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Abstract

The cyanobacterial species composition of nine Greek waterbodies of different type and trophic status was examined
during the warm period of the year (May—October). Cyanobacterial water blooms were observed in all waterbodies.
Forty-six cyanobacterial taxa were identified, 11 of which are known to be toxic. Eighteen species are reported
for the first time in these waterbodies, 8 of which are known to produce toxins. Toxin producing species were
found in all of the waterbodies and were primarily dominant in bloom formations (e.g., Microcystis aeruginosa,
Anabaena flos-aquae, Aphanizomenon flos-aquae and Cylindrospermopsis raciborskii). Cosmopolitan species (e.g.,
M. aeruginosa), pantropic (e.g., Anabaenopsis tanganyikae) and holarctic species (e.g., Anabaena flos-aquae) were
encountered. Shallow, eutrophic waterbodies had blooms dominated by Microcystis species and were character-
ized by phytoplankton association M. Anabaena and Aphanizomenon species of association H were dominant in
waterbodies with low dissolved inorganic nitrogen and thermal stratification in the summer. Total cyanobacterial
biovolumes (CBV) ranged from 7 to 9,507 cm® m~3 and were higher than Alert Level 2 and Guidance Level 2
(10 cm® m~—3; World Health Organization; WHO) in seven of the waterbodies. Chlorophyll a concentrations ranged
from 6 to 90,000 mg m~> and were higher than Alert Level 2 and Guidance Level 2 (50 mg m~3; WHO) in eight
of the waterbodies. There is also an elevated risk of acute toxicosis (Guidance Level 3; WHO) in five waterbodies.
Water of an undesirable quality, hazardous to humans and animals occurs in several Greek waterbodies.

Abbreviations: CBYV, Cyanobacterial biovolume; Chl a, Chlorophyll a; EC, European Community; EU, European
Union; PCA, Principal Components Analysis; TCBV, Toxic cyanobacterial biovolume; WFD, Water Framework
Directive; WHO, World Health Organization

Introduction

Water blooms have become a frequent phenomenon in
eutrophic waterbodies worldwide as in the Mediter-
ranean region. The warm Mediterranean climate
favours the extended duration of the cyanobacterial
blooms, which may start in spring and persist until
December, or in some cases, may even be continu-
ous throughout the year. Phytoplankton studies in some

Greek lakes (Vegoritis, Volvi, Mikri Prespa, Doirani
and Kastoria) have shown that prolonged cyanobacte-
rial blooms of up to 8 months can occur, which are
dominated by known toxic species (Moustaka-Gouni
& Nikolaidis, 1990; Moustaka-Gouni, 1993; Tryfon
& Moustaka-Gouni, 1997; Temponeras et al., 2000;
Vardaka et al., 2000).

Comprehensive long-term studies of phytoplankton
do not exist for the majority of Greek waterbodies.
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Mainly, there are isolated reports concerning the floris-
tic data of a sparse number of samples from individ-
ual lakes. A comprehensive floristic study exists for
L. Amvrakia (Spartinou, 1992), L. Volvi (Moustaka,
1988a), L. Doirani (Temponeras et al., 2000) and
L. Mikri Prespa (Tryfon & Moustaka-Gouni, 1997).
However, trophic state transitions and changes in wa-
ter depth have occurred in Greek lakes over the past
20 years which affect species composition and water
quality. For example, the maximum depth of L. Doirani
has decreased from 8.5 to 5.0 m during the period 1986—
1993 (Temponeras et al., 2000).

Knowledge of the cyanobacterial species compo-
sition enables the characterisation of waterbodies ac-
cording to the associations outlined by Reynolds (1997)
that are used as major descriptors of phytoplankton
at a higher level than that of species and also re-
flects the characteristics of the waterbody. The species
composition also indicates the presence of toxin pro-
ducing cyanobacterial species and the potential toxi-
city of a bloom. To date, hepatotoxic cyanobacterial
blooms have been reported in several Greek waterbod-
ies (Lanaras et al., 1989; Cook et al., 2004). The pres-
ence of cyanobacterial toxins in drinking water supplies
and irrigation water is known to pose a potential haz-
ard to human health and agricultural and aquaculture
products directed for animal and human consumption
(Falconer, 1999; Falconer et al., 1999). Some charac-
teristics of the surface and ground waters used for ir-
rigation are monitored in Greece and it has been ac-
knowledged that there are problems with pollution and
decreasing water levels in some waterbodies (Parlia-
ment of the Hellenic Republic, 2001).

