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Abstract. Elfidasari D, Wijayanti F, Muthmainah HF. 2020. Short Communication: The effect of water quality on the population density
of Pterygoplichthys pardalis in the Ciliwung River, Jakarta, Indonesia. Biodiversitas 21: 4100-4106. The quality of waters is determined
by the average value of the measured parameter range with a direct impact on aquatic biota due to pollution. The Ciliwung River is one
of the polluted waters in Jakarta, which is the habitat for Pterygoplichthys pardalis (plecos catfish) that dominates the river. This study,
therefore, aimed to analyze the influence of Ciliwung River quality on the density of P. pardalis. Data were obtained by measuring DO,
BOD, pH, rainfall, temperature, water clarity, turbidity, current velocity, river depth, ammonia, and phosphate levels, as well as the fish
population density. The research result showed that the density of P. pardalis population was greatly influenced by the DO, BOD, pH,
turbidity, and ammonia parameters of the Ciliwung River. The waters quality with the DO condition of 2.6 mg/L, BOD of 1,2 mg/L, pH
of 7.2, the turbidity of 3.85 FTU and ammonia of 2.65 ppm were the optimum conditions for the highest population density of P.

pardalis in the Ciliwung River
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INTRODUCTION

Water quality plays an important role in the survival of
aquatic biota and affects the population density. Its
parameters are directly or indirectly determined by the
hydrodynamic process as well as some physical and
chemical factors that occur in water (Guntur et al. 2017).
Besides, pollution reduces the quality of water, which has a
direct impact on aquatic biota (Kisku et al. 2017; Shetty et
al. 2015). The Ciliwung River originates from the
Pangrango Mountain, West Java, and flows from Bogor
through Depok, and ends in Jakarta Bay’s estuary. The
length of the Ciliwung River is + 117 km, while the
watershed area is approximately 347 km?2. The previous
studies explained that Pterygoplichthys pardalis is the only
armored catfish in the Ciliwung River (Elfidasari et al.
2016; Rosnaeni et al. 2017). It is an invasive species that
originated from South America, precisely North Argentina,
and its population currently dominates the fish community
in the Ciliwung River.

The presence of P. pardalis has contributed to the
population decrease of other fish in the Ciliwung River. It
has the characteristics of an invasive organism, such as a
skilled competitor, predator, reproducing rapidly, and
easily adapting to its environment (Pysek & Richardson
2010; Hubilla et al. 2007). This condition causes its
population to dominate over other fish species in the river.
The abundance of P. pardalis is quite beneficial to the
surrounding society because it can be used as raw materials

for some processed food products such as fish cakes,
dumplings, fish floss, and crackers (Mahdiah 2010).

The environmental quality of the water certainly
influences P. pardalis presence in the river. However, there
was no available information that explained its impact on
population density. This study aimed to analyze the effect
of the water quality on the P. pardalis population density in
the Ciliwung River. The information obtained from this
research is expected to serve as a material for consideration
by the Jakarta city government in carrying out policies on
the™ sustainable management of the Ciliwung River.

MATERIALS AND METHODS

Data sampling locations

This research was done in three sampling stations,
namely Stl, St2, and St3. Determination of sampling
location was done using a purposive sampling method,
which is based on the presence of Pterygoplichthys
pardalis in the Ciliwung River, Jakarta, Indonesia. Stl is
located in Condet, with the rocky conditions and the river
banks overgrown with trees. St2 is located in Pasar
Minggu, having a wide river body and riverbank covered
with trees and shrubs. The last station is St3, located in
Cawang whose riversides are densely populated with many
community activities. The coordinates are as follows: St1 S
06.244053°-E 106.862654° St2 S 06.25830°-E 106.86040°,
and St3 S 06.28599°-E 106.84717° as shown in Figure 1.
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Figure 1: Three sampling stations along Cawang-Condet of the Ciliwung River, Jakarta, Indonesia

Water quality measurements of the Ciliwung River

The measurements of water quality were carried out at
three designated sampling locations with the data sampling
conducted thrice at a distance of + 5 meters from each
other. The measured parameters were rainfall, river
currents, temperature, pH, dissolved oxygen (DO),
biochemical oxygen demand (BOD) during the breakdown
of organic matter in a water sample during a five day
(BODs), river depth, clarity, turbidity, and current velocity
using various methods and measurement tools as shown in
Table 1 (Mainstone and Gulson 1990; Shetty et al. 2015).
Phosphate (PO4) and Ammonia (NHs) measurements were
carried out at the Integrated Laboratory Center of the
Faculty of Science and Technology of UIN Syarif
Hidayatullah Jakarta.

