




Benthic invertebrates from Clear Lake exhibited
equivalent or higher concentrations of TotHg than
those from other contaminated and non-contaminated
sites (Table 6). This is likely due, in large part, to the
fact that a substantial amount of the Hg in benthic
invertebrates may derive from Hg-contaminated sedi-
ments in their guts. Other than the experiment to purge
chironomid guts, none of the other benthic inverte-
brates reported in our study were purged of their gut
contents before analyzing for Hg. Only one other study

was found, from 15 remote lakes in Wisconsin (Watras
et al. 1998), that reported MeHg in benthic inverte-
brates (in this case chironomids) which, when converted
to wet-mass values, MeHg concentrations were equiv-
alent to those found in the least contaminated arm
(Lower Arm) of Clear Lake (Table 6). The percentage
of MeHg in Clear Lake chironomids exhibited similar
trends as those for plankton, with the lowest values
(0.5…2.9%) being found in the Oaks Arm, the highest
values (3.8…14.7%) in the Upper Arm, and intermediate

FIG. 12. Temporal trends for mercury (wet mass) in chironomids. The solid black line (without symbols) represents comparable
sediment Hg data (plotted as wet mass) from site OA-01, taken from Suchanek et al. (2008b). See Figs. 1 and 2 for locations of
collection sites.
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values (1.4…4.0%) in the Lower Arm. These chironomid
percentages were closest to data reported from Watras
et al. (1998; values between 4% and 5%) for 15 remote
lakes in Wisconsin, but signi“cantly lower than the 26%
MeHg reported from a chloralkali plant at Onondaga
Lake, New York (Table 6). Oligochaete MeHg
percentages followed the same trends in Clear Lake,
but no comparable data were found in the literature.

The relationship between some profundal invertebrate
populations and communities vs. sediment Hg in Clear
Lake from preliminary data collected in 1992 was
reported by Suchanek et al. (1995). While other factors
(e.g., sediment grain size, total organic carbon, water
depth) can often play a signi“cant role in regulating
these benthic populations, some trends related to Hg
concentrations emerged. Results of stepwise multiple
regression analyses from the earlier study suggest that
Hg, grain size, and depth were in”uential in de“ning
distribution patterns of several benthic invertebrate
species. Populations ofProcladius chironomid midges
exhibited a signi“cant increase andPlacobdellaleeches
exhibited a signi“cant decline with increasing sediment

Hg concentrations. In fact, Placobdella was virtually
absent at Hg concentrations greater than; 10 mg/kg
DM. A series of multivariate analyses indicated that
there may be signi“cant population effects above a
threshold of sediment Hg concentration (Suchanek et al.
1995). In addition, community-level parameters (Shan-
non-Wiener diversity H 0 and Pielou•s evennessJ0)
declined with increasing sediment Hg concentrations,
but with considerable variation at low Hg levels.
However, these results need to be interpreted with some
caution because of the in”uence of other factors on their
distribution. In Clear Lake, for example, sediments near
the mine in the Oaks Arm are coarser grained than at
other locations around the lake and that may help to
drive some of the patterns observed. Further discussion
of the combined in”uence of grain size, depth, and total
organic carbon on profundal benthic invertebrate
populations and communities from 1992 data can be
found in Suchanek et al. (1995).

While very few of the littoral invertebrate populations
analyzed here showed any signi“cant relation to distance
from the mine (as a proxy for Hg concentrations), some

TABLE 5. Comparison of mercury concentrations in plankton from Clear Lake, California, USA, and from other sites worldwide.

Matrix Location
Source
of Hg� TotHg range MeHg range

MeHg
(%) Reference�

Clear Lake
Total plankton Oaks Arm M 0.034…0.086 WM 0.003 WM 3.1…4.1 1
Total plankton Upper Arm M 0.016…0.020 WM 0.001…0.003 WM 18.2…19.3 1
Total plankton Lower Arm M 0.013…0.014 WM 0.001 WM 6.2…7.3 1
Zooplankton Oaks Arm M 0.009…0.145 WM 0.002…0.031 WM 2.2…52.3 1
Zooplankton Upper Arm M 0.005…0.140 WM 0.001…0.017 WM 3.2…100 1
Zooplankton Lower Arm M 0.004…0.040 WM 0.001…0.012 WM 6.3…50.0 1
Aphanizomenoncyanobacteria Upper Arm M 0.177 DM 0.004 DM 1.9 1

