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ABSTRACT
The assessment of the impact of volcanic mud discharge into a river based on several quality indices
including habitat quality index (HQI), water quality index (WQI) and fish biotic integrity (FIBI) using the
case study of Lusi in Sidoarjo-Indonesia, was undertaken from January 2011 to February 2012.
Compared to the data collected at the control station (HQI= 21; WQI= 59-75; FIBI=75), the siltation
caused by the Lusi discharge adversely affected several factors. Firstly, the declining value of stream
covers and aesthetics resulted in lower HQI (10-13); secondly, the increasing concentration of total
suspended solids (TSS), biochemical and chemical oxygen demand (BOD and COD) resulted in low
WQI, primarily in the dry season (22.3-49.3); and thirdly, the limited supporting habitat for cyprinids and
the mud-intolerant native fish species lowered the FIBI score (60-65). The abundance of mud-tolerant
species revealed that the downstream aquatic communities have the ability to adjust to the volcanic
mud contamination. However, since there was a strong positive correlation between HQI and FIBI, the
expected long term exposure to Lusi will be followed by more habitat degradation, thus limiting the life
of fishes that are not tolerant to the mud and lowering of the quality indices permanently. Further
investigations using Mystus gulio as the bioindicator for Lusi mud contamination is proposed, as
follow-up research.
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INTRODUCTION

The Sidoarjo mud volcano in Indonesia, also known as Lusi
has been emitting mud nearly 90,000 m3/day since 2006
(Istadi et al. 2009), and as estimated will continue for 26
more years (Davies et al. 2011). Lusi contains a high por-
tion of very fine clay particles, which contain major metal
Al, organic matter and a wide range of symbiotic bacteria
(UNDAC 2006, Plumlee et al. 2008, Niemann & Boetius
2010, Jennerjahn et al. 2013, Hidayati et al. 2014). Lusi
mud particle size of less than 10 µm (USGS 2008) could
possibly have direct effect to the fishes by clogging onto
the gill surfaces, and adhering to the spaces between the gill
filaments (Muraoka et al. 2011). Previously, toxicity test in
the laboratory found that Lusi lead the physical damage to
gills (Hidayati 2010).

Lusi has been channeled to the adjacent river namely
Porong river (the downstream of the biggest river in East
Java, Brantas river). Porong river has an average depth of
1.6 m (Damar 2012) with average flow of 600 m3 s-1 during
wet season, while in dry season the flow commonly reduces
to almost zero (Van der Linden 1989). The endurance of
Lusi mud into Porong river, may result in the extreme
suspended solids and increasing organic matter which is

declining the water quality, as well as the siltation that buried
the physical structure in river bed such as rocks, coarse
woody debris (CWD) and macrophytes that are important to
improve fish habitat quality (Kennedy & Johnston 1986,
Roni & Quinn 2001, Thomaz & Ribeiro da Cunha 2010).
Habitat quality is an essential measurement in any biological
survey (Barbour et al. 1999). Zhang et al. (2014) reported
that water quality and sediment pollution significantly affect
the biotic integrity through direct effects on the fish
community.

Hypothetically, the discharge of the Lusi effluent into
the river for long periods will cause a decrease in the quality
of water and habitat as well as adversely affect the life of
aquatic organisms, included fish. Despite Indonesian fresh-
water has higher fish diversity than any other country (Dudg-
eon 2006), the environmental monitoring tools are not well
developed in Indonesia (Pearce & Butler 2005). Generally,
the study of environmental factors to the local riverine fish
assemblages is carried out in temperate zones (compared to
tropical ones), hence more studies in tropical rivers are re-
quired (Tejerina-Garro et al. 2005). Moreover, Boulton et
al. (2008) reported that ecological process variables in the
temperate region are similar to the tropical one. Ecological
assessments using the physical and biotic indices had de-
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rived in temperate region, e.g. in western USA (Bryce et al.
2010), Texas (Pollack et al. 2009), Iowa (Wilton 2004) and
North China (Zhang et al.  2014) as well as in tropical re-
gion, such as in West African river (Kamdem-Toham &
Teugels 1999). This Lusi case study can be used to deter-
mine the impact of volcanic mud discharge on the river
ecosystem from physical and biological indices (WQI, HQI
and FIBI).

MATERIALS AND METHODS

Sampling sites: Description and duration: The Lusi mud
volcano is located in the Sidoarjo district, East Java, Indo-
nesia. To prevent the mud from flooding a nearby human
settlement, the watery mud is collected initially in a set-
tling pond from which it is channeled to the Porong River
(Table 1 and Fig. 1).

