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Fish from new reservoirs often have elevated concentrations
of methylmercury (MeHg) that they primarily accumulate
from food such as zooplankton. The objectives of this research
were (i) to determine the effect of reservoir creation on
total mercury (THg) and MeHg in zooplankton and (ii) to
examine how variations in community structure and water
chemistry affect MeHg bioaccumulation by zooplankton.
Beginning in June 1992, we measured concentrations of THg
and MeHg in zooplankton from an experimental reservoir
(L979) and an unmanipulated reference pond (L632). After
flooding of L979 in June 1993, mean concentrations of
MeHg in zooplankton increased from 32 to >300 ng g-1

dw and THg increased from 87 to >500 ng g-1 dw. Annual
fluxes of MeHg through the zooplankton community
increased 10-100× after impoundment. MeHg concentra-
tions in zooplankton, seston, and water were strongly
correlated with each other (r > 0.92). Bioaccumulation
factors relating MeHg in zooplankton to MeHg in water or
seston did not change after impoundment, despite large
changes in water chemistry and zooplankton community
structure. Concentrations of Hg in zooplankton from Lake
632 did not change dramatically over the 4 years of
study.

Introduction
One of the most important environmental problems affecting
new reservoirs is the contamination of fish with methylm-
ercury (MeHg) (1). Decomposition of flooded terrestrial
vegetation and soil carbon stimulates bacterial methylation
that converts inorganic Hg to more toxic MeHg that ac-
cumulates and biomagnifies in aquatic food webs (2, 3).
Concern about human consumption of fish contaminated
with MeHg has led to the closure of subsistence, sport, and
commercial fisheries in many reservoirs with resultant social
upheaval and economic loss (4). High concentrations of
MeHg have also been found in fish from many natural lakes.

Under most conditions, fish obtain MeHg almost exclu-
sively from their diet (5). Zooplankton are consumed by
many adult and juvenile fish and, consequently, are an

important source of MeHg in most freshwater food webs.
Information is limited on changes in zooplankton MeHg
concentrations following the creation of new reservoirs (1,
6, 7), and factors affecting bioaccumulation of MeHg by
zooplankton are poorly understood. The creation of new
reservoirs typically results in large changes in water chemistry
and plankton community structure (8), and the effects of
these variations on MeHg accumulation by zooplankton are
unclear. It is well-known that concentrations of MeHg in
fish vary with water chemistry, fish community composition,
and diet (9-11). Variations in water chemistry and plankton
community structure may also affect MeHg accumulation
by zooplankton (12, 13). For example, changes in dissolved
organic carbon (DOC), pH, temperature, and trophic condi-
tions may affect MeHg accumulation by zooplankton (14-
17). Because diet is the main route of uptake by fish, any
factors that strongly affect MeHg concentrations in zoop-
lankton are also likely to affect MeHg uptake by fish.

This study examines changes in Hg accumulation by
zooplankton collected before and after the creation of a small
experimental reservoir in a boreal wetland. The objectives
of this research were (i) to determine the effect of reservoir
creation on total mercury (THg) and MeHg concentrations
and fluxes in the zooplankton community and (ii) to examine
how changes in plankton community structure and water
chemistry affected MeHg bioaccumulation by zooplankton.
We focus mostly on MeHg because this is the most toxic
form of Hg and because it predominates in fish.

Site Description and Methods
Lake 979 (L979) is surrounded by peatland and is immediately
downstream of lake 240 at the Experimental Lakes Area (ELA)
in northwestern Ontario [see figures in Kelly et al. (3) and
Paterson et al. (8)]. After 1 year of pre-impoundment study
of zooplankton, the water level of L979 was raised 1.3 m
between June 28 and July 5, 1993, by closing a dam
constructed at the outflow. Flooding inundated the sur-
rounding peatland, increased the maximum depth from 1.2
to 2.5 m, increased the lake area from 2.4 to 16 ha, and led
to a 9× increase in lake volume. Each year the water level
was drawn down 1 m in late September-early October to
mimic water regimes in many northern hydroelectric res-
ervoirs. In May of each year the pond was reflooded.

