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Abstract. Streams in Yogyakarta City are classified as an urban river, they receive huge amount of 
organic matter daily from anthropogenic waste. Growing urbanization affected water ecosystem causing 
water quality and benthic community changes. Macroinvertebrate benthic immediately respond to physic-
chemical changes of the stream. Aims of this study are studying urbanization alter macroinvertebrate 
benthic community, and water quality in Winongo, Gajahwong, and Code streams of Yogyakarta City. 
Samples were collected at December 2015 and January 2017 in Winongo, Gajahwong, and Code streams 
inside the administration area of Yogyakarta City using sediment Dredge. Collections perform by dividing 
each stream into three parts with five replications. Macroinvertebrate benthic were filtered using stratified 
filter mesh 60, 40, and 20 results showed that macroinvertebrate benthic diversity decreasing from 2015 to 
2017 in these three urban streams. There were not much species founded in Yogyakarta City Streams, 
indicates riparian ecosystem lack of natural habitat. All riparian zone are damage by anthropogenic 
activities. Their density is also decreasing probably because riparian floodplain embankment caused water 
velocity faster, leave little sediment for benthic organism. Chironomids larvae dominate in all stations in 
each river, and the most abundant in Code. They were abundant because streams in Yogyakarta City 
accept high input of organic matter. They classified as tolerate groups where their abundance indicates 
water pollution. High waterfall during 2016 most probably caused water quality better in 2017 than 2015. 
Dissolved oxygen was higher, and water ph is closer to neutral. Thus it cannot be used as an indicator. 

1 Introduction 

Stream is an open ecosystem that it conditions strongly 
affected by its surrounding environments [1]. In an 
urban area, streams accept direct input of organic and 
chemical waste from anthropogenic activities—
increased urban area associated with the amount and 
variety of pollutant in runoff. Thus responsible for 
warming of surface runoff on exposed area adding 
sediment inputs [2]. Study proved that urban streams in 
industrial area have N and P concentrations higher than 
streams in less developed area [3]. High nutrient 
concentration in streams water body triggered faster 
metabolic and respiration rate of microorganisms lead 
to high biological oxygen demand [4]. 

Conducting biomonitoring of streams’ organisms 
are effective as one of the effort to manage water 
resource quality in both developed country also in 
developing country [5–7]. Macroinvertebrate benthic 
community is commonly used as streams bioindicators. 
They are quite sensitive in responding to streams 
physical and chemical changes, have a variety of 
higher taxa, limited mobility, long life cycle, easy to 
sample, and easy to identified [8–13]. Distribution and 
abundance of macroinvertebrate benthic are driven by 
several factors such as habitat characteristic, water 

quality, pollutant, stream beds sediment characters, and 
biological factors including predators and competition 
[14]. The concept of indicator species is using presence 
and/or absence characteristic taxa to the degree of their 
respond to environmental changes. Some macrobenthic 
species are very specific under river conditions wether 
clean or polluted. It helps in determining river’s health 
[15]. 

Yogyakarta City has three major streams they are 
Winongo, Code, and Gajahwong. Growing 
urbanization, and population growth lead by a citizen is 
built more residence right next to these streams. Due to 
low budget and high demand, these residence has poor 
sanitation and no sewage treatment. Consequently, 
streams in Yogyakarta City are severe for high organic 
effluent. Industrial and hospital are also responsible for 
chemical pollutions. These anthropogenic activities can 
lower streams water quality and cause streams can’t 
support its function as water resources also for 
fisheries. There have been issues that streams in 
Yogyakarta City have coliform bacteria and organic 
matter that exceed environmental quality standards. 
Badan Lingkungan Hidup Daerah Istimewa Yogyakarta 
had done several activities to reduce pollutants. They 
need an easy and effective method to help them 
monitoring streams health also strategy to make 
citizens aware of the importance of the streams [16–
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18]. We compare macroinvertebrate benthic 
community in three streams, which streams showed 
better water quality, to understand which stream needs 
more attention and we compared data in 2015 and 2017 
to study water quality through times and how it 
affected the macrobenthic community. 

2 Methods 

2.1 Study sites 

  

Fig. 1. Study sites of Winongo, Code, and Gajahwong 
Streams in Yogyakarta.     = study site. 