Good water quality should be maintained in wa-
terbodies particularly since many are used for recre-
ation, aquaculture and drinking water. The European
Union Water Framework Directive (EU-WFD; 2000/60
European Community; EC), which requires that the
ecological status of bodies of surface water exceeding
0.5 km? are assessed in addition to physical and chem-
ical properties, is in the process of being implemented
in Greece. According to the EU-WFD, ecological sta-
tus has to be assessed by comparing data of biological
quality elements to a reference (undisturbed) condi-
tion. However, due to anthropogenic disturbance it is
often difficult to find and describe the reference con-
dition. Furthermore, biological quality elements are
influenced by natural variation. Data contributing to-
wards the evaluation of ecological status is valuable.
Basic information concerning the biological quality el-
ement phytoplankton (species composition and abun-

dance, biomass and blooms), necessary for the imple-
mentation of the EU-WFD in Greece to date, is limited.

The aims of this study were (1) to examine the
cyanobacterial species composition of blooms in wa-
terbodies of different type (size, depth, altitude, mix-
ing and trophic state) and the presence of known toxin
producing species; (2) to determine the cyanobacterial
biovolumes and chlorophyll concentrations of blooms
in order to assess the risks to humans and wildlife; and
(3) to examine whether the studied biological parame-
ters can be used as tools in characterising waterbodies
and in assessing risk levels.

Study area and methods
Description of waterbodies

According to the EU-WFD (2000/60/EC) surface wa-
ter body typology the types and some other charac-
teristics of the waterbodies examined are given in Ta-
ble 1. Lakes Doirani, Kastoria, Mikri Prespa, Pamvo-
tis, Vistonis, Zazari, and Kerkini Reservoir are shallow,
while L. Volvi is relatively shallow and L. Amvrakia
is deep. The surface areas of the waterbodies range
from 1.9 to 74.7km? (see Table 1 for references). L.
Amvrakia and L. Volvi are warm monomictic, while
L. Kastoria and L. Mikri Prespa are polymictic. L.
Doirani is warm monomictic and potentially polymic-
tic, depending on the inter-annual climate variability
(see Table 1 for references). The waterbodies examined
experience a Mediterranean climate. The lakes are
eutrophic (Lakes Doirani, Mikri Prespa, Pamvotis,
Vistonis, Volvi and Zazari), eutrophic-hypertrophic (L.
Kastoria) or oligo-mesotrophic (L. Amvrakia). The
trophic state of Kerkini Reservoir has not yet been de-
scribed (Table 1). Lakes Kastoria and Pamvotis are ur-
ban lakes and are used for recreational activities.

Sample collection

Water samples were collected from the surface layer
(040 cm) of the waterbody margins during the period
May to October of 1994, 1995, 1999 and 2000.

Chlorophyll a and biovolume determination

Water samples were filtered through Whatman GF/C
glass-fibre filters on site, within 1h of collection.
Chlorophyll a (Chl a) of the filtered samples was es-
timated using standard methods (Jeffrey & Humphrey,