Other contaminated sites
Zooplankton, . 80 l m New York, USA C 0.036…0.140 WM§ 0.026…0.065 WM§ 2
Zooplankton California, USA G 0.4…5.4 DM 3
Bulk zooplankton Lake Superior, USA NP 0.022…0.135 DM 0.012…0.045 DM 30…55 4

Non-contaminated sites
Plankton, . 10 l m Manitoba, Canada NK 0.320…2.100 DM 5
Plankton, . 73 l m Manitoba, Canada NK 0.020…0.880 DM 5
Plankton, . 250 l m Wisconsin, USA NK 0.100…0.700 DM 6
Zooplankton Wisconsin, USA NK 0.036…0.092 WM§ 0.012…0.028 WM§ 29 7
Zooplankton Wisconsin, USA NK 0.049…0.089 WM§ 0.052…0.056 WM§ 91 7
Zooplankton Quebec, Canada NK 0.165…0.405 DM 0.056…0.170 DM 14…70 8
Zooplankton Quebec, Canada NK 0.225…1.130 DM 0.115…0.845 DM 46…83 8
Plankton, . 300 l m Minnesota, USA NK 0.053…0.300 DM 9
Plankton, . 80 l m Ontario, Canada NK 0.060…0.191 DM 0.011…0.054 DM 10
Plankton, . 80 l m Ontario, Canada NK 0.171…1.173 DM 0.029…0.692 DM 10
Total zooplankton Wisconsin, USA NK 0.033…0.206 DM 0.060…0.161 DM 11
Small zooplankton, 45…202l m northeast USA NK 0.026…29.400 DM 12
Large zooplankton, . 202 l m northeast USA NK 0.028…7.480 DM 12
Macrozooplankton, . 190 l m Quebec, Canada NK 0.075…0.180 DM 0.020…0.140 DM 13
Macrozooplankton, . 190 l m Quebec, Canada NK 0.190…0.320 DM 0.130…0.225 DM 13
Bulk zooplankton, . 112 l m Isle Royale, USA NK 0.151…0.307 DM 0.032…0.075 DM 14

Notes: Mercury concentrations (mg/kg¼ppm) are reported on a dry mass (DM) or wet mass (WM) basis, depending upon the
units reported in the source publication. For comparison purposes, a typical conversion for zooplankton dry-to-wet mass Hg
concentration is 0.10. Abbreviations are: TotHg, total mercury; MeHg, methylmercury.

� Key: M, mercury mine; C, chloralkali plant; G, gold/silver mine; NP, non-point source; NK, no known local source.
� References: 1, this study; 2, E. Henry,personal communication; 3, Slotton et al. (1995); 4, Back et al. (2002, 2003); 5, Jackson

(1988); 6, Meili and Parkman (1988); 7, Watras and Bloom (1992); 8, Plourde et al. (1997); 9, Monson and Brezonik (1998); 10,
Paterson et al. (1998); 11, Watras et al. (1998); 12, Chen et al. (2000); 13, Kainz and Lucotte (2002); 14, Gorski et al. (2003).

§ Assumes [Hg-wet mass]¼ 0.2[Hg-dry mass].
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of the same factors identi“ed above may play important
roles in controlling the abundance and/or biomass of
these species, but no additional data on those param-
eters were collected for the present study (primarily post-
1992). Horne et al. (1999) also found no consistent
patterns of population densities for speci“c species of
benthic fauna in response to point sources of pollutants
such as Hg and polychlorinated biphenyls (PCBs), but
did report shifts in the proportions of surface vs.
subsurface feeders as a function of proximity to the
contaminant source.

