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1. INTRODUCTION

A series of experiments reported by Vetukhiv (1953, 1954, 1956, 1957) have estab-
lished that Fi hybrids between populations of Drosophila pseudoobscura of different
geographic origins tend to be superior to the parental populations in longevity,
fecundity and the competitive ability of the larvae in crowded cultures. This
apparent heterosis, or luxuriance, does not, however, persist in subsequent gener-
ations. In fact, the F2 hybrids between the populations were, in Vetukhiv's experi-
ments, not only inferior to the Fi, but in some cases to the parental populations.
How widespread is this kind of behaviour of hybrids between populations is an open
question. McFarquhar & Robertson (1963), working with geographic populations
of Drosophila subobscura, found no evidence either of an Fi luxuriance or of an F2
breakdown.

The present article reports a study of the longevity of the flies from four of the six
experimental populations of D. pseudoobscura which were started by the late M.
Vetukhiv in May 1958, and kept in laboratory population cages since then without
interchange or addition of inhabitants. For a description of these populations, see
Ehrman (1964). Suffice it to say that all six populations are descended from the same
group of about 1000 founders, who were in turn descended from a four-way cross
between four geographic populations. Pairs of the populations were then kept at the
three temperatures, 16°, 25°, and 27°C. respectively. Ehrman (1964) has demon-
strated that these populations have diverged genetically to the extent that a weak
but statistically significant sexual (ethological) isolation is observed between some
of them.

2. MATERIALS AND METHODS

The temperatures at which the six population cages were kept for a period of
about four and half years before the start of this experiment were: A and B at 16°C,
C and D at 25°C. and E and F at 27°C. The populations A, C, E, and F, and the
hybrids between them, were tested for longevity.
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Food cups with pupae that were about to hatch were taken from each cage.
Plastic ' chimneys' were mounted on them, and virgin females and males were col-
lected daily. When enough flies were obtained, the crosses necessary for a particular
experiment were made on the same day. Since the Fi inter-population hybrids
developed in culture bottles and not in population cages, the parental strains were
also reared in culture bottles for one generation. In case of the F2 inter-population
hybrids, their parental strains were reared for two consecutive generations in culture
bottles.

From each inter- or intra-population cross, ten replicate cultures were set up. In
case of the inter-population hybrids reciprocal crosses were made. Each culture
bottle contained 3 or 4 females and an equal number of males, so that the progenies to
be tested were reared under uncrowded optimal nutritional conditions at room
temperature. Upon hatching, groups of 20 $$ and 20cJ(J of a given kind were placed
in ordinary half-pint culture bottles with a synthetic medium devised by Kalmus,
and a standard amount of yeast. For each population and for each hybrid series,
five such bottles were made; the initial number of the flies was thus 100 <$<$ and
100$$.

The longevities were studied at two temperatures, 16°C. and 27°C, 16°C. being
an optimal and 27°C. being a sub-lethal temperature for D. pseudoobscura. The
flies were transferred to bottles with fresh synthetic medium and fresh yeast three
timesaweekat 27°C. and twice a week at 16°C. The numbers of the dead flies of each
sex were counted at each transfer. The experiments at 16°C. and 27 °C. were begun
simultaneously. Whenever the longevity of F i or F2 hybrids was studied, that of the
parental strains was examined simultaneously. This is necessary because longevity
experiments made at different times with the same strain may give somewhat
different values, owing to uncontrollable variations in the food or in other environ-
mental components.

The longevity of the Fi, F2 and the parents was studied twice in every case in
order to ascertain the repeatability of the results. All the crosses that showed a
superiority of the Fi at 27°C, and only one of the crosses that did not show an Fi
superiority were continued into F2. Unfortunately, the cross A x E which showed
Fi superiority at 16°C. was not examined in the F2.

3. BESULTS AND DISCUSSION

Tables 1 and 2 show the mean longevities of the different populations and their
hybrids at 27°C. and at 16°C. respectively. Figures 1 and 2 illustrate the relation-
ships observed in the form of diagrams; they give, however, the averages of two
replicate experiments for both the Fi and the F2 at 27°C. and 16°0. Table 3 shows
the statistical significance of the observed differences between the mean longevities
of the F i and F2 hybrids and the mid-parents values. The tests of significance were
made for the females only.

In the experiments conducted at 27°C, the longevity of the Fi was either
not different from the mid-parent value or below it for all the crosses involving
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* Averages of 2 replicate experiments except for AF and CF

F2at 27°C

AC EF
Fig. 1. Mean longevity, in days, of the parental populations and the Fi hybrids

(above), and of the parental populations and the F2 hybrids (below), in experiments
conducted at 27°C. In each comparison, the three bars to the left are females,
those to the right are males.

