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ABSTRACT

The Cisayong area of Tasikmalaya Regency is an area that is passed by the Citanduy River. The
condition of the waters in the Citanduy River in Cisayong area, has received various waste inputs
which will affect the quality of the river waters and cause a decrease in water fertility. Plankton can
be used as an indicator of water fertility. This study aims to determine the spatial distribution of
plankton in the Citanduy River, Cisayong Tasikmalaya Region, West Java. This research was
conducted from January 2020 to February 2020. The research stations are located in four locations
which are determined based on environmental and land use factors with a sampling period span of
once every seven days. This research was conducted using a survey method and the data were
analyzed descriptively and comparatively. The results showed that there were 67 genera of
plankton from 5 phytoplankton phyla and 4 zooplankton phyla with most of the phytoplankton
groups found from the Bacillariophyceae class and the zooplankton group from the Tubulinea
class. The total average abundance of phytoplankton was 11,534 ind / L and the total average
abundance of zooplankton was 295 ind / L. The biological index values of the average diversity
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mesotrophic waters for stations 2,3, and 4.

and dominance of phytoplankton were 2.72 and 0.11, while the average values of diversity and
dominance of zooplankton were 0.92 and 0.47. The results of the plankton spatial distribution show
that the fertility of the waters in Citanduy River is classified as oligotrophic for station 1 and

Keywords: Citanduy River; plankton; spatial distribution.

1. INTRODUCTION

The water conditions in the Citanduy River in
Cisayong area have been affected by household,
industrial, and disposal of agricultural supporting
materials such as the use of artificial fertilizers.
This resulted in contamination of the waters in
Citanduy River. The many types of waste input
that are simply disposed of into the river flow
without prior treatment, make river water polluted
and affect the water quality of each river
flow which causes differences in water fertility

[1].

The existence of plankton can be used to
determine the fertility of water, that is by counting
the abundance and distribution of plankton. The
existence of plankton is influenced by several
factors, that is physical factors, chemical factors,
and biological factors as well as the features of
these organisms [2]. The physical and chemical
quality of the waters is greatly influenced by
environmental pollution. Pollution can change the
structure of an ecosystem and can reduce the
number of species in a community, so that its
diversity is reduced. Thus, the diversity index of
polluted ecosystems is always smaller than
natural ecosystems [3]. Mulyanto [4], states that
there are types of plankton that can be used as a
guide to determine the biological condition of the
waters.

2. MATERIALS AND METHODS
2.1 Research Location

This research was conducted in the Citanduy
River, Cisayong Tasikmalaya Region, West Java.
The method used in this research is a survey
method. The data collection technique used
purposive sampling. The research stations are
divided into 4 stations, that is stations 1, 2, 3, and
4 (Fig. 1). Determination of stations based on
environmental factors and land use and input of
waste into the river.
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Station 1:  The location is in
Cireungit Village which is the
upstream part of the river and has not

been exposed to waste input, located at

coordinates 108°10'57.85 “BT-
7°15’37.717" LS.
e Station 2: The location is in Cidadap

Village and Fish Market Complex which is
part of the river that has received input
from household waste, because it is in a

residential area, located at
coordinates 108°11°11.02 “BT-7°15'47.996”
LS.

e Station 3: The location is in Cibodas

Village, which is a part of the river that has
received waste input from the tofu factory,
located at coordinates 108°11'15.1 “BT-
7°15°24.986” LS.

Station 4: The location is in the village of
Gresik Tasikmalaya, which is part of the

river that has received input from
agricultural waste, located at
coordinates 108°11°30.542 “BT-

7°15'47.048"LS.
2.2 Sampling and Measurement

A sampling of water and plankton was carried
out every seven days with six sampling times at
four stations. Water and plankton sampling
at the four stations was carried out at the
surface of water. Plankton sampling was
done by filtering 10 L of water using a
plankton net with a mesh size of 40 um. The
filtered water sample was put into a 50 mi
plankton sample bottle and preserved using 1%
lugol, until the color turned brownish-yellow.
The plankton was identified down to the

genus level. Plankton was counted by the
census method and identified using
plankton identification books, including
Sachlan [5] and Prescott (1978). Water
parameters measured include light
transparency, temperature, current, BOD,

DO, CO2, pH, NO3, PO4, and NH3.
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Fig. 1. Map of study location

2.3 Sample Analysis

Plankton data analysis was carried out using a
comparative descriptive method at each station
with the following observations.

