short branches.

Chromosomes—metaphase plate shows
two pairs of Vs, one of which is distinctly
longer than the other, and a pair of rods.

Type in the Departamento de Zoologia
of the Museum of Sdo Paulo.

Remarks—The differences from D. wil-
listoni, D. paulistorum, and D. equinoxi-
alis are minor and overlapping, although
doubtless significant statistically.

Geographic  distribution — Brazil,
Goyaz: Palma (type locality), Monjo-
linho; Territory of Rio Branco: Rio
Uraricoera, north of Boa Vista, Rio Mu-
cajal; Amazonas: several localities along
the lower Rio Negro; Territory of Acre:
Rio Moéa, Cruzeiro do Sul, Japiim, Pal-
mares; Guaporé: Porto Velho; Island of
Marajé: Cape Maguari; Pard: Belem;
Maranhdo : Imperatriz, Carolina ; Bolivia :
Santa Cruz de la Sierra. D. tropicalis is,
thus, sympatric with the other three sib-
ling species.

CHROMOSOMAL DIFFERENCES

The four sibling species have the same
metaphasic chomosome groups: a pair of
V-shaped X or Y-chromosomes, a pair of
V-shaped second, and of rod-shaped third
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chromosomes. In the nuclei of the larval
salivary gland cells, there are five chromo-
some strands that can be recognized by
the patterns formed by the stainable discs
which they contain (Plate 1) ; the strands
designated as XR and XL correspond to
the X-chromosome and carry the sex-
linked genes; IIR and IIL are the two
branches of the second chromosome and
carry the second linkage group; and III
is the chromosome which is rod-shaped
at metaphase and carries the third link-
age group. (The correspondence between
cytologically visible chromosomes and
linkage groups has been established by ex-
amination of certain chromosomal aber-
rations in D. willistont, unpublished data).

The disc patterns in the free terminal
portions of the XR, XL, IIR and IIL

* chromosomes are sufficiently similar in

the four sibling species, so that these chro-
mosomes can easily be recognized as such
in all four species. The fifth chromo-
some strand, which must represent the
third chromosome, is however strikingly
and characteristically different (Plate 1).
In D. willistoni the free end of the third
chromosome contains three fairly dark
discs, followed by a short light area and by
a group of four very dark discs; at about
the middle of the length of the portion
drawn in Plate 1, there is a long section
that contains only faint discs composed of
dots, and which in most cells appears as a
somewhat swollen “bulbous” segment.
In D. paulistorum and D. equinoxialis,
the free end of the third chromosome
forms a spindle-shaped “head” with a
fairly dark disc in the tip and two dark
discs in the “neck” ; this is followed proxi-
mally by a long segment with only light
discs which is, however, not swollen;
proximally to that is a segment in which
some dark discs appear, and another light
and often swollen section (Plate 1). In
D. tropicalis the free end is light and
usually expanded fan-like, followed by a
group of four very dark discs, and by a
light and often much swollen area (Plate
1). The free end of the third chromosome
conclusively serves to identify D. <wil-
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poulistorum  equinoxiolis  tropicalis

Prate 1. The distal portions of the right limb of the X-chromosome, of the third chromo-
some, and some of the inversions found in natural populations of Drosophila willistoni and
its relatives.
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listoni and D. tropicalis, and to distinguish
both of them from D. paulistorum and D.
equinoxialis.

The terminal portions of the XR
chromosome are similar in the four spe-
cies but the middle and the basal parts,
which contain characteristic mirror-image
“repeat” areas (drawn in all four species
in the upper portion of Plate 1) and large,
light, usually strongly swollen “bulbs”
(shown in XR of tropicalis in the upper,
and XR of equinoxialis in the lower part
of Plate 1), are different. The light bulbs
are located at about the basal third of the
length of XR in D. tropicalis, and within
the basal fourth in the three other species.
The “repeat” lies more proximally in D.
willistoni than in D. paulistorum and in
D. equinoxialis, and in the latter two
slightly more proximally than in D. tropi-
calis. The XR chromosome can be used
as well as the third chromosome for the
identification of the species, except that
D. paulistorum and D equinoxialis are
similar.

