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ABSTRACT

Sources of water must be monitored regularly to determine the status of water quality.
Poor water conditions are not only an indicator of environmental degradation but also
a threat to the ecosystem. Little evidences have been made on the streamflow of
Gunung Belumut waterfall to obtain an overview of the diversity of
macroinvertebrates and its interaction with water quality. This research intends to
delve into the taxonomy richness of macroinvertebrates in water quality monitoring by
using Biological Monitoring Working Party-Average Score Per Taxon (BMWP-
ASPT) method and were referred to a set of references by BMWP-England and
BMWP-Costa Rica and the BMWP-ASPT used in Malaysia. Next, the research intends
to determine the interaction of physicochemical parameters and Principal Component
Analysis (PCA) correlation between macroinvertebrates and water quality. The
development of simple guidelines for macroinvertebrate sampling techniques were
established with application of BMWP-ASPT method. The water quality recorded that
the water quality upstream ranged between 6.27-8. Meanwhile, the water quality of
the middle stream ranged from 4.9-5.7. Finally, the downstream recorded a status of
almost clean to clean with score value of 6.5. The Simpson’s diversity index (D)
resulted in values of 0.806, 0.886 and 0.889 for upstream, middle stream and
downstream, respectively. Meanwhile, the Shannon — Wiener index (H’) values were
0.605, 0.895 and -0.024 for upstream, middle stream and downstream respectively.
The PCA results show that macroinvertebrate abundance such as Leptophlebiidae,
Capnidae, Hydropsychidae, Gyrinidae, Heptageniidae, Coenagrionidae, and
Potamidae was mostly influenced by the environmental variables of temperature
(25.16 °C-26.16 °C), pH value (6.3-6.8) and dissolved oxygen (6.58 mg/L—7.42
mg/L). Semi-quantitative and quantitative sampling techniques also quantified the
outcomes of the macroinvertebrate samples. To conclude, the interaction between
aquatic organisms and water quality parameters is important for maintaining the

ecosystem of freshwater resources and the monitoring of water quality in Malaysia.



ABSTRAK

Sumber air yang terhad perlu dipantau secara berkala untuk menentukan status kualiti
air. Kualiti air yang rendah bukan sahaja merupakan indikasi kemerosotan
persekitaran, ia juga merupakan ancaman kepada ekosistem. Kurang informasi
mengenai aliran air terjun Gunung Belumut untuk menilai gambaran keseluruhan
kepelbagaian makroinvertebrata dan interaksinya dengan kualiti air. Penyelidikan ini
bertujuan untuk mengkaji kualiti air untuk menilai kekayaan taksonomi
makroinvertebrata dalam pemantauan kualiti air dengan menggunakan prestasi
Kumpulan Kerja Pemantaunan Biologi-Purata Markah Per Tipon (BMWP-ASPT) dan
dirujuk pada BMWP-England dan BMWP-Costa Rica dan BMWP-ASPT yang
digunakan di Malaysia. Seterusnya, penyelidikan bertujuan untuk menentukan
interaksi parameter fizikokimia dan korelasi Analis Komponen Utama (PCA) antara
makroinvertebrata dan kualiti air. Pembangunan garis panduan ringkas kepada teknik
persampelan makroinvertebrata telah diwujudkan dengan menggunakan kaedah
BMWP-ASPT. Kualiti air yang diperhatikan menunjukkan kualiti air di hulu berjulat
antara 6.27 — 8. Manakala, kualiti air sungai aliran tengah berjulat antara 4.9 —
5.7.Akhir sekali, hilir mencatatkan status hampir bersih hingga bersih dengan nilai
skor 6.5. Indeks kepelbagaian (D) menunjukkan nilai 0.806, 0.886 dan 0.889 masing-
masing untuk hulu, aliran tengah dan hiliran. Sementara itu, nilai indeks Shannon -
Wiener (H *) masing-masing adalah 0.605, 0.895 dan -0.024 untuk aliran hulu, tengah
dan hiliran. Keputusan PCA menunjukkan bahawa kelimpahan makroinvertebrata
seperti Leptophlebiidae, Capnidae, Hydropsychidae, Gyrinidae, Heptageniidae,
Coenagrionidae, dan Potamidae kebanyakannya dipengaruhi oleh pembolehubah
persekitaran suhu (25.16 °C — 26.16 °C), nilai pH (6.3 — 6.8) dan oksigen terlarut (6.58
mg/L— 7.42 mg/L). Teknik persampelan separa kuantitatif dan kuantitatif juga
mengukur hasil sampel makroinvertebrata. Kesimpulannya, interaksi antara organisma
akuatik dan parameter kualiti air adalah penting utuk mengekalkan ekosistem sumber
air tawar dan pemantauan kualiti air di Malaysia.
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CHAPTER 1

INTRODUCTION

1.1 Research background

Water plays a unique role in environmental balance. It is possibly the most valuable
natural resource after air. Thereby, this resource must be carefully maintained and
conserved. Sources of water must be checked on a regular basis to determine the
quality of water. The terrible state of water quality is more than a sign of environmental
degradation; it poses a threat to the environment. Thus, water quality is critical in both
environmental and economic terms.

Since water quality is a critical problem that needs to be seriously tackled
Shamshirband et al., (2019), bioassessment is a generally recognised way of measuring
the water quality of any ecosystem. This set of tools help monitor and track the trend
and status of water quality. Therefore, to take part in water quality monitoring using
bioassessment of macroinvertebrate diversity in stream flow, a study was conducted
at Gunung Belumut waterfall, Ulu Dengar river and a stream intersection of Kahang
river for ten months.

Benthic macroinvertebrates are the broad community of species consisting of
several Planarians, Annelids, Molluscs, Crustaceans, Arachnids and Arthropods
(Kumari & Maiti, 2020). The sampling of macroinvertebrates and water samples was
conducted for ten months at specified locations. The macroinvertebrates were sampled
and analysed in-situ for a period of time for different water samples collected at the
same time as macroinvertebrate sampling. It is done to detect changes in the properties
of macroinvertebrates and preferences based on physical water properties. These

sedimentary and bottom-dwelling species are continually subjected to environmental
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variability and through their diversity, abundance, metabolism, anatomy, behaviour
and their susceptibility to varying degrees of stress and at various time scales is
revealed (Karaouzas et al., 2019).

On the other hand, there are various biotic and diversity indexes used in water
quality assessment. However, the result of diversity index assessment needs to be
supported by another water quality assessment as the monitoring process because the
indices only reflect the approximate estimation of the group structure
(Cao et al., 1996). Biotic indices such as the Biological Monitoring Working Party
(BMWP) and the Average Score Per Taxon (ASPT) method can be used for better
evaluation. Qualitative data on species diversity and quantitative information on the
vulnerability of individual taxa can be evaluated by applying this approach in a
research study (Varnosfaderany et al., 2010). Previously, a study on diversity of
aquatic insects at Hutan Lipur Bukit Soga Perdana, Batu Pahat, Johor, was conducted
by Zakaria et al., (2018) using three biotic indices such as BMWP, Ephemeroptera,
Plecoptera, and Tricoptera (EPT) taxa richness and Hilsenhoff Biotic Index (HBI) to
classify the ranking of water quality. In addition, a study by
Al-shami etal., (2011) demonstrated that the BMWP and ASPT indices produce values
similar to the WQI scores for communities of lower altitude macroinvertebrates
compared to other indices such as Hilsenhoff’s Family Biotic Index (FBI).