L979 was oligotrophic prior to impoundment, with low
biomasses of bacteria, phytoplankton, and zooplankton
similar to other ELA lakes (Table 1). The oligotrophic nature
of L979 was partly a result of rapid flushing of the pond
by water from upstream L240 (8). Impoundment of L979
resulted in elevated concentrations of phosphorus, DOC,
and other nutrients especially over flooded peat (8). After
impoundment, oxygen concentrations in water overlying
flooded areas often declined to <1 mg L-1, and pH decreased
from a pre-impoundment mean of 6.6 to as low as 5.3 at the
center buoy.

Impoundment of L979 strongly affected plankton com-
munity structure [summarized in Paterson et al. (8)]. Mean
zooplankton biomass increased by more than 10× from 27
µg L-1 dry weight (dw) before impoundment to approximately
300 µg L-1 dw after flooding in 1993 and 1994 (Table 1). During
the third summer of flooding (1995), mean zooplankton
biomass declined to 82 µg L-1 dw. The pre-impoundment
zooplankton community was composed primarily of small
species (<500 µm in length), such as Bosmina longirostris
(Müller). After flooding, zooplankton biomass was domi-
nated by a single species of Cladocera, Daphnia rosea Sars,
which had a mean length >500 µm. Bacterial biomass also
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increased dramatically from 0.14 mg L-1 wet weight (ww) in
1992 to >1 mg L-1 ww in 1993 (Table 1). In 1994 and 1995,
bacterial biomass decreased but was still 4-6× greater than
in pre-impoundment years. Despite increases in nutrient
concentrations after flooding, mean phytoplankton biomass
decreased from 0.5 mg L-1 ww in 1992 to 0.14 mg L-1 ww in
1993, presumably as a result of increased grazing by
zooplankton. In 1994 and 1995, phytoplankton biomass was
elevated above pre-impoundment levels, with mean con-
centrations of 0.6 and 4.8 mg L-1 ww, respectively.

Lake 632 (L632; maximum depth ) 1.2 m; surface area )
0.86 ha) was the reference system for this study and is
surrounded by a headwater wetland dominated by Sphagnum
spp., leatherleaf (Chamaedaphne calyculata L. Moench), and
black spruce (Picea mariana Mill. BSP) (18). L632 is
oligotrophic (Table 1) and was unmanipulated, except for
the inadvertent introduction of finescale dace (Chrosomus
neogaeus Cope) in 1992. The zooplankton community was
predominantly composed of Daphnia pulex Leydig, B.
longirostris, Diaptomus leptopus Forbes, and Mesocylops edax
Forbes in 1992 and 1993. In July 1994, D. pulex and D.
leptopus almost disappeared from the pond, presumably as
a result of increased planktivory by dace. After this time, the
zooplankton community was almost exclusively made up of
B. longirostris and M. edax. Mean annual zooplankton
biomass did not change substantially over the 4 years of
study.

Sample Collection. Zooplankton samples for Hg analysis
were collected weekly during the ice-free season from June
1992 to October 1995 using horizontal tows of 80- and 400-
µm nets. We focus on results obtained from the 80-µm
samples because these are most representative of the
zooplankton community as a whole. On many occasions,
we were unable to obtain sufficient biomass for Hg analyses
with the 400-µm net.

After collection, net contents were stored and frozen in
plastic whirl-pak bags. A small subsample from each net
tow was preserved in 3% sugar-formalin for determination
of the relative biomass of different species using techniques
described in Paterson et al. (8). On three occasions in 1995,
we measured concentrations of MeHg in Chaoborus spp., an
insect predator on zooplankton. Chaoborus samples were
collected with a 150-µm net, at least 1 h after sunset. Animals
were picked from samples using acid-cleaned forceps and
frozen. Chaoborus were not identified to species, but C.
flavicans and C. trivittatus occurred in emergence samples
collected from L979 in 1994 (19).

