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ABSTRACT

Periphytic algae are part of algal periphyton that are important in the microorganism community in the
aquatic systems as they play an essential role as producers in the trophic and aquatic levels. The aim of this
study serves to determine the structural differences of periphytic algae communities in both Cipeles River
and Cisudajaya River, Sumedang, West Java.  Accumulation of periphytic algae colonisation was performed
with a number of temperature and light treatments using a square-shaped stone sized 2 cm x 2.5 cm x 1 cm
for 28 days. Experiments were carried out with the temperatures set to 30°C and 33°C, as well as light
intensities of 1000 lux and 2000 lux. Water as the medium is taken from the Cipeles River and Cisudajaya
River. A number of different commercial hydroponic fertilisers as the growth nutrients for the periphytic
algae were then added to the media. Once the experiments were fully performed, the results showed
structural differences in the periphytic algae community from both Cipeles River and Cisudajaya River
water media, where 25 types of periphytic algae from 10 classes were obtained from Cipeles River while
the Cisudajaya River had 30 types of periphytic algae from 9 classes. In addition, an increase of colonisation
was found in the periphytic algae samples taken from Cipeles River and Cisudajaya River, where they
experienced biomass accumulation on Day 14 and Day 28. The optimal temperature for the periphytic
algae colonisation in both samples is 30 °C, with the optimal light ranging betwen 1000 lux and 2000 lux.
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Introduction

Periphyton or Aufwuchs are organisms, including
both heterotrophic and autotrophic, that grow
heavily on submerged substrates (Wetzel, 2001).
Periphytic algae are parts of periphyton that play an
important role in the maintenance of their ecosys-
tems by supporting food webs, removing nutrients
from the water column, reducing flows, and also
stabilising sediments (Stevenson, et al., 1996). The
variability of the substrate in nature and the variety
of suitable algae on each substrate cause different
data to study periphyton quantitatively (Buczko and
Acs, 1992), that subsequently leads us to think that

habitat engineering is needed, including substrate
and environmental factors in order to simplify the
complexity of nature (Cattaneo and Amireault,
1992). The composition of periphytic algae commu-
nity is affected by a number of factors including
light, temperature, currents, substrate, scour by
flooding, water chemistry, and grazing. Light and
nutrients that interact with temperature can also af-
fect biomass (Allan and Castillo, 2007). Light has the
potential to contribute to many variations in physi-
ology, population growth, and community structure
of benthic algae (Hill, 1996). Light conditions di-
rectly affect the growth and photosynthesis of
microalgae (duration and intensity). In addition,
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temperature is an important determinant of algal
biomass and algal species composition in aquatic
ecosystems (Rutherford, et al., 2000). An increase in
temperature can also increase photosynthetic activ-
ity in algal communities (Pniewski and Sylwestrzak,
2018). It is suspected that exposure to temperature
and light affects the periphyton succession process
on artificial substrates. Light conditions directly af-
fect the growth and photosynthesis of microalgae
(duration and intensity). An increase in temperature
can also increase photosynthetic activity in algal
communities (Pniewski and Sylwestrzak, 2018).

This study was conducted not only to determine
the structural differences in the periphytic algae
community, but also to see the possible increase in
the periphytic algae colonisation based on the expo-
sure time during the temperature and light treat-
ments on the periphytic algae samples from Cipeles
River and Cisudajaya River water media. Both
Cipeles River and Cisudajaya River are tributaries of
the Cipeles sub-watershed, which flows to the
Cimanuk watershed, the second longest river in the
West Java Province. These two rivers have different
regional hues as Cipeles River is situated near a
settlement, while Cisudajaya River is located around
rice fields. The absence of research on the succession
of periphytic algae originating from the rivers in
Sumedangarea makes it important to study the suc-
cessional ability of periphytic algae as it highly pro-
vides us with basic information for the sustainability
of the ecosystem.

Materials and Methods

Study Area

The succession experiments were performed at the
Aquatic Ecology Laboratory of the Biology Study
Programme, FMIPA - UNPAD between October
and November 2020 for 28 days, while identification
of the algal periphyton was carried out at the Water
Quality Laboratory in the Center for Environment &
Sustainability Science-CESS UNPAD. The coordi-
nates of the sampling points are S06°53,197',
E107°50,839' for the Cipeles River , and S06°50,816',
E107°58,809' for Cisudajaya River.

Methods

Sample Preparation

Water samples for the succession experiment were
taken from several sampling points in the water

bodies of Cipeles River and Cisudajaya River,
Sumedang. Periphyton sampling was carried out
using the sweep method where substrate in the form
of rocks and hydrophytes in the river was brushed
using toothbrush and then rinsed with distilled wa-
ter. The brushed part is the upper surface of the sub-
strate that is exposed to sunlight and the roots of the
hydrophytes. The results of the sweep were then put
into a 100 ml Schott Duran glass vial and stored in a
cool box without any light exposure prior to the ex-
periment. Initial identification of population den-
sity of the periphytic algae was performed right be-
fore the experiment.

