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Abstract 

This study applies the Principal Component Analysis (PCA) to evaluate and interpret the 

relationship between water quality and benthic macro-invertebrates fauna data obtained from 

Pauh River, Cameron Highlands. Samples were collected once every two months (in February, 

April, June, August and October 2013) with six chosen sampling stations. Six water quality 

parameters namely dissolved oxygen (DO), pH, biological oxygen demand (BOD5), chemical 

oxygen demand (COD), ammonia-nitrogen (NH3-N), total suspended solid (TSS) and heavy 

metals contents were analyzed according to American Public Health Association (APHA), 

Standard Methods for Examination of Water and Wastewater (1998). Macro-invertebrates 

were also sampled using Surber sampler and were identified until their family level. Water 

Quality Index (WQI) values for all stations were class II except for the station 6 which was 

recorded as class III. Both the diversity and biotic indices showed decreasing value from the 

upstream (Station 1) to downstream (Station 6). A total 28 to 31 taxa have been found in 

Station 1, 2, 3 and 5 (upstream to middle stream). However, only 7 taxa found at station 6 

(downstream). Total 31 taxa with an average density 368.28 ind/m
2
 were found in Station 4 
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which was highest number of taxa among the monitoring stations. The principal component 

analysis (PCA) was applied on the dataset, which explained 72.15 % of the total variance of 

the variables. Three components were extracted in this study. First component was classified 

as benthic macroinvertebrates which tolerated to low water quality condition and high 

loading of organic matters. The benthic macro-invertebrates families loaded in second 

component were sensitive to water environment such as NH3-N, dissolved oxygen (DO), 

organic matter and stream flow. The benthic macroinvertebrate families loaded in third 

component were recognized as species which might not tolerate low concentration of 

dissolved oxygen.   

Keywords: Water quality; benthic macro-invertebrates, bio-indicator, principal component 

analysis, Cameron Highlands, Malaysia 

1. Introduction 

Human activities have severely affected the condition of freshwater ecosystems worldwide. 

Physical alteration, habitat loss, water withdrawal, pollution, overexploitation and the 

introduction of non-native species all contribute to the decline in freshwater species and the 

water quality as well. Increasing human population growth and achieving higher development 

targets place even higher demand on the already stressed freshwater ecosystems. Water 

quality is a measurement to determine the pollution level that happens in water, showing the 

reaction in water composition towards all the input whether is natural or manmade (Karanth 

1987; Krenkel & Novotny 1980).  However, physical and chemical monitoring instruments 

are usually expensive and can only be used at limited number of sites thus unable to achieve 

distribution patterns (Swaminathan 2003). Hence, Biological monitoring is considered one of 

the alternatives which is a useful and rapid assessment tool to check the status of water 

quality.  

Biological monitoring (also called bio-monitoring or bio-assessment) is defined as an 

evaluation of the condition of a water body using biological surveys and other direct 

measurements of the resident biota in surface waters (Engel and Voshell 2002) for example 

plants and animals or its components to provide continuous analytical information (Kopciuh 

et al. 2004). Biological monitoring can be done with any living organisms (biological 

indicators) but benthic macroinvetebrate, fish, and periphyton (algal) assemblages are used 

more often, in that order (Engel and Voshell 2002). Those biological indicators describing the 

condition and threats to freshwater ecosystems are required to measure progress in halting the 

rapid decline in freshwater species (Revenga et al. 2005). Tolerance of bio-indicator organism 

usually have its limit, therefore the presence or absence and its health state can determine 

some of the chemical and physical components in the environment without the complex 

measurement and laboratory work (Kopciuh et al. 2004). Changes in benthic 

macroinvertebrates community with water pollution have many been documented and 

measured using different aspects including biomass, species density and species composition 

(Yong et al. 1997). 