Water samples for THg and MeHg determinations were
collected at least every 2 weeks at the center buoy or outflow
of lakes 979 and 632 using the “clean hands, dirty hands”
technique (20). MeHg concentrations in water were not
available for L632 in 1995. On 31 occasions, samples from

L979 were passed through a 0.45-µm filter to distinguish
operationally defined particulate and dissolved fractions.
Particulate concentrations were normalized (ng g-1 dw) to
total suspended solid concentrations (TSS) measured on
samples collected at the same time. On 14 of the 31 occasions,
TSS was not directly determined but was estimated using
suspended C concentrations and a regression equation
developed from L979. Particulate and dissolved MeHg were
not measured in L632. Water chemistry (nutrients, pH,
oxygen) and biomasses of phytoplankton, bacteria, and
zooplankton were determined using methods described in
Stainton et al. (21) and Paterson et al. (8).

Hg Determinations. Zooplankton were freeze-dried,
ground with an acid-washed glass mortar and pestle,
subsampled, and weighed. MeHg in zooplankton was
measured as organic Hg, which we found to be equivalent
to MeHg (see below). THg and organic Hg were determined
with cold-vapor atomic absorption spectrophotometry (CV-
AAS) using the methods of Armstrong and Uthe (22) and
Malley et al. (23). Determinations of THg and organic Hg
were made in duplicate whenever sufficient biomass was
available. The average coefficient of variation (CV) for organic
Hg measures in 50 replicated samples was 17%, comparable
to CVs reported in other studies using gas chromatography
and cold-vapor atomic fluorescence spectroscopy (GC-
CVAFS) (16, 17). All zooplankton Hg concentrations are
expressed as ng g-1 dry weight.

Organic Hg and MeHg concentrations were compared in
subsamples from eight zooplankton collections from lakes
979 and 632. MeHg concentrations were determined by Flett
Research Ltd., Winnipeg, MB, using GC-CVAFS after aqueous
phase ethylation (15). The resulting organic Hg and MeHg
concentrations were found to be statistically equivalent
(paired t-test; p > 0.2), within the power of the test. With
the type I error rate set at 0.05, we could detect a 15%
difference in Hg concentrations with a power of ap-
proximately 0.75 (24). Organic Hg concentrations were highly
correlated with MeHg determinations (r2 ) 0.97; p < 0.001),
and the y-intercept and slope of the resulting regression line
were not statistically different from 0 and 1, respectively (t-
tests; p < 0.01). Certified reference materials from the
National Research Council of Canada (DORM-1, DOLT-2)
were also analyzed for THg and organic Hg along with each
group of samples. In all cases, THg and organic Hg
concentrations for reference materials fell within certified
ranges for THg and MeHg. Taken together, these results
indicate that the organic Hg and MeHg measures were
equivalent.

Concentrations of Hg in water and seston samples were
determined using GC-CVAFS (25, 26). Larger zooplankton
were removed from water samples with a pipet before Hg
analyses. For both water and zooplankton, inorganic Hg

TABLE 1. Means and Ranges (in Parentheses) for Water Chemistry, Bacteria, and Plankton in Lakes 979 and 632, 1992-1995

