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Phytoplankton are known to be biological indicators of changes in freshwater ecosystems.
Hence, a study on the phytoplankton community structure revolving in their abundance and
species composition which were then correlated with the abiotic factors was conducted in
Lake Paoay and Lake Mohicap — two Philippine lakes that are of contrasting limnological
characteristics and geological origins. An updated phytoplankton taxonomy of the two lakes
resulted to a total of 42 genera of phytoplankton for Lake Paoay and 49 genera for Lake
Mohicap wherein 17 genera are new records. Twelve genera were new records for Lake
Paoay including the dinoflagellate Ceratium which were in bloom during the cold dry season
January 2014 and had the highest density of 4.78105 cells mL–1. This occurrence was then
followed by a cyanobacterial bloom of Anabaena during the month of February with a density
of 1.46106 cells mL–1. Unusual blooms of Dinophyta and Cyanophyta might be attributed to
the increase in the nutrient content which indicates that Lake Paoay is already undergoing
eutrophication. On the other hand, the blue green algae Chroococcus dominated Lake Mohicap
with the highest density in December and occurrences of dinoflagellates Glenodinium and
Peridinium were noted. Based on the results of the study, it is evident that Lake Paoay and
Lake Mohicap, in spite of obvious differences in location, lake origin and physical characteristics
are undergoing similar conditions that result to phytoplankton blooms indicating increased nutrient
levels that may be attributed to human-mediated increases in nutrient inputs, such as aquaculture
and increased inputs of domestic wastes.
Keywords: phytoplankton community, Lake Paoay, Lake Mohicap, Ceratium,
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INTRODUCTION
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Phytoplankton play a key role in supporting the
food chain of the entire aquatic ecosystem,
contributing to primary productivity and serves
as a link to biogeochemical changes. The
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area. Lake Paoay was also divided into four
sampling sites. The sampling sites were based
on the previous researches done by the Bureau
of Fisheries and Aquatic Resources in 1974
followed by Papa et al. [8].
Collection of water samples. Sampling was
conducted from October 2013 to September
2014. Phytoplankton were collected from the
assigned sites between 1000 h and 1300 h using
a 3 L Plexi-glass water sampler that was
deployed in three different depth layers – 0,
15, and 30 m (Lake Mohicap) and 0, 3 and 6 m
(Lake Paoay). Samples collected from the
different depth layers were fixed with Lugol’s
solution and stored in a 1-L tightly sealed
bottles.
Phytoplankton analysis. For qualitative and
quantitative analysis, aliquots of 1 mL were
taken from 10 mL sample after centrifugation,
and were done in replicate samples. These were
then identified and counted using a
haemocytometer counting chamber [9] with the
aid of a compound microscope. Data on
phytoplankton density were presented in terms
of cells/mL.).
Nutrient analysis and Chlorophyll a
determination. Water samples collected in the
same site with the phytoplankton water samples
were transported in an ice cooler and
immediately stored at 0°C and were tested ex
situ. NitraVer 5 nitrate reagent powder pillows
for nitrate (mg/L) and PhospoVer amino acid
reagent powder pillows for phosphate (mg/L),
respectively, were analyzed through the Hach
DR/2010
portable
data
logging
spectrophotometer.
Measurement
of
Chlorophyll a (mg/L) was analysed using the
methods of Strickland and Parsons [10].
Measurement
of
physico-chemical
parameters. pH, and conductivity (S/m) were
measured in situ using the Xplorer GLX
(PASCO) water quality sensor. The probes were

submerged into the water, at least 5 cm from the
surface. Water transparency (m) was measured
using a Secchi disc.
Statistical analysis. Multivariate statistical
methods, such as non-metric multidimensional
scaling and cluster analysis, are standard
analytical tools which provide mechanisms to
summarize large amounts of community and
environmental data [11].

RESULTS AND DISCUSSION
Phytoplankton densities and species
composition. A total of 42 genera were
identified for Lake Paoay, with a total of 12
new records of genera from the four phyla
observed (Table 1).
Four major algal phyla were found in Lake
Paoay:
Cyanophyta,
Chlorophyta,
Bacillariophyta, and Dinophyta. Chlorophyta
had the greatest number of genera of (16)
followed by Bacillariophyta (15) and
Cyanophyta (11) (Table 1).
New genera of phytoplankton were observed
from October 2013 to September 2014 in Lake
Paoay. A total of seven new genera for
Bacillariophyta, four Chlorophyta, two
Cyanophyta and one Dinophyta were absent in
the studies done by Villaroman et al. [12] and
Stevenson et al. [13] in Lake Paoay.
No species from Euglenophyta were observed
during the sampling period as opposed to the
previous studies (water and sediments)
conducted in Lake Paoay. This was because
Euglenophyta prefer organic sources as
nutrients rather than nitrate-nitrogen [12]. In
addition, five genera of Bacillariophyta were
again observed from the study of Stevenson et
al. [13] although this was only observed from
the sediments.
On the other hand, a total of 49 genera were
identified in Lake Mohicap by which 17 are new
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Table 1. Updated listing of different phytoplankton genera in Lake Paoay
Bacillariophyta

