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Abstract

Water quality degradation in the Sampean River will increase from year to year due to the
increase in wastewater production as well as land degradation resulting from population growth
and economic developments. Runoff from intensive agricultural systems can impair the quality
of catchment waters, with potential ecological implications. Bioassessment of river water using
benthic macroinvertebrates is common in developed countries. However, using bioassessment
as part of regular monitoring programs in developing countries is scarce. Assessment of river
water pollution in Indonesia is mainly conducted by comparing the physico-chemical
parameters of water and the standards regulated by law. This study aims to identify the
macroinvertebrate community in the Sampean River. Macroinvertebrate data can provide
information about the potential application of bioassessment in this river system using
macroinvertebrates as bioindicators. Sampling was conducted at 10 locations with two
replications. Physico-chemical methods are carried out using parameters: temperature, pH,
BOD, ammonium, nitrite, nitrate, and phosphate. Macroinvertebrates were obtained with kick
sampling using a standard handset (500 um pore size) and an adequate 5-minute collection time.
Found 21 taxa of Plecoptera. Based on the macroinvertebrate community found in this study,
bioassessment is a potential method to be applied in the Sampean River system. However,
further research is needed to understand the most suitable approach.
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INTRODUCTION

Bioassessment is widely used in developed and developing countries such as Thailand and
Vietnam. Nevertheless, bioassessment has not been commonly used in Indonesia. Monitoring the river's
water quality is usually carried out by physical-chemical method, according to the laws and regulations
in Indonesia. However, the physical-chemical method has several disadvantages, such as momentary
measurement results, since they only represent when the sample is taken. Therefore, the measurements
must be repeated in a time series (Rahayu et al., 2009). The number and type of organisms found in
water can reflect the water quality based on where they were taken (Islam et al., 2018; Adesakin et al.,
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2023). According to Tarnawski & Baran (2018), bioassays, which are cost-effective and rapid tools,
enable real assessment resulting from multiple chemical stressors in bottom sediments, their
bioavailability, toxicity, and interaction. Therefore, Bioassessment can be used with physical-chemical
methods, complementing one another (Serpa et al., 2014; Li et al., 2023). Macroinvertebrates are bio-
indicators, the most widely used in bio-assessment (Mir et al., 2021; Al et al., 2022). Therefore,
macroinvertebrates are highly suitable for assessing site-specific conditions in upstream and
downstream environments. Different taxa can exhibit distinct responses to environmental pressures
(Krajenbrink et al., 2019; Li et al., 2024). Macroinvertebrates are easily identifiable at the familial level.
A collection of macroinvertebrates consists of various taxa that reflect the broad trophic level and
pollution tolerance, thus providing strong cumulative information. Sampling is relatively easy, does not
require much power, and is relatively harmless to other biota (Miranda, 2015; Oguma & Klerks, 2017,
Gao et al., 2023; Orozco Gonzalez, 2023).

The watershed of the Sampean River is a regional river with an area of 1,277,388 km? covering
the Bondowoso and Situbondo districts. The upstream area is the Argopuro and Raung mountain areas,
Bondowoso districts. The estuary is in the Panarukan district of the Situbondo Regency. The upstream
of the Sampean River is about 800 mdpl, while its estuary is 3 mdpl. With a river length of 73 km, the
high difference makes the river gradient quite tilted. In normal conditions, the river flow is classified as
heavy. Besides being influenced by the quality of the river water, macroinvertebrates' existence and life
are also strongly influenced by morphological and hydrological factors. This study was conducted to
determine the composition and distribution of macroinvertebrates in the Sampean River system. This
data is expected to be preliminary information to assess the potential application of bioassessment in
determining the quality of Sampean River water.

METHODS
Location and Study Time

The location of this research was the Sampean River. The sampling would be conducted at 10
sites from 5 different river orders on the Sampean River system. The determination of order was done
using the Strahler method. Five order rivers were obtained based on the Strahler method, and two
sampling locations represented each order. Site selection also considered the land use around the river
and the sources of pollutants (Figure 1). Sampling was conducted from March to May 2018.
Measurement of Physical-Chemical Water Parameters

Sampling of river water was done by using a horizontal water sample composite. The
measurements of physical-chemical parameters included pH, temperature, DO, BOD, phosphate, nitrite,
and nitrate. The pH, temperature, and DO were measured directly at the sampling site.
Macroinvertebrate Collection and Identification

Macroinvertebrate was taken by kick sampling using the 500 pm hand net standard. The net was
placed facing toward the flow, and then the substrate in front of the net was stirred with the feet. The
obtained macroinvertebrate samples were cleared and separated from mud or other objects. Wood,
garbage, and plants on the banks of the river were also taken to obtain inherent macroinvertebrates. The
samples were preserved with 70 percent alcohol. Packing and labeling were carried out in the laboratory.
The macroinvertebrate samples were identified immediately in the laboratory. This was to prevent
damage to the sample, causing difficulties and misidentification. The sample was placed on a 500 um
sieve and rinsed under running water to remove any remaining small particles. Identification was done
at the family level.
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Figure 1. Sampling Point and Pollution Source.
(Red: industry, Green: agriculture, yellow: domestic).