Previously, Sembrong River located in Kluang, Johor, was hit by chemical
pollution suspected to occur due to a palm oil factory releasing effluent illegally. As
reported by Berita Harian on 5 Oct 2020, the pollution had caused thousands of fishes
and prawns to float on the water surface. This consequently impacted the source of
food supply for village communities of indigenous people living at Kampung
Sedohok, Kluang, Johor. This shows that the invertebrates are impacted by polluted
river water. As a result of this research, a set of guidelines for macroinvertebrate
sampling and monitoring based on the scattering of macroinvertebrates and its
sensitivity was produced.

The changes of macroinvertebrate assemblage in rivers can be used as early-
warning signals of pollution at selected locations. This experimental study is
conducted to connect the ecosystem of water with diverse types of living aquatic
species, primarily macroinvertebrates, in rivers. This is because the quality and health
of rivers are also reflected by its biological aspects. This research also focuses on the

impact of physical characteristics of rivers or morphological traits of streams on the
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diversity of macroinvertebrates. From the analysis and further observation of the trends
of macroinvertebrates, a set of simple guidelines for a wide range of practices in

Malaysia was produced based on the morphological traits of selected study locations.

1.2 Problem statement

The study of water quality monitoring status via multivariate ecological indicators has
been used widely in managing water ecosystems. The living status of underwater
organisms eventually reflects the ecological trends of stream flow. The assemblage of
macroinvertebrates is often considered as good indicators of long-term changes in
environments due to their confinement to the bottom, long life cycles and limited
abilities of movement (Masikini et al., 2018). Besides, the macroinvertebrates scoring
data based on pollution tolerance has been widely implemented in the study compared
to other biota. One of the methods used for describing the level of water quality by
using the macroinvertebrate scoring system is known as Biological Monitoring
Working Party-Average Score Per Taxon (BMWP-ASPT). This method is widely used
in monitoring water quality in various regions and countries despite concerns about
seasonal changes (Bo et al., 2017). Certain countries such as England and Costa Rica
have their own set of references of diversity and richness of macroinvertebrates
(Ochieng et al., 2020). As this method focuses on the sensitivity and tolerance of
macroinvertebrates in adapting to water quality, it is a suitable standard and reference
for evaluating water quality.

Besides, the breeding of a fish species has been conducted intensively at Hutan
Lipur Gunung Belumut waterfall under the Johor State Fisheries Department.
However, the diversity of macroinvertebrates existing within the flow stream of the
waterfall from upstream to middle stream and downstream of Hutan Lipur Gunung
Belumut has not been analysed yet. The selected sampling locations in this study might
impacted from anthropogenic impact such as pesticides, domestic waste discharge
from houses which will influence the water quality in stream. In Malaysia, the standard
for evaluating macroinvertebrates varies due to different access to stream locations and
suitability of the application. A research study by Ochieng et al., (2020) from Eastern
Uganda analysed the diversity of macroinvertebrates using the comparison of BMWP
from England (BMWP-E) and BMWP from Costa Rica (BMWP-CR). Both BMWP
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methods are applied in different seasons for temperate regions and tropical regions,
respectively. As Malaysia is located in the equatorial region and has a tropical
rainforest climate of being hot and humid throughout the year, the implementation of
study method reference for evaluating macroinvertebrates needs to be tested and
analysed. As mentioned by Zakaria et al., (2018), the study located at Hutan Lipur
Bukit Soga used three different biological methods to classify water quality ranking
without the implementation of the ASPT method. Hence, the premier testing using
BMWP-ASPT method was conducted in the river located in Johor, mainly in the flow
stream of Hutan Lipur Gunung Belumut waterfall. BMWP-ASPT characterises
macroinvertebrates at the lowest species category to evaluate the score value of
tolerance to pollution.

Moreover, benthic macroinvertebrates were used in this biomonitoring study
because of their wide spectrum of sensitivity to changes in water physicochemical
characteristics (Ochieng et al., 2020). Macroinvertebrates are sensitive to their
surroundings and are affected by the changes in environmental characteristic.
Insensitive and sensitive macroinvertebrates have their own score of tolerance to
evaluate water quality. Various factors contributing to the score of tolerance include
how macroinvertebrates respond to different climatic conditions or weather variables
(Lietal., 2012).

In biological monitoring, a macroinvertebrate’s sensitivity to certain water
quality parameters is of concern. With regards to a research study conducted primarily
in Johor, Malaysia, the development of suitable and simple guidelines for
macroinvertebrate sampling and the implementation of the BMWP-ASPT method has
not been adapted for different uses. A flexible guideline for suitable sampling
techniques pertaining to stream flow conditions can be referred to by multi-level
community structures such as school syllabi, governmental organisations or tertiary
education.

Therefore, in this study, the justification of the richness and diversity index of
macroinvertebrate assemblages does not only depend on the biotic index. It integrates
the Simpson’s diversity index and the Shannon-Wiener index which emphasise the

correlation between biotic index and richness of species.



1.3 Research hypothesis

The following hypotheses have been made for this research study:

1.  The macroinvertebrates found in the upstream are expected to be higher in
diversity and may differ in species compared to those found in the middle stream
and downstream.

2. The physical characteristics’ trends in water quality are expected to influence the
variability of macroinvertebrate assemblages in the stream.

3. The correlation analysis between macroinvertebrate diversity and water quality
Is expected to be positive.

4. Simple guidelines for biological monitoring with the approach of sampling
techniques primarily for Johor, Malaysia is expected to clarify the use of fast and

cost-effective water quality assessment.

1.4 Research aims and objectives

The objectives of this study are:

1. To investigate the performance of macroinvertebrate taxonomy richness in water
quality monitoring by using the performance of BMWP-ASPT implemented in
Malaysia with reference to BMWP-E and BMWP-CR.

2. To determine the physicochemical parameters and the principal component
analysis correlation between macroinvertebrates and water quality parameters.

3. To develop a simple guideline on macroinvertebrate sampling techniques and the

application of the BMWP-ASPT method to be implemented in Malaysia.