This study was conducted on three separate streams 
inside the administation area of Yogyakarta City, 
marked by dotted-line (Figure 1). The streams were 
Winongo, Code, and Gajahwong. These streams are 
classified as urban streams ecosystem, each stream has 
7.06 km, 8.73 km, and 6.03 km in length. These 
streams receive huge amount of nutrient daily. Sources 
of nutrient are from domestic, industrial, and hospital 
waste. 

Three sampling stations were positioned in each 
stream at a time. Winongo stream site 1 is located in 
Tegal Rejo District, in the middle of residence and 
beside main road (110°21’055” E 7°45’577” S). Site 2 
(110°21’162” E 7°47’395” S), and site 3 (110°21’057” 
E 7°49’024” S) located in Wirobrajan District. In site 
2, there are land transformations from the river bank to 
residence. Site 3 was used for sand mining in a minor 
scale, residence, and empty land. 

Code stream sites were located in: site 1 
(110°22’231” E 7°46’703” S), site 2 (110°22’133” E 
7°47’485” S), and site 3 (110°22’270” E 7°48’233” S). 
Site 1, 2, and 3 are located in Jetis District, 
Gondomanan District, and Mergasan District 
respectively. There is land converted from river bank to 
residence in each site. And for site 2, there are flats 
build by the government right on the river bank. 

Gajahwong river site 1 located in Umbulharjo 
(110°23’805” E 7°46’960” S), site 2 (110°23’573” E 
7°48’103” S) and site 3 (110°23’368” E 7°48’349” S) 
is in Kotagede District. Every site was used for 
residence. In site 2 there is waste from factory and zoo, 
and there is minor sand mining on site 3. 

2.2 Data collection 
 
Samples were collected in 12–13 December 2015, and 
31 December 2016–1 January 2017. Sampling date was 
different due to heavy rainfall that can cause-
macroinvertebrate benthic community washed away. 
Sampling conducted after three days with no rain. 
Macroinvertebrate benthic was sampled by dredge 
Petersen 1 L. Samples were moved to collection bottle 
and preserved by 3 drops of formaldehyde 4 %. At each 
station, environmental parameters including air and 
water temperature were measured using a thermometer, 
air relative humidity using hygrometer, and light 
intensity using lux meter. Samples of water were 
collected using dark bottles. Dissolved oxygen 
concentrations were measured using DO meter, 
alkalinity using alkali kit, CO2 content using the CO2 
kit, and water pH using pH meter. 

Sediment samples were filtered by stratified filter 
size: 20, 40 and 60 mesh Samples preserved in alcohol 
70 % with ratio volume sample:alcohol (1:3). Samples 
were placed on petri disk then observed using a stereo 
microscope. Next, samples were counted and identified 
using Immature Insects Volume 1–2 (1987, 1991) 
Frederick W. Stehr Kendall/Hunt Publishing Company. 

2.3 Data analysis 

Density of species A 
𝐷𝐷 = 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑖𝑖𝑛𝑛𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑛𝑛 𝑠𝑠𝑠𝑠𝑛𝑛𝑠𝑠𝑖𝑖𝑛𝑛𝑠𝑠 𝐴𝐴

𝑛𝑛𝑛𝑛𝑖𝑖𝑢𝑢 𝑎𝑎𝑛𝑛𝑛𝑛𝑎𝑎
  (1) 

 
Relative Density 
DR = 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑖𝑖𝑛𝑛𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑛𝑛 𝑠𝑠𝑠𝑠𝑛𝑛𝑠𝑠𝑖𝑖𝑛𝑛𝑠𝑠 𝐴𝐴

𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑖𝑖𝑛𝑛𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑛𝑛𝑎𝑎𝑖𝑖𝑠𝑠 𝑜𝑜𝑜𝑜 𝑎𝑎𝑖𝑖𝑖𝑖 𝑠𝑠𝑠𝑠𝑛𝑛𝑠𝑠𝑖𝑖𝑛𝑛𝑠𝑠
𝑥𝑥 100 %   (2) 

