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Abstract. Periphyton indeed plays an undeniably vital role as primary
producers in the food web within aquatic ecosystems such as rivers.
The existence of periphyton will affect the populations of the aquatic
organisms at higher trophic level, thus it is interesting to be explored,
123Department of Biology, Faculty of especially in big rivers like Citarum. This study aimed to explore the
Mathematics and Natural Sciences, distribution of periphyton, including its types and abundance at sev-
Universitas Padjadjaran eral stations in the upstream part of Citarum River based on the land
Jl. Raya Bandung Sumedang Km 21, yse i the riverbanks, in the dry season of 2018. Samples were taken at
Jatinangor Sumedang, 45361 nine stations, namely Gunung Wayang Springs, Outlet Cisanti at the
valley of Mount Wayang and the connecting tributaries as follows: Ci-
hejo, Cibuni, Cirasea, Cikaro, Cisangkuy, Cikapundung and Ciwidey.
Samples of periphyton were taken from the substrate of stone, wood,
plastic and macrophytes at three sampling points of each station. Per-
iphyton samples were then scraped off from the surface of the sub-
strate, where the deposit would then be filtered using plankton net No.
20, preserved with Lugol 1% and subsequently identified. The results
showed there were 83 species from 58 genera of both phyto-periphyton
and zoo-periphyton, classified as periphyton found on the sites. The
total abundance of phyto-periphyton ranged between 2.3 x 104 ind/
m? and 1.3 x 108 ind/m? where the total abundance of zoo-periphyton
covered from 4.7 x 102 ind/m? to 3.7 x 105 ind/m°. The highest and the
lowest numbers of total abundance of periphyton were shown at sta-
tions of Gunung Wayang Spring and Cirasea tributary, respectively.
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INTRODUCTION

The upstream section of Citarum Riv-
er plays an important role as a multi-purpose
river in the province of West Java. Citarum
River stretches 269 km from highland in the
middle of West Java to the northern coast of
Java Island, which is still part of the province
of West Java. The main water source comes
from the springs around Mount Wayang and

flows through 8§ regions in West Java Province
(LIPL, 2017).

Citarum watersheds are dominated by
anthropogenic activities such as industrial,
settlement and agriculture (Pratiwi, 2018).
The upstream part of Citarum changes in its
land use, especially due to rapid urbanization,
forest conversion and agricultural intensifi-
cation (Agaton et al., 2016). Citarum River
streams its water all the way through 8 re-


mailto:tridewi.pribadi@unpad.ac.id

Jurnal Biodjati 5(1):23-32, May 2020

JURNAL BI§®DJATL

http://journal.uinsgd.ac.id/index.php/biodjati

gions and the water is mostly used as the main
source for drinking, irrigation, fisheries and
also industrial needs such as providing elec-
tricity for Java and Bali islands.

Based on the Decree of West Java Gov-
ernor No. 39/2000 and the statement of the
Centre for Research and Development of Nat-
ural Resources and the Environmental Man-
agement Agency (BPLHD) of West Java, it is
stated that the water quality of Citarum River
is below water quality standard throughout
the year, especially during the dry season and
hence categorized as a highly polluted river.
The high level of pollution in Citarum River
has affected the aquatic organisms such as pe-
riphyton, whose existence was once relatively
settled and now leading to disrupted ecosys-
tem (Utami, 2019).

Earlier research on plankton in the up-
stream part of Citarum River has been con-
ducted at different sampling locations, which
taken from water samples, resulting in 31
genera of plankton that consist of 22 genera
of phytoplankton and 9 genus of zooplank-
ton (Putra et al., 2012). The research on the
presence of periphyton was intended to deter-
mine the types and abundance of periphyton
in order to provide information about the con-
dition of waters in the upstream section of Ci-
tarum River, with different sampling stations
in comparison to earlier research by Putra et
al. (2012). This also based on the reason that
periphyton, especially phytoplankton, is a re-
source base supporting production at higher
trophic levels in the aquatic ecosystem (Clo-
ern et al., 2014) and its community structure
is an expression of the environmental health
or biological integrity of a particular water
body (Ekwu & Sikoki, 2006).

The study took place at nine stations on
the upstream part of Citarum River compris-
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ing of springs, outlets, and tributaries, which
the periphyton as part of the plankton that
become the main subject. The results of this
study are required for the consultancy on the
basin of Citarum River in order for the author-
ities to determine suitable recovery measures
for the watersheds’ health, particularly the Ci-
tarum itself.

MATERIALS AND METHODS

Sampling Sites and Time

This study was conducted in the up-
stream of Citarum River using purposive sam-
pling method based on the input of the water
from tributaries of Citarum River (Figure 1 &
Table 1). The research was conducted from
September — October 2018.