Water sampling during the survey period was carried
out from January 2011 to February 2012, and coded S1, S4
and S5 for the wet season, while S2 and S3 represented the
dry season. Meanwhile, the HQI observations and fish sam-
pling activities were undertaken in the intermediate season
between the wet and dry seasons (S1 - S2).

Water quality was analysed according to the WQI of DOE
Malaysia, which has been successfully applied to measure
water quality for rivers in Malaysia as well as Indonesia (Susilo
& Febrina 2011). The WQI serves as the basis for environ-
mental assessment of a water course in relation to pollution
load using the following variables: DO (Dissolved Oxygen),
BOD (Biochemical Oxygen Demand), COD (Chemical Oxy-
gen Demand), AN (Ammonium Nitrogen), TSS (Total Sus-
pended Solids) and pH. Then, all variables are combined into
a single number which is used for categorization and desig-
nation of classes of beneficial uses (DOE Malaysia 2010,
Susilo & Febrina 2011, Abassi & Abassi 2012).

 The parameters namely DO, temperature, pH and am-
monium nitrogen were measured at the sampling sites using
the water quality tester, TROLL ® 9500. Platinum sensors
were cleaned with a swab dipped in alcohol and gently rubbed
(Geotech 2009). Salinity was measured by placing a drop of
water sample onto the refractometer and reading the value.

 Water samples were preserved in an icebox for 24 hours
prior to analysis of TSS, BOD and COD in the laboratory in
accordance to the methodology of the USEPA (1971, 1974,
1978). After analysis, classification of the water quality based
on the WQI of the DOE Malaysia was as follows: Class I (<
92); Class II (76.5-92.7); Class III (51.9-76.5); Class IV (31.0-
51.9); Class V (<31.0).

Assessment of the physical habitat quality was done in
accordance to the standards of the Texas Commission on

Environmental Quality (TCEQ 2004), which included pa-
rameters such as availability of in-stream cover, bottom
substrate stability, number of riffles, dimensions of the larg-
est pool and channel flow status, bank stability, channel
sinuosity and aesthetics of reach (Table 2). Most of the physi-

Fig. 1: Map showing the sampling stations.
Note: (A) The Lusi mud volcano is located in the Sidoarjo district-
East Java Province. (B); (C): The mud flow is collected in the Lusi
Mud Pond (LMP) from which it is channelled to the Porong River

(Source of Lusi’s satellite image, CRISP (2010)).
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cal habitat data were obtained by visual observations, which
were supported by photographs and when necessary en-
hanced with online satellite imaging. In addition, sediments
and cover types on the riverbed such as cobbles, undercut
banks and coarse woody debris, which were used to identify
the substrates and in stream covers, were collected using a
sediment grab sampler. Classification of substrates based
on particle size was determined based on the Wentworth
Grade Scale by sieving sediment samples through a series
of sieve sizes ranging from 1.25 mm up to 63 mm (UNEP/
WHO 1996).

The fish sampling methods adopted were of the Wilton
(2004) and ARI (2011). Both the methods have several simi-
larities with current research, i.e. sampling location of river,
fish sampling technique that combines fishing gear and elec-
tric shock; measurement of biological integrity and physi-
cal habitat. Moreover, Wilton (2004) sampling methods are
well proven and widely used across Iowa State since 1994.
Fish were captured using fishing gear combined with elec-
tric shock. The fishing gear was a net with 2 mm mesh size,
2.5 m deep and 46 m length. The pulsed direct current (DC)
was delivered in waveform to the water, by which the fish
gets stunned and is easily collected with a gear. The fishing
gear was hauled from a boat as well as walked onto the
banks at approximate length area of 350 m passed through
downstream to upstream.

The collected fish were placed in tanks of water, and
then most fish species were identified in the field according
to the reference of Fischer & Bianchi (1984) and Froese &
Pauly (2011). Their total and standard length were meas-
ured prior to returning them to the water. However, uniden-
tified fish species were preserved in 10% formalin solution
prior to be identification in laboratory. In addition, the Fish
Index for Biotic Integrity (FIBI) was calculated using the
scoring system of component metrics (Table 3) from Moyle
& Marchetty (1999). FIBI is a combination of several indi-
vidual measures or metrics (Table 3), which have an eco-
logically relevant and quantifiable attribute of the aquatic

biological community. The metrics response may be used
to predict the environmental disturbances (Wilton 2004).
Categories of fish metrices, whether they are native, carni-
vore or tolerant, were determined referring to the fish data-
base that is listed by Froese & Pauly (2011).