Table 1. Characteristics and types of the waterbodies studied.
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Waterbody Geographic coordinates Area Maximum Mean Eco | Size .~ Depth Mixing  Trophic
depth depth -region’ typology’ typology’ Altitude type state
N) (E) (km?) (m) (m) (km?)  (m) typology!
Kerkini Reservoir  41°08'  23°13/ 51.5-747*  4.0-8.7* 3-5¢ 7° 10-100  3-15 L - -
Lake Amvrakia ~ 38°45  21°11 14.5° 53.0P 192> 6" 10-100  >15 Le Mmk O-Mt*
Lake Doirani 41°11" 22045 28.0° 5.0 37 10-100  3-15 Le Mm or P E°
Lake Kastoria 40031 21°18 24,04 8.5¢ 54 6" 10-100  3-15 Me pd E-H¢
Lake Mikri Prespa 40°45’  21°07 48.5¢ 7.0° 58 6" 10-100  3-15 He p° E®
Lake Pamvotis 39°40)  20°51 22.8f 10.0F 458 6" 10-100  3-15 Me - Ef
Lake Vistonis 41°01"  25°08' 45.08 4778 308 7° 10-100  3-15 Le - E!
Lake Volvi 40°41  23°25 68.6" 19.0" 13.5h 70 10-100  3-15 Le Mm" EP
Lake Zazari 40°37  21°33% 1.92 8.0! 468 6 1-10  3-15 ME - E™

Note. L: lowland (<200 m); M: mid-altitude (200-800 m); H: high altitude (>800 m); Mm: Monomictic; P: Polymictic; O-Mt: Oligotrophic-
Mesotrophic; E: Eutrophic; E-H: Eutrophic-Hypertrophic; -: not available.

2 Albanakis et al. (1993).

b Albanakis et al. (1995).

¢Temponeras et al. (2000).

dVardaka et al. (2000).

¢Tryfon et al. (1997).

fAnagnostidis and Economou-Amilli (1980).
2 Albanakis (personal communication).
"Moustaka-Gouni (1993).

iNational Statistical Service of Greece (1994).
jEuropean Community (EC) (2000).
kSpartinou (1992).

'Moustaka-Gouni (unpublished data).
™MStankovic¢ (1931).

"Hellenic (Greek) Western Balkan.

°Eastern Balkan.

1975; Barnes et al., 1992).The identification of
cyanobacterial species and cyanobacterial biovolume
determination were carried out as previously described
(Vardaka et al., 2000). Biovolumes were expressed ei-
ther, as the total cyanobacterial biovolume (CBV), the
sum of the biovolumes of the individual cyanobacte-
rial species in a sample or, as the known toxin produc-
ing cyanobacterial biovolume (TCBV) the sum of the
biovolumes of known toxin producing cyanobacterial
species in a sample. Known toxin producing cyanobac-
teria were those which have been reported in the litera-
ture (Lanaras et al., 1989; Otsuka et al., 1999; Sivonen
& Jones, 1999).

Associations

Cyanobacterial species comprising more than 10%
(v/v) of the total cyanobacterial biovolume were con-
sidered to be dominant. The dominant cyanobac-
teria were classified according to the associations
(functional groups) outlined by Reynolds (1997) and

Reynolds et al. (2002). According to Reynolds, asso-

ciations are groups of species with similar morpho-

logical and physiological traits and with similar ecolo-

gies. Associations are described by a code letter (e.g.,

M, H, Sy, S), habitat properties, typical representa-

tives (genera or species) and tolerances and sensitiv-

ities to environmental conditions, for example to nu-
trient concentrations, light intensities, water mixing,
etc.

The associations (Reynolds, 1997; Reynolds et al.,

2002) encountered in this study were

1. Association M. Typical representatives: Microcystis
and Sphaerocavum; habitat properties: dielly mixed
layers of small eutrophic, low latitude lakes; toler-
ances: high light duration and intensity; sensitivi-
ties: flushing and low total light.

2. Association H. Typical representatives: Anabaena,
Aphanizomenon and Gloeotrichia; habitat proper-
ties: relatively large mesotrophic lakes; tolerances:
low nitrogen; sensitivities: mixing, low light inten-
sities and low P concentrations.
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3. Association S. Typical representatives: Planktothrix
agardhii, Limnothrix redekei and Pseudanabaena,
habitat properties: turbid mixed layers; toler-
ances: extremely low light intensities; sensitivities:
flushing.

4. Association Sy. Typical representatives: Cylindros-
permopsis and Anabaena minutissima; habitat prop-
erties: warm mixed layers; tolerances: low light and
nitrogen concentrations; sensitivities: flushing.

In this study Jaaginema subtilissimum and Plank-
tolyngbya limnetica were assigned to association S on
the basis of similar morphological traits and similar
ecologies.

