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throughout most of the 20th century. These three crops
together reached a peak of 7800 ha in 1980, falling to
5800 in 2000. Thus, cultivated agricultural land remains
a small portion of the total. Most of the basin is steep
slopes with thin soil. The oak woodland, conifer forest,
and chaparral plant communities that cover these slopes
are relatively little disturbed.

Previous investigations of the causes of algal blooms
in Clear Lake (Richerson et al. 1994) concluded that
nutrient loading, particularly of phosphorus, to the lake
increased substantially between 1925 and 1938 due to
heavy earthmoving equipment that came into use in the
1920s. By 1938, when a series of Secchi disk transpar-
ency measurements were made, the lake had become too
turbid for rooted aquatic vegetation to flourish, and
cyanobacterial scums had become a perennial problem
(Lindquist and Deonier 1943, Murphy 1951).

Road-building and lake-filling activities increased
significantly after 1925, including the open-pit opera-
tions at the mine. In 1928, an 810-ha wetland
reclamation project was constructed using heavy equip-
ment. It eliminated most of a large wetland at the
northwest end of the lake. This project created Rodman
Slough (see Suchanek et al. 2008d), a narrowly confined
wetland that conveys flood flows directly into the lake,
thus removing a major sink for nutrients and sediment
(Richerson et al. 1994). Until 1987, gravel mining in
streambeds was also common (Zalusky 1992; S.
Zalusky, personal communication). Evidence from these
and previous studies suggests that the advent of heavy
earthmoving equipment has been a significant factor in
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Locations of coring sites in Clear Lake. See Suchanek et al. (20084) for a more detailed map of the lake and watershed.

shaping the landscape and ecosystem processes in Clear
Lake.

Taking an ecosystem-level multiple stressor approach,
we use inorganic and organic parameters from sediment
cores to evaluate the impacts of stressors on the lake
ecosystem and its watershed. The bottoms of our cores
reach back well before the period of European
settlement, ; 3000 years before present. We have also
used the known history of some of the contaminants,
especially DDD and Hg, as time horizons to aid in our
interpretations of events that have shaped the lake and
its watershed.

METHODS

Sediment cores were collected in Clear Lake during
1996 and 2000 from a 6.7-m research vessel, using a
push-rod operated piston corer at three locations:
centrally located in the Oaks Arm (OA cores), the
Upper Arm (UA cores), and the Lower Arm (LA cores)
(Fig. 2). Additional cores were collected using this same
method in 1998 to quantify the depth of DDD residues
to assist in dating the cores. This method recovered
undisturbed cores to ; 250 cm depth, although in a few
cases the very top portions of these cores were not intact
due to the soft, unconsolidated, flocculent nature of
surficial sediments. Coring procedures are described in
more detail in Richerson et al. (2000).

Subsamples were collected at regular intervals (2.5 cm
or 5.0 cm) for analysis of sediment dry mass, carbon,
nitrogen, sulfur, total phosphorus, acid-extractable
phosphorous (HCI-P), base-extractable phosphorus
(NaOH-P), total Hg (TotHg), methylmercury (MeHg),
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PLaTE 9. Waste rock piles from the Sulphur Bank Mercury Mine along the Clear Lake shoreline. (Left) Before the 1992 U.S.

EPA shoreline remediation. Note the steeply sloped waste rock pile that eroded mercury-laden soils into Clear Lake during heavy
rains. (Right) After the 1992 remediation. Note the vegetated slope, reduced angle of the piles and rip rap along the shoreline to

reduce erosion.

tions near the sediment surface would have bound iron
as FeS, leading to more stringent iron limitation of
nitrogen fixation and photosynthesis.

Note in Fig. 14 that the chemical conditions in
sediments deposited since H-1927 are rather similar in
composition. Although sedimentation rates appear to
have dropped substantially since H-1954, we detect no
trend toward a sediment chemistry resembling that below
H-1927. Continuing addition of sulfate to the lake
appears to enable oxidation of organic matter deeper
below the sediment surface compared to pre-1927,
leading to increased degradation of organic matter by
oxidative rather than fermentative bacteria. Increasing
the depth of the sulfate reduction zone also increases that
depth at which iron in the sediments is immobilized due
to pyrite formation and burial. Since sulfide binds iron
much more strongly than other anions, the result is more
internal loading of iron and elements bound to iron oxide
such as phosphorous, from the near-surface sediments
during the summer period of near-surface sediment
anoxia (Li 1998). Vigorous sulfate reduction is in turn
most likely supported by sulfate loading from the mine.

CONCLUSIONS

The Clear Lake ecosystem has experienced a major,
partly continuing series of important, temporally coin-
cident stresses beginning ca. 1927. Several of the changes
recorded in our sediment cores (such as lower water,
nitrogen, and organic matter content after 1927) are
consistent with increased inorganic sedimentation.
Direct estimates of sedimentation rates support this
conclusion. The contamination of lake sediments with
Hg from the Sulphur Bank Mercury Mine became
serious only after the mine began to be operated using
open-pit methods in 1927. These data, together with
other historical data (Richerson et al. 2000) and
estimates of anthropogenic contributions to erosion
rates, support the long-standing idea that the advent of
mechanized earthmoving equipment in the late 1920s
and early 1930s was responsible for both the increased

Hg in the sediments due to the advent of open-pit
mining and the increase in sedimentation rate due to
other applications of earthmoving equipment in the
surrounding watershed. As a corollary to the heavy
equipment hypothesis, sulfate loading from the mine
probably contributed to these changes by increasing the
depth at which oxidative digenesis of organic matter can
proceed.

Interestingly, we do not detect any impact of
European settlement (that began in the early to mid-
1800s) prior to the dramatic events beginning at H-1927.
The absence of major impacts from the early period of
European settlement is strikingly different from the
easily detectable agricultural activities in cores from
other water bodies due to marked effects on sedimen-
tation rates (e.g., Brush and Davis 1984, Cohen et al.
2005). The transformation of grasslands to grain fields
and the replacement of native pasture grasses by
Mediterranean weeds in the Clear Lake watershed was
a major impact that, unfortunately, is difficult to detect
in the pollen record (West 1989). Richerson et al. (2000)
report the results of a pollen profile indicated modest
effects of European settlement on pollen taxa found in
Clear Lake sediments. Nevertheless, the overall stability
of the vegetation and the lack of a conspicuous increase
in sediment yield are remarkable. As Simoons (1952)
noted, the woody vegetation of the upland areas of the
Clear Lake basin were not appreciably altered by early
settlers, whose land clearance was focused on level
ground with low erosion risk. Our cores tentatively
suggest that grazing, wood cutting and lumbering,
agricultural clearing, and the development of small
towns and recreation facilities, as conducted from 1854
to 1927, were relatively low-impact activities from a
watershed mass balance perspective. It is encouraging to
think that one of California’s rugged, semiarid environ-
ments apparently supported a fairly large, active human
population in a reasonably sustainable fashion. A
narrow range of activities, open-pit mining and large-