1.5 Research scope

This research study focuses on the evaluation of water quality based on the diversity
of benthic macroinvertebrates in river flow. Benthic macroinvertebrates have different
assemblages underwater according to the water quality status compared to other
biological indices which require more assistance and are time consuming. The analysis
of the diversity of macroinvertebrates and scale of tolerance to pollution were applied

using the method implemented in most countries which is Biological Monitoring
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Working Party-Average Score Per Taxon (BMWP-ASPT). This research study hereby
focuses on the implementation of a premier test located at three stream flows in Kluang
district, Johor. The applied method for the monitoring process was the set of references
for BMWP-ASPT. Then, scattered data of macroinvertebrates existing in the stream
flow were compared to the performance of macroinvertebrate taxonomy richness with
BMWP-E and BMWP-CR. The goal of this study was to justify which set of BMWP-
ASPT is the most appropriate and similar to those used in Malaysia, which is located
in an equatorial area and includes a tropical rainforest. Secondly, the evaluation of
physical parameters is part of this research to provide an overview of the relationship
between water quality parameters and sensitivity of macroinvertebrates towards river
ecosystems. The physical parameters recorded in this study were temperature, pH,
dissolved oxygen (DO), electrical conductivity (EC) and total dissolved solids (TDS).
The values of physical parameters and abundance of benthic macroinvertebrates
recorded were evaluated in the Principal Component Analysis (PCA) in XLSTAT to
predict the statistics of scattered macroinvertebrates and water quality. Simpson’s
diversity index and Shannon-Wiener index were used to evaluate the diversity and
richness of the species to monitor the correlation between the scattering of
macroinvertebrate and water quality. The sampling locations for this study were
mainly focused on the stream flow of Gunung Belumut Kluang waterfall as the
upstream, the Ulu Dengar river and intersection of Kahang river as the middle stream
and downstream location, respectively. Sampling and analysis were conducted for ten
months between May 2021 until February 2022 under limitations due to the Movement
Control Order (MCO) to predict the trends and status of water quality based on
macroinvertebrate indicators and water samples. Later, a simple guideline for
macroinvertebrate sampling techniques specifically for each morphological condition

of the study location was established.



1.6 Significance of research

The taxonomy richness of macroinvertebrate diversity in the stream flow from the
upstream of Gunung Belumut waterfall to the downstream of the Kahang river
intersection is expected to have slightly different and uncommon taxa compared to the
diversity of BMWP-E and BMWP-CR. The outcomes from the study were used for
further references in the biological monitoring of water quality status. The analysis
and implementation of reference using BMWP-E and BMWP-CR along with the
ASPT method were given a certain reference for species and family abundance based
on the reference country. Moreover, the result of physical parameters extracted from
the water quality testing was crucial to indicate and measure the trends of water quality
patterns of the study locations with regards to the scattered data of macroinvertebrates.
Hence, the results and analysis of the study were well situated to enhance and help
develop simple guidelines for macroinvertebrate sampling for public referral and
future studies due to the different morphological traits of streams. Finally, the
conclusion from this study could also serve as a tool for community-based educational
sharing and spreading awareness on the importance of conserving the diversity of

macroinvertebrates as an indicator of water quality assessment in Malaysia.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

This chapter reviews previous studies related to freshwater resources, biomonitoring
by  macroinvertebrates, water quality analysis method and  water
quality-macroinvertebrate interactions. This includes theories, fundamentals and
background knowledge of macroinvertebrates and water quality interactions. Besides,
this chapter elucidates numerous case studies which clarify the importance of using
bioindicators in assessing stream water quality. Moreover, recent studies in assessing
stream water quality according to the relationship between richness of
macroinvertebrates and physicochemical parameters comply with the need to identify

trends of water quality in freshwater resources.

2.2 Freshwater Ecosystem

Two types of water are known as seawater and freshwater. Seawater accounts for 97%
of the total water in the ocean and seas while freshwater accounts for 3% of the total
water on earth. The terrestrial phases of the global hydrological cycle, including rain,
rivers, streams, reservoirs, dams, wetlands and groundwater are represented by natural
freshwater habitats. Freshwater habitats encourage the provision of certain ecological
resources that are jeopardised by the plethora of anthropogenic stressors such as
climate  change, invasive  species  and many  other  stressors.

Fortunately, many options for freshwater ecosystem conservation exist and
must be acted upon immediately (Andrea et al., 2020). Li et al., (2012) found that the



ecological effects of climate change on terrestrial and marine ecosystems are
increasingly apparent but evidence from freshwater is scarce, particularly in Asia.
Meanwhile, river flow regimes have been transformed by groundwater and surface
water management operations globally, prompting widespread ecological
responses (White et al., 2021).

Besides, freshwater ecosystems are crucial to aquatic life and the human
population. It is in high demand worldwide although its conditions are also gradually
deteriorating. Unfortunately, freshwater resources are scarce and threatened by
extensive changes of ecosystems which includes changes in morphology of the river,
hydrology, loss of native species, aquatic invasive species and many more (Carpenter
et al., 2011). Inland freshwater resources such as waterfalls have attracted little
concern from researchers worldwide (Hussen et al., 2018). However, biotic indices
focused on macroinvertebrates and diatoms are routinely used for evaluation of the
ecological state of freshwaters, indicating varying responses to anthropogenic
pressures (Karaouzas et al., 2019).

In addition, inland freshwater such as waterfalls also consists of the flora and
fauna living around the water body and inside water regimes. Each component in
freshwater relates and depends on each other to survive. The food web cycle plays a
critical factor in balancing the ecosystem. However, Obeten & Ujung (2012) informed
that the knowledge of waterfall systems is limited to hydrology and geological features
thus it is recognised as natural monuments for revenue generation. Besides, waterfall
systems have the potential to become ecotourism sources in developing countries. In
fact, waterfalls commonly form a rich biome for native and exotic species which are
washed upstream over the waterfalls to settle downstream in a more volatile stagnant

environment.

2.2.1 Biodiversity stressors in waterfalls

The waterfall is considered as one of the intrinsic values among nature monuments in
the world. The ecosystem and species possess a wide scope of instrumental values in
life such as recreational values, natural resources values and ecosystem service values.
Waterfalls are magnificent entities in which stream water takes place on unique relief

(Haghe, 2011). It is viewed as a natural resource and a source of risk, pleasure and
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constraints. In a waterfall ecosystem, various entities render specific uses and
advantageous attributes in water quality monitoring. For instance, macroinvertebrates
in tropical and temperate regions differ in species richness and are therefore suited for
biological monitoring. Many researchers concentrated on the anthropocentric values
of waterfalls in the water ecosystem (Berque, 2000).

Moreover, the heterogeneity of environmental stressors in waterfall streams
affects the assemblages of benthic macroinvertebrates. Biodiversity stressors affect all
organisms in the context of their population and survival growth among biotic
organisms in the food chain cycle. Environmental stressors may be natural or
anthropogenic stressors which include climate change or inadequate and excessive
nutrients, habitat disturbances, storms and many more. The anthropogenic stressors
caused by humans are the most critical events that impact the ecosystem in various
forms (Freedman, 2018).

Besides, there are a significant number of native species in freshwater habitats,
in which some of the species are endangered (Desjonqueéres et al., 2020). The impact
of a tremendous threat to freshwater ecosystems needs to be monitored and evaluated
within the time frame. As reported by World Wide Fund (WWF) (2018), a high rate
of pollution has reduced the number of species in the freshwater system by 83% from
1970 until 2014. Hence, freshwater monitoring is interpolated with the characterisation
of macroinvertebrates and aquatic communities (Bailey et al., 2014).