Health risk assessment

The WHO Alert Levels and Guidance Levels Frame-
work model (Bartram et al., 1999) for the monitor-
ing and management of cyanobacteria in drinking and
recreational waters were used to assess the poten-
tial health risks associated with the potentially toxic
cyanobacterial blooms in the waterbodies studied.

Statistical analysis

Principal Components Analysis (PCA; Legendre &
Legendre, 1998) of log-transformed data was used to
group the waterbodies on the basis of the contribution
of the relative dominance of each of the associations
(parameters) in each waterbody. The higher the corre-
lation between the parameter and the axis of the PCA,
the higher is the contribution of the parameter to axis
formation. Therefore, parameters with correlation val-
ues >(0.7 (absolute value) were the major contributors
to axis formation. The significance of the correlations
between the parameters and axes cannot be tested us-
ing a standard statistical test for Pearson correlation
coefficients (Legendre & Legendre, 1998).

The relationship between the ratio of TCBV:CBV
and CBV was analysed using non-linear regression
analysis (Legendre & Legendre, 1998).

Results

Cyanobacteria comprised more than 90% (v/v) of
the total phytoplankton biovolume in all the sam-
ples collected. A total of 46 cyanobacterial taxa were
identified, 11 of which are known to be toxic (Ta-
ble 2). The number of newly reported species (this
study) and previously reported species for the wa-

terbodies examined are given in Table 3. Eleven
cyanobacterial species are reported for the first time
in L. Zazari (Microcystis aeruginosa, Microcystis
flos-aquae, Microcystis ichthyoblabe, Microcystis no-
vacekii, Microcystis viridis, Microcystis wesenbergii,
Pseudanabaena sp., Anabaena flos-aquae, Anabaena
spiroides, Aphanizomenon issatschenkoi, Cylindros-
permopsis raciborskii), ten species in Kerkini Reser-
voir (M. aeruginosa, M. flos-aquae, M. ichthyoblabe,
M. novacekii, M. wesenbergii, Pseudanabaena sp., An-
abaena flos-aquae, Anabaena viguieri, A. spiroides,
A. issatschenkoi), five species in L. Amvrakia (M.
flos-aquae, M. novacekii, M. wesenbergii, Anabaena
perturbata, A. viguieri), four species in L. Pamvotis
(M. flos-aquae, M. novacekii, M. viridis, M. wesen-
bergii), three species in L. Vistonis (M. ichthyoblabe,
M. wesenbergii, Anabaena sp.), two species in L.
Doirani (Jaaginema subtilissimum, Anabaena aphani-
zomenoides) and one species in L. Volvi (Anabaenopsis
cunningtonii) and one in L. Kastoria (Anabaena affinis)
(Table 2). Eight (M. aeruginosa, M. ichthyoblabe, M.
novacekii, M. viridis, M. wesenbergii, Anabaena flos-
aquae, A. viguieri and C. raciborskii) of the 18 species
reported for the first time in the waterbodies examined
are known to produce toxins (Table 2).

Microcystis aeruginosa was the most commonly
dominant species (Table 2). Association(s) were as-
signed to each sample according to the dominant
cyanobacteria present. Association M (Microcystis
species) was the most common association encoun-
tered in the waterbodies, followed in decreasing fre-
quency of occurrence by association H (Anabaena and
Aphanizomenon species), association S (Jaaginema
subtilissimum, Limnothrix redekei and Planktolyng-
bya limnetica) and association Sy (Cylindrospermopsis
raciborskii).

PCA analysis grouped the nine waterbodies accord-
ing to the relative dominance of the associations found
in the respective samples. Axis I, which accounts for
59% of the variance, is highly correlated with the asso-
ciations M, S and H (r = 0.977, —0.834 and —0.738,
respectively; Figure 1). Lakes Kastoria, Mikri Prespa,
Vistonis, Zazari and Kerkini Reservoir are differenti-
ated along this axis and are characterized by a rela-
tive dominance of association M. Lakes Doirani, Volvi
and Amvrakia are characterized by the dominance of
associations S and H. Lake Pamvotis is ordinated in
the middle of Axis I. Axis II, which accounts for
a further 27% of the variance, is highly correlated
with the association Sy (r = 0.833) in L. Kastoria
(Figure 1).
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Table 3. Number of new species reported in this study and the number of reported taxa prior to this study.