Experimental Set-Up

As nutrients, the water sample from Cipeles River
and Cisudajaya River was given a 4 ml/l concentra-
tion of commercial fertiliser and poured into a 500
mL Erlenmeyer flask with 400 ml of water, where a
square stone measuring 2 cm x 2.5 m x 1 cm was also
put inside the flask as the attachment media for pe-
riphytic algae. In order to homogenise the tempera-
ture treatment, the Erlenmeyer flask was put into an
aquarium measuring 120 cm x 50 cm x 60 cm con-
taining tap water with a volume of 54 l, where a
thermostat and a 16-watt LED lamp sized 40 cm
were initially attached to adjust the lighting inten-
sity to 1000 lux and 2000 lux, with additional dark-
light ratio set to 12:12 using timer. Water tempera-
ture was maintained at 30 °C and 33 °C during the
experiment. Additionally, a thermo-control was also
placed on the inside of the aquarium to control the
water temperature. Resun Air-4000 aquarium air
control with 6 liters/minute air flow was utilized to
aerate each Erlenmeyer flask through an aerator
hose, that is equipped with a 0.45 micron Sartorius
filter. The aerator hose is connected to a straight
glass pipe to circulate air into the Erlenmeyer flask,
and L glass pipe is used to remove air from the same
flask. A set of untreatedaquarium was used as con-
trol.

Sampling

Every 2 weeks for a period of 4 weeks, periphytic
algae sediment samples were taken from the stone
surface by sweeping, put into several 100-ml glass
vials, and analysed using a microscope. In addition,
the amount of the DO (dissolved oxygen) of the
water in the flask was also measured using DO
Meters every time a sample was taken. Sampling
time was carried out from 09:00-12:00.
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Data Analysis

The periphytic algae samples that have previously
been put into 100 mL glass vials are taken using a
pipette and dropped onto a Sedgwick Rafter until
the volume reaches about 1 mL, where it is then put
under microscope for identification using Freshwa-
ter Algae book ‘Identification and Use as Bioindicators’
by Edward G. Bellinger and David C. Sigee. The
data will then be analysed using the formulae for
periphyton abundance, periphyton biomass, and
ecological indices complying by Shannon-Wiener’s
Diversity Index (Odum, 1971), Evenness Index
(Kreb, 1989), and Simpson Diversity Index (Berger
and Parker, 1970).

Results and Discussion

Results

The highest level of total abundance of periphytic
algae on Day 14 of the succession was found in the
water media from Cisudajaya River with tempera-
ture and light treatment set to 33°C 1000 lux,
whereas Day 28 showed the highest level of total

abundance in the water media that was taken from
Cipeles River with temperature and light treatment
set to 33 °C 1000 lux (Table 1).

At the end of the experiment and based on the
abundance obtained, the most optimal temperature
for the periphytic algae growth is shown at 33 °C
1000 lux treatment for both Cipeles River and
Cisudajaya River water media, namely 6835.8x104
ind/cm2 and 1125.6x104 ind/cm2 respectively.

Species richness in Cipeles River water media
consists of 25 species derived from 10 classes (Table
2) while Cisudajaya River water media has 30 spe-
cies that are derived from 9 classes (Table 3). The
highest abundance of species comes from
Nitzschiaphilippinarum.

The highest number of periphytic algae species in
Cipeles River water media on Day 14 was found in
the experiments with 30°C 2000 lux and 33°C 2000
lux treatments, with 14 species, whereas on Day 28,
the composition of periphytic algae culture in
Cipeles River water medium had its highest number
at the 33°C 1000 lux treatment namely 15 species
(Figure 1).

A B
Fig. 1. The Total Number of Periphytic Algae Species: A. Cipeles River Water Media B. Cisudajaya

River Water Media

Table 1. Total Abundance of Periphytic Algae

Day Total Abundance (x104)   Individual/cm2

Control 30° 1000 lux 30° 2000 lux 33°C 1000 lux 33°C 2000 lux
A B A B A B A B A B

Initial 2.2 6.5 2.2 6.5 2.2 6.5 2.2 6.5 2.2 6.5
14 8 13.4 26.2 290 33 103.8 26.2 1266.2 154.2 25.4
28 18 199.8 721.6 235.6 694.6 197.4 6835.8 1125.6 17.8 20.8

*Initial is the initial total abundance of the Cipeles River and Cisudajaya River water media as a whole
in the entire Erlenmeyer flasks.
* A and B refers to name of the river, A: Cipeles River; B: Cisudajaya River.
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The highest number of periphytic algae species in
Cisudajaya River water media on Day 14 was found
in the 33 °C 2000 lux treatment, namely 17 species,
while Day 28 showed the highest composition of
periphytic algae culture in Cipeles River water me-
dium with 17 species during the 30 °C 2000 lux
treatment (Fig. 1).