2.3.1 Plankton abundance

Abundance is the number of individuals and the
number of species found in the area of
observation. Plankton abundance is calculated
using a modified Sachlan formula [5] with the
following equation:

N=nxVr/Vox1/Vs

Information:

N = Abundance (ind / L)

n = amount of plankton observed

Vr = The volume of plankton filtered (ml)
Vo = Observed plankton volume (ml)

Vs = Volume of filtered water (L)

2.3.2 Diversity index

Diversity index is used to determine the diversity
of biota species at the research location using
the Simpson Diversity Index [6] which is
formulated as follows:

_ yn(n-1)
D=1- (N(N—l))
Information:
n = Number of individuals of genus i
N = Total individuals

2.3.3 Dominance index

The dominance index [6] is calculated to see the
presence of dominance by certain types of
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plankton in the plankton population in waters,
calculated based on the following formula:

C =% (ni/ Ny

Information:

C = Simpson Dominance Index

ni = Number of individuals i-th

N = The total number of individuals of all types

3. RESULTS AND DISCUSSION

3.1 Physical and Chemical Parameters of
Water

The physical and chemical parameters of the
waters during study can be seen in Table 1. Light
transparency greatly determines the presence of
plankton. The higher the light transparency, the
easier it is for light to enter the water. Otherwise,
the lowest light transparency will inhibit the
photosynthesis of plankton. The average of light
transparency at station 1 has the highest value of
2592 + 1.02 cm or 86.4% of the river depth,
indicating that the light transparency at station 1
is in a good category. This is because the river
has a depth of only about 30 cm and the water is
not cloudy, so that the water gets enough light. If
the transparency of light in the waters is good, it
will also have a good impact on phytoplankton for
photosynthesis. According to Thoha [7], light
transparency of 30 cm or less can affect plankton
growth, because light entering the waters affects
the photosynthesis process carried out by
phytoplankton. The average light transparency at
station 4 has the lowest value, that is 42.75 +
1.64 cm or 35.6% of the river depth. The
condition of the waters is dark brown and cloudy.
The water conditions are not clear, so sunlight
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cannot penetrate to the bottom of the water.
According to Nurhasanahet al [8], light
transparency in water depends on color and
cloudiness. Based on this statement, the more
cloudy water is, the lower the light intensity that
enters waters.

The lowest average temperature at station 2 is
25.33 £ 0.5°C and the highest temperature at
station 3 is 26.08 = 0.7°C. The Ilowest
temperature at station 2, because it is influenced
by the input of residential waste into the river. In
addition, around the river is a forest area with lots
of tall trees, so the transparency of light entering
the water is low. According to Zahidah [9], light
has a direct effect on temperature, meaning that
high transparency of light will produce heat which
in turn will increase the temperature. The high
temperature at station 3 is due to the influence of
tofu liquid waste entering the river. According to
Sugiharto [10], the temperature produced from
tofu liquid waste is generally higher than the raw
water which ranges from 40-46°C, so that when
the tofu liquid waste discharges into the river, it
will increase the water temperature. In addition,
the conditions around station 3 are not obstructed
by trees, so that the transparency of light entering
the water is quite high. The optimum temperature
range for plankton growth, especially diatoms or
Bacillariophyceae, ranges from 20-30°C and
Chlorophyceae ranges from 30-35°C, while the
Cyanophyceae class tolerates faster temperature
ranges [11].