Furthermore, the degradation of water quality is also affected due to the
sensitivity of biotic indices to eutrophication. The water quality along the stream from
upstream to downstream might have a variety of water compositions reflected by the
bio-stressors present at the sampling location. The macroinvertebrate assemblages in
waterfall ecosystems are also influenced by different factors based on geologic
structures, soil conditions as well as the physicochemical composition of water.

Besides, the status and trends of macroinvertebrate sensitivity are important in
the development and management of conservation measures. The diversity of
macroinvertebrate assemblages along the stream could yield records of undiscovered
and undescribed species through time. The interaction between aquatic ecosystems and
macroinvertebrate abundance is one of the fundamental attributes in freshwater.
Unfortunately, there is a scarcity of studies on the potential of fisheries and
aquaculture, biodiversity conservation and aquatic ecology of waterfalls.
(Obeten & Ujung, 2012).
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2.2.2 Stream Morphology and Habitat Preference

The identification of relationships between macroinvertebrates, stream physical
habitat and land-use patterns need to be emphasised. Substrate characteristics and the
existence of coarse woody debris were found to have the strongest correlations
affecting the richness and structure of macroinvertebrate assemblages
(Richards & Host, 1994). Several influences acting at a watershed scale, such as land
use patterns and riparian environments, change stream characteristics primarily
consisting of river morphology, substrate concentrations and the presence of woody
debris.

Previously, a nested ANOVA analytical approach tested by Jerin (2021),
showed that there was a relative importance of three nested spatial scales which are
broader-scale upstream to downstream variation and local variation at the hydraulic
unit scale in a bedrock-controlled stream to explain variations in channel morphology
and riparian trees. The study revealed that channel morphology is largely influenced
by local-scale variation, explaining about 92% of slope, 46% of bank width, 99% of
average depth, 54% of width-depth ratio, 86% of cross-sectional channel area and
100% of hydraulic channel radius. Moreover, local-scale controls explain 60% of
variations in species richness. Therefore, at a local stage, morphological variation of
rivers is largely due to geological controls such as faults, bedding planes, joints and
fractures.

Stream morphology is related to the size and shape of streams. It depends upon
a series of complex processes along with the phase. Consequently, stream morphology
is the main metric that can be used to assess the sustainability of the stream channel.
As stated by a previous study by Jerin (2021), stream channels have certain observable
characteristics as these functions depend on the quantity and frequency of flood events
in a stream. Inadequate flowing water hardly shapes a stream. However, a large
number of flood events will alter the shape and features of a stream. For a site study at
waterfalls and streams, the substrate element at the bottom of a stream is important as
macroinvertebrates have differing preferences. This research was conducted in Johor,
Malaysia, to assess site study conditions and to link the morphology of the stream to
the preferred habitat of macroinvertebrates. An optimal geomorphic classification
would be process-based, applicable over several spatial and temporal scales, able to

accommodate variability both within and across physical environments and capable of



12

predicting channel reaction to disruption (Frissell et al., 1986; Naiman et al., 1992;
Montgomery and Buffington, 1997). Since stream channels are complex and generally
in a state of adaptation, their current conditions conversely indicate the past, long-term
or future conditions of a stream (Kondolf & Micheli, 1995).

The state conditions of stream morphology are affected by a variety of
anthropogenic pressures. It is important to study the resilience of streams in
maintaining the ecosystem of water to create a reliable living habitat for
macroinvertebrates as macroinvertebrates are attracted to the hydrological status of
each stream flow ecosystem. Stream communities have a number of adaptations to
natural hydrologic disturbances, including the combined effects of changes in land use
and climate, as well as the timing, intensity and incidences of weather events such as
erosive rainfall, soil erosion and drying that become unpredictable over time
(Resh et. al., 1988) and the distribution of biological communities in water flow
(Grimm & Fisher, 1989).

2.2.3 Factor Influencing Macroinvertebrates Assemblages

In general, lasting drought or flood events affect the hydrological status of streams.
The disturbance effect of morphological traits of streams impacts the habitat of
macroinvertebrate assemblages. The lower flow of stream water impairs flow velocity,
habitat size, temperature and level of oxygen (Bae et. al., 2012). Reported by
Asmamaw et al., (2021), macroinvertebrate abundance may increase or decrease in
response to low-flow conditions, depending on the duration and the intensity of the
drought. In the timeline of the site study in streamflow starting from the upstream of
Hutan Lipur Gunung Belumut to the downstream, the flow of water fluctuated between
high velocity to low velocity due to seasonal change during the sampling period. This
may lead to the comparable abundance of species found during the sampling process.

The change in morphological traits of streamflow and hydrological status
gradually develops a surviving period for macroinvertebrates to adapt and enhance a
scale of tolerance to its surroundings. A study by Hussain & Pandit (2012), showed
that several species, including flatworms, Oligochaetes and Chironomidae larvae had
to penetrate into the soil of bed sediment to locate enough moisture and survive

prolonged drying. The result of macroinvertebrate abundance due to the effect of
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reduction in flow velocity in streams may be viewed by computing the analysis using
a paired t-test (Asmamaw et al., 2021). From the report, species abundance was twice
as high during a normal flow compared to the low-flow periods. The taxonomic
richness based on family level also reached the highest point during the normal-flow
period. The previous study was carried out at a tropical mountain stream, thus the early
dry season (winter) might have shown a stable and suitable condition to meet

environmental requirements to support greater species abundance.

2.3 Assessing water quality through bio-indicator

Macroinvertebrates have been widely known over the world as a bio-indicator agent
in assessing the impact of human activity towards freshwater ecosystems, hence
resulting in 27% of the 297 European methods using macroinvertebrates listed in the
previous study (Birk et al., 2012). For instance, benthic macroinvertebrates have been
found to live in streams and at the bottom part of it (Sharifah et al., 2015) to regulate
their living cycle and balance the ecosystem.

Thereby, aquatic invertebrates are commonly used to monitor water quality as
it is visible to the naked eye and require minimal equipment for on-the-spot analysis.
In general, using aquatic invertebrates to assess water quality depends on the
characteristics of macroinvertebrates in tolerating the state of the environment. Apart
from that, macroinvertebrates are also numerous in most streams, are readily collected
and identified, possess very limited mobility and have a long life cycle over the year
(Hilsenhoff, 1988). Besides, a variety of indices were developed recently according to
species and distribution of aquatic invertebrates in streams (Tasneem & Abbasi, 2012).

When examining water quality status, many researchers found that the
diversity of aquatic life reflects the physicochemical properties of water and the
physical habitat characteristics of watershed preferences and their feeding habits
(Merrit & Cummins, 1996). Hence, their different tolerance levels and survival in
water bodies and changes in habitat are some of the criteria that make
macroinvertebrates appropriate as bioindicators.

Besides, because of their restricted mobility, they are also one of the biotic
components that are most vulnerable to change since they spend most of their lives in
the lower part of a water body (USEPA, 1999). As recreational areas are usually used



98

REFERENCES

Al-Shami, Salman A., Heino, J., Che Salmah, M. R., Abu Hassan, A., Suhaila, A. H.,
& Madrus, M. R. (2013). Drivers of beta diversity of macroinvertebrate
communities in tropical forest streams. Freshwater Biology, 58(6), 1126-1137.