Discussion

The periphytic algae community obtained during
the experiment had not yet reached the climax stage
of periphytic algae succession. According to
Szlauer-Lukaszewska (2007), succession of periph-
ytic algae is divided into three stages: the initial
stage: the first 2 weeks of periphytic algae develop-
ment; the intermediate stage: weeks 3 to 11; and the
adult stage: week 12. The time of succession in this
study was carried out for 4 weeks, resulting that the

periphytic algae community has not yet reached its
stable stage.

The growth rate of microalgal cells is influenced
by a combination of environmental parameters such
as light intensity, photoperiod, and temperature in
the culture system (Kitaya, et al., 2008). Temperature
is an important determinant of algal biomass and
algal species composition in aquatic ecosystems (Ru-
therford, et al., 2000). An increase in temperature has
a direct positive impact on the rate of photosynthe-
sis within a tolerable range. Specific response for a
photosynthesis increases progressively as the tem-
perature rises (Denicola, 1996). Accelerating rate of
photosynthesis at high temperatures allows for a
faster algae growth. DeNicola (1996) stated that the
optimal temperature for most periphyton ranges
from 10 °C to 30 °C.

Parmar, et al. (2011) stated that light intensity and
light-dark photoperiod cycles are the main factors

Table 2. The Abundance of Periphytic Algae Species in the water media of Cipeles River

Name of Species Species Abundance (x104) individual/cm2

Initial Control 30° 1000 30° 2000 33°C 1000 33°C 2000
14 28 lux lux lux lux

14 28 14 28 14 28 14 28

Cyclotella sp. 0.02 0.2 0.8 17.6 2.2 12.8 2.6 6.4 1.6 2.2 1
Cymbellaaffinis 0.09 0.2 0.8 0.4
Fragilaria crotonensis 0.04 3.2 0.2 0.4
Gomphoneis olivacea 0.19 2.2 0.2 0.4 0.2
Gyrosigmascalproides 0.04 0.2 0.2
Navicularadiosa 0.19 0.2 0.6 1 0.4 0.4 0.2 0.2
Nitzschia philippinarum 0.06 8.6 0.8 710 5.2 446 6.8 6820 139.2 8.6
Pinnularia viridis 0.08 0.6 0.4 0.2 0.2 0.2 0.2 0.2 0.2
Surirella robusta 0.008 0.4 0.2 0.2
Synedra acus 1.17 1.2 0.2 1.8 2.8 7 238 9.6 5.4 5 1.2
Pediastrum birediatum 0.008 0.2 0.2
Scenedesmus ovaliensis 0.07 0.6 0.6 5 1.4 1.6 1.4 2.2 3 2
Melosiragranulata 0.008 0.2 0.4 0.8 0.4 0.4 0.8
Merismopedia sp. 0.2 0.2
Oscillatoria sp. 1 0.4
Phormidium lacuna 0.008 0.4 0.6 0.8 0.2 1 2.6
Stanieria sp. 0.4 2.6 0.6 1 0.2 1.6 0.2 0.4 0.2 0.4
Peranema sp. 0.2
Phacuslongicauda 0.2
Trachelomonas volvocina 0.2 0.2 0.4
Cladophora sp. 2
Lemaneafucina 0.02 0.4 0.8 2.8 3.2 1.8 0.6 0.2
Ulothrix zonata 0.008 0.2 0.2
Tribonemaaequale 2.4 2.4 0.8
Closterium parrectum 0.09 0.4

*Note: the numbers 14 and 28 are sampling days where the sampling was carried out on Day 14 and Day 28.
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that determine the growth rate in microalgal cultiva-
tion. According to Anderson (2005), the optimal
light - dark regime was measured to vary between
12:12 and 16:8 for most cultures. Light above the
absorption point causes light inhibition that may be
offset by light entry of microalgae cells into very
short light - dark cycle periods (Pulz, 2001). Accord-
ing to Pal, et al. (2013), in generally, microalgae cul-
ture requires light intensity (lux) ranging 1000-
10,000 depending on the volume of the culture.
Light intensity at higher depths with high cell con-
centrations needs to be increased in order to pen-
etrate cultures, where 1000 lux is suitable for Erlen-
meyer, while 5,000-10,000 lux is required for larger
volumes (Coutteau, 1996). The temperatures and

light intensities obtained during the experiments
cannot be used as a benchmark to determine the sta-
bility of the periphytic algae community due to the
fluctuating values of the data and insufficient
amount of the climax succession.

