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Abstract. Although both nutrient inputs and zooplankton grazing are important to phytoplankton
and bacteria in lakes, controversy surrounds the relative importance of grazing pressure for these two
groups of organisms. For phytoplankton, the controversy revolves around whether zooplankton
grazers, especially large cladocerans like Daphnia, can effectively reduce phytoplankton populations
regardless of nutrient conditions. For bacteria, little is known about the balance between possible
direct and indirect effects of both nutrients and zooplankton grazing. However, there is evidence that
bacteria may affect phytoplankton responses to nutrients or zooplankton grazing through direct or
apparent competition. We performed a mesocosm experiment to evaluate the relative importance of
the effects of nutrients and zooplankton grazing for phytoplankton and bacteria, and to determine
whether bacteria mediate phytoplankton responses to these factors. The factorial design crossed two
zooplankton treatments (unsieved and sieved) with four nutrient treatments (0, 0-5, 1.0 and 2.0 ug
phosphorus (P) H day1, together with nitrogen (N) at a N:P ratio of 20:1 by weight). Weekly sieving
with 300 um mesh reduced the average size of crustacean zooplankton in the mesocosms, decreased
the numbers and biomass of Daphnia, and increased the biomass of adult copepods. Nutrient enrich-
ment caused significant increases in phytoplankton chlorophyll a (4-5 X), bacterial abundance and
production (1.3x and 1.6X, respectively), Daphnia (3x) and total zooplankton biomass (2x).
Although both total phytoplankton chlorophyll a and chlorophyll a in the <35 um size fraction were
significantly lower in unsieved mesocosms than in sieved mesocosms, sieving had no significant effect
on bacterial abundance or production. There was no statistical interaction between nutrient and zoo-
plankton treatments for total phytoplankton biomass or bacterial abundance, although there were
marginally significant interactions for phytoplankton biomass <35 um and bacterial production. Our
results do not support the hypothesis that large cladocerans become less effective grazers with enrich-
ment; rather, the difference between phytoplankton biomass in sieved versus unsieved zooplankton
treatments increased across the gradient of nutrient additions. Furthermore, there was no evidence
that bacteria buffered phytoplankton responses to enrichment by either sequestering P or affecting
the growth of zooplankton.

Introduction

Both nutrients and zooplankton are important to phytoplankton in lakes. For
example, total phytoplankton biomass tends to increase with increased nutrients
(Schindler, 1977), but decrease with increased zooplankton grazing, especially
when the grazers are predominantly large cladocerans as compared to rotifers,
copepods or small cladocerans (Pace, 1984; Carpenter et al., 1991). However, we
do not yet understand the extent to which these two opposing factors—nutrients
and zooplankton—interact to influence phytoplankton.
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