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Abstract. Macroinvertebrates are often used for monitoring water quality of rivers. The presence of 
macroinvertebrates in river ecosystems is influenced by physical, chemical and natural conditions. The 
aim of this study was to compare the macroinvertebrates community in three rivers of Jawa Island, 
Indonesia. The abundance, composition and taxa richness of macroinvertebrates community in Brantas 
River (the largest river in East Java) and Opak-Progo Rivers (two large rivers in Special Region of 
Yogyakarta) were described for comparison. The macroinvertebrate communities were sampled using 
surber at ten stations in Brantas River, six stations in Opak River and four stations in Progo River. One-
way ANOVA tests revealed significant differences in temperature, pH, dissolved oxygen (DO) and current 
velocity (p < 0.05) among rivers but, it was not in case of chemical oxygen demand (COD). Based on 
Post Hoc test using LSD, Brantas River had significantly different environmental parameters compared to 
the other two rivers. Brantas River showed a rich and diverse macroinvertebrate fauna comprising 45 
genera of 29 families and 11 orders. While in Opak River 39 genera of 21 families and 7 orders were 
found, and in Progo River 55 genera of 29 families and 10 orders were obtained. Of the three rivers, 
Brantas River showed the highest abundance of macroinvertebrates. The number of taxa richness among 
three rivers was not significantly different. The differences in environmental parameters seemed to be 
the factors causing the difference in composition, abundance and taxa richness of macroinvertebrates of 
these three rivers.  
Key Words: benthos, Brantas River, environmental parameter, stream ecosystem, Yogyakarta. 
 
 

Introduction. Macroinvertebrates are invertebrates that have size more than 0.5 mm 
and enough to be seen with eyes directly (Jacobsen et al 2008). Macroinvertebrates are 
one of the best biological indicators for stream health (Sudarso & Wardiatno 2015; 
Agouridis et al 2015) in addition to chemical analysis use (Effendi et al 2015). In some 
countries their presence has been widely used to monitor the ecological status of rivers 
(Li et al 2010), man-made lakes (Sudarso et al 2008) or coastal waters (Sahidin et al 
2014; Wardiatno et al 2017). It is often used in river monitoring system since their most 
life cycles settled in the bottom substrates such as sediment, rocks, snags and aquatic 
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plants in the ecosystem (Sengupta & Dalwani 2008). They have relatively long life span 
(Uherek & Gouveia 2014), i.e. a few months to a year or more (Selvanayagam & Abril 
2016). Furthermore, macroinvertebrates also have many species at different trophic 
levels (Cook 1976) and are relatively sensitive to various kinds of pollutants and 
pressures such as organic pollutants, heavy metals, hydromorphological degradation, 
enrichment of nutrients, acidification and other general pressures (Purwati 2015; Sudarso 
& Wardiatno 2015). They can be found in almost every water body, even rivers and 
ponds that dry from time to time (Chessman 2003). Macroinvertebrates are difficult to be 
found only in the most extreme and harsh conditions such as when stream system losses 
current velocity due to long drought period (Hauer & Resh 2017).  

Macroinvertebrates are very sensitive with changes of water quality (Rahayu et al 
2009) and generally have limited mobility, so they are hardly to escape from pollution 
events (Varnosfaderany et al 2010). They will show a high diversity in good water quality 
and in optimum conditions. In contrast, the diversity is low when the water quality is 
bad. This common phenomenon is caused by the ability of few species only to tolerate 
low water quality. In that case, the tolerant species will have large number of individuals 
in the community (Lyons 2006). The other advantage of using macroinvertebrates for 
monitoring stream health is that macroinvertebrates are relatively easy to collect and to 
identify (Tjokrokusumo 2006; Sudarso & Wardiatno 2015).    