Cholorophyta

Cynanophyta

Dinophyta

Ceratium****
Anabaena**
Ankistrodesmus**
Achnanthes****
Chroococcus**
Botryococcus**
Coconeis****
Gloeocapsa**
Coscinodiscus**** Chlamydomonas****
Lyngbya****
Chlorella**
Cyclotella*
Merismopedia**
Closterium**
Cymbella*
Microcystis**
Coelastrum****
Fragilaria**
Marsonniella**
Cosmarium**
Gomphonema***
Oscillatoria**
Eudorina****
Gyrosigma****
Synechococcus****
Golenkinia*
Melosira**
Synechocystis**
Kirchneriella**
Navicula*
Oedegonium****
Nitzschia*
Oocystis**
Pinnularia****
Pediastrum**
Raphalodia****
Scenedesmus**
Surirella****
Staurastrum**
Synedra**
Tetraedron**
****New record; ***Present in the study of Stevenson et al., 2010; **Present in the
study of Villaroman et al., 2010; *Present in the previous two studies of Villaroman
et al., 2010 and Stevenson et al., 2010

Table 2. Updated listing of different phytoplankton genera in Lake Mohicap
Bacillariophyta

Chlorophyta

Cyanophyta

Dinophyta

Euglenophyta

Glenodinium**** Cryptomonas****
Anabaena*
Ankistrodesmus*
Achnanthes****
Peridinium**** Trachelomonas***
Chroococcus***
Asterococcus****
Amphora****
Gleocapsa***
Botrycoccus***
Aulacoseira*
Coscinodiscus**** Chlamydomonas**** Gomphosphaeria***
Hapalosiphon****
Chlorella*
Cyclotella**
Merismopedia*
Chlorococcom****
Cymbella***
Microcystis***
Coelastrum***
Fragilaria***
Nostoc***
Crucigenia****
Gomphonema***
Oscillatoria*
Golenkenia****
Gyrosigma****
Synechococcus***
Kirchneriella**
Hantzschia****
Oocystis***
Melosira***
Pediastrum*
Navicula**
Scenedesmus***
Nitzschia*
Schroederia***
Pinnularia****
Staurastrum*
Placoneis****
Tetraedron***
Rhopalodia****
Stauroneis****
Surirella***
Synedra*
****New record; ***Present in the study Zafaralla 2014; **Present in the study of Cordero and Baldia, 2015;
*Present both in the previous studies of Zafaralla, and Cordero and Baldia, 2015

records coming from five major algal phyla:
Bacillariophyta, Chlorophyta, Cyanophyta,
Dinophyta, and Euglenophyta (Table 2). These
phyla were also observed by the Laguna Lake
Development Authority from their report in the
year 2005 with the exception of Euglenophyta.
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Bacillariophyta had the greatest number of
genera (19) followed by Chlorophyta (16),
Cyanophyta (10) and both Dinophyta and
Euglenophyta had two genera (Table 2). A total
of nine genera for Bacillariophyta, five for
Chlorophyta, one for Cyanophya, two for
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Dinophyta, and one Euglenophyta were absent
in the studies of Cordero and Baldia, [14] and
Zafaralla [15].
Different phytoplankton phyla dominated the
two lakes. In Lake Paoay, Chlorophyta
dominated while in Lake Mohicap, it was
Bacillariophyta, specifically Nitzschia that
dominated the lake suggesting that Lake
Mohicap is now undergoing eutrophication.
Species like Nitzschia palea, are found to be
tolerant of organic pollution to sewage effluent
effect at Lake Inlet [16]. In addition, Acnanthes
was found in both lakes and for the first time, a
bloom of Ceratium sp. (Dinophyta) was
observed in Lake Paoay.
The highest density of Bacillariophyta in Lake
Mohicap was observed during the wet month
of October and declined towards August of the
following year. A different scenario was
observed in Lake Paoay, the low densities were
observed from the months of October until
December and started increasing towards the
summer. The presence of Bacillariophyta is
inversely proportional to the amount of
dissolved oxygen in both lakes. When there is
an increase in Bacillariophyta, there is a
decrease in dissolved oxygen and vice versa.
The highest phytoplankton density for Lake
Paoay (1.46106 cells mL–1) and Lake Mohicap
(3.51106 cells mL–1) was from the members
of the Cyanophyta group. The highest density
of Cyanophyta in Lake Paoay peaked during the
month of February having a density of
1.46106 cells mL–1, while the highest density
of Cyanophyta in Lake Mohicap was during the
months of October and December. The
increase and decrease in the density can be
related to the water quality parameters. Also,
the densities of Cyanophyta based on the data,
would indicate that nitrates is inversely
proportional with the densities of this group.
When there is an increase in the amount of
nitrates, there is a decrease in the species of