The lowest current speed is at station 2 with an
average of 0.18 £ 0.01 m / s and the highest
average current speed is at station 3, that is 0.41
1+ 0.03 m / s. The low flow rate at station 2 is
because there are many large rocks in the river
flow. The high level of current velocity at station 3
is due to the fact that the riverbed in this research
station has mossy small rocks and the absence
of large rocks so that the river flow is not
obstructed. According to Wijayanti [12], currents
less than 0.1 m / s are considered very weak
currents, while current speeds of 0.1-1 m / s are
classified as moderate current speeds, current
speeds > 1 m / s are classified as high current
velocities. Therefore, the current speed of the
Citanduy River is in the medium category.

The lowest average BODs concentration at
station 1 was 11.63 + 3.46 mg / L and the highest
average BODs concentration at station 4 was
26.23 + 3.47 mg / L. The lowest BODs value at
station 1 was because this research station is a
part of the river that has not received
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anthropogenic waste input into the river body.
According to Effendi [11] domestic and industrial
wastes that enter the water bodies can also affect
the BOD value. Meanwhile, station 4 is a river
that has been exposed to various kinds of waste
inputs such as agricultural, industrial, and
residential wastes so that the BOD;s
concentration at this research station is the
highest. Based on PP No. 82 of 2001, all
research stations on the Citanduy River do not
comply with class Il and class Il water quality
standards, BODs; of all research stations
exceeded the normal limit of water quality
standards with a maximum BODs limit of 10 mg /
L. However, according to Lee et al. [13] criteria
for the level of water pollution based on the BOD
value are divided into 4, that is not polluted <3.0
mg / L, lightly polluted 3.0 - 49 mg / L,
moderately polluted 4.9 - 15.0 mg / L, and heavily
polluted> 15.0 mg / L, this indicates that the
waters of the Citanduy River at station 1 are
classified as moderate and station 2 to station 4
have been heavily polluted.

The lowest average dissolved oxygen at station 1
was 6.18 £ 0.24 mg / L and the highest average
dissolved oxygen at station 4 was 6.57 £ 0.52 mg
/ L. At stations 2 and 3, the average dissolved
oxygen is 6.50 + 0.65 mg /L and 6.20 + 0.37 mg/
L. Dissolved oxygen levels at the four research
stations are still classified as good for planktonic
life, according to Wardoyo [14] good oxygen
levels for aquatic organisms range from 2-10 mg
/ L and according to Wijayanti [12] plankton can
live well at higher oxygen concentrations. Than 3
mg / L. While the range of dissolved oxygen
values suitable for fishery activities according to
the Government Regulation of the Republic of
Indonesia No. 82 of 2001, which ranges from> 3 -
4 mg / L, so it can be concluded that the
dissolved oxygen levels in the Citanduy River are
following the class Il and class Ill categories.

The lowest average dissolved carbon dioxide
concentration at station 1 was 10.48 + 3.51 mg /
L and the highest average dissolved carbon
dioxide concentration at station 2 was 14.67 *
4.39 mg / L. At stations 3 and 4 the average
carbon dioxide concentrations were 11.17 £ 2.16
mg /L and 13.27 + 3.15 mg / L. Dissolved carbon
dioxide concentrations at the four research
stations are classified as good for plankton life.
According to Barus [15], the optimum
concentration of dissolved carbon dioxide for
plankton life is 12 mg / L, so that aquatic life is
not disturbed and the photosynthetic process can
run smoothly. Phytoplankton is primary producers
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in aquatic ecosystems that are highly dependent
on dissolved carbon dioxide in the waters.

The lowest average pH value at station 4 is 7.33
+ 0.17 and the highest average pH value at
station 2 is 7.76 + 0.14. At stations 1 and 3, the
average pH is 7.70 = 0.07 and 7.45 + 0.22. This
value illustrates that the waters are in
good condition for plankton growth because they
are at a pH that is close to neutral and tends to
be alkaline. According to Effendi [11], aquatic
organisms can grow in a pH range of 7-8.5, and a
pH value range that is suitable for fisheries
activities according to the Government
Regulation of the Republic of Indonesia No. 82 of
2001, which ranges from 6.00 - 9.00. Therefore,
the pH conditions at each research station are
classified as good for plankton growth. Water
conditions that are very acidic or very alkaline will
cause metabolic and respiration disorders [15].

