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Abstract

Measuring the Water Quality Index (WQI) is essential for evaluating
water conditions, especially in ecologically sensitive areas. However,
assessing physicochemical indicators alone may not provide sufficient
information about the overall health of river ecosystems. This study
integrates macroinvertebrates as biological indicators to complement
traditional WQI assessments, offering a more holistic and ecologically
meaningful understanding of water quality. The research was
conducted at upstream rivers in four forest eco-parks: Forest Eco-Park
Soga Perdana Hill (FESP), Forest Eco-Park Mount Lambak (FEML),
Forest Eco-Park Mount Pulai Il (FEMP), and Forest Eco-Park Bantang
River (FEBR), Johor, Malaysia. Conventional WQI parameters—
including Ammonia Nitrogen (AN), Biochemical Oxygen Demand
(BOD), Chemical Oxygen Demand (COD), Dissolved Oxygen (DO), Total
Suspended Solids (TSS), and pH—were compared with
macroinvertebrate-based bioassessment using the Biological
Monitoring Working Party-Average Score Per Taxon (BMWP-ASPT)
index. Data analysis using Microsoft Excel showed a strong inverse
correlation between BMWP-ASPT and WQI [R2 =0.9385; Pearsonr = -
0.93974). While WQI classified FEBR as slightly polluted (WQI = 73.77,
Class III), BMWP-ASPT indicated cleaner conditions (8.04), suggesting
that macroinvertebrate-based methods may reveal different ecological
insights, particularly in areas with subtle anthropogenic pressures.
These findings have practical implications for sustainable water
management, especially in recreational eco-parks and data-limited
settings, where the integration of biological and physicochemical
indicators can support more comprehensive and adaptive monitoring
practices.

This is an open access article under the CC BY-NC-SA 4.0 license.
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1. Introduction

A river is a natural stream of freshwater that flows across land, typically emptying into an ocean, sea, lake, or
another river [1]. The river plays a vital role in the hydrological cycle and is an essential resource for human
societies, wildlife and the environment. Water quality is a critical factor influencing the health and sustainability
of river ecosystems, particularly in protected natural areas such as forest eco-parks. Rivers within eco-parks
support diverse flora and fauna and serve as a resource for waterfront recreational activities. River preservation
is important as rivers offer habitats to a wide range of aquatic life, including fish, phytoplankton, zooplankton, and
benthic species. In addition, aquatic plants and microorganisms are crucial in sustaining the ecological equilibrium
and overall health of these riverine environments [2], [3].

However, these areas are on the growing list of vulnerable ecosystems in danger of environmental pressures
such as air, water, and noise pollution from adjacent human activities, climate change, and excessive logging.
According to Wei et. al [4], human activities influence hydrological processes primarily through the use of artificial
water systems, land management, and water regulation. Tourism, agriculture, and improper waste management
contribute to water quality degradation through pollution. For instance, the influx of tourists in eco-parks often
leads to littering and improper waste disposal, introducing contaminants into the river ecosystem. Additionally,
agricultural runoff from nearby farmlands can result in the accumulation of harmful chemicals, such as pesticides
and fertilizers, further deteriorate water quality. Climate change has an impact on water flow and sediment
dynamics. Global climate shifts disrupt the natural water cycle by altering rainfall patterns and affecting river
hydrology. Changes in precipitation, such as heavier rainfall or extended droughts, can lead to both excess
sedimentation and erosion of riverbanks [5]. These processes are further intensified by human activities like
deforestation and land use changes, which amplify runoff and sediment transport, undermining the stability of
river systems.

Logging, both legal and illegal, poses a significant threat to the river systems in these areas. The removal of
trees reduces the forest’s ability to retain soil, causing extensive erosion during periods of rainfall [6]. As a result,
sediment is washed into rivers, making the water turbid and reducing the light available to aquatic plants and
organisms. Such changes disrupt aquatic ecosystems, affecting species that depend on clean water. Additionally,
the lists of vegetation alter hydrological patterns, with clear-cutting techniques increasing flood risks, while more
sustainable logging methods can mitigate these effects.

The risk poses by contaminants in river water can affect human health and the entire ecosystem [7], [8], [9].
Water pollution sources range from various chemicals and pathogens to physical parameters, often involving both
organic and inorganic pollutants [10]. Human activities impacting biodiversity have significant implications for
human well-being and that of others [11]. Human exposure to environmental contaminants can occur through
dermal contact, ingestion of contaminated water, or consumption of recreationally sourced fish and shellfish. Such
exposures pose health risks ranging from minor illnesses to severe and potentially fatal conditions. Vulnerable
populations, including children, the elderly, and individuals with compromised immune systems, are at greater
risk due to their heightened susceptibility [12]. Furthermore, polluted rivers can diminish economic opportunities
related to fishing, tourism, and agriculture, impacting local communities’ livelihoods.

River pollution has far-reaching threats to natural ecosystems, often disrupting the balance essential for
healthy biodiversity and ecological services. In ecosystems, pollution weakens biodiversity by reducing species
populations, which is critical as many aquatic species serve as primary indicators of water quality and contribute
to food chains that support larger animals. Gangwar [13] found that elevated effluent concentrations reduce fish
survival times. A decline in biodiversity disrupts ecosystem functioning, leading to water purification, nutrient
cycling, and habitat structure losses, which are vital for ecosystem resilience.

Managing and maintaining water resources presents a significant challenge. One effective method to address
water pollution is through regular assessment of water quality, which helps determine the level of contamination.
Conducting water sampling allows for the identification of pollution sources, whether from natural events or
human activities. Analysing the composition of water and observing changes over time provides insight into the
influence of various inputs on water quality. This information supports the development of strategies aimed at
reducing pollution and safeguarding aquatic ecosystems. To accurately evaluate the condition of river streams,
both physicochemical and biological indicators are utilized. Ensuring the precision of these indicators is essential
for effective water quality monitoring and improvement.

The river surroundings provide a habitat for freshwater flora and fauna, including macroinvertebrates, one
of the biological indicators that decompose and transform natural matter and pollutants and can withstand
various human-induced stressors in the water. The health of rivers can be determined by examining the diversity
of macroinvertebrates in well-oxygenated water [1]. Macroinvertebrates inhabit stream ecosystems and exhibit
varying levels of tolerance to pollution and environmental stress. Due to their limited mobility, they are unable to
escape unfavorable conditions quickly, making them reliable indicators of water quality [14]. These organisms
are commonly observed in upstream areas, where pollution-sensitive families like Caenidae and Hydropsychidae
are more prevalent, while more tolerant groups such as Chironomidae tend to dominate downstream locations
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[15]. Species such as mayflies, stoneflies, and caddisflies are particularly sensitive to pollutants and are typically
found in clean, well-oxygenated waters, indicating good ecological conditions.

Macroinvertebrates are crucial in regulating freshwater ecosystems by controlling algal blooms, decomposing
organic material, and cycling nutrients. They are widely recognized as effective biological indicators of freshwater
health. To interpret macroinvertebrate sampling results, score-based biotic indices are frequently applied in
water resource management [16]. These indices simplify extensive environmental monitoring data by assigning
scores to taxa, typically at the family or genus level, based on their tolerance to organic pollution. Higher or lower
reflect the sensitivity of specific groups, depending on the index used[17]. As integral components of aquatic
ecosystems, macroinvertebrates contribute to ecological balance, and their preservation is important for
maintaining water quality and assessing the overall health of freshwater environments [18]. Their presence or
absence can reflect the river’s ecological condition and pollution tolerance. Employing biological indicators such
as macroinvertebrates is also a cost-effective and practical approach for evaluating water quality.

The Department of Environment uses the Water Quality Index (WQI) and National Water Quality Standards
for Malaysia (NWQS), which are water parameters that are physical-chemical indicators used to assess river water
quality in Malaysia. WQI has been used for 25 years, while NWQS determine suitable water uses according to the
WQI [19]. However, WQI requires laboratory work and analysis and provides limited information on pollutants’
impact on fauna and flora. Physical indicators include taste, color, odor, temperature, turbidity, solids, and
electrical conductivity. Chemical indicators include acidity, alkalinity, biological oxygen demand, chlorine,
hardness, dissolved oxygen, hardness and pH, commonly used to evaluate river water quality [20]. Evaluating
physicochemical parameters alone may not fully capture the ecological condition of river ecosystems. In certain
situations, chemical testing may also overlook specific pollutants due to natural processes or limitations in
detection methods [21].

This limitation has led to increased interest in biological indicators, especially macroinvertebrates, which are
sensitive to habitat changes and pollution levels. Macroinvertebrates respond over time to environmental
stressors and offer a more stable indication of ecosystem health. Several biotic indices—such as the Hilsenhoff
Biotic Index (HBI), Family Biotic Index (FBI), Ephemeroptera-Plecoptera-Trichoptera (EPT) richness, and the
Biological Monitoring Working Party-Average Score Per Taxon (BMWP-ASPT)—have been developed and applied
in various regions. Among these, BMWP-ASPT stands out for its ease of application, especially in tropical settings
with limited taxonomic expertise, as it requires only family-level identification [17].

The use of biological indicators, particularly those based on macroinvertebrates, is a globally recognized and
commonly applied approach for evaluating water quality. Macroinvertebrates, such as those found in the Johor
River, have proven to be reliable indicators when used alongside chemical assessments. According to Yusop et. al
[22], the Biological Water Quality Index (BMWQI) values ranging from 3.8 to 4.25 indicated a moderate pollution
level in the Johor River, emphasizing the strong connection between physicochemical and biological indicators.
Zakiah et al. [23] highlighted the Average Score Per Taxon (ASPT) index as practical and efficient tool for water
quality evaluation, showing clear differences between upstream and downstream sections. This method helps
standardize the use of macroinvertebrate diversity as bio-indicators, which is vital for maintaining the health of
connected freshwater systems. Weng & Chee [14] recommend using macroinvertebrates in future restoration
programs as biological monitoring agents. Their findings indicated that station 2 (located from upstream to
midstream) had Class 1l water quality, while station 6 (downstream) showed signs of possible contamination. A
related study along Asah River in Tioman Island, Johor, using the BMWP index, recorded Class Il water quality at
upstream and midstream points. The Ephemeroptera, Plecoptera, and Trichoptera (EPT) index score of
macroinvertebrates in ecological monitoring [24]. Similarly, the BMWP-ASPT method was employed in research
on Kanye and Magaga Dams in Kano, Nigeria, where higher index values were observed in the upper parts of the
dams compared to the lower sections. This suggests a richer diversity of macroinvertebrates in less polluted areas.
The study confirmed the BMWP-ASPT index as useful tool for detecting organic pollution in Nigerian water bodies,
although further refinement is necessary to tailor the index to the sensitivity of local species [25].

However, most of these indices, including BMWP-ASPT, were originally developed in temperate regions, and
their direct application in tropical ecosystems may overlook species-specific sensitivities and ecological context.
This presents a research gap: while macroinvertebrate indices are increasingly used in Malaysian rivers, there is
limited study on how well they correlate with WQI in tropical forest eco-parks where human interaction is
seasonal and concentrated. Moreover, inconsistencies in results—such as cases where WQI indicates slight
pollution, but macroinvertebrate indices suggest clean conditions—require further investigation.

This study aims to bridge that gap by assessing the correlation between WQI and BMWP-ASPT in upstream
rivers of four forest eco-parks in Johor, Malaysia. By comparing biological and physicochemical indicators side by
side, the study seeks to evaluate the reliability of BMWP-ASPT in tropical recreational rivers and explore its
practical applications in field monitoring. Findings from this research can guide future environmental policies,
strengthen eco-tourism sustainability, and contribute to the development of more region-specific bioassessment
tools.
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Combining biological indicators with physicochemical evaluations is vital for comprehensive environmental
monitoring. Therefore, assessing stream water quality through both chemical and biological parameters is
necessary to ensure the protection and sustainability of healthy freshwater systems. This study focuses on
establishing a relationship between the BMWP-ASPT index, derived from macroinvertebrate indicators, and the
WQI, which is based on physicochemical parameters such as ammonia nitrogen (AN), biochemical oxygen demand
(BOD), chemical oxygen demand (COD), dissolved oxygen (DO), pH level and total suspended solid (TSS).
Monitoring the quality of stream water holds particular importance, especially in Malaysia, where such streams
serve as vital water sources. The findings of this study are expected to contribute to public health protection,
ecosystem preservation, and offer meaningful understanding for future water quality research.

1.1 Biological Monitoring Working Party - Average Score Per Taxon (BMWP-ASPT) as
Biological Indicators

The performance and reliability of macroinvertebrate-based assessments, such as the BMWP-ASPT index, can be
influenced by several environmental and methodological factors, particularly in tropical ecosystems. Seasonal
changes—such as variations in rainfall, temperature, and flow regimes—can significantly affect both
physicochemical parameters (captured by WQI) and biological communities. During the wet season, increased
runoff and dilution may temporarily improve WQI scores while simultaneously disturbing macroinvertebrate
habitats, leading to potential misalignments in index interpretation. Conversely, dry seasons may stabilize habitat
conditions but concentrate pollutants, thus complicating correlations between indices [26].

Furthermore, the BMWP-ASPT index, originally designed for temperate systems, may not fully account for
site-specific species diversity and sensitivity within tropical riverine ecosystems, risking ecological
misclassification. The comparison of BMWP usage in temperate and tropical ecosystems highlights several critical
challenges in applying this index beyond its original context. The BMWP (E) index, developed in temperate regions
such as England, was compared with a modified tropical version, BMWP-CR, in a study conducted along the River
Aturukuku in Eastern Uganda. Although BMWP-CR incorporated a broader range of macroinvertebrate taxa
representative of tropical environments, both indices showed limited effectiveness in accurately distinguishing
between pollution gradients. In several cases, they produced results that contradicted those of diversity-based
indices, such as the Shannon-Wiener index, and physicochemical analyses. For example, urban sites with greater
anthropogenic pressure were occasionally rated as having better water quality than rural, less disturbed sites,
indicating potential misclassification. These discrepancies are largely attributed to biogeographical differences in
species sensitivity and ecological response, which the original temperate scoring system does not adequately
capture [27]. Differences in sampling techniques, timing, and site selection can further introduce bias, affecting
the consistency and validity of observed relationships between WQI and BMWP-ASPT [28]. To ensure accurate
ecological assessments, future studies should consider local species tolerance levels, conduct multi-seasonal
sampling, and apply standardized protocols that reduce spatial and temporal variability.

The application of the BMWP-ASPT index in tropical ecosystems presents several limitations when compared
to its original use in temperate regions. Developed in the UK, the index relies on the sensitivity scores derived
from macroinvertebrate families commonly found in temperate rivers (Ochieng et al.,, 2020). However, tropical
ecosystems typically host a much higher biodiversity[29],[30], including many endemic or undocumented species
that are either absent from the BMWP scoring system or inaccurately represented. This mismatch may lead to
incorrect assessments, where tolerant tropical species are misclassified as sensitive, or sensitive species are
overlooked. Environmental variables have been shown to exert a stronger influence on macroinvertebrate beta
diversity than spatial factors, primarily due to environmental filtering driven by gradients such as elevation,
dissolved oxygen, and substrate type[31],[32],[33]. This effect is amplified by the sensitivity and dispersal abilities
of certain macroinvertebrate taxa, including mayflies, stoneflies, and caddisflies, which actively seek suitable
habitats after emergence[34],[35].

Over the years, the BMWP-ASPT index has been widely applied in numerous studies across both temperate
and tropical regions to assess river water quality based on macroinvertebrate communities (e.g.[27], [36]. The
application of biotic indices is different based on regions due to the climate and types of pollution. BMWP - ASPT
scores system have been developed to many countries to adjust with the suitability of the country and yet, the
results remain reliable [37]. Thus, the BMWP-ASPT index was chosen for this study due to its balance between
scientific robustness and practical applicability. Unlike HBI and FBI, which require detailed taxonomic
identification and are calibrated for temperate regions, BMWP-ASPT operates effectively at the family level [17],
making it more feasible for field studies in tropical environments where taxonomic resources may be limited.
Additionally, While the EPT Index is based on the number of distinct taxa from the orders Ephemeroptera,
Plecoptera, and Trichoptera—groups that are highly sensitive and less tolerant to organic pollution and habitat
disturbance—it may underrepresent water quality in tropical rivers where these taxa are naturally less dominant
[38]. In contrast, the BMWP-ASPT index, which uses a broader range of macroinvertebrate families with assigned
pollution tolerance scores, offers a more inclusive and adaptable assessment approach, particularly in diverse
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tropical ecosystems. BMWP-ASPT's adaptability and proven correlation with physicochemical indicators like the
Water Quality Index (WQI) make it a suitable choice for comprehensive water quality assessment in diverse
ecological contexts.

2. Methodology

This section describes the location of site sampling, macroinvertebrate sampling and analysis, river water
sampling and analysis, and statistical analysis.

2.1 Site Location

This paper conducted an in-situ analysis at four different Forest Eco Parks: Mount Lambak, Soga Perdana Hill,
Mount Pulai I1, and Bantang River, Johor, Malaysia, which are popular destinations for hiking and jungle trekking
enthusiasts. The parks, known for their scenic beauty, open from 7:00 am to 6:00 pm and offer free entrance to
attract more tourists. The same stream flow feeds all the chosen stream locations (from upstream to downstream).
This study was conducted exclusively during the dry season to minimize hydrological variability and ensure
consistent sampling conditions across sites. While it is acknowledged that seasonal fluctuations—particularly
between dry and wet periods—can influence both water quality parameters and macroinvertebrate assemblages,
the focus on the dry season was intended to reduce confounding effects such as stormwater runoff and high-flow
disturbances.

Soga Perdana Amenity Forest along the park’s stream, each spaced approximately 6 meters apart. Spanning
49.3 hectares, with 10 hectares thoughtfully developed to include essential facilities, it is located 3.2 km east of
Batu Pahat town. The forest is easily accessible, making it an ideal spot for a serene retreat. These sampling points
are free from developmental disturbances, making them ideal for assessing stream water quality using bio-index
and WQI. The Global Positioning System (GPS) coordinates for the sampling stations were recorded at 1.84836°
N, 102.96453° E. Figure 2 presents the site conditions at Soga Perdana. Meanwhile, Mount Lambak’s waterfall is
situated 14.8 kilometers from Parit Raja via Jalan Batu Pahat and 36.1 kilometers from Universiti Tun Hussein
Onn Malaysia. Mount Lambak, located in Kluang, Johor, stands 510 meters above sea level and is approximately 5
kilometers from the Kluang town center. This eco-park, part of the forest eco-park initiative, is a popular
destination for nature lovers and hikers, offering well-marked trails of varying difficulty. Despite its relatively
moderate height, the climb can be steep in sections, providing a fulfilling challenge for both casual and seasoned
hikers. The area surrounding Mount Lambak is lush with greenery, and the summit rewards visitors with
panoramic views of the rolling hills and nearby villages, making it a must-visit for outdoor enthusiasts.

Mount Pulai II Forest Eco-Park, located within the Mount Pulai Forest Reserve in Johor, Malaysia, is a
significant site known for its ecological value and recreational opportunities. The area is characterized by the
Dipterocarp Hill Forest, which supports a diverse range of flora and fauna, contributing to the region’s rich
biodiversity. Strategically positioned 10 kilometers from the town of Nenas and approximately 40 kilometers from
Johor Bahru, Mount Pulai II is easily accessible, making it a popular destination for both residents and tourists.
Bantang River Forest Eco-Park, located in Bekok, Johor, Malaysia, is a captivating eco-park that forms part of the
expansive Mount Ledang National Park. Renowned for its verdant tropical rainforest, crystal-clear rivers, and
stunning waterfalls, this park is a hub for eco-tourism. Visitors are drawn to its natural allure and enjoy hiking,
swimming, and camping activities. The park’s combination of breathtaking scenery and ease of access makes it a
preferred destination for locals and tourists alike. The park is located at approximately 2.3298° N latitude and
103.1625° E longitude.

.

Station 1 (a)

Station 2 (b)

Fig. 1 Mount Lambak Forest Eco-Park’s sampling stations
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Station 2 (b)

Station 1 (a) Station 3 (c)

Fig. 2 Soga Perdana Forest Eco-Park’s sampling stations

Station 2 (b)

Fig. 3 Mount Pulai Il Forest Eco-Park’s sampling stations

Station 1 (a) ~ station (b) in (c)
Fig. 4 Bantang River Forest Eco-Park’s sampling stations

2.2 Macroinvertebrates Sampling and Analysis

Macroinvertebrate sampling was conducted over the course of one month at each eco-park, with samples collected
on a weekly basis. The method used for collection was timed kick sampling, a widely adopted technique in many
countries due to its cost-effectiveness and ability to yield consistent and dependable results [22]. Sampling was
repeated multiple times at each station to ensure that specimens were gathered from various parts of the same
site [39]. These macroinvertebrates are generally easier to locate in river environments, commonly found beneath
rocks [40]. In fast-moving sections of the stream, large rocks were manually lifted, and any visible
macroinvertebrates were carefully transferred into petri dishes using forceps [23]. Once collected, the samples
were sorted and examined for classification. The tools used in this process included a fishnet, pipette, petri dishes,
magnifying glass, gloves, and boots.

The Biological Monitoring Working Party-Average Score per Taxon (BMWP - ASPT), was selected in this study
to describe the distribution of the communities of species. BMWP is a river water quality scoring system that
assigns a score from 1 to 10 to each macroinvertebrate taxon based on their sensitivity to organic pollution [41].
ASPT is a BMWP modification that corrects values obtained from specific fluvial conditions. Equation 1 is the
equation to obtain the value of ASPT, where the BMWP value is divided by the total amount of diversity [42].

BMWP
ASPT = — (1)

The BMWP-ASPT index was selected for this study due to its simplicity, widespread use, and minimal
taxonomic resolution requirements. It allows for rapid assessment of water quality based on macroinvertebrate
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families, which is practical for fieldwork in eco-parks and areas with limited taxonomic expertise. Although
originally developed for temperate rivers, BMWP-ASPT has been applied in several tropical studies, offering a
useful reference point for comparison. Its numeric scoring system and ease of interpretation make it suitable for
integration with physicochemical data to explore correlations and inconsistencies. Nevertheless, its limitations in
tropical contexts are acknowledged and further discussed.

2.3 Water Sampling and Analysis

Water sampling was conducted from the proposed river location, considering environmental characteristics like
weather, time, and date. Samples were collected weekly and stored in plastic water bottles at 4°C before being
transported to the laboratory. Water samples were collected by rinsing bottles with the sampled water to avoid
contamination. After sealing and labelling, they were carefully transported to the lab for physical and chemical
analysis [43]. The list of equipment used to collect the water samples included plastic bottles, an ice pack, an ice
box, gloves, and masking tape.

Laboratory testing was performed on six physicochemical parameters: AN, BOD, COD, DO, pH, and TSS. The
result of each parameter was analysed using the WQI formula, as shown in Equation 2. In contrast, Table 1 shows
the list of WQI equations for each parameter to evaluate before substituting into Equation 2 [19].

Table 1 List of WQI equations for each parameter

SIDO 0 forx<8
100 for x = 92
-0.395 + 0.03 x* - 0.00020 x3 for8 <x <92
SIBOD 100.4 - 4.23 x forx<5
108 e 0-055x - 0,1 x forx>5
SICOD -1.33x+99.1 forx <20
103 e 0-0157x - 0.04 x forx > 20
SIAN 100.5-105x forx<0.3
94e-0573x -5 |x-2| for0.3<x<4
0 forx >4
SISS 97.5 e -0:00676x + ().05 x forx <100
71 e -00016x — 0,015 x for 100 <x <1000
0 forx=>1000
SIpH 17.2 - 17.2 x+ 5.02 x* for x< 5.5
-242 +95.5x - 6.67 x* for5.5<x<7
-181 + 82.4 x - 6.05 x> for 7<x<8.75
536 - 77.0 x + 2.76 x> forx = 8.75

WQI = (0.22 X SIDO) + (0.19 x SIBOD) + (0.16 X SICOD) + (0.15 x SIAN) + (0.16 x SISS)
+0.12 X (SIpH).

2.4 Statistical Analysis

The Pearson Correlation Coefficient (PCC) is a statistical method used to minimize dataset dimensionality and will
be applied in this study. By standardizing the data to have a mean of zero and a variance of one, PCC supports the
analysis of specific traits within the selected variables. Its primary purpose in this study is to identify and narrow
down the most relevant parameters and metrics for examining the connection between environmental factors and
biological indicators. The correlation values are determined using Equation 3[44], with the resulting coefficients
presented in Table 2.

NXxy — (Zx)(Zy)

"= TINZx® — 02 [(NEYE — E9)7] (3)

where

r = coefficient of correlation
x = x —variable in sample

y = y —variable in sample
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n = size of the sample.

Table 2 The correlation coefficient value [45]

Size / Value of coefficient of correlation(r) Correlation strength
0.91 until .00 or -0.91 until -1.00 Very strong correlation
0.71 until 0.90 or -0.71 until -0.90 Strong correlation

0.51 until 0.70 or -0.51 until -0.70 Moderate correlation
0.31 until 0.50 or -0.31 until -0.50 Low correlation

0.01 until 0.30 or -0.01 until -0.30 Very low correlation

3. Results and Discussions

This section presents an assessment of water quality across all study locations using the BMWP-ASPT and WQI.
Evaluation of River Health using BMWP-ASPT and WQI across study locations.

The connection between two key indicators, the BMWP-ASPT index and WQI was analysed. These indicators
offer different but complementary perspectives on water quality. BMWP-ASPT assesses the presence of pollution-
sensitive macroinvertebrates, while WQI considers a range of physicochemical factors to give an overall picture
of water quality. Correlation analysis was performed using PCC, with an r-value of -0.93974, indicating a very
strong correlation between these two indices. This suggests that biological diversity, as reflected by
macroinvertebrate populations, aligns closely with the physicochemical water quality measures.

Table 3 summarizes the BMWP-ASPT scores across four forest eco-parks: Soga Perdana, Mount Pulai I, Mount
Lambak, and Bantang River, measured weekly over three weeks. Soga Perdana shows a gradual decrease in
BMWP-ASPT scores over the weeks, with an overall average of 7.27. Notably, Station 1 consistently scores higher,
suggesting slightly better water quality than the other stations within Soga Perdana. Mount Pulai II, with an
average BMWP-ASPT score of 7.07, also reflects moderate water quality, with Station 1 displaying the highest
values across all weeks, indicating relatively better ecological conditions in that station. Mount Lambak
demonstrates a slightly better water quality with an average BMWP-ASPT score of 7.39, peaking in Week 2,
suggesting a temporary improvement in water conditions. Bantang River, however, stands out with the highest
BMWP-ASPT score on average of 8.04, suggesting it has the healthiest water quality among the four locations, with
consistently high scores across all stations and weeks.

Table 4 presents the WQI results for the same locations. Soga Perdana’s WQI fluctuates between 84.67 and
87.02, with an average of 86.49, reflecting moderate water quality with minimal variation over the three weeks.
Mount Pulai II records an impressive average WQI of 92.55, indicating excellent water quality, with all stations
consistently scoring above 91, which implies stable and high-water quality. Similarly, Mount Lambak has a high
average WQI of 92.32, with values ranging from 89.63 to 93.73, signifying a well-maintained aquatic environment.
In contrast, Bantang River shows the lowest average WQI at 73.77, indicating poorer water quality compared to
the other locations. The WQI values at Bantang River remain low and consistent, suggesting persistent
environmental stressors or pollution impacting water quality.
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Table 3 BMWP-ASPT scores for all locations

Location Station Week 1 Week 2 Week 3 Average BMWP-ASPT
(all weeks)

Soga Perdana 1 8.40 7.50 7.00 7.63
2 7.33 7.25 7.40 7.33 Moderate
3 6.60 6.75 7.17 6.84 Clean Water
Average 7.44 7.17 7.19 7.27

Mount Pulai II 1 8.00 7.20 7.70 7.60
2 7.00 7.20 7.00 7.10 Moderate
3 6.80 6.40 6.20 6.50 Clean Water
Average 7.27 6.93 6.97 7.07

Mount Lambak 1 7.33 8.50 8.20 8.01
2 6.33 7.40 7.50 7.10 Moderate
3 6.60 7.14 7.40 7.05 Clean Water
Average 7.27 6.93 6.97 7.39

Bantang River 1 6.75 7.25 7.43 7.14
2 8.70 8.20 10.00 8.97 Clean Water
3 8.30 7.75 8.00 8.02
Average 7.92 7.73 8.48 8.04

Table 4 WQI results for all four forest eco-parks

Forest Eco-Park Station Week 1 Week 2 Week 3 Average (all WQI
weeks)

Soga Perdana 1 86.77 87.58 86.71 87.02
2 85.92 86.48 87.01 86.47 Class I
3 86.80 84.89 86.29 85.99
Average  86.50 86.32 86.67 86.49

Mount Pulai I 1 93.04 93.92 93.24 93.40
2 93.57 91.70 92.38 92.55 Class II
3 94.59 90.62 87.82 91.01
Average  93.73 92.08 91.15 92.32

Mount Lambak 1 93.30 93.20 91.30 93.00
2 91.90 92.20 89.60 91.00 Class II
3 90.50 89.00 88.00 89.00
Average 91.90 91.47 89.63 91.00

Bantang River 1 72.44 72.77 73.75 72.99
2 74.26 73.58 74.50 74.11 Class 11
3 73.21 73.51 75.86 74.20
Average  73.30 73.29 74.70 73.77

Water quality in the four eco-parks studied ranged from Class II (Clean) and Class III (Slightly Polluted) based
on WQI results. Soga Perdana, Mount Pulai II, and Mount Lambak all exhibited clean water characteristics with
WQI values between 86.49 and 93.32, meaning they meet the criteria for relatively clean water, which is suitable
for recreational purposes and the conservation of aquatic life. According to WQI scores, Class Il of WQI ranges
from 76.5 to 92.7 [19]. Meanwhile, the Bantang River showed slightly polluted water with a WQI of 73.77.
However, as reflected in BMWP-ASPT scores, biological indicators suggest a relatively clean condition in all four
locations. Bantang River recorded the highest score of 8.04. This slight discrepancy may be influenced by the high
number of visitors that visit the area for recreational purposes, impacting physicochemical indicators. Bantang
River is a popular eco-park, attracting many tourists who engage in various water-related activities, potentially
contributing to water quality degradation. Visitor data were recorded for three eco-parks: Bantang River, Mount
Pulai II, and Soga Perdana, while no visitor records were available for Mount Lambak. Among the three eco-parks,
Bantang River recorded the highest number of visitors in 2024, with a total of 90,013, followed by Soga Perdana,
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with 23,502 visitors. Mount Pulai II had the lowest number of visitors, with only 276 recorded throughout the
year. Tourist activity within forest eco-parks can significantly influence short-term water quality dynamics,
particularly during peak visitation periods such as weekends and holidays. Increased foot traffic along riverbanks
often leads to soil compaction and bank erosion, contributing to elevated turbidity and suspended solids in the
water column, which can negatively affect WQI values [46]. Additionally, improper waste disposal and littering,
including the introduction of organic matter, food remnants, and personal care products, can elevate biochemical
oxygen demand (BOD) and nutrient levels [47], [48], further reducing water quality scores.

Previous research on the Bantang River in 2019 recorded a WQI of 94.16, indicating excellent water quality
at the time. The BMWP also showed moderately good water quality. The significant decline in WQI from 94.16 in
2019 to 73.77 suggests growing environmental pressures, possibly linked to increased tourism and human
activity in the area over the years [41]. In contrast, the other three locations - Soga Perdana, Mount Pulai II, and
Mount Lambak - are less visited. Soga Perdana is a small river located on a hill, accessible mainly through hiking,
limiting visitor numbers. Mount Pulai 1], although accessible, tends to be overlooked by visitors in favour of the
more popular which is Mount Pulai I. This lack of human interference may contribute to the cleaner water quality
as reflected in their WQI values, particularly from a physicochemical perspective.

3.1 Correlation Between BMWP - ASPT and WQI

Table 5 presents a comparative analysis of the BMWP-ASPT and WQI scores for the four forest eco-parks evaluated
in this study. Both scores were used to classify the water quality status of each eco-park, ranging from clean to
polluted. This dual assessment enables a comprehensive water quality evaluation by integrating biological and
chemical parameters. The results highlight variations in water quality across the eco-parks, reflecting differences
in ecological conditions and potential impacts of environmental factors or human activities.

Table 5 Summary of BMWP-ASPT and WQI scores in all four forest eco-parks

Location BMWP-ASPT Water Quality Water Quality =~ Water Quality
Score Status Index Status (WQI)
(BMWP - ASPT)
Soga Perdana 7.27 Rather clean - clean 86.49 Class II - Clean
water
Mount Pulai II 7.07 Rather clean - clean 92.32 Class II - Clean
water
Mount Lambak 7.39 Rather clean - clean 91.00 Class II - Clean
water
Bantang River 8.04 Very clean water 73.77 Class III - Slightly
polluted
100 92.32 91
o | @] 8.4
L
B0 | 73.77
............. ®
70
& 50 y=-19.25x + 228.73
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Fig. 5 Scatter plot of correlation between bio-index and WQI
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Figure 5 shows a strong negative correlation (R* = 0.9385) between WQI and BMWP-ASPT scores. Although
both indices usually increase with better water quality, this inverse trend suggests a mismatch in how biological
and chemical indicators respond at the study sites. Higher WQI values, which reflect good chemical conditions,
were linked to lower BMWP-ASPT scores. This could be due to delayed biological recovery, habitat disruption, or
dominance of pollution-tolerant species. These findings highlight the need to use both types of indicators to get a
clearer picture of river health.

Figure 5 demonstrates a negative linear correlation between the bio-index (BMWP-ASPT) and the WQI, with
an RZ value of 0.9385. This high R2 indicates a strong correlation, suggesting that as the WQI increases, the ASPT
score tends to decrease slightly. While this may seem counterintuitive at first - since both indices are typically
used to indicate water quality - it reflects a known limitation of comparing biological and chemical indicators
directly. WQI focuses on immediate physicochemical conditions, while BMWP-ASPT reflects longer-term
ecological responses through macroinvertebrate presence [49], [50]. The inverse trend in this dataset may be
influenced by site-specific ecological factors, such as the presence of tolerant macroinvertebrate taxa at slightly
polluted sites or lagging biological recovery at chemically “clean” sites. The scatter plot highlights the complexity
of using a single index to represent water quality and supports the argument for integrating both biological and
chemical indicators to obtain more comprehensive assessment.

Notably, Bantang River has the highest ASPT score (8.04) despite its comparatively lower WQI (73.77),
indicating a slightly polluted status. This correlation reinforces the idea that biological indicators such as BMWP-
ASPT can sometimes show more resilience in biological communities, even when physicochemical parameters
such as WQI suggest slight pollution.

Over time, the taxonomic and trait metrics of macroinvertebrate communities can either follow similar
patterns or diverge. This difference often arises because the species within a community may change, yet the
overall trait composition tends to stay consistent [51], [52], [53], [54], [55]. This consistency is due to multiple
species sharing overlapping traits or occupying similar niches [21], [51], [52]. On the other hand, physicochemical
parameters provide a snapshot of water quality at the time of measurement, but these values can shift significantly
over time [56]. On the other hand, Wan Abdul Ghani et al. [57] (as cited in Moridi et al. [58]) stated how biological
indicators perform in comparison to Water Quality Index (WQI) in Malaysia’s Penchala River. Sampling was
conducted at four stations over four different periods, and the findings revealed that biological indicators were
more responsive to organic pollution than the WQI. Among these, the BMWP index proved to be the most
dependable and could effectively complement the WQI for evaluating water quality in urban rivers.

4. Conclusion

The BMWP-ASPT index proved to be a reliable and practical tool for assessing water quality in forest eco-parks.
Its strong negative correlation with the Water Quality Index (r = -0.93974) highlights its potential to complement
physicochemical measurements in routine monitoring. Notably, while the WQI classified Bantang River as slightly
polluted (Class III), the biological assessment indicated a cleaner condition. This contrast suggests that
macroinvertebrate communities may reflect longer-term ecological resilience, capturing subtler environmental
changes that chemical indicators alone might miss.

These findings underscore the importance of integrating biological and chemical approaches to gain a more
complete understanding of river health—particularly in sensitive areas like recreational eco-parks where human
activity can introduce short-term fluctuations. For practical application, this study supports the use of biological
indicators in fieldwork, especially in regions with limited laboratory access where rapid screening is needed.
Future research should consider seasonal sampling and explore local adaptations of biotic indices to better reflect
tropical species’ sensitivity. Expanding this approach to other high-risk river basins could also support more
adaptive and ecosystem-based water resource management across Southeast Asia and other tropical regions.
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