Al-shami, S. A., Salmah, C., Hassan, A., Abdul, S., Azizah, S., & Nor, M. (2011).
Influence of agricultural , industrial , and anthropogenic stresses on the
distribution and diversity of macroinvertebrates in Juru River Basin ,.
Ecotoxicology and Environmental Safety, 74(5), 1195-1202.

Al-Shami, Salman Abdo, Md Rawi, C. S., Hamid, S. A., Abdul, N. H., Rusli, M. Z.,
Mohd Adnan, W. N. A. W., Mohd Ishadi, N. A., Zakeyuddin, M. S., Al-Qormuti,
S. A., Al-Mutairi, K. A., & Kong, Y. C. (2021). Congruence patterns of aquatic
communities in a tropical river basin, Malaysia. Acta Ecologica Sinica, 41(1),
50-56.

Alavaisha, E., Lyon, S. W., & Lindborg, R. (2019). Assessment of Water Quality
Across Irrigation Schemes: A Case Study of Wetland Agriculture Impacts in
Kilombero Valley , Tanzania. 1-22.

Allan, D., (2014). Landscapes and riverscapes: The influence of land use on stream
ecosystems. Annu Rev. Ecol. Evol. Syst. 35, 257-284.

Andrea, J. R., Andrew K. C., Dalal E.L. H., Julian D. O., Steve J. O., & Steven J. C.
(2020). Conservation Challenges to Freshwater Ecosystems. Encyclopedia of the
World's Biomes, 270-278.

Ariella, K., & Moesriati, A. (2017). The implementation of biological monitoring
working party average score per taxon ( BMWP-ASPT ) in a water quality
analysis at Kalibokor drainage in Surabaya region The Implementation of
Biological Monitoring Working Party Average Score Per Taxon (BMWP-A.
030007).

Armitage, P., Moss, D., Wright, J., Furse, M. (1983). The performance of a new
biological water quality score system based on macroinvertebrates over a wide
range of unpolluted running-water sites. Water Resources. Vol. 17. Iss. 3 p. 333—
347.

Asmamaw, M., Tiku Mereta, S., & Ambelu, A. (2021). Response of



99

macroinvertebrates to changes in stream flow and habitat conditions in Dinki
watershed, central highlands of Ethiopia. Ecological Indicators, 133, 108448.

Awang, H., Daud, Z., & Hatta, M. Z. M. (2015). Hydrology Properties and Water
Quality Assessment of the Sembrong Dam, Johor, Malaysia. Procedia - Social
and Behavioral Sciences, 195, 2868-2873.

Aweng-Eh Rak, Ismid-Said & Maketab-Mohamed. (2010). Effect of river discharge
fluctuation on water quality at three rivers in Endau catchment area , Kluang ,
Johor Effect of River Discharge Fluctuation on Water Quality at Three Rivers in
Endau. Australian Journal of Basic and Applied Sciences, 4(9):(ISSN 1991-
8178), 4240-4249.

Azrina, M. Z., Yap, C. K., Rahim Ismail, A., Ismail, A., & Tan, S. G. (2006).
Anthropogenic impacts on the distribution and biodiversity of benthic
macroinvertebrates and water quality of the Langat River, Peninsular Malaysia.
Ecotoxicology and Environmental Safety, 64(3), 337-347.

Bae, M., Chon T., & Park Y. (2012). Characterizing differential responses of benthic
macroinvertebrate communities to floods and droughts in three different stream
types using a Self-Organizing Map. Ecohydrology. 7(1), 115-126.

Bargos, T., Mesanza, J. M. Basaguren, A. & Orive, E. (1990). Assessing river water
quality by means of multifactorial methods using macroinvertebrates. A
comparative study of main water courses of Biscay. Water research. 24(1), 1-10.

Bailey, R. C., Linke, S., & Yates, A. G. (2014). Bioassessment of Freshwater
Ecosystems using the Reference Condition Approach: Comparing Established
and New Methods with Common Data Sets. Freshwater Science, 33(4), 1204

Bauernfeind, E. & Otto, M. (2000). Mayflies (Insecta: Ephemeroptera) and the

assessment of ecological integrity: A methodological approach. Hydrobiology,
422-423:71-83.

Bo, T., Doretto, A., Laini, A., Bona, F., & Fenoglio, S. (2017). Biomonitoring with
macroinvertebrate communities in Italy: What happened to our past and what is
the future? Journal of Limnology, 76(S1), 21-28.

Berque, Augustin (2000) Ecoumeéne, introduction a I’étude des milieux humains. Paris,
Belin, 271

Boyacioglu, H. (2007). Development of a water quality index based on a European
classification scheme. Water SA, 33(1), 101-106.

Birk S., Bonne W., Borja S., Gourrat A., Poikane S., van de Bund W., Zampoukas N.,



100

Hering D., 2012. Three hundred ways to assess Europe’s surface waters: an
almost complete overview of biological methods to implement the Water
Framework Directive. Ecology Indicator. 18, 31-41.

Cao, Y., Bark, A. W., & Williams, W. P. (1996). Measuring the responses of
macroinvertebrate communities to water pollution: A comparison of multivariate
approaches, biotic and diversity indices. Hydrobiologia, 341(1), 1-19.

Carter, J. L., States, U., & Survey, G. (2014). After Site Selection and before Data
Analysis : Sampling , Sorting , and Laboratory Procedures Used in Stream
Benthic Macroinvertebrate Monitoring Programs by USA State .... After site
selection and before data analysis : sampling , sorting , and laborato. May.

Carpenter, S. R., Stanley, E. H., & Vander Zanden, M. J. (2011). State of the world’s
freshwater ecosystems: Physical, chemical, and biological changes. Annual
Review of Environment and Resources, 36, 75-99.

Chang, F. H., Lawrence, J. E., Rios-Touma, B., & Resh, V. H. (2014). Tolerance
values of benthic macroinvertebrates for stream biomonitoring: Assessment of
assumptions underlying scoring systems worldwide. Environmental Monitoring
and Assessment, 186(4), 2135-2149.

Clarke, R. T., Wright, J. F., & Furse, M. T. (2003). RIVPACS models for predicting
the expected macroin v ertebrate fauna and assessing the ecological quality of ri
v ers. Ecological Modelling, 160, 219-233.

Connolly N.M., Crossland M. R., Pearson R. G., (2004). Effect of low dissolved
oxygen on survival, emergence, and drift of tropical stream macroinvertebrates.
Journal of North American Benthological Society. 23 (2): 251-270.

Czerniawska-Kusza, 1. (2005). Comparing modified biological monitoring working
party score system and several biological indices based on macroinvertebrates for
water-quality assessment. Limnologica, 35(3), 169-176.

Desjonqueres, C., Gifford, T., & Linke, S. (2020). Passive acoustic monitoring as a
potential tool to survey animal and ecosystem processes in freshwater
environments. Freshwater Biology, 65(1), 7-19.

Dickens, C. W. S., & Graham, P. M. (2002). The south african scoring system (SASS)
version 5 rapid bioassessment method for rivers. African Journal of Aquatic
Science, 27(1), 1-10.

