Ceylon Journal of Science 46(4) 2017: 55-68
DOI: http://doi.org/10.4038/cjs.v46i4.7468

RESEARCH ARTICLE

Quantitative observations of Cyanobacteria and Dinoflagellata in
reservoirs of Sri Lanka
P.A.A.P.K. Senanayake1, 2 and S.K. Yatigammana3*
1

Medical Research Institute, Colombo 08, Sri Lanka
Postgraduate Institute of Science, University of Peradeniya, Peradeniya, Sri Lanka
3
Department of Zoology, Faculty of Science, University of Peradeniya, Peradeniya, Sri Lanka
2

Received: 14/06/2017; Accepted: 20/10/2017
Abstract:. Cyanobacterial and dinoflagellate blooms
have a range of social, environmental and economic
impacts due to their potential of toxin production
under extreme environmental conditions. Therefore,
the present study aimed to understand the species
abundance, distribution and the relationship between
species distribution and measured environmental
variables within the 45 reservoirs studied, covering
three major climatic regions of Sri Lanka (Wet,
Intermediate and Dry). Plankton samples were
obtained using a 34µm plankton net. Both field and
laboratory analyses were conducted to obtain
limnological data of each reservoir. Multivariate
statistical techniques were used to understand the
species distribution along measured environmental
gradients. Thirteen species of Cyanobacteria were
identified and seven of them were toxigenic. The Dry
Zone showed the highest diversity of Cyanobacteria
including toxigenic species and the Wet Zone showed
the lowest. While Cylindrospermopsis raciborskii was
the dominant species recorded in 22% of the sampled
reservoirs, Pseudoanabaena limnetica was the least
dominant. Only one species of Dinoflagellate,
Peridinium aciculiferum was identified from all the
climatic regions. Multivariate statistical analysis
revealed that temperature is the most important
environmental variable that determines the species
variation and abundance among the sites.
Keywords: Cyanobacteria, Cylindrospermopsis,
dinoflagellata, environmental variables, toxigenic
phytoplankton.

INTRODUCTION
Cyanobacteria
are
the
most
ancient
photosynthetic phytoplankton of the planet Earth
that
shows
an
ubiquitous
distribution
(Kulasooriya, 2011). The input of nutrients from
natural and anthropogenic sources creates
eutrophic conditions, which lead to the
development of algal blooms especially
Cyanobacteria in water. Such algal blooms have
been recorded in Sri Lankan freshwaters,

