






1986). In our experiments we found no significant response
in particulate absorbance in the presence of zooplankton.
This indicates that either the edibility of phytoplankton in
Lake Giles at the time of the experiment was low, or that
nutrient regeneration by zooplankton grazing stimulated
phytoplankton growth in a way that balanced consump-
tion. The two hypotheses are not mutually exclusive. The
fact that nutrient additions alone tended to increase
particulate absorbance supports the nutrient regeneration
hypothesis, though these increases were only marginally
significant. The decrease in dissolved UV absorbance in the
presence of zooplankton indicates that either the UV
absorbance of DOM produced by sloppy feeding is very
low, or that production of DOM by sloppy feeding is
balanced by reduced DOM release by the actively growing
phytoplankton. The explanation for the increase in
dissolved PAR absorbance in the presence of zooplankton
is unclear, but it may be related to fewer senescent ‘‘leaky’’
cells or less microbial activity during more active phyto-
plankton growth. It is important to note that the
magnitude of this increase was minimal, only about 10%
of the magnitude of the decrease in dissolved UV
absorbance (Fig. 3).

Earlier work on PAR CWP events describes the
availability of abundant highly edible algae as a necessary
precondition for the occurrence of a CWP (Lampert et al.
1986; Sommer et al. 1986). Our unpublished lab experiments
support this contention by demonstrating that feeding both
Diaptomid copepods and Daphnia with highly edible
cultured algae (Cryptomonas reflexa) results in a decline in
particulate absorbance over a period of hours. During these
same experiments, however, we also observed an increase in
dissolved absorbance, likely due to the high feeding rates
and release of DOM from these delicate flagellates. Short-
term incubations of marine zooplankton have also been
shown to produce increases in dissolved absorbance in the
UV wavelengths (Steinberg et al. 2004). In this same study,
short-term incubation of the colonial cyanobacterium
Trichodesmiumalso produced increases in UV absorbance.
These short-term processes cannot be extrapolated to field
conditions, but are demonstrative of how variations in the
edibility of the phytoplankton and production of CDOM by
both phytoplankton and zooplankton may alter the effects
of zooplankton on UV CWP events. In the Lake Giles
experiments the fact that particulate absorbance was not
influenced by the presence of zooplankton grazers suggests
that the algae present at the time were not nearly as edible
as the laboratory cultures.

The observed response to nutrients suggests that UV
CWP events are likely to be influenced by nutrient inputs
alone in a lake. Although decreasing nutrient concentra-
tions are not a necessary requisite for the development of
PAR light CWP events (Lampert et al. 1986), low nutrient
concentrations may enhance the conditions for the de-
velopment of both UV and PAR CWP events. For
example, in lakes like Giles, nutrient limitation of primary
productivity is characteristic of the surface waters during
summer stratification (Moeller unpubl. data). This nutrient
limitation will reduce the growth rates of phytoplankton as
well as their contribution to UV and PAR absorbance. In

low DOC lakes phytoplankton are known to play an
important role in UV absorbance (Laurion et al. 2000;
Sommaruga 2001).

The effects of UV and zooplankton on UV CWP events
are likely to be complex and vary greatly both seasonally
and from lake to lake. The importance of these variables
relative to each other and to other factors will be a function
of the density and species composition of zooplankton, the
density and edibility of phytoplankton, levels of incident
solar UV radiation, the concentrations and quality of
DOM, the UV transparency of the lake, lake water
temperatures and the depth of the mixed layer, and the
sources and types of nutrient inputs. In addition, zoo-
plankton and UV effects may themselves interact in several
ways. For example, while both solar UV and zooplankton
may contribute to a seasonal increase in UV transparency,
in more transparent lakes UV may force zooplankton out
of the surface waters during the day, reducing the potential
effect of zooplankton grazing on UV transparency. If
zooplankton are unable to detect and avoid UV, antago-
nistic effects between these two variables are likely due to
increased zooplankton mortality and consequent reduction
of the effect of zooplankton grazing in the presence of UV.
In our experiments the effects of both zooplankton and UV
were elevated relative to exposure levels in the lake.
Zooplankton were artificially concentrated to about 2.6
times the maximum water column levels observed in Lake
Giles. When extended to the 20-m-deep water column of
Lake Giles, the 2.17 mg L� 1 that we observed is equivalent
to 16.2 g m� 2, which is about twice the peak zooplankton
biomass observed by Lampert and colleagues (,8.5 g m� 2)
in their experiments that demonstrated the role of
zooplankton grazing in generating the CWP in Schöhsee
(Lampert et al. 1986). While this zooplankton biomass is
high for Lake Giles, it is only a fraction of that observed in
another study of the CWP in a more productive lake where
crustacean zooplankton biomass approached 20 mg L� 1

(Luecke et al. 1990).
The incubation of the microcosms in the surface waters

also exposed the UV treatments to much higher UV levels
than would be experienced by water circulating in the
mixed layer in Lake Giles. The mixed layer in Lake Giles
varies from 2 to 6 m during the spring and summer, while
the bags in this experiment were incubated at a depth of
0.5 m. Given the exponential decrease in light with depth,
a static incubation at 0.5 m will give UV exposure levels
that are about 2.4 times those that would be experienced in
a well-mixed 4-m-deep epilimnion. These elevated treat-
ment levels are offset to some extent, however, by the
timing of the experiments. During April incident UV levels
are substantially lower than during the early summer. Lake
temperatures in April (5–10uC) are also much lower than
during the summer (20–25uC), reducing the zooplankton
grazing rates in April relative to later in the spring and
summer. The experiments also extended over just 8 d while
the surface waters of the lake are exposed to UV and
zooplankton grazing throughout many months. In less UV-
transparent lakes where DOM plays a greater role than
phytoplankton in regulating transparency, hydrologic pro-
cesses are likely to play a much greater role than
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