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Abstract

Phytoplankton assemblages of the warm monomictic lake Trichonis were studied during the period April 1985
to February 1986. Species composition and biomass data are presented along with information on the seasonal
periodicity of dominant taxa of microalgae. Multivariate methods were used to analyze community structure and
annual succession. Population succession patterns correspond to changesin environmental variables. According to
the generalized phytoplankton sequences Trichonisis classified as an oligotrophic lake.

Introduction

Tempora variations in the abundance and composi-
tion of phytoplankton have been described in many
aquatic ecosystems (see reviews in Hutchinson, 1967
Lund, 1969; Round, 1971, 1981; Kalff & Knochel,
1978; Reynolds, 1984a). A synthesis of similar sea-
sonal events portraying the function of variousregul at-
ing factors — physical, chemical and biological — has
recently induced the devel opment of conceptual mod-
els, such as the PEG model for lentic waters (Sommer
et al., 1986) and the ‘Riverstrahler’ model for lotic
environments (Billen et al., 1994). Multivariate analy-
sisisauseful tool for providing adequate representa-
tion of underlying structuresin biological data matri-
ces (Field et al., 1982; Clarke & Green, 1988). This
approach has been applied extensively in the study
of algal assemblages (e.g. Thorrington-Smith, 1971;
Bartell et al., 1978; Stewart et al., 1987; Leskinen &
Sarvala, 1988; Goldman et al., 1990; Vyverman, 1992;
Sorhannus, 1993).

In the case of the warm monomictic lake Trichonis
(for limnological characteristics see Overbeck et al.,
1982; Tafas, 1991; Tafas et al., 1997) information

is restricted to the taxonomic description of interest-
ing phytoplankton and periphyton species (Economou-
Amilli, 1979, 1982; Kristiansen, 1980; Anagnostidis
et a., 1985, 1988a, 1988b; Falniowski et al., 1988;
Tafas, 1991). While spatia phytoplankton distribu-
tion has been related to the abiotic variables (Tafas &
Economou-Amilli, 1991), there is a dearth of data on
algal community structure and annual succession. The
present study analyzes the spatial and temporal distri-
bution patterns of the phytoplankton of lake Trichonis
during different stages of annual succession.

Material and methods

Samples were obtained from the euphotic zone (0—
20m) in the central part of the lake (water depth 58 m)
at 2 mintervals starting at the water surface for a total
of 11 sampling times and 118 samples. Plankton sam-
pling started in April 1985 and was carried out monthly
until February 1986. Samples were immediately fixed
in Lugol’s solution and acetic acid. Identification of
algal specieswas carried out using classical and mod-
ern keysand monographsaswell as specific taxonomic
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Table1. List of algaefound in the phytoplankton of lake Trichonis.

Cyanophyta
Chroococcus turgidus (K iitzing) Nageli
C. minutus (Kitzing) Négeli

Merismopedia punctata Meyen

Coelosphaerium kuetzingianum Nageli
Gloeothece sp.

Anabaena sphaerica Bornet et Flahault
A. inaequalis (Ktzing) Bornet et Flahault

Aphanizomenon sp.
Geitlerinema amphibium (Agardh ex Gomont) Anagnostidis

Planktothrix mougeotii (Bory ex Gomont) Anagnostidis et
Komarek

Chlorophyta

Monoraphidium arcustum (Korsikov) Hindak
M. mirabile (W .et G.S. West) Pankow
M. minutum (Nageli) Komarkova-L egnerova

Ankistrodesmus bernardii Komarek

Chlorella cf. oocystoides Hindak
Chlorella homosphaera Skuja
Chlorella vulgaris Beijerinck

Kirchneriella contorta (Schmidle) Bohlin
Quadrigula closterioides (Bohlin) Printz

Tetraedron caudatum (Corda) Hansgirg
T. minimum (A. Braun) Hansgirg

Coelastrum reticulatum (Dangeard) Senn
C. microporum N&geli in A. Braum

Schroederia planktonica (Skuja) Philipose

Pediastrum boryanum (Turpin) Meneghini
P. simplex var. sturmii (Reinsch) Wolle

Oocystis cf. nephrocytioides Fott et Cado
O. lacustris Chodat

O. parvaW. et G.S. West

O. pusilla Hansgirg

Oocystis sp.