The basal portions of the chromosome
strands (attached to the chromocenter)
are as characteristic for chromosomes and
for species as are the terminal portions.
The IIR and IIL strands have similar
combinations of basal and terminal por-
tions in D. willistoni and D. tropicalis.
The same basal and terminal parts are
recognizable also in D. paulistorum and
D. equinoxialis, but in these two species
the base of what in D. willistons is desig-
nated as the IIR strand goes with the ter-
minal portion of what in the latter species
is the IIL strand, and vice versa. This
situation shows that a pericentric inver-
sion (including the centromere) has taken
place in the phylogeny of the sibling spe-
cies under consideration, so that the sec-
ond chromosomes of D. willistoni and D.

tropicalis differ from those of D. pauli-

storwm and D. equinoxialis in the distri-
bution of the genetic materials among the
right and the left limbs.

The IIL strand of D. equinoxialis
(Plate 1) differs from its homologues
in the other three species in having a
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light and slightly swollen portion, some-
what resembling that in the third chromo-
some of D. willistoni, in a subterminal
position.

The arrangement of the discs in the
salivary gland chromosomes is known to
reflect the linear arrangement of the genes.
The phylogeny of the four species here
described has, consequently, entailed a
considerable amount of gene rearrange-
ment, yet an amount not great enough to
make the chromosomes unrecognizable
by their disc patterns. The third chromo-
some has suffered more reconstructions
in the phylogeny than did other chromo-
somes, as attested by the fact that the
third chromosomes, except in D. pauli-
storum and D. equinoxialis, are identifi-
able only by a process of exclusion, since
their disc patterns have no obvious simi-
larities.  Concentration of rearrange-
ments in one of the chromosomes of a set
is known to occur in natural populations
of several species, such as D. pseudo-
obscura and D. persimilis (Dobzhansky,
1944) and D. nebulosa (Pavan, 1946),
although the causes of this concentration
are still obscure.

By the criterion of similarity of the
disc patterns, D. paulistorum and D.
equinoxialis are much closer to each other
than they are to the other two species, or
than these latter are among themselves.
A reservation that must be made is that
comparison of the disc patterns in chro-
mosomes of species that can not be hy-
bridized discloses only the major rear-
rangements that involve long sections of
chromosomes, while changes in position
of small groups of discs may be over-
looked.

MoRPHOLOGICAL DIFFERENCES BETWEEN
THE SPECIES

As far as the traits used in the formal
description now standard for Drosophila
species are concerned, D. willistoni, D.
paulistorum, D. equinoxialis, and D. trop-
icalis show only slight, although statisti-
cally significant, differences. With the
exception of the position of the anterior
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scutellar bristles, which distinguishes
tropicalis from the other three species,
these differences are subject to so much
variation and overlapping that determina-
tion of single specimens is often not re-
liable. We have therefore made a search
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for other differentiating traits, using flies
from a series of cultures identified as to
species by investigation of their chromo-
somes. Small differences indeed exist
in almost every part of the body of the
flies, and they give a characteristic “habi-
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Geographic distribution of Drosophila willistoni and 1ts relatives.

Localities in

which the presence of D. willistoni has been ascertained by genetic or cytological tests are
indicated by black circles, and the literature records of this species by open circles. The arrow
points to the Isle of St. Vincent, the type locality of D. willistoni.
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equinoxialis

willistoni
paulistorum

tropicalis

Fic. 2. Maxillar palpi of Drosophila willistons
and its relatives.

tus” to every species. Some of these dif-
ferences prove clear enough to be used
as traits for distinguishing the four spe-
cies. Five traits are external and visible
at magnifications of 20-50 times; these
include the shape of the maxillar palpi,
relative positions of the orbital bristles,
relative width of the front, coloration of
the ocelli, and shape of the apex of the
vaginal plates. Three further traits de-
mand dissection of the flies and prepara-
tion of microscopic slides.

D. tropicalis has the maxillar palpi in-
flated and broadly rounded at the apex,
while the other three species have the
palpi more slender and acuminate at the
apex (fig. 2). The relative positions of
the orbital bristles, shown in figure 3,
permit one to distinguish D. willistoni
from D. paulistorum. In paulistorum the
base of the middle orbital lies only a little
behind, and very close to the base of the
first one. In D. willistoni the base of the
middle orbital lies definitely between the
anterior and the posterior ones. The
distances between the bases of the orbital
bristles have been measured in camera
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lucida drawings made from microscopic
preparations. Taking the distance be-
tween the first and the third orbitals as
100, the distance between the first and
the second varies between 8 and 22 (mean
15.7) in paulistorum and between 22 and
41 (mean 29.8) in willistoni. Figure 3
shows that the width of the front between
the eyes is distinctly greater in D. pauli-
storum than in D. willistoni. The other
two species, with respect to this and the
preceeding traits, are intermediate be-
tween paulistorum and willistoni, these
traits being useless for their identification.
D. equinoxialis differs from the other
species in having a lighter coloration of
the ocelli, this difference not being sub-
ject to age changes.