All the periphytic algae obtained in all treatments
were dominated by Bacillariophyceae class, and this
dominance is presumably due to its high reproduc-
tion and adaptability. According to Odum (1998),
the prevalent presence of Bacillariophyceae classes
in the waters is caused by their ability to adapt to the
environment, cosmopolitan, resistant to extreme
conditions with high reproduction rate. The state-
ment above is also supported by Praseno and
Sugestiningsih (2000), where an increase in nutrient

Table 3. The Abundance of Periphytic Algae Species in Cisudajaya River Water Media

Name of Species Species Abundance (x104)   individual/cm2

Initial Control 30° 1000 30° 2000 33°C 1000 33°C 2000
14 28 lux lux lux lux

14 28 14 28 14 28 14 28

Amphora persipulla 0.01 0.6 1.2 0.4 2.2 0.8 3.4 0.2 1.6 1.4
Cyclotella sp. 0.008 30 2.8 3.4 3.2 1.2 3 1 8.2 0.6
Cymbellaaffinis 0.24 0.8 0.2 0.2 0.2 0.2
Fragilaria crotonensis 0.05 0.2 0.4 0.6 0.2
Gomphoneis olivacea 0.04 0.2 0.2 0.2 0.2 0.2
Gyrosigmascalproides 1.35 2.4 2 0.4 0.2 0.2 0.4 0.2
Navicularadiosa 2.14 1 1 2 0.2 2.2 1.4 2.6 5 1.8 1012
Nitzschia philippinarum 0.24 0.2 158 13.4 210 89.8 150 2.6 7.6 1242 89.6
Pinnularia viridis 0.008 0.2 0.4
Stenopterobia sigmatella 0.4 0.4 0.2 0.8 0.2
Surirellarobusta 0.6 0.2 0.2
Synedra acus 2.25 2.4 3.6 2.8 10.8 1 2 8.6 2.2 1 2.4
Monoraphidium sp. 0.2 0.2 0.6
Pediastrum birediatum 0.01 0.2 0.2 0.2
Scenedesmus ovaliensis 0.03 0.4 0.4 0.2 0.2 34 0.2 1 0.2 5
Melosiragranulata 0.4 0.2 0.4 0.2
Merismopedia sp. 0.2
Nostoc sp. 0.6 0.2
Oscillatoria sp. 1.4 1.2 0.4 2.6 2
Phormidiumlacuna 0.008 0.2 1.6 0.8 0.4 1 5.2 11.6
Spirulina sp. 3.6 0.2 4.8 1 0.2 0.2
Stanieria sp. 1.2 0.8 1.4 0.2 1.4 0.4 0.4 0.6 0.2
Trachelomonas volvocina 0.2 0.2
Cladophora sp. 1
Lemaneafucina 4.6
Terpsinoemusica 0.2
Ulothrix zonata 0.2 0.2 4.6 0.2 0.8 0.8
Tribonemaaequale 3 1.2 0.2 0.6 1
Closterium parrectum 0.008
Cosmarium punctuatum 0.01 0.4 0.2

* Note: the numbers 14 and 28 are sampling days where the sampling was carried out on Day 14 and Day 28.
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concentration will enable the, diatoms to reproduce
three times within 24 hours alone. Bacillariophyceae
also possestools in the form of long and short gelati-
nous stalks with gelatinous cushions that are semi-
spherical in shape and two additional layers of cell
walls stacking on top of one another to strongly at-
tach to substrates, and also mucus on the lid that
makes it easier to move around. The ability to ad-
here to the substrate surface better than other types
of periphyton causes the presence of
Bacillariophyceae to dominate in an ecosystem
(Suwartimah et al., 2011).

Based on the observation time, Bacillariophyceae
class appears to be the largest class that composes
the periphyton community in each observation, and
subsequently reflects the competitive advantage of
Bacillariophyceae that is associated with higher
growth rates at high temperatures. According to
Biggs (1988), diatom taxa are capable of rapid
colonisation. The ability to rapidly colonise is caus-
ing the diatoms to also create its initial peak biom-
ass. The species with the most occuring prevalence
during the experiment in all treatments was
Nitzschia philippinarum, while Nitzschia sp. is an
adaptive species (Shen et al., 2018) and Nitzschia sp.
happens to be microalgae that are found abundantly
in waters due to its ability to survive in extreme con-
ditions (Ilhami, 2015).

In conclusion, the periphytic algae community
that was obtained during the experiments with a
number of temperature and light treatments has not
yet reached the climax state of the periphytic algae
succession. The growth rate of the microalgal cells is
influenced by a combination of environmental pa-
rameters such as light intensity, photoperiod, and
temperature. The periphytic algae obtained in all
treatments were dominated by Nitzschia
philippinarum from the Bacillariophyceae class.
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