Origin of populations: A maintained at 16°C.
C maintained at 25°C.
E and F maintained at 27°C.

population A as one of the parents. The only cross of this group examined in the
F2 was A x C. The Fi and F2 of this cross were not different from their respective
mid-parent values. In other words, there was neither an Fi superiority nor an F2
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Fig. 2. Mean longevity, in days, of the parental populations and the Fi hybrid
(above), and of the parental populations and the F2 hybrids (below), in experiments
conducted at 16°C. In each comparison, the three bars to the left are females,
those to the right are males.

Origin of populations: A maintained at 16°C.
C maintained as 25°C.
E and F maintained at 27CC.

breakdown. On the other hand, the Fi from the crosses involving populations C, E,
and F lived significantly longer than their respective parents. The F2 hybrids from
both C x E and E x F crosses showed clear evidence of the segregation effect, i.e., an
F2 breakdown. However, the F2 from C x F did not show any evidence of breakdown,
and in fact was significantly superior in longevity to both parents.
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The results obtained show that the six populations did diverge genetically from
each other in the course of the four and a half years when they were separated and
some of them lived at different temperatures. It seems that a genetic divergence
has taken place even between populations that were kept at the same temperature;
this is shown by the results of crossing populations E and F. Populations A and C,
which were kept at 16°C. and 25°C. respectively, lived at 27°C. as long as or even
slightly longer than populations E and F which were kept at 27°C. all the time.
Taking these results at their face value, it seems that there was no divergence of the
populations in accordance with the temperatures of their environments.

Table 3. Comparisons between the mid-parent values and the F\ and F% values in the
crosses between the populations (females only)

Cross

AxC
AxE
AxF
CxE
CxF
ExF

AxC
AxE
AxF
CxE
CxF
ExF

I

0-9
1-8
—
5-2*
—
8-8*

1-14
8-0*
—

10-20*
—

23-9*

Tests at 2TC.
Fi—M.P.

n
+ 0-15
- 1-95*
- 5-80*
+ 3-80*
+ 5-55*
+ 4-45*

Tests at 16°C.
+ 315
+ 11-45*
+ 1-05
+ 7-30*
+ 4-60
+ 12-70*

F

I

- 1-8
—
—

- 2-45*
+ 3-3*
- 3-65*

- 8-2*
—
—

+ 1-45
+ 13-85*
— 4-5

2—M.P.

I I

- 0-75
—
—

— 1-75
+ 4-50*
— 4-55*

- 0-50*
—
—

— 7-6*
+ 5-8
-13-3

* Indicates significance at the 0-05 level of probability.

It may be that population A, and to some extent also population C, still retain a
considerable amount of the genetic variability generated in the gene pool of their
founders by the four-way hybridization. The selection pressure did not rigorously
differentiate the gene arrays, since 16°C. is close to the optimum temperature, and
25°C. is not very far from it, for D. pseudoobscura. The fact that the Fi hybrids
resulting from crossing population A with other populations did not show significant
differences from the mid-parent values favours this explanation. This does not
explain, however, the persistence of increased longevity in the F2 hybrids resulting
from the cross CxF.

Populations E and F were exposed to a more stringent selection than populations
A and C. The former populations were exposed to a sub-lethal temperature, 27°C,
and to the effects of overcrowding in the population cage. Moreover, because of the
higher temperature, they passed through at least twice as many generations as
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population A. All these factors acting together may have favoured the divergence
of the gene pools in the three populations. The Fi resulting from crossing populations
E and F lived much longer in both replicate experiments than any of the parents, and
the F2 showed a pronounced breakdown in both cases.

In the experiments conducted at 16°C, the picture is somewhat different. Here
again the Fi and F2 resulting from the cross A x C were intermediate between the
parental populations. But the cross A x E yielded a superior Fi in both replicate
experiments, which was not the case at 27°C. This situation could be explained as a
temperature-dependent effect. Unfortunately, the F2 from this cross, A x E, was
not examined to see whether this Fi superiority would disappear in F2. The other
crosses involving population A, i.e., A x F, gave an Fi which was not significantly
different in longevity from the mid-parent value, whereas this same Fi was signifi-
cantly below the mid-parent value at 27°C. (Table 3). The crosses involving the
populations C, E, and F yielded results that were almost identical with those
obtained at 27°.

SUMMARY

Six experimental populations of Drosophila pseudoobscura were maintained in
three different environments for almost four and a half years. All the populations
have originally descended from the same founders. The populations were examined
for evidences of genetic divergence. The longevity of the flies from four of these
populations, and their Fi and F2 hybrids, was studied at 16°C. and at 27°C. The
results indicate that the gene pools of some of the populations have diverged from
each other.
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