
Heredity 73 (1994) 373—376
Genetical Society of Great Britain

Received 19 January 1994

Fluctuating asymmetry does not increase
with moderate inbreeding in Drosophila

melanogaster
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Fluctuating asymmetry, the unsigned difference between character values on the left and right sides
of an individual, is often thought to be highly correlated with the heterozygosity of individuals or
populations. A large sample of Drosophila melanogaster individuals with an inbreeding coefficient
of F = 0.25 was derived from a laboratory population and compared to a sample of outbred
individuals for the fluctuating asymmetry of sternopleural bristle number. Inbred flies were not
more asymmetric than outbred flies. There was -no evidence for heritability of fluctuating
asymmetry, as measured by variance among full-sib lines. Fluctuating asymmetry may not be a
reliable measure of the degree of inbreeding at the relatively low levels found in most animal popul-
ations and should be used with caution in the management of endangered species.

Keywords: Drosophila melanogaster, fluctuating asymmetry, inbreeding, sternopleural bristles.

Introduction

When fitness depends upon the phenotypic values of
particular characters, organisms which can produce
those phenotypes reliably should be more fit than those
which are less buffered against the effects of environ-
mental disturbances during development. This
developmental stability has often been thought to be
associated with heterosis and to be one cause of
inbreeding depression (Lerner, 1954; Waddington,
1960, 1966). As such, the instability of development
under environmental noise has been thought to be an
indicator of the amount of homozygosity in a popula-
tion (Wayne et al., 1986; Modi et al., 1987; Quattro &
Vrijenhoek, 1989; Leary & Allendorf, 1989; Parsons,
1990, 1992).

One measure of developmental stability that has
been used frequently is fluctuating asymmetry (FA), the
nondirectional deviation from bilateral symmetry (Van
Valen, 1962; Palmer & Strobeck, 1986). FA is a useful
measure of developmental stability, because generally
there is little or no genetic variance for unsigned differ-
ences between the sides. Therefore, any deviations
from one side to another must be due to different
responses to environmental noise (Palmer & Strobeck,
1986). Furthermore, we know that the optimal pheno-
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type for many characters is perfect symmetry; that is,
the most fit individuals have the smallest FA values. We
do not know, however, the strength of selection against
such deviations. FA is therefore one of the best
possible measures of developmental stability and
canalization.

In view of the notion that heterozygosity has been
thought to promote developmental stability (Lerner,
1954; Soulé, 1979), many studies have looked for a
positive correlation between FA and homozygosity,
either of individuals or of populations. In several early
studies, severely inbred lines were compared to the F1
cross between such lines (Robertson & Reeve, 1952;
Mather, 1953; Reeve, 1960; Beardmore, 1960). In
general, the F1 individuals had lower asymmetry values
than the inbred lines from which they were derived.

More recently, with the advent of electrophoretic
analyses, the isozyme heterozygosity of individuals and
populations has been examined in relation to FA in a
wide variety of species: bivalves (Kat, 1982); mice
(Leamy, 1984); Drosophila melanogaster (Houle,
1989); salmonid fishes (Leary et al., 1983, 1984,
1985); cheetah (Kieser & Groeneveld, 1991); poeciliid
fishes (Vrijenhoek & Lerman, 1982; Quattro &
Vrijenhoek, 1989); forked fungus beetles (Whitlock,
1993); and side-blotched lizards (Soulé, 1979), for
example. Several cases are reviewed in Palmer &
Strobeck (1986). The pattern of results is variable. In
most of these cases there were significant correlations
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of FA and heterozygosity; but in four cases (Houle,
1989; Leary et al., 1984; Kieser & Groeneveld, 1991;
Whitlock, 1993), no significant relationship was found.

However, there is a problem that is common to
many analyses of enzyme-associated heterozygosity.
Predictions of total heterozygosity based on measures
at a handful of loci will be unreliable for species which
are typically outbred (Chakraborty, 1987). Such
measures do have more predictive power if there is
variance in the degree of inbreeding within a sample.