Waterbody Number of Number of reported taxa  Prior study Reference
new species  prior to this study periods
Kerkini Reservoir 10 0
Lake Amvrakia 5 23 March 1978, August 1978, Overbeck et al. (1982)
October 1979, and
September 1981
November 1984 to September  Spartinou (1992)
1989
Lake Doirani 2 28 March to October 1996, and Temponeras et al. (2000)
February 1997
Lake Kastoria 1 22 August 1929 Stankovi¢ (1931)
Autumn 1961 Ocevski et al. (1975)
August 1986 Hindék (1992)
August to October 1987 Lanaras et al. (1989), Vardaka et al. (2000)
April 1994 to July 1997 Cook et al. (2004)
Lake Mikri Prespa 0 33 May 1990 to September 1992 Tryfon et al. (1997)
Lake Pamvotis 4 17 August 1967 and June 1970 Anagnostidis and Economou-Amilli
(1980)
Lake Vistonis 3 3 August 1987 Lanaras et al. (1989)
Lake Volvi 36 April 1983 to March 1986 Hindédk & Moustaka (1988);
Moustaka-Gouni (1988a,b)
Lake Zazari 11 0
L. Kastoria ® The lowest CBV (7 cm® m~?) was measured in a sam-
s %[ ple from L. Volvi which consisted of Planktolyng-
S bya limnetica, Anabaena perturbata and Jaaginema
1f o subtilissimum. The values of CBV were higher than
o ® L Doirant the recommended threshold (10cm’®m—3) of Alert
é Ry — .L VDI“ et oo e L. Vistonis. | Level 2 for drinking water and Guidance Level 2
. L. Mikri Prespa ® for recreational waters (Bartram et al., 1999) in all
. Kerkini Res @ L. Zazari of the waterbodies examined, with the exception of
mu| [ L. Amvrakia L. Pamvotis L. Mikri Prespa and L. Volvi which were borderline
) (Figure 2a).
. 5 . Chl a concentrations (Figure 2b) ranged from
! Axis T — = 6 mgm~2 in L. Volvi, in which Planktolyngbya limnet-
§*, B g:* ica, Microcystis aeruginosa and Anabaena perturbata

Figure 1. Ordination of the Principal Components Analysis (PCA)
for the nine waterbodies (Lakes: Amvrakia, Doirani, Kastoria,
Mikri Prespa, Pamvotis, Vistonis, Volvi, Zazari and Kerkini Reser-
voir) based on the relative dominance of each of the associations
(M, H, S and Sy) in each waterbody. Correlations between the asso-
ciations and the two axes exceeding 0.7 (absolute value) are indicated
by ().

The CBV ranged from 7 to 9,507 cm® m™ in the
waterbodies examined (Figure 2a). The highest CBV
value (9,507 cm?® m~3) was measured in a sample from
L. Pamvotis which consisted of Microcystis species.

were dominant to 90,000 mg m3ina sample from L.
Kastoria, in which M. aeruginosa was dominant. Chl
a concentrations were higher than the recommended
threshold (50mgm™—3) of Alert Level 2 for drinking
water and Guidance Level 2 for recreational waters
(Bartram et al., 1999) in all of the waterbodies exam-
ined, with the exception of L. Volvi (Figure 2b).

The contribution of TCBV to CBYV increased as the
CBYV of'the collected samples increased, such that when
heavy blooms were encountered these were more likely
to consist of toxic cyanobacteria. In the majority of the
samples collected with a CBV >1,000 cm® m—3 known
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Figure 2. Cyanobacterial biovolume (a) and chlorophyll a concentration (b) in the waterbodies in relation to the Vigilance and Alert Levels for
drinking water supplies and Guidance Levels for recreational waters proposed by the World Health Organization (Bartram et al., 1999).

toxin producing species accounted for more than 90%
of the CBV. A significant relationship was found be-
tween the ratio TCBV:CBV and CBV using non-linear
regression analysis (Figure 3).