Table 1. Water quality sampling methods in the Ciliwung River,
Jakarta, Indonesia

Tools/methods of

Parameter Unit -
sampling

Physical

Rainfall Mm  Secondary data from

meteorological stations

Temperature °C Thermometer

River current m/sec. Current meter

River depth Cm  Scale stick

Clearness % Secchi disk

Turbidity NTU  Turbidimeter
Chemical

pH - pH meter

Dissolved oxygen (DO) mg/L  BOD meter

Biochemical oxygen mg/L  COD meter

demand (BOD)

Phosphate (PO4) mg/L  spectrophotometer Uv-Vis

Ammoniac (NHs) mg/L  spectrophotometer Uv-Vis

The data sampling of Pterygoplichthys pardalis density
in the Ciliwung River

The number of P. pardalis caught in the stocking nets
of 4x2 m? in size and 2,5-inch meshes spread at three
sampling stations was recorded. The nets were spread in
the morning at approximately 09.00-15.00 WIB, which is
the active food hunting time for members of the
Loricariidae including P. pardalis (Nico 2010). Sampling
was carried out three times in different weeks.

The density of Pterygoplichthys pardalis in the Ciliwung
River

The density of P. pardalis was calculated using the
following formula (Barus 2004)

Di = Xi/ Ni

Index

Di = Density (individual/m)

Xi = Total number of individuals

Ni = Total area

The correlation between environmental parameters and
the density of P. pardalis in the Ciliwung River

The correlation between environmental parameters and
the density of P. pardalis was measured using the Principal
Component Analysis (PCA) (Sartono et al. 2003). The
measurement of the data for Analysis Factor was done
using Kaiser-Meyer-Olkin (KMO) and Barletts test. KMO
test was used to Measure Sampling Adequacy (MSA) for
each variable (physical and chemical parameters of the
waters), and Sphericity compared the correlation matrix of
each variable using Barletts test (Widarjono 2010).

The formula for the KMO test is:
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Where:
R = [ry] is the correlation matrix and
U = [uy] is the partial covariance matrix.

RESULTS AND DISCUSSION

The quality of the Ciliwung River waters

The measurement results of the physical and chemical
parameters at the three stations showed that the temperature
was within the range of normal values, with a light
intensity of 1.12-7.74 Klux, depth of 50-148 cm, turbidity
of 18.13-42.39 FTU, current velocity of 0.4-2.1 m/s, BODs
of 3.8-5.7 mg/l, pH of 6.5-6.9, phosphate and ammonia
values of 0.05-0.1 ppm, and 0.6-4.6 ppm,
respectively(Table 2). 5-d Biochemical Oxygen Demand
(BODS) is the standardized experimental procedure to
determine the relative oxygen requirements for aqueous
microbes to consume organic materials in natural waters.
This environmental condition is suitable for the P. pardalis,
because this fish prefers warm waters which provide an
opportunity for more sources of food and opportunities for
invasion. During extreme weather (dry/cold), the P.
pardalis tends to occupy holes in river slopes.

The optimal temperature for Pterygoplichthys sp is 21-
29°C (Nico et al. 2012). The water current during summer
increases the population of Pterygoplichthys sp due to the
optimal temperature, which is ideal for breeding; however,
during winter/cold season, it tends to limit algae food
supply and fish reproductive success (Gibbs et al. 2013).
The reproduction period of plecos coincides with the large
availability of phytoplankton in the water (Duarte and
Araujo 2002), and an optimal condition for their growth is
when the temperature is approximately 20-30°C (Nair et al.
2015).

The current velocity of the Ciliwung River at the time
of measurement showed that the value varied among
stations, with stations 1 and 3 possessing a strong current
velocity at 5 m/s and 2.1 m/s, respectively. Station 2 had a
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weak current velocity of 0.4 m/s (Table 3). The current
velocity of a flowing body of water, such as a river,
determines the spread of organisms and the availability of
food sources for aquatic biota. The stronger the current
velocity is, the greater the abundance of food sources is,
which also leads to the better spread of fish, and ultimately
affects population density (Hockley et al. 2013; Guenard et
al. 2015).