especially during the dry periods (Piyasiri, 1995;
Pathmalal and Piyasiri 1995). When considering
the water resources of Sri Lanka, the country
possesses over 10,000 operational reservoirs
where majority are important as irrigational and
recreational water bodies while a few are
important
in
hydroelectricity
generation
(Maddumabandara et al., 1995).
Cyanobacterial blooms have an array of
social, environmental and economic impacts
(Chorus and Bartram, 1999). The production of
toxic substances by a relatively small number of
species that commonly occur in freshwater lakes
and rivers can have a direct effect on human
health (Hunter, 1992; Sethunge and Manage,
2010). These “cyanotoxins” are usually either
hepatotoxic or neurotoxic in pathology and have
been related to several cases of human sickness
and death, as well as various occurrences of
animal mortality (Falconer, 2005; KuiperGoodman et al., 1999; Manage et al, 2009;
Manage et al., 2010). Cyanobacteria are
frequently present together with other
photosynthetic organisms in mesotrophic waters,
the common genera being Microcystis,
Synechococcus,
Anacystis,
Gloeocapsa,
Agmenellum (syn. Merismopedia) as unicellular
and colonial types and Oscillatoria, Lyngbya,
Spirulina, Ananbaena, Aphanizomenon, Nostoc,
Cylindrospermopsis, Planktothrix, Calothrix,
Rivularia and Gleoetrichia as filamentous types
(Kulasooriya, 2011).
The members of the Dinoflagellata live in
both fresh and sea water and many have the
ability to produce toxins. Majority of toxin
producing species live in marine systems while
few freshwater dinoflagellates produce toxins
during unfavorable environmental conditions.
Among the toxic dinoflagellates, Peridinium
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polonicum, P. willei, P. volzii and P. aciculiferum
have been identified as common freshwater
species (Niese et al., 2007). Among them,
Peridinium aciculiferum, known to produce a
biological toxin, has already been recorded from
Sri
Lankan
drinking
water
reservoirs
(Yatigammana and Perera, 2017; Yatigammana
et al., 2011; Sethunge & Pathmalal,2010; Idroos
et al., 2017).
However freshwater harmful algal blooms
are generally caused by pelagic Cyanobacteria
(Carmichael 2001; 2008). It has been suggested
that increasing temperature could benefit
Cyanobacteria, both directly and indirectly via
increased thermal stratification
(Paerl and
Huisman, 2008). Nevertheless, it is widely
accepted that harmful algal blooms are
multifaceted events, typically caused by the
combination of multiple environmental factors
occurring simultaneously (Heisler et al., 2008).
The governance of Cyanobacteria in aquatic
ecosystems is frequently linked with CO2
availability (Shapiro, 1990; Caraco and Miller,
1998), high temperatures (Bouvy et al., 2000;
Huszar et al., 2000; Figueredo and Giani, 2009;
Soares et al., 2009a), high pH (Reynolds and
Walsby, 1975; Briand et al., 2002) and high
concentrations
of
nutrients
(especially
phosphorus) (Watson et al., 1997). Furthermore,
some Cyanobacteria show decreased cell division
rates in response to lower pH conditions (Shapiro
and Wright, 1990; Whitton and Potts, 2000;
Czerny et al., 2009). Though many eukaryotic
phytoplankton cannot tolerate changes in
salinity, a number of Cyanobacterial species have
the euryhaline ability. Therefore changes in
salinity may influence community composition
as well as potential toxin concentrations and
distribution (Laamanen et al., 2002; Orr et al.,
2004; Tonk et al., 2007).
During recent times, there has been much
concern in the processes influencing the growth
of phytoplankton communities mainly in relation
to physico-chemical factors (Akbay et al., 1999;
Peerapornpisal et al., 1999; Elliott et al., 2002).
However, most of the studies on Sri Lankan
reservoirs have been focused on the composition
and diversity of planktonic algae (e.g.
Abeywickrama, 1979; Rott 1983; Silva, 2013).
In addition to a few studies carried out to
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evaluate the seasonal variations of the
limnological variables (e.g. Perera et al., 2012;
Yatigammna et al., 2013; Yatigammana and
Cumming, 2016) no studies have been conducted
to understand the relationship of environmental
conditions and phytoplankton especially, toxin
producing species. Therefore, the factors
affecting the distribution of phytoplankton
including toxic algae is not completely
understood in Sri Lankan waters. Since
environmental variables which indicate the
climatic changes do not occur independently of
each other, but simultaneously (O‟neil et al.,
2012), it is important to consider how the
interactions of those variables could affect spatial
distribution of organisms to understand what
environmental variables are the most important
in explaining the variation of species. As
Cyanobacteria and Dianoflagellata are also
capable of predicting environmental changes,
understanding of their distribution in reservoirs
located in different climatic regions should help
understand what environmental variables are
important in describing species variation under
different environmental conditions.
Hence, this study is focused on i) studying
and comparing water quality parameters of
selected reservoirs in three major climatic
regions of Sri Lanka (Wet, Intermediate and Dry
Zone); ii) assessing the relationship between
species diversity, abundance and measured
environmental variables within the study
reservoirs; iii) identifying potential causes for
environmental conditions which promote the
growth of toxgenic species; iv) proposing
suitable remedial measures.
MATERIALS AND METHODS

Site selection
Study sites were selected considering the age,
climatic region, catchment characteristics,
morphometry, biological composition and known
algal outbreaks within the recent five years.
Considering the reservoir density forty five (45)
reservoirs from the three major climatic regions
of Sri Lanka (Wet, Intermediate and Dry Zone)
were selected including five (05) from Wet Zone,
fourteen (14) from Intermediate Zone and twenty
six (26) from the Dry Zone (Figure 1).
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Figure 1: Locations of the 45 study reservoirs in Sri Lanka. The country is divided into three main climatic regions: the Dry
Zone, the Intermediate Zone and Wet Zone.

Sample collection
Collection of water samples for the biological
and limnological analysis was done from July,
2015 to March, 2016. For the chemical analysis
samples were collected from 0.3m below the airwater interface close to the middle and at least
from four other sites identified from each
reservoir.
Collection of Biological data
Following standard sampling procedures
(Cavanagh et al. 1998, Biological sampling
manual) phytoplankton samples were collected
from at least 5 sites from each reservoir along the
banks and near the center to attain the best
representation. Plankton net with a pore size of
34 µm was used for the sampling. All the
plankton samples were collected in acid washed
clean plastic containers of 200ml capacity.
Preservation of phytoplankton was done by
adding 2-3 drops of Lugol‟s iodine solution. All
the samples were kept at ~4°C until the analysis.