RESULTS AND DISCUSSION

The bottom substrate analysis is important to determine the
score of physical habitat quality (HQI) parameters such as
in-stream cover and substrate stability. The substrate com-
position in the Lusi-receiving stations, i.e. P1, P2 and P3
lacked gravels (0%). The highest percentage of clay (77%)
was found in the P1 stations, which were located at the ini-
tial discharge area of the Lusi effluent.

Substrate composition in the Lusi-receiving stations
possibly occurred due to sedimentation and siltation, which
were affected by the long period of the Lusi discharge that
was rich in clay (particle size of 0.004-0.00024 mm) and
dominated by fine particles less than approximately 10 mi-
crometers (Plumlee et al. 2008). During the research, meas-
ured discharge of Porong river was in level of 16.7-81.4 m3

s-1 in dry season and 128-316.7 m3 s-1 in wet season. Volume
of Lusi that moved to the Porong River was reported about
30.5-41.9 million m3/year, while the density of particles
was 2.19 × 103 kg/m3 (BPLS 2011, Hidayati et al. 2014,
Yanuar et al. 2009). This meant that the values of several
habitat parameters including those available in the stream
cover (HQI score=1-2), bottom stability (HQI score=1) and
dimensions of the river pool (HQI score=1-3) in the Lusi-
receiving stations, primarily at P1, were lower than those of
the control station which was free from Lusi (Table 4).

Moreover, the fine particles in the Lusi discharge were
considered the main factor for the high levels of TSS in the
Lusi-receiving stations (Fig. 3) as they affected the water
clarity and lowered the score of aesthetics parameter (HQI
score=1). The HQI of the Lusi-receiving stations (P1=10;
P2=12; P3= 13) was lower than that of the control station
(Fig. 2). According to the results obtained for HQI, the sta-

Table 1: Description of sampling stations.

Parameter Station Site description and coordination

Water and habitat P1 Located at the area of initial discharge (closest to the Lusi Effluent quality Pipe (LEP), coordinates:
7°32’41.8’S; 112°42’ 31.67’E

P2 At an area about 3  km from the LEP, coordinates: 7°3242.91’S; 112°4349.53’E
P3 At an area about 4 km from the LEP, coordinates: 7°32’36.57’S; 112°44’ 35.06’E
Ct Located about 6 km upstream, and it represented a Lusi-free station, coordinates: 7°33’ 10.42’S;

112°39’ 30.32’E
Fish integrity F12 Located between P1 and P2

F23 Located between P1 and P2
FCt Located at Ct station area
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tus of habitat quality at the Lusi-receiving stations was rated
as “limited”, while at the control station the rating was
“high”.

As previously described, the Lusi discharge was respon-
sible for the high concentration of TSS in the Lusi-receiv-
ing stations ([P1=676-4176]; [P2=459-1146]; [P3= 493-
1013] mg/L). These concentrations were found to be sig-
nificantly higher (p<0.05) than the TSS concentration at
the control station (Ct=40-380.5 mg/L) primarily in the dry
season. Furthermore, the Pearson analysis indicated that the
TSS was positively correlated to the BOD (r=0.80) and this
explains why the highest concentrations of TSS (4176 mg/L)
as well as BOD (120.5 mg/L) occurred at the same station
and time as seen at P1, S2 (Fig. 3).  Hydrocarbon content in
the sediments of the mud volcano supports chemosynthesis
in various bacteria (Niemann & Boetius 2010, Yang et al.
2012). Moreover, Jennerjahn et al. (2013) reported that the
Lusi input increased the concentration of suspended matter
and the load of particulate organic carbon (POC), which
have the potential to increase BOD as well as COD levels
(Quayle 2009). Consequently, the high levels of TSS, BOD
and COD contributed to the low WQI level (Fig. 4).

The multivariate and Tukey test indicated that WQI at
all stations receiving Lusi were significantly lower (p<0.05)
than that of the control stations. Compared to the range of
the WQI in the control site (59-75), the station P1, located at
the site of the initial discharge of Lusi exhibited the lowest
WQI (19-63) and was most often categorized in class IV.
Meanwhile, the WQI at P2 (35-69) and P3 (31-62), gener-
ally categorized in Class III, was significantly higher (p<0.05)
than that of P1. Overall the WQ1 at the Lusi-receiving sta-
tions, during the dry season was significantly lower than
wet season (p<0.05). This declining trend in WQI (22.3-
49.3) resulted in the lowering of the water class (Fig. 4).