 
Frequency  

F = 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑠𝑠𝑎𝑎𝑛𝑛𝑠𝑠𝑖𝑖𝑛𝑛𝑠𝑠 𝑠𝑠𝑜𝑜𝑛𝑛𝑢𝑢𝑎𝑎𝑖𝑖𝑛𝑛𝑖𝑖𝑛𝑛𝑐𝑐 𝑎𝑎 𝑠𝑠𝑠𝑠𝑛𝑛𝑠𝑠𝑖𝑖𝑛𝑛𝑠𝑠 
𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑠𝑠𝑎𝑎𝑛𝑛𝑠𝑠𝑖𝑖𝑛𝑛𝑠𝑠 𝑠𝑠𝑜𝑜𝑖𝑖𝑖𝑖𝑛𝑛𝑠𝑠𝑢𝑢𝑛𝑛𝑖𝑖

 (3) 
 

 
Relative Frequency  

FR = 𝑜𝑜𝑛𝑛𝑛𝑛𝑓𝑓𝑛𝑛𝑛𝑛𝑛𝑛𝑠𝑠𝑓𝑓 𝑜𝑜𝑜𝑜 𝑎𝑎 𝑠𝑠𝑠𝑠𝑛𝑛𝑠𝑠𝑖𝑖𝑛𝑛𝑠𝑠 
𝑠𝑠𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑜𝑜𝑛𝑛𝑛𝑛𝑓𝑓𝑛𝑛𝑛𝑛𝑛𝑛𝑠𝑠𝑖𝑖𝑛𝑛𝑠𝑠 𝑜𝑜𝑜𝑜 𝑎𝑎𝑖𝑖𝑖𝑖 𝑠𝑠𝑠𝑠𝑠𝑠.

 𝑥𝑥 100 (4) 

3 Results and discussions 

3.1 Macroinvertebrate benthic 

There is different of macroinvertebrate benthic density 
in 2015 and 2017 (Figure 2). Macroinvertebrate benthic 
were mostly abundant in Code Streams. In 2015, total 
benthic founded in Winongo were 186 ind/m3, in Code 
were 716 ind/m3 ind/m3, and in Gajahwong were 336 
ind/m3. In 2017, total benthic founded in Winongo 
were 30 ind/m3, in Code were 202 ind/m3, and in 
Gajahwong were 42 ind/m3. Both 2015 and 2017 were 
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dominated by Chironomids larvae (Figure 3). In 2017 
Oligochaeta worms were dominated in Code, they were 
found 143 ind/m3 causing declining of Chironomids 
larvae density, they were only 30 ind/m3 found. Only 
few predators were founded, and none EPT members 
were found. Code also have the highest species 
number, there were 9 species found and 7 species 
found in Code and Gajahwong. In total there were 20 
species found in Winongo, Code, and Gajahwong. 
Species found in these three streams were quite similar. 

 

Fig. 2. Macroinvertebrate benthic densities in Winongo, 
Code, and Gajahwong. Light color:  density 2015 and dark 
color: density 2017. Benthic in Code were the most dense. 

 
Fig. 3. Number of species found in Winongo, Code, and 
Gajahwong streams. There were only three FFG and total 20 
species found. Chironomidae were dominated in all streams. 

 

 

3.2. Water quality 

 
Code 2015 

 
Code 2017 

 
Gajahwong 2015 

 
Gajahwong 2017 

 
Winongo 2015 

 
Winongo 2017 

Fig. 4. Riparian vegetation on Winongo, Code, and 
Gajahwong stream in 2015 and 2017. 
 
From the data shown in Figure 4., water quality were 
better in 2017 than 2015. Dissolved Oxygen in three 
streams were higher in 2017 than in 2015. Winongo 
had the highest DO compared to the other two streams. 
Dissolved oxygen in 2015 was 8.06 ppm and 8.32 ppm 
in 2017. Code DO was 6.69 ppm in 2015 and 8.41 ppm 
in 2017. While the lowest DO was in Gajahwong, it 
was 6.59 ppm in 2017 and 8.30 ppm in 2017. Winongo 
water pH closer to neutral than Code and Gajahwong. 
It was 8.11 in 2015 and 7.93 in 2017. The highest ph is 
Code streams, it was 8.53 in 2015 and 8.24 in 2017. 
Water temperature were decreasing from 2015 to 2017 
in these three streams. Code has the highest water 
temperature, it was 27 °C in 2015 and 25.72 °C in 
2017. Gajahwong water temperature was 26.62 °C in 
2015 and 25.78 °C in 2017. Winongo has the lowest 
water temperature, it was 24.67 °C in 2015 and 24.00 
°C in 2017. 

