
Pertanika 7(3), 101-113 (1984)

Phytoplankton Composition and Productivity of a Shallow
Tropical Lake

M.Y. FATIMAH, A.K. MOHAMMAD MOHSIN and A.S. MUSTAFA KAMAL
Faculty of Fisheries and Marine Science,-

Universiti Pertanian Malay sia,
Serdang, Selangor, Malaysia.

Key words: Swamp lake; tropical; phytoplankton; composition; productivity.

RINGKASAN

Komposisi dan pengeluaran fitoplankton di paya Bungor, Pahang, masing-masing telah dikaji dari
Oktober 1981 hingga September 1982 dan dariJanuari hingga Disember 1982. Pelbagaianfitoplankton ada
lah dalam susunan (klorofita Basilariofiseae Sinoftta Krisofiseae; tetapi susunan mengikut kelimpahan ialah
Sinofita Krisofiseae Klorofita Basilariofiseae. Sistem aitr coklat di Paya Bungor mengandungi pengeluaran
fitoplankton yang lebih tinggi daripada sistem air putih. Pengeluaran maksimum amnya berlaku di lapisan
permukaan, tetapi semasa hari panas, pengeluaran maksimum berlaku di subpermukaan kerana perencatan
foto di lapisan permukaan. Amnya, nutrien dan tenaga cahaya adalah dua faktor yang penting di dalam
pengawalan daya pengeluaran fitoplankton di Pay a Bungor.

SUMMARY

Phy toplankton composition and production in Paya Bungor, Pahang, were studied from October
1981 to Septemoer 1982 and from January to December 1982 respectively. Phytoplankton diversity is in
the order of Chlorophyta> Bacillariophyceae > Cyanophyta> Chrysophyceae > Euglenophyta >
Phyrrhophyta; but the order in terms or ab~ndance is Cyanophyta> Chrysophyceae > Chlorophyceae>
Bacillariophyceae. The brown water system of Paya Bungor seems to contain a higher phytoplankton
production than the white water system. Maximum production generally occurs at the top layer of the
water, but shifts to the subsurface layers on hot days due to photo-inhibition at the surface. Generally,
nutrient and light energy are the two most important factors controlling phytoplankton production in
Paya Bungor.

INTRODUCTION

Phytoplankton constitute the base of the
ecological pyramni providing food energy for
the higher trophic levels of the aquatic ecosystems.
In view of this relationship, attempts have been
made to correlate primary productivity and fish
yields (e.g. Sreenivasan 1964, 1968; Melack,
1979). In addition, phytoplankton is also
important as an index of the trophic status of a
water· body. Thunmark and Nygaard (in Wetzel,
1975) have developed a number of phytoplankton
indices to quantify algal species as indicators of
aquatic enrichment. Relationship between algal
associations and lake fertility is also discussed
in detail by Hutchinson (1967).

In view of the importance of phytoplank
tonic communities, a study has been undertaken
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on a swamp lake, Paya Bungor to elucidate the
successional periodicity of phytoplankton pro
ductivity and composition. According to Wetzel
(1975), seasonal variations of phytoplankton
are insignificant in unpertu,rbed systems.
However, with increasing development in
Malaysia involving aquatic systems, it is likely
that most water Dodies will experience additional
nutrients and thus eutrophication, which will
bring about changes in phytoplanktonic produc
tivity and composition.

Study Area

The study area is located in Paya Bungor
Lake, Pahang (3° 47' N; 102° 55' E) which
covers an area of approximately 2,84 km sq.
A brief description of the lake has been given by
Fatimah et al. (1982). Physical and chemical
characteristics of the lake water are described
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by Fatimah et at. (1983). Based on the physical
and chemical characteristics I the lake can be
divided into having a brown water system
in the south and a white water system in the
north. Five stations were chosen (Stations I, II,
III in the white water system and Stations IV
and V in the brown water system) for the deter
mination of phytoplankton abundance and com
position. For primary productivity stl:dy, Station
II which is located in the deepest part (3.0 m)
of the white water system and Station V (in the
deepest part of the brown water system) were
selected (Fig. 1).

MATERIALS AND METHODS

Phytoplankton samples were collected twice
a month at the surface and mid depth using a

water sampler at Stations I. II, III, IV and V
from October 1981 to September 1982, and were
preserved in Lugol's solution. Identification and
enumeration were carried out using an inverted
microscope. The data from stations I, II and III
were averaged to represent the white water
system and from Stations IV and V to represent
the brown water systems.

