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Abstract. Nugrahaningrum A, Harianja MF, Nugroho H, Soesilohadi RCH. 2017. Macroinvertebrate diversity role in water quality
assessment of Winongo and Gajah Wong rivers, Yogyakarta, Indonesia. Bonorowo Wetlands 7: 31-37. Winongo and Gajah Wong are
primary rivers in Yogyakarta Special Region that have important roles for society and surrounding areas; therefore, periodical river
monitoring is needed. River monitoring can be conducted by utilizing macroinvertebrate diversity. This research aimed to study
macroinvertebrate diversity and analyze both rivers” water quality. Data were collected at the upstream, the middle, and the downstream,
100 m each, by transect method. The diversity and the abundance of macroinvertebrates were analyzed. The results showed that the
number of macroinvertebrate families at Winongo was 24, while at Gajah Wong was 26. Based on Shannon-Wiener and Margalef
Indexes, the highest diversity was at Winongo upstream, while the lowest was at Gajah Wong middle zone. Based on Similarity Index,
Winongo and Gajah Wong middle zones had the most similar diversity. Based on both Family Biotic Index (FBI) and BIOTILIK Index

scores, Winongo upstream had good water quality, while Gajah Wong middle zone was severely polluted.
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INTRODUCTION

Water is a vital natural resource required in various
daily activities. The input of pollutants can pollute water
bodies due to activities that cause degradation of water
quality and alteration in the community of aquatic
organisms (Dudgeon et al., 2005; Giorgio et al., 2016). The
river is a freshwater habitat vulnerable to pollution and
environmental conversion (Dewi 2013). The river current
flow is unidirectional and influenced by physiology,
geology, climate, flora, fauna, land use, and human
activities (Anzani 2012).

Gajah Wong and Winongo are rivers that are located in
Yogyakarta Special Region. The water basin of these rivers
is divided into 3 parts, namely, the upstream at Sleman
district, the middle zone at Yogyakarta City, and the
downstream at Bantul district (Permana 2013). Both rivers
have unique values for the surrounding community, as they
are utilized in household utilities, home industries,
agriculture, and factories. The state of both rivers is highly
alarming because they are polluted by household and
industry wastes (either organic or non-organic), which in
turn causes the water to become degraded and could not be
used by the surrounding community (BLH DIY 2015).

The water quality in water bodies can be determined by
dissolved substances, suspended substances, and aquatic
organisms. A biological indicator is a group or a
community of organisms whose presence is associated with
the condition of the surrounding environment.
Macroinvertebrates usefully are utilized as biological
indicators because they have a settled habitat. The

composition and abundance of macroinvertebrates depend
on their tolerance or sensitivity toward altering the
environment.  Alteration of water quality in
macroinvertebrate habitats can influence their composition
and abundance; therefore, they can give a more precise
picture of the state of a particular river compared to
environmental parameters (Stein et al., 2008).

Water quality monitoring is a means to systematically
evaluate the alteration of water body quality through the
response of aquatic organisms. Biomonitoring is divided
into four components such as the bioassessment study of
the structure and function of life community, the toxicity
bioassays, i.e., study of pollutant effect on life forms, the
behavioral assays, i.e., analysis of the sublethal impact on
the tested organism, and bioaccumulation study of the
contaminant dosage absorbed by the organism and its
impact in the food chain. Biomonitoring is useful for
evaluating the impacts of development on aquatic
ecosystems by acquiring information about the alteration of
biological structure and diversity of a particular water
body. The information can be used as a long-term
barometer of the success of aquatic environmental
management (Komarawidjaja and Titiresmi 2006).

Concerning the importance of periodical water quality
monitoring, this research aimed to acquire information
about macroinvertebrate abundance at Gajah Wong and
Winongo rivers of Yogyakarta, Indonesia, and determine
the water quality of both rivers.
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MATERIALS AND METHODS Yogyakarta City, Sleman, and Bantul districts in

Yogyakarta Special Region, Indonesia. Near each riverside,

Study area there were residential areas. Samples were collected at 6

The study area of this research are Winongo and Gajah  sample points, each of them representing upstream, middle,
Wong Rivers. Both rivers were located across and downstream zones (Figure 1 and 2, Table 1).