To date there have been no speci“c studies to evaluate
the effects of Hg on Clear Lake benthic invertebrates at
the level of the individual. However, because Clear Lake
sediments range from; 1 to 1200 mg/kg DM TotHg,
they exceed ecological health guidelines for benthic
invertebrates (Suchanek et al. 2008b). These guidelines
include the National Oceanic and Atmospheric Admin-
istration (NOAA) Screening Quick Reference Tables
(SQuiRTs) to assess toxicity of contaminants to benthic
fauna: threshold effects level (TEL), probable effects
level (PEL), and upper effects threshold (UET) (Buch-

man 1999). For TotHg, these concentrations are: 0.174,
0.486, and 0.560 mg/kg DM for the TEL, PEL, and
UET, respectively. Clear Lake sediments distant from the
mine exceed the TEL for Hg by; 10 times and exceed the
PEL and the UET for Hg by factors of approximately
two to three, whereas those sediments near the mine
exceed those toxic criteria by factors of; 1000…7000 (see
Suchanek et al. 2008b). Using a consensus-based
••weight-of-evidence•• approach, MacDonald et al.
(2000) established a threshold effects concentration
(TEC; contaminant concentrations at which threshold
effects are observed) and probable effects concentration
(PEC; contaminant concentrations at which probable
effects are expected) to assess potential toxic effects to
benthic fauna, which, for TotHg, are 0.18 and 1.06 mg/kg
DM, respectively. Clear Lake sediments exceed the TEC
by ; 1…1100 times and the PEC by; 5…6500 times,
exceeding the TEC and PEC at virtually all sites and all
times (Suchanek et al. 2008b). Although Suchanek et al.
(1995) did “nd population and community effects for
some profundal species at Clear Lake, the chironomids,
oligochaetes, and chaoborids evaluated in the present

TABLE 6. Comparison of mercury concentrations in benthic invertebrates from Clear Lake, California, USA, and from other sites
worldwide.

Matrix Location
Source
of Hg� TotHg range MetHg range

MeHg
(%) Reference�

Clear Lake
Chironomids Oaks Arm M 0.021…4.47 WM 0.001…0.022 WM 0.5…2.9 1
Chironomids Upper Arm M 0.013…0.197 WM 0.001…0.029 WM 3.8…14.7 1
Chironomids Lower Arm M 0.010…0.099 WM 0.000…0.001 WM 1.4…4.0 1
Oligochaetes Oaks Arm M 0.092…5.38 WM 0.001…0.002 WM 0.03…0.9 1
Oligochaetes Upper Arm M 0.041…0.184 WM 0.001…0.003 WM 1.4…2.0 1
Oligochaetes Lower Arm M 0.054…0.137 WM 0.001…0.001 WM 0.9…1.3 1
Mooreobdellaleeches Oaks Arm M 0.030…0.415 WM 1
Mooreobdellaleeches Upper Arm M 0.027 WM 1
Mooreobdellaleeches Lower Arm M 0.007…0.300 WM 1
Hyalella amphipods Oaks Arm M 0.008…0.097 WM 1
Hyalella amphipods Upper Arm M 0.004…0.007 WM 1
Hyalella amphipods Lower Arm M 0.007…0.009 WM 1
Nectopsychecaddisflies Oaks Arm M 0.003…0.023 WM 1
Nectopsychecaddisflies Upper Arm M 0.002…0.003 WM 1
Nectopsychecaddisflies Lower Arm M 0.002 WM 1
Mixed snails Oaks Arm M 0.027…1.179 WM 1
Mixed snails Upper Arm M 0.077…0.108 WM 1
Mixed snails Lower Arm M 0.018…0.023 WM 1

Other contaminated sites
Chironomids New York, USA C 0.350…1.90 DM 26 2

Non-contaminated sites
Chironomids Wisconsin, USA NK 0.095…0.133 DM 0.003…0.007 DM 4…5 3
Chironomids Manitoba, Canada NK 0.018…0.208 WM§ 4
Oligochaetes Manitoba, Canada NK 0.043…0.696 WM§ 4
Bivalves Manitoba, Canada NK 0.016…0.306 WM§ 4
Chironomids Ontario, Canada A 0.097…0.177 DM 5
Oligochaetes Ontario, Canada A 0.164 DM 5
Gastropods Ontario, Canada A 0.609…0.939 DM 5
Chironomus Sweden A 0.001…0.007 DM 6

Note: Mercury concentrations (mg/kg¼ ppm) are reported on a dry mass (DM) or wet mas (WM) basis, depending upon the
units reported in the source publication.

� Key: M, mercury mine; C, chloralkali plant; NK, no known local source; A, atmospheric.
� References: 1, this study; 2, Becker and Bigham (1995); 3, Watras et al. (1998); 4, Jackson (1988); 5, Wong et al. (1997); 6,

Parkman and Meili (1993).
§ Chironomid guts were purged before analysis.
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