L979

pre-flood post-impoundment L632

1992-1993 1993 1994 1995 1992-1995

phytoplankton biomass (mg L-1 ww) 0.48 (0.2-1.0) 0.14 (0.1-0.4) 0.61 (0.2-2.3) 4.80 (0.7-14.5) 0.34 (0.06-3.01)
suspended C (mg L-1) 0.56 (0.4-0.8) 0.44 (0.3-0.7) 0.56 (0.4-0.8) 1.08 (0.5-2.6) 0.62 (0.3-1.5)
bacterial biomass (mg L-1ww) 0.14 (0.1-1.3) 1.30 (0.7-3.0) 0.43 (0.2-0.7) 0.64 (0.3-1.4) nd
total P (µg L-1) 7.3 (5-10) 12.2 (11-18) 15.7 (7-24) 26.5 (7-63) 7.9 (4-20)
DOC (µm L-1) 814 (540-1170) 1031 (830-1210) 975 (660-1540) 1315 (650-2590) 1032 (160-1700)
pH 6.6 (6.3-6.9) 6.1 (5.9-6.6) 6.4 (6.0-6.9) 6.0 (5.3-6.7) 6.0 (5.1-6.4)
zooplankton biomass (µg L-1dw) 27 (5-116) 297 (130-550) 326 (23-511) 82 (4-391) 152 (15-495)
mean individual zooplankton

biomass (µg)
2.4 (0.5-4) 4.9 (2.3-8.4) 6.4 (1.0-12.7) 3.6 (0.4-13.3) 3.2 (0.4-12.4)

a Averages do not include data collected after drawdown. nd, not determined; ww, wet weight; dw, dry weight.
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was determined as the difference between THg and MeHg
determinations. Net MeHg fluxes through the zooplankton
community were estimated as the product of MeHg con-
centrations in zooplankton and daily productivity estimates
for zooplankton. Zooplankton productivity was determined
using techniques outlined in Paterson et al. (8).

Bioaccumulation and Biomagnification. Traditionally,
bioaccumulation of Hg has been estimated using a bioac-
cumulation factor (BAFdiss), defined as the ratio of the
concentration of MeHg in seston or zooplankton (ng g-1dw)
and the concentration of MeHg in the dissolved phase (ng
mL-1). For zooplankton, we also estimated BAFunfilt, using
MeHg concentrations in unfiltered water samples, to extend
the size of our data set. In all cases, interpretations based
on BAFdiss and BAFunfilt were identical. The ratio of MeHg in
zooplankton (ng g-1dw) to MeHg in seston (ng g-1dw) was
used as a measure of biomagnification (BMF) within the
planktonic food chain. BAFs are ratios and, consequently,
have many undesirable properties for statistical analysis (27).
Below, we depict changes in BAFs graphically for ease of
interpretation and to facilitate comparisons with other
studies. For statistical analyses, we used the residuals from
regressions relating concentrations of MeHg in zooplankton
or seston to MeHg concentrations in water. We used model
II regression (28) because the independent and dependent
variables were probably measured with comparable error.
Overall, interpretations based on regression residuals or BAFs
were similar.

Results and Discussion
Hg Concentrations in Zooplankton. Prior to impoundment,
concentrations of MeHg in zooplankton collected with the
80-µm net varied between 11 and 54 ng g-1 (mean ) 32), and
THg concentrations were between 60 and 238 ng g-1 (mean
) 87) (Figure 1; Table 2). Within 6 weeks of flooding, average
MeHg concentrations increased 10× and often exceeded 300
ng g-1. THg concentrations increased 5× to >500 ng g-1. Hg
concentrations in zooplankton remained elevated through
the first 3 years of impoundment. MeHg concentrations in
zooplankton were strongly correlated with instantaneous
hydrologic flushing rates (r ) -0.8; p < 0.0001) because water
and zooplankton were diluted by inflows with low MeHg
concentrations from upstream L240. In each year, concen-
trations of MeHg were low in spring because of high flushing
rates following snowmelt and low methylation rates associ-
ated with colder water temperatures.

Post-impoundment concentrations of THg and MeHg in
zooplankton far exceeded observations from unpolluted,
unimpounded lakes both in the ELA and the literature. In
July of 1993 and 1996, the mean MeHg concentration in
zooplankton collected from 31 ELA lakes was 57.4 ng g-1

(range 4-126 ng g-1) (29). Concentrations of MeHg and THg
in preimpoundment L979 and L632 were also similar to those
reported from other pristine lakes in North America (6, 7, 13,
17, 30-32). No large changes in zooplankton Hg concentra-
tions similar to those observed in L979 were seen in L632
(Figure 1).