There is a third method of comparing the degree of
developmental stability among individuals of different
degrees of homozygosity. Experimental manipulation
of the mating structure of populations allows the direct
comparison of the FA values of different groups inbred
to varying degrees. This method avoids the problems
of estimating homozygosity inherent in the isozyme
analysis, yet allows us to examine the effects of homo-
zygosity at more natural levels. There has been a single
study of this type which concluded that there was no
significant correlation between the degree of inbreed-
ing and FA (Clark et al., 1992). In this study, we
compare the level of FA in an outbred line of Droso-
phila melanogaster with that in a group of 30 lines
inbred to a relative inbreeding coefficient of F =0.25.

Materials and methods

Stocks

We used a laboratory stock of D. melanogaster
collected in 1970 in Dahomey (now Benin) and main-
tained since then at a large population size in popula-
tion cage culture. This stock shows considerable
phenotypic and genetic variation for a wide range of
characters, including sternopleural bristle numbçr
(Wilkinson eta!., 1990). All flies were kept at 25 1°C
with a fixed illumination cycle of 12 h light followed by
12 h dark. All handling was performed at room
temperature using carbon dioxide anaesthesia.

We obtained a large sample of eggs from the
Dahomey stock in four unyeasted culture bottles
placed in the cage for 6 h. The progeny from each
bottle were collected as virgins and a random sample of
100 males and 100 females were mated in pairs. The F1
progeny of these pair-matings (families) were used to
set up two types of line; an 'outbred' and an 'inbred'
line. The outbred stock was obtained by mixing
together groups of five males and five females from
each family to produce a total sample of 1008 flies.
Random groups of 18 males and 18 females from this
samp'e were allocated to each of 28 culture bottles.
Thirty inbred lines were produced by choosing 30
families at random and allocating 18 males and 18
females from each family to each of four culture

bottles. The estimated inbreeding coefficient of the
outbred line relative to the cage populations was there-
fore approximately F = 0.0005, while the inbreeding
coefficient of each of the inbred lines was approxi-
mately F = 0.25. These inbred and outbred lines were
maintained with random mixing among bottles of each
line in the F2 generation, before measurements were
taken on the F3 generation.

Measurements

Flies to be measured were raised at constant density,
with a very small variance in age. F2 flies were allowed
to lay eggs for a 2 h period on grape juice medium
(Fowler & Partridge, 1986). After 25 h, 50 first instar
larvae were transferred on paint brushes from this
medium to each of four standard food vials for each
inbred line and to 26 vials for the outbred line. After
emergence of all flies, the progeny from each vial were
placed in small vials and frozen at —70°C. Subse-
quently, sternopleural bristles were counted on each
side of the fly for 352 flies of each sex for the control
lines, and between 32 and 94 flies from each sex in
each inbred line. In total, 1675 females and 1683 males
were assayed for the inbred lines.

Analysis

Fluctuating asymmetry was calculated for sterno-
pleural bristle counts for each group as

FA=var
R-L

(L+R)/2

as recommended by Palmer & Strobeck (1986) as the
most efficient test (R and L indicate the values on the
right and left sides of the individuals, respectively).
This measure of FA is the most powerful measure for
detecting difference between groups when the magni-
tude of FA scales with the character mean (Palmer &
Strobeck, 1986).

The FA value was calculated by sex for all inbreds
and all outbreds, as well as for each inbred line individ-
ually. The FA values for each sex for inbreds and
outbreds were compared by a one-tailed F-test.
Variance among inbred lines for FA values was tested
by Bartlett's test for the homogeneity of variances
(Sokal & Rohlf, 1981).

Results

Among the controls, the mean numbers of sterno-
pleural bristles were 20.6 in males and 21.5 in females
and the variances were 7.8 and 6.8, respectively. The
means in the inbred lines were 20.5 and 21.6 which are
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not statistically distinguishable from the control means.
The average variance within inbred lines for sterno-
pleural bristle number was not statistically different
from the additive, neutral expectation of (1-h2 F ) times
the variance in the outbred population, where h2 is the
heritability of the trait (0.80). The average variance
within inbred lines was 6.0 and 6.1 (Whitlock &
Fowler, submitted).

