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Multilocus heterozygosity and sexual
selection in a natural population of the
marine snail Littorina mariae (Gastropoda:
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A positive relationship between heterozygosity and growth rate, or less frequently, between hetero-
zygosity and fitness components, has been found in many species. A particularly important
component of net fitness is sexual selection. However, no studies have been made of the rela-
tionship between this character and multilocus heterozygosity in natural populations. In this study, a
natural population of the intertidal flat periwinkle Littorina mariae was used to investigate the
heterozygosity-sexual fitness relationship. A positive heterozygosity-sexual fitness relationship was
found in male L. mariae, but not in females. The selective coefficients acting on the different hetero-
zygosity classes of males ranged between 0.21 and 0.57 (average 0.39), and are similar to those
found in previous studies on correlations between heterozygosity and other fitness components.
This relationship accounted for approximately 1 per cent of the variance in matings. Furthermore,
the contribution of each locus was associated with its homozygosity excess across loci. The positive
heterozygosity—sexual fitness relationship showed the same characteristics as the hetero-
zygosity-growth rate correlation. Finally, relationships between sexual selection and size of snail,
and heterozygosity and size were found, although they did not account for the
heterozygosity-sexual selection relationship.
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introduction

A positive correlation between allozyme multilocus
heterozygosity and different quantitative characters is
present in many animal and plant species (Mitton &
Grant, 1984; Zouros & Foltz, 1987), particularly in
marine bivalves (Singh & Zouros, 1978; Koehn &
Gaffney, 1984; Gaffney et al., 1990; Zouros & Pogson,
1994). This correlation usually accounts for less than 5
per cent of the variance in growth rate, and is largely
influenced by the genetic and demographic structure of
the samples, as well as by the experimental or environ-
mental conditions (Zouros, 1987, Zouros & Foltz,
1987; Gaffney et al., 1990). Moreover, the relationship
is usually associated with an excess of homozygosity in
the population (Zouros, 1987; Zouros & Mallet, 1989;
Gaffney et al., 1990). On the other hand, the lack of
natural occurrence of age cohorts and homozygote
excess in many species may commonly impede the
detection of correlation (Zouros, 1987).

*Correspondence.
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Further examples have been found of correlation
with characteristics directly related to fitness, such as
viability (Zouros et al., 1983; Diehl & Koehn, 1985;
Alvarez et al., 1989) and fecundity (Linhart & Mitton,
1985; Rodhouse et al., 1986; Gajardo & Beadmore,
1989; McAlpine, 1993). The selective coefficients
found in most of these studies were as large as
0.47-0.60 (Alvarez et al., 1989). Sexual selection has
been suggested as one of the most important single
components of net fitness (Endler, 1986). However, we
know only one study which reports a multilocus corre-
lation between heterozygosity and sexual selection. In
this laboratory study more heterozygous male brine
shrimp (Artemia franciscana) were more successful
than less heterozygous males during matings; selection
coefficients found were similar to those of previous
studies (Zapata et al., 1990).

Sexual selection is a term that has been used with
many different meanings since Darwin. The present
authors adhere to the Darwinian tradition of distin-
guishing between natural and sexual selection, the
latter arising from variance in mating success (Arnold
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& Wade, 1983a). However, mating success is equated
with copulatory success (O’Donald, 1980; Knoppien,
1985; Endler, 1986), which is also consistent with the
Darwinian definition (see O’Donald, 1980). The study
of sexual selection in nature as a partial component of
natural selection can be undertaken by comparing
copulating and noncopulating samples for a particular
character, i.e. using a cross-sectional design (Arnold &
Wade, 1983b). Thus, if one character is significantly
more frequent in copulating than in noncopulating
samples, then it may be safely supposed that individ-
uals with that character are more fit during matings.
This approach has clear advantages when individual
fitness is affected by a particular character at different
stages (viability, sexual selection, fecundity, etc.) of the
life history of a species (see Prout, 1965; Alvarez et al.,
1984).