The lowest average nitrate concentration value
at station 1 is 0.193 + 0.007 mg / L, and at

station 4 the highest average nitrate
concentration value is 0.214 + 0.014 mg / L. At
stations 2 and 3, the average nitrate

concentrations were 0.200 + 0.012 mg / L and
0.213 + 0.008 mg / L. According to PP. 82 of
2001, polluted water has nitrate concentrations
of up to 10 mg / L, this indicates that all research
stations are still following quality standards.
Sepriani et al. [16] stated that if the nitrate
level in water is high or more than 0.2 mg / L, it
can result in eutrophication which can
stimulate the rapid growth of phytoplankton
(blooming).

The research station with the lowest average
ammonia concentration was at station 1 of 0.004
1+ 0.002 mg / L and the research station with the
highest average ammonia concentration was at
station 2 of 0.006 £+ 0.002 mg / L. The level of
ammonia concentration in the Citanduy River is
in a low condition because the value is far from
the maximum limit, according to PP. 82 of 2001
the maximum limit of NH3 is 0.5 mg / L. This is
confirmed by Mitsch and Gosselink [17], who
state that at levels above 0.5 mg / L, ammonia
has very high toxicity to plankton.

The research station with the lowest average
phosphate concentration at station 1 was 0.188 +
0.008 mg / L and the highest average phosphate
concentration at station 2 was 0.221 + 0.004 mg
/ L. At stations 3 and 4, the average phosphate
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concentration was 0.197 + 0.013 mg / L and
0.200 + 0.010 mg / L. The results of the
phosphate concentration are at the limit when
referring to PP. 82 of 2001, however, the range of
average phosphate concentrations in the waters
of the Citanduy River is still within limits that can
be tolerated by phytoplankton. The optimal
phosphate concentration for phytoplankton
growth is in the range of 0.27 - 5.51 mg / L, while
the phosphate content of less than 0.02 mg / L
will be a limiting factor [18]. Overall, Citanduy
River waters are included in the eutropic
category when referring to the phosphate content
in the waters.

3.2 Plankton Community Structure

The  composition of plankton in the
Citanduy River consists of 67 genera
consisting of 57 genera of phytoplankton and 10
genera of zooplankton. The composition of
phytoplankton in the Citanduy River consists
of classes Bacillariophyceae, Chlorophyceae,

Cyanophyceae, Zygnematophyceae,
Euglenophyceae, Trebouxiophyceae, and
Xanthophyceae. The composition of

phytoplankton obtained at station 1 consisted of
51 phytoplankton genera, the highest percentage
composition value was in the Bacillariophyceae
class with an average abundance of 909 ind / L.
The genus that dominates at station 1 with the
highest average abundance is Cyclotella,
amounting to 328 ind / L. The composition of the
phytoplankton obtained at station 2 consisted of
50 phytoplankton genera, the highest percentage
composition value was in the Bacillariophyceae
class with an average abundance of 1,681 ind /
L. The genus that dominates at station 2 with the
highest average abundance is Cyclotella with a
total of 616 ind / L. The composition of
phytoplankton obtained at station 3 consisted of
52 phytoplankton genera, the highest percentage
composition value was in the Bacillariophyceae
class with an average abundance of 2,270 ind /
L. The genus that dominates at station 3 with the
highest average abundance is Cyclotella
with a total of 1,166 ind / L. Station 1,2 and 3
dominate the same class and genus, namely the
Bacillariophyceae class and the Cyclotella
genus. According to Vuuren [19], the
genus Cyclotella is a planktonic diatom that is
common throughout the world and is
widespread in lakes, rivers, seas, and brackish
water.
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Table 1. Water quality at study station