Steps were taken to complete the biological
analysis as early as possible with a maximum
delay of 48 hrs. Samples were observed using a
research microscope (Olympus CX 31) equipped
with phase contrast optics. The species were
identified to the lowest possible taxonomical
level using standard identification guides (e.g.
Bellinger and Sigee (2010), Abeywickrama
(1979)). Relative abundance of each taxon was
calculated using the following equation to
understand the abundance of Cyanobacteria and
Dinoflagellata in study sites.
Relative abundance =
Number of individual s of a particular species× 100
Total number of individual s

Collection of Environmental data
Environmental data of reservoirs were collected
using field instruments, laboratory analysis and
government records. Total of 12 environmental
variables were obtained from each reservoir.
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Onsite measurements of conductivity, salinity
and total dissolved solids (TDS) were done using
standard meters calibrated at each site, at 0.3m
below the air water interface from the same
sampling sites where samples were taken for
biological analysis. Portable conductivity meter
(HACH SenSION EC 5) was used to measure
conductivity, TDS and salinity. Field
measurement of pH and temperature was done
using portable water proof pH meter (HANNA,
HI 9124, HI 9125). Water transparency was
measured using a Secchi disc of 19.5 cm
diameter.
For the laboratory analysis, sample
collection, preservation and analysis were done
according to American Public Health
Association (APHA) standard methods for
examination of water and waste water.
Laboratory analysis was done for alkalinity,
nitrate -N and total phosphorus (TP). Alkalinity
was analyzed by titration with sulfuric acid
(0.02M) using methyl orange as an indicator.
Nitrate-N was analyzed at the Department of
Geology, University of Peradeniya, using HACH
DR 4200 visible spectrophotometer with Hatch
Nitra ver 3. For total phosphorus analysis, conc.
Sulphuric acid: Nitric acid (1:5) digestion
followed by Ascorbic acid method was used. UV
spectrophotometer (SHIMADZU UV - 1800)
was used for the colorimetric analysis.
In addition, information of lake area,
catchment area and age were collected from
government documents available with relevant
authorities of Sri Lanka (e.g. Arumugam, 1969).
Statistical analysis
The relationship between environmental
conditions [total phosphorus (TP), Nitrate-N,
alkalinity, salinity, conductivity, total dissolved
solids (TDS), temperature, Secchi depth and pH,
lake area, catchment area and age] and biological
conditions were assessed using multivariate
statistics. Canonical Correspondence Analysis
(CCA) was used to understand the environmental
variable(s) that could best explain the
distribution of phytoplankton species in study
sites using the statistical software, Canoco for
windows (v.5). For CCA, fifty three species with
more than 1% of relative abundance in at least
two sites were selected as the best criteria
suggested by ter Braak and Smilauer (1998).
Cluster analysis was done to determine the
similar sites based on species composition and
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environmental conditions using the statistical
software Minitab (v.16). The correlations
between the environmental variables were
assessed using Pearson correlation coefficients
with Bonferroni-adjusted probabilities, using the
computer program SYSTAT ( v. 10).
RESULTS
Variation of phytoplankton diversity
Eighty seven species belonging to nine divisions
of phytoplankton were identified from the
samples of the forty five reservoirs within the
three different climatic regions of Sri Lanka.
From the total number of species of
phytoplankton, 51% belonged to Cholorophyta,
24%
Bacillariophyta,
15%
Cyanophyta
(Cyanobacteria),
3%
Euglenophyta,
2%
Charophyta, while all Ochrophyta, Stretophyta
and Pyrrophyta (Dinoflagellata) were represented
by only 1%. All the reservoirs studied recorded
at least one species of Cyanobacteria except
Saragama reservoir in the Intermediate Zone in
which no members belonging to Cyanobacteria
were seen.
The highest phytoplankton diversity was
recorded from the Dry Zone which accounts for
81% of the total taxa identified. The lowest
phytoplankton diversity was recorded from the
Wet Zone. Thirteen species of Cyanobacteria
(Microcystis
aeruginosa,
Nostoc
sp.,
Cylindrospermopsis raciborskii, Chroococcus
sp., Merismopoedia sp., Oscillatoria sp.,
Pseudoanabaena limnetica, Anabaena sp.,
Lyngbya sp., Coelaspharium sp., Aphanocapsa
sp., Spirulina sp., Aphanothece sp.,) were
identified and seven of them (Microcystis
aeruginosa, Nostoc sp., Cylindrospermopsis
raciborskii, Oscillatoria sp., Pseudoanabaena
limnetica, Anabaena sp., Lyngbya sp.,) were
toxigenic. The Dry Zone represents the highest
diversity of Cyanobacteria having 12 species and
the Wet Zone records the lowest (six species).
When
considering
the
distribution
of
Cyanobacteria in 45 reservoirs, Chroocococus
species
which
is
a
non-toxigenic
cyanobacterium, had the widest distribution and
was recorded in 31 reservoirs. Pseudoanabaena
limnetica is the least dominant toxigenic
cyanobacterium species which was recorded only
in one reservoir. Nuwarawewa reservoir in the
Dry Zone showed the highest diversity of
Cyanobacteria which includes 61.5% of the total
Cyanobacterial taxa identified. According to
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relative abundance data, Cylindrospermopsis
raciborskii showed the highest dominance
(>50%) in 9 reservoirs which appear to receive
urban effluents. In Kurunegala reservoir, the
toxic cyanobacterium C. raciborskii recorded its
maximum relative abundance of 97%. Further,
Microcystis aeruginosa was also a widespread
species in all the climatic regions of the country
and recorded in 16 reservoirs. When comparing
the abundance of M. aeruginosa with C.
raciborskii, the later taxon appears to be
invading the ecosystems. Only one species of
dinoflagellate, Peridinium aciculiferum was
recorded, from 22 reservoirs in all the climatic
regions with the maximum abundance of >95%
in Isinbessagala rocky pond, located in
Medawachchiya area in the Dry Zone.
Environmental
reservoirs