The aim of this study was to look for evidence of a
multilocus heterozygosity-sexual selection relationship
in a natural population of a littorinid species with an
annual life cycle, Littorina mariae Sacchi & Rastelli; a
directly developed, dioecious and polygamous species
from the North Atlantic region (which feeds on micro-
epiphytes of seaweeds). This species has some advan-
tages for this kind of study, as copulating pairs (which
remain coupled for 1-2 h) can be found on seaweeds
mainly during summer and autumn (Goodwin & Fish,
1977, Fretter & Graham, 1980; Roldn-Alvarez, 1992;
Williams, 1992; Rolan-Alvarez et al, 1995). In
addition, approximate age cohorts can be observed in
nature, as crawling juveniles hatch in early spring and
grow during summer and autumn. A positive hetero-
zygosity-sexual selection correlation was found in
males, but not in females, of the population under
study.

Materials and methods

Sampling procedures, variables and electrophoresis

Snails were sampled (11-12 July, 1990) during low
tides from a rocky semi-exposed shore in the
Muros-Noya Ria, Galicia, Spain (see Roldn-Alvarez er
al., 1995). The two sibling species, L. mariae and L.
obtusata, live sympatrically on Fucus vesiculosus in this
area (Roldn-Alvarez, 1992), but they can be distin-
guished in the laboratory by differences in reproduc-
tive characters and by diagnostic allozymic loci (Fretter
& Graham, 1980; Reid, 1990; Zaslavskaya et al,
1992; Roldn-Alvarez et al., 1995).

Two exclusive groups comprising copulating and
noncopulating individuals of L. mariae were sampled
from four contiguous areas (A-D), each covering
approximately 150 m? of F. vesiculosus. Pairs of snails

were defined as copulating when a male was mounted
on another snail and maintained its penis inserted into
the partner. Approximately 40 per cent of the pairs
found were discarded as the penis was not thoroughly
inserted (in mostly male-male or male—juvenile
pairings). Noncopulating snails were obtained from a
random sample of seaweeds in the same sampling area
(excluding the previously discarded unsuccessful pairs).

In L. mariae, juveniles have a shell shape and an
unthickened part of the growing lip that allow them to
be distinguished from the adults (Goodwin & Fish,
1977; Fretter & Graham, 1980). In individuals from
Galicia, however, these characteristics are not related
to sexual maturity, although they can be used as a
rough estimate of age, to distinguish young and old
snails (Rolan-Alvarez, 1993; Roldn-Alvarez et al.,
1995).

All snails were marked, aged according to the
characteristics above (young or old snails) and sized
(fresh weight and shell height were recorded). Fresh
weight was measured by a digital balance (£ 0.002 g)
and shell height by a manual calliper (+0.05 mm),
following Janson (1982). All snails were stored at
—70°C prior to electrophoresis. The sex of all speci-
mens was noted before carrying out electrophoretic
analyses for nine polymorphic allozymic loci: phos-
phogluco-isomerase (EC 5.3.1.9; Pgi), phospho-
glucomutase (EC 5.4.2.2; Pgm), mannose-6-phosphate
isomerase (EC 5.3.1.8; Mpi), esterases (EC 3.1.1.1; Es-
2 and Es-c), arginine phosphokinase (EC 2.7.3.3; Ark),
aminopeptidase (EC 3.4.13.-; Ap), leucine amino-
peptidase (EC 3.4.11.~; Lap-1 and Lap-2). Buffers,
staining systems and electrophoresis methods (hori-
zontal starch gel) have been described in detail else-
where (Roldn-Alvarez, 1993; Roldn-Alvarez er al.,
1995). Loci and alleles were labelled in order of
decreasing electrophoretic mobility. The number of
heterozygous loci of each snail defined the locus and
multilocus heterozygosity indexes. Only snails with
developed reproductive tracts and genotypes known
for the nine loci were used in the analyses.

Statistical analysis

Variation in allelic frequencies or degree of multilocus
heterozygosity between areas, sex or age classes was
analysed using x?2 contingency tests. Wright’s F-statistic
((H.~H,)/H,) and x? goodness of fit tests were used to
study agreement with Hardy-Weinberg expectations.
Genotypic associations between pairs of loci were
verified by x> contingency tests. Pseudoprobability
contingency or goodness of fit 2 tests were employed
when low sample sizes within cells ( < 5) were expected
(Zaykin & Pudovkin, 1993). The sequential Bonferroni
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multitest correction was employed when many tests
were carried out simultaneously (Rice, 1989).

