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The Effect of Whole-Lake Nutrient Enrichment on Mercury
Concentration in Age-1 Yellow Perch

TIMOTHY E. ESSINGTON*1 AND JEFFREY N. HOUSER2
Center for Limnology, University of Wisconsin–Madison,
680 North Park Street, Madison, Wisconsin 53706, USA

Abstract.—We evaluated the effect of whole-lake nutrient enrichment on Hg concentration in
age-age-1 yellow perch Perca flavescens and assessed whether reduced Hg concentration in fish
from enriched lakes could be attributed solely to enhanced fish growth (i.e., growth dilution). A
survey of yellow perch in eighteight reference lakes and twotwo experimentally enriched lakes
(P input 5 2–6 mg · m22 · d21; N : P . 25 : 1 by atoms) indicated that yellow perch Hg concentration
was highly correlated with lake pH and nutrient enrichment (R2 5 0.87). Age-1 yellow perch were
four to five times larger and had 50% lower Hg concentrations in enriched lakes than in reference
lakes of an equivalent pH (reference lakes 5 0.24 mg Hg/g wet mass; enriched lakes 5 0.11 mg
Hg/g). A mass balance model of Hg dynamics indicated that growth dilution could only account
for 30–40% of the reduction in yellow perch Hg concentration, suggesting that lake enrichment
produced effects on fish Hg concentration that were not explained by differences in growth rate.
A change in yellow perch diet likely explains the remainder of the difference in yellow perch Hg
concentration between reference and enriched lakes.

Mercury contamination in freshwater fish remains
an important management and public health concern
(Facemire et al. 1995). Fish Hg concentrations can
vary five-fold among nearby lakes (Sorensen et al.
1990), and a considerable body of research has
sought to identify sources of this variation. Limno-
logical variables such as lake pH (Grieb et al. 1990;
Suns and Hitchin 1990; Wren et al. 1991; Lange et
al. 1993), dissolved organic carbon concentration
(McMurtry et al. 1989), water color (Haines et al.
1995), and alkalinity (Lathrop et al. 1991; Wren et
al. 1991; Lange et al. 1993) have often been corre-
lated with fish Hg concentrations. Recent research
has also demonstrated that fish trophic level (Verta
1990; Cabana et al. 1994; Futter 1994; Kidd et al.
1995; VanderZanden and Rasmussen 1996) and
growth rate (Suns and Hitchin 1990; Cabana et al.
1994) can dictate fish Hg concentration, pointing to
the importance of food web structure and bioener-
getics. Finally, there is growing appreciation of the
role of wetlands in governing Hg concentration in
fish (St. Louis et al. 1994; Rudd 1995; Kelly et al.
1997).
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The effect of eutrophication on Hg concentration
in fish has received less attention. Nonpoint source
pollution and subsequent lake eutrophication are
widespread environmental concerns in freshwater
and coastal areas worldwide (Carpenter et al.
1998a), and eutrophication may have important ef-
fects on Hg concentration. Food web structure may
be altered by eutrophication via reduced water clar-
ity and oxygen depletion (NRC 1992). Furthermore,
fish growth may be enhanced in eutrophied lakes
(Stockner and Macisaac 1996), and rapid fish
growth can reduce fish Hg concentration (Suns and
Hitchin 1990; Cabana et al. 1994) through the pro-
cess of growth dilution (Larsson et al. 1992; Stow
et al. 1995). Comparative studies point to the pos-
sibility of reduced Hg concentration in fish from
eutrophic systems (e.g., Cleckner et al. 1998), but
definite conclusions are lacking due to the suite of
parameters that covary with trophic status. In one
notable study, Kidd et al. (1999) found that fish Hg
concentrations were 50% lower in an experimen-
tally eutrophied lake than in a nearby oligotrophic
lake. However, the analysis was limited to only two
lakes, therefore additional factors may have con-
tributed to this observation.
Numerous investigations of fish Hg concentra-

tion have targeted yellow perch Perca flavescens
(e.g., Grieb et al. 1990; Suns and Hitchin 1990;
Post et al. 1996). Yellow perch are important com-
mercial and game fish, as well as important prey
for other game fish such as walleye Stizostedion
vitreum, which are commonly the focus of fish
consumption advisories due to high Hg concen-
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