Figure 1.A. Map of Yogyakarta, Indonesia, with six sampling sites. A. W1 (Winongo upstream), B. W2 (Winongo middle), C. W3
(Winongo downstream), D. G1 (Gajah Wong upstream), E. G2 (Gajah Wong middle), F. G3 (Gajah Wong downstream)

D o E B
Figure 1.B. Study sites at Winongo and Gajah Wong rivers, Yogyakarta, Indonesia. A. W1 (Winongo upstream), B. W2 (Winongo
middle), C. W3 (Winongo downstream), D. G1 (Gajah Wong upstream), E. G2 (Gajah Wong middle), F. G3 (Gajah Wong downstream)
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Table 1. Location of six study sites at Winongo and Gajah Wong
rivers, Yogyakarta, Indonesia

Site  Place Latitude and Longitude

7°38'03.0"S+110°23'14.9"E
7°48'04.2"S+110°21'16.8"E
7°50'25.6"S+110°20'55.0"E

W1  Winongo upstream
W2  Winongo middle

W3 Winongo downstream
Gl  Gajah Wong upstream 7°38'06.8"S+110°25'15.0"E
G2  Gajah Wong middle 7°47'02.4"S+110°23'46.9"E
G3  Gajah Wong downstream  7°50'28.4"S+110°23'46.4"E

Table 2. Ecological status categories for Shannon-Wiener Index

Category H’
High >4
Good 3.0-4.0
Moderate 2.0-3.0
Poor 1.0-2.0
Bad 0.0-1.0

Table 3. Degree of pollution based on Family Biotic Index (FBI)

Family Water Degree of Organic Pollution

Biotic Index  Quality

0.00-3.75 Excellent Organic pollution unlikely

3.75-4.25 Very Good Possible slight organic pollution

4.26-5.00 Good Some organic  pollution is
probable

5.015.75 Fair Fairly substantial pollution likely

5.76-6.50 Fairly Poor Substantial pollution likely

6.51-7.25 Poor Very substantial pollution likely

7.26-10.00 Very Poor Severe organic pollution likely

Table 4. River water quality assessment based on BIOTILIK
Index

Average  Habitat Health Level

Scores

2.4-3.0 Healthy, provide diverse and stable habitat
conditions to support biotic life.

1.7-2.3 Poorly healthy, provide less variable and less stable
habitat to support biotic life.

1.0-1.6 Unhealthy, provide invariable and unstable habitat to
support biotic life.

Procedures

Sample collection

This research was conducted in September and October
2015 by the transect method. Macroinvertebrate samples
were collected by kick net. The net was put on the river
substrate in the opposite direction from the river current.
The samples were removed from the net by rubbing off the
stones in each plot for 1 minute. The collection was done at
10 plots along 100 meters in each upstream, middle, and
downstream zone of the Winongo and Gajah Wong rivers.
The current velocity of the rivers was measured at every
plot. Samples were placed in flacon bottles and preserved
in formaldehyde solution.

Sample analysis

Samples were documented by camera Pro Summer Fuji
Film XS 1 and identified by identification books. Samples
were enumerated by eyes.

Data analysis

The samples were analyzed using the Diversity Index of
Shannon-Wiener, Dominance Index, Evenness Index,
Similarity Index of Bray-Curtis, Margalef Index, Family
Biotic Index, and BIOTILIK Index.

Diversity Index of Shannon-Wiener (Jost 2010)

H’=-Y Piln Pi, Pi=ni/ N

H’: diversity index of Shannon-Wiener, ni: the number
of individuals belonging to family i, N: the total number of
collected individuals

Dominance Index (Simpson Diversity Index) (Firtiana
2005)

C=Y Pi?, Pi=ni/N

C: dominance index, ni: the number of individuals
belonging to family i, N: the total number of collected
individuals

Evenness Index (Heip 1974; Heip et al. 1998)

e= H’/ H max, Hmax=1In S

e: evenness index, H’: Shannon-Wiener index, S: the
total number of identified families

Similarity Index of Bray-Curtis (Wolda 1981)

Sgc= Zz*min (n1i, N2j) / Z nyi+ Z noi

Sgc: similarity index of Bray-Curtis

nli: the number of individuals of the ith family in
sample 1

n2i: the number of individuals of the ith family in
sample 2

min: refers to the lower abundance value for the family
of the two samples being compared