In once sampling series, the periphy-
tons were taken from substrates such as stone,
wood, trash, and macrohydrophytes along the
sampling stations. Periphyton substrates were
then put into portion in accordance with the
size of the area of the substrate and separat-
ed using a soft brush. The substrate which has
been separated from periphyton would then
be rinsed with distilled water, followed by fil-
tering the water using a plankton net No. 20.
The area measurement of periphyton was us-
ing milimeter blocks, which be matched to the
surface area of substrate. The abundance of
periphyton was calculated after observation
under a microscope with magnification 100,
counting the individuals of periphyton in wa-
ter samples using Sedgewick Rafter Counting
Cell (SRC). The periphyton identified refer-
ring to the book by Prescott (1980), and calcu-
lated using formulae from Eaton et al. (1995).
Ecological indices comprised Diversity Index
(H"), Evenness Index (E) and Simpson’s Di-
versity Index (D) (Table 2).
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Figure 1. Stations of periphyton sampling in the upstream part of Citarum River, where periphyton
samples from tributaries were taken from two different points (before and after the tribu-

tary water entered and got mixed with Citarum River);

Table 1. Description of periphyton sampling locations

Location Sampling Point (Coordinates)

Anthropogenic activities

Gunung Wayang  Springs (1) (107°39'23.06"E 7°13'3.79"S)

Outlet Cisanti Outlet Cisanti (2) (107°39'34.97"E 7°12'28.49"S)

Cihejo tributary (3a) (107°41'53.44"E 7°8'26.04"S)
Cihejo + Citarum (3b) (107°41'53.99"E 7°8'24.77"S)

Cibuni tributary (4a) (107°42'7.69"E 7°7'16.28"S)

Cihejo

Cibuni Cibuni + Citarum (4b) (107°42'8.62"E 7°7'14.36"S)
Cirasea Cirasea tributary (5a) (107°43'51.98"E 7°1'30.08"S)
Cirasea + Citarum (5b) (107°43'48.29"E 7°1'27.24"S)
Cikaro Cikaro tributary (6a) (107°45'37.77"E 7°3'48.58"S)
Cikaro + Citarum (6b) (107°45'36.45"E 7°3'44.69"S)
Cisaneku Cisangkuy tributary (7a) (107°37'27.96"E 6°59'22.53"S)
gy Cisangkuy + Citarum (7b) (107°37'26.58"E 6°59'19.00"S)
Cikapundung tributary (8a)
Cikabundun (107°37'52.23"E 6°59'24.42"S)
pundung Cikapundung + Citarum (8b)
(107°37'44.64"E 6°59'29.18"S)
xrt : 0 ' " 0 [ "
Ciwidey Ciwidey tributary (9a) (107733'7.96"E 6°58'50.03"S)

Ciwidey + Citarum (9b) (107°33'1.80"E 6°58'38.12"S)

Spring of Gunung Wayang
Several fish ponds
Tea plantations

Situ Cisanti
Touristic area in point of 0 Km

Agriculture

Domestic rock mining and
irrigation

Sand dredging

Domestic brick factory
Textile factory

Sand washing

Settlement

Textile factory
Public market
Local gold mining

Sand dredging
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Table?2. Ecological indices used in the analysis of periphyton (Wilhm & Dorris 1968; Odum 1996; Berger & Parker, 1970)

Index

Formula

Criteria

Shannon-wiener Diversity Index
(H")
HF
Evenness Index (evenness) E=—_—
In s

Simpson’s Diversity Index (D)

S (R

H'<l ; low diversity
1 <H '<3 ; moderate biodiversity
H"™3 ;high diversity

E =1 ; high evenness

)_ D = 1; low dominance

D=1 Z(m—ﬂ
N N

RESULTS AND DISCUSSION

The periphyton found in all stations com-
prised 58 genera with all their 83 species (Table
3). These 83 species were classified into 80 spe-
cies of phyto-periphyton and 3 species of zoo-
periphyton.

The species of periphyton was most-
ly present in Cikaro station while the high-
est number of phyto-periphyton was found in
stations of Cikaro and Cikapundung, where
zoo-periphyton on the other hand was mostly
encountered in Cihejo and Cikaro (Figure 2).

There were 21 species of periphyton
found on all substrates (Table 3). These species

were cosmopolitan that they can actually live in
various substrates, while others found only in
specific substrates. There were four species of
periphyton found only in the trash (macroplas-
tic from domestic activities), five species found
only in macrohydrophytes and 10 species found
only on the stone surface, 18 species found only
on wood (Table 3). This finding showed that
wood was the most liked substrate to be inhabit-
ed by periphyton among others. This result also
in line with Signor et al. (2015), which reported
that wood, was the most liked substrate for pe-
riphyton, and this presumably due to the use of
substrate for the production of organisms as a
source of food.