Cyanophyta and the other way around. This
may be due to the specific genera of
Cyanobacteria in the area that does not
metabolize nitrogen such as Chroococcus and
Merismopedia.
A separate bloom of both Ceratium
(4.78106 cells mL–1) and the cyanobacterium
Anabaena (1.46106 cells mL–1) was observed
in the months of January and February,
respectively. According to Mowe et al. [17]
less than 7% of total blooms that occurred in
the tropical Asia were dominated by
Anabaena.
The organisms’ tendency to cluster indicate that
they “choose” places offering the best
conditions to live. For instance in Lake
Mohicap, cyanobacteria dominated the months
of October and December with a density of
3.510 6 cells mL –1 . In addition, some
freshwater dinoflagellates appeared in Lake
Mohicap but in low abundance such as
Peridinium and Glenodinium but were only
observed during the wet to cold dry season and
were no longer seen during the summer season.
Seasonal cycles of temperature, solar
irradiance and precipitation as well as other
disturbances will lead to changes in agricultural
runoff, mixing in lakes, nutrient supply and
plankton growth. According to Villaroman et
al. [12] Manifestation of complex organisms
such as Cyanophyta and Dinophyta occurs after
the presence of Bacillariophyta which
happened in Lake Paoay. The existence of
certain phytoplankton genera like Cosmarium
and Ceratium can be attributed to the
characteristic feature of marine environment
which took place during the formation of Lake
Paoay, not to mention, that there are also other
genera which are evident in the marine
ecosystem. However, those genera found in
Lake Mohicap are naturally occurring in a
freshwater environment with the exception of
some genera from Bacillariophyta.
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First record of occurrence of Ceratium sp.
(Dinophyta) in Lake Paoay. The presence of
Ceratium in Lake Paoay was observed during
the cool dry months of December 2013 until
February 2014 and was no longer seen during
the wet season. In the Atlantic and Pacific
oceans, some species of Ceratium are
primarily found in colder water although it is
sometimes found in the tropics [18].
Ceratium consists of a large number of
species, many of which are very common and
widespread; they constitute a characteristic and
often dominant part of the plankton [18]. The
genus Ceratium Schrank 1793 is the oldest
genus name of dinoflagellates in use. This
genus contained numerous (77) marine species
and a few (7) freshwater species [19].
Morphological and molecular data supported
the split of the marine and freshwater species
at the genus level [19].
On the basis of their distribution, Graham [20]
classified Ceratium species as either tropical,
subpolar or cosmopolitan. Most Ceratium are
tropical in distribution [21]. Also, Ceratium are
normally found in water which is rich in
nutrients like phosphates and nitrates, and is

usually found in close association with
Cyanophyta [22]. Tunisi et al. [23] suggested
that this occurrence is related to the intense
process of mixing which might have caused a
sharp increase in the phosphorus content in the
water column, hence, favoring the rapid bloom
of this algae and exchange with cyanobacteria.
Its unusual bloom had been recorded and
considered an invasive species in several
standing freshwater bodies of the world, such
as in Hartbeespoort Dam in South Africa [24],
and in a large enclosure located in Lake Biwa,
Japan [25]. Although they thrive in nutrient rich
environment, the studies of Graham and
Bronikovsky [18] indicated that phosphorus
concentration has no direct effect on the
horizontal distribution of Ceratium. They did
find that the relative phosphorus values in a
given region bear some relation to the
Ceratium flora but suggested that some factor
associated with an increase in phosphorus was
significant rather than the phosphorus itself.
Besides from nutrient availability, Ceratium
can also be observed in a great range of
environmental condition such as temperature
(6.1–28.2°C), and pH (7.80–8.37). These
environmental conditions were observed in
Lake Paoay during its occurrence.