characteristics

of

the

The studied reservoirs included both recently
constructed and old reservoirs that had particular
morphological characteristics, with areas ranging
between 0.001 - 34 km2 and a catchment size
ranging between 0.01- 2332 km2. The trophic
status of the reservoirs implies that they fall into
the eutrophic category (TP ≥ 30 µg L-1), except
for seven reservoirs in the Intermediate Zone
which belong to mesoeutrophic (TP <30 µg L-1)
category. The highest mean value of nitrate - N is
shown by the Wet Zone reservoirs (1.8 mg L-1),
while Intermediate and Dry Zone reservoirs
contained relatively lower values of 0.6 mg L-1
and 0.7 mg L-1respectively (Table 1). The ratio
between the nitrate - N and TP is in the range of
0.43 to 41 showing extreme TP and N limited
conditions. Average temperature ranged from
22.1oC in the Wet Zone to 29.2oC in the
Intermediate Zone. Values of conductivity varied
greatly among different climatic regions having a
range of 16- 854µScm-1 with the mean values
ranging from 63.8µScm-1 in the Wet Zone to
313.8 µScm-1 in the Dry Zone. The salinity levels
ranged between 0.01 ppt- 0.46ppt. The average
salinity level of the Wet Zone was 0.03ppt much
lower than in the other two climatic regions,
where the average in the Intermediate Zone was
0.15 ppt and 0.16 ppt in the Dry Zone. The
average pH values of the studied reservoirs
ranged from 6.9 to 7.5 (Table 1).
Relationship
between
physico-chemical
variables and phytoplankton distribution
The results of the CCA done to understand the

importance of the measured environmental
variables in explaining species distribution show
that the measured environmental variables are
capable of explaining the species variation
(Figure 2a and 2b). The relative length of each
vector (environmental variable) indicates the
degree of importance of each environmental
factor to determine the diversity and abundance
of the species in different sites. The angle
between the environmental variable and the
respective axis denotes the correlation of each
environmental variable with the environmental
gradients of significance.
In
this
study
when
explaining
phytoplankton variation in different sites, all the
measured environmental variables appear to be
important (Figure 2a). However temperature is
the most important environmental factor in
explaining species variation. In addition,
conductivity and related environmental variables
are also closely associated with the 1st axis which
is the most important environmental gradient in
explaining species variation. However nutrients
are also important as it closely associated with
the 2nd axis which is the second most important
environmental gradient in explaining the species
variation (Figure 2b).Though nitrates and total
phosphorus (TP) also appear as important
environmental variables, the correlation between
these two variables is negative to each other.
Catchment area and area of water spread,
especially in hydropower generating reservoirs
shows a positive relationship with the Secchi
depth. In these reservoirs Secchi depth was
relatively high. Age of the reservoir appears to
have a significant correlation with the second
axis of the ordination indicating the importance
of the variable in explaining the species variation
(Figure 2b).When considering the role of
nutrients in explaining species variation, nitrate
is stronger than TP. The results of Pearson
correlation between measured environmental
variables shows that there is a positive and
significant correlation between, catchment area
and area of water spread, Secchi depth and
catchment area. But the area of waterspread had
a negative correlation with the age. Correlation
between the age of the reservoirs and nutrients
show that nitrate has higher correlation than with
the phosphorus. Strong correlation was observed
between
the
conductivity
and
related
environmental variables including salinity,
alkalinity and also with the temperature (Table
2).
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Table 1: Minimum, maximum, mean and median of Environmental data of our 45 study sites.