Our study is the first to document changes in concentra-
tions of Hg in zooplankton collected both before and after
the creation of a new reservoir. The results from L979 parallel
previous findings of elevated concentrations of MeHg in
water, fish, and macroinvertebrates collected from new
reservoirs (e.g., 1 and 33). Zooplankton collected from new
reservoirs in northern Quebec and Finland have also been
found to have elevated concentrations of MeHg as compared
to zooplankton from nearby lakes (6, 7, 34). Maximum
concentrations of MeHg in zooplankton from Quebec
reservoirs were >400 ng g-1 dw, similar to maximum
concentrations observed in L979 (6, 7). Hg concentrations
in zooplankton from the pelagic zone of older reservoirs (>20

years after impoundment) are usually similar to unim-
pounded lakes (1, 7, 29).

MeHg/THg Ratios in Zooplankton. The MeHg/THg ratio
in zooplankton from L979 increased from a pre-impound-
ment mean of 24% to 54% after flooding (Table 2). MeHg/
THg ratios also increased in water samples collected after
impoundment (35). Despite the increases observed in L979,
the post-impoundment MeHg/THg ratio for zooplankton
was similar to that observed in L632 (42%). Possibly, higher
MeHg/THg ratios are related to high DOC concentrations
found in L632 and post-impoundment L979. Our findings
confirm previous observations that MeHg/THg ratios may
vary considerably in zooplankton (6, 12, 15).

Storage and Fluxes of MeHg in the Zooplankton Com-
munity. Because both zooplankton biomass and MeHg
concentrations increased after impoundment of L979, the
total amount of MeHg stored in zooplankton per liter of water
increased nearly 100× from 0.001 ng L-1 in 1992 to 0.09 ng
L-1 in 1993 and 1994 (Table 3). Mean concentrations of MeHg
per liter in zooplankton were even higher (on average, 6×)
over flooded peat, where zooplankton populations flourished
(8). MeHg in zooplankton was <1% of MeHg concentrations
in unfiltered water before impoundment (Table 3), similar
to other unimpounded lakes and L632 (31, 36). After flooding
in 1993 and 1994, MeHg in zooplankton from L979 made
up>5% of unfiltered MeHg values. By 1995, mean zoop-
lankton biomass and the pool of MeHg stored in zooplankton
decreased by >50%, but the size of this pool was still 40×
larger than in 1992.

Net fluxes of MeHg through the zooplankton community
represent an upper limit on the amount available to fish
from zooplankton. In L979, MeHg fluxes increased ap-
proximately 60× after impoundment in 1993 and 1994 (Table

FIGURE 1. Changes in concentrations of THg and MeHg in
zooplankton collected with the 80-µm net in lakes 979 and 632.
Open squares indicate MeHg concentrations in Chaoborus spp.
collected from L979 in 1995.
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3). Although MeHg concentrations in zooplankton remained
high in 1995, fluxes declined from >1 to 0.37 mg m-2 yr-1

because zooplankton productivity decreased from >15 mg
of C m-2 d-1 in 1993-1994 to 6.5 mg of C m-2 d-1 in 1995
(29). It is unclear whether this decline is indicative of a trend
toward lower MeHg fluxes with aging of the reservoir. In
1995, MeHg fluxes were still 20× higher than in 1992.
Concentrations of MeHg increased in both macroinverte-
brates and fish from L979 (37, 38), indicating that increases
in MeHg at the base of the food chain (zooplankton and
seston) were passed on to higher trophic levels. Fluxes of
MeHg through the zooplankton community exceeded up-
take by fish 3 to 17× (3, 37) and remained comparatively
high in 1995 (Table 3). Because MeHg concentrations
remained high in zooplankton, MeHg uptake by fish would
be expected to decline only if consumption of zooplankton
also decreased.