Shared Phytoplankton
Paoay Phytoplankton

500 –

Mohicap Phytoplankton

Ceratium

Achnanthes
Amphora
Anabaena
Asteroccus
Costerium
Ankistrodesmus
Aulacoseira
Botryococcus
Chlorococcom
Chlamydomonas Chlorella
Coconeis
Crucigenia
Chroococcus Coelastrum
Cryptomonas
Coscinodiscus Cyclotella
Cosmarium
Glenodium
Cymbella Fragilaria Gloeocapsa
Golenkinia Gomphonema Gyrosigma Gomphosphaeria
Eudorina
Hantzchia
Kirchnierella Melosira Merismopedia
Hepalosiphon
Microcystis Navicula Nitzschia
Lyngbya
Nostoc
Oocystis Oscillatoria Pediastrum
Peridium
Pinnularia Raphalodia
Marsonniella
Placoneiz
Scenedesmus Staurastrum
Schroederia
Oedegonium Surirella Synechococcus
Stauroneis
Synedra
Trachelomonas
Tetraedron
Synechocystis

Figure 2. Venn diagram of phytoplankton genera of Lake
Paoay and Lake Mohicap
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Figure 3. Total density of the different phytoplankton
phyla in Lake Paoay and Lake Mohicap (Legend: BA
– Bacillariophyta; CL – Chlorophyta; CY –
Cyanophyta; DI – Dinophyta; EU – Euglenophyta)
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Variations in physico-chemical parameters
and its effect to the different phytoplankton
communities in Lake Paoay and Lake
Mohicap. Fluctuations in the different
environmental parameters affect the
phytoplankton
community
structure
significantly (Fig. 4). The pattern of
phytoplankton community and water quality are
interdependent [26].
There was no variation in pH for both lakes with
the highest pH notable in October and August
in Lake Paoay (8.28) and Lake Mohicap
(13.370), respectively. Such pH levels were still
within the common range for freshwater.
Conductivity started to increase in the month
of January until September with the highest
value obtained in the month of March
(524.045 S m–1) in Lake Mohicap. Meanwhile,
the highest value in Lake Paoay was observed
in the months of January and April which
coincided with the appearance of Ceratium and
Anabaena blooms in Lake Paoay. Ceratium
species are known to be classical inhabitants
of mineralized waters with high conductivity
[27].
Since Lake Paoay is surrounded by crop fields,
nutrient inputs may come from agricultural
runoff and from the fish pens in the area. The