Macroinvertebrates are found in even the smallest streams and have a wide range of 

sensitivity to all types of pollution and stress, allowing for monitoring in most conditions 
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(Tan & Beh 2015). Apparently, sampling of macroinvertebrates is easy, cost effective, and 

does not permanently harm the local assemblage (Engel and Voshell 2002; Kusza, 2005). 

Impairment can be easily be detected by the trained monitor with even the simplest of 

identifications (Engel and Voshell 2002).  Hamed et al. (2014) states that more species 

distribution indicated (i.e. the number of individual organisms or abundance of species are 

more similar the level of stability of biodiversity in the area. This distribution of species can 

be determined by different types of bio-indices e.g. Shannon Diversity Index, Margalef 

Diversity index and etc. Different types of studies have been conducted on the relationship of 

water quality and bio-indices i.e. Hamed et al. (2014), Azrina et al. (2006), Ogleni and Topal 

(2011), Nemati et al. (2010), Latha and Thang (2010). However, field survey and laboratory 

analysis usually generates a large data set. This large and complex survey data is not easy to 

be interpreted and understood by environmental manager. In order to overcome this difficulty, 

multivariate methods are applied to develop an interpretability model for decision maker. 

Factor analysis (FA) such as principal component analysis (PCA) and principal factor 

analysis (PFA) have been recognized as powerful methods that could be used to reduce the 

dimensionality of a data set consisting of large number of inter-related variables, while 

retaining as much as possible the variability present in dataset (Einax et al. 1998).This 

reduction is achieved by transforming the data set into a new set of variable (Singh et al. 

2004). Identification of the significant parameters and characteristic change by data reduction 

and interpretation in variables can be approached through the application of factor analysis. 

Thus, the aim of this study is to determine the relationship between river water quality and 

the distribution of benthic macroinvertebrates organism in the Cameron Highlands. 

2. Study Area 

Cameron Highlands is a well-known tourism destination and agricultural place of Malaysia, 

but also an environmentally-sensitive area (Wan Abdullah et al. 2005; Gasim et al. 2009). It is 

situated in the Pahang State and has an estimated area of 712km
2
. It is located on the Main 

Range of Peninsular Malaysia between 4°20’N-4°37’N and 101°20’-101°36’E (Figure 1), 

which is made up of three major sub-district of Telom, Ringlet and Tanah Rata.  The altitude 

is between 1,280 m and 1,830 m above sea level (Ngan et al. 2005; Gasim et al. 2009). Due 

to highland characteristics, Cameron Highlands has average daily temperature is about 14 ° C 

to 21
o
C and annual rainfall is 2,800 mm (Ismail et al. 2004; Gasim et al. 2009). With these 

unique characteristics, agricultural cultivation becomes the main human activity in Cameron 

Highlands. However, unsustainable agricultural practices also have been recognised as main 

pollution sources to water quality in this area (Tan 2010). 

Three main rivers have been identified in Cameron Highlands namely Bertam River, Telom 

River and Lemoi River. An estimated 5.8 million litres per day (MLD) of water is abstracted 

at several water supply intake points from rivers originating from mountain forests in 

Cameron Highlands for water supply and irrigation purpose (Kumaran and Ainuddin 2006) 

and Pauh River is one of tributaries for Bertam River. According to Dinakaran & Anbalagan 

(2007), Pauh River was identified as one of important recreational place for both local and 

international tourist.  
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Figure 1. Location of Monitoring Station in Cameron Highlands in Malaysia 

(Source: JUPEM 2012) 

3. Experimental Analysis 

Total six sampling stations were set up for this study which representing upstream and 

downstream of Pauh River. Characteristics of monitoring stations were shown in Table 1. 

Water quality and macroinvertebrates organism samplings were conducted once every 2 

months throughout the year of 2015. The geographical records of the sampling site were 

taken using Global Positioning System (GPS). Hydrological and ecological information such 

as river bed composition, width, depth, stream flow and general description of the sampling 

site was noted by field investigation. 