Trochiscia cf. granulata (Reinsch) Hansgirg

Eutetramor us fottii (Hindak) Komarek
E. tetrasporus Komarek

Scenedesmus cf. intermedius Chodat
S quadricauda (Turpin) Brébisson
Tetrachlorella alternans (G.M. Smith) Korsikov

Table 1. Continued

Tetrastrum glabrum (Roll) Ahlstrom et Tiffany
T. triangulare (Chodat) Komarek

Closterium aciculare T. West
C. acutum Brébisson

Cosmatium bioculatum Brébisson
C. contractum Kirchner

Saurastrum cf. cornutum Archer
Oedogonium sp.

Elakatothrix biplex (Nygaard) Hindak
E. gelatinosa Wille

E. genevensis (Reverdin) Hindak
Elakatothrix sp.

Mougectia sp.
Sirogyra sp.

Bacillariophyta

Cyclotella radiosa (Grunow) Lemmermann
C. trichonidea Economou-Amilli

C. trichonidea var. parva Economou-Amilli

Stephanodiscus neoastraea Hakansson & Hickel
Diatoma wulgaris Bory

Fragilaria pinnata Ehrenberg
Asterionella formosa Hassal

Synedra tabulata (Agardh) Kiitzing
S ulna var. biceps (Kitzing) Kirchner

Cocconeis pediculus Ehrenberg
C. placentula var. lineata (Ehrenberg) Cleve

Achnanthes clevei Grunow
A. lanceolata (Brébisson) Grunow
A. minutissima var. affinis (Grunow) Lange-Bertalot

Gyrosigma acuminatum (K iitzing) Rabenhorst
G. attenuatum (Ktzing) Rabenhorst

Navicula cincta (Ehrenberg) Ralfs
N. cryptocephala Kitzing

N. rhynchocephala K{itzing

N. tripunctata (O.F. Muller) Bory

Amphora perpusilla Grunow

Nitzschia cf. Lorenziana var. subtilis Grunow
N. fonticola Grunow

N. intermedia Hantzsch ex Cleve et Grunow
N. pusilla Grunow emend. Lange-Bertal ot

N. sigmoidea (Nitzsch) W. Smith

Continued on p. 143



Table 1. Continued

Cymbella aspera (Ehrenberg) Cleve
C. cymbiformis Agardh

C. helvetica Kutzing

C. parva W. Smith

C. prostrata (Berkeley) Cleve

Gompbonema olivaceum var. calcareum (Cleve) Cleve

Chrysophyta

Dinobryon bavaricum Imhof
D. divergens Imhof

D. sertularia Ehrenberg

D. sociale Ehrenberg
Uroglena americana Calcins
Uroglena volvox Ehrenberg

Xanthophyta

Ophiocytium capitatum Wolle var. longispinum (Moebius)
Lemmermann

O. lagerbeimii Lemmermann

Cryptophyta
Chroomonas acuta Utermohl

Cryptomonas ovata Ehrenberg

Pyrrhophyta
Ceratiumhirundinella (O.F. Miller) Bergh. f. gracile Bachman

C. birundinella f. robustum (Amberg) Bachman
C. furcoides (Lavander) Langhans

Peridinium cf. africanum Lemmermann
P. inconspicuum Lemmermann

papers(cit. in Tafas, 1991). Phytoplanktonwere count-
ed with a Zeiss inverted microscope using Utermohl’s
(1958) sedimentation method. Theresultsof the counts
weresubject to statistical analysisasdescribed by Lund
et a. (1958). Phytoplankton biomass determination
was based on the geometric cal cul ation of cell volume
and assuming a specific gravity of one (Van Heusden,
1972; Willen, 1976).

