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Abstract The phytoplankton genus Phaeocystis
has well-documented, spatially and temporally
extensive blooms of gelatinous colonies; these are
associated with release of copious amounts of
dimethyl sulphide (an important climate-cooling
aerosol) and alterations of material Xows among
trophic levels and export from the upper ocean.
A potentially salient property of the importance

of Phaeocystis in the marine ecosystem is its
physiological capability to transform between sol-
itary cell and gelatinous colonial life cycle stages, a
process that changes organism biovolume by 6–9
orders of magnitude, and which appears to be
activated or stimulated under certain circum-
stances by chemical communication. Both life-
cycle stages can exhibit rapid, phased ultradian
growth. The colony skin apparently confers pro-
tection against, or at least reduces losses to,
smaller zooplankton grazers and perhaps viruses.
There are indications that Phaeocystis utilizes
chemistry and/or changes in size as defenses
against predation, and its ability to create refuges
from biological attack is known to stabilize preda-
tor–prey dynamics in model systems. Thus the life
cycle form in which it occurs, and particularly
associated interactions with viruses, determines
whether Phaeocystis production Xows through the
traditional “great Wsheries” food chain, the more
regenerative microbial food web, or is exported
from the mixed layer of the ocean.

Despite this plethora of information regard-
ing the physiological ecology of Phaeocystis,
fundamental interactions between life history
traits and system ecology are poorly understood.
Research summarized here, and described in the
various papers in this special issue, derives from
a central question: how do physical (light, tem-
perature, particle distributions, hydrodynamics),
chemical (nutrient resources, infochemistry,
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allelopathy), biological (grazers, viruses, bacteria,
other phytoplankton), and self-organizational
mechanisms (stability, indirect eVects) interact
with life-cycle transformations of Phaeocystis to
mediate ecosystem patterns of trophic structure,
biodiversity, and biogeochemical Xuxes? Ulti-
mately the goal is to understand and thus predict
why Phaeocystis occurs when and where it does,
and the bio-feedbacks between this keystone
species and the multitrophic level ecosystem.
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Introduction

The assembly of phytoplankton communities is a
continuous process in which instantaneous exter-
nal assessments, e.g., species abundances, diver-
sity, and bulk constituents, reXect the outcome of
a host of physical, chemical, and biological pro-
cesses operating at a hierarchy of temporal and
spatial scales. The absolute abundance of a given
taxon increases according to growth, immigration,
physical concentration, and other mechanisms,
whereas losses including grazing, lysis, sedimenta-
tion, dilution, and emigration act to stabilize pop-
ulation Xuctuations. In this manner, many species
generally compete yet coexist in a water mass of
seemingly similar properties. That one species
becomes numerically dominant, much less forms
a near monospeciWc bloom, is a remarkable phe-
nomenon, especially given that many loss pro-
cesses are density dependent in nature. To do so
regularly, over large spatial and long temporal
scales, is indicative of a life-history strategy more
successful than the competition. It may also indi-
cate that one species is more genetically diverse
than another, and that diversity enables it to exist
over these scales as one suite of genotypes gives
way to another suite of genotypes to perpetuate
the bloom. From this perspective, each suite of
genotypes conceivably thrives in a discrete set of
environmental parameters.

The genus Phaeocystis is one such taxon.
Whereas it contains at least six species (Medlin
and Zingone this volume; Rousseau et al. this vol-
ume), it is ecologically acknowledged that the

blooms are typically caused by the two cold water
species, P. pouchetii (high boreal and arctic
waters) and P. antarctica (Southern Ocean), and
by P. globosa (primarily cold north temperate
waters). What is unusual in marine ecosystems is
that such blooms are primarily a life cycle event:
these Phaeocystis species transform from a tiny
single-celled morphotype into a colonial stage in
which hundreds or thousands of cells are embed-
ded within a gelatinous matrix and protected
behind an elastic but solute-permeable commu-
nity membrane. Something about this transforma-
tion and/or the characteristics of the colony life-
cycle stage (Lancelot and Rousseau 1994; Lance-
lot et al. 1998) permit Phaeocystis to out-compete
other phytoplankton, which belong to a variety of
algal classes with diverse strategies for competing
for light and nutrients, but without a functionally
comparable gelatinous house. At suYciently high
concentrations, colony blooms have been associ-
ated with a variety of ecosystem changes and neg-
ative eVects on Wsheries and Wsh farming
(Lancelot et al. 1987; Schoemann et al. 2005;
Nejstgaard et al. this volume), such that blooms of
Phaeocystis colonies are considered as harmful
algal blooms (HABs, e.g., Anderson et al. 1998,
Veldhuis and Wassmann 2005). Less is known
about the occurrence and signiWcance of solitary
cell stages of Phaeocystis, primarily because these
small nanoplankton require speciWc careful meth-
ods for quantiWcation. However, blooms of soli-
tary cells have been reported on occasion, e.g.,
Ratkova and Wassmann (2002) and Wassmann
et al. (2005), and thus the temporal and spatial
distribution of Phaeocystis may have been under-
sampled. Solitary cells may also be important to
over-wintering strategies (see below) but relevant
quantitative studies are lacking. Nevertheless,
given that colonies derive from solitary cells,
knowledge of their dynamics and mechanisms
inXuencing their occurrence are important to
understanding the success of this genus (Reigstad
and Wassmann, this volume).

Thus the causes of life-cycle alterations in
Phaeocystis may be under environmental con-
trols, whether abiotic or biotic, and elucidation of
these controls will shed light on the fundamental
processes that regulate ecosystem organization
and biogeochemical Xows. Research attempting
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