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Szara linia, scenariusz klasyczny (umiarkowane drapieżnictwo ryb, zimowanie zooplanktonu
nieistotne), linia niebieska (OZ) - ważny zimujący zooplankton; czerwona linia (F−−), duże
metazooplanktonu w bezrybnych zbiornikach wodnych; linia pomarańczowa (F ++ ),
metazooplankton stłumiony przez duże drapieżnictwo ryb. Cieniowanie wskazuje średnią
wrażliwość fitoplanktonu na żerowanie metazooplanktonu (jasny, niski, ciemny, wysoki).
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210 GROWTH AND REPLICATION OF PHYTOPLANKTON

Table 5.3 Basis for evolution of three
primary strategies in the evolution of plants,
phytoplankton and many other groups of
organisms

Habitat productivity
Habitat
duration High Low

Long Competitors,
invasive (C )

Stress-tolerant
(S )

Short Disturbance-
tolerant
ruderals (R )

No viable strategy

Source: Original scheme of Grime (1979; modified
after Reynolds, 1988a; Grime, 2001).

Figure 5.9 Grime’s model of tenable and untenable
habitats, and noting the primary (C, S or R) life-history
strategies required to secure survival. Redrawn, with
permission from Grime (2001).

to which he gave the label ‘S-strategists’; or (c)
tolerance of disturbance, through making good
opportunity of transient habitats and interrupted
opportunities to process resources into biomass
(‘R-strategists’).

The three primary strategies of Grime’s CSR
model form the apices of a triangular ordination
(Fig. 5.9), which representation readily allows
the accommodation of numerous intermediates
and trait-combinations. Reynolds (1988a, 1995a)
found only minor difficulties in analogising
the r-, K- and w-selected groups to exemplifying,
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Figure 5.10 Morphological ordination of some species of
freshwater phytoplanton, against axes invoking maximal linear
dimension (m), surface area (s) and volume (v) of the
vegetative units, with the C-, S- and R-strategic tendencies.
The algae are: Ana, Anabaena flos-aquae; Aphan,
Aphanizomenon flos-aquae; Ast, Asterionella formosa; Aul,
Aulacoseira subarctica; Cer, Ceratium hirundinella; Chla,
Chlamydomonas; Chlo, Chlorella sp.; Cry, Cryptomonas ovata; Din,
Dinobryon divergens; Eud, Eudorina unicocca; Fra, Fragilaria
crotonensis; Lim r, Limnothrix redekei; Mic, Microcystis aeruginosa;
Monod, Monodus sp.; Monor, Monoraphidium contortum; Per,
Peridinium cinctum; Pla ag, Planktothrix agardhii; Plg, Plagioselmis
nannoplanctica; Scq, Scenedesmus quadricauda; Sth,
Stephanodiscus hantzschii; Syn, Synechococcus sp.; Tab, Tabellaria
flocculosa var. asterionelloides; Vol, Volvox aureus. Redrawn with
permission from Reynolds (1997a).

respectively, C, S or R strategies, on the satisfying
basis of agreement among the morphological
properties, growth rates and life-history traits.
The distribution of phytoplankton species
according to their individual morphologies
plotted against axes of sv−1 and msv−1 (Fig. 5.10).
Just as with Grime’s (1979) scheme, species are
not exclusively C or S or R in their strategic
adaptations. Many species of phytoplankton
show intermediate characters. Interestingly,
intermediacy in morphological and physiolog-
ical characters matches well the intermediacy
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350 COMMUNITY ASSEMBLY IN THE PLANKTON

Figure 7.9 Idealised year-long timetrack of the selectivity
trajectory imposed by seasonal variability in a temperate
system, in relation to the zones favoured by C, S and R
primary strategists. Redrawn with permission from Smayda
and Reynolds (2001).

group-E dinoflagellates furthest downwards in
the K∗∗ axis (depleting epilimnia of oligotrophic
lakes). Less tolerant groups terminate closer to
the origin in the upper left-hand corner repre-
senting resource-rich, energy-rich habitats. Super-
imposition of shapes, one upon another, implies
superior group performances, with the fastest
nutrient- and light-saturated growth rates of X1
species dominating the top left-hand corner.

This representation is illustrative but it helps
to put into perspective the floristic descriptions
of many kinds of lakes on to a single two-
dimensional figure. The representation in Fig
7.8b is identical to that in Fig. 7.8a, but for the
stripping out of all the alphanumeric insertions.
The numbered triangles that replace them are
really quite effective in circumscribing the plank-
tic flora of named lakes or lake series. These
include shallow, enriched pools and well-flushed
pools (1, 2), the turbid, Plankothrix-dominated
polder lakes (3), through to oligotrophic lakes
such as Millstättersee (11).

Collectively, the shapes used in Fig. 7.8 com-
prise the familiar triangular layout, correspond-
ing to the disposition of the primary algal
strategies (with C, R and S at the apices). Sea-
sonal changes in any individual system will, to
a greater or lesser extent, be tracked through
the triangle, in terms of variations in I∗∗ and
imposed changes in resource accessibility, along

the general track shown in Fig. 7.9. This pur-
ports to move through summer stratification,
nutrient depletion, autumnal mixing (less light,
re-enrichment and nutrient uptake during the
spring mixing). In theory, at least, the trajectory
inserted into each of the triangles superimposed
onto Fig. 7.8b should be capable of describing
the compositional changes that characterise the
annual plankton cycles in the water bodies rep-
resented. At least the pattern, if not the detail,
of phytoplankton structure is captured.

7.3 Assembly processes in the
phytoplankton

The purpose of the present section is to explore
the active mechanisms that influence the vari-
ations in the structure of the phytoplankton
in natural communities, according to circum-
stances and dominant functional constraints.
The objective is to determine the extent of pre-
dictability of natural communities, with the
processes quantified wherever possible. The key
topics considered to be relevant to community
assembly in the plankton – species richness and
diversity, trait selection, succession and stabil-
ity, structural disturbance and organisational
resilience – are no different from those believed
to impinge upon the community ecology of other
systems. However, the dynamics of pelagic sys-
tems operate at such absolutely small timescales
(when compared with those of terrestrial sys-
tems) that the outcomes are not only observable
phenomena, as opposed to speculative extrapola-
tions, but they are amenable to meaningful, con-
trolled experimental manipulation. This is the
part of the book in which the community ecology
of the phytoplankton can be championed as the
model for community ecological processes every-
where. Some of the terms used require clarifica-
tion of usage; some working definitions are given
in Box 7.1.

7.3.1 Assembly of nascent communities
The first challenge of this discussion is to estab-
lish whether the observable assemblages of dif-
ferent species of phytoplankton (and, for that

Smayda i Reynolds 2001 
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