Multivariate techniques were used for R-analysis
of the phytoplankton data matrix. These techniques
are primarily applied to distinguish clusters of species
with similar abundance patterns. The software imple-
mented was kindly provided by the Plymouth Marine
Laboratory, UK (Carr, 1989). Only species accounting
for more than 2% of total abundance in any one sam-
ple (i.e. 45 species out of atotal of 98) were includ-
ed in the analysis. Square-root transformation of the
raw data was used in the construction of the Bray
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& Curtis (1957) similarity matrix to scale down the
scores of the abundant species. Group Average Clus-
ter Analysisand Non-metric Multidimensional Scaling
were applied to the derived speci es abundance similar-
ity matrix (Field et al., 1982; Pielou, 1984; Clarke
& Green, 1988; Clarke & Warwick, 1989; Ludwig &
Reynolds, 1988). Abundance data were averaged for
all depths on each sampling date for use in species
clustering. Abundance data for each separate taxon
within each grouping were subsequently transformed
into percentage values. The standardized values were
plotted using Microsoft Excel. Phytoplanktondiversity
was calculated using the log, version of the Shannon-
Wiener Species Diversity Index (Shannon & Weaver,
1949).

Results
Foecies composition

A total of 98 taxa (Table 1) were identified in the phy-
toplankton assemblages of lake Trichonis during the
examined annual cycle, belongingto 7 algal divisions.
Bacillariophytaand Chlorophytawere the most promi-
nent groupsin terms of species number with 32 and 41
taxarespectively. The Shannon-Wiener Species Diver-
sity Index based on numbers of individuals ranged
between 0.906 and 2522 in May and August 1985
respectively (Figure 1).

Biomass variation

Phytoplankton biomass in lake Trichonis exhibited a
typically mono-acmic pattern with peak development
in July (Figure 2). The biomassremained low until the
end of the overturn at the end of March, to increase
rapidly immediately after the onset of stratification.
Thus, the mean biomass in the water column (O to
20 m) increased from 44 mg m—2 at the end of March
to 241 mg m~3 by the end of April, to more than
100-fold by the end of July (4295 mg m~3).(The max-
imum value of 7290 mg m~2 was recorded at 6 m of
depth. Thereafter, phytoplankton biomass constantly
decreased until the end of stratification from 2311 mg
m~3 in August to 1082 mg m~2 in November with the
lowest valuerecorded by the end of December (132 mg
m~3).
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Figure 1. The Shannon-Wiener Species Diversity Index during the studied annual cycle.
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Figure 2. Seasonal biomass variation of the main taxonomic agal groups.

Seasonal phytoplankton periodicity

Seasonal periodicity of major algal groups

Threeal gal groupswere dominant in the phytoplankton
biomass of lake Trichonis: dinoflagellates (Pyrrhophy-
ta), diatoms(Bacillariophyta) and green a gae (Chloro-
phyta). Chrysophytes were present at lower numbers,
but formed a distinct component of the biomass. Blue-
green a gae (Cyanophyta), on the other hand, wereless
significant in terms of numbers and biomass.

Diatoms were the dominant group (Figure 2) at
the onset of stratification (end of April) accounting for
58% of thetotal phytoplankton biomass, but decreased
rapidly to 3-4% after the vernal peak in June and
July. Phytoplankton communities were dominated by

dinoflagellates (over 50% of the total biomass) until
September. From September till the end of stratifica-
tion green algae, chrysophytes and blue-green were
abundant. At the onset of turnover, however, diatoms
became the dominant group once again, with an abun-
dance value of 50%.

Seasonal periodicity of dominant algal species

By the end of turnover, when biomass valuesreached a
minimum, the dominant species of the phytoplankton
assemblagewere mainly (a) thechlorophyte Pediastum
simplex var. sturmii as well as Spirogyra and Oedogo-
nium species, (b) the diatom Cyclotella trichonidea
(Figure 3), and (c) the cryptophytes Cryptomonas ova-
ta and Chroomonas acuta. By the end of May —when
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stratification was well devel oped (the upper boundary
of metalimnion in 10 m of depth) and phytoplankton
in its growth phase, the diatom C. trichonidea was the
dominant species (70%) with dinoflagellates (Peridini-
um cf. africanum, Ceratium hirundinella f. gracile),
other diatoms (C. trichonidea var. parva, Cyclotel-
la radiosa) and green algal species as subdominants.
The C. trichonidea population quickly declined and
subsequently, P. cf. africanum (Figure 4) accounted
for 43% of the total phytoplankton biomass. Other
dominant species during this phase were Dinobryon
sociale, C. hirundinella f. gracile, and Eutetramorus
tetrasporus. By the end of July, P. cf. africanum con-
tributed almost 62% of the phytoplankton biomass.
This species along with Dinobryon spp., Peridinium
inconspicuum, C. hirundinella f. gracile and a few
species of green algae accounted for 95% of the total
biomass.