Catchment (km2)
Area (km2)
Age (yrs)
TP (μg L-1)
pH
Conductivity (μS cm-1)
Secchi Depth (m)
Alkalinity (mg L-1)
TDS (mg L-1)
Temperature (°C)
Salinity (ppt)
NO3- (mg L-1)
NO3-:TP

WZ
543.90
13.74
143.00
77.00
7.72
139.60
1.02
53.00
89.60
25.00
0.06
3.20
41.56

Max
IZ
2332.29
22.70
143.00
105.00
8.63
561.00
1.50
146.00
362.00
34.00
0.27
2.00
19.05

DZ
836.57
34.72
142.00
192.00
8.17
854.00
1.24
161.00
546.00
30.00
0.46
1.10
5.73

Min
WZ
1.17
0.12
30.00
46.00
6.46
16.31
0.17
18.00
10.51
21.00
0.01
0.30
6.52

IZ
0.80
0.08
5.00
11.00
6.31
89.20
0.19
41.00
57.00
25.00
0.04
0.30
27.27

DZ
0.01
0.00
50.00
47.00
6.72
121.10
0.15
41.00
75.90
26.00
0.06
0.00
0.00

Median
WZ
IZ
11.65
1.54
0.49
0.15
66.00
71.00
65.00
28.00
6.86
7.40
47.30 317.50
0.77
0.70
27.50
78.50
30.15 202.35
21.30
28.75
0.02
0.15
1.90
0.45
29.23
16.07

DZ
4.10
0.41
83.50
109.00
7.56
289.00
0.67
82.00
182.10
28.00
0.14
0.70
6.42

Mean
WZ
IZ
114.71 479.61
3.08
4.86
74.40
59.79
65.20
37.00
6.94
7.37
63.76 307.56
0.70
0.72
32.10
83.32
40.31 197.74
22.06
29.16
0.03
0.15
1.84
0.61
28.22
16.41

DZ
61.28
5.79
85.88
110.08
7.49
313.78
0.64
81.04
199.43
28.29
0.16
0.67
6.11

Table 2: Pearson correlation matrix on transformed environmental variables with Bonferroni adjusted probabilities for 12 environmental variables in the 45 reservoirs. * Indicates significant
correlation at P < 0.05.

Catch
(km2)
2

Catchment (km )
Area (km2)
Age (yrs)
TP (μg L-1)
pH
Conductivity (μS cm-1)
Secchi Depth (m)
Alkalinity (mg L-1)
TDS (mg L-1)
Temperature (°C)
Salinity (ppt)
NO3- (mg L-1)

1
0.523*
-0.446
-0.222
0.397
-0.256
0.454
-0.103
-0.256
-0.037
-0.257
-0.092

Area
(km2)
1
-0.168
0.138
0.501*
-0.096
0.563*
0.073
-0.1
0.105
-0.1
0.019

Age
(yrs)

1
0.165
-0.151
0.172
-0.585
-0.039
0.174
-0.1
0.209
0.092

TP
(μg L-1)

1
0.095
-0.163
-0.124
-0.091
-0.172
-0.083
-0.131
0.077

pH

1
0.31
0.451
0.422
0.302
0.295
0.288
-0.066

Cond
(μS cm-1)

1
0.039
0.847*
1
0.624*
0.994*
-0.328

Secchi
(m)

1
0.179
0.034
0.069
0.03
-0.019

Alk
(mg L-1)

1
0.842*
0.696*
0.807*
-0.298

TDS
(mg L-1)

1
0.625*
0.994*
-0.33

Temp
(°C)

1
0.591*
-0.566*

Sal
(ppt)

1
-0.322

NO3(mg L-1)