The presence of rocks and coarse woody debris (CWD)
in the river bed increases the riffle areas that increase the
dissolved oxygen, enhancement of habitat diversity, hence
improving fish habitat quality primarily for juvenile and
followed by increasing the fish communities (Kennedy &
Johnston 1986, Roni & Quinn 2001). Macrophytes provide
the physical structure for fish nursery, improve the com-
plexity and diversity of habitats that can increase the diver-
sity of life for animals such as invertebrates, fish and water
birds (Thomaz & Ribeiro da Cunha 2010) as well as in-

Table 4: Habitat Quality Index (HQI) in the control area and in Lusi-receiving stations.

Station                                                                                 Score of HQI parameter

I II III IV V VI VII VIII IX HQI Status

Ct 3 3 1 4 3 1 2 2 2 21 High
P1 1 1 2 1 1 3 0 0 1 10 Limited
P2 1 1 1 3 2 3 0 0 1 12 Limited
P3 2 1 1 3 2 3 0 0 1 13 Limited

Notes: I = available in stream cover; II = bottom substrate stability; III = number of riffles; IV = dimensions of largest pool; V = channel flow
status; VI = bank stability; VII = channel sinuosity; VIII = riparian buffer vegetation; IX = aesthetics of reach

Table 3: Component metrics and scoring methods for the Index of Fish Biotic Integrity (FIBI) adopted from Moyle & Marchetty (1999).

Component Metrics                                 Score
1 3 5

I Percentage native fish species <20% 20-80% >80%
II Number of native species present 0-1 2-4 >4
III Number of age classes, cyprinids 0-1 2 3+
IV Total number of  fish species <5 5-7 >7
V Total fish abundance low number common, small numbers abundant, easy to capture

present captured without difficulty in large numbers

VI Percentage top carnivores <1% 1-5% >5%
VII Percentage tolerant species >20% 5-20% <5%
VIII Percentage introduced species >40% 10-40% <10%

Notes: IBI Score = [Total points/Number of metrics] × 20
Status of aquatic communities
80-100 Aquatic communities in very good to excellent condition
60-79 Aquatic communities in good condition
40-59 Aquatic communities in fair condition
<40 Aquatic communities in poor condition
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crease the level of dissolved oxygen (Hunt & Christiansen
2000). The siltation of the Porong river by the Lusi dis-
charge contributed to the lack of in-stream covers (Fig. 2
and Table 4) including gravel, buried CWD and aquatic
macrophytes (Chen et al. 2014) thus causing adverse effects
on the fish population.

With reference to the composition of fish species (Table
6), it was observed that the percentage of the fish species
Mystus gulio (Hamilton) at (44%) and Saurida tumbil
(Bloch) at (39%) occurred in abundance at the Lusi-receiv-
ing stations (FP12 and FP23) despite being exposed to Lusi
contamination. The study on effect of Lusi exposure to the
milkfish (Hidayati 2010) indicated that Lusi caused gill
alteration. The fine Lusi particles were possibly attached to

the surface of the gills and filled the space between the gill
filaments that causes the oxygen deficiency as a result of
changes in gill respiratory surface area (Plumlee et al. 2008,
Muraoka et al. 2011). Visually, the gill surface of M. Gulio,
which caught in Lusi effluent area (P1), was physically cov-
ered by mud (Fig. 5). The survival of M. gulio is likely to be
related to its behavioural characteristic of facultative air
breathing (Veerasamy 2012). Concentrations of Al and Fe
in all sediment samples of  Lusi-receiving stations  (Hidayati
2014) did not exceed the reference level of soil and clay
(UNDAC 2006, Hidayati 2014). The observed pH level in
all sampling stations was in safe level (pH=7-7.24) accord-
ing to the National Recommended Water Quality Criteria
(USEPA WQC 2009), that is stipulated in the range of 6.5-

Fig. 2: Comparison of the substrate composition in the Lusi-receiving stations (P1, P2 and P3) and the Control (Ct) station.

