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SUMMARY

Microgeographic genetic differentiation maintained by individual habitat
choice has previously been described in Drosophila persimilis. In this study
individual preferences for different habitats, times of day, and baits were in-
vestigated in D. subobscura using mark-release-recapture methods. No evidence
was found for the occurrence of individual habitat choice, and this is con-
sistent with the fact that the inversion polymorphism of D. subobscura is rela-
tively inflexible and does not respond quickly to the environment. Individuals
did not tend to prefer different times of day, hut there was some suggestion of
feeding or breeding Site fidelity, with individuals returning to familiar baits.

1. INTRODUCTION

RECENTLY, Taylor and Powell (1977) have demonstrated microgeographic
genetic variation in a population of Drosophila persimilis at Mather, California.
There were significant differences between the allozyme frequencies and
gene arrangements of flies collected from ecologically distinct areas whose
centres averaged only 335 m apart. Given the high rate of dispersal of
D. persimilis, it was impossible to account for the variation by various models
of drift or selection. It could, however, be explained if flies with different
genotypes preferred different habitats. This was confirmed (Taylor and
Powell, 1978) by mark-release-recapture experiments which showed that
D. persimilis and D. pseudoobscura tend to return to their area of origin, or to
an ecologically similar area, when transplanted away. If the phenomenon
of individual habitat choice was of general occurrence it would have im-
portant implications for the maintenance of genetic variation. Different
genotypes could select the microhabitat in which they were most fit, and
variation could be maintained without heavy genetic load (Taylor, 1975).

D. subobscura is a European species which is closely related to the North
American species D. persimilis and D. pseudoobscura. Krimbas and Alevizos
(1973) have presented evidence of microgeographic genetic variation in a
Greek population of D. subobscura, so individuals of this species might be
expected to exhibit habitat choice. We investigated this in a population of
D. subobscura at Adel Dam, a mixed woodland of 50 ha, 8 km north of the
centre of Leeds, England. The woodland is described by Shorrocks (1975).

Taylor and Powell (1978) suggested that light level or moisture or both
were important cues for D. persimilis and D. pseudoobscura in selecting their
correct habitat. Since these variables change quite predictably during the
day, there is the possibility that different genotypes might select different
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times of the day to be active, as do the different morphs of the butterfly,
Colias eurytheme (Hovanitz, 1953). Daily rhythms of flight activity are well
documented for D. pseudoobscura (Mitchell and Epling, 1951) and D. sub-
obscura (Dyson-Hudson, 1956), both species showing peaks of activity in the
early morning and late evening, with little or no activity in the middle of the
day. If the morning and evening peaks consist of distinct populations it has
serious consequences for measurements of population density and effective
population number (Crumpacker and Williams, 1973; Begon, 1976, 1977,
1978; Powell et al., 1976). Accordingly, we investigated temporal selection
as well as habitat choice.

2. METHODS

We selected two pairs of sites at Adel Dam, each pair consisting of a dark
habitat adjacent to a lighter one. Illumination was measured in each habi-
tat as reflected light 50 cm above a white sheet spread on the ground.
Habitat A (Illumination—3 10 lx) consisted of mature beech (Fagus sylvatica)
and alder (Alnus glutinosa), with little undergrowth and a closed canopy.
This was next to habitat B (900 lx), a large open and marshy clearing,
containing a few young alder and willows (Salix sp.). Habitat C (340 lx)
was dominated by mature oak (Quercus petraea) and sycamore (Acer pseudo-
platanus), with a good growth of Rhododendron ponticum below, and a closed
canopy. Next to it was habitat D (1000 lx), an open stand of young birch
(Betula pendula) bordering a small lake.

During 1978 and 1979 we carried out four separate mark-release-
recapture exercises. Habitats A and B were used in May 1978 and July
1979, and habitats C and D were used in June 1978 and September 1978.
On each occasion traps baited with fermenting banana, malt or" Guinness
were put out at one site in each habitat. The sites in habitats A and B were
50 m apart, and the sites in habitats C and D were 100 m apart. These
distances are rather smaller than those used by Taylor and Powell (1978)
but average dispersal rates in D. subobscura are estimated to be only 40 m
per day (Begon, 1976) compared with rates for D. pseudoobscura of around
200 m per day (Crumpacker and Williams, 1973; Dobzhansky and Powell,
1974; Powell et al., 1976), so the distances are thought to be equivalent.
Flies captured in the two habitats were marked with different coloured
fluorescent dusts and released well before the end of the evening activity
period, half way between the two trapping sites. On the next day flies
were trapped in the same two habitats, examined under a dissecting micro-
scope for the presence of marks, and identified to species. On some occa-
sions when few flies were recaptured on the second day, the flies were again
marked according to habitat and released as on day 1. This increased the
number of marks available for recapture on subsequent days.

