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Abstract — Genetic and demographic changes in mosquitofish populations are reported after chronic (111 d) exposure to mer-
cury. Sex ratios, normally female-biased in field populations, were also female-biased in control mesocosms. However, the sex
ratio was male-biased in the mercury treatments. Frequencies of glucosephosphate isomerase-2 (Gpi-2) allozymes for fish ex-
posed to mercury differed from initial frequencies and from those of control fish. In a selection-component analysis, female
sexual selection was statistically significant for the mercury-treated fish; the proportion of females that were gravid differed
among Gpi-2 genotypes. The number of developing embryos per female also differed among Gpi-2 genotypes. Mercury had
genotype-specific effects on mosquitofish reproduction in addition to genotype-specific effects on mortality reported earlier.
These effects may reflect metabolic qualities of the Gpi-2 genotypes or loci closely linked to the Gpi-2 locus.

Keywords — Gambusia holbrooki Fish Mercury

INTRODUCTION

Toxicant stress to individuals can modify genetic charac-
teristics of populations. If populations are composed of in-
dividuals that vary in their tolerance to a toxicant, and this
tolerance has a genetic basis, tolerant genotypes should in-
crease in frequency as stress continues. Tolerance of a toxi-
cant can be manifest as differential viability, growth, or
reproduction.

Differences in individual tolerance during toxicant stress
have been linked to physiological [1,2], behavioral [3], and
genetic [4,5] mechanisms. Mechanisms of resistance to met-
als described to date are all energy-demanding (e.g., metallo-
thionein production [6,7], granule production [4,8], or
changes in uptake or elimination rates [4]). Energy expended
on resistance activities is not available for other activities such
as growth or reproduction. Chronic stress is accompanied by
changes in an organism’s energy budget as energy is allocated
to resistance [9]. Therefore, changes in individual growth and
reproductive activity are key indicators of susceptibility to
sublethal levels of toxicants.

Environmental stress is often used to assess relative fit-
ness differences (e.g., survival, growth, or fecundity) among
allozyme variants [10,11]. Changes in allozyme frequencies
have been suggested as indicators of toxicant stress in natu-
ral populations [12,13]. Koehn [14] argued that allozyme
polymorphisms for single genes can have measurable effects
on physiological performance and ultimately on adaptation.
Such physiological differences can be reflected in differences
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in individual growth, fecundities, timing of reproduction, be-
havior, or other critical aspects of life history. Many studies
indicate a trade-off between growth or reproduction and sur-
vival in toxicant-stressed environments, and a relationship
between individual performance and allozyme genotype. For
example, Frati et al. [15] argued from studies of the soil ar-
thropod, Orchesella cinta, that exposure to metals may im-
pact specific loci but not overall genetic variability. For O.
cinta, they observed a correlation between metal tolerance
and frequencies of allozymes of glutamate oxaloacetate
transaminase (Got).

We recently demonstrated differential survival in mosqui-
tofish (Gambusia holbrooki) during acute exposures to mer-
cury. Median times-to-death varied significantly among fish
of different allozyme genotypes, sizes, and sexes [16,17].
Smaller fish and male fish had earlier times-to-death than did
larger or female fish. Additionally, survivorship was related
to allozyme genotype at the glucosephosphate isomerase-2
(Gpi-2) locus. Mosquitofish of the genotype Gpi-2°%/Gpi-2°%
died sooner than fish of other Gpi-2 genotypes [16,17]. Sig-
nificant differences in glycolytic and Krebs cycle metabolite
pools were also found among Gpi-2 genotypes acutely ex-
posed to mercury [18,19]. Differences in pools of lactic acid
and glucose-6-phosphate between mosquitofish homozygous
for the Gpi-2*%/Gpi-2°% genotype and the other genotypes
suggested that these homozygotes had a higher rate of me-
tabolite turnover during mercury exposure. This higher turn-
over may be linked to their earlier times-to-death. The
hypothesis of differential metabolite turnover is further sup-
ported by recent work demonstrating that earlier times-to-
death for Gpi-2°%/Gpi-2°% homozygote did not result from