Discussion

Water blooms were observed in all of the eutrophic,
eutrophic—hypertrophic and oligo-mesotrophic water-
bodies examined in this study, during the warm pe-
riod of the year (May—October). Water blooms in
these Mediterranean waterbodies start in spring and
persist sometimes until December (Moustaka-Gouni,

1993; Tryfon & Moustaka-Gouni, 1997; Vardaka et al.,
2000). In northern temperate waterbodies cyanobacte-
rial blooms are usually observed in the summer and au-
tumn (Reynolds & Petersen, 2000). The Mediterranean
climate, with a higher irradiance, higher temperature
and lower rainfall than northern, temperate climates,
promotes cyanobacterial growth over a longer period
of the year and increases the possibility of water bloom
development (Moustaka, 1988a).

The floristic data (Table 2) indicate that apart
from species with a wide geographical distribu-
tion (e.g., Microcystis aeruginosa, Microcystis wesen-
bergii), species with pantropical (e.g., Anabaenopsis
tanganyikae) and holarctic distribution (e.g., Anabaena
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volume (TCBV:CBV) and CBV in all the samples collected from
the nine waterbodies. In the samples indicated by white circles not
all of the Anabaena or Microcystis could be identified to species level
and therefore, it was not possible to assign to a toxic or non-toxic
grouping. For this reason they were excluded from the non-linear
regression analysis (hyperbolic model).

flos-aquae, Anabaena lemmermannii, Aphanizomenon
flos-aquae, Aphanizomenon issatschenkoi) (Hoffmann,
1996) are encountered in these waterbodies of the
Mediterranean region. The presence of a total of 18
species has been reported for the first time in the
waterbodies examined in this study (Table 2). Com-
prehensive floristic lists do not exist for some of the
waterbodies examined (see Table 3). Therefore, taxa
recorded for the first time cannot be attributed to a
“sudden” appearance. It is probable that many, if not
all, of the newly recorded species will prove to have
a widespread occurrence in the region. A comprehen-
sive floristic study exists for L. Amvrakia (Overbeck
etal., 1982; Spartinou, 1992) which was at that time an
oligo-mesotrophic system. However, the high values of
CBYV and Chl a concentration measured in this study,
indicate a highly eutrophic system. The new species
recorded in L. Amvrakia may be a result of an increase
in cyanobacterial abundance, above the detection limits
of the methods used for phytoplankton studies, during
the trophic state transition of the lake.

Known toxin producing species were found in each
of the waterbodies and in many cases were dominant
(e.g., Microcystis aeruginosa, Anabaena flos-aquae,
Aphanizomenon flos-aquae and Cylindrospermopsis
raciborskii). These species have been reported to be
commonly dominant in toxic water blooms in other
Mediterranean waterbodies (see Cook et al., 2004;
Albay et al., 2003; Nasri et al., 2004).
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Association M was found in five waterbodies of sim-
ilar habitat properties (water depth, mixing type and
trophic state). These five waterbodies (Kerkini Reser-
voir and Lakes Kastoria, Mikri Prespa, Vistonis and
Zazari) (Figure 1) are shallow, polymictic, eutrophic
waterbodies (Table 1). Association H was dominant in
warm monomictic lakes (Lakes Amvrakia, Doirani and
Volvi) (Figure 1) with low dissolved inorganic nitrogen
(Spartinou, 1992; Moustaka-Gouni, 1993; Temponeras
et al., 2000). Similar results have also been found in
other phytoplankton studies (e.g., Huszar et al., 2000;
Stoyneva, 2003). It appears that these (functional) as-
sociations capture much of the phytoplankton ecol-
ogy and associations are potentially predictable from
the habitat properties. Therefore, based on our study,
water bloom associations M, and H are potential de-
scriptors of the habitat properties (kind of waterbody).
Association S was found in the same three water-
bodies as association H and this indicates the mixing
conditions during sampling. Cylindrospermopsis raci-
borskii, the Sy association, was dominant in two dif-
ferent types of lakes, a polymictic eutrophic to hyper-
trophic lake and a eutrophic warm, monomictic lake
(L. Kastoria and L. Volvi, respectively) (Figure 1) and
this may indicate that C. raciborskii has wider habi-
tat preferences than those described by Reynolds et al.
(2002).