1
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Figure 2: Canonical Correspondence Analysis (CCA) of sites (2a) and species (2b) with environmental variables. Solid arrows represent forward selected environmental variables and dashed
arrows represent environmental variables that were plotted passively in the ordination. (TDS = Total Dissolved Solids)
(1.Aulacoseira granulate, 2.Microcystis aeriugenosa, 3.Coelastrum sp., 4.Fragillaria crotonensis, 5.Fragillaria species 1, 6.Scenedesmus abundance, 7.Scenedesmus quadricauda, 8.Nostoc sp.,
9.Chlorella sp., 10.Cylindrospermopsis raciborskii, 11.Mougoetia sp., 12.Pediastrum simplex, 13.Pediastrum duplex, 14.Chroococcus sp., 15.Staurastrum singulum, 16.Staurastrum sp.,
17.Merismopedia sp., 18.Oscillatoria sp., 19.Ankistrodesmus falcatus, 20.Navicula sp., 21.Cosmarium sp., 22.Peridinium aciculiferum, 23.Monoraphidium contortum, 24.Chlost,
25.Cymbella sp., 26.Botryococcus sp., 27.Nitzchia sp., 28.Pandorina sp., 29.Euglena sp., 30.Euglina sp. 1, 31.Centric diatom 1, 32.Synedra ulna, 33.Chlamydomonas sp., 34.Gomphonema sp.,
35.Cryptomonas sp., 36.Spirogyra sp., 37.Suriella sp., 38.Oedogonium sp., 39.Monoraphidium contortum, 40.Anabaena sp., 41.Pinnularia sp., 42.Rhizosolenia sp., 43.Netrium sp.,
44.Amphora sp., 45.Lyngbya sp., 46.Phacus sp., 47.Haematococcus sp., 48.Eudorina sp., 49.Rhopalodia sp., 50.Ulothrix sp., 51.Craticula sp., 52.Spirulina sp., 53.Closterium sp.)
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The distribution of species along the
environmental gradients indicates pollution
indicating a diatom, Fragillaria crotonensis and
a toxigenic cyanobacterium Nostoc sp. strongly
associated with nitrate concentration. In contrast
Monoraphidium sp. and Merismopedia sp. are
closely associated with TP. However the
measured environmental variables appear to be
not capable of explaining the distribution of
some green algae including Pediastrum simplex,
Spirogyra, Oedogonium and Monoraphidium and

diatom Suriella sp. These species appear to
prefer un-eutrophied systems.
Cluster analysis
Results of the cluster analysis performed based
on the environmental data of sites show higher
similarity (>70%) than the clusters formed based
on species data ((Figure 3 & Figure 4) showing
that the reservoirs are having similar
characteristics.

Single Linkage, Euclidean Distance

Similarity

30.44

53.63

76.81

25
4

20

24

23

44
3

40

39

42
34

41

26

10
28

16

27

38
12

11

35

17
43

33

31

21
18

19

15

9

22
13

45

5

36
32

29

14
7

8

30

2

1

37
6

100.00

Re se rvoir No.