Fig. 3: Comparison of the values of the WQI-variables (TSS, DO, BOD, COD, NH3 and pH) among sampling
stations and time of survey (S1, S2, S3, S4 and S5).
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9.0. The Al toxicity relatively depended on the ambient pH
(Jezierska & Witeska 2006); since the water showed near-
neutral pH, Lusi effect to the fish might be related to its
particle size rather than Al as the major metal.

Rusch & Oesterheld (1997) suggested that it is impor-
tant to use the dominant species as the bioindicator of water
pollution. M. gulio is the potential candidate for use as the
bioindicator of the Lusi contaminated river due to its domi-
nance at the Lusi-receiving stations. In addition, its pres-
ence in a previous investigation by Herlina et al. (2005)
suggested that M. gulio could adapt to extreme changes in
the concentration of suspended solids and through modifi-
cation of substrates. Moreover, its body size range of 5.2 to
20.4 cm, indicated that all growth phases of M. gulio may
have adapted well to the Lusi exposure.

The finding, based on the composition and identifica-
tion of fish biotic integrity (FIBI) criteria (Table 5 and Ta-
ble 6), resulted in the FIBI order, of FCt (75) > FP23 (65) >
FP12 (60). The lowest FIBI score was that exhibited at sta-
tion FP12 and this was seemingly attributed  to the absence
of cyprinids (Table 3 and Table 4), which were limited be-
cause of the low HQI and WQI scores (Beamish et al. 2006).

Table 7 shows that the FIBI showed positive strong cor-
relation with the HQI (r= 0.99) and was moderately corre-

lated to the WQI (r= 0.62). A previous investigation by
Herlina et al. (2005) recorded that Cyprinidae (genus
Barbodes/Puntius) were present in the study area. Cyprinids
possibly live in fast flowing rivers that are supported by
gravel and rock substrates (Rachmatika et al. 2005). Lack of
gravel in FP12 lowered the HQI score due to changes in the
bottom substrates ability (Table 2), could possibly be re-
sponsible for the absence of cyprinids (Table 3).

With reference to the status of aquatic community (Ta-
ble 6), it was indicated that integrity of the fish community
at the Lusi-receiving stations was in a good condition as
that found at the control station. Results revealed that the
river was able to adjust the extreme mud contamination and
maintain its community by the survival of mud-tolerant
native species such as M. gulio and S. tumbil (Table 5).
However, reference to Table 4 indicated that the volcanic
mud caused decrease in habitat quality that could support
cyprinids and mud-intolerant native fish species. Further
adverse impact on fish assemblage could possibly occur
due to the predicted long period of the mud volcano erup-
tions (Davies et al. 2011), and this could probably cause the
lowering of the indices permanently. Further investigations
using M. gulio as the bioindicator for Lusi mud contamina-
tion is proposed, as a follow up research.

Table 6: FIBI scoring according to Moyle & Marchetty (1999).

Metrics            Precentage (%) or number of species                                                       Score (1-3-5)
No. FCt FP12 FP23 FCt FP12 FP23

I 100% 100% 71% 5 5 3
II 5 3 5 5 3 5
III 2 0 2 3 1 3
IV 5 3 7 3 1 3
V Common Common Common 3 3 3
VI 20% 67% 43% 5 5 5
VII 40% 100% 86% 1 1 1
VIII 0% 0% 29% 5 5 3

Total Score 30 24 26
IBI 75 60 65
Status of Aquatic Communities Good Good Good

Table 7: The Pearson correlation analysis between quality assessment indexes.

                                      Correlations
Station IBI HQI WQI

Station Pearson Correlation 1.00 0.92** 0.91** 0.56**
Sig. (2-tailed) 0.00 0.00 0.00

IBI Pearson Correlation 1.00 0.99** 0.62**
Sig. (2-tailed) 0.00 0.00

HQI Pearson Correlation 1.00 0.59**
Sig. (2-tailed) 0.00

WQI Pearson Correlation 1.00

** Correlation is significant at the 0.01 level (2-tailed), N=60
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Fig. 4: Comparison of the levels of WQI and water classification among sampling stations and time of survey (S1, S2, S3, S4 and S5).

Table 5:  Composition and identification of fish biotic integrity criteria
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CONCLUSION

Based on the Lusi case, there has been an indication that the
volcanic mud discharge into the river has resulted in the
degradation of the habitat and water quality, resulting in
the lowering of the class of water, and subsequently lower
FIBI scores. However, the river has adjusted to the volcanic
mud contamination and with the survival of mud-tolerant
species.
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