Margalef Index (Gamito 2009)

Dwmg= (S-1)/In N

Dwmg: Margalef Index, S: the total number of identified
families, N: the total number of collected individuals

Family Biotic Index (Rahayu et al. 2009)

FBI= Y xi*ti/ n

FBI=Family Biotic Index

xi = the number of individuals belonging to family i

ti = score of tolerance of family i

n = the total number of collected individuals

BIOTILIK Index (Ecoton 2013)

Bl= X/N, X= xi*ti

BI: BIOTILIK Index

xi = the number of individuals belonging to family i
ti = score of tolerance of family i

N = the total number of collected individuals

RESULTS AND DISCUSSION

Macroinvertebrate diversity

The highest score of the Shannon-Wiener Diversity
Index of macroinvertebrates was 2.412 the upstream of
Winongo. The lowest score was 1.205 in the middle of
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Gajah Wong. Based on Puente and Diaz (2008), the
upstreams of both locations had moderate ecological
conditions. Then, the other locations were included in poor
environmental conditions because the range of their scores
was 1-2.

Based on Margalef Diversity Index, the upstream of
Winongo had the highest score, 3.539. Then, the upstream
of Gajah Wong had a score of 2.811. The lowest score was
in the middle of Gajah Wong, 1.361. The higher the
Margalef score, the higher the macroinvertebrate diversity.

The evenness index of Winongo and Gajah Wong's
upstreams was high, i.e., around 0.8. It showed that the
macroinvertebrate individuals at the upstream were
distributed evenly. The lowest scores of evenness index
were at the middle and the downstream of Gajah Wong.

Based on figure 3., the highest score of the Simpson
index was 0.432 in the middle of Gajah Wong. The second
highest score was 0.390 in the middle of Winongo. It
showed that there were dominating families in both zones.

The similarity index of the middle of Winongo and the
middle of Gajah Wong was valued the highest, with more
than 50%. It showed that they had similar
macroinvertebrate diversity. The other location did not
have similar macroinvertebrate diversity.

The correlation value of macroinvertebrate diversity
and current velocity was low. The change of current
velocity did not directly influence the macroinvertebrate
diversity at Winongo and Gajah Wong rivers. Many factors
besides current wvelocity influenced macroinvertebrate
diversity.

Based on Family Biotic Index, Winongo upstream had a
good status, some organic pollution is probable. The status
of Gajah Wong upstream and downstream was fair. Then,
the other locations had very poor water quality. Based on
the BIOTILIK index, upstreams of Winongo and Gajah
Wong were included in slightly polluted water. The middle
of Winongo and the downstream of Gajah Wong had fairly
polluted water. Then, the middle of Gajah Wong and the
downstream of Winongo had heavily polluted water.

Table 1. Macroinvertebrate family at Winongo and Gajah Wong rivers, Yogyakarta, Indonesia

Number of individuals

Group Taxa wi W2 w3 G1 G2 G3
Ephemeroptera Baetidae 2 0 0 6 0 0
Caenidae 0 0 0 11 0 0
Heptageniidae 12 0 0 0 0 0
Leptophlebiidae 11 0 0 0 0 0
Polymitarcyidae 0 0 0 22 0 0
Plecoptera Chloroperlidae 3 0 0 0 0 0
Perlidae 4 0 0 0 0 0
Trichoptera Brachycentridae 1 0 0 0 0 0
Goeridae 0 0 0 2 0 0
Hydropsychidae 1 4 1 0 2 58
Leptoceridae 1 0 0 0 0 0
Philopotamidae 3 0 0 0 0 0
Polycentropodidae 0 0 0 1 0 0
Cerithioidea Pleuroceridae 27 4 25 10 0 2
Diptera Chironomidae 1 64 38 18 107 2
Simuliidae 1 0 0 0 0 0
Tipulidae 0 0 0 1 0 0
Decapoda Atyidae 0 0 4 0 0 0
Palaemonidae 15 0 0 21 0 0
Parathelphusidae 2 1 0 3 0 2
Hemiptera Corixidae 5 0 26 0 1 1
Mesoveliidae 0 0 0 1 0 0
Veliidae 14 0 0 4 0 0
Nepidae 0 0 0 1 0 0
Hirudinea 0 29 2 0 0 1
Megaloptera Sialidae 0 1 0 0 0 0
Odonata Coenagrionidae 0 0 0 0 0 1
Euphaeidae 4 0 0 0 0 0
Gomphidae 0 0 0 1 0 0
Libellulidae 0 0 0 0 7 0
Pulmonata Lymnaeidae 0 0 0 0 6 0
Pulmonata Physidae 0 3 1 0 0 0
Rhynchobdellida Glossiphoniidae 0 10 5 0 8 0
Sorbeoconcha Thiaridae 15 0 0 0 6 43
Tubificina Tubificidae 0 0 4 0 9 0
Veneroida Corbiculidae 0 0 0 0 0 3
Viviparoidea Viviparidae 0 0 0 0 0 2
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Wong rivers, Yogyakarta, Indonesia
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Table 2. Similarity and dissimilarity of macroinvertebrate at Winongo and Gajah Wong rivers, Yogyakarta, Indonesia