Figure 3: Dendogram showing the similarity of study sites based on species composition.
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Figure 4: Dendogram showing the similarity of study sites based on environmental variables.
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DISCUSSION
Our survey of the distribution of Cyanobacteria
and dinoflagellata in 45 reservoirs from three
different climatic regions (Wet, Intermediate and
Dry Zone) of Sri Lanka reveals that the highest
diversity of Cyanobacteria was recorded from the
Dry Zone compared to the Intermediate and Wet
Zones which concurs with the findings of Perera
et al., (2012b). Cyanobacterial species are known
to occur under different limnological conditions
as they can tolerate wider ranges of temperature,
light and nutrient conditions which are important
for their survival (Kulasooriya, 2017). These
tolerance levels of different species determine
the dominance and community structure of
phytoplankton at different periods and seasons
(Fogg, 1975). However, a large number of
studies have demonstrated that the dominance of
these algae happen due to the combination of
these factors, particularly the bottom-up
influence and physico-chemical changes (Briand
et al., 2002; Marinho and Huszar, 2002;
Figueredo and Giani, 2009; Soares et al., 2009a).
The higher diversity of phytoplankton including
cyanobacteria observed in our study may be a
reflection
of
high
micro-environmental
conditions that prevail in the Dry Zone which
can be easily related to prolong dry periods
followed by heavy rains. Interestingly
Cylindrospermopsis raciborskii is the dominant
cyanobacterium among all the studied reservoirs
while its maximum relative abundance was
recorded from Kurunegala Lake. This can be
related to the toxin cylindrospermopsin that the
cyanobacterium produces as an allelopathic
substance (Figueredo et al., 2007; Antunes et al.,
2012; Holland and Kinnear, 2013). In addition,
C. raciborskii is known to occur in subsurface
layer (2-3m below the air water interface) of the
water column which may be a behavioral
advantage for it to avoid intense sunlight. Further
it has the ability to produce akinetes (resting
stage) under high light intensity (Moore et al.,
2005). Later when the environment becomes
favorable these akinetes give rise to straight
morphotype which is the most commonly
occurring morphotype of C. raciborskii in Sri
Lanka (Perera and Yatigammana, 2014).
Microcystis aeruginosa is a harmful
cyanobacterium that occurs worldwide in
freshwater lakes (Codd et al., 2005). According
to Silva and Wijerathne (1999) the
cyanobacterium
was
widely
distributed
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especially in urban lakes in Sri Lanka. In our
study all the urban reservoirs were found to be
contaminated with M. aeruginosa. According to
Perera and Piyasiri (1998), M. aeruginosa was
the dominant cyanobacterium in the Kothmale
reservoir, the uppermost reservoir of the
Mahaweli hydroelectric power generating
reservoirs. We found not only the Kothmale
reservoir, but also all the reservoirs belonging to
the same cascade are contaminated with M.
aeruginosa. According to Wang et al (2011) M.
aeruginosa can be controlled only by the pH
adjustment but not with nutrient variations. As
Sri Lankan water bodies are maintaining mostly
a neutral pH condition, the natural control of this
cyanobacterium cannot be expected. The wide
distribution of M. aeruginosa observed in our
study from all the climatic regions of Sri Lanka,
can be attributed to the reasons such as excess
nutrients (Manage et al., 2009; Manage et al.,
2010; Silva and Wijerathne , 1999), high
temperature and a stable water column with little
vertical mixing which was also found in some
other regions of the world (Reynolds and
Walsby, 1975; Huisman et al., 2004; Visser et
al., 2005).
Dinoflagellates can succeed in all aquatic
environments (Williams, 1971). Among the
dinoflagellates, two Peridinium species recorded
from Sri Lankan reservoirs, in previous studies
includes P. cinctum (Perera and Piyasiri, 1998)
and P. aciculiferum (Yatigammana et al., 2011).
Current study was also able encounter a
Peridinium species morphologically similar to P.
aciculiferum from 22 reservoirs located in all
three climatic regions. A small rocky pond
located in the Dry Zone records the highest
relative abundance of this species (98%).
However, no clear pattern of the presence of this
species in relation to environmental variables
was noticed from the results of our study. The
CCA results show that Peridinum species prefer
high temperature, conductivity and related
environmental variables. According to Silva et
al., (2013) Peridinium was found in low
abundances in some Dry Zone waters with poor
flushing rate and also with low pH values
associated with dissolved organic acids such as
humic and fulvic acids. Rocky ponds are
generally stagnant water bodies which are having
low or no flushing with high concentrations of
dissolved organic matter. This can be used to
elucidate the maximum abundance of P.
aciculiferum in Isinbessagala rocky pond in
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Medawachchiya area where it might contain
organic acids.
Eutrophication has been recognized as one
of the main problems in water bodies due to
nutrient enrichment (Smith et al., 2006). Out of
the total 45 reservoirs, only seven reservoirs in
the Intermediate Zone which were dominated by
macrophytes were mesoeutrophic (TP <30 µgL-1)
while rest of the reservoirs studied were
eutrophic (TP ≥30µgL-1) and some are even
hypereutrophic (TP ≥ 100 µg L-1). When
macrophytes are present, they have the ability to
absorb nutrients including phosphorus from the
channels of submerged and floating- from the
water column and the sediment via roots (McRoy
& Barsdate, 1970; Bristow and Whitcombe,
1971; De Marte and Hartman, 1974; Twilley et
al., 1977; Carignan and Kalff, 1979; Gabrielson