The FA values for males, females and both sexes
combined for outbred and inbred lines are given in
Table 1. As can be seen, the values of FA are extremely
close for both inbred and outbred flies. The FA for
inbred males is even slightly smaller than that for
outbred males. The very high P values of the F-tests
emphasize the lack of differences between inbreeding
levels, even with the relatively large data sets available
here. Flies inbred to F= 0.25 are not more asymmetric
than outbred flies, when taken from the same genetic
stock and measured under carefully controlled condi-
tions.

There is no significant variance among full-sib lines
in the amount of fluctuating asymmetry (Bartlett's test
of homogeneity of variances; males: X9 =32.7,
P=0.29; females: X9=312, P=0.36). This indicates
that there is little or no genetic variance or heritability
for FA in either sex. There is considerable variance
among lines in the mean number of bristles, for both
males and females (P<0.0001, nested analysis of
variance).

Discussion
The level of FA in a population has often been shown
to be correlated with the amount of heterozygosity in
that population. Here, we have used populations which
have been inbred to a known degree, thereby elimina-
ting the estimation error of heterozygosity, yet there is
no significant relationship between level of inbreeding
and the amount of fluctuating asymmetry in these
populations. Clearly, even without the possible
confusion over the error in measuring the amount of
heterozygosity in a population attributable to isozyme
analyses, there are characters in populations which do

Table 1 Values of fluctuating asymmetry for outbred and
inbred Drosophila melanogaster

Sexes
Males Females combined

Outbred 0.0209 0.0194 0.0201
Inbred 0.0205 0.0206 0.0206

F 0.982 1.06 1.02
P 0.59 0.24 0.36

not demonstrate the usual pattern. It is probably the
case that other data showing negative results have gone
unreported.

Previous studies have usually used lines which are
extremely inbred and are crossed to produce an F1
'outbred' line (Robertson & Reeve, 1952; Mather,
1953; Reeve, 1960; Beardmore, 1960). These studies
have often shown a significantly lower asymmetry in
the outbred lines than in the inbred lines. However, in
each case these results were based on only two inbred
lines. Our results have the advantage of being based on
30 inbred lines. A further strength of our study is that it
provides information about the effects of inbreeding at
the less extreme level of F =0.25. Our results show that
for sternopleural bristle number in D. melanogaster
there is no relationship between FA and inbreeding at
this intermediate level. This finding agrees with the
results of Clark et at. (1992) for five wing morphology
characters in Apis mellifera. They examined FA in
relation to a range of known heterozygosities in this
haplo-diploid species and found no association
between these factors.

One reason for investigating this relationship at
intermediate inbreeding levels is because of its import-
ance in the context of conservation biology. FA has
been suggested as a straightforward measure of the
amount of genetic and environmental 'stress' affecting a
particular species or population (Wayne et at., 1986;
Modi et at., 1987; Quattro & Vrijenhoek, 1989; Leary
& Allendorf, 1989; Parsons, 1992). Since species in
need of management for conservation have inbreeding
coefficients at intermediate values, we must determine
whether the effects of inbreeding at these levels are
reflected in differences in FA. In the case of this study,
FA is clearly not increased by extra inbreeding. It may
be possible to use fluctuating asymmetry as an indica-
tor of the presence of stress in a population, but these
results show that the absence of FA is no indication
that a population has a high level of genetic hetero-
zygosity (Whitlock, 1993).

There is also no evidence in this population for any
genetic variance for the amount of asymmetry.
Previous analyses in flies have shown that asymmetry
can be increased by selection (Reeve, 1960; and see
Palmer & Strobeck, 1986), but the Dahomey sample
demonstrates no significant variance among inbred
lines for FA, despite a large heritability for the sterno-
pleural bristle counts and other characters (results
above and Wilkinson etal., 1990).

The use of FA as a measure of developmental
stability has a long history. More precise evidence
about the effects of intermediate levels of inbreeding
and homozygosity on the amount of FA, provided by
analysis of explicit breeding designs such as the one
described here, give more information about the effects
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of homozygosity per se. Heterozygosity does not neces-
sarily allow a more stable development.
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