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Abstract

Upstream of the Progo River in Temanggung Regency, it supports the daily lives of the surrounding
community. As time goes by, human activities such as land conversion, deforestation, stone mining,
agricultural activities and household waste slowly affect the condition of the waters in the Progo River, so
it is necessary to monitor water quality. Plankton can indicate changes in water quality because it is
responsive to changes in water quality. This research aims to assess the quality of the water environment
using community structure and the saprobic index of plankton. Ten sampling stations were selected using
the purposive random sampling method. Plankton were collected using a plankton net, water quality
measurements were carried out using a Horiba water checker, and testing in the environmental engineering
laboratory. As a result, 81 plankton species had an abundance per station of 805-3,981 ind/L. The diversity
index (H") indicates a stable ecosystem, the Evenness Index (e) has a fairly even distribution, and the
Dominance Index (D) is at all stations with no dominant species. According to PP No. 22 of 2021, the
quality of the Progo River Upstream meets environmental quality standard criteria, except for DO and total
N (class I). Based on the saprobic index and bioindicator species, it indicates that all stations belong to the
B-Mesosaprobic. Several types of plankton that can be used as bioindicators of water quality include
Cladophora glomerata, Tabellaria sp., and zooplankton, which are Lecane sp.

Keywords: Environment, Plankton, River, Saprobix index, Water quality.

1. Introduction

The condition of the river has been under pressure, along with the increasing number of human
activities, which will disrupt the surrounding ecosystem (Agustira et al., 2013). Anthropogenic
activities in the upstream section, such as deforestation, riparian vegetation and conversion of
agricultural land, plantations or residential areas, will have an impact on reducing water quality
due to the receipt of input discharge loads originating from anthropogenic activities around the
river (Pasisingi et al., 2014).

One type of river watershed that has an important role and is feared to experience a decline in
water quality is the Progo watershed (Suryatmaja et al., 2015). The upstream Progo River Basin
is located in the Temanggung region, with a length of around 38 km2 and a reasonably large area,
namely around 576 km?. Apart from that, several areas in the Upper Progo River have stone mining
activities, which can reduce material deposits and result in erosion and river degradation (Ikhsan
et al., 2015). If this activity continues, it will cause problems from upstream to downstream and
impact clean water sources (Antoro & Purnama, 2014).
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The importance of clean water sources in Temanggung is proven by the increase in demand for
clean water sources by 2,130 customers throughout 2022, bringing it to 48,997 customers (Central
Bureau of Statistics Temanggung Regency, 2023). The use of water as a source of clean water in
the upstream of the Progo River, Temanggung, is a vital need for the population; this is because
the water in the upstream of the Progo River is used for the wider community, such as drinking,
cooking, washing and industrial water. Apart from that, it is used for fisheries and irrigation needs.
Even ecosystems are used to overcome fires, planting, reforestation and water reserves (Decree of
the Minister of Public Works, 2010).

Problems in the Upstream of the Progo River are important, especially regarding clean water
sources and increasingly rapid anthropogenic activities. One method for assessing the level of
water quality is biological analysis, namely, aquatic bioindicator studies (Chandel et al., 2024).

One of the aquatic living creatures that can be used as a bioindicator is plankton (Aprianti,
2015). Plankton are organisms that float in the water column and become biota that can be used as
pioneers in aquatic productivity. In waters where waste loads have not been polluted, plankton
composition will be balanced. If the waters are polluted, there will be changes in the structure of
the plankton community in terms of species diversity, abundance and distribution of plankton
(Kamboj et al., 2022).

Water quality analysis studies using plankton have been carried out at the Cengklik Boyolali
Reservoir (Roziaty et al., 2018), Kartini Beach and Muara Wiso Jepara (Dewi et al., 2023), and
the Semarang West Canal Flood (Zulfiandi et al., 2024). All three show that the Bacillariophyta
division is found in the highest numbers and can help represent water conditions and hypothesize
sources of pollution. Meanwhile, Fitriasa & Sudarsono (2022) analyzed the saprobic index in the
Code River and discovered that it was in B— Mesosaprobic condition.

This research aims to determine the condition of the waters in the upper reaches of the Progo
River, where previous studies have never been carried out, by interpreting the results of community
structure and the saprobic plankton index. The results of this research help realize the
implementation of Sustainable Development Goals (SDGs) 6 (clean water and sanitation) and 13
(climate action).