Table 1. Characteristics of monitoring stations in Pauh River, Cameron Highlands 

Sampling stations 
1 

 

2 

 

3 

 

4 

 

5 

 

6 

 

Location  

N 04° 28' 

47'' 

E 101° 23' 

6.4'' 

N 04° 28' 

48.4'' 

E 101° 23' 

7.5'' 

 N 04° 28' 

6.3' 

E 101° 23' 

7.8'' 

N 04° 28' 

6.3'' 

E 101° 22' 

59.1'' 

N 04° 28' 

45'' 

E 101° 22' 

57.9'' 

N 04° 28' 

45'' 

E 101° 22' 

57.06'' 

Elevation (m) 1477 1449 1501 1463 1451 1468 

River length (m) 3.3 3.4 1.5 1.7 2.0 6.7 

River depth (m) 0.16 0.18 0.14 0.16 0.15 0.32 

Stream flow (ms-1) 1.0+0.5 1.0+0.5 0.8+0.3 0.8+0.3 0.5+0.1 0.3+0.1 

Vegetation (%) 90 80 60 20 30 10 



Environmental Management and Sustainable Development 

ISSN 2164-7682 

2016, Vol. 5, No. 1 

www.macrothink.org/emsd 191 

River subtract 

compositions 
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iii.  Mud 
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3.1 Water Sampling and Macroinvertebrates Analysis 

Measurement of temperature, pH, dissolved oxygen (DO), conductivity and total dissolved 

solid was conducted during field investigation by using multi-parameters YSI 556 MPS 

(APHA 1992; APHA 1998). All these parameters were measured 1 m from the water surface 

because at this depth, the content of the stream water are mixing well.  Water sample for 

detection of biological oxygen demand (BOD), chemical oxygen demand (COD), 

ammoniacal-nitrogen (NH3-N) and total suspended solid (TSS)  were taken and analyzed by 

referring the standard method of APHA 1998. Water Quality Index (WQI) was calculated 

based on the formula developed by the Department of Environmental, Malaysia (DOE 2007).  

Macroinvertebrates sampling was done on Pauh River bank. Surber net was used for 

macroinvertebrates sampling. Larger debris such as leaves, twigs, rocks and plants were 

removed and the macroinvertebrates organisms were kept using zipper plastic bag. The 

procedure had been repeated 10 times at the same station with different locations of the site. 

Samples were preserved with 70% ethanol and kept in fridge as specimen. Five bio-indices 

i.e Shannon Diversity Index, Margalef Diversity index and Pielou equality index, Average 

Score per Taxon (ASPT) and biological monitoring working party (BMWP) were selected in 

this study to describe the distribution of the communities of species. The Shannon Diversity 

Index, Margalef Diversity Index and Pielou Equality Index were obtained based on Eq. 3, Eq. 

4 and Eq. 5. The ASPT (Average Score Per Taxon) is the sample BMWP score which is 

described in the Number of Families section, divided by the number of scoring families 

contributed in BMWP score. 

Shannon Diversity Index 

 

                    Eq. 3  

Margalef Diversity Index 

                                                              

Eq. 4 
N = the total number of individuals in the sample  

S = the number of species recorded. 
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Pielou Equality Index 

              Eq. 5 

  is the number derived from the Shannon diversity index  

 is the maximum possible value of  

 

3.3 Statistical Analysis 

Principal component analysis was applied to seek the least number of factors which could 

account for common variance of a set of variables such as water pollutions and its’ sources. 

Scree plot was used in this study to identify the number of extracted components. The plot is 

initially curved and then developed into a linear relationship at which the curve straightens 

out and these are taken as the maximum number of components to be extracted (Cattell1966).  

Varimax rotation with Kaiser’s normalization was applied to produce a new set of component. 