RESULTS AND DISCUSSION
Physical-Chemical Parameters of Water

The results of physical-chemical parameter measurements at 10 sampling sites are shown in
Table 1.

Table 1. The Results of Measurement of Physical-Chemical Parameters

Parameters Standard TS1 TS2 TS3 TS4 TS5 TS6 TS7 TS8 TS9 TS10

Temp (°C) 2750 2950 2850 29.50 29.00 29.50 2850 2850 30.00 29.50
pH 6-9 656 691 691 703 68 714 691 698 7.69 7.37

DO (mg/l) 3 531 366 612 607 593 58 637 641 663 6.17
BOD (mg/l) 6 399 3802 422 350 383 400 366 335 378 3.66
Nitrite (mg/l) 006 012 008 010 009 008 012 005 020 014 008
Nitrate (mg/l) 20 1299 303 517 395 418 7.78 1107 22.86 807 12.08
Phosphate (mg/l) 1 014 009 008 010 007 023 014 015 022 021

In general, the measurement results of several physical parameters of chemicals still meet the
quality standard by applicable regulations in Indonesia. However, TS 2 for BOD and DO parameters
did not meet the quality standard. The average BOD and DO rates at TS 2 were 38.02 mg/l and 3.66
mg/, while the standard quality of BOD and DO was 6 mg/l and 3 mg/l). The high input of organic
material at this location comes from the waste of the home industry tofu, which is discharged into the
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water without being treated first. Tofu wastewater has high BOD and COD characteristics. The range
of BOD for tofu wastewater is 3,500-4,500 mg/L and BOD 5,000-8,500 mg/L. Tofu waste discharged
into the environment without being treated first causes odor in river water (Faisal et al., 2015). This was
also found at TS 2; some local residents complained about the smell of the river water at this location.
Organic materials also come from domestic waste disposal from residential settlements along the rivers
near the site. According to Margayan (2016), the high disposal of domestic waste into the river will
cause the quality of the river to deteriorate, one of which is marked by the high number of BODs. The
river flow between point 1 and point 2 is about 1.5 kilometers through densely populated residential
areas. Based on the observations, the area around the sampling of point 2 also has poor sanitary
conditions. It is not only the gray water discharged directly into the river but also the practice of open
defecation directly to the river that is still found around this sampling site. The average nitrate content
was 0.05-0.14 mg/I (the quality standard for class 3 river nitrite is 0.06 m/I). At all sampling sites except
TS 7, nitrite content exceeded the quality standard. Nitrite (NOy") is usually absent or present in
relatively small concentrations compared to nitrate (NOg) in natural waters because it is a
thermodynamically unstable intermediate in microbial-mediated microbial cycles. Nitrite is rapidly
converted to nitrate in oxygenated water and reduced to ammonia under anoxic conditions (Wieben,
2013). High nutrient levels of nitrite are common in rivers that flow through agricultural areas (De Mello
et al., 2017; Solis et al., 2018). This is due to the conditions of the study area, where 68.82% of the
Sampean watershed is in the form of agricultural and plantation land.

Macroinvertebrate Composition

There are 21 families found in the research study as shown in Table 1, namely Plecoptera:
Perlidae, Ephemeroptera: Heptageniidae, Ephemeroptera: Baetidae, Odonata: Gomphidae,
Ephemeroptera: Canidae, Crustacea: Palaemonidae, Crustacea: Parathelpusidae, Trichoptera:
Hydropsychidae, Diptera: Tipulidae, Diptera: Thaumalidae, Mollusca: Thiaridae, Mollusca: Pilidae,
Annelida: Hirudinea Arachnidae: Hydrachinidae Coleoptera: Elmidae, Coleoptera: Dytiscidae,
Megaloptera: Corydalidae Hemiptera: Gerridae, Lepidoptera: Pyralidae and Diptera: Chironomidae.
Research on benthic macroinvertebrates' taxonomic and functional diversity has provided valuable
insights into ecological assessments. Studies conducted in various regions, including South Korea (Lee
et al., 2023), Costa Rica (Kohlmann et al., 2021), Lake Kivu in East Africa (Hyangya et al., 2022), and
Iran (Stojkovi¢ Piperac et al., 2024), indicate that taxonomic and functional metrics help evaluate the
impact of human activities on aquatic ecosystems. Based on the study of Kartikasari et al., (2013), the
better the quality of the river is, the higher the diversity of the macroinvertebrates will be. The sampling
site with the most significant taxa is TS 1, with 11 families. While TS 2 has the lowest diversity because
it is only found in Diptera: Chironomidae at that location. In this study, TS 1, which has the highest
diversity, is the water in order 1, which is very close to the water source in the form of a spring. The
pollutant comes only from agriculture and from slight domestic activity by the community. Meanwhile,
TS2 receives pollutant load from the tofu industry, agriculture, and domestic sectors. An abundance of
tolerant macroinvertebrates also indicates the poor quality of the water. At TS 2, more than 1500
individuals of Chironomidae from the Chironomus genus show a high abundance of tolerant
macroinvertebrates. This is also the case in a study of the Papuan Nimbai River, which was contaminated
by organic waste derived from palm oil processing. At highly contaminated organic sites, it indicates a
high abundance of tolerance macroinvertebrates (Leatemia et al., 2017). The sampling sites that also
have only a few types of macroinvertebrates are TS 3 (4 types), TSt 9 (4 types), and TS 10 (2 types).
This is because, upstream of point 3, a weir can be a disruption factor. The substrate in this section is
also mud, which is an unstable substrate type, and it is usually a tiny type of macroinvertebrate that can
be found within. At point 10, which is very close to the estuary, Palaemonidae and Mollusca: Thiaridae
are only found.
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Table 2. Macroinvertebrate Composition in the Study Site

