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Abstract

Part of the problem in deciphering the causes for
changes in algal species abundance and productivity is that
the observed dynamics could be generated by unlimited num-
bers of combinations of gains and losses. The rates of
individual contributing processes are often much greater
than the resultant net rates and thus relatively small
changes in any one process can lead to rapid changes in pop-
ulation abundance. The influences created by herbivorous
zooplankton are particularly important because the animals
exert selective mortality on some algal species and they
simultaneously regenerate vital inorganic nutrients to
available pools. Owing to production of refractory material
and animal biomass the nutrients are released in different
proportions than they were' consumed, thus altering the
ratios of supply rates of nutrients to the phytoplankton and
influencing the outcome of competition between species for
limit}ng resources.,

Introduction

Because of their influence on species composition and
population dynamics in aquatic communities the interactions
among planktonic algae and herbivorous zooplankton are cen-
tral to discussions of trophic dynamics. The principal
elements at work are differential mortalities, differential
nutrient release and differing importance of planktonic
cycling of nutrients compared to both ambient pools and
allochthonous supplies. Operating at the species level
these factors are ultimately responsible for the differing
degrees of success with which algal species attain dominance
or persistence in the plankton. Part of the intrigue of
this subject is that the several mechanisms involved are
conceptually distinct but are inseparable in practice.
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Because grazers do not convert all or even a major
share of their consumed prey into sustained consumer biomass,
mortalities inflicted by them are necessarily coupled to
releases of nutrients in one form or other. This nutrient
cycling is never perfect and, of course, nutrients are per—
sistently lost from the systems; but then neither are the
systems divorced from nutrient inputs. Sometimes we
envisage space or time scales at which the gains and losses
are in approximate balance, but it is important to remember
that episodic perturbations punctuate the monotony of even
these imagined steady states. Fortunately the emphasis here
is on the dynamics rather than the statics of aquatic sys-
tems. The changes we see, be they large or small, represent
the differences among processes which are all proceeding
simultaneously at rapid rates. Individual species of algae
can divide swiftly when nutrients and physical conditions
are favorable, but it is the differences in the gains and
losses experienced by each species which cause us to note
its prominence or absence in the water.

Planktonic productivity may often be limited by the sup-
ply rates of nutrients, which in turn are often subject to
rapid biotic cycling. Swift turnover of algal biomass by
grazers and subsequent release of biologically reactive
nutrients to the water can fuel rapid and sustained biologi-
cal production. Obviously the biomass thus produced does not
accumulate; the standing crop is constrained by the total
mass of nutrient present. There is likewise no increase in
externally harvestable yields for the same reason. What is
affected is the component structure of the community. When
all rates are fast, meaning that individual gain and loss
terms are uniformly large in magnitude, it is then that im-
balances in these rates can lead to wholesale alterations in
the biotic fabric of communities, simply because differences
between very rapid rates can be much greater than differences
between very slow rates. What this means is that a pelagic
system with rapid cycling fluxes can respond quickly when
perturbations alter the imbalances that always exist.

Nutrient Exchange and Cycling

Because dissolved forms of nitrogen and phosphorus in-
clude the immediate sources of elements vital to primary
biological production, substantial efforts have been under-
taken to quantify fluxes between dissolved pools and the
biota., Particular interest has been focused on reactions
involving the phytoplankton, which are the base of the tro-
phic pyramid in pelagic communities. Most of our knowledge
about the interactions and the kinetics of processes in these
has required perturbing the systems in some way and measuring