All streams in Yogyakarta City were suffered from 
urbanization. They receive huge amount of organic 
matterials and chemical waste. Macroinvertebrate 
benthic respond to these ecosystems changes. Their 
densities were declining sharply from 2015 to 2017. 
This was probably because urbanization altered 
channel moprhology. In return streams hydrology 
become flashy, flashy means more frequent, larger flow 
events with faster descending and ascending limbs of 
the hydrograph [21]. These events washed up 
sediments for benthic organisms caused sharp declining 
of biotic density and richness. Almost every part of 
streams bank in Yogyakarta City damming for 
fulfilling rapid growth of human population. Damming 
and fragmentation can be a major disturbance to 
streams ecosystems and macroinvertebrate community 
that are responsive to impoundment, they can be 
valuable indicators in assessing the health of streams 
ecosystems [22]. 
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Fig. 5. Physic-chemical parameters in Winongo (W), Code 
(C), and Gajahwong (GJ). Trends showed water quality are 
better in 2017 than 2015. Winongo has better water quality 
compared to Code and Gajahwong streams 

There were only three Functional Feeeding Group 
(FFG) of benthic found in Winongo, Code, and 
Gajahwong streams. Species number were low, only 20 
was found. This was because riparian zone were 
damaged and in some area there were no riparian zone 
as it used for residential. Loss of riparian zone are 
limiting benthic community habitat. From fig. 5., water 
quality in these three streams were not quite different, 
for this reason they shared similar benthic species. 
Streams species richness were loss due to urbanization 
where all riparian zone are damaged by anthropogenic 
activities. No EPT was found in all three streams 
showed water quality were quite bad. Groups of EPT 
can only live in good quality water with high DO, good 
water transparency, low chemical pollutant, and low 
organic matter. The absent of EPT is an indicator that 
streams in Yogyakarta City were polluted. 

The most abundant FFG is Collectors. Their 
densities are high in all three streams. Collectors most 
abundant in Code streams, there were 620 ind/m3, 
followed by Gajahwong 226 ind/m3 then Winongo 155 
ind/m3 in 2015. But in 2017, benthic density decline 
sharply leave only 183 ind/m3 in Code, 26 ind/m3 in 
Winongo, and 24 ind/m3 in Gajahwong. Code streams 
probably most suffered from urban growth. Northern 
part of Site 1 stand hospital and very crowded 
recidence, the area are getting more crowded to the 
southern part in site 3. Domestic waste directly drains 
to streams through pipes, without contact to 
surrounding pervious land. In consecutives high input 
of organic material enter water ecosystem and cause 
disturbance for biotic richness. Collectors immediately 
respond to this sufficient input of organic materials, 
their density and diversity peak in Code and 
Gajahwong streams.  

Streams in Yogyakarta City receive high input of 
domestic waste daily. Winongo main pollutant 
resources come from domestic, hospital, and 
aquaculture wastes. Code main pollutan resources are 
domestic waste, and agriculture, while Gajahwong 
main pollutan resources are domestic waste, Industrial 
waste from silver production, and zoo waste. Data 
showed that water quality better in 2017 than in 2015. 
This was probably due to high rainfall along 2016 
causing water debit increased thus water velocity 
washed faster organic matter downstream. Water 

physic-chemical parameters my not be used as main 
parameters to show water quality in this case as 
macroinvertebrate benthic community showed streams 
water quality decreasing. Urbanization takes stream 
bank to build more residential thus eliminate water-
sediment interaction and its ability to reduce toxicity. 

4 Conclusion 

Macroinvertebrate benthic are suitable as streams 
health indicator. Streams in Yogyakarta City were all 
enriched by high organic matter causing disturbance of 
benthic community. Their densities was decreasing 
from 2015 to 2017. Chironomids in all streams were 
abundant due to high organic matter. Water physic-
chemical factors can’t be used as streams health 
indicators as they were strongly affected by rainfall. 
 
Authors would like to thank Dinda Islami, and Fitria Ratna 
Pratiwi for their assistance during field sampling. 
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