The DO at the second station had a low value of 4.66
ma/l due to high turbidity of 42.39 NTU, and this led to the
excessive consumption of oxygen by the microorganisms
to mobilize organic matter (Table 2). Dissolved oxygen in
water decreases with an increase in organic waste because
anaerobic bacteria use it in the breaking down of organic
materials. The members of the Loricariidae can live in
waters with low oxygen and high organic matter contents
due to their ability to take in oxygen from the air with a
major food type referred to as detritus (Yossa and Araujo-
Lima 2011).

Turbidity value is an indicator of the amount of
materials, namely clay, dust, plankton, and
microorganisms, suspended solid from domestic waste and
activities in the water. It is negatively correlated with the
value of dissolved oxygen levels. The turbidity values in
three locations were 18.13-42.39 FTU (Table 2).

The pH value in the Ciliwung River was 6.5-6.9 (Table
2). The ideal pH for freshwater biota is between 6.8 and 8.5
(Tatangindatu et al. 2013). If the pH values are extremely
low or high, the solubility of metals in the water increases,
which is toxic to aquatic organisms.

The results of BODs measurements in the three
locations showed that the pollution level was still low and
categorized as good water. According to Salmin, the BODs
value of good waters for biota ranges from 0 to 10 mg/L.
The first station had value of 5,7 mg/l, higher than that of
the third station, i.e., 4,9 mg/l (Table 2). A higher
concentration indicates that the water has been polluted
(Salmin 2005). The lowest BODs concentration was found
in the second station with a value of 3,8 m/L, as shown in
Table 2. However, P. pardalis is able to survive due to the
low concentration of BOD, Chemical Oxygen Demand
(COD), and Total Organic Matter (TOM) (Nugroho et al.
2014).

Table 2. Physical and chemical qualities of water in three stations in the Ciliwung River, Jakarta, Indonesia

. Station
Physical factors of waters stl St2 st3
Temperature (°C) 28.1+1.19 285+0.4 28.4+1.16
Light Intensity (Klux) 3.69+0.35 1.12+0.51 7.74 + 0,65
Depth (cm) 148+ 0 50 +4.25 130+43,5
Turbidity (NTU) 29.35+4.01 42.39+2.07 18.13+8.49
Current Velocity (m/s) 1.5+0.86 0.4+0.28 2.1+1.60
pH 6.5+ 0.66 6.7 £0.37 6.9+0.1
Biochemical Oxygen Demand (mg/L) 5.7+0.93 3.8+2.29 49+137
Phosphate (ppm) 0.05+0.01 0.04 £0.001 0.1+£0.012
Ammonia (ppm) 0.6+0.15 2.7+0.05 4.6+0.95
Dissolved Oxygen (mg/L) 5.93+0.92 4.66 + 1,81 5.23+1.50
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BODs value increases with the increasing content of
organic materials in the waters, which in turn causes the
dissolved oxygen content to decrease due to decompose
organism population increase (Boyd 1990). Decreased
oxygen levels in the waters can be overcome by P.
pardalis, because in anoxic conditions, potassium
compounds in the fish heart play a role in reducing the
quantity of blood pumped to the heart, in order to store
more energy (MacCormack et al. 2003).

The phosphate concentration in this research area was
0.04-0.1 ppm (Table 2) which did not exceed the
recommended value for rivers and waters The maximum
value of phosphate level, recommended for rivers and
waters that have ever been reported is 0,1 mg/L (Anhwange
& Edith 2012). Phosphate compounds in water are derived
from natural sources such as soil erosion, animal waste,
weathering of plants, destruction of organic materials, and
phosphate minerals (Affan 2010). The area around the
research location is densely populated, so the sources of
phosphate in the river are allegedly the outcome of human
activities, such as domestic waste disposal and water runoff
from agricultural practices.

The ammonia concentration was high, ranging from 0.6
to 4.6 mg/L (Table 2). The maximum threshold of
ammonium content in water is 1 mg/L to ensure that the
fish is in a normal condition despite the pollutants in the
waters (Pescod 1973). The high concentration of ammonia
in the three locations was due to the activities of people
living near the river, such as public bathing, washing, and
toileting (Mandi Cuci Kakus - MCK). Feces of plecos in
the aquatic environment increase ammonia concentrations,
and it is suspected to change the translocation of nutrients,
sediment characteristics, aquatic microbial, and benthic
communities (Ferraris Jr 1991).