Usually the same baits were put out in a given habitat for both capture
and recapture, or else the baits were remixed to prevent any effect of bait
on habitat choice. However, in June 1978, in order to test the effect of
baits, they were swapped between capture and recapture. The set of baits
used for capture in habitat C were used for recapture in habitat D and vice
versa. This seemed to modify the results, so during July 1979 we tested
whether flies showed any tendency to return to baits they had experienced
before. On day 1 we trapped D. subobscura using banana bait, marked them
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with red dust, and released them. On day 2 we trapped again at the same
site using both banana and malt baits to see whether the marked flies,
which had experienced banana, would make up a greater proportion of the
catch on banana than on malt. The banana trapped flies were again marked
with red dust, the malt trapped flies with blue dust, and both were released
at the trapping site. On day 3 we again trapped with banana and malt bait
to see whether red marked flies would return to banana and blue marked
flies to malt.

The discreteness of morning and evening populations of D. subobscura
was investigated duringJuly 1979. Flies were trapped during three different
time periods, 05.00—09.00 hours (G.M.T.), 10.00—14.00 hours, and 15.00-
19.00 hours. The flies were kept in vials containing food, and after the last
trapping period were marked with three different coloured dusts according
to their time of capture, and released. On the next day flies were again
trapped throughout the day and examined for marks.

3. RESULTS

The results of three of the four tests of individual habitat choice which
were not significantly different from one another (Heterogeneity x2 =
d.f. = 2, P>O.05), are combined in table 1. In this table flies captured or
recaptured in the lighter, open sites, B or D, are contrasted with those from
the dark, closed canopy sites, A or C. The contingency x2 shows that there
is no tendency for D. subobscura to return to its area of first capture. Flies
caught in either open or closed habitats distribute themselves in the same
way.

In order to confirm that this result represented a genuine absence of
habitat choice in this population it was important to demonstrate that the

TABLE I

.Wumber of D. subobscura recaptured in light habitats (B and D)
and dark habitats (A and C) classUied according to their area
of capture. Trapping occasions: May 1978, September 1978,
July 1979

Capture area

Light Dark

(Light 36 41
Recapture area Dark 52 60

x' = 0002, d.f. = 1, not significant

TABLE 2

Xumber of D. subobscura trapped in the different habitats during
the habitat choice experiments

Site A B

May1978 231 118

Site C D
June 1978 786 417

September 1978 1566 788
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Drosophila could distinguish between habitats. The number of flies captured
in each habitat was recorded during the mark-release-recapture exercises,
to see if species composition or abundance was significantly different between
the sites. In all cases D. subobscura so dominated the collections that species
composition could not sensibly be compared between sites. However, the
numbers of D. subobscura captured in the different sites is shown in table 2.
On each occasion the darker site (A or C) yielded about twice as many flies
as the lighter one (B or D). This evidently reflects a preference, and hence
an ability to discriminate on the part of the flies. Otherwise dispersal rates
should be fast enough to even out the differences between sites.

The results of the mark-release-recapture for June 1978, when the baits
were swapped between capture and recapture, are given in table 3. This
time there is significant avoidance of site of first capture. Flies originally
caught in habitat C tend to return to habitat D and vice versa. Because the
baits were swapped the flies are, in fact, returning to the bait on which they
were first captured. One explanation is that the flies remember a good
feeding or breeding site from the previous day, and tend to return to the

TABLE 3

.J'/umber of D. subobscura recaptured in habitats C and D classi-
fled according to their area of capture. Trapping occasion:
June 1978

Capture area

C D

IC 23 22
Recapture area D 37 15

= 4l1, d.f. 1, P<005

TABLE 4A

.J'Iumber of experienced (previously captured on banana) and in-
experienced D. subobscura caught on banana and malt baits

Bait

Banana Malt

Experienced 24 7
Inexperienced 110 82

= 451, d.f. = 1, P<0•05

TABLE 4B

.iVumber of D. subobscura captured on banana or malt baits classi-
fied according to the bait on which they were recaptured