The primary productivity study was carried
out from January to December 1982. Stations II
and IV in the open-water zone were chosen to
represent the white and brown water systems
respectively. Productivity measurements were
obtained at monthly inver.Tals using the light and
dark bottles technique (Vollenweider, 1974).
The paired light and dark bottles were filled with
lake water collected from the surface, 1.5 m and
3.0 m depths, and exposed for 4 hours at the
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Fig. 1. A map of Paya Bungor Lake showing the Sampling Stations in the white water system (I, II,
III) and in the brown water system (IV & V).
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same depths from where the samples were
obtained. The experiment was carried out twice
a day, from morning to noon (0900 - 1300

hours) and from afternoon to early evening
(1300 - 1700 hours) to obtain mean daily
productivity. Dissolved oxygen concentrations
were determined by Winkler's me.thod (American
Public Health Association, 1976). Photosyn
thetic values in O~/l/day were multiplied by
0.375 to give values III mg C/l/day (Sreenivasan,
1964).

Water transparency was measured using a
Secchi disk.

RESULTS

Phytoplankton communities of Paya Bungor
Lake consist of 7 genera of Cyanophyta (blue
green algae), 22 genera of Chlorophyta (green
algae), 8 genera of Bacillariophyceae (diatoms)
and 2 genera of Chrysophyceae, 3 genera of
Euglenophyta and 1 genus of Pyrrhophyta (Table
1). Euglenophyta and Pyrrhophyta are found
to be very few in number and were not considered
in the calculation. Chlorophyta was the most
diverse, but in terms of density, Cyanophyta
was the most abundant (Table 2). Table 2 also
shows that the brown water system supported
a higher density of phytoplankton population
than the white water system. The mean phyto
plankton density of the brown water system was
19.7 cells/ml with a minimum of 0.1 cell/ml
and a maximum of 397.9 cells/ml, whereas in the
white water system, the mean density was 5.6
cells/ml with a minimum of 0.1 cell/ml and a
maximum of 128.3 cells/ml (Table 2).

The seasonal fluctuations ofthe Cyanophyta
in the white water system is shown in Fig. 2.
The blue green algae population was low from
October to June but increased soon after that
until it reached a peak of 128.3 cells/ml in August.
In the brown water system, the blue green
population was low from October to May. The
population then began to exhibit a high density
from June to August with a peak of 397.9 cells/ml
in June (Fig. 3). In both parts of the Lake,
Anabaena was by far the most abundant species
and was mainly responsible for the peak of the
total blue greens.

In the white water system, the population
of green algae was low with density generally
less than 20 cells/ml (Fig. 2). The population
fluctuated with no specific trend. In the brown
water system, Chlorophyta exhibited two peaks
with densities of 8.5 cells/ml in April and 10.1
cells/ml in July.
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Dinobryon was the only member of the
Chrysophycene in Paya Bungor. Its periodicity
in the white water system shown in Fig. 2
indicated that its appearance in the lake was
sporadic and fluctuated with a density less than
2.2 cells/ml from October 1981 to June 1982.
The population then increased from June to
August when it attained a peak of 8.0 cells/ml. In
the . ~rown water system, however, Dinobryon
exhIbIted a different pattern of fluctuations (Fig.
3). The population was generally low from
October to January but increased and attained
a peak in February with a density of 23.9 cells/ml;
it experienced a sharp drop in March and April.
The population increased again in May and
reached a second peak in July with a density
of 15.1 cells/ml.

The graph of diatoms in the white water
system in Fig. 2 shows that the highest population
density was about 4.0 cells/ml in' October. This
was followed by a gradual decline. in January
after which the diatoms maintained a low
population of less than 0.5 cell/m!. Similar
to the diatoms of the white water system, the
diatoms in the brown water system were consist
ently low in numbers with a population density
ofless than 3 cells/ml (Fig. 3).

The gross phytoplankton production values
ranged from 0.083 mg C/l/day to 0.76 mg C/l/
day with a mean of 0.334 mg C/l/day in the white
water system; and from 0.179 mg C/l/day to
1.310 mg C/l/day with a mean of 0.479 mg C/l/
day in the brown water system. The mean, mini
mum and maximum values of net primary
productivity of the white water system was 0.204
mg C/l/day, 0.043 mg C/l/day and 0.587 mg
C/l/day respectively. In the brown water system,
the mean net primary production value was
0.294 mg C/l/day with a minimum of 0.152 mg
Cfl/day and maximum of 0.713 mg C/l/day
(Table 3).