Number
No Family TS TS TS TS TS TS TS TS TS TS
1 2 3 4 5 6 7 8 9 10
1 Plecoptera: ) 3 3 45 . - 134 66 - -
Perlidae
2 Ephemeroptera: 5 ) ) } . . - - -
Heptageniidae
3 Ephemeroptera:
Baetidae ] ) ) -l ) ) 4 )
4 Odonata: ) ) ) } _ } ; 2 . R
Gomphidae
5  Ephemeroptera: 3 21 47 - 21 39 38 -
Caenidae
6 Crustaceag ) ) ) } } . . - - 949
Palaemonidae
7 Crustacea:
Parathelpusidae 20 ) 3 ) ) 1 # 8 ) )
8  Trichoptera:
Hydropsychidae ) ) > 4 s 9l )
9  Diptera:
Tipulidae 2 ) 1 ) ) 4 3 : _ )
10 Diptera: ) ) } _ } } 1 - R
Thaumalidae
11  Mollusca:
Thiaridae 2 i 128 3 ) ) 8 > ] 10
12 Mollusca:
Pilidae 1 ] e )
13 Annelida: ) ) N ) . . - 1 1 -
Hirudinea
14  Arachnidae: ) ) ) _ ) . . . R
Hydrachinidae
15 Coleoptera: ) ) 1 ) ) . . - ;
Elmidae
16  Coleoptera: 5 ) ) ) } i} . . - -
Dytiscidae
17 Diptera: ) ) } ) ; 1 . - - -
Culicidae
18 Plecoptera: 1 ) ) ) _ } . - - -
Corydalidae
19 Hemiptera:
Gerridae 17 i ) -7 ) ) ] )
20 Lepidoptera: ) ) ) 2 i} ) B - - -
Pyralidae
21 Diptera: 2 1500 3 3 28 46 9 - - -
Chironomidae
54 >1500 133 80 181 60 414 187 48 959

Salinity is one of the factors that influence macroinvertebrate life. Some taxa are very sensitive
to high salinity, while others are tolerant. The Baetidae family is among the most sensitive ones to high

salinity,
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Trichoptera, Hemiptera, and Coleoptera. While crustaceans are taxa with the best salinity tolerance
(Kefford et al., 2012). Members of the Palaemonidae family exhibit a broad range of salinity tolerance,
supported by their well-developed osmoregulatory mechanisms. Many species within this family are
capable of hyperosmotic regulation at low salinities and hypoosmaotic regulation at higher salinities,
enabling them to thrive in diverse aquatic environments from freshwater to brackish estuaries and even
hypersaline habitats (Giraldes et al., 2024).The above study's findings may explain the abundance of the
Palaemonidae family at TS 9, the area near the estuary. While other families are only Mollusca:
Thiaridae found at this point. It is because other families cannot survive. Plecoptera is commonly
associated with swiftly flowing water habitats (Amaral et al., 2015). Plecoptera from the Perlidae family
in this study were found in considerable numbers at TS 4, TS 7, and TS8 (as many as 45, 134, and 66
individuals). The Sampean River generally includes a river with a significant slope, and under normal
conditions, the flow is relatively rapid. At 10 sampling points, the measured flow velocity is 0.5 to 1.2
m/sec. Trichoptera: Hydropsychidae is found in abundant quantities (209 individuals) at TS 7.
Trichoptera is commonly found in fast-flowing waters. Rapid flow is important for respiration and food
collection since it is a filterer (Waringer et al., 2021). At TS 7, the flow velocity is 0.5 m/s. The
abundance of Hydropsychidae is also related to food availability at this point. Organic materials in the
form of leaves, especially bamboo leaves, are found in this location, plus organic material comes from
garden or kitchen waste dumped by people around the river. Hydropsychidae is found in parts of the
river with a pile of leaves on the bottom.

CONCLUSION

Based on the type and the distribution of taxa found, bioassessment is considered to have the
potential to be applied to the Sampean River system. The selection of the sampling location, the type of
substrate, and the morphological conditions of the river need to be considered to obtain reliable
bioassessment results. Further study is required to determine the most appropriate approach for
bioassessment in this river system.
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