The presence of macroinvertebrates in rivers is affected by physicochemical 
factors such as temperature (Li et al 2012; Eady et al 2013), substrate composition 
(Duan et al 2008; Yunitawati et al 2012; Nakin et al 2017), current velocity (Schoen et al 
2013; Everaert et al 2014), pH (Shimabukuro & Henry 2011; Linares et al 2013), 
dissolved oxygen (Connolly et al 2004; Vandra et al 2016) and organic matter (Musthofa 
et al 2014; Putri et al 2016). Whereas their taxonomic composition is influenced by 
substrate type, riparian zone (such as canopy cover) and catchment land use around 
river banks (Collier 1995; Jonsson et al 2017). Some studies also showed different 
composition of macroinvertebrates in different elevation and stream size (Jacobsen 2003; 
Jiang et al 2010). 

Brantas River is the longest river in East Java which has catchment area about 
14,103 km2 and length about 320 km. The area of the Brantas River covers 25% of the 
area of East Java Province through the volcano and mountains resulting a variety of 
topographical conditions starting from mountain, hilly, valley, and flat. Whilst Opak and 
Progo Rivers are two large rivers in Special Region of Yogyakarta which has catchment 
area about 1,376.34 km2 and 2,421 km2 with length about 171.75 km and 138 km, 
respectively. The topographic conditions in Opak and Progo Rivers generally consist of 
mountains, hills and lowlands. The milieu difference between these two river systems will 
affect to the composition of the macroinvertebrates community. Accordingly, this study 
was aimed to describe the macroinvertebrates community in these three river systems 
that located in two different provinces in Jawa Island, Indonesia. The composition, 
abundance and taxa richness of macroinvertebrate communities are compared. 
 
Material and Method  
 
Description of the study site. Samples were collected at 10 sampling sites in Brantas 
River, 6 sampling sites in Opak River, and 4 sampling sites in Progo River (Figure 1). 
Determination of sampling stations was based on altitude, canopy coverage and land use. 
Sample collection in the Brantas River was carried out starting from the upstream of the 
river with altitude of 1,268 to 430 m, meanwhile in the Opak River was carried out 
starting from the upstream of the river with altitude of 873 to 95 m, and in Progo River 
from upstream with altitude of 444 to 126 m. Sample collection in Brantas River was 
conducted on 23 and 24 April 2018, while in Opak-Progo Rivers on 14, 15 and 16 May 
2018. 
  
Sampling methods. The physicochemical parameters, i.e. temperature, pH, dissolved 
oxygen (DO), and chemical oxygen demand (COD) were measured. Measurements of 
temperature, pH and DO were recorded in situ, while the COD was carried out ex situ 
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following American Public Health Association protocols (APHA 2012) in Laboratory of 
Aquatic Productivity and Environment, Department of Aquatic Resources Management, 
Faculty of Fisheries and Marine Sciences, IPB University. Macroinvertebrates were 
collected by surber net (30 cm × 30 cm, 1 mm mesh) that placed in front of the direction 
of flow. The substrate in the frame was disturbed in five minutes to wash 
macroinvertebrate away from substrate and enter into the net. The collected 
macroinvertebrates were removed from the net and put into sample container, and were 
then preserved using alcohol (70%) and rose Bengal. In laboratory the samples were 
sorted and identified to genus level following McCafferty (1983), Merritt & Cummins 
(1996), Pescador et al (2000), Richardson (2003), and Pescador & Richard (2004).     
 

 
Figure 1. Maps of Opak-Progo Rivers (left) in Special Region of Yogyakarta and Brantas 

River (right) in East Java. Color circles indicate sampling stations. 
 
Data analysis. The density of macroinvertebrate was calculated according to Brower et 
al (1990). One-way ANOVA test followed by Post Hoc test using LSD was used to 
compare biological and environmental data among the three rivers. The relationship 
between environmental parameters and macroinvertebrates was analyzed descriptively 
using principal component analysis (PCA). 
 