Parameter Unit Station
1 2 3 4
Light cm Average 2592+1.02 64.58+1.83 6842+278 4275+1.64
Transparency Range 24 .5-27 62.5-67.5 64.5-72.5 41-45.5
Temperature  °C Average 25.75+1.1 25.33+0.5 26.08 £ 0.7 25.33+0.5
Range  24-27 24.5-26 25-27 25-26
Current m/s Average 0.210.00 0.18 £ 0.01 0.41 +£0.03 0.27 £ 0.01
Range  0.21-0.22 0.17-0.18 0.37-0.45 0.26-0.28
BODs mg/L Average 11.63+3.46 21.91+540 2542+3.66 26.23+3.47
Range 6.5-14.6 16.25-25.95 19.45-29.2 21.1-29.2
DO mg/L Average 6.18+0.24 6.50 + 0.65 6.20 + 0.37 6.57 £ 0.52
Range  5,8-6,4 5,4-7,1 5,7-6,6 5,8-6,9
CO, mg/L Average 10.48+3.51 14.67+4.39 1117216 13.27+3.15
Range  8.38-16.76 8.38-20.95 8,38-12,57 8.38-16.76
pH - Average 7.70 0.07 7.76 £ 0.14 7.45+0.22 7.33+£0.17
Range  7,63-7,8 7,6-7,95 7,16-7,75 7,15-7,52
Nitrate mg/L Average 0.193 +0.007 0.200+0.012 0.213+0.008 0.214 +0.014
Range  0.185-0.203  0.189-0.218  0.199-0.219  0.196-0.227
Ammonia mg/L Average 0.004+0.002 0.006+0.002 0.005+0.002 0.006+0.002
Range  0.002-0.007  0.004-0.009  0.002-0.008  0.003-0.009
Phosphate mg/L Average 0.188+0.008 0.221+0.004 0.197 £0.013 0.200 +0.010
Range  0.179-0.197  0.217-0.226  0.182-0,213  0.19-0.217
Table 2. Average of plankton abundance (Ind /L)
Class Observation Station
1 2 3 4
Phytoplankton
Bacillariophyceae 909 1682 2270 912
Chlorophyceae 524 1353 1247 647
Cyanophyceae 122 303 254 234
Zygnematophyceae 61 236 177 229
Euglenophyceae 38 66 97 47
Trebouxiophyceae 27 28 19 25
Xanthophyceae 1 14 8 7
Sub-Total 1681 3682 4071 2100
Zooplankton
Monogononta 3 12 16 12
Tubulinea 10 53 62 60
Imbricatea 9 18 18 10
Maxillopoda 0 1 1 0
Magnoliopsida 0 0 1 0
Oligohymenophorea 2 1 3 3
Sub-Total 24 85 101 85
Total 1705 3767 4172 2185

The identification results of the phytoplankton
composition obtained at station 4 consisted
of 45 phytoplankton genera, the highest
percentage composition value was in the
Bacillariophyceae class with an average
abundance of 912 ind / L. The genus that
dominates at station 4 with the highest average
abundance is Scenedesmus, amounting to 275
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ind / L. The Bacillariophyceae class has the most
composition in each research station. According
to Welch [20], the presence of the
Bacillariophyceae class in waters often
dominates and its abundance is very large, this
happens because the body is covered with silica
so that it has better survival than other
phytoplankton classes.
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Fig. 3. Zooplankton composition based on class

The composition of zooplankton in the Citanduy
River consists of the Monogononta, Tubulinea,
Imbricatea, Maxillopoda, Magnoliopsida, and
Oligohymenophorea classes. The zooplankton
composition obtained at station 1 consists of 5
genera, station 2 consists of 8 genera, station 3
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consists of 9 genera, station 4 consists of 7
genera. The percentage of zooplankton at station
1 to station 4 is mostly found in the Tubulinea
class of the genus Difflugia, which is zooplankton
from the phylum Rhizopoda. The phylum
Rhizopoda has a better ability to tolerate
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environmental conditions than other phyla. This
is confirmed by Widyarini et al. [21], which states
that Rhizopoda can defend itself against bad
environments, and can utilize organic materials
as food ingredients.