In August, when total phytoplankton biomass val-
ues started to decline, the relative abundance of P. cf.
africanum remained relatively stable. The abundance
of Dinobryon spp. dramatically decreased from 17%in
July to 3%; the dinoflagellates Ceratium hirundinella
var. gracile, C. furcoides and P. inconspicuum formed
13.5% of the total biomass. The biomass of P. cf.
africanum dropped to 25% of the July value in Sep-
tember. However, this species remained major com-
ponent of the phytoplankton composition; at the same
time, Asterionella formosa (Figure 5) developed to
form 25.3% of the total biomass. In October, the bio-
mass of P. cf. africanum was reduced to 6.4% of the
total, while the blue-green alga Chroococcus turgidus
was the major biomass component (48%). In Novem-
ber, Mougeotia trichomes were dominated (72%). In
December, the abundance of Mougeotia dropped to
13.3% with asimultaneous decrease of meantotal phy-
toplankton biomass. Dinoflagellates constituted the
bulk of the phytoplankton biomass (67.5%). Aster-
ionella formosa became again the dominant species
in January, reaching 75% of the total phytoplankton
biomass with dinoflagellates accounting for 23%. The
concentration of A. formosa dropped dramatically from
283 mg m~3in January to 9 mg m—3in February when
speciesof Cyclotella, Ceratium, Nitzschiaand Chlorel -
la dominated.

Joecies succession patterns

Cluster analysis and Non-Metric Multidimensional
Scaling (Figures 6 and 7) indicate that certain phyto-
plankton specieswithin the seasonal cycleareincluded
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in major groupings(G; to G7). Each of these groupings
contains specieswith high Bray-Curtis similarity; they
are not characterized as typical ‘clusters since they
have not been selected at a specific similarity level.
Very few (5) species have been left out of the clas-
sification, their abundance values being only dightly
above the 2% limit used for constructing the initial
similarity matrix. The species’ growth patterns for the
groupings are displayed in Figure 8.

— Grouping (G;) contains several diatom species
(Cymbellahelvetica, Diatomavulgare, Nitzschiainter-
media, Tabulariafasciculata, Synedraulnavar. biceps)
appearing during overturn.

— Grouping (G) consists of green algal species
(Oocystis pusilla, Pediastrum simplex var. sturmii,
Scenedesmus quadricauda, Chlorella vulgaris, Elaka-
tothrix biplex) appearing mainly in the beginning of
stratification (with the exception of O. pusilla).

— Two blue-green algae (Coel ospbaerium kuetzin-
gianum, Chroococcus minutus) and one cryptophyte
(Cryptomonas ovata) form a group of species (Group-
ing G3) related to the above Grouping G, with growth
patterns extending throughout the annual cycle.

— Three green algae (Elakatothrix gelatinosa,
Tetrachlorella alternans, Oocystis lacustris) form
Grouping G4. These species reach their maximum
abundance during stratification and gradually disap-
pear afterwards.

— The abundance of species belonging to Gs ; and
Gs.2 peaks only once during the annual cycle. Group-
ing Gs.1 comprises Asterionella formosa, Planktothrix
mougeotii and Mougeotia sp., while grouping Gs
Chroococcus turgidus and Elakatothrix genevensis.
A. formosais atypical representative of Gs 1 and Gs»
species growth pattern. Its high abundance coincides
with high availability of silicates and other nutrients
in hypolimnetic waters both at the end of stratification
and during the mixing period.

— Severa species dominating the plankton com-
munities during the whole annual cycle are included
in Grouping (Gg): Ceratium hirundinella fa. robus-
tum, G. hirundinella fa. gracile, Aphanizomenon
sp., Chlorella cf. oocystoides, Cyclotella trichonidea,
G. trichonidea var. parva.