Figures 4 and 5 represent seasonal fluctuations
of primary production of the white and brown
water systems respectively. The white water
system registered two peaks with the highest
in July and a lower one in March. The brown
water system exhibited the highest peak in
February with a maximum value of 1.310 mg
C/l/day. Net primary productivity showed similar
patterns of fluctuation as the gross primary
productivity. In both systems, the Secchi disk
transparency was deepest when the production
was highest (Figs., 4 and 5).
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TABLE 1
List of Phytoplankton in Paya Bungor

during 1981-82.

CYANOPHYTA

Chrococcales

Chroococcaceae

Merismopodia spp

Microcystis sp.

Oscillatoriales

Oscillatoriaceae

Lyngbya sp.

Oscillatoria spp.

Spirulina sp.

Nostochaceae
Anabaena sp.
Aphanizonmenon sp.

CHLOROPHYTA

Chlorococcales

Coelastraceae
Coelastrum sp.

Hydrodictyaceae

Pediastrum sp.

Oocystaceae
Ankistrodesmus spp.
Closteriopsis sp.

Selenastrum sp.

Scenedesmaceae

Actinastrum sp.

Crucigenia sp.

Scenedesmus sp.

Ulotrichales

Ulotrichasceae

Ulothrix sp.

Volvocales

Chlamydom onaceae

Chlamydomonas sp.

Volvocaceae

Volvox sp.

Zygnematales

Desmidiaceae

Closterium spp.

Cosmarium spp.

Desmidium spp.

Euastrum spp.

Spondylosium spp.

S taurastrum spp.

Triploceras spp.
Mesotaeniaceae

Micrasterias spp.
Pleurotaenium spp.

Zygnemataceae

Mougeotia soo.

Zygnema spp.
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CHRYSOPHYTA

Bacillariophyceae

Centrales

Melosira sp.

Pennales

Diatoma sp.

Tabellaria sp.
Asterionella sp.

Fragilaria sp.

Eunotia spp.

Navicula spp.
Nitzschia sp.

Chyrophyceae

Dinobryonaceae

Dinobryon spp.

Mallomonas sp.

EUGLENOPHYTA

Euglenophyceae

Euglena spp.

Phacus sp.
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TABLE 2
The mean, mInImUm and maximum population densities of various
phytoplankton in white water and brown water systems of Paya

Bungor Lake (1981 - 1982).

Density (No of cells/lml)

Location Taxa Mean Minimum Maximum

Chlorophyta 0.9 0.2 2.2

White water Bacillariophyceae 0.8 0.1 4.0

Cyanophyta 18.8 0.1 128.3

Chrysophyceae 1.7 0.1 8.0

Overall 5.6 0.1 128.3

Chlorophyta 3.3 0.7 10.1

Brown water Bacillariophyceae 0.9 0.2 3.0

Cyanophyta 69.4 0.2 397.9

Chrysophyceae 5.5 0.1 23.9

Overall 19.7 0.1 397 9

In the white water system, with the exception
of April, the production - depth profiles conform
to a curve having a maximum production at the
surface from February to May and November to
December. In June to October, however,
maximum production occurred at sub-surface
layers. Occasionally, when the Secchi disk
transparency was deep, bottom layers of the lake
showed high primary production, as was observed
inJuly (Fig. 6).

In the brown water system, maximum
production occurred at the surface from February
to May and October to November. For the rest of
the y~ar, production was highest at mid-depths
(Fig. 7).

DISCUSSION

Various groups of phytoplankton in Paya
Bungor Lake can be ranked in decreasing
species diversity Chlorophyta > Bacillado
phyceae > Cyanophyta> Euglenophyta > Chry
sophyceae > Pyrrhophyta; and in decreasing
numerical abundance : Cyanophyta > Chryso
phyceae > 'Chlorophyta > Bacillariophyceae
> Euglenophyta > Pyrrhophyta. High phyto
plankton densities· more or less coincide with the
high values of primary productivity indicating
some correlation between the two factors.
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From the results, it seems that the brown
water system supports a higher phytoplankton
population and has higher phytoplankton pro
ductivity than the white water system. This
could be due to the high concentration of
suspended solids in the white water system.

Although both the white and brown water
systems consist of the same species of phyto
plankton, their patterns of fluctuation and
abundance are different. Chlorophyta and Bacilla
riophyceae of the white water system are very
:;mall in densities and contribute little to the
total fluctuation of phytoplankton population
in this system. Cynophyta and Chrysophyceae
however, exhibited a peak in' July - August
(Fig. 2). Similar to the blue green population of
the white water system, the blue greens of the
brown water system shows high densities during
June - August period. Chlorophyta and Chry
sophyceae, however, exhibit bimodai fluctuations
with small peaks in April and July; February
and July respectively (Fig. 3).

