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ABSTRACT:Data are presented for mating choices in crosses between
five geographically distant populations of Drosophila pseudoobscura.
There is no indication of mating preferences between these strains. I n
contrast, mating preferences are frequent among geographic strains in
many other species of Drosophila and may serve as a basis for later
ethological isolation should the strains diverge to form separate species.

INTRODUCTION
Reproductive isolating mechanisms between populations probably
originate in two stages. The first stage involves geographic separation
and the accumulation of genetic differences in the course of adjustment to different environments. The second stage involves selection for
stronger isolation should the populations become syrnpatric (see Grant,
1966 for a review). T h e populations must become sufficiently different
while allopatric so that crosses between them are less frequent or less
successful than crosses within each population. T h e most efficient
mechanisms of isolation are those, such as sexual preference, which
act before mating; they lessen the wastage of gametes in unsuccessful
matings or lower the production of less fit hybrids. I t is of interest
to know how often mating preferences arise through genetic
divergence in allopatric populations. Only in the genus D r o s o p h i l a
have a substantial number of soecies
been tested. The tests of matins'"
L
preference are made in the laboratory, of course, and do not represent
fully what occurs in nature. However, laboratory experiments do
provide an indication of the situation in nature, and with this in mind,
we have reviewed the literature to find tests of mating behavior in
crosses between allopatric strains of Drosofihila species. The review
was intended to be representative, not exhaustive. Grosses between
subspecies were excluded, since in Drosophila, unlike many other
animal groups, named subspecies are likely to be well advanced toward
full speciation. We are interested in mating preferences among populations at the beginning of possible speciation. The data from the
literature are summarized in Table 1.
There was statistically significant non-random mating between
the geographic strains in 19 of the 21 species for which data are
available. No't all of these experiments are comparable, since a variety
of different techniques was employed to measure .sexual isolation.
There was a variety of deviations from random mating. Both preferences for mating- with flies from the same strain (homogamic preference) and preferences for mating with flies from different strains
(heterogamic preference) were encountered. Sometimes the preferences were "one-sided"; that is, the males of one race were to some

extent isolated from the females of another, but mating in the
reciprocal cross was random. The evolutionary consequences of these
various types of mating preference are very different. This diversity
of non-random mating behavior is what we should expect if the
preferences arise as accidential by-products of genetic divergence. In
only a portion of the cases-but a sizable portion from the evidence in
Drosophila-should we expect to find the homogamic mating preferences which could speed further divergence.
The selection of cases in Table 1 may be biased, because negative
results from such studies are less likely to be published, and because
significant isolation is more likely to attract the attention of a reviewer.
With all these qualifications in mind, it still seems clear that a rather
large number of species of Drosophila have, in the course of genetic
divergence among different geographic strains, undergone some
divergence for mating' preferences. In some cases the rudiments of the
efficient sexual isolation will be present should the strains become
sympatric and should they further diverge to become separate species.
No data are available for Drosophila pseudoobscura, although
Dobzhansky ( 1963) mentioned some unpublished observations on
crosses between strains from Mexico and the western United States; he
found no sexual isolation. The purpose of the present experiments is
TABLE
1.-Tests

Species
1. americana
2. arizonensis
3. athabasca

of mating preference between geographic strains of
various species of Drosophila

Number of
Pairs of
strains
strains with
tested
preferences

4
5
6

5/6
4/10
6/6

4.
5.
6.
7.
8.
9.
10.

auraria
birchii
crocina
gasici
gaucha
miranda
montana

14
6
3
4
2
2
4

11/27
4/6
2/3
3/5
o/ 1
1/ 1
3/3

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
2 1.

nebulosa
paulistorum
pavani
peninsularis
prosaltans
repleta
serrata
sturtevanti
texana
Wills
willistoni

2
24
2
2
7
6
15
5
4
4
5

1/1
29/46
o/ 1
1/1
18/21
6/15
13/80
7/10
2/3
3/3
4/8

Reference
Stalker, 1942
Baker. 1947
Miller, 1958 and Miller and
Westphal, 1967
Kurokawa, 1959 and 1963
Ayala, 1965
Heed, 1957
Brncic and Koref-Santibanez 1965
Koref-Santibanez and Del Solar, 1961
Dobzhansky and Koller, 1938
Patterson, McDanald, and
Stone, 1947
Dobzh'anskY 1944
Carmody et al., 1962
Koref-Santibanez and Del Solar, 1961
Paterson and Wheeler, 1947
Dobzhansky and Streisinger 1944
Wharton, 1942
Ayala, 1965.
Dobzhansky, 1944
Patterson, McDanald, and Stone, 1947
Patterson, McDanald, and Stone, 1947
Dobzhansky and Mayr, 1944

to provide data on mating preferences in crosses between five geographic strains of Drosophila pseudoobscura.
Experimental populations established from recent collections were
the source of animals for these experiments. T h e populations were
begun with the Fi progeny of females inseminated in the wild and
were maintained in large plastic cages for I/' years at 25 G before
the present experiments were begun. The cages sustain large, stable
populations of several thousand flies. Each population was begun
with 20 female and 20 male progeny from each inseminated female
taken in nature. T h e number of wild females whose progeny were
used to begin a population ranged from 24 to 114, depending on the
size of the collection. The localities are shown in Figure 1; they were
chosen to allow crosses among the most widely separated populations
from the available collections. These are the same populations studied
by Dobzhansky et al. ( 1 9 6 6 ) and by Anderson et al. ( 1967 a, 1967 b) .
The mating oreferences were measured in multinle-choice exneriments with thedirect observation chambers devised by Elens ( s e e
Elens and Wattiaux, 1964). Adults were raised from egg samples
taken in the experimental populations. Ten virgin females and 10
virgin males from each of two strains were introduced into' the
chamber and all mating recorded for 1% hours. The left wings of