Analysis of mating behaviour corresponding to
multilocus genotypes was carried out considering the
three independent components contributing to mating
behaviour: differential male mating success (male
sexual selection), differential female mating success
(female sexual selection) and mating pattern (Merrell,
1950; Anderson & McGuire, 1978; Spieth & Ringo,
1983). A x? contingency test was used to study mating
pattern (deviation from random mating), and the cross-
product estimator was used to study sexual selection
(see Santos et al., 1986; Zapata et al., 1990; Johannes-
son et al., in press). The latter estimator was used to
obtain the relative fitness of multilocus heterozygosity
classes with respect to the multilocus homozygosity
class, and the relative fitness, for each locus, of hetero-
zygotes with respect to homozygotes. The fitness of a
particular heterozygosity class (“1”), relative to the
homozygosity class (“0”) is defined by the cross-
product estimate given by:

W“l” = (Cop “1” X NOHCOp uos!)/
(Noncop“1” x Cop“0”),

where Cop is the number of copulating individuals of
one sex and Noncop the number of noncopulating
individuals of that same sex. Bootstrap fitness estimates
were obtained independently for copulating and
noncopulating samples from each of 1000 Monte
Carlo type resamplings of the data from the two
heterozygosity classes for which fitness had previously
been estimated. Confidence intervals for each fitness
estimate were obtained from the distribution of the
1000 bootstrap fitness estimates. Fitness estimates,
variances of estimates, and bootstrap confidence
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intervals for each fitness estimate were obtained by a
(compiled) BASIC program (Roldn-Alvarez, 1993).

Standard parametric and nonparametric tests, on
allozyme and quantitative data, were calcuiated follow-
ing Sokal & Rohlf (1981) and Siegel & Castellan
(1988) using the spss/pc statistical package.

Results

Genetic structure of samples

Allozymic variability and further analyses of genetic
structure of noncopulating samples have been
described elsewhere (Rolan-Alvarez et al., 1995).

The frequency of sex and age classes, sample size
and mean expected heterozygosity for the nine loci
analysed are shown, for each L. mariae sample, in
Table 1. The distributions of sex and age classes were
significantly heterogeneous between sampling areas
(x%=16.5, df.=3, P<0.01; x3.=129, df.=3,
P <0.01). Nevertheless, there was no significant allelic
heterogeneity at single loci after Bonferroni correc-
tions, between areas or between sex or age classes
within areas, for copulating or noncopulating samples.
Moreover, frequencies of heterozygosity classes
(individuals grouped by a particular heterozygosity
index) were homogeneous, between areas or between
sex or age classes within areas, after Bonferroni correc-
tions for copulating or noncopulating samples. These
results allowed pooling of all areas, within copulating
and noncopulating groups, for statistical tests related to
the locus or multilocus heterozygosity indices.

Most loci showed F-values close to Hardy-
Weinberg expectations in copulating and noncopu-
lating samples of L. mariae, but significant hetero-

Table 1 Percentage of male, female, young and old snails in the four areas of copulating and noncopulating Littorina mariae

samples
Noncopulating Copulating
Sampled
area N Males Females Young Old H, N Young Old H,
A 121 289 71.1 63.7 36.3 0.150 134 61.7 383 0.141
(0.048) (0.047)
B 100 48.0 52.0 66.0 34.0 0.136 97 56.7 43.3 0.149
(0.044) (0.045)
C 68 574 42.6 414 58.6 0.148 72 61.1 389 0.159
(0.047) (0.050)
D 136 42.6 574 62.9 371 0.157 144 73.6 264 0.141
(0.059) (0.054)
Total 425 447

H, is the unbiased heterozygosity estimate (Nei, 1978) for the nine studied loci (standard errors in parentheses). N is the sample

size.
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zygote deficiencies were observed in 11 cases (from 65
tests). However, only Lap-1 in area D, for copulating
samples, showed a significant and positive F-value after
Bonferroni corrections (P <0.05).

All pairs of loci were tested for genotypic associa-
tions. No significant associations were observed after
Bonferroni corrections.

Heterozygosity-sexual selection correlation

Genotypes for allozymic loci and multilocus hetero-
zygosity classes were randomly distributed between
mating pair combinations for the pooled areas
(x3=5.1, P=0.825). Thus, mating was not assortative
for these genotypes.