Dissimilarity Index

Winongo Gajah Wong
Upstream Middle Downstream Upstream Middle Downstream

Winongo

Upstream 0 94.12 71.93 69.64 89.76 81.51
_§ Middle 5.88 0 54.05 78.9 47.04 90.52
£ Downstream 28.07 45.95 0 73.08 64.62 92.79
2 Gajah Wong
S Upstream 30.36 211 26.92 0 86.81 94.5
T Middle 10.24 52.96 35.38 13.19 0 87.46
&% Downstream 18.49 9.48 7.21 55 12.54 0

Discussion tolerant to pollutants. Tolerant families  were

Based on Shannon-Wiener and Margalef diversity
indexes, Winongo upstream had the highest score.
Winongo upstream consisted of 18 families of
macroinvertebrates. Nine of those families, which belong
to Ephemeroptera, Plecoptera, and Trichoptera (EPT)
orders, were intolerant and tolerant to a slight amount of
pollutants. The intolerant members were Heptageniidae,
Leptophlebiidae, Perlidae, Chloroperlidae, Philopotamidae,
and Brachycentridae, while the semi tolerant ones were
Baetidae, Leptoceridae, and Hydropsychidae (Rahayu et al.
2009; Ecoton 2013; Blakely et al. 2014). The other families
were Euphaeidae, Vellidae, Palaemonidae, Corixidae,
Pleuroceridae, Thiaridae, Simulidae, Parathelpusidae, and
Chironomidae. The highest score of evenness index was
0.834, and the lowest of dominance index was 0.116. It
suggests that there were no dominating families.

The river was shallow and clear, with the substrate
composed of sand and rocks. Riverbank was dominated by
thorny palm and bamboo plantations. Based on the Family
Biotic Index score, Winongo upstream had good water
quality with a probability of some organic pollution. Based
on the BIOTILIK index, its water quality was slightly
polluted. There is not any record of pollutant sources at
Winongo upstream yet. The pollutant could be from a
thorny palm plantation based on the observation.

Gajah Wong upstream had the second-highest score of
Shannon-Wiener diversity, i.e., 2.131. It suggests that the
macroinvertebrate diversity of Gajah Wong and Winongo
upstreams was the same. They both had moderate
ecological conditions (Puente and Diaz 2008). That score
also suggests fair diversity and productivity status, fairly
balanced ecosystem conditions, and fair ecological
pressures (Fitriana 2005).

Macroinvertebrate diversity consisted of 14 families, 5
families belonging to EPT orders, and 8 Non-EPT families.
The EPT members were Baetidae, Caenidae, Goeridae,
Polymitarcyidae, and Polycentropodidae. Individuals
belonging to Polymitarcyidae were the most commonly
found. The evenness of the families was high, although the
dominance score was low. A shallow and clear water body
with a substrate composed of sand and rocks was suitable
as a habitat for Polymitarcyidae. Polymitarcyidae burrows
in rivers under rocks (Bouchard 2004) or sand. At this
station, Gomphidae, Vellidae, Mesoveliidae, Tipulidae,
Palaemonidae, and Nepidae families were not significantly

Chironomidae, Parathelpusidae, and Pleuroceridae (Rahayu
et al. 2009; Ecoton 2013; Blakely et al. 2014).