2. Methods
2.1. Study Area

The Progo River or Kali Progo is the name of a river whose water source and upstream are in
Jumprit Village, which originates from Mount Sindoro (3,155 meters above sea level), while it
empties into the Hindia Ocean (Indra et al., 2013). The Progo River has a watershed that crosses
Central Java Province and Yogyakarta Special Region province. The main Progo River is around
138 km long and has tributaries originating in several mountains (Ikhsan et al., 2019). The Progo
River Basin is divided into upstream watersheds and downstream watersheds; the upstream
watershed includes Central Java province, with river water flowing from rain coming from several
mountains such as Mount Sindoro (3,155 meters above sea level) (Sudibyakto, 1999). The
upstream Progo River is a type of river in the Temanggung region and has a length of around 38
kilometres with a watershed or watershed area of more than 576 km?.

2.2. Data Collection

Sampling was conducted in January 2023 and determined ten stations in the upstream area of
the Progo River, Temanggung Regency, Central Java. Determination of stations using the
purposive random sampling method. Sampling was carried out once with three repetitions. The
selection of sampling locations is along the riverbank with the criteria of locations that are close
to rocks, vegetation and sediment around the river, this allows plankton to be trapped around it.
Thus reducing the effect of plankton movement caused by river currents. The selected locations are
Umbul Jumprit (P1) which is a water source at the mouth of a cave and does not have a fast current,
Candiroto Bridge (P2) is a river near an agricultural area and does not have a fast current, Jumo
Dike (P3) is a river with a large dike and has a fairly fast current, Rowo Bridge (P4) is a river close
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to agriculture or plantations and has a fairly fast current, Kali Galeh (P5) is a river near densely
populated settlements and has a fast current, the confluence of the Progo River and Galeh River
(P6) is a river far from residential areas and has a fairly fast current, Grabah River (P7) is a river
area close to residents’ plantations and does not have a fast current, Kuas River (P8) is a river close
to densely populated settlements and has a fairly fast current, Geneng Bridge (P9) is a river close
to sand mining and has a fast current and Progo Kranggan Bridge (P10) is a river area close to
residential areas and agriculture with a fast current (figure 1).

RESEARCH LOCATION
MAP IN UPSTREAM

B PROGO RIVER,
TEMANGGUNG REGENCY,

CENTRAL JAVA

FiéUre 1. F‘éeseafé‘H Ioac"t‘ién map »

Plankton were collected at all stations using a 25 micron (um) plankton net, where 30L of water
is taken. Then the plankton samples obtained were put into a sample bottle and dripped with 5-6
drops of Lugol to preserve the plankton samples (Witariningsih et al., 2020; Rosada & Sunardi,
2021). Then, the sample bottle is given information according to where the sample was taken.
Plankton samples were observed under a light microscope with a magnification of 1000x (the
objective lens 100x and the ocular lens 10x) and identified using the identification book (Taylor
et al., 2007; Suthers & Rissik, 2009; Bellinger & David, 2010; Sahu et al., 2013; Slotwinski et al.,
2014; Sulastri, 2018) and from AlgaeBase (Guiry & Guiry, 2023).

2.3. Surface Runoff Analysis
1) Plankton Abundance
Plankton abundance was calculated using the plankton abundance formula based on the
American Public Health Association (2005) formula:
T pl V1 1

==—X—=X—=X— i
N L0z vz W (Equation 1)

N : Plankton abundance (ind/L)

Q : Number of boxes in SRC (1,000)

L : Number of squares in one field of view
P1 : Number of plankton observed

P2 : Number of observed SRC boxes

V1 : Volume of water in the sample bottle (250 ml/ 25 x 102 L)
V2  :Volume of water in the SRC box (1 mL/1x 103 L)

W : Volume of filtered water (30 L)

2) Shannon-wiener Diversity Index (H”)
The diversity index is calculated using the Shannon-Wiener index according to (Odum, 1998)
with a formula including:
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n
H =— Z Piln Pi (Equation 2)
i=1

H’ : Diversity index

Ni : Number of individuals of type i

N : Total number of individuals of all types

Based on this, the range of diversity index results according to (Odum, 1998) is divided into several
groups:

0<H’<1.5 =Low diversity

<H’<3.5 = Medium diversity

H'>3.5 = High diversity

3) Evenness Index (e)
The evenness index is calculated using the formula (Odum, 1998):

HI

e = Tmaks (Equation 3)
e : Evenness index
H' : Diversity index
H'max : Maximum Diversity Index
S : Number of types

Based on this, the range of equality index results according to (Odum, 1998) is divided into several
groups, namely:

e>0.6 = The level of evenness of taxa is even
0.4<e<0.6 =The level of evenness of taxa is quite even
e<04 = The level of evenness of taxa is uneven

4) Dominance Index (D)
The dominance index is calculated using the formula from Simpson (1949):

D= Z(Pi)2 (Equation 4)
D : Dominance index
Ni : Number of individuals of species | (ind/L)
N : Total number of plankton per sampling point (ind/L)

Based on this, the range of dominance index results according to (Odum, 1998) is divided into
several groups, including:

0<C<05 =Nodominance

05<C<1 =Thereisdominance

5) Saprobic Index
The saprobic index can be calculated using the following formula (Drescher & van der Mark,
1976):
_(C+3D—B—3A)
~ (A+B+C+D)

(Equation 5)

= Saprobic Index

= Cyanophyta and Cilliata

= Dinophyta and Euglena

= Chlorophyta and Diatom

= Chrysophyta/Peridinae/Conjugaceae

OO0Ow>»X

Table 1. The Relationship Between the Saprobic Index and the Level of Water Pollution
(Dahuri, 1997)
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Pollutants Pollution Level Saprobic Phase Coefficient (X)
Very high Polisaprobik -3,0 until -2,0
. Poli/o. - Mesosaprobik -2,0 until -1,5
Many Organic
Compounds . . .
Heavy enough a-Meso/ Polisaprobik -1,5until -1,0
o - Mesosaprobik -1,0 until -0,5
Medium a/p - Mesosaprobik -0,5 until 0,0
. . B/o - Mesosaprobik 0,0 until +0,5
Organic and Inorganic
Compounds . . .
Slight B - Mesosaprobik +0,5 until +1,0
B - Meso/oligosaprobik +1,0 until +1,5
. Very light Oligo/p - Mesosaprobik +1,5 until +2,0
Few  Organic  and
Inorganic Compounds . . .
Oligo/saprobik +2,0 until +3,0

All data will be calculated using Microsoft Excel and PAST 4.16¢

3. Results and Discussion
3.1. Plankton Abundance

Based on the research results, 81 plankton species covered four divisions, consisting of 69
phytoplankton species and 12 zooplankton species. The composition of phytoplankton found in
the research is divided into four divisions: Bacillariophyta, Chlorophyta, Chrysophyta and
Cyanophyta, while zooplankton consists of several phyla such as Amoebozoa, Arthropoda,
Ciliophora, Rhizopoda, Rotifera and Tardigrade (Figure 2).

Phytoplankton

Zooplankton
50 51 5

4
40 3
30 ] 2

1
20 4 = 0
” l “

1

0 . &

Bacillariophyta Chlorophyta Chrysophyta Cyanophyta

Figure 2. Composition of phytoplankton and zoopankton division

The largest phytoplankton community was found in the Bacillariophyta (74%), followed by
Chlorophyta (19%), Cyanophyta (6%) and Chrysophyta (1%). According to research from
Istadewi et al. (2016), Bacillariophyta can adapt well and quickly to light conditions or even low
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levels of food nutrition. Apart from that, Bacillariophyta is a type of plankton that reproduces
faster than other types and can withstand environmental changes, so the community of
Bacillariophyta is enormous.

Most zooplankton was found in the Ciliophora (34%), followed by the Arthropoda (25%),
Rotifera (17%), then the Amoebozoa, Rhizopoda and Tardigrada groups, respectively (8%).
Ciliphora can be abundant in waters such as rivers because the Ciliophora easily adapts to the
environment and has a ciliary body structure for unrestricted movement. Sommer (1951) states
that motility may significantly impact a cell's ability to react to environmental conditions and
enhance its nutrient uptake. Ciliophora can be abundant in waters because it has a body structure
in cilia allows it to move in the water, avoid predator attacks, and go to places with lots of food
sources (Gao, 2016).