Each rotated component loading for every variable is differentiated significantly to identify 

each variable with a single component. This loading can be interpreted as a standardized 

regression coefficient, regressing the component on the measures (Decoster 1998). In 

deriving the component loadings, Burt-bank formula was used to calculate the significant 

level of loading. This formula has the merit of allowing not only for the sample size but also 

for the number of tests correlated and the number of components extracted up to and 

including the one under examination (Child 1970: 46). The following is the calculation of 

significant value of loading: 

Standard error of a loading = Standard error of a correlation √(n/ (n+1 – r))      eq.(1) 

=     0.338√26/(26+1-3) 

=   0.3518 

Whereas, Standard error of a correlation = 0.338 at 0.05 significant level 

r = number of extracted factors 

n = number of variables  

Based on the eq. (1), component loading with + 0.3518 can be considered as a significant 

variable at 0.05 levels. The mathematical and statistical computations in this study were 

performed using Microsoft Excel 2013 and SPSS 16.0 software.  

 

4. Results and Discussion 

4.1 Water Quality Index (WQI) 
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In order to determine Pauh River Water Quality Index (WQI) based on Eq. 2 (DOE 2008), six 

parameters were chosen for this study namely pH, dissolved oxygen (DO), chemical oxygen 

demand (COD), biological oxygen demand (BOD), Total suspended solid (TSS) and 

ammoniacal-nitrogen (NH3-N). Table 2 shows the analysis results for 6 stations of the 

parameters measured. By comparing to National Water Quality Standards for Malaysia 

(NWQS) (Table 3), DO, pH and TSS at 6 monitoring station were in Class II. BOD, COD and 

NH3-N in Station 6 was recorded in Class III, which was slightly polluted. As shown in 

Figure 2, water quality class II (Station 1-5) requires conventional treatment and suitable for 

sensitive aquatic species and recreational activities that involve bodily contact. Water quality 

class III (Station 6) requires extensive treatment and suitable for fishery common of 

economic value and tolerant species as well as source of drinking water for livestock.  

 

Table 2. Average of Six WQI parameters for Pauh River, Cameron Highlands. 

Parameters Station 1 Station 2 Station 3 Station 4 Station 5 Station 6 

DO (mg/l) 7.14 7.09 6.98 7.11 7.13 5.60 

COD (mg/l) 16.11 22.71 22.52 20.43 35.94 46.81 

BOD (mg/l) 2.17 2.16 2.47 3.07 2.43 5.10 

NH3-N (mg/l) 0.13 0.12 0.12 0.12 0.15 0.75 

pH 6.10 6.22 6.20 6.20 6.28 6.14 

TSS (mg/l) 0.20 0.02 0.03 0.01 0.02 0.03 

Table 3. National Water Quality Standards for Malaysia 

PARAMETER UNIT 
CLASS 

I II III IV V 

Ammoniacal Nitrogen mg/l < 0.1 0.1 - 0.3 0.3 - 0.9 0.9 - 2.7 > 2.7 

Biochemical Oxygen Demand mg/l < 1 1 - 3 3 - 6 6 - 12 > 12 

Chemical Oxygen Demand mg/l < 10 10 - 25 25 - 50 50 - 100 > 100 

Dissolved Oxygen mg/l > 7 5 - 7 3 - 5 1 - 3 < 1 

pH - > 7 6 - 7 5 - 6 < 5 > 5 

Eq. 2 
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Total Suspended Solid mg/l < 25 25 - 50 50 - 150 150 - 300 > 300 

Water Quality Index (WQI) - < 92.7 76.5 - 92.7 51.9 - 76.5 31.0 - 51.9 > 31 

Class I  Conservation of natural environment. 

  Water Supply I - Practically no treatment necessary. 

  Fishery I - Very sensitive aquatic species. 

Class IIA  Water Supply II - Conventional treatment. 

  Fishery II - Sensitive aquatic species. 

Class IIB  Recreational use body contact. 

Class III                  Water Supply III - Extensive treatment required. 

  Fishery III – Common of economic value and tolerant species;        

                                livestock drinking. 