Results   
 
Abundance, composition and taxa richness of macroinvertebrate. A number of 
1,342 individuals of macroinvertebrates was found in Brantas River belonging to 45 
genera in 29 families and 11 orders from 10 sites. As for Opak River, a total of 661 
individuals macroinvertebrates were collected from 6 sites, comprising 39 genera 21 
families in 7 orders, and in Progo River, a total of 516 individuals of macroinvertebrates 
consisting of 55 genera in 29 families and 10 orders were obtained. The mean abundance 
of macroinvertebrates in Brantas River (1,491 ind m-2) was higher compared to Opak 
River (1,224 ind m-2) and Progo Rivers (1,433 ind m-2) (Figure 2).   
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In terms of abundance the major macroinvertebrate orders in almost all sampling 
sites were Ephemeroptera, Trichoptera and Diptera with different composition (Figures 3, 
4 and 5). In Brantas River Order Diptera dominated as much as 52% of total individual 
number followed by Ephemeroptera (24.3%) and Trichoptera (20%) (Figure 3). While in 
Opak River (Figure 4) and Progo River (Figure 5), the first dominant order was 
Ephemeroptera (47%) and (36.6%), following by Trichoptera (33.9% and 30.6%) and  
Diptera (12.6% and 21.12%). In general these three orders were the dominant orders of 
the community in the three rivers. Other orders were also present in the three rivers, 
such as Coleoptera, Lepidoptera and Plecoptera. There were orders that were exclusively 
found only in one river such as Arachnida, Amphipoda, Neuroptera and Oligochaeta in 
Brantas River, and Decapoda in Progo River. 

 

 
Figure 2. Mean abundance of macroinvertebrates (ind m-2) of the three rivers in Jawa 

Island, Indonesia. 
 

 
Figure 3. Order composition of macroinvertebrates in Brantas River, Jawa Island, Indonesia. 

 

 
Figure 4. Order composition of macroinvertebrates in Opak River, Jawa Island, Indonesia.  
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Figure 5. Order composition of macroinvertebrates in Progo River, Jawa Island, Indonesia.  

 
In terms of family, 29, 21 and 29 families were found in Brantas, Opak and Progo rivers 
respectively (Figure 6). Eight families could be obtained in all of rivers. Fourteen families 
were only present in two rivers. Twenty seven families exclusive occurred in one river, 
with thirteen of these only in Brantas River, ten in Opak River, and four in Progo River.  
  

 
Figure 6. Taxa richness of the three rivers in Jawa island, Indonesia according to order, 

family and genus.  
 
A total of 132 taxa were collected with six of them were spread across in all rivers. 
Nineteen taxa were shared by two of rivers. Then, sixty-nine taxa were exclusive, with 
thirty-two taxa only in Brantas River, fifteen taxa only in Opak River and twenty-two only 
in Progo River. As for taxa richness in Brantas, Opak and Progo Rivers were collected as 
much as 45, 39 and 55 taxa respectively. There were found a range of taxa about 1 to 9 
taxa/family in the Brantas River, around 1 to 10 taxa/family in Opak River, about 1 to 13 
taxa/family in Progo River. Chironomidae was the most dominant family of order Diptera 
in Brantas River with 9 taxa. A total of 559 individual of Chironomidae were collected, 
and it was 41.65% of collected individuals. While Opak River was dominated by 
Hydropsychidae with 33.89% of collected individuals, followed by family Baetidae 
(33.13%). In Progo River the two dominant families were Hydropsychidae and 
Leptophlebiidae with 29.46% and 24.4% of total individuals, respectively. 
  
Environmental parameters. Variation in environmental parameters were noted in the 
three rivers. From ten sampling sites in Brantas River, six of them had canopy cover 
around 10 to 100%. It was greater than those in Opak and Progo Rivers. Four of six 
sampling sites in Opak River had canopy cover 10-75%, while Progo River only had one 
of four sampling sites with canopy cover around 85%. As for anthropogenic activities 
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around river, there were similarities among the three rivers such as forestry, agriculture, 
plantation, sand mining, tourism, residential areas and others. Physicochemical factors of 
Brantas, Opak and Progo Rivers were significantly different in temperature, pH, DO and 
current velocity (p < 0.05), but not for COD (Table 1). Based on Post Hoc test using LSD 
(Least Significant Differences), Brantas River had significantly different environmental 
parameters compared to the other two rivers.  