The association between sexual selection (giving to
noncopulating snails a value of 0 and to copulating
ones a value of 1) and individual heterozygosity was
positive and significant for total pooled males, but not
for total pooled females (see T estimates in Table 2).
Similarly, copulating males showed larger hetero-
zygosity ranks than noncopulating ones in total males
(U=17 601, n, =180, n,=227, P=0.012) and in
young males (U=7287, n,=106, n,=161,
P <0.037), but not in old males (U=1858, n, =65,

n,=66, P=0.166). However, no such trend was found
in females: total (U=26 489, n,=246, n,=220,
P=0.681), young (U=8015, n,=135, n,=126,
P=0.399), old females (U=4870, n, =105, n,=94,
P=0.868).

Sexual fitness for multilocus heterozygosity classes,
for both sexes and all samples, is shown in Table 2.
Fitness for multilocus heterozygosity classes tended to
be larger in males than in females, in every area (except
area C) and in the pooled areas. Sexual fitness was
significant in some male heterozygosity classes after
bootstrapping: in all heterozygosity classes from area D
and in 2-3 heterozygosity classes from the pooled
samples (Table 2). Only males from areas A and D had
a significant sexual fitness (1-3 multilocus hetero-
zygosity classes). The sexual fitness values for each
heterozygosity class can be converted to selection
coefficients, the less fit heterozygosity classes relative
to the most fit one, thus facilitating comparison with
other experiments. Total pooled male heterozygosity
classes showed an average selection coefficient of 0.39
(range 0.21-0.57), while in area D estimates of selec-
tion coefficients ranged from 0.14 to 0.76 with an
average of 0.43. In addition, sexual fitness tended to be
more heterogeneous among areas in males than in
females (Table 2).

Table 2 Sexual fitness estimates for heterozygosity classes for male and female Littorina mariae from the four areas and all

areas pooled

Males

Multilocus heterozygosity

Females

Multilocus heterozygosity

0 1 2 3-5 Mean 0 1 2 3-5 Mean

A 1.00 1.57 2.18 1.83 1.86* 1.00 096 1.70 095 1.20

(0.87) (1.27) (1.57) (0.18) (0.41) (0.84) (0.58) (0.25)
B 1.00 1.10 1.25 2.92 1.76 1.00 162 0.70 1.25 1.19

(0.59) (0.70) (2.94) (0.58) (0.97) (0.46) (0.88) (0.27)
C 1.00 0.79 090 045 0.71 100 197 044 0.66 1.02

(0.48) (0.58) (0.69) (0.14) (1.39) (0.35) (0.67) (0.48)
D 1.00 2.51* 359 4.18% 3.43* 1.00 1.22 1.09 0.41 0.90

(1.22) (2.12) (2.93) (0.49) (0.50) (0.48) (0.32) (0.25)
Mean 1.49 1.98 2.34 144 098 0.82

(0.37) (0.60) (0.79) (0.22) (0.27) (0.18)
Pooled 1.00 1.43 1.81* 2.30* 185 1.00 1.27 1.00 0383 1.03
(A+B+C+D) (0.37) (0.51) (0.96) (0.25) (0.30) (0.27) (0.28) (0.13)

r=0.12* =—0.02
407 465

*P <0.05.

Theoretical errors of the fitness values are shown in parentheses (Alvarez e al., 1989). Fitness estimates of heterozygosity
classes were compared statistically with the homozygosity class by bootstrapping (see text). Kendall’s tau association test (1)
between sexual selection and individual heterozygosity, and sample size used, are presented for pooled samples of males and

females.
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The same trend for the sexual fitness estimates was
observed in young and old males and females. Selec-
tion coefficients in young males ranged between 0.37
and 0.65, with an average of 0.49, while in young
females the range was between 0.01 and 0.25, with an
average of 0.14. Selection coefficients m old males
ranged between 0.19 and 0.47 (average 0.37), while in
old females the range was between 0.13 and 0.5
(average 0.33). There were no significant fitness
estimates in males or females within age classes when
bootstrapping was used, perhaps because of the low
sample sizes of the estimates. However, the
relationship between sexual fitness and heterozygosity
classes could be shown by Kendall’s tau association
test: total males (r=0.34, n=16, P<0.10), young
males (z=0.44, n =15, P<0.05), old males (7=0.10,
n=15, NS), total females (r= —0.23, n=16, NS),
young females (7= —0.13, n=16, NS) and old females
(z= —0.24, n= 16, NS). Males, but no females, showed
a positive association between multilocus hetero-
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zygosity classes and their fitness values. This trend was
especially obvious in young snails (Fig. 1).