Based on the FBI score, Gajah Wong upstream had fair
water quality, which suggests fairly substantial pollution
likely, while based on BIOTILIK score, it was slightly
polluted. Pollutant sources have not been officially
recorded by the environmental institution of the
Yogyakarta  Special Region. Physically, it was
contaminated by the household wastes such as plastic bags.
The water body was shallow and clear. Riverbank was in
the form of mahogany and thorny palm plantation. There
was much water drop from the stone gaps. Rock oxidation
level in this area was adequately high.

The diversity status of macroinvertebrates at Winongo
and Gajah Wong middle zone was poor ecologically
(Puente and Diaz, 2008). Found 8 families at both
locations. Families found dominantly were Chironomidae
and Glossiphoniidae. Both families were tolerant of
pollutants. Chironomidae was the most dominating family
at both locations (Rahayu et al., 2009; Blakely et al.,
2014).

The water quality of both middle zones was severely
polluted. Based on the data provided by the environmental
institution of Yogyakarta Special Region year 2015, the
pollutants that get into the water bodies at the middle zones
result from several sources, such as hospitals, local
governmental clinics, maternity hospitals, environmental
and health laboratories, metal industries, leather industries,
food industries, automotive industries, batik fabric
industries, print shops, gas stations, laundries, hotels, malls,
and restaurants.

The high pollution level caused the presence of organic
nutrients abundantly for Chironomidae (Armitage et al.
1995). Besides, competitors and predators were in small
numbers in polluted water bodies.

Winongo and Gajah Wong’s middle zones produced a
foul odor. Winongo’s middle zone was composed of rocks,
while Gajah Wong’s middle zone was sand and clay. Sand
and clay were suitable for habitats of dragonfly nymphs;
therefore, they were found in a pretty great number.

At Winongo downstream, found 9 families with 1
family belonging to EPT, i.e., Hydropsychidae, and 8 other
families were non-EPT, i.e., Pleuroceridae, Chironomidae,
Hirudinidae, Physidae, Glossiphoniidae, Tubificidae,
Corixidae, and Atyidae. Individuals belonging to
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Chironomidae were found most abundant. While Gajah
Wong downstream had higher diversity, i.e., 11 families
with 1 family of EPT, i.e., Hydropsychidae, and 10 family

non-EPT, i.e., Thiaridae, Pleuroceridae, Corbiculidae,
Viviparidae, Chironomidae, Coenagrionidae,
Glossiphoniidae, Corixidae, Hirudinidae, and

Parathelpusidae. Hydropsychidae and Thiaridae were found
most abundant. Based on the Evenness Index, families
found at Winongo downstream were distributed more
evenly than Gajah Wong downstream. Based on
Dominance Index, Winongo downstream had a lower score
than Gajah Wong downstream. It suggests that family
evenness at Winongo downstream was higher, and there
was no dominating family. While at Gajah Wong
downstream, it suggests low family evenness, and there
were two dominating families, i.e., Hydropsychidae and
Thiaridae.

High diversity is correlated to ecosystem health
(Barbour et al. 1999). EPT is a macroinvertebrate group
whose presence is limited by pollution and the
embeddedness of rocks, which cause the macroinvertebrate
habitat to become narrower (Spellman and Drinan 2001).
The substrate at both river upstreams was dominated by
sand and rocks, but the only EPT member found was
Hydropsychidae. At  Gajah  Wong  downstream,
Hydropsychidae individuals were found abundantly but
less at Winongo downstream. It suggests that the water
body condition at Winongo downstream was relatively
polluted. FBI score of Winongo downstream was high, i.e.,
7.85, which means very poor water quality, while FBI
score of Gajah Wong downstream was 5.07, which
suggests fair water quality. Based on BIOTILIK Index, the
score of Winongo downstream was 1.792, which means
poorly healthy water quality, while the score of Gajah
Wong downstream was 2.5, which suggests healthy water
quality.

Pollutant sources in downstream areas, based on the
data by Badan Lingkungan Hidup or environmental
institution of Yogyakarta Special Region year 2015,
consisted of hospitals, environmental and health
laboratories, metal industries, leather industries, sugar
industries, noodle industries, textile industries, alcohol
industries, cow husbandries, slaughterhouses, fish canning
industries, tofu industries, tempeh industries, batik fabric
industries, automotive industries, print shops, gas stations,
car wash industries, pharmacies, hotels, and restaurants.
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