The lowest average plankton abundance at
station 1 was 1,705 ind / L, because the research
station had low concentrations of nitrate,
phosphate, and ammonia. Station 1 is an area
without human activity, so it receives little
nutritional input from outside which will affect the
nutrient content for plankton growth in these
waters. The highest average plankton
abundance at station 3 is 4,172 ind / L with the
most common phytoplankton class being the
Bacillariophyceae class, this is due to the
presence of nutrients obtained from the tofu
industrial wastewater, and also due to the
influence of domestic waste and the
activities of the incoming toilet to the river, thus

affecting the high abundance of
Bacillariophyceae at station 3. Zooplankton
identified during research have an

average abundance less than phytoplankton,
although zooplankton eats phytoplankton to
reach an abundant population, it takes
longer than phytoplankton. The
existence of lower zooplankton is a
natural condition as a group of organisms
that are at a trophic level above phytoplankton
[22].
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The abundance of plankton in the Citanduy River
shows that these waters are classified as
oligotrophic waters for station 1 and mesotrophic
waters for stations 2,3 and 4. According to
Landner [23], oligotrophic waters are waters with
low fertility levels with an abundance of
phytoplankton ranging from 0 - 2,000
individuals/liter, mesotrophic waters are waters
with moderate fertility levels with an abundance
of phytoplankton ranging from 2,000 - 15,000
individuals/liter, and eutrophic with plankton
abundance levels of more than 15,000
individuals/liter.

The average value of the phytoplankton diversity
index at station 1 to station 4 belongs to the high
diversity category, with the highest value at
station 4 of 0.92. This shows that the distribution
of phytoplankton at each research station is
evenly distributed, and the stability of the aquatic
ecosystem is said to be good. According to
Odum [6], the value of the Simpson diversity
index ranges from 0-1. If the index value is close
to 1, the distribution of individuals is evenly
distributed, and the stability of the aquatic
ecosystem can be said to be good. The average
value of the zooplankton diversity index ranges
from 0.51 to 0.63. The average value of the
zooplankton diversity index at station 1 to station
4 belongs to the medium diversity category, with
the lowest value at station 4 of 0.51. According to
Sirait et al. [24].
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Fig. 4. Plankton diversity and dominance index
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The average value of the phytoplankton
dominance index ranges from 0.08 to 0.16 with
the lowest dominance index value found at
station 4 of 0.08, this indicates that the
dominance of phytoplankton in the waters of the
Citanduy River is low and no genus dominates at
station 1 to station 4. While the average value of
the zooplankton dominance index ranges from
0.39 to 0.56 with the highest dominance value is
at station 1 of 0.56, which indicates that
zooplankton dominance is moderate and some
species dominate in the waters. Citanduy River.
According to Dhahiyat et al. [25], if the
dominance value ranges from 0.0-0.30, it
indicates low dominance, 0.30-0.60 moderate
dominance, and 0.60-1.00 high dominance.

4. CONCLUSION

The spatial distribution of plankton in the
Citanduy River varies at each observation
location. Based on the results obtained, the
identified plankton were 57 genera of
phytoplankton and 10 genera of zooplankton.
The highest abundance of phytoplankton genus
was genus Cyclotella from Bacillariophyceae
class with an average of 1,165 ind / L and the
highest abundance of zooplankton genus was
the Difflugia genus of the Tubulinea class with an
average of 53 ind / L. The results of the
plankton spatial distribution show that the
fertility of the waters in the Citanduy River is
classified as oligotrophic for station 1 and the
mesotrophic water category for stations 2,3, and
4.

COMPETING INTERESTS

Authors have declared that

interests exist.

REFERENCES

no competing

1. Matahelumual B. Potential for acid rain in
Bandung City. Journal of the Environment
and Geological Disasters. 2010;1(2):59-70.

2. Susanti M. Abundance and distribution of
plankton in Kedungombo reservoir waters.
FMIPA UNNES Semarang: Not published;
2010.