— Grouping (G71) comprises the species
Eutetramorus tetrasporus, Peridinium cf. africanum,
P. inconspicuum, Dinobryon divergens, D. socialewith
maximum development in the beginning of stratifica-
tion and agradual decline afterwards.

— Grouping (G7.2) contains species (Oocystis cf.
nephrocytioides, Trochischia cf. granulata, Dinobryon
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Figure 3. Contribution of the diatoms Cyclotella trichonidea and C. trichonidea var. parva to the total species abundance.
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Figure 4. Annual pattern of vertical biomass distribution of Peridihium cf. africanum expressed in the form of cubic curves (max. biomass
4.8 mg m—3). Pie charts portray the phytoplankton abundance (A) or the total phytoplankton biomass (B); the darker sectors correspond to the
participation of P. cf. africanum, while the dotted sectors to the group (diatoms) participation.

bavaricum, Coelastrum reticulatum, Tetrastrum trian- Discussion

gulare) reaching peak abundance at the same time as

the speciesof Grouping G-.1, but also exhibitsasecond The phytoplankton assemblage comprises mainly cos-
peak during stratification. mopolitan species; severa other floristic components

are mostly known from the tropics and have restrict-
ed distribution (details in Tafas, 1991); the diatoms
Cyclotella trichonidea and C. trichonidea var. parva
are probably endemic. Generally, periphytic diatoms
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Figure5. Annual vertical biomass distribution of Asterionella formosa expressed in the form of cubic curves (max. biomass 2.7 mg m—3). Pie
charts portray the phytoplankton abundance (A) and the total phytoplankton biomass (B); the darker sectors correspond to the participation of

A. formosa, while the dotted sectors to the group (diatoms) participation.

prevailed during turnover possibly due to enhanced
suspension by the mixing of the water column and
drift from metaphyton to plankton (see Round, 1981,
Reynolds, 1984a).

Minimum values of the Shannon-Wiener Diversity
Index in May and November coincided with the domi-
nance of the diatoms Cyclotella trichonideaand C. tri-
chonidea var. parva, which contributed over 80% to
thetotal speciesabundance (Figure 3). The high diver-
sity values of June to September might be attributed to
the onset of the nutrient depletion (Tafas, 1991; Tafas
et al., 1997) restricting the dominance of the dominant
competitor. High grazing pressure on the two small-
celled Cyclotella species may have been an important
factor for their abundance decrease; zooplankton graz-
ing may aso have given a competitive advantage to
large inedible dinoflagellate forms.

Based on the annual biomass maximum (Vollen-
weider, 1982) Trichonis s classified among the olig-
otrophic lakes with mesotrophic tendencies. Howev-
er, summer phytoplankton development characterizes
eutrophic systems according to the PEG model (Som-
mer et al., 1986). The second smaller biomass peak dur-
ing the subsequent turnover of the annual cycle (first

peak 381 mg m—2 in January; second peak 286 mg
m~3 in February) might be a consequence of nutrient
remobilization, despite the unfavourablewater temper-
aturerecorded (thelowest temp. <10°C) of thisperiod
(Tafas, 1991; Tafas et a., 1997). On the other hand,
a ‘clear water phase' described from other stratified
lakes (Sommer et al., 1986) did not develop in lake
Trichonis, despite the dramatic diatom decrease fol-
lowing their vernal peak and the subsequent depletion
of SIO,-Si (Tafas, 1991).