The vaginal plates differ in shape in
‘every species (fig. 4). In D. tropicalis
they are broadly rounded at the apex; this

willistoni

Fic. 3. Frontal view of the heads of Drosophila
willistoni and D. paulistorum.
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equinaxialis

paulistorum

Fic. 4. Vaginal plates of Drosophila willistoni and its relatives.

trait, together with the shape of the palpi
and the position of the anterior scutellar
bristles, identifies this species conclusively.
In D. equinoxialis the vaginal plates are
acuminate at the apex. D. willistoni and
D. paulistorwm have vaginal plates in-
termediate in shape, making it rather
difficult to distinguish these species from
each other and from the preceeding two
by this trait alone.

The chitinous spermathecae are more or

2D, equunozealis

Dpzulisiorum

Fic. 5. Hypandria (above) and spermathecae (below)
its relatives.

2 equunoxialls

less spherical in all species except in D.
tropicalis, in which the width of the sper-

matheca is distinctly greater than its

height (fig. 5). In D. paulistorum the
spermatheca has folds that make the out-
lines of the organ uneven; in D. willistons
no external folds are present but the pos-
terior part of the spermatheca is furrowed
on the inside surface, and in D. equinoxi-
alis neither folds nor furrows are notice-
able. In D. equinoxialis, D. paulistorim

D vdllystore

2 Lropicalrs

. -ﬂw&sbm'

of Drosophila willistoni and
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and D. tropicalis, the surface of the sheath
enclosing the spermathecal duct has tiny
spines not noticeable in D. willistoni
(fig. 5).

The hypandrium in male genitalia
shows differences in the four species, es-
pecially in the shape of its posterior edge
(directed upward in fig. 5) as may be
noted in the figures. The hypandria of
D. paulistorum and D. tropicalis seem to
be alike in shape although the size is
greater in the latter species. D. willistoni
and D. equinoxialis also differ in the
shape of the interior margin of the genital
arch near the forceps (see Sales, 1947),
which has a fairly large hook-shaped fold
in the latter, and only a small tubercle in
the former species. D. paulistorum is
intermediate between the two species, and
D. tropicalis is close to D. willistoni in
this trait.

Reviewing the morphological differ-
ences between the four species under
consideration, we find that species most
different in some traits may be similar in
other traits. D. tropicalis is on the whole
the most distinctive species, and yet the
shape of the internal process of the hy-
pandrium in D. tropicalis and D. pauli-
storum is similar. D. paulistorum and
D. equinoxialis are most similar in ex-
ternal morphology as well as in the disc
patterns of the salivary gland chromo-
somes, and are distinguishable from each
other principally by the color of the ocelli,
by a slightly different shape of the vaginal
plates and by the shapes of the sperma-
theca and of the hypandrium. D. wil-
listoni is in many respects intermediate
between D. paulistoruwm and D. tropicalis,
and yet D. willistoni has the most distinc-
tive hypandrium.

[Note added in September 1949. The
above descriptions are based on examina-
tion of strains of the four sibling species
coming from southern Brazil, from Goyaz,
and from Acre. When, however, further
strains, identified by inspection of their
chromosomes, were examined from the
equatorial part of Brazil (Rio Branco,
Rio Negro, Para), some of the traits, es-
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pecially in D. willistoni, were found to be
geographically variable. Thus, examina-
tion of a single female from each of 13
strains from Belem (Pard), 22 strains
from Rio Branco, and 14 strains from Vila
Atlantica (southern Brazil), all strains
known to be D. willistoni gave the fol-
lowing results:

Scutell Ri Vil

ﬁ:}isileir Belem Bralr(l)co Atlaln%ica
Divergent 239, 239, 869,
Parallel 629, 689, 149,
Convergent 159, 9% 0%

It is evident that this trait can not be
relied upon to distinguish some strains of
D. willistoni from D. tropicalis. These
two species can still be discriminated by
the shape of their palpi, but, unfortunately,
this trait is not workable in dried material.
D. willistoni from Vila Atlantica has a
narrow front in 100% of the flies ex-
amined, but among the Belem flies only
69% have this condition. As many as
57% Vila Atlantica flies, and only 15%
of the examined Belem flies, have 12
branches in at least one of their aristae.
Comparison of cytologically identified D.
paulistorum flies from Vila Atlantica and
from Belem disclosed that divergent an-
terior scutellars are found in 70% of Vila
Atlantica and 53% of Belem flies. The
first and third orbitals are close to each
other in 100% of Vila Atlantica and in
only 40% of Belem flies.]