3. Astirin OP, Setyawan Ahmad D, Marti H.
Plankton diversity as an indicator of river
quality in the city of Surakarta. Biodiversity.
2002;3(2):236-241.

4. Mulyanto S. The Environment For
Plankton. Jakarta: Ministry of Education
and Culture; 1992.

42

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Sachlan M. Planktonology. Faculty of
Animal Husbandry  and Fisheries,
Diponegoro University. Semarang. 1982;
177 .

Odum E. Basics of ecology. Third Edition.
T. Samingan translation. Yogyakarta:
Gadjah Mada University Press; 1994.
Thoha, H. Plankton abundance in the
Gilimanuk Bay Aquatic Ecosystem,
National Park, West Bali. Makara Sains
Journal. 2007;11(1):44-48.

Nurhasanah, R. A., Zahidah., Dhahiyat, Y.,
Herawati, H. The structure of the
Phytoplankton ~ Community in  Situ
Lengkong Panjalu, Ciamis Regency, West
Java. Proceedings of the National
Fisheries Seminar; 2017.

Zahidah, Nurruhwati |, Sahidin A. Plankton
abundance in Cirata Reservoir, West Java

Province. Indonesian Aquatic Journal.
2017;2(2):102-108.
Sugiharto. Basics of  Wastewater

Management. Jakarta: Ul Press; 1987.
Effendi H. Study of water quality for
management of water resources and
environment. Yogyakarta: Kanisius; 2003.
Wijayanti H. Study of the quality of waters
in the coast of Bandar Lampung City
Based on the Macrobenthic Animal
Community. Diponegoro University.
Semarang; 2007.

Lee CD, Wang SB, Kuo CL. Benthic
macroinvertebrate and fish as biological
indicators of water quality, with reference
of community diversity index. Bangkok.
International  Conference on  Water
Pollution Control in Development
Countries; 1978.

Wardoyo STH. Water quality management.

Bogor: Bogor Agricultural  University;
1975.

Barus T. Introduction to limnology.
department of biology, USU's FPMIPA,
Medan; 2002.

Sepriani, Abidjulu J, Harry SJ, Kolengan.
The effect of tofu industry liquid waste on
water quality in Paal river 4, Tikala District,
Manado City. 2016;(9)1.

Mitsch WJ, Gosselink JG. Wetlands, 3rd
ed. Canada: John Wiley & Sons, Inc;
2000.

Yuliana. Distribution and Structure of
Phytoplankton ~ Community in  Jailolo
Waters, West Halmahera. Aquatic Journal,
2015;6(1):41-48.

Vuuren V. Easy identification of the most
common freshwater algae. South Africa:



20.

21.

22.

Adrian et al.; AJFAR, 10(2): 34-43, 2020; Article no.AJFAR.62604

North-West University and Department of
Water Affairs and Forestry; 2006.

Welch PS. Limnology. 2nd ed. New York:
Mc Hill Book; 1980.

Widyarini H, Pratiwi NTM, Sulistiono.
Zooplankton  community  structure at
majakerta estuarya and its surrounding
waters, Indramayu Regency, West Java
Province. Journal of Tropical Marine
Science and Technology. 2017;9(1):91-
103.

Zahidah, Syawalludin IN, Lili W. The
structure of the plankton community in Situ
Cisanti, Bandung Regency, West Java.
Aquatic Journal. 2013;4(1):80-88.

23.

24,

25.

Landner. Eutrophication of lakes.
Analysis Water and Air Pollution
Research Laboratory Stockholm. Sweden;
1978.

Sirait M, Rahmatia F, Pattulloh.
Comparison of diversity index and
dominance index of phytoplankton in

Ciliwung River, Jakarta. Oceanic Journal.
2018;11(1):75-79.

Dhahiyat Y, Sinuhaji D, Hamdani H.

Structure of coral fish community
in the coral transplant area in
Pari Island, Thousand Islands.

Indonesian Journal of lktiologi. 2003;3(2):
87-94.

© 2020 Adrian et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sdiarticle4.com/review-history/62604

43