M ono-acmic phytoplankton biomassdistributionis
typical for oligotrophic lakes in central Europe (Rott,
1984). In Greek lakes of different trophic status other
patterns have been recorded: tri-acmic patterns in the
eutrophic lakes Volvi and Vegoritis (Moustaka-Gouni,
1988; Moustaka-Gouni & Tsekos 1989; Moustaka
Gouni & Nikolaidis, 1990); and di-acmic patternsin
the shallow lake Mikri Prespa (Tryfon 1994; Tryfon
et a., 1994) and in the mesotrophic lake Amvrakia
adjacent to Trichonis (Spartinou, 1992). Absolute bio-
mass values are significantly lower in lake Trichonis
in comparison to the aforementioned Greek lakes as
well asto lake Kinneret: maximum biomass valuesin
lake Trichonisare comparableto mean biomass values
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Figure 6. Dendrogram obtained from cluster analysis of those species accounting for more than 2% of the total abundance (code numbers precede the taxon name).
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Figure 7. Plot derived from the two-dimensiona solution of the Non-Metric Multidimensional Scaling; numbers refer to particular taxa of the

previous (Figure 6) diagram.

in lakes Volvi (Moustaka-Gouni, 1988) and Kinneret
(Pollingher & Berman, 1978), but lower than those of
lake Amvrakia (Spartinou, 1992).

With regard to the annual succession pattern of phy-
toplankton (Reynolds, 1984b) Trichonis is classified
among the oligotrophic lakes. This characterization is
corroborated by the zooplankton findings from a later
annual cycle (Dumont, unpubl. data) where Rotifera, a
group favoured by oligotrophic conditions, dominated
intermsof speciesnumbers(>50%). Rare speciessuch
as Leptodora kindti, Kellicottia longispina and Ploe-
soma hudsoni, which are typical inhabitants of large
oligotrophic lakes, were also present in lake Trichonis
tending to disappear during eutrophication. In addition,
the high proportion of chrysophyte speciesin relation
to coccoid green algae and blue-green algae observed
inlake Trichonisisalso indicative of oligotrophic con-
ditions. In the case of lake Trummen chrysophytes
tripled after restoration (Cronberg, 1982).

Theincrease of diatoms seemsto follow the reduc-
tion of the available SiO,-Si (comp. Tafas, 1991; Tafas
et al., 1997). This is exemplified in the period after
thevernal diatom peak, where areduction of the dom-
inant Cyclotella trichonidea population from 500 to
100 individuals per liter followed a similar decline in
silicates (from 700 to less than 200 pg 171). The sum-
mer increase of diatoms is mainly attributed to the
high development of Asterionella formosa (Figure 5)
in the hypolimnion, where mean SiO,-Si concentra-
tion was higher than 1050 pg 1=1. Such a vertical
distribution pattern might have been stimulated by the
preceding silicate depletion in the epilimnion (mean
SiO,-Si concentration 30 pg | 1), as nutrient-depleted
cells are known to sink more rapidly than populations
at the exponential growth phase (Tilman & Kilham,
1976a). In contrast, the simultaneous development of
other diatoms (C. trichonidea, C. trichonidea var. par-
va) in the epilimnion is attributed to the tolerance of
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Figure8. Groupings (G1—G7.») of algal species portraying the seasonal phytoplankton periodicity over the studied annual cycle; the number on
each curve refers to the particular taxon of the previous diagram (Figure 6); Y-axis represents the average percent abundance of each taxon.



certain diatom species for very low silica concentra-
tions (see aso Tilman et a., 1976; Tilman & Kilham,
1976h).

The group of diatoms showed a competitive advan-
tage over other algal groups during both the warm and
the cold period of the annual cycle. Blue-green algae
and especially the nitrogen-fixing species, are poorly
represented in lake Trichonis, unlike other warm lakes
(Serruya & Pollingher, 1983). The observed distribu-
tion pattern of diatoms and blue-green algae is related
to the availability of inorganic nitrogen and generally
low phosphorus content during this particular annual
cycle (Tafas, 1991; Tafas et a., 1997). The observed
seasonal periodicity of both groupsseemsto justify the
characterization of many diatoms as superior competi-
torsfor phosphorus and inferior competitors for nitro-
gen, and of many blue-green algae as superior nitro-
gen and inferior phosphoruscompetitors. The observa-
tions of this study, however, contradict the hypothesis
of optimal diatom competitive ability at temperatures
lower than 15 °C (Tilman et al., 1986; Tryfon et a.,
1994). The maximum development of green algae in
late summer and autumn indicates that species of this
group may also be good nitrogen competitors. This
hypothesisis corroborated by the comparabl e findings
of Tilman, et a. (1986) and Tryfon et al. (1994). On
the other hand, the dominanceof dinoflagellatesduring
dtratification (see also Sommer et a., 1986) might be
attributed to their capability to remain in the euphotic
zone (Rodhe, 1948) and resistance to grazing due to
their large size (Pollingher, 1978).