In Paya Bungor, the data shows that when
the phytoplankton density is high, the nutrients
such as phosphates and nitrates are low, indicating
rapid utilization of these compounds by the algae
growth (Figs. 8 and 9). However, it is observed
that the nutrient concentrations are high just
before and after the phytoplankton peaks. This
is in agreement with the findings of Rzoska and
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Fig. 2. The fluctuations of phytoplankton density (cellsjml) in the white water system of Paya Bungor
from October 1981 to September 1982.

TaIling (1966) that the nitrate content is very low
during the maximum growth of diatoms. Prowse
and Talling (1958) also reported occurrence of
nitrate accumulation at the beginning and end of
phytoplankton growth. In Plover Cove Reser
voir, Hong Kong, Hodgkiss (1974) found a
decrease in phospate as a ,result of the increased
growth of blue green algae.

Generally, the phytoplankton population
assumes higher densities during the dry season
oanuary to September with scattered rainfall
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in April) and low densities in the wet season
(October to December). The declining rate of
primary production and population densities
during the wet season could be attributed to the
dilution of planktonic organisms following the
increase in the volume of water. Some of the
plankton could also be flushed off from the
lake into the effluent river during high water
levels The seasonal decline in solar radiation and
hence the intensity of light during the wet season
is likely to be a major factor in depressing primary
production at this time.



PHYTOPLANKTON COMPOSITION AND PRODUCTIVITY OF A SHALLOW TROPICAL LAKE

- Cyanophyta

__ __ Chlorophyta

OCT NOV DEC

1981

23.9

~
'\
1\
I \
I \

f \
I \
J \, \

I \
I
I

!
I
I
I

FEB MARCH APRil MAY

1982

397.9

\
'\
1\
1\
I \

I \
J \

\

.7

54.7

____ BaciliariophYCeae

~ ChrYsophYCeaB

Fig. 3. The fluctuations of phytoplankton density (cells/ml) in the brown water system of Paya Bungor
from October 1981 to September 1982.

TABLE 3
Mean gross primary productivity (GPP) and net primary productivity (NPP) In

mg C/1/day at 2 stations in Paya Bu~gnr, Pahang.

Productivity (mg '::;i1jday)

Station Mean Minimum Maximum

Station II GPP 0.334 0.083 (December) 0.761 Ouly)
(White Water

NPP 0.204 0.43 (December) 0.587 Ouly)

Station IV GPP 0.479 0.179 (November) 1.310 (February)
(Brown water)

NPP 0.294 0.152 (November) 0.713 (February)
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Fig. 6. The depth profiles ofgross primary production (GPP) and net primary production (NPP) in mgjC/1/
day in the white water system, Paya Bungor, during 1982.

High turbidity values and hence low transpa
rency values caused by the land run-off during
the wet season reduces the amount of light
intensity in the water. This is enhanced by the
shallow nature of the lake and its susceptibility
to wind actions. The decline of primary
production in the wet season may be caused by
the dilution of essential ions. This is probably
because the run-off water has low nutrient con
tent. Odum (1971) reported that the soils in
the catchment area in the tropics, although
rich in aluminium and iron, are, however poor in
biologically essential elements such as phosphorus
and nitrogen. The dilution of lake waters by
run-off from ion deficient,uproductive catchment
areas has been reported elsewhere in the tropics
(TaIling and TaIling 1965, Imevbore 1967,
Sreenivasan 1970).

The values for gross primary production in
Paya Bungor are low compared to the values of
eutrophic lakes in this region. Saravanamuthu and

Lim (1982) reported mean values for gross
primary production and net primary production
in Taman Jaya lake to be 5.16 mg CIl/day and
2.88 mg C/1/day respectively. However, primary
production values of Paya Bungor are higher
than that found in other swamp lakes such as
Tasik Bera. Okino and Lim (in Furtado and Mori,
1982) reported gross primary productivity of
Tasik Bera to be from 0.07 - 0.25 mg CIl/day.
Productivity depth profiles indicate that maximum
production generally occurs at the top layer of
the water. From June to October, however,
maximum production occurs at the subsurface
layers which may be due to the surface photo
inhibition caused by high solar radiation on
hot days. In July, when the transparency was
deepest, maximum production occurred at the
bottom layer (Fig. 6). In general, the depth at
which maximum rate of plankton production
occurs varies with the transparency of the water,
which is in turn governed by the concentration
of dissolved and particulate matter and abiotic
turbidity (Wetzel, 1975).
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During 1981 - 1982.

Therefore, the seasonal variations of phyto
plankton growth and productivity in Paya Bungor
is greatly influenced by the changes in the physico
chemical properties of the water which them
selves are determined mainly by the climatic
changes of the region.
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