Table 3. Number of species in each periphyton genus in the Citarum’s Upstream

Genus Species Substrates
Stone  Wood  Macrohydrophytes  Trash
Arcella Arcella vulgaris \ \ \ V
Criconema Criconema sp. \
Achnanthes Achnanthes lanceolata \ \ \ \
Amphipleura Amphipleura sp. \
Amphora Amphora sp. \ \
Anomoeneis Anomoeneis sp. \ \ \ \
Bacillaria Bacillaria paradoxa \
Cocconeis Cocconeis duplex \ \ \ \
Cyclotella Cyclotella meneghiniana \
Cyclotella polymorpha \
Cyclotella sp. \ \ \ \
Cymatopleura Cymatopleura elliptica \ \
Cymbella Cymbella naviculiformis \ \ \ \
Cymbella sp. \ \ \

Noviana et al.
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Diatoma Diatoma sp.
Diploneis Diploneis sp. \
Encyonema Encyonema sp. \
Epithemia Epithemia adnata \
Epithemia turgida \
Fragilaria Fragilaria sp. \ \
Gomphonema Gomphonema olivaceum V \
Gomphonema sp. \ \
Gyrosigma Gyrosigma sp. \
Melosira Melosira granulata \ \
Navicula Navicula arvensis \
Navicula sp. \ \
Nitzschia Nitzschia filiformis \
Nitzschia linearis \
Nitzschia plicatilis \
Nitzschia sp. \ \
Nitzschia vermicularis \ \
Pinnularia Pinnularia biceps \
Pinnularia dactylus \
Pinnularia sp. \
Pinnularia viridis \ \
Stauroneis Stauroneis phoenicenteron \
Stenopterobia Stenopterobia sp. \
Surirella Surirella sp. \ \
Synedra Synedra sp. V \
Tabellaria Tabellaria fenestrata \
Cladophora Cladophora sp. V \
Closteriopsis Closteriopsis sp. \
Closterium Closterium acutum \
Closterium pronum \ \
Closterium sp. V \
Closterium strigosum \
Coelastrum Coelastrum sp. V
Cosmarium Cosmarium ralfsii \
Cosmarium sp. V \
Crucigenia Crucigenia sp. \
Crusigenia fenestrata
Hyalotheca Hyalotheca sp. \ \
Oedogonium Oedogonium sp. \
Pediastrum Pediastrum duplex \ \
Pediastrum sp. \
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Scenedesmus Scenedesmus acuminatus \
Scenedesmus armatus \ \ \
Scenedesmus obliquus V \ \
Scenedesmus opoliensis \
Scenedesmus parisiensis \
Scenedesmus sp. \ \ \ \
Sphaerozosma Sphaerozosma sp. \
Spirogyra Spirogyra sp. \ \ \ \
Staurastrum Staurastrum sp. \ \
Tetraedron Tetraedron triangle \
Zygnema Zygnema sp. \
Gambusia Gambusia affinis \
Tribonema Tribonema sp. \ \ \
Anabaena Anabaena spiroides \
Chroococcus Chroococcus turgidus \
Microcystis Microcystis sp. \
Nodularia Nodularia sp. V
Oscillatoria Oscillatoria sp. \ \ \ \
Plectonema Plectonema sp. \
Spirulina Spirulina sp. \ \ \
Stigonema Stigonema sp. V \ \
Stanieria Stanieria sp. \ \ \ \
Euglena Euglena acus \
Euglena sp. \ \
Phacus Phacus sp. V \ \
Trachelomonas  Trachelomonas sp. \ \ \
Peridinium Peridinium sp. \
Lemanea Lemanea sp. \
58 83 46 57 39 39
70 - 10
& lIRhodophyta 3 8
% "« Pyrrhophyta (% 6
“_S < Euglenophyta (fS I Chordata
—g axCyanophyta % 4 = Arthropoda
; 5 Chrysophyta ;‘ 2 § ______ = Amoebozoa
# Chlorophyta E
123456789 *Bacillariophyta 123456789

Figure 2. Composition of the number of types of periphyton in each station during sampling period;

Station

Station

phyto-periphyton (left) and zoo-periphyton (right).
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The abundance of periphyton by species
has a value ranging from 2.3 x 103 ind/m? to
2.2 x 109 ind/m?. The highest abundance of
periphyton was found in Station 1 (Gunung
Wayang Spring), while the lowest was in Sta-
tion 9 (Ciwidey) (Table 4). This presumably
due to the different environmental stress re-
ceived by both stations, while station 1 is rela-
tively better in water quality in comparison to
mixed tributary and the main river (Station 9).
In terms of groups, the most abundance one
was found in Bacillariophyta, and this result
has led us to presume that the area had been in
eutrophic condition. Bacillariophyta proved
to be the bioindicator of eutrophic conditions
in the aquatic ecosystem, including in the riv-
er (Woods et al., 2019).