The CBV and Chl a concentration measured in
the waterbodies examined are generally high. Ex-
tremely high values of CBV were recorded for the ur-
ban lakes, Pamvotis (CBV: 9507 cm® m~3) and Kas-
toria (CBV: 7585 cm® m3). These CBV values are
higher than those reported for some hypertrophic
lakes (18-560 cm’ m—3; Alvarez-Cobelas & Jacobsen,
1992). To the best of our knowledge, the highest values
of CBV which have been determined worldwide are
those from a hypertrophic South African lake, Hart-
beespoort Dam, with a dense population of Micro-
cystis aeruginosa (41,000-116,000 cm® m~3; Zohary,
1985). The Chl a concentration of the scum formed by
M. aeruginosa in L. Kastoria (Chl a: 90,000 mg m~3)
is amongst the highest recorded for cyanobacterial
blooms in waterbodies and is comparable to those
recorded in hyperscums (Zohary, 1985; Ibelings &
Mur, 1992; Chorus & Fastner, 2001). The high CBV
and Chl a concentration values measured (Figure 2),
in combination with the presence of known toxin pro-
ducing cyanobacteria species in all of the waterbodies
examined (Table 2), indicate the possibility of adverse
human health effects even after short-term exposure
(Alert Level 2 and Guidance Level 2; Bartram et al.,
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1999). There is also an elevated risk of acute toxicosis
(Guidance Level 3; Bartram et al., 1999) in Lakes Kas-
toria, Zazari, Pamvotis, Amvrakia and Kerkini Reser-
voir. Cyanotoxin risk has been assessed in L. Kastoria
after studying seasonal patterns of cyanobacterial and
microcystin-LR occurrence (Cook et al., 2004).

In accordance with the EU-WFD (2000/60 EC), the
data from this study in terms of species composition
(taxa richness, indicator species of trophic state, toxic-
ity, habitat properties), phytoplankton biomass (biovol-
ume, Chl a) and bloom frequency/intensity (presence
of phytoplankton blooms, occurrence of cyanobacterial
blooms) even in the absence of reference conditions,
can contribute to the present evaluation of waterbody
ecological status and as a point of future comparison.
Results indicate a deviation from high and good ecolog-
ical status as outlined by the EU-WFD (2000/60 EC).

It was observed that when a cyanobacterial bloom
occurs during the warm season in the nine waterbodies
examined it is most likely to consist of known toxin pro-
ducing species. In fact the heavier the bloom the higher
was the contribution of TCBV to CBV. Toxic cyanobac-
terial species are generally well defended against graz-
ing and subsequently this can lead to the accumulation
of cyanobacterial biomass consisting predominantly of
toxic species. CBV can be used as an indicator of the
in situ microcystin-LR concentration in L. Kastoria
since microcystin-LR concentrations >1 mg m™ were
observed when Microcystis species (mainly M.
aeruginosa) constituted >50 % (v/v) of the CBV
(Cook et al., 2004).

In conclusion, water blooms were observed in all the
types of Mediterranean waterbodies examined. The M,
H and Sy association characterization of water blooms
can be used as descriptors of waterbody type. Known
toxin producing species were found in all of the wa-
terbodies and in many cases these were dominant and
were primarily responsible for bloom formation. In ad-
dition, there is a significant relationship between the
ratio of TCBV:CBV and CBV in the water blooms
which may be useful as a tool in water management.
The CBV and Chl a concentrations in the waterbod-
ies are in excess of the recommended WHO guide-
lines for waters used as drinking water sources or for
recreational activities. Therefore, in accordance with
WHO guidelines (Bartram et al., 1999) there is an un-
desirable water quality hazardous to humans and ani-
mals in several Greek waterbodies. It follows that these
waterbodies should be monitored for the presence of
cyanotoxins, and that management policies should be
implemented.
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