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Herbivores’ Direct and Indirect Effects on

Algal Populations

RoBeErRT W. STERNER

The increase in algal reproductve rates caused by nirrogen regeneration from
herbivorous zooplankton approximately equaled the zooplankton-caused mortality.
This result demonstrates that nutrient regeneration by herbivores is at least sometimes
a strong indirect effect in natural communities.

ERBIVORES AFFECT THE POPULA-
H ton dynamics of plants in at least
two distincr ways: direcdy through
consumpdon and indirectly through regener-
adon of limitng nutrients. Although there has
been interest in this dual role of herbivory in

both terrestrial (1) and aquatic (2) plant
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Fig. 1. The difference berween growth rates of
chlorophyll fluorescence in cach vessel and the
mean growth rate for controls—as determined
from final densities by the equanon

[In F = (mean In F for controls)}/6

where F is fluorescence on day 6—shows a signifi-
cant mwogen effect [F(1, 11) =86.90, P<
0.005). The mean for the nitogen flasks was
0.348 (SE. 0.067), and the mean for the nonni-
wogen flasks was —0.035 (SE, 0.068). Nimogen
regeneraion could potendally sumulate phyto-
plankton growth.
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communities and in indirect effects in general
(3), undl now there have been no studies that
have simultaneously assessed the relative im-
portance’of these two processes in a nartural
community. Such experiments were conduct-
ed on a natural algal community with a co-
occurring crustacean herbivore, Daphmia pu-
lex, 1o separate the direct effect of herbivory
from the indirect effect of fertlizadon. The
indirect effect caused by nitrogen regeneration
had abour as large an impact on the phyto-
plankron community as the direct grazing
effect did.

The general experimental procedure con-
sisted of establishing an herbivore gradient
and monitoring phytoplankton growth rates
when influenced by both grazing and nuti-
ent regeneration and when influenced by
only nutrient regeneradon. In addition, I
performed nurient addidon experiments to
establish whether regencrared nitrogen or
phosphorus or both were potendally limit-
ing (4).

In the absence of grazers the algac were
limited by nitrogen, but not by phosphorus,
as shown by chlorophyll fluorescence (5)
(Fig. 1) and population densites. Chloro-
phyll increased at 0.41 per day (SE, 0.09)
faster in the nitrogen treatments than in the
nonnitrogen ones, providing an estimate of
the maximum potendal effect of nirogen
regeneragon on algal reproducdve rates.
Populaton densides of two of four domi-
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