PrysioLogrcAL DIFFERENCES

No systematic study of physiological
properties of the four species has been
made, but some differences between them
were noted in the course of the work.
If many single female cultures of D. wil-
listoni and D. paulistorum are started
simultaneously, the first cultures that pro-
duce grown-up larvae fit for dissection
and study of salivary gland chromosomes
are invariably willistoni, while among the
last maturing cultures a large proportion
are paulistorum. Thus, willistons larvae,
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despite their larger size, mature more
rapidly then the smaller paulistorum.
Cultures of D. tropicalis give uniformly
excellent slides, the chromosomes being
large, with clear disc patterns, and well
spread. Conversely, D. paulistorum, and
especially D. equinoxialis, give very in-
ferior slides, with small, thin chromo-
somes, that seldom spread well. The na-
ture of the physiological differences that
lead to the different appearances of the
chromosomes in preparations would be
interesting to study from the standpoint
of cyto- and chromosome chemistry.

SExUAL IsoLATiON AND LACK OF
Hysrips

Dobzhansky (1946) found that when
males of D. willistoni are placed together
with females of D. equinoxialis, or vice
versa, very few of the females are in-
seminated even after several weeks of ex-
posure to males of the foreign species.
Furthermore, the inseminated females fail
to produce viable hybrid offspring.
Spieth (1947) discovered that the court-
ship methods in the two species are dif-
ferent, D. equinoxialis males being more
“lethargic” than D. willistoni. Thus the
two species show a strong, though not
absolute, sexual isolation, and the hybrid
zygotes, if formed, are inviable. We have
made similar experiments with all four
species, using flies from cultures identi-
fied as to the species by cytological cri-
teria.

Females and males to be used in the
experiments were aged separately in vials
with food for 4 to 6 days after their
hatching from the pupae. Thereupon,
10 females of one and 10 males of an-
other species were placed together in vials
25 X 95 mm. or 20 females and 20 males
in vials 35 X 95 nim., left undisturbed for
from 8 to 12 (mostly for 10) days, after
which the females were dissected and their
ventral receptacles as well as chitinous
spermathecae examined for spermatozoa
under a microscope. All experiments
were made at room temperature (close
to 25° C.). Since a single species of fe-
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TABLE 2. Numbers of females dissected and
percentages of them found inseminated in
experiments in which no choice of mates
was available

Numb P
Males Females | gicsected | inseminated
willistons paulistorum 69 5.7
willistoni equinoxialis 545 1.5
willistons tropicalis 105 3.8
paulistorum | willistont 230 51.3
paulistorum | equinoxialis | 165 12.7
paulistorum | tropicalis 104 65.0
equinoxialis | willistons 729 3.8
equinoxialis | paulistorum 94 0.0
equinoxialis | tropicalis 105 0.0
tropicalis willistons 112 0.0
tropicalis paulistorum 115 27.8
tropicalis equinoxialis 143 0.0

males and a single species of males were
present in the vials, no “choice” of mates
was available in these experiments, The
results are summarized in table 2. The
data for willistoni X equinoxialis crosses
in this table are copied from Dobzhansky
1946.

It can be seen that the four sibling spe-
cies show varying degrees of sexual iso-
lation from each other. Males of equi-
noxialis failed entirely to inseminate fe-
males of paulistorum and tropicalis, and
inseminated only a few willistoni females.
Similarily, fropicalis males failed to in-
seminate willistoni and equinoxialis fe-
males.  Willistoni males inseminated
small numbers of females of all three sib-
ling species. In all these crosses sexual
isolation is thus very strong or even com-
plete. Quite different are the results in
experiments in which paulistorum males
are involved, for they inseminated from
12.7% (equinoxialis) to as many as 65%
(tropicalis) females of other species. Fe-
males of paulistorum were not insemi-
nated by equinoxialis males, rarely by
willistont, but {frequently by tropicalis
males. On the assumption that sexual
isolation depends upon females repelling
males of foreign species, made probable
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by the observations of Streisinger (1948)
and Bateman (1948), our results indi-
cate that paulistorum males are either
sexually more active than males of the
other species, or that they are accepted
without difficulty by females of all four
species. This does not, however, account
for the fact that females of paulistorum
are inseminated rather readily by tropi-
calis, but not by equinoxialis or willistoni
males. It seems necessary to assume that
sexual isolation is less strong between
paulistorum and tropicalis than between
these and the other two species. It is
possible that courtship or copulation tech-
niques of paulistorum and tropicalis males
are simliar in some essential respect that
satisfies females of either species, but that
these techniques differ in some respect

that causes paulistorum males to be ac-’

cepted and fropicalis males to be rejected
by willistoni and equinoxialis females.

