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biomass. Instead, variability in the degree and 
efficiency of planktivory among species (in- 
cluding aspects such as duration of the onto- 
genetic period in which a fish is planktivorous, 
food type preferences, feeding rates, feeding 
modes, etc.) will ultimately affect the strength 
of the piscivore-zooplankton cascade. 

Direct and indirect effects of predators on 
prey and nonprey components in food webs 
have been primary concerns in ecology, par- 
ticularly since the essay of Hairston et al. (1 960) 
suggesting the alternation between resource- 
limited and predator-limited population con- 
trol among adjacent trophic levels within a 
three-trophic level system. In few systems have 
predator effects on lower trophic levels been 
documented as well as they have been in fresh- 
water pelagic food webs (e.g. see Kerfoot and 
Sih 1987). Although the concepts of Hairston 
et al. were originally conceived as appropriate 
only for terrestrial systems (see also Hairston 
1992; Sih 1992), many of the recent advances 
in limnology have been directed toward ap- 
plying them to enhancement of water quality 
in culturally eutrophic lakes (Smith 1969; Sha- 
piro et al. 1975; Carpenter et al. 1985). The 
goal of this strategy is basically a conversion 
of a predominantly three-level food chain 
(phytoplankton, zooplankton, planktivorous 
fish), in which the phytoplankton are resource 
limited, to one with a fourth trophic level (pi- 
scivorous fish), in which the phytoplankton 
become consumer limited (Fretwell 1977; 
Oksanen et al. 198 1; Leibold 1989). 

Results presented here also demonstrate that 
planktivorous fish can strongly influence zoo- 
plankton and phytoplankton assemblages and 
suggest that the underlying concepts of Hair- 
ston et al. (1960) apply to aquatic systems as 
well. The dramatic reversal of many plankti- 
vore impacts in the presence of piscivorous 
fish is also in accordance with Hairston et al. 
and later modifications (e.g. Smith 1969; Fret- 
well 1977). However, the degree of predator 
limitation may not be simply a function of 
piscivore biomass. Various factors involved in 
the piscivore-planktivore interaction, such as 
gape limitation, will probably obscure pisci- 
vore control at the planktivore level, making 
Hairston et al. less likely sufficient in describ- 
ing systems in which deep-bodied and other- 
wise relatively invulnerable species can poten- 
tially contribute to the planktivore assemblage. 

Recent attempts to control high phytoplank- 

ton abundance in eutrophic lakes through ma- 
nipulations at the piscivore level have met with 
limited success; effects at the phytoplankton 
level have ranged from modest to only tem- 
porary (Shapiro 1990; Hambright et al. 199 1; 
DeMelo et al. 1992). Beginning with Smith's 
(1969) extrapolation of the work of Hairston 
et al. (1 960) to the problem of eutrophication, 
various studies and essays (including the re- 
sults presented here) suggest that lack of strong 
and sustained piscivore control does not reflect 
a failure in the manipulation; rather it implies 
that the many dynamic interactions between 
species within the food web allow each of the 
lower trophic levels to compensate so the over- 
all character of the food web does not change 
(Hunter and Price 1992; Strong 1 992). Perhaps 
this resiliency to subtle external perturbations 
is a function of species diversity (Strong 1992) 
and a general property of food webs. In the 
words of Smith (1969, p. 640): 

Probably any prolonged enrichment of an aquatic 
system leads unavoidably to a larger standing crop 
of plants [phytoplankton]. If one group of [phyto- 
plankton] is removed, another more difficult to re- 
move will take its place. Similarly, if predators 
[planktivorous fish] are removed, others more dif- 
ficult to remove will increase in abundance. Both of 
these forms of management operate against the nat- 
ural performance of the system. The only manage- 
ment program that has the cooperation of the system 
is a reduction in nutrient supply. 

reduction in nutrient supply may not im- 
mediately yield improved water quality, and 
it can be impractical or even impossible (Sha- 
piro et al. 1975); however, the now classic story 
of Lake Washington (Edmondson 199 1) clear- 
ly demonstrates that a reduction in nutrient 
supply can be beneficial to a lake's water qual- 
ity but may not necessarily be uncoupled from 
fundamental changes required within the 
structure and composition of the food web. 
Research to date suggests that perhaps the most 
promising treatment for the symptoms of cul- 
tural eutrophication in the future will combine 
nutrient regulation with innovative, and pos- 
sibly continual, fishery management aimed to- 
ward diminishing the effects of manipulation 
buffers such as the planktivore size refuge. 
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