Relationships between MeHg Concentrations in Water,
Seston, and Zooplankton from L979. Within 6 weeks of
flooding, MeHg concentrations in unfiltered and filtered
water samples increased from a pre-impoundment mean of
0.1 to >1 ng L-1 (Figure 2). These changes are described in
detail by Kelly et al. (3). Mean concentrations of particulate
MeHg increased from a pre-flooding average of 32 to >300
ng g-1 dw after impoundment.

MeHg concentrations in zooplankton were highly sig-
nificantly correlated (r > 0.9) with MeHg in unfiltered water,
in filtered water, and on particles (Figure 3). Correlations
between MeHg in filtered water and on particles were not
as strong as for zooplankton but were still significant (r )
0.71; p < 0.01). In contrast to MeHg, concentrations of THg
in water did not increase substantially after impoundment
(3). Concentrations of THg and inorganic Hg in unfiltered
water and zooplankton were not significantly correlated with
each other.

Although several studies indicate that fish and macro-
invertebrates accumulate MeHg mostly from their diet (5,
39, 40), the dominant pathway of MeHg uptake by zoo-
plankton is less certain. Because zooplankton have high
surface area to volume ratios, considerable uptake from water
may be possible. Unfortunately, it is not possible to
determine the relative importance of MeHg uptake by
zooplankton from food versus water with the L979 data
because of the close correspondence of changes in concen-

trations of MeHg in filtered water, seston, and zooplankton.
Our data suggest, however, that transfers among these phases
occurred rapidly and within the biweekly sampling interval
of our study. There were no indications of lagged responses
of zooplankton MeHg concentrations to changes in MeHg
in either seston or water. The residuals of the zooplankton-
unfiltered water regression were not significantly autocor-
related at a lag of 14 days within any study year. Laboratory
studies have also found rapid uptake and depuration of MeHg
by zooplankton and phytoplankton (41-43).

MeHg Bioaccumulation by Zooplankton. Many labora-
tory and synoptic surveys indicate that bioaccumulation of

TABLE 2. Time-Weighted Mean Concentrations (ng g-1 dw) of MeHg, THg, and MeHg/THg Ratios in Zooplankton and Water
Collected from Lakes 979 and 632

L979

pre-flood post-impoundment L632

1992-1993 1993 1994 1995 1992-1995

zooplankton MeHg (80 µm) 32 (11-54) 346 (79-692) 319 (37-615) 300 (29-664) 102 (7-293)
zooplankton MeHg (400 µm) 87 (33-151) 410 (126-658) 530 (68-1093) 342 (30-931) 102 (17-234)
zooplankton THg (80 µm) 122 (60-191) 578 (238-730) 619 (171-957) 502 (270-1173) 222 (45-504)
zooplankton THg (400 µm) 235 (32-490)
zooplankton % MeHg (80 µm) 24 (16-39) 48 (38-49) 49 (22-68) 62 (52-94) 42 (13-70)
zooplankton % MeHg (400 µm) 47 (24-78)
water % MeHg 7 (2-23) 35 (12-58) 32 (8-67) 34 (8-68) 10 (5-21)

a Averages do not include data collected after drawdown. THg was not measured in 400 µm samples from L979 because of insufficient biomass.
Ranges are in parentheses.

TABLE 3. Changes in Mean Storage and Fluxes of MeHg in the Zooplankton Community in the Original Pond Area of L979

1992 1993 1994 1995

zooplankton MeHg in water (ng L-1) 0.001 0.089 0.094 0.043
zooplankton MeHg as % of unfiltered water concn 0.8 7.0 7.8 2.4
net MeHg flux through the zooplankton community (µg m2 yr-1) 0.02 1.38 1.13 0.37
net MeHg flux through the fish community (µg m2 yr-1) -0.02 0.08 0.20 0.14

FIGURE 2. Changes in concentrations of MeHg in unfiltered water
samples, in filtered water samples (dissolved fraction), and on
particulate matter in L979.
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MeHg by zooplankton and seston may be affected by
variations in water chemistry and plankton community
structure. For example, MeHg bioaccumulation can vary
with DOC, pH, temperature, and trophic conditions (14-17)
or among different zooplankton taxa (13, 44). One objective
of our study was to examine whether MeHg accumulation
by zooplankton was affected by the large changes in water
chemistry and food web structure that followed impound-
ment of lake 979.