Ding, Y., Zhao, J., Peng, W., Zhang, J., & Chen, Q. (2021). Stochastic trophic level

index model : A new method for evaluating eutrophication state. Journal of



101

Environmental Management, 280(November 2020), 111826.

DOE (Department of Environment, Malaysia) 1994. Classification of malaysian
rivers, vol. 8B, Juru River. Department of Environment, ministry of Science,
Technology and Environmet, Putrajaya, Malaysia.

Dosi, E. M., Grinang, J., Nyanti, L., Khoon, K. L., Harun, M. H., & Kamarudin, N.
(2018). A preliminary study of the macroinvertebrate fauna of freshwater habitats
in Maludam National Park, Sarawak. Mires and Peat, 22, 1-7.

Elias, J. D., ljumba, J. N., & Mamboya, F. A. (2014). Effectiveness and Compatibility
of Non-Tropical Bio-Monitoring Indices for Assessing Pollution in Tropical
Rivers - A Review. International Journal of Ecosystem, 4(3), 128-134.

Environment Agency. (2009). UK Invertebrate Sampling and Analysis Procedure for
STAR Project. Environment Agency, Bristol, 34-96.

Etemi, F. Z., Cadraku, H., Bytyci, A., Kugi, T., Desku, A., Ymeri, P., & Bytyci, P.
(2020). Correlation between physical and chemical parameters of water and biotic
indices : The case study the White Drin River basin , Kosovo.

Everall, N. C., Johnson, M. F., Wood, P., Farmer, A., Wilby, R. L., & Measham, N.
(2017). Comparability of macroinvertebrate biomonitoring indices of river health
derived from semi-quantitative and quantitative methodologies. Ecological
Indicators, 78, 437-448.

Fairchild, G.W. & Sherman, J.W. (1993). Algal periphyton response to acidity and

nutrients in
softwater lakes: lake comparison vs. nutrient enrichment approaches. J. N. Am.
Benthol. Soc. 12:157-167.

Fierro, P., Quilodran, L., Bertran, C., Arismendi, I., Tapia, J., Pefia-Cortés, F.,
Hauenstein, E., Arriagada, R., Fernandez, E., & Vargas-Chacoff, L. (2016).
Rainbow Trout diets and macroinvertebrates assemblages responses from
watersheds dominated by native and exotic plantations. Ecological Indicators, 60,
655-667.

Frissell, C. A., Liss, W. J., Warren, C. E., & Hurley, M. D. (1986). A hierarchical
framework for stream habitat classification: Viewing streams in a watershed
context. Environmental Management, 10(2), 199-214.

Freedman, B. (2018). Environmental Stressor. Dalhousie University Libraries Digital

Editions Presshook Publication. Academic Press.



102

Fonnesu, A., Sabetta L. & Basset A. (2005). Factors affecting macroinvertebrate
distribution in a Mediterranean intermittent stream. J. Freshw. Ecol. 20(4), 641—
647.

Gomes, W. I. A,, Jovem-Azevédo, D. da S., Paiva, F. F., Milesi, S. V., & Molozzi, J.
(2018). Functional attributes of Chironomidae for detecting anthropogenic
impacts on reservoirs: A biomonitoring approach. Ecological Indicators,
93(April), 404-410.

Grimm, N. B. & Fisher S. (1989). Stability of periphyton and macroinvertebrates to
disturbance by flash floods in a desert stream. J. N. Am. Benthol Society. 8(4),
293-307.

Gutiérrez-Fonseca, P. E., & Lorion, C. M. (2014). Application of the BMWP-Costa
Rica biotic index in aquatic biomonitoring: Sensitivity to collection method and
sampling intensity. Revista de Biologia Tropical, 62(May), 275-289.

Haghe, J. P. (2011). Do waterfalls have value in themselves? A metamorphosis in the
values of the Gimel waterfall in France. Policy and Society, 30(4), 249-256.
Hering, D., Moog, O., Sandin, L., Verdonschot, P. F. (2004). Overview and

Application of the AQEM Assessment System. Hydrobiologia, 516, 1-20.

Hellawell J. M. (1986). Biological indicators of Freshwater Pollution and
Environmental Management. Elsivier Applied Science, London, UK, 546 546 pp.

Hilsenhoff W.L. (1988) Rapid field assessment of organic pollution with a family level
biotic index. Journal of North American Benthological Society. 7(1), 65-68.

Hussen, A. M. E. A., Retnaningdyah, C., Hakim, L., & Soemarno, S. (2018). The
variations of physical and chemical water quality in Coban Rondo waterfall,
Malang Indonesia. AIP Conference Proceedings, 2019(2018).

Hussain, Q. A., & Pandit A. K. (2012). Macroinvertebrates in streams: A review of
some ecological factors. Int.J. Fish. Aqu., 4(7), 114-123.

Hynes, HBN (1970). The Ecology of Running Waters. Liverpool University Press,
England. p. 555.

Isa, N. M., & Aris, A. Z. (2012). Preliminary Assessment on the Hydrogeochemistry
of Kapas Island , Preliminary Assessment on the Hydrogeochemistry of Kapas
Island , Terengganu. January.

Ishaq, F. & Khan A. (2013). Seasonal limnological variation and macro benthic
diversity of river Yamuna at Kalsi Dehradun of Uttarakhand. Asian Journal of
Plant Science and Research. 3(2):133-44.



103

Jalili, S. (2020). Water Quality Assessment Based on HFBI & BMWP Index in Karoon
River, Khuzestan Province, (Northwest of Persian Gulf). Anthropogenic
Pollution Journal, Vol 4 (1), 36-49.

Jerin, T. (2021). Geomorphology Scale associated coupling between channel
morphology and riparian vegetation in a bedrock-controlled stream.
Geomorphology, 375, 107562.

Jabatan Pengairan dan Saliran (JPS). t.th. Panduan Penggunaan Makroinvertebrata
Untuk Penganggaran Kualiti Air Sungai. Kuala Lumpur: Jabatan Pengairan dan
Saliran.

Kahlon, S., Julkajm, Jaswala, & Devi, S. (2018). Impact of Temperature and Dissolved
Oxygen on the Macroinvertebrate Density of a Hill Stream in Western Himalaya.
International Journal of Biologi, Pharmacy, and Allied Sciences (IJBPAS), 7(1),
18-22.

Karaouzas, 1., Smeti, E., Kalogianni, E., & Skoulikidis, N. T. (2019). Ecological status
monitoring and assessment in Greek rivers: Do macroinvertebrate and diatom
indices indicate same responses to anthropogenic pressures? Ecological
Indicators, 101(June 2018), 126-132.

Keke, U. N., Omoigberale, M. O., Ezenwa, I., Yusuf, A., Biose, E., Nweke, N.,
Edegbene, A. O., & Arimoro, F. O. (2021). Macroinvertebrate communities and
physicochemical characteristics along an anthropogenic stress gradient in a
southern Nigeria stream: Implications for ecological restoration. Environmental
and Sustainability Indicators, 12(November), 100157.