The contribution of each locus to the multilocus
heterozygosity-sexual selection correlation was found
by means of the fitness of pooled heterozygotes relative
to pooled homozygotes for each locus. Heterozygotes
from Lap-1 showed the largest mating advantage,
although by the conservative Bonferroni approach it
was not significant. The loci which contributed the
most to the multilocus heterozygosity-sexual selection
correlation were those m which we found more homo-
zygotes in the population than expected from
Hardy-Weinberg (7=0.46, n=25, P<0.01). Again,
no such trend was observed in females (7=0.18,
n=27,NS)(Fig. 2).

Zouros (1993) proposed a test to evaluate the
associative overdominance hypothesis. According to
this hypothesis a positive correlation is expected
between the degree of unbiased heterozygosity (Nei,
1978) and the contribution of each locus (see above)
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Fig. 1. The heterozygosity-sexual selection relationship in young and old, male and female Littorina mariae. Average sexual fit-
nesses in sampling areas are shown for all heterozygosity classes (relative to the homozygosity class). Vertical segments are stand-

ard errors.
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across the studied loci. We have carried out this test for
males and females of the studied population. The
results failed to support the associative overdominance
hypothesis. No correlation between heterozygosity and
the contribution of each locus across loci was found in
males (r=0.305, n=9, P=0424) or in females
(r=-0.279, n=9, P=0.467). Howeyver, this test does
not allow us to differentiate between distinct rival
hypotheses (see Zouros, 1993).

Heterozygosity-size relationship

Total fresh weight and shell height were highly corre-
lated in snails (r=0.892, n=861, P <0.001), and they
represent different size estimates. The mean size
(weight) of males and females in different hetero-
zygosity classes, within copulating and noncopulating
samples, is shown graphically in Fig. 3. The shell height
is not represented as it showed the same pattern as the
weight. Sizes were not significantly different among
heterozygosity classes, within copulating and noncopu-
lating groups, in males or in females (Fig. 3). However,
copulating males showed a significant negative correla-
tion between multilocus heterozygosity and weight of
each snail (r=—0.142, n=227, P<0.05), although
there was a nonsignificant correlation with shell height
(r=-0.131, n=218, P<0.10). Nevertheless, no
significant correlations between size and individual
heterozygosity were observed in males and females
from the noncopulating or the pooled samples (copu-
lating and noncopulating). Furthermore, a negative
association between size and sexual selection (giving 0
for noncopulating and 1 for copulating) was observed
in  males (rygg=—0144, n=397, P<001;

sex is also presented.
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Fig. 3. The average fresh weights and standard deviations
(g) are shown for male and female heterozygosity classes in
copulating and noncopulating samples of Littorina mariae.
Open bars represent noncopulating samples and hatched
bars copulating ones.
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Theight = —0.165, n =388, P<0.001), while a positive
association was found in females (r,.y,=0.131,
n=459, P<0.01; Fyeign,=0.123, =453, P<0.01). In
other words, small males and large females mated most
often.

Discussion

Sexual fitness was positively associated with multilocus
heterozygosity in male L. mariae (Galicia: NW Spain).
However, this relationship was absent in female L.
mariae from the same samples. Males and females are
expected to contribute differently to mating behaviour
(O’Donald, 1980; Spieth & Ringo, 1983), and distinct
mating components between sexes have already been
described for littorinids in nature (e.g. L. saxatilis:
Johannesson et al., in press). In L. mariae, the life
history characteristics suggest that it may represent a
typical polygamous species with a larger potential for
sexual selection in males than in females (Roldn-
Alvarez, 1993). It may be that females invest their
energy in other fitness components (Rodhouse et al.,
1986; Zouros & Foltz, 1987).