The total abundance of periphyton (Ta-
ble 4) found during sampling period varied
among stations, ranging from 2.3 x 104 ind/
m? (Station 9) up to 1.3 x 108 ind/m? (Sta-
tion 1) for phyto-periphyton and from 4.7 x
102 ind/m? (Station 1) up to 3.7 x 105 ind/m?
(Station 7) for zoo-periphyton. These results
presumably were due to different land utilisa-
tions along the riverside, which gave different
loading nutrients as a result. Similar results
were mentioned in Putra et al. (2012), show-
ing various abundance among stations.

Station 1 showed the highest abun-
dance of phytoperiphyton, which was pre-
sumably due to its type of the station, in this
case, springs, with its lower environmental
stress in comparison to other stations that
have been exposed to anthropogenic activ-
ities, such as industrial and agriculture. On
the reverse, Station 7 showed the highest
value of zoo-periphyton abundance, presum-
ably due to the presence of abundant food
sources rather than environmental factors
whereas the environmental factors were still
in the normal range for the growth support.

Due to the water quality, the lowest val-
ue of the abundance of phyto-periphyton was
found at Station 9 made it highly unlikely to
support the growth and development of phyto-
periphyton during the sampling period. Like-
wise, with zoo-periphyton found in Station 1,
which scored the lowest abundance due to its
water condition, they were also less support-
ive of growth and development even in condi-
tions of having abundant food sources.

The ecological indices being observed
were biological Diversity Index (H'), Even-
ness Index (E) and Simpson’s Diversity In-
dex (D). These indices show the richness of
a community as well as the balance of the
amount of each species.

Table 4. Total abundance of phytoperiphyton and zooperiphy-
ton in the upstream section of Citarum River

Total abundance ( x10* ind/m?)

Stations ) )
Phyto-periphyton Zoo-periphyton
1 13356.5688 0.0470
2 60.5547 0.0375
3 2552.4631 0.1203
4 46.4868 0.6434
5 5.6744 0.9577
6 754.2240 4.5411
7 29.8482 37.1466
8 2108.7792 2.4244
9 2.2740 10.1032
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The results (Table 5) showed that the
value of the diversity index of periphyton var-
ies at each station. Station 1 has the lowest
value of 0.008 in its diversity index and Sta-
tion 4 has the highest value 1,651. Overall, the
diversity index of Citarum’s upstream during
the sampling period amounted to 0.618. This
overall result proves to be in accordance with
Wilhm & Dorris (1968) and Odum (1996) that
waters with a diversity index of less than 1
indicate a low species diversity even though
Station 4 has a value of more than 1 in its di-
versity index.

Evenness Index value (E) of all stations
being observed ranged from 0.003 to 0.520
(Table 5). In general, the evenness index val-
ue in each station showed a value smaller than
0.5 except in Station 4 where its index value
was greater than 0.5. Having an evenness in-
dex value greater than 0.5 indicates that the
individual distribution of species occurred
unevenly, whereas the E value lower than 0.5
indicates that the distribution of species was

relatively even. Overall, the uneven distribu-
tion of periphyton in the upstream section of
Citarum River is triggered by the average val-
ue 0.187 of the Evenness Index. This result is
in line with the dominance index where values
in some stations are closer to 0 rather than 1,
showing that there were dominant species in
some stations, presumably due to high-stress
level of abiotic factors, which in the end sup-
pressed the growth of some species and drive
growth other species in the reverse.

Apart from that, anthropogenic activi-
ties, such as agriculture which use herbicides
and agricultural fertilizer can also trigger
changes in aquatic organisms (Burford et al.,
2012; Dalton et al., 2015), including periphy-
ton communities (Tlili et al., 2012), which can
be identified by the water quality and deviat-
ing sensitivities of periphyton taxa towards
nutrients and other substance in the water
column (Briggs & Kilroy, 2000; Rimet, 2012;
Zizek et al., 2011).

Table 5. Ecological Indices of periphyton in upstream Citarum
River during sampling period

Stations Index
H’ E D
1 0.008 0.003 0.032
2 0.967 0.313 0.582
3 0.600 0.178 0.345
4 1.651 0.520 0.828
5 0.954 0.283 0.688
6 0.059 0.016 0.199
7 0.625 0.180 0.487
8 0.380 0.102 0.169
9 0.319 0.088 0.295
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