 

Table 1 
Mean±SE (minimum and maximum value in parentheses) of the physicochemical 

parameters in Brantas, Opak and Progo Rivers – Jawa Island, Indonesia 
 

Parameter Brantas River* Opak River Progo River p-value 
Altitude (masl) 909.9±297.33 

(430-1268) 
377.33±284.28 

(95-873) 
266±132.99 
(126-444) 

0.000* 

Temperature (oC) 22.74±2.81 
(18.2-26.9) 

28.55±2.12 
(25.2-31.6) 

26.3±4.23 
(20.7-30.9) 

0.007* 

pH 7.39±0.59 
(6.36-8.04) 

6.49±0.29 
(6.1-6.8) 

6.41±0.66 
(5.45-6.96) 

0.003* 

DO (mg L-1) 7.52±0.81 
(5.8-8.4) 

6.15±0.63 
(5.1-6.8) 

5.98±0.44 
(5.5-6.4) 

0.001* 

COD (mg L-1) 67.93±4.13 
(62.61-75.92) 

66.04±4.45 
(61.75-74.2) 

67.76±2.74 
(65.18-70.34) 

0.806ns 

Current velocity (m s-1) 0.96±0.29 
(0.5-1.4) 

0.42±0.19 
(0.04-0.55) 

0.45±0.26 
(0.15-0.75) 

0.001* 

*Significantly different (one-way ANOVA test at p = 0.05); masl = meter above sea level. 
 

Relationships between environmental parameters and macroinvertebrate 
community. Plot diagram results from PCA showing the relationships between 
environmental condition and macroinvertebrate community are shown in Figures 7-9. The 
results of PCA show that there were 67%, 75% and 94% of total variable that explained 
by first two component (factors) in Brantas, Opak and Progo Rivers, respectively. The 
relationship between taxa richness of macroinvertebrate community and environmental 
parameters in the three rivers were different. Taxa richness of macroinvertebrate in 
Brantas River was seemed to be affected by canopy cover and altitude (Figure 7). 
Whereas in Opak River, taxa richness was closely related to COD, DO and canopy cover 
(Figure 8). Yet, in Progo River none of environmental parameters could be detected to be 
the factor affecting taxa richness (Figure 9). 
 

 
Figure 7. Plot diagram of Principal Component Analysis to show relationships between 

environmental parameters with macroinvertebrates in Brantas River, Jawa Island, Indonesia. 
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Figure 8. Plot diagram of Principal Component Analysis to show relationships between 

environmental parameters with macroinvertebrates in Opak River, Jawa Island, Indonesia.  
 

 
Figure 9. Plot diagram of Principal Component Analysis to show relationships between 

environmental parameters with macroinvertebrates in Progo River, Jawa Island, Indonesia. 
 
Discussion. As mentioned above the physicochemical parameters between Brantas, 
Opak and Progo Rivers were significantly different, except for COD. The significant 
differences in these parameters could be attributed to natural conditions between rivers 
which are affected by different degree of anthropogenic activities. According to Chibana 
(2008) a river has its own unique natural conditions. River could be also influenced by 
altitude, slope gradient, channel width, water depth, coverage canopy and others (Flores 
& Zafaralla 2012). The discrepancies in physicochemical parameters directly affect the 
biological composition of stream and rivers (Cooper et al 2015; Tamiru et al 2017). 

Brantas River showed the highest average abundance of macroinvertebrates 
compared to other rivers. It was probably related to environmental parameters since 
almost all environmental parameters measured in Brantas River showed significantly 
different with those in the other two rivers (see Table 1). The temperature in Brantas 
River was relatively low and DO was relatively high since the sites were in higher altitude 
with good canopy cover. As a consequence these conditions support macroinvertebrate 
abundance. Some studies have proven that higher DO and low temperature was better 
physicochemical condition for macroinvertebrate (Gerami et al 2016; Anzani et al 2013; 
Krisanti et al 2017). The abundance of macroinvertebrates is also related to food, in this 
case organic matter availability (Skala 2012). The presence of organic matter in water 
might be indicated by COD (Li et al 2017), and in Brantas the COD is quite high. In 
addition, the better condition of canopy cover could be the factor behind the availibility of 
organic matter as food for macroinvertebrates (Dosskey et al 2010; Knapik et al 2015).  