There was no indication that MeHg accumulation by
zooplankton changed with MeHg availability in the physical-
chemical environment of L979. Relationships between MeHg
concentrations in zooplankton, water, and seston were
determined using model II regression (Figure 3), and in all
cases, the slopes of the regression lines were not significantly
(p > 0.2) different from 1 [test of Clarke (45) as modified by
McArdle (46)]. A slope of 1 in a log-log regression indicates
that the relationships between MeHg concentrations in water,
seston, and zooplankton remained proportionally constant
throughout the range of values encountered.

Zooplankton BAFs in lakes 979 and 632 also did not change
dramatically despite large variations in water chemistry
and food web structure (Table 1, Figure 4). BAFunfilt values
in L979 ranged between 5.2 and 5.7 before flooding and
between 5.2 and 5.9 after flooding. BAFs were similar in
both L979 and L632. BAFdiss values in L979 showed no
strong trends over time. After correction for multiple
comparisons (Bonferroni correction), residuals from the
zooplankton-water and seston-water regressions from lakes
979 and 632 were not significantly correlated with plankton
community structure (phytoplankton biomass, 14C primary
production, bacterial biomass, % Daphnia, zooplankton
biomass), zooplankton population attributes (Daphnia birth
rate), or physical-chemical factors (suspended C, particulate
C:N, DOC, pH, temperature, flushing rates). No r2 exceeded
0.5.

There was no evidence that species composition affected
MeHg accumulation by zooplankton. Prior to flooding, 80-
µm net samples analyzed for Hg from L979 were dominated
by Bosmina longirostris (a herbivore/detritivore) and Polyphe-
mus pediculus Linné (a predaceous cladoceran) whereas 400-
µm samples contained mostly P. pediculus (Figure 5). After
impoundment, both sample sets were dominated by Daphnia
rosea, a herbivore/detrivore. Rotifers were generally rare,
and no samples contained large amounts of detritus or
phytoplankton. In general, changes in MeHg concentrations
in zooplankton collected with the 400-µm net closely followed
changes observed in the 80-µm samples (Table 2). MeHg
concentrations in 1992 and 1994 were significantly higher in
400-µm samples than in 80-µm samples (paired t-tests, p <
0.001). Hg concentrations in the 80- and 400-µm fractions
were not statistically different in L632. The reasons for higher
concentrations of MeHg in 400- versus 80-µm samples
collected from L979 in 1994 are unclear but may be related
to different specific growth rates, Hg-depuration rates, or
egg ratios in large versus small Daphnia. Higher concentra-
tions of MeHg in 400-µm samples collected in 1992 may
have been related to the high proportion of the predacious
species, P. pediculus, found in these samples (see below).

The absence of strong effects of changes in zooplankton
species composition on Hg concentrations may partly reflect
the limited dietary range of dominant zooplankton species
in L979. Both before and after impoundment, the zoo-
plankton community was primarily composed of cladocerans
that are indiscriminate particle feeders. Paterson et al. (8)
inferred that the predominant source of food for zooplankton
in L979 shifted from phytoplankton prior to flooding to
bacteria in 1993. This was because primary production by
phytoplankton was insufficient to support zooplankton
productivity at this time. In 1994 and especially 1995,
phytoplankton productivity increased while zooplankton
productivity declined slightly, and zooplankton probably

FIGURE 3. Model II regressions relating concentrations of MeHg
in zooplankton (MeHgzoo), unfiltered water (MeHgunfilt), filtered water
(MeHgdiss), and seston (MeHgpart). Only samples collected within 3
days of each other were used in the regressions.