Small scale experiments were made in
which males of one of the species were
kept for 9-12 (mostly 10) days with fe-
males of their own and of a foreign spe-
cies at room temperatures. The flies were
4-6 days old when placed together. A
summary is presented in table 3, which
also includes the data for willistoni X
equinoxialis crosses taken from Dobzhan-
sky (1946). The results obtained agree
well enough with those found in the ex-
periments in which no choice of mates
was available. Homogamic matings (i.e.,
those between individuals of the same
species) occur easily, and a majority of
the conspecific females is found insemi-
nated. Heterogamic matings (between
individuals of different species) occur
with difficulty, except that {ropicalis
males are accepted by paulistorum fe-
males.

Occurrence of heterogamic copulation
and insemination does not guarantee that
interspecific hybrids will be produced,
since the sex cells of different species may
have a lowered affinity or the hybrid zy-
gotes may die at any stage of the life cycle.
Some of the early .experiments in which
females and males of different species
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were together have produced progenies,
but careful scrutiny showed that experi-
mental errors were involved in these cases
(these experiments are not included in
tables 2 and 3). Otherwise, the inter-
specific matings, where they occur, pro-
duce no hybrids. Whether this is due to
lack of fertilization or to inviability of the
hybrids is unknown.

ABSENCE 0oF GENE EXCHANGE BETWEEN
SpeEciES IN NATURE

Laboratory experiments have disclosed
the existence of sexual isolation between
the four sibling species; this isolation is
incomplete in some instances, especially
in the case of D. paulistorum, which cop-
ulates fairly readily with the other three.
Females inseminated by males of foreign
species fail, however, to produce hybrid
progenies. Therefore, the reproductive
isolation between the four species is com-
plete, and they can coexist in the same
territory without exchanging genes. In-
deed, although the geographic distribu-
tions are far from perfectly known, it is
certain that all four species are sympatric
in an extensive territory (fig. 1). Within
that territory they actually occur side by
side, although the proportions of the four
species in the population vary from one
microenvironment to another, indicating
that they have somewhat different ecologi-
cal preferences. For example, in the five
localities in the territories of Acre and
Guaporé, population samples contained
the following percentages of the four
species (identified by cytological examina-
tion) :

Strains willis-| paulis- equi- tropi-

Locality alfl’i(;l ed tont | torum zolﬁ‘ calis
CruzeirodoSul | 213 | 53 | 36 8 3
Rio Mba 60 | 33 18 3 45
Japiim 46 | 54 20 9 17
Porto Velho 53 | 32 49 13 6

D. tropicalis has been found most fre-
quently in the interior of the “varzea”
jungle along Rio Moba, and least fre-
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TABLE 3. Numbers of females dissected (n) and percentages of them found
inseminated (%) in experiments in which a choice of mates was available
Homogamic Heterogamic
Males Females

n % n %
willistont willistons + paulistorum 86 100 85 0
willistons willistoni + equinoxialis 71 65 73 0
paulistorum paulistorum + willistons 37 89 35 0
paulistorum paulistorum + equinoxialis 10 100 9 11
equinoxialis equinoxialis + willistoni 266 (i 256 0.5
equinoxialis equinoxialis 4+ paulistorum 10 100 10 0
tropicalis tropicalis + williston? 105 100 112 0
tropicalis tropicalis + paulistorum 45 100 42 50
tropicalis tropicalis + equinoxialis 50 100 51 0

quently in “terra firme” forests of Pal-
mares and Porto Velho. In the state of
Sdo Paulo, D. paulistorum is much com-
moner, relative to D. willistoni, on the
very humid coast, and less common in the
drier interior of the state, and much com-
moner during the warm season than dur-
ing the cold.