Kondolf, G. M., & Micheli, E. R. (1995). Evaluating stream restoration projects.
Environmental Management, 19(1), 1-15.

Kumari, P., & Maiti, S. K. (2020). Bioassessment in the aquatic ecosystems of highly
urbanized agglomeration in India: An application of physicochemical and
macroinvertebrate-based indices. Ecological Indicators, 111(December 2019),

Li F, Cai Q, Jiang W, Q. X. (2012). The response of benthic macroinvertebrate
communities to climate change : evidence from subtropical mountain streams in
Central China. 200-214.

Li, F.,, Chung, N., Bae, M., & Kwon, Y. (2013). Temperature change and
macroinvertebrate biodiversity : Assessments of organism vulnerability and
potential distributions Temperature change and macroinvertebrate biodiversity :

assessments of organism vulnerability and potential. Climatic Change, 119(July),



104

421-434.

Li, L., Zheng, B., & Liu, L. (2010). Biomonitoring and Bioindicators Used for River
Ecosystems : Definitions , Approaches and Trends. Environmental Sciences, 2,
1510-1524.

Liu, Y., Zhang, M., Peng, W., Qu, X., Zhang, Y., Du, L., & Wu, N. (2021).
Phylogenetic and functional diversity could be better indicators of
macroinvertebrate community stability. Ecological Indicators, 129, 107892.

Loke, L. H. L., Clews, E., Low, E., Belle, C. C., Todd, P. A., Eikaas, H. S., & Ng, P.
K. L. (2010). Methods for sampling benthic macroinvertebrates in tropical lentic
systems. 10, 119-130.

Marinkovi¢, N., Karadzi¢, B., Pesi¢, V., Gligorovi¢, B., Grosser, C., Paunovi¢, M.,
Nikoli¢, V., & Rakovi¢, M. (2019). Faunistic patterns and diversity components
of leech assemblages in karst springs of Montenegro. Knowledge and
Management of Aquatic Ecosystems, 420.

Masikini, R., Kaaya, L. T., & Chicharo L. (2018). Evaluation of ecohydrological
variables in relation to spatial and temporal variability of macroinvertebrate
assemblages along the Zigi River — Tanzania. Ecohydrology and Hydrobiology,
18(2), 130-141.

Metzeling, L., Chessman, B., Hardwick, R., & Wong, V. (2003). Rapid assessment of
rivers using macroinvertebrates : the role of experience , and comparisons with
quantitative methods. 39-52.

Molineri, C., Tejerina E. G., Torrején S. E., Pero E. J. I., & Hankel, G. E. (2020).
Indicative value of different taxonomic levels of Chironomidae for assessing the
water quality. Ecological Indicators. 108, 105703.

Merrit R. W. & Cummins K. W. (1996). An introduction to Aquatic Insects of North
America.

MINAE (2017). Regulation for the Evaluation and Classification of the Quality of
Surface Water Bodies Executive Decree No. 33903-MINAE, Costa Rica.

Montgomery, D. R., & Buffington, J. M. (1997). Channel-reach morphology in
mountain drainage basins. Bulletin of the Geological Society of America, 109(5),
596-611.

Madomguia D., Togouet S. H. Z., & Fomena, A. (2016). Macro Invertebrates
Functional Feeding Groups, Hilsenhoff Biotic Index, Percentage of Tolerant Taxa

and Intolerant Taxa as Major Indices of Biological Assessment in Ephemeral



105

Stream in Sudano- Sahelian Zone (Far-North, Cameroon). Int. J. Curr. Microbiol.
App. Sci. 5(10), 792-806.

Musonge, P. S. L., Boets, P., Lock, K., Damanik Ambarita, N. M., Forio, M. A. E.,
Verschuren, D., & Goethals, P. L. M. (2019). Baseline assessment of benthic
macroinvertebrate community structure and ecological water quality in Rwenzori
rivers (Albertine rift valley, Uganda) using biotic-index tools. Limnologica,
75(December 2018), 1-10.

Mustow, S. E. (2002). Biological monitoring of river in Thailand: use and adaption of
BMWP Score. Hydrobiologia. 479, 199-229.

Natarajan, M., Mathi, S. S., Johnpaul, V., Gowrishankar, K. ., Arun, M., &
Boopalakrishnan, R. (2020). Seasonal water quality assessment in Valankulam
Lake, Coimbatore. Materials Today: Proceedings, 2019.

Obeten Offem, B., & Ujong Ikpi, G. (2012). Distribution and Dynamics of a Tropical
Waterfalls Ecosystem. International Journal of Ecosystem, 2(1), 28-37.

Ochieng, H., Odong, R., & Okot-Okumu, J. (2020). Comparison of temperate and
tropical versions of Biological Monitoring Working Party (BMWP) index for
assessing water quality of River Aturukuku in Eastern Uganda. Global Ecology
and Conservation, 23, e01183.

Osman, A. G. M., & Kloas, W. (2010). Water Quality and Heavy Metal Monitoring in
Water, Sediments, and Tissues of the African Catfish Clarias gariepinus
(Burchell, 1822) from the River Nile, Egypt. Journal of Environmental
Protection, 01(04), 389-400.

Pathani, S. S. (1995). Impact of Changing Aquatic Environment on the Snow Trout of
Kumaun Himalya. FTR. Ministry of Environment and Forest New Delhi. 53p.

Piaw, C. Y. (2011). Kaedah dan statistik Penyelidikan: Kaedah Penyelidikan. McGraw
Hill Education, Shah Alam. ISBN 978-967-5771-31-6, pp 346.

Qazi, A. H. (2012). Macroinvertebrates in streams: A review of some ecological
factors. International Journal of Fisheries and Aquaculture, 4(7), 114-123.
Raina, V, Shah AR, Ahmed SR. (1984). Pollution studies on River Jehelum-I: an
assessment of water quality. Indian Journal of Environmental Health. 26(3):187-

201.

Resh, V. H., Brown A. V., Covish A. P., Gurtz M. E., Li H. W., Minshall G. W., Reice
S. R,, Sheldon A. L., Wallace J. B., Wissmaw R.C., (1988). The Role of
Disturbance in Stream Ecology. J. N. Am. Benthol. Soc., 7(4), 433-455.



106

Revenga, C., Campbell, I., Abell, R., De Villiers, P., & Bryer, M. (2005). Prospects
for monitoring freshwater ecosystems towards the 2010 targets. Philosophical
Transactions of the Royal Society B: Biological Sciences, 360(1454), 397-413.

Richards, C., & Host, G. (1994). Examining Land Use Influences on Stream Habitats
and Macroinvertebrates: a Gis Approach. JAWRA Journal of the American Water
Resources Association, 30(4), 729-738.

Rodrigues, A. S. L., Brooks, T. M., Rodrigues, A. S. L., & Brooks, T. M. (2015).
Shortcuts for Biodiversity The Conservation Planning: Effectiveness of
Surrogates. 38(2007), 713-737.

Sharifah Aisyah, S.0O., Aweng, E.R., & Razak, W., (2015). Jurnal Teknologi Full paper
Preliminary Study on Benthic Macroinvertebrates Distribution and. Jurnal
Teknologi, 5(72), 1-4.

Sabater, S., Barceld D., De Castro-Catala N., Ginebreda A., Kuzmanovic M., Petrovi,
M., Pic6 Y., Ponsati L., Tornés E., & Mufioz I., (2016). Shared effects of organic
microcontaminants and environmental stressors on biofilms and invertebrates in
impaired rivers. Environ. Pollut. 210, 303-314.

Saito, V. S., Siqueira, T., Bini, L. M., Costa-Pereira, R., Santos, E. P., & Pavoine, S.
(2020). Comparing taxon- and trait-environment relationships in stream
communities. Ecological Indicators, 117(April), 106625.

Sensorex (2019). Why Electrical Conductivity of Water is Important for Industrial
Applications. Retrieved on Feb 20 2021, from
https://sensorex.com/2019/10/08/electrical-conductivity-water-important-
industrial-applications/

Slavevska-Stamenkovi¢, V., Momir, P., Branko, M., Vasil, K., Milica, R., & Donka,
M., (2011). Water quality assessment based on the macroinvertebrate fauna—the
Pcinja River case study. Water Research and Management. 1(2), 63-69.

Shamshirband, S., Jafari Nodoushan, E., Adolf, J. E., Abdul Manaf, A., Mosavi, A., &
Chau, K. wing. (2019). Ensemble models with uncertainty analysis for multi-day
ahead forecasting of chlorophyll a concentration in coastal waters. Engineering
Applications of Computational Fluid Mechanics, 13(1), 91-101.

Sporka, F., Vlek H. E., Bulankova E. & Krno I (2006). Influence of seasonal variation
on bioassessment of streams using macroinvertebrates. Hydrobiologia. 566:543-
555.

Siddig, A. A. H,, Ellison, A. M., Ochs, A., Villar-Leeman, C., & Lau, M. K. (2016).



107

How do ecologists select and use indicator species to monitor ecological change?
Insights from 14 years of publication in Ecological Indicators. Ecological
Indicators, 60, 223-230.

Simpson, E. H. (1949). Measurement of Diversity. Nature, 163(1943), 1949.

Strong, W. L. (2016). Biased richness and evenness relationships within Shannon-
Wiener index values. Ecol. Indic. 67, 703—713.

Sundbfick, K. & Snoeijs, R. (1991). Effects of nutrient enrichment on microalgal
community composition in a coastal shallow-water sediment system: an
experimental study. Bot. Mar. 34:341-358.

Tasneem, A., & Abbasi S. A. (2012). Water Quality Indices.Part Il: Water Quality
Indices Based on Bioassessment. Publication Elsevier. UK.

Thukral, A. K., Bhardwaj, R., Kumar, V., & Sharma, A. (2019). New indices regarding
the dominance and diversity of communities, derived from sample variance and
standard deviation. Heliyon, 5(10), e02606.

Turner M. G. & Gardner R. H. (1991). Quantitative Methods in Landscape Ecology. The
Analysis and Interpretation of Landscape Heterogeneity. Springer-Verlag, New
York.

Uehlinger U, Konig C, Reichert P. (2000). Variability of photosynthesis-irradiance
curves and ecosystem respiration in a small river. Freshwater Biology. 44(3):493-
507.

USEPA. (1999). Rapid bioassessment Protocols for Use in Streams and Rivers:
Periphyton, Benthic Macroinvertebrates and Fish. 2" Edition. Office of Water.
Washington, Dc. July. Epa 841-B-99-002.

Varnosfaderany, M. N., Ebrahimi, E., Mirghaffary, N., & Safyanian, A. (2010).
Biological assessment of the Zayandeh Rud River, Iran, using benthic
macroinvertebrates. Limnologica, 40(3), 226-232.

Verdonschot, C. J. F. te. B. P. F. (1995). Canonical correspondence analysis and
related multivariate methods in aquatic ecology. Aquatic Sciences, 57/3(1015-
1621/030255), 35.

Verdonschot, E E M. & C.J. E ter Braak, (1994). An experimental manipulation of
oligochaete communities in mesocosms treated with chlorpyrifos or nutrient
additions: multivariate analysis with Monte Carlo permutation tests.
Hydrobiologia. 278. 251-266.

Vorosmarty, C. J., Mcintyre, P. B., Gessner, M. O., Dudgeon, D., Prusevich, A,



108

Green, P., Glidden, S., Bunn, S. E., Sullivan, C. A., Liermann, C. R., & Davies,
P. M. (2010). Global threats to human water security and river biodiversity.
Nature, 467(7315), 555-561.

Wan Mohd Hafezul Wan Abdul Ghani, Che Salmah Md Rawi, S. A. H. and S. A. A.-
S., & of the Environment, C. C. of M. (2016). Efficiency of Different Sampling
Tools for Aquatic Macroinvertebrate Collections in Malaysian Streams. Tropical
Life Sciences Research, 3(1), 103-111.

Washington, H. G. (1984). Diversity, biotic and similarity indices. A review with
special relevance to aquatic ecosystems. Water Research, 18(6), 653-694.

Watershed Science Institute. (2014). Watershed Condition Series: Techical Note 3 :
The EPT INdex. Watershed Science Institute, 38(1), 1-4.

White, J. C., Fornaroli, R., Hill, M. J., Hannah, D. M., House, A., Colley, 1., Perkins,
M., & Wood, P. J. (2021). Long-term river invertebrate community responses to
groundwater and surface water management operations. Water Research, 189.

WHO (World Health Organization), 2006. Guidelines for Drinking Water Quality.
WHO, Geneva.

World Wide Fund (WWF), (2018). Living planet report 2018: Aiming higher. Gland.
Switzerland: WWF International.

Zakaria, M. Z., & Mohamed, M. (2018). Composition and Diversity of Aquatic Insects
at Hutan Lipur Bukit Soga Perdana, Batu Pahat, Johor. Journal of Science and
Technology, 10(2), 10-16.

Zhang, J., Jiang, P., Chen, K., He, S., Wang, B., & Jin, X. (2020). Development of
biological water quality categories for streams using a biotic index of
macroinvertebrates in the Yangtze River Delta, China. Ecological Indicators,
117(July), 106650.



130

PUBLICATIONS

PUBLICATION (Scopus)
1. Study of Water Quality Based on Diversity of Macroinvertebrates Using Average

Score Per Taxon Method in Corporate Social Responsibility Program Approach
at Gunung Belumut and Gunung Lambak Waterfall
Publication in International Conference IConCESS 2021.

UPCOMING PUBLICATION (Scopus)
1. The Interest of Using the Biological Monitoring Working Party Method in

Assessing the Water Quality.

Publication to Scopus Index: Journal of Engineering Design (Toronto)

COMPETITION

1. The International Research and Innovation Symposium and Exposition 2021
(RISE).
Innovation Title: Cage Sampler for Macroinvertebrates Sampling

Award: Bronze medal

2. Malaysia International Water Convention (Poster Competition)
Innovation Title: Cage Sampler for Macroinvertebrates Sampling

Award: 5" place