Capture bait

Banana Malt
- (Banana 14 11

Recapture bait Malt 14 8

x2 = 028, d.f. = , not significant
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same smell even when it comes from a different location. Quinn, Harris
and Benzer (1974) have shown that Drosophila melanogaster can learn to dis-
criminate between olfactory cues, and that this conditioning can persist for
24 hours. Feeding or breeding site fidelity, which would have important
ecological and genetic consequences (Lack, 1933; Dethier, 1954; Maynard-
Smith, 1970) might, then be a possibility. This is reinforced by the results in
table 4a which show that there is a significantly greater tendency for flies
which had experienced banana to return to banana compared with in-
experienced flies. Table 4b shows the number of D. subobscura marked on
banana or malt which were recaptured on banana or malt. On this occa-
sion, however, there was no tendency for the flies to return to the bait on
which they were first captured. The existence of a phenomenon of feeding or
breeding site fidelity remains a possibility but the results so far are highly
equivocal.

TABLE 5

Number of D. subobscura captured in three different time periods during day 1 c1assfied according to
their time of recapture on day 2

Time of capture

05.00-09.00 10.00-14.00 15.00-19.00

105.00-09.00 6 0 20
Time of recapture 10.00-14.00 0 1 5

1)5.00-19.00 6 7 29

x2 = 639, d.f. = 4, not significant

The results of the experiments on time-period selection are presented in
table 5. There is no tendency for flies to be recaptured more frequently in
the time period in which they were captured on the previous day. The
morning and evening activity periods do not, then, consist of separate
populations, but merely reflect the two most favourable times of day for
activity.

4. Discusssoi'

Before discussing any differences between D. sub obscura and the North
American obscura group species we must determine whether our failure to
demonstrate habitat choice arises from any differences between our methods
and those of Taylor and Powell (1978). The different habitats at Adel
Dam average about half the size of those at Mather, California, and it
might be argued that in a mosaic of smaller microhabitats, which the flies
can cross in minutes, there is less opportunity for microgeographic differ-
entiation to evolve. On the other hand, since dispersal rates are much
lower in D. subobscura than in D. persimilis or D. pseudoobscura we consider
that the habitats in Add Dam and Mather would be perceived by their
respective species of Drosophila as being of roughly the same size. Another
possibility is that we might have failed to provide a sufficient contrast
between habitats to detect individual habitat choice. We have, however,
demonstrated that the flies can discriminate between the habitats at Adel,
and Taylor and Powell (1978) were consistently able to detect habitat
choice between dry and wet woods, descriptions of which (Taylor and
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Powell, 1977) do not suggest a greater contrast than between our pairs of
habitats.

We feel that there are genuine differences between D. subobscura and
the American species which might reflect differences between the genetics
or ecology of the species. A failure to demonstrate habitat choice does
not, of course, show that there is no genetic variation between habitats
because genetic differences between habitats might be maintained by selec-
tion. It is worthwhile, however, to examine the evidence for microgeo
graphic variation in D. subobscura. The results of Krimbas and Alevizos
(1973) are difficult to interpret. No variation in allozyme frequencies was
detected, and the variation in chromosome arrangements between sites was
rather swamped by the sampling variance. At best the evidence for micro-
geographic genetic differentiation is less convincing than that for D. per-
similis.

Obviously there are many differences between D. subobscura and D.
persimilis in their ecology and genetics, and it is probably premature to try
to account for the lack of habitat choice in D. subobscura. The results are,
however, consistent with the well known inflexibility of the chromosome
polymorphism in D. subobscura (Kunze-MUhl, Muller and Sperlich, 1958;
Krimbas, 1967; Sperlich and Feuerbach, 1967; Krimbas and Alevizos,
1973), which seems relatively little affected by environmental or seasonal
changes. Several authors have drawn attention to the contrast with the
polymorphic 3rd chromosome of D. pseudoobscura and D. persimilis (Dob-
zhansky, 1962; Anderson, Dobzhansky and Kastritsis, 1967; Krimbas,
1967) which shows striking seasonal and altitudinal changes in inversion
frequency. Organisms with flexible polymorphisms such as D. pseudo-
obscura are thought to adapt to heterogeneous environments by seasonal or
habitat variations in the polymorphism (Dobzhansky, 1962), while those like
D. subobscura with rigid polymorphisms have evolved a more generalised
genotype which confers high fitness in a range of different environments.
Our failure to demonstrate individual habitat choice in D. subobscura is,
therefore, consistent with its genetic status. Such a species, with a general-
ised genotype, would not be expected to return to the habitat in which it
was first captured. Conversely, D. persimilis and D. pseudoobscura are ex-
pected to be adapted to the environment in which they were found and so
should return to that habitat, or a similar one, when removed.
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