Evidence, quite independent of labora-
tory experiments, is available to show
that no gene exchange takes place in nat-
ural populations of the four species, de-
spite their being sympatric to a large ex-
tent. Many of the individuals found in
nature are heterozygous for inverted sec-
tions in their chromosomes. This phe-
nomenom of structural heterozygosis will
be dealt with in detail in another publica-
tion. What is important for us is that
up to the present 42 different inversions
have been discovered in populations of D.
willistoni, that individuals that are not
heterozygous for inversions are in the
minority at most localities, and that in-
versions are found in all five chromosome
limbs. In D. paulistorum, the frequency
of inversions is considerably lower than
in D. willistons, and yet at least 20 differ-
ent inversions have been recorded in all
five chromosome limbs. Plate 1 shows
the left limb of the X chromosome (XL)
of D. paulistorum with two, apparently
independent or tandem, inversions in
heterozygous state. Most individuals of
D. equinoxialis are inversion homozygotes,
but one individual from Belem do Para

was heterozygous for an inversion in the
basal portion of the right limb of the
X chromosome (XR), shown in Plate 1.
Another individual, from Cruzeiro do
Sul, contained an inversion in the median
part of the third chromosome. In D.
tropicalis several individuals have been
found in the Territory of Acre that had a
subterminal inversion in the third chromo-
some shown in Plate 1. One individual
from Porto Velho, Guaporé, was hetero-
zygous for two inversions in the third
chromosome, one identical with that pic-
tured in Plate 1 and another in a more
proximal position, apparently slightly
overlapping the first. Finally, two indi-
viduals from Palmares, Acre, were hetero-
zygous for a double inversion in the me-
dian part of the left limb of the second
chromosome (IIL). Thus, 4 different in-
versions have been found in D. tropicalis.

The fundamental fact disclosed by the
cytological studies on the four species un-
der consideration is that each of the nu-
merous inversions found in them is com-
pletely restricted to a single species. In
other words, none of the inversions found
in D. willistoni, for example, ever occurs
in D. paulistorum, or vice versa. Now, if
these species would intercross in nature
so that a channel for effective gene ex-
change would be maintained between
them, chromosomes or chromosome sec-
tions of one species would be found in
populations of the other. This would be
the case even if effective hybridization
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were rare, for, unless foreign chromosome
sections are rapidly eliminated by natural
selection, they would accumulate in the
populations. Let it be noted that while
the absence of similar inversions in popu-
lations of sympatric species proves that ef-
fective hybridization between these spe-
cies does not occur, their presence would
not necessarily prove the opposite, be-
cause similar gene arrangements in chro-
mosomes may be inherited by two or
more species from their common ancestor.
This is exactly what has been observed in
the sibling species D. pseudoobscura and
D. persimilis (Dobzhansky, 1944) and
in D. guarw and D. subbadia (King,
1947).

SUMMARY

The willistoni species group in tropi-
cal America contains four sibling species,
Drosophila willistoni Sturtevant, D. pauli-
storum Dobzhansky and Pavan, D. equi-
noxialis Dobzhansky, and D. tropicalis
Burla and da Cunha. In at least part of
their area of distribution the four spe-
cies occur together, sympatrically.

The four species are so much alike in
their external morphological characters
that they can be distinguished only with
difficulty. Small differences are present
in several traits that are generally used
in Drosophila systematics, but the vari-
ability is great enough to make identifica-
tion of species in single individuals haz-
ardous. Several differences have been
detected in traits not usually considered
in describing Drosophila species which,
after some practice, permit identification
of individual flies, at least in fresh ma-
terial.

The four species can always be recog-
nized by the disk patterns in the chromo-
somes of larval salivary glands. The third
chromosomes are very differently built in
willistomi, tropicalis, and paulistoruwm, but
similar in paulistorum and equinoxialis.
The latter two species are in general most
similar in chromosome structure, but can
be differentiated by the structure of the
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left limb of the second chromosome.
Speciation in the willistoni group has,
consequently, involved major changes in
the gene arrangement, without, however,
altering beyond recognition the disc pat-
terns in the chromosomes, except in the
third.

The four species show varying degrees
of sexual isolation from each other. D.
equinoxialis and D. willistont males sel-
dom inseminate females of species other
than their own. D. tropicalis males rather
readily inseminate D. paulistorum females,
and D. paulistorum males copulate fairly
easily with females of the other three spe-
cies. The degree of sexual isolation be-
tween any two species is proportional
neither to morphological nor to chromo-
somal differences between them. Inter-
specific insemination does not result in
production of hybrid progenies.

Numerous inversions have been found
in natural populations of all species, es-
pecially D. willistons and D. paulistorum.
However, no inversion has ever been
found in more than a single species.
This proves that the reproductive isola-
tion between these species is effective in
nature.
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