Population density of Pterygoplichthys pardalis in the
Ciliwung River

The population density of P. pardalis at the first,
second, and third stations was 58 individual/m?, 80
individual/m?, and 36 individual/m?, respectively (Table 3),
with an average of 58 individuals/m?. The population
density of P. pardalis in this research was greater than that
in a previous study conducted in 2016, which was 22
individuals/m? (Halwa 2016).

The largest population density of 80 individual/m? was
obtained at the second station, while the smallest one was
found at the third station with a value of 36 individual/m?,
The second station had the greatest population density
because the number of individual Poecilia reticulata and
Mystacoleucus marginatus was fewer than those at the first
and third stations (Hadiaty 2011).

Table 3: Population density of P. pardalis in three sampling
stations in the Ciliwung River, Jakarta, Indonesia

Population density of P. Station
pardalis (individual/m?) Stl St2 St3
58 80 36
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This condition led to the abundance of P. pardalis in
the station compared to Poecilia reticulata and
Mystacoleucus marginatus. Its abundance is possible
because of its superiority in interspecific competition in
utilizing food sources with other fish in the Ciliwung River,
such as Poecilia reticulata and Mystacoleucus marginatus
(Hadiaty 2011). Their aggressive behavior when obtaining
food in a particular location where they are abundant may
change the composition of fish communities in the water.
This has the potential to cause a decrease in the population
of other species of fish and invertebrates in the river
(Josefsson and Andersson 2001).

Population density is also influenced by the number of
food sources in a body of water (De-Merona & Ranking
de-Merona 2004). According to the research conducted by
Pambudi, there are 5.834 phytoplankton individuals from
53 species in the Ciliwung River. This showed that the
population of fish at each station is influenced by the
presence of phytoplankton (Pambudi et al. 2016). The
largest population density value of 80 ind./m? was found at
the second station because the area had low current
velocity which is optimum conditions for phytoplankton
life (Odum 1988; Nair et al. 2015) At the second station,
the current velocity was lower than in the first and third
stations. The current velocity rate at the second station was
0.4 m/s, lower than at the first and second, i.e., 1.5 m/s and
2.1 m/s, respectively. Another reason for the high density
of P. pardalis at the second station was the low fishing
activities carried out by the communities near the riverside.
Commercial fishing activities of invasive species Pterois
volitans have shown to help inhibit the growth of the fish
populations in the Atlantic Sea (Barbour et al. 2011).
Another cause for the high density of P. pardalis is the
absence of predator fish because its body has several
adaptations that aid it in avoiding predators. Morphological
adaptation of P. pardalis includes having hard bones, and
regenerating pectoral fins, making it impossible to be eaten
by other species of fish that live in the river. P. pardalis’
predators are not fish, but snakes, freshwater turtles, birds,
and even humans (Anguiar and Di-Bernardo 2004; Bonini
et al. 2009; Nico 2010). The presence of a particular
species of fish is strongly influenced by the presence of
predators (Krebs 1972).

The correlation between environmental parameters and
the density of Pterygoplichthys pardalis population in
the Ciliwung River

Small KMO values showed that other variables do not
explain the correlation between pairs of parameters. The
previous KMO test was not fulfilled because its value was
less than 0.5. Therefore it was necessary to eliminate the
physical and chemical parameters of the Ciliwung River
waters by employing the Measure Sampling Adequacy
(MSA) Statistic Analysis test. The variables that had MSA
value < 0.5 was eliminated until the values of KMO, and
the MSA for each variable was more than half.

The selection results using MSA values in the physical
and chemical parameters of the waters show variables that
were feasible to be analyzed (MSA values> 0.5). There
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were five variables, namely turbidity, pH, DO, BOD, and
Ammonia, which produced a KMO value of 0.646 (KMO
value <0.5). The results from the physical and chemical
parameters showed a significance level of 0.028 (Table 4),
indicating that the statistical tests for the total correlation in
a matrix were significant.

The results from the analysis of the two matrix
component rotations on the physical and chemical
parameters of the P. pardalis habitat in the river
successfully identified the correlation between variables
with the components formed. The results showed two
parameters, i.e., DO (0.958) and BOD (0.957) and three
parameters, namely ammonia (0.826), turbidity (0.682),
and pH (0.638) were highly correlated variables in
component 2, (Table 5).

Interpretation of the results was conducted by observing
the value of the components contained in the matrix
rotation Figure 2. The value of the selected matrix
component was above 0.5 and was considered to be able to
explain the influencing variables. The rotating component
is a correlation matrix that shows a clearer distribution of
variables and is more real than the component matrix.
Principal component analysis (PCA) is a technique for
reducing the dimensionality of such data, increasing
interpretability but at the same time minimizing
information loss.