The calculation results show that the abundance of plankton ranges from 805 — 3,980 Ind/L,
thus indicating it is in the low to medium category. According to Rikardo (2016), plankton
abundance of less than 1,000 Ind/L is classified as low, 1000-40,000 Ind/L is classified as medium
and more than 40,000 Ind/L is classified as high. The highest abundance of plankton was at station
P5, with a total of 3,980 Ind/L. Meanwhile, the lowest plankton abundance was station P1, with a
total of 805 Ind/L (figure 3). Jangkaru (2000) stated that the nutrients in that water cause the
abundance of plankton in a body of water. Lander (1978) says that plankton abundance can be
categorized into three categories such as low abundance or less than 2,000 Ind/L
(Oligotrophic/Low fertility), medium abundance in the range of 2,000-15,000 Ind/L
(Mesotrophic/Medium fertility) and abundant high ranges between 15,000 Ind/L (Eutrophic/High
fertility).
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Figure 3. Plankton abundance (ind/L) from each station shows that P5 had the most abundance

The species with the most abundance is Tabellaria flocculosa Kutzing at station P7, with
several individuals of 666 Ind/L. Tabellaria flocculosa lives in fresh waters and has a wide pH
range. Spaulding et al. (2021) state that Tabellaria flocculosa can live with a wide range of acid-
base levels and is usually found in various types of waters, including flowing waters. The presence
of the Tabellaria may indicate that the waters are classified as lightly polluted. Tabellaria sp. is
included in the Bacillariophyta, which plays a vital role in the primary productivity of waters.
Anggoro (1988) says that Tabellaria flocculosa is an oligosaprobic level indicator organism.

One type of plankton often found at all stations is Planktothrix sp (Cyanophyta). This species
is widely distributed and often lives in various habitats, such as freshwater (Gaysina et al., 2019).
Padisak (2009) found that the distribution of planktonic algae such as Planktothrix is wide.

Frustulia crassinerva (Kutzing) was found with a total of 633 Ind/L at station P5. The genus
Frustulia is an organism with a wide habitat distribution system, including fresh water (Kociolek
etal., 2015). Frustulia has habitat characteristics that tend to be acidic (Gell et al., 1999). Synedra
fulgens Graville is a type of plankton that is quite abundant at station P5, with the number of
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individuals being 566 Ind/L. This species is a species with a varied distribution.. In the opinion of
Isti'anah et al. (2015), the genus Synedra can live in almost all aquatic environments, so it has high
abundance.

3.2. Community Structure of Plankton

The Diversity Index (H') has varying values ranging from 2.27-3.28 (figure 4). This indicates
that the diversity of all diversity stations is moderate to high. This is in accordance with Krebs
(1985) that if the diversity index value H' >3 indicates the area has high diversity, if the value
1>H>3 indicates moderate diversity and if the value H<1, then it indicates low diversity. The
station with the highest diversity value is P6, with an H value of 3.28. The H' value indicates that
station P6 has stable conditions. This station has high diversity due to the accumulation of several
plankton species from 2 rivers, so that diversity is more significant.

The evenness index value ranges from 0.44 to 0.79 (figure 4). This value states that the species
are distributed relatively evenly and evenly. This was stated by Odum (1998) that an evenness
value (e) of 0.4-0.6 indicates that the level of species evenness is relatively even, and an evenness
value of 0.6 indicates that the species evenness is even and in a balanced condition (there is no
competition). Great for getting food and for the environment). Meanwhile, if the evenness value
is 0.4, it indicates that the evenness of the species is not even.