Fig. 1.-Geographic populations utilized in tests for mating preferences:
Okanagan, British Columbia; Berkeley, California; Hayden Creek, Colorado;
Sonora, Mexico; and Austin, Texas.

one type of female and one type of male were clipped to distinguish
flies from different localities. T h e clipping was rotated between the
two populations in the replicate chambers set up. for each cross. The
observations were made on coded samples, so that the observer (L.E.)
had no idea what strains were being tested. The multiple-choice
technique is closer to the situation in nature than is the older malechoice procedure. I t permits recording of each of the four types of
mating between two populations. Malogolowkin-Cohen et al. ( 1965)
showed that the results of tests with Elens' observation chambers are
like those obtained by the male-choice method. With one exception,
all combinations of the five localities were tested. T h e cross
Hayden X Sonora was omitted, and the cross Hayden X Berkeley
was repeated a smaller number of times than the others, because we
obtained too few flies from the bottles representing Hayden.
RESULTSAND DISCUSSION
The results are given in Table 2. Random mating was tested by
chi-square and the joint isolation index =
(homogamic matings~heterogamicmatings)
total matings
was calculated for each cross (see Malogolowkin-Cohen et al., 1965
for a discussion of the statistics) ; the number of flies of each sex which
mated was tested by chi-square. A high proportion (75%) of all the
flies mated; one great advantage of the mating chambers is that the
data still accurately reflect the mating preferences, since each type
of mating is recorded. As a check. isolation indices were calculated
for the first half of the data alone; in every case they were like the
indices calculated from all the observations. The indices in Table 2
were calculated from the total numbers of matings.
There are no indications that either heterogamic or homogamic
matings are preferred. The only cross in which non-random mating
was observed was that between Berkeley and Okanagan; the nonrandomness involved no mating preference, but rather, a significantly
increased activity of Berkeley males. An extra set of four chambers
was run to verify this greater activity of Berkeley males. The results
were entirely consistent with the previous ones and were therefore
grouped with them.
Genetic modification of mating behavior in Drosophila pseudoobscura is well established. Tan (1946) found that several mutant
genes had significant effects on mating behavior. Koopman ( 1950)
and Kessler (1966) selected for changes in mating preference of
Drosophila pseudoobscura with its sibling species, Dro'sophila persirnilis. Del Solar ( 1966) observed significant isolation between strains
of Drosophila pseudoobscura selected in different directions for phototaxis and geotaxis. The populations which we studied are known to
have diverged genetically both with respect to inversion types in the
chromosomes and with respect to their integrated gene pools. Thus,

while sexual isolation can clearly arise as a by-product of genetic
divergence in this species, i,t has not done so in the natural populations
which we studied. There is no apparent reason why Drosophila
pseudoobscura differs from most of the species in Table 1 in this
regard.
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TABLE
2.-Mating

preferences in crosses between geographic
populations of Drosophila pseudoobscura
Numbers of e,ach type
of matine'
-

c

3

.+.

g$

-0c
5.2

2

222
160
2
103
125
51
114
103
113

60
37

00,

Cross
Z 5
Strain A x Strain B
Berkeley x Okanagan
12
~ e r k e l e yx ust tin8
Berkeley x Hayden
2
Berkeley x Sonora
8
Okanagan x Austin
8
Okanagan x Hayden
7
Okanagan x Sonora
7
Austin x Hayden
8
Austin x Sonora
8
* Significant at .05 level.

0

*

TO

2 %

3
a
<

4

g

<
8

7
23
27
14
26
21
36

50
43
7
22
33
14
29
26
28

TO

<

rÃ

$
a

72
42
5
28
33
10
32
30
27

40

Chi-square
for
random
mating
10.14*

.$

Number of flies which mated
Chi-square for
2
CHCHTO
<o
Cross,
numbers which mated
6
2
.s
+I
A x Strain B <
W
<
M
Strain
x 2 ( Q ) x2^)
H
- .
Berkeley x
Okanagan
110
112
132
90
0.02
7.95** -0.10 k . 07
Berkeley x
Austin
80
80
79
81
0.00
0.03
0.00 k .08
Berkeley x
Hayden
14
14
12
16
0.00
0.57
0.14k.19
Berkeley x
Sonora
45
58
51
52
1.64
.10
0.01
0.03
Okanagan x
Austin
60
65
60
65
0.20
.09
0.20
-0.06
Okanagan x
Hayden
28
23
24
27
0.49
0.18
0.06 2 .14
Okanagan x
Sonora
55
59
58
56
0.14
. 0.04
-0.07
.09
Austin x
Hayden
47
56
51
52
0.79
0.01
-0.09 2 .10
Austin x
Sonora
64
49
63
50
1.99
1.50
0.03
.09
** Significant a t ,005 level.

*
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*
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