The analysis shows that the five variables in
components 1 and 2 correlate with the number of
individuals of P. Pardalis as shown in Figure 2. The
conditions of the physical and chemical parameters
determine the highest number of P. pardalis populations by
250 individuals, discovered in the Ciliwung River. The
parameters that affected its density and population were
DO value of 2.6 mg/L, BOD of 1,2 mg/L, ammonia of 2.65
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ppm, pH 7.2, and turbidity of 43.85 FTU in the waters of
the river. This value provides information on the optimum
conditions required for its presence in the Ciliwung River.
The results of multivariate analysis (PCA) showed that e
values of the physical and chemical parameters provide
information that the river water has been heavily polluted.
Although as a single component, the BOD value of river
water within good limits value of good waters for biota
ranges from 0 to 10 mg/L.

Table 4. KMO Test and Bartlett's PCA results on physical and
chemical parameters of the Ciliwung River waters, Jakarta,
Indonesia

Kaiser-Meyer-Olkin Measure of Sampling 0.646

Adequacy.
Bartlett's Test of Approx. Chi-  20.173
Sphericity Square
Df 10
Sig. 0.028

Table 5 Rotational matrix components of PCA results on physical
and chemical variables of the Ciliwung River waters habitat,
Jakarta, Indonesia

Parameter 1 Component 2
Turbidity -0.621 -0.682
pH -0.540 0.638
Dissolved Oxygen (DO) 0.958 -0.165
Biochemical Oxygen Demand )
(BOD) 0.957 0.129
Ammonia -0.167 0.826

Component Plot in Rotated Space

pH

0.57
pH

Ammonia

Ammorjia

oo

Component 2

Kekepdhan

-0.57

Kekepdhan

\m%:‘t_:saoo

Do

0o 0s 1.0

Component 1

Figure 2. Effect of physical and chemical parameters to fish populations in the Ciliwung River, Jakarta, Indonesia
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The high population density of P. pardalis in polluted
water shows that the fish can adapt to polluted aquatic
environments. One cause of its adaptive abilities is the
presence of additional organs in its stomach, enabling it to
adapt to the state of hypoxia in waters with little dissolved
oxygen (da Cruz et al. 2013). Besides, the large vascular
system that functions as a lung in plecos enables it to
breathe air even in hypoxic conditions (Hussan et al. 2016).
Although Pterygoplichthys sp. breathes air, it is still
influenced by environmental pH (Evans 2010). In
situations where the pH value remains constant, there is a
possibility that there is no mortality of P. pardalis.
Generally, water quality preferences for the Loricariidae
family in toxic/hypoxic conditions (dissolved oxygen
values <3 mg/l) is neutral pH (7 + 1) (Nico 2010).

High density leads to an increase in the number of fish
that consume oxygen and the metabolic waste released
(Yildiz et al. 2017; Dauda et al. 2019). Fish emit 80-90%
ammonia (N-inorganic) through the osmoregulation
process, whereas 10-20% of total nitrogen is from its feces
and urine. Likewise, Pterygoplichthys sp., which is located
in freshwater in Florida, America, produces a relatively
large egesta (waste/feces that are still functional) while the
greatest component of its feces is organic nitrogen (Rubio
et al. 2016). The small quantity of dissolved oxygen and
the large concentration of ammonia in the river affect the
population density of P. pardalis.

The feces of armored catfish affect algal biomass and
productivity in their native habitat. Therefore they play an
important role in controlling the abundance of algae (Power
1990). The high density of P. pardalis in the river causes a
huge abundance of algae, which causes high turbidity. The
high turbidity is also caused by dug holes for spawning
habitat and egg maintenance made by Pterygoplichthys sp
around riparian environments (Van den Ende 2014;
Maturbong 2015). The activity of excavating and making
spawning tunnels by P. pardalis causes erosion
(displacement of a mass of rock or soil), thereby causing
turbidity in waters (Levin et al. 2008).

In conclusion, the water quality parameters of DO,
BOD, pH, turbidity, and ammonia of the Ciliwung River
waters greatly influenced the population density of P.
Pardalis. The quality of waters with DO of 2.6 mg/L,
BOD of 1.2 mg/L, pH value of 7.2, the turbidity of 3.85
FTU, and ammonia of 2.65 ppm were the optimum
conditions for the highest population density of P. pardalis
in the Ciliwung River.
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