Souto et al (2011) proved that macroinvertebrate composition in a river was the 
result of its adaptation to environmental variables. In this study,  macroinvertebrates 
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composition among the three rivers is different and showed variation in terms of order 
(Figure 3-5), family or genera. In general three dominant orders were obtained in the 
three rivers, i.e. Ephemeroptera, Trichoptera and Diptera. With wide variation of 
environmental condition of the rivers, it can be aid that these three orders have wide 
tolerance level although not in all species of them. Family Baetidae was collected in 
almost all sampling sites in all of rivers. It belongs to tolerant organism compared to 
other families of order Ephemeroptera (Alhejoj et al 2014). Family Hydropsychidae of 
order Trichoptera was the dominant one in Opak and Progo Rivers. This condition is 
similar to the research finding by Lenat (1993). This family as well as order Diptera are 
believed to have wide tolerance range (Kranzfelder & Ferrington 2018). 

Small number of Oligochaeta, Neuroptera, Arachnida, Amphipoda were exclusively 
found at some sites in Brantas River. The presence of these organisms in river ecosystem 
could be indicator of special ecological condition. In this study Oligochaetes were 
discovered in several sampling sites with high COD. Kang et al (2017) found in their 
study that Oligochaetes could survive at site with high organic matter. Some other 
studies also showed that many taxa of Oligochaetes had wide ecological tolerance (Ragi 
& Jaya 2014; Nazarhaghighi et al 2014). As for Amphipoda and Neuroptera, each of them 
were found one individual in several sampling sites with altitude 900 m above sea level 
and environmental condition with little anthropogenic impact. Some taxa of Amphipoda 
were reported to be highly sensitive to pollution (Sallenave 2015), whereas Neuroptera 
only has limited environmental tolerance because they were difficult to accept sudden 
changes (Stoaks et al 1983). The Arachnida was found in Brantas River at sampling site 
without canopy cover but there were found fairly in wide riparian zone. Graham et al 
(2003) discovered many spiders associated with freshwater ecosystem. It was caused by 
the presence of aquatic insects which shift from an aquatic larval to terrestrial 
reproductive adult stage becoming food source for riparian consumers such as Arachnida 
(Paetzold et al 2011). 

The Decapoda and Odonata were exclusively collected only in Progo River. 
Odonata was occured in river surrounded by forest with a lot of vegetation and little 
human activities. Purba & Yulminarti (2018) in their study found many Odonata on 
vegetated river banks. The presence of vegetation was one of factors affecting the 
Odonata abundance (Siregar & Bakti 2016) since the prey was also abundant in such 
ecological condition (Hanum et al 2013). Whereas Decapoda was found in the banks of 
river dam with sand and gravel-cobble substrate enriched with plant and leaf litter. These 
condition was the preferred habitat for Decapoda (Annawaty et al 2016; Dwiyanti et al 
2017). Overall the differences in number and composition of macroinvertebrate 
communities in three rivers seem to be influenced by various factors such as organic 
matter, substrate type and the changes in environmental conditions. This finding is 
similar to Fisesa et al (2014).  
 
Conclusions. Macroinvertebrate community in three rivers of Jawa Island, Indonesia 
(Brantas, Opak and Progo) showed different composition and taxa richness. The 
discrepancy might be caused by the environmental conditions of the rivers. According to 
PCA analyses the taxa richness in Brantas River was related to altitude and canopy cover, 
and in Opak River was to DO, COD and canopy cover. However, in Progo River the 
analysis failed to detect any environmental parameter related to it.     
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