et al., 1984). Therefore, the macrophyte
communities in these reservoirs may act as
permanent sinks for nutrients, especially for
phosphorus. Unfortunately, a quantitative
assessment was not done to get a clear idea on
the role of macrophytes in absorbing nutrients.
When considering the presence of dominant
toxic algae in macrophyte dominant reservoirs, it
was interesting to see that species such as C.
rasciborski and M. aeruginosa are not available
showing importance of macrophytes in balancing
an ecosystem (Kulasooriya 2017). Weerakoon et
al. (1998) also reported that high density and
diversity
of
aquatic
macrophytes
in
Basawakkulama
reservoir
compared
to
Tisawewa may provide a favourable ecological
niche to zooplanktons which will regulate the
Cylindrospermopsis abundance.
Although Rott et al. (2008) have classified
highland reservoirs, Dry Zone reservoirs and
urban reservoirs in Sri Lanka as oligomesotrophic, meso-eutrophic and hypereutrophic, our study clearly showed that the
trophic level of Sri Lankan reservoirs do not
show relationship with the climatic regions.
However, it should have a relationship with the
seasonal changes. For an example, during the
rainy season reservoir water gets diluted and the
variables that are associated with deciding the
trophic condition will reduce.
According to Sakamoto (1966), lakes can
be categorized as N limited if the TN: TP ration
is <13 and as P limited, if the ration is >17.
Fourteen of our reservoirs show P limited
condition while majority are N limited. However,
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as we measured NO3-2as the only N component,
the ratio we obtained is only a rough estimation.
According to Yatigammana and Cumming
(2016), Sri Lankan reservoirs are categorized as
P limited systems which is consistent with the
findings of Silva and Schiemer (2000); Schiemer
(1983). The highest mean value of nitrate - N in
the Wet Zone can be attributed to the high
surface runoff which carries excess chemical
fertilizers and animal waste by year around
rainfall prevailing in the Wet Zone.
The average temperature variation among
different climatic regions where the Wet Zone
recorded the lowest mean temperature value of
22.1oC is due to the effect of elevation on the
temperature. However the mean values of
temperature in IZ and DZ, do not reflect the
climatic condition of the two regions. Water
temperature is considered to be the most
important environmental factor influencing the
availability of nutrients and it governs the
seasonal dynamics of phytoplankton (Becker et
al., 2009). In our study, it was also found that
temperature is the most important environmental
variable that determines the species variation
among the sites. According to Ganai (2014),
water temperature, transparency, TDS, alkalinity
are also important in determining the
phytoplankton distribution and the results of our
study also confirmed that these variables are
important in determining the phytoplankton
composition.
According to the results of the Pearson
correlation, water transparency correlate with
catchment area and the area of water spread
which is consistent with the findings of Slugocki
(2016). The Mahaweli reservoirs record the
highest Secchi depth in our study. Since major
portion of catchment areas of hydropower
generating reservoirs mostly consist forest
reserves and less agricultural lands, soil erosion
may become comparatively lower leading to
higher Secchi depth. Majority of phytoplankton
prefer to live in the uppermost 1m of the water
column (Saker and Griffith, 2001). On the other
hand many of the toxgenicic cyanobacteria are
shade tolerant (Pedisark, 1997). For example C.
raciboski is tolerant to turbidity (Briand, 2002)
and high light intensity promote the production
of resting stages (akinetes) which shows that the
high light intensity is recognized as an
unfavorable condition. This characteristic feature
helps the cyanobacterium to have an additional
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advantage for the survival in a less competitive
environment.
Further the age of the reservoir can also be
considered as an important variable in
determination of species composition. During the
ontogeny period reservoirs undergo trophic
upsurge during which the phytoplankton biomass
increase. Similar to the terrestrial systems, in
aquatic systems some species become pioneers
of the ecosystem and help reduce the nutrients. In
Sri Lanka, species belonging to the
Chlorophyceae was the most abundant in
Kothmale reservoir during the ontogeny period
(Perera and Piyasiri, 1998). However, the
outbreak of M. aeruginosa bloom detected
(Piyasiri, 1995; Pathmalal and Piyasiri, 1995)
immediately after the inundation helps to
understand that the species could be a pioneer
organism that helps to reduce the nutrients in a
newly formed reservoir. In our study, we noted
that all the recent reservoirs are contaminated
with M. aeruginosa. In addition the
cyanobacterium is supported with large
catchment, large surface area and also high pH
which were also observed by Sharma et al.,
(2016) and Liu et al., (2011). Our study revealed
that Cyanobacteria are a larger component of the
phytoplankton community while Dinoflagellata
are represented mainly by one species. Among
the cyanobacteria identified from the reservoirs a
majority is toxin producing. The mesured
environmental parameters help discriminate the
species distribution includes temperature,
conductivity and related variables.
CONCLUSION
Sri Lankan reservoirs appear to have the risk of
contamination with toxigenic cyanobacteria.
Since temperature is identified as the strongest
environmental variable that help discriminate the
species variation in different sites, increasing
trend of global temperature may further promote
the distribution of toxigenic Cyanobacteria and
Dinoflagellata in Si Lankan reservoirs.
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