FIGURE 4. (a) Changes in zooplankton bioaccumulation factors
(BAFs) for MeHg. (b) Changes in zooplankton biomagnification factors
(BMFs) in L979. A BMF of 0 indicates no biomagnification from
seston to zooplankton. (c) Changes in zooplankton BAFs in L632
calculated using MeHg concentrations in unfiltered water.
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reverted to feeding on phytoplankton. Despite these ap-
parent changes in the diet of Cladocera, there was no evidence
for large changes in bioaccumulation of MeHg in L979.

Overall, our results suggest that changes in community
structure and water chemistry in lakes 979 and 632 had a
minimal effect on MeHg bioaccumulation by zooplankton
despite the fact that ranges of variation for many measures
often equaled or exceeded those reported in synoptic surveys.
In general, zooplankton BAFs in L979 and L632 were similar
to BAFs reported from other studies in a variety of aquatic
habitats including small lakes (13, 15, 31, 47), a large lake
(48), and an estuary (49) (range of BAFs ) 5.2-6.4). For
many purposes, modeling of Hg transfer in planktonic food
webs may not require large amounts of information on
zooplankton community composition or water chemistry.

Biomagnification of MeHg in the Planktonic Food Web.
Several studies have found increasing MeHg concentrations
from seston to zooplankton and from herbivore/detritivores
to predators (6, 7, 33, 48, 50). In contrast, there was little
biomagnification of MeHg from seston to zooplankton in
L979, and BMFs did not change dramatically with impound-
ment (Figure 4). On average, concentrations of MeHg in
zooplankton were only 1.4× MeHg concentrations in seston.
Residuals from the zooplankton-seston regression were not
significantly correlated with changes in water chemistry or
zooplankton community structure.

There was also little evidence of biomagnification within
the zooplankton community of L979. On three dates in 1995,
MeHg concentrations in Chaoborus were lower than con-
centrations in their presumed zooplankton prey (Figure 1).
Back et al. (16) and Parkman and Meili (51) have reported
similar findings, and bioenergetic studies suggest that this
is a result of exceptionally high growth rates and growth

dilution of Hg by Chaoborus (52). The other common
predatory zooplankton species in L979, P. pediculus, was
dominant only in 400-µm samples collected in 1992. MeHg
concentrations in these samples were, on average, 2× higher
than in 80-µm samples collected at the same time (composed
primarily of B. longirostris) and may indicate biomagnification
within the zooplankton community.

Comparison of Changes in MeHg Concentrations in
Zooplankton and Benthic Macroinvertebrates from L979.
There were some striking contrasts between changes in MeHg
in zooplankton and in benthic macroinvertebrates collected
from L979 by Hall et al. (38). Prior to impoundment,
concentrations of MeHg in benthos were similar to or higher
than concentrations in zooplankton. Predacious insects had
a mean MeHg concentration of 189 ng g-1, and collector/
shredders had a mean concentration of 72 ng g-1 before
flooding. After impoundment, concentrations of MeHg
increased approximately 3× in macroinvertebrate predators
and <1-4× in collector/shredders. These increases were
much less than the >10× increase observed in the zoop-
lankton community. Differences between zooplankton and
benthic macroinvertebrates are unlikely to have been a
consequence of the longer life spans of benthic macroin-
vertebrates because, by 1994, all invertebrates had probably
completed at least one full generation in L979. Although the
mechanisms are unclear, our results suggest that impound-
ment may affect MeHg concentrations in zooplankton more
than benthic invertebrates. If the results from L979 hold
true for other reservoirs, planktivorous fish may be at greater
risk of increased exposure to MeHg than benthivorous fish.
Strange et al. (53) reported that Hg concentrations in
planktivorous cisco (Coregonus artedii Lesueur) were higher
than concentrations in benthivorous whitefish (Coregonus
clupeaformis Mitchell) collected from the Southern Indian
Lake reservoir in northern Manitoba. Hence, an under-
standing of factors underlying differences in zooplankton
and benthic invertebrate MeHg accumulation may help to
explain variations in the response of Hg concentrations in
fish from different reservoirs.
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