Male L. mariae showed an increase in sexual fitness
with the degree of multilocus heterozygosity. In fact,
sexual fitness in males was impressive for some multi-
locus heterozygosity classes. The average selection
coefficients for heterozygosity classes in total males
were as high as 0.39 (range 0.21-0.57), as large as the
selection coefficients observed in the study on multi-
locus heterozygosity and sexual selection in Artemia
franciscana (Zapata et al, 1990) or the studies on
heterozygosity and viability in marine bivalves (see
Alvarez et al, 1989). However, these impressive
selection coefficients were observed in a relationship
that only explained 1 per cent of the variance in
matings. The low percentage of variance explained by
the multilocus heterozygosity seems to be contradic-
tory to the large selection coefficients found in hetero-
zygosity classes, but this is not so. The fitness estimates
were obtained from grouped individuals (amplifying
the effects of the relationship - see below), while the
percentage of variance explained was obtained from
the association between individual heterozygosity and
sexual selection (see 7 estimates in Table 2). Similarly,
amplifying effects of hierarchical averages have already
been described for the heterozygosity-growth rate
relationship (Zouros, 1987): when individuals with the
same number of heterozygous loci are placed in the
same group, the pooling will amplify the correlation
between heterozygosity and phenotypic score. More-
over, Zouros (1987) noted at least four different nested
levels contributing to the amplifying average effects of
heterosis.
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The heterozygosity-sexual fitness correlation was
age-dependent, being significant only in young snails.
This relationship only explained a small percentage of
the variance (1 per cent) in the character studied
(matings), and showed considerable heterogeneity
among samples (Table 1 and mean errors in Fig. 1). In
addition, the contribution of each locus to the multi-
locus association was related to the homozygosity
excess of the locus in the sample (Fig. 2). Such associa-
tions are typically found in populations with hetero-
zygosity—-growth rate correlations (see Mitton & Grant,
1984; Zouros, 1987; Zouros & Foltz, 1987; Zouros &
Mallet, 1989; Zouros & Pogson, 1994).

There are many possible explanations for hetero-
zygosity-phenotypic trait correlations (reviewed in:
Zouros, 1987; Zouros & Foltz, 1987, Zouros &
Mallet, 1989; Gaffney et al., 1990). The characteristics
of allozyme heterozygosity—-quantitative trait correla-
tions have been claimed to support the associative
overdominance hypothesis (Zouros, 1987; Zouros &
Mallet, 1989; but see Koehn, 1990). However, a
comparison between allozyme and RFLP hetero-
zygosities provides evidence against it (Pogson &
Zouros, 1994). Zouros (1987, 1993) suggested some
tests to verify the associative overdominance
hypothesis. However, we could only use one of these
with our data because the loci employed were mostly
diallelic and paired linkage relationships were not
observed in similar littorinid species (Ward et al., 1986,
1991). The associative overdominance hypothesis was
not supported by our data, although the results must be
considered as preliminary because of the low number
of loci employed. In fact, no conclusive evidence exists
for any of the hypotheses described to explain the
heterosis with the allozyme markers.

The heterozygosity-sexual fitness relationship
appears to be associated with mating-size and hetero-
zygosity-size relationships in L. mariae. Small males
and large females were most successful during matings.
In other littorinid species large males are at an advan-
tage in conquering and retaining females during
matings (see Johannesson et al, in press). Male and
female mating-size correlations are very similar in
magnitude, suggesting that a factor other than the
heterozygosity-sexual fitness relationship (which only
affected males) causes the former correlation. A signifi-
cant negative correlation between heterozygosity and
size is found in copulating males, but is absent in
copulating females, in noncopulating and in pooled
(copulating and noncopulating) males and females.
Moreover, the significant heterozygosity-size correla-
tion of male L. mariae did not show the usual relation-
ship of size being positively associated with
heterozygosity (Mitton & Grant, 1984; Zouros &
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Foltz, 1987). These relationships probably suggest that
young males invest most of their energy in sexual
activities, which also affect negatively their growth rate.

A positive relationship between sexual fitness and
individual heterozygosity has been observed in male L.
marige. Moreover, this relationship had the same
characteristics as the known heterozygosity-growth
rate correlation. Relationships between size and fitness
in males and females and between heterozygosity and
size in copulating males were observed. In fact, these
phenomena in young males may represent related
effects from a natural life history-heterozygosity
relationship. The evolutionary significance of the
correlation between allozyme heterozygosity and
quantitative traits is not clear (Pogson & Zouros,
1994). In fact, the degree of the relationship between
heterozygosity and sexual selection in L. mariae was
different among individuals from that of individuals
grouped according to their heterozygosity level, which
may suggest the existence of some bias contributing to
the phenomenon. Moreover, the correlation has pre-
viously been explained in terms of dominance variance
(heterosis) (Zouros & Foltz, 1987), but also in terms of
additive variance (Chackraborty, 1987). Nevertheless,
selection on a polygenic trait is able to change gene fre-
quencies (affecting the trait) mainly by the additive
variance component (Falconer, 1981).
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