immediate massive inputs of these nutrients
had led to Ceratium and Anabaena blooms.
These blooms were attributed to sudden
changes in vertical stability, depletion of
nutrients and alterations in the underwater light
climate.
According to Gillbricht [28], the increase in
nutrients resulted in the species shift from
diatoms to dinoflagellates. A fairly high
nutrient inputs of nitrogen and phosphorus were
found during the formation of Ceratium bloom
in January with 7.94 mg L–1 and 0.82 mg L–1,
respectively. An inverse result was found when
the cyanobacterium Anabaena appeared in
February with a decrease in phosphate while
nitrates slightly increased.
Ceratium can develop high densities and
biomasses from mesotrophic to eutrophic
lakes which are rich in organic matter as organic
nitrogen. This is one reason, why they can
compete for dominance with cyanobacterial
bloom; they can even precede their bloom,
more often follow them, and hardly ever codominate with them [29]. Olrik [30] stated that
the species of Ceratium often bloom in lakes
with strong thermal stability. Chlorophyll a
coincided with the occurrence of Ceratium and
the cyanobacterium Anabaena, with an increase
of Chlorophyll a of 0.085 mg L–1 and 0.147 mg
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Figure 4. Non-metric multidimensional scaling of Lake
Paoay and Lake Mohicap (Legend: PS – Paoay Site;
MS – Mohicap Site; CO – Conductivity; TRANS –
Transparency; pH – pH; PO3 – Phosphates; NO3 –
Nitrates; CL-a – Chlorophyll a)
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Figure 5. Hierarchical cluster analysis of Lake Paoay and
Lake Mohicap (Legend: PS – Paoay Site; MS –
Mohicap Site)
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L –1 obtained in January and February,
respectively.
The highest amount of Chlorophyll a for Lakes
Paoay and Mohicap were observed during the
month of June which is 0.284 mg L –1 and
0.099 mg L –1 . The amount of nitrates and
phosphates in Lake Paoay peaked during the wet
season, which can be due to the runoff of
fertilizers from agricultural areas during the
rainy months. The amount of nitrates is
observed to be inversely proportional to certain
phytoplankton species such as the Cyanophyta.
In Lake Mohicap, the amount of phosphates and
nitrates occurred differently. During the wet
months, nitrates were at their lowest and
increased towards summer while phosphates
had the highest peaked but decreased towards
the summer. The parameters used were able to
show the differences between Lake Paoay and
Lake Mohicap, that although both of them are
located in a tropical country, several factors
can affect the succession of organisms and
trophic status of the lakes.
Comparative analysis of the different sites
of Lake Paoay and Lake Mohicap. The
relationships between environmental
parameters and phytoplankton groups for the
different sites of Lake Paoay and Lake Mohicap
were analysed using the non-metric
multidimensional scaling and cluster analysis
in PAST. Figure 4 and Fig. 5 imply that the
amount of nitrates and environmental
parameters such as pH, Chlorophyll a, in Lake
Paoay sites 2 and 3 were increasing while for
Paoay site 4, the conductivity and transparency
were decreasing and is not affected by the
mentioned parameters in sites 2 and 3. Paoay
site 1 as shown in Fig. 4, was not affected by
any parameters used in the study and has other
factors which were affecting it.
The presence of four groups of phytoplankton
were affected individually by different
parameters and can be seen to dominate a
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specific site. This is true in the case of
Dinophyta, its highest density was observed in
Paoay site 1 and was not much affected by the
parameters used. One factor which might have
affected it was the season as it only occurred
during the dry cold season. Cyanophyta was
observed all throughout the lake but in a variety
of density. Its relationship is closer to the
decrease in turbidity rather than increase in
nitrates although Cyanophyta are known to fix
nitrogen compounds. One main reason was the
genera that occurred, the lake was dominated
by colonial genera like Chroococcus rather than
filamentous blue-green algae. Its highest
density occurred in site 4 where the amount of
phosphates is high in contrast with the other
sites. Cyanophyta are known to have high
storage capacity for phosphorus as well as high
maximum rate of phosphorus uptake [5].
Bacillariophyta and Chlorophyta were observed
in nearly equal densities although higher
densities were in site 3 and were affected by
the different parameters. Euglenophyta was not
observed in Lake Paoay since environmental
variables were not favorable for its growth.
Sites in Lake Mohicap were more affected by
the decreasing conductivity and transparency.
High variation in the different environmental
parameters were not observed as they occur in
almost equal amounts (Fig. 5). This
phenomenon might be attributed to the smaller
surface area (22.89 ha) of Lake Mohicap in
contrast to the bigger surface area (440 ha) of
Lake Paoay. Another factor that might have
caused this equal measurements of parameters
is the difference of shapes of the two lakes.
Lake Paoay has an irregular shape while Lake
Mohicap is round.
Amount of phosphates were higher in Lake
Mohicap in contrast with Lake Paoay since
phosphorus can enter the lake from many
sources like rain runoff, agricultural nonpoint
sources, fertilizers applied to crops, bird and
animal waste, plant debris, and detergents [31].
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This is true for Lake Mohicap since it is being
domesticated by people living near the area and
is enclosed in one barangay unlike with the case
of Lake Paoay wherein there is a variety of
nutrient entry coming from four barangays.
Cyanophyta had the highest density and this was
due to the higher amount of phosphates in Lake
Mohicap which also caused the transparency
to decrease due to the abundance of colony
formations. Low nitrogen and high phosphorus
conditions often favor cyanobacteria in fresh
and saltwater systems [32] especially for
colonial genera such as Microcystis and
Chroococcus.

CONCLUSION
The abundance and distribution of
phytoplankton community structure were
carried out in Lake Paoay and Lake Mohicap.
The results showed that a new record of
Ceratium species for the first time was coinhabiting with the other algal groups in Lake
Paoay. Cyanophyta was the most dominant
among all algal groups in Lake Mohicap in
terms of density and was dominated by
Bacillariophyta in terms of diversity.
Occurrence of Peridinium and Glenodinium
in low densities had also been noted. Unusual
occurrences of specific genera from different
phyla can be attributed to the different changes
that the two lakes are undergoing. Such factors
that affect their presence are seasonality, and
nutrient enrichment. There is still a need for
continuous lake monitoring since there were
unusual occurrences of other algal species in
both lakes. There had been changes among the
environmental variables in both lakes. Future
research should be focused on the abundance
and composition of these freshwater
dinoflagellates in both lakes as these can be
indicators on rapid changes in lakes.
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