Examination of the seasonal periodicity patterns
of dominant algal species, shows that Peridinium cf.
africanum was the main biomass component during
the stratified period (Figure4). A similar phenomenon
has been observed in lake Kinneret, where during the
spring bloom, Peridinium gatunense — accompanied
by green algae, blue-green algae and chrysophytes —
constituted more than 95% of the total phytoplankton
biomass (Pollinger, 1978; Wyatt & Horwood 1973; see
also Berman et a., 1992). The growth of Peridinium
during the summer and early autumn, i.e. at the time
of phosphorus depletion in stratified lakes, has been
attributed in lake Kinneret to ‘luxury consumption’
(Serruya & Berman, 1975), while in the Greek lake
Mikri Prespait has been associated with low dissolved
inorganic nitrogen rather than low phosphate concen-
trations (Tryfon et a., 1994). In lake Trichonis the
former explanation is more likely (comp. Tafas et al.,
1997).
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In general, cluster anaysis reveals certain suc-
cession patterns, and population responses to specif-
ic environmental parameters. The similarity between
Groupings 14 isbelow 50% of the maximal similarity
value (Figure 6). In Grouping Gs, the appearance of
diatoms during overturn is accounted by the replen-
ishment of silicates in the hypolimnion at the end of
stratification; moreover, diatoms tend to be favoured
by the thorough mixing of water columns with tran-
sient micro-stratified density gradients (Round, 1981,
Reynolds, 1984a). The green agae of Grouping G;
seem to better exploit the nutrients after overturn
replenishment (cf. Padisak & Toth, 1991). This group
isreplaced by other dominating species at later stages
of annual succession. The high abundance of Grouping
G4 species coincided with thetotal phytoplankton bio-
mass peak. The abundance of these species declined
in the poor nutrient conditions of mid-stratification
(August).

The other groupings suggest a closer relationship
among the species (Figure 9), which featured either
narrow mono-acmic (Grouping G71) and diacmic
(Grouping Gy.,) growth patterns or wider growth peri-
ods. These species appeared mainly during stratifi-
cation and some of them dominated the phytoplank-
ton assemblage (Grouping Gg). In Grouping Gg, the
endemic diatoms Cyclotella trichonidea and C. tri-
chonidea var. parva have complementary abundance
patterns, the latter replacing the former at the end of
stratification; similar patterns are exhibited by the two
forms of Ceratium hirundinella (fa. gracile and fa.
robustum). All species of Groupings Gs; and Gs,
showed mono-acmic growth patterns, with the excep-
tion of Asterionella formosa (see also Figure 5). This
speciesis usualy present in eutrophic or mesotrophic
lakes (Reynolds, 1984b). Its di-acmic growth devel op-
ment in lake Trichonis coincides with the high avail-
ability of silicate and other nutrients during overturn,
and also during stratification in the hypolimnion (Tafas,
1991; Tafas et a., 1997). A similar annual pattern of
A. formosa was observedin the adjacent lake Amvrakia
(Spartinou, 1992).

In the present case study of lake Trichonis, the
annual succession patterns of some speciesin the same
group may appear unrelated to oneanother and to nutri-
ent availability (e.g. in Grouping Gz, species distrib-
ution extended throughout the annual cycle) because
the calculation of similarities was based on collective
abundance data. Nevertheless, cluster analysis as well
asother multivariate methods (e.g. Tafas& Economou-
Amilli, 1991) permitsabetter understanding of species
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niche preferences, e.g. tolerance to particular envi-
ronmental conditions, interspecific competition or sus-
ceptibility to grazing. Finally, the analysis of annu-
al succession patterns provides useful information for
understanding the role of environmental parametersin
community dynamics (Reynolds, 1984a, 1988; Som-
mer et al., 1986, 1993; Duarte et a., 1992; Reynolds
et a., 1993; Padisak, 1993; Jacobsen & Simonsen,
1993).
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