The dominance index is relatively low or indicates no dominant species. The dominance index
ranges from 0.05-0.21; this means that the waters of the Upper Progo River can be said to be stable.
The stability of the ecosystem can be caused by the penetration of light, which can still be captured
by plankton so that it can grow well and no one dominates. According to Anggara et al. (2017), a
low dominance index shows that each plankton can associate in a balanced way in a community;
therefore, in the waters, no ecological factors are found for certain plankton. This means that no
stations have differences in the number or types of plankton.
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m Shannon-Wiener Diversity Index (H') ® FEvenness Index (e) Dominance Index (D)

Figure 4. The community structure of plankton shows Progo River’s upstream categorized as a
good environment

3.3. Water Quality Based on Physical and Chemical Parameters

The study measured several water quality parameters, including temperature, pH, dissolved
oxygen (DO), total phosphate, and total N. The results of calculating the average of these
parameters at each station have varying values. All water quality parameters are compared with
the quality standards of PP No. 22 of 2021 concerning the Implementation of Environmental
Protection and Management.
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Figure 5. Temperature (°C) rate from each stations

The highest temperature measurement results were at station P4, 26.17 °C, while the lowest
temperature was at station P1, 19.36 °C (figure 5). The station has the highest temperature because
there are no shady trees around the station, and the intensity of sunlight during the day is relatively
high. According to Chin (2006), the factor that influences temperature changes is shade, such as
trees, while P1 is the station with the lowest temperature because this station has the highest
altitude compared to all stations. Umbul Jumprit is a spring on the slopes of Mount Sindoro and is
the source of the Progo River, located at an altitude of 2,000 meters above sea level and never
dries up. All stations are quite optimal places for plankton to live. Effendi (2000) believes that a
temperature of 20-30°C is optimal for the growth and development of plankton in waters.

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10
Stations

Figure 6. pH rate from each stations

Each station's acidity or pH level has a value ranging from 5.91-7.13 (figure 6). This is still a
good measure for the growth and development of plankton to be able to live. Ananda et al. (2019)
found that very acidic and alkaline pH levels can harm living plankton by disrupting the body's
respiration and metabolism. All stations have a pH level below seven or are acidic except station
P3. The acidic pH value is thought to be because organic and inorganic compounds enter the water,
so the pH becomes acidic. Anderson et al. (2023) argue that the composition of organic materials
can cause changes in the pH of water; this occurs because the decomposition of organic compounds
will cause the pH of the water to decrease (acid).
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Figure 7. Dissolved oxygen rate from each stations
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Dissolved Oxygen (DO) levels range between 8.29 and 23.09 mg/L (figure 7). This shows that
oxygen in the waters supports plankton in growing and developing. According to PP no. 22 of
2021, the minimum DO limit for class I rivers is six mg/L, which indicates that all stations are
suitable for living creatures. Adharini et al. (2021) argue that DO values of more than five mg/L
are suitable for phytoplankton and zooplankton. The high DO at all stations is explained by the
opinion of Radwan et al. (2003) that the high DO levels in upstream waters are because the area
has flowing waters and strong currents, which provide opportunities for oxygen diffusion from air
to water.
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Figure 8. Total phospat rate from each stations

The phosphate parameter has a value range of 0.042-0.209 mg/L (figure 8). This value range is
included in the class | quality standards of PP No. 22 of 2021. The station with the highest
phosphate is P1 at 0.209 mg/L. This is thought to be because station P1 is close to a cave that
produces phosphate minerals in the surrounding waters. According to the Ministry of Environment
and Forestry of Indonesia (2016), areas with karst cave rocks will produce phosphate deposits in
the surroundings. Apart from that, there is plant and animal waste and soil erosion. According to
Moriber (1974), phosphate compounds come from natural sources such as soil erosion, weathering
of animals and plants, the destruction of organic materials, phosphate minerals and the waste of
living creatures.

Total Nitrogen (N)
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Figure 9. Total nitrogen rate from each stations

The total nitrogen concentration obtained ranged from 1,602 - 2,282 mg/L (figure 9); this does
not meet the quality standards for PP No. 22 of 2021, where the quality standards are for class I.
The station with the highest nitrogen content was station P7, with a value of 2,282 mg/L. This
station has the highest levels due to community activities such as the use of agricultural fertilizer,
washing activities, room waste.

3.4. Saprobic Index

Based on the results of the calculation of the saprobic coefficient, it can be seen that the saprobic
value ranges between 0.50-0.84 (Table 2). The calculations according to the saprobic index show
that the Upstream of the Progo River is lightly polluted. The highest saprobic index (0.84) was at
station P5. This is because the station is near a densely populated residential area. In the opinion
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of Utomo (2013), the influence of residential proximity is most substantial on the level of the
saprobic coefficient of a body of water. Apart from that, there is sedimentation activity and the
influence of organic and inorganic compounds from residents' agriculture. All stations in this study
have a saprobic phase, namely -Mesosaprobic, with coefficient values ranging from 0.5 - 1.0. B-
Mesosaprobic is a water condition with light levels of organic and inorganic pollution, produces
nitrogen and has high DO. This is proven by the water quality results at all stations producing N-
total (figure 8) and having DO levels (figure 6) that meet the quality standards of PP No. 22 of
2021.

Table 2. Saprobic Index in each stations from upstream of the Progo River

Stations Saprobic Index Pollution Level
P1 +0,54 Slight
P2 +0,61 Slight
P3 +0,58 Slight
P4 +0,56 Slight
P5 +0,84 Slight
P6 +0,55 Slight
P7 +0,70 Slight
P8 +0,81 Slight
P9 +0,59 Slight

P10 +0,50 Slight

3.5. Plankton as Bioindicator

The research results at each station have several species that can be used as bioindicators of
water quality, such as Cladophora glomerata, Tabellaria fenestrata, Tabellaria flocculosa,
Pinnularia sp., Oscillatoria sp., Navicula sp., Nitzchia sp., Frustulia sp., and Synedra ulna (Table
3). Anggoro (1998) found that the types of organisms that can be used for light pollution (B-
mesosaprobic) are species such as the Pinnularia genus, Tabellaria fenestrata, and Chlorophyta
species (Cladophora glomerata). Meanwhile, the type of organism that has a light pollution level
or has not been contaminated is the Tabellaria flocculosa. Many of these species can be proven by
several stations having a saprobic index, which is included in the B-mesosaprobic phase (Table 3).

Zhu et al. (2021) found that the genus Oscillatoria can be used to indicate the presence of
aquatic nutrients. Dembowska et al. (2018) explained that diatom species could generally be used
as waters containing nutrients in the waters and Navicula as indicators. Khushbu et al. (2022)
argue that Synedra ulna and Aulacoseira granulata become abundant species if water nutrient
levels are high. Another thing was clarified by Soeprobowati & Rahadian (2003), who explained
that the Synedra ulna lives abundantly in industrial waters. Upstream of the Progo River, the
industrial area includes tofu and plywood factories.

Zooplankton from the genus Lecane, namely Lecane curvicornis and Lecane luna, are
bioindicators that live in waters with low to high nutrient levels (Table 3). In research in the
Upstream of the Progo River, the discovery of the Lecane genus was thought to be due to water
quality, total phosphate (figure 7) and total N (figure 8). It is clear from the opinion of Islam et al.
(2022) that Lecane luna is an abundant species when nutrient conditions are maximum in
Himalayan Lakes. Shah et al. (2018) also explained that Lecane flexilis, Lecane sp. and Lecane
luna can live even in highly nutrient-rich waters. Plankton species as bioindicators in the Upstream
of the Progo River, Temanggung Regency, can be seen in Table 3 as follows:

Table 3. Several species can be used to be bioindicator in Progo River Upstream

Species List Information

Cladophora glomerata Light pollution
Tabellaria fenestrata Light pollution
Tabellaria flocculosa Light pollution
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Species List Information
Pinnularia sp. Light pollution
Oscillatoria sp. Rendah-Tinggi Nutrisi
Navicula sp. Low-High Nutrient
Frustulia sp. Low-High Nutrient
Synedra ulna Industrial Area
Lecane curvicornis Low-High Nutrient
Lecane luna Low-High Nutrient

4. Conclusion

Based on the research results, it can be concluded that in the Upstream of the Progo River, 81
species of plankton were found with an abundance ranging from 805 to 3,981 ind/L. The diversity
index (H') in the medium to high category indicates a stable ecosystem, the Evenness Index (e)
with a reasonably even to even distribution, and the Dominance Index (D) at all stations with no
species dominating.

Water quality still supports plankton growth; according to PP No. 22 of 2021, the quality of the
Progo River Upstream meets environmental quality standard criteria, except for total DO and N
(class 1). Based on the saprobic index between 0.50 and 0.84, it indicates that all stations belong
to the B-Mesosaprobic category. This condition can be characterized by the emergence of
Cladophora glomerata, Tabellaria sp., and zooplankton are Lecane sp.
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