Class IV  Irrigation 

Class V  None of the above. 

(Source: DOE, 2007) 

 

Figure 2. Average of Water Quality Index (WQI) for six monitoring stations 

4.2 Distribution of Benthic Macroinvertebrates by Location (Spatial) 

Table 4 shows the abundance of macroinvertebrates expresses as percentage of total, found 

from each sampling period. The macroinvertebrates found were from the groups of 

Coleoptera, Trichoptera, Hemiptera, Ephemeroptera, Plecoptera, Diptera, Odonata, 

Gastropoda, Hirudinea and Oligochaeta. A total of 51 families were identified from the 

sampling sites during the sampling period. The lack of obvious difference in the presence or 

absence of the macroinvertebrates during the alternate monthly samplings indicated Pauh 

River was not fluctuating and a total 90% of the macroinvertebrates could be consistently 

found in the sampling site.  

Table 4. Macroinvertebrates abundance, as percentage (expressed of total in a month period) 
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found at the Pauh River, Cameron Highlands 

    

ind/m2 

Phylum Class Order Family Feb Apr Jun Aug Oct 

Arthropoda Insecta Coleoptera Elmidae 0.88 3.75 17.71 16.98 26.56 

   

Psephenidae 0.75 0.94 1.25 2.40 4.58 

   

Sperchidae 0.75 0.21 0.63 0.83 1.56 

   

Hydrophilidae 0.13 3.65 1.98 1.04 1.04 

   

Dryopidae 2.38 1.35 1.56 4.48 0.21 

   

Eulichalidae 0.25 0.31 0.31 0.21 0.42 

   

Scirtidae  - 0.31 0.42 2.60 0.83 

Arthropoda Insecta Hemiptera Aphelocheiridae 1.63 1.46 3.23 1.77 3.65 

   

Mesoveliidae 0.88 0.42 0.21 0.73 0.31 

Arthropoda Insecta Plecoptera Perlidae 12.88 23.44 25.31 32.92 46.98 

 

  

Peltoperlidae 0.63 0.31 0.42 0.52 0.52 

   

Nemouridae 3.25 3.54 5.21 3.75 8.54 

Arthropoda Insecta Ephmeroptera Baetidae 2.13 25.21 32.50 25.42 30.31 

   

Heptageniidae 3.25 8.65 10.31 8.23 10.00 

   

Leptophlebiidae  - 1.56 4.48 4.90 2.50 

Arthropoda Insecta Trichoptera Hydropsychidae 4.25 14.27 19.58 16.46 23.02 

   

Leptoceridae 1.00 5.73 1.04 0.42 8.54 

   

Lepistomadidae 3.50 4.48 7.40 10.42  -  

   

Polycentropodidae 0.50 2.81 3.33 4.27 3.44 

   

Philopotamidae 0.38 1.56 4.17 7.60 1.25 

Arthropoda Insecta Odonata Libellulidae 1.13 1.67 0.63 1.35 1.46 

   

Gomphidae 0.63  -  -  - 

 Arthropoda Insecta Diptera Tipulidae 0.63 1.04 3.44 2.19 4.90 

   

Simuliidae 10.25 28.02 22.81 63.54 63.44 

   

Chironomidae 16.38 60.52 484.48 409.69 

256.9

8 

   

Ceraptopogonidae  - 1.56 3.13 3.33 1.25 

   

Athericidae - 0.10 0.10 0.73 0.21 

Arthropoda 

Malacostra

ca Decapoda Sesarmidae 0.50 0.31 0.31 0.42 0.63 

Mollusca Gastropoda Neogastropod Planorbidae  -  - 1.46 1.15 0.21 

   

Physidae 0.13 20.42 27.40 9.58 10.42 

Annelida Oligochaeta Opisthopora Tubificidae  - 0.10 19.69 3.85 59.90 

   

Lumbriculidae  - 0.31 0.42 0.63 1.04 

   

Naididae  - 0.10  - 0.21 0.31 

Annelida Hirudinea Gnathobdellida Erpobdellidae  - 1.67 6.77 2.08 9.48 

Platyheminthes Turbellaria Seriata Dugesiidae  - 1.35 1.46 0.63  - 

Table 5 shows the distribution and average density of phylogenetic benthic macroinvertebrate 
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fauna for each monitoring station according to Phylum, Class, Order and Family. A total 28 to 

31 taxa have been found in Station 1, 2, 3 and 5 (upstream to middle stream). However, only 

7 taxa found at station 6 (downstream). Total 31 taxa with an average density 368.28 ind/m
2
 

were found in Station 4 which was highest number of taxa among the monitoring stations. 

According to WQI analysis result, Station 4 has been recorded as Class II, which is suitable 

for sensitive aquatic species. The may be the reason abundance of macroinvertebrates found 

in this location. Only 7 taxa were identified in Station 6 which was the lowest number of taxa 

among monitoring stations; however it recorded highest density of phylogenetic benthic 

macroinvertebrate fauna (677.77 ind/m
2
). It was contributed by Chironomidae (466.75 

ind/m
2
), Planorbidae (3.38 ind/m

2
), Erpobdellidae (24.0 ind/m

2
), Tubificidae (99.63 ind/m

2
), 

Baetidae (2.38 ind/m
2
), Lumbriculidae (0.25 ind/m

2
) and Physidae(81.38 ind/m

2
). 

Furthermore, the abundance of Diptera; Chironomiidae and Simuliidae in Pauh river indicates 

organic pollution (Buckup et al. 2007; Kusza 2005) due to the recreational function of the 

river. The river is polluted with domestic waste throw by the nearby recreational activities 

especially foods waste and detergent used to wash off their culinary sets.  

Overall, the Shannon Diversity Index, Margalef Diversity Index, Pielou Equality Index, 

Average Score per Taxon (ASPT) and Biological Monitoring Working Party (BMWP) have 

been decreased from station 1 to station 6. As mentioned, it was due to decrease of water 

quality index from Class II to Class III. Table 6 shows the average value of biological index 

according to monitoring stations.  

Table 5. Distribution and average density of phylogenetic macroinvertebrate fauna 

  
  

(ind/m2) 

Phylum Class Order Family Statio

n 1 

Statio

n 2 

Statio

n 3 

Statio

n 4 

Statio

n 5 

Statio

n 6 

 

Arthropoda 

 

Insecta 

 

Coleoptera Elmidae 7.71 7.81 8.13 19.48 22.61 - 

  

 

Psephenidae 4.06 2.19 1.98 0.73 0.83 - 

  

 

Sperchidae 1.15 0.73 0.938 0.83 0.31 - 

  

 

Hydrophilidae 1.25 1.36 1.56 1.15 2.50 - 

  

 

Dryopidae 5.73 1.36 1.56 1.15 2.50 - 

  

 

Eulichalidae 0.21 - 0.52 0.52 0.21 - 

  

 

Scirtidae 0.73 0.32 0.21 1.36 1.56 - 

Arthropoda Insecta Hemiptera Aphelocheiridae 1.98 0.73 1.36 5.94 1.46 - 

  

 

Mesoveliidae 0.52 0.42 0.63 0.83 0.11 - 

Arthropoda Insecta Plecopetera Perlidae 38.23 38.86 26.88 19.38 12.08 - 

  

 

Peltoperlidae 0.94 0.21 0.11 0.94 0.11 - 

  

 

Nemouridae 3.86 2.29 3.65 6.98 6.98 - 

Arthropoda Insecta Ephemeroptera Baetidae 18.86 27.08 28.33 28.86 10.11 2.38 

  

 

Heptageniidae 10.63 11.77 10.42 3.65 3.02 - 

  

 

Leptophlebiidae 5.11 2.40 3.02 2.71 0.42 - 



Environmental Management and Sustainable Development 

ISSN 2164-7682 

2016, Vol. 5, No. 1 

www.macrothink.org/emsd 197 

Arthropoda Insecta Trichopetra Hydropsychidae 12.08 5.31 13.86 22.81 22.81 - 

  

 

Leptoceridae 7.40 4.38 1.56 2.92 0.31 - 

  

 

Lepistomadidae 6.77 7.08 1.25 1.67 5.52 - 

  

 

Polycentropodid

ae 5.00 2.61 4.90 1.04 0.73 - 

  

 

Philopotamidae 8.65 4.48 0.73 0.52 0.52 - 

Arthropoda Insecta Odonata Libellulidae 0.83 1.56 2.40 0.94 0.63 - 

  

 

Gomphidae 0.42 0.11 - - - - 

Arthropoda Insecta Diptera Tipulidae 4.58 1.88 1.46 1.98 2.19 - 

  

 

Simuliidae 48.54 66.67 56.36 4.69 4.27 - 

  

 

Chironomidae 51.25 68.65 

206.9

8 

231.0

4 

230.5

2 

466.7

5 

  

 

Ceraptopogonid

ae 1.67 2.08 1.25 2.71 1.88 - 

  

 

Athericidae 0.21 0.11 0.42 0.42 - - 

Arthropoda 

Malacostra

ca Decapoda Sesarmidae 0.83 0.11 0.42 0.42 - - 

Mollusca Gastropoda Neogastropod Planorbidae - - - - - 3.38 

  

 

Physidae - - - - - 81.38 

Annelida 

Oligochaet

a Opisthopora Tubificidae - - - 0.42 0.11 99.63 

  

 

Lumbriculidae - - 0.94 0.73 0.52 0.25 

  

 

Naididae 0.31 0.11 - 0.21 - - 

Annelida Hirudinea Gnathobdellida Erpobdellidae - - - - - 24 

Platyhelminthes Turbellaria Seriata Dugesiidae - 0.31 1.88 1.25 0.83 - 

Note: “ - ” indicated zero density of phylogenetic macroinvertebrate fauna 

Table 6. Selected Bio-indices for 6 sampling stations in Pauh River, Cameron Highlands 

Index Station 1 Station 2 Station 3 Station 4 Station 5 Station 6 

Shannon 2.39 ± 0.03 2.06 ± 0.17 1.79 ± 0.47 1.70 ± 0.35 1.37 ± 0.35 0.81 ± 0.25 

Margalef 3.76 ± 0.19 3.25 ± 0.40 3.13 ± 0.28 3.45 ± 0.16 2.85 ± 0.44 0.70 ± 0.13 

Pielou 0.75 ± 0.03 0.69 ± 0.06 0.61 ± 0.18 0.55 ± 0.13 0.47 ± 0.13 0.46 ± 0.13 

BMWP 140.80 ± 10.24 127.60 ± 12.34 121.20 ± 20.55 138.00 ± 8.63 111.00 ± 13.36 13.00 ± 3.67 

ASPT 6.03 ± 0.31 6.54 ± 0.59 5.97 ± 0.27 6.07 ± 0.24 5.95 ± 0.32 2.25 ± 0.56 

4.3 Principal Component Analysis (PCA) 

This study demonstrated the application of Principal component analysis in order to group 

different variables with similar characteristics. Principal component analysis (PCA) was 
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performed on 26 variables to produce a model that explained the positive or negative 

relationship between (i) water quality physico-chemical parameters, (ii) characteristics of 

habitat and (iii) benthic macroinvertebrate families. Based on Eq. (1), component loadings 

with + 0.3518 was considered as a significant variable at 0.05 levels. There were three 

principal components (PCs) were extracted from 26 variables, which eigenvalues were 

greater than 2.0, as shown by scree plot (Figure 2). Hence, three components accounted for 

72.15% of the total variance of the variables were used for this study. Table 7 showed the 

three components extracted from PCA. 

 

 

Figure 2. Scree Plot of Principal Components (PCs) 

Table 7. Rotated loadings for the three extracted components 

Variables PC 1 PC 2 PC3 

i. Water quality parameters    

Temperature 0.567 -0.346 -0.168 

Conductivity 0.905 -0.256 -0.027 

TDS 0.901 -0.228 -0.153 

DO -0.306 0.390 0.696 

BOD 0.516 -0.247 -0.203 

NH3-N 0.843 -0.258 -0.161 

Water Quality Index (WQI) -0.617 0.518 0.256 

ii. Characteristics of habitat -0.432 0.551 -0.136 
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Cobblestones 

Clay 0.221 -0.221 0.259 

Canopy -0.268 0.703 -0.318 

River width 0.902 0.031 -0.268 

River depth 0.916 -0.167 -0.186 

Stream flow -0.067 -0.588 -0.366 

iii. Families of benthic macro-invertebrate fauna    

Elmidae -0.244 0.030 0.866 

Psephenidae -0.015 0.738 0.344 

Perlidae -0.197 0.812 0.287 

Nemouridae -0.338 -0.060 0.794 

Heptageniidae -0.264 0.798 -0.087 

Leptoceridae 0.040 0.284 0.214 

Polycentropodidae -0.229 0.845 -0.049 

Simuliidae -0.085 0.867 0.008 

Chironomidae 0.193 -0.056 0.254 

Planorbidae 0.753 -0.202 -0.192 

Hippeutis 0.503 -0.055 -0.122 

Tubificidae 0.819 -0.082 -0.020 

Erpobdellidae 0.886 -0.120 -0.082 

4.3.1 First Component (PC1) 

First component (PC1) was represented by benthic macroinvertebrates of Planorbidae (0.753), 

Hippeutis (0.503), Tubificidae (0.819) and Erpobdellidae (0.886). These benthic 

macroinvertebrates families are only available at the downstream monitoring stations e.g 

station 4, 5 and 6. There were positive relationship with temperature (0.567), conductivity 

(0.905), TDS (0.091), BOD (0.516) and NH3-N (0.843), and negative relationship with Water 

Quality Index (WQI). Besides that, the density benthic macro-invertebrates families 

correlated with characteristics of river habitat i.e cobblestones (-0.432), depth (0.916) and 

width (0.902) of Pauh River. Hence, this component could be classified as benthic 

macroinvertebrates which tolerated to low water quality condition and high loading of 

organic matters.  

Parameters of temperature, conductivity, TDS, NH3-N and Biological Oxygen Demand (BOD) 

at Station 6 were recorded highest value which indicated the high concentration of organic 

matters in the station. Station 6 is located at the downstream and receives higher 

concentration of organic matters such as decayed leaves and silt settlement along the Sungai 

Pauh including tributaries. Kucuk (2008) and Yap et al. (2006) state that density of benthic 

macroinvertebrates can will be affected by organic pollutants. Average WQI in Station 6 was 

recorded as 72.32 (Class III) which was slightly polluted based on Malaysian National Water 

Quality Standard. Based on PC1, the density of benthic macroinvertebrates families increased 

with higher Biological Oxygen Demand (BOD) concentration. The density of Planorbidae in 

station 6 is recorded 3.38 ind/m
2
. It is grouped under Neogastropod taxa and recognized as 
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hydrophytic organisms which able undergoes self-fertilization and reproduction process at 

least once a year (Gooderham & Tsyrlin 2003; Flores & Zafaralla 2012). Furthermore, this 

family is able to survive in different aquatic habitats, preferably, at the lower stream flow 

(<0.5 m/s) and high concentration of organic matters such as plankton, detritus and decayed 

leaves (Gooderham & Tsyrlin 2003; Kucuk 2008; Flores & Zafaralla 2012; Elexová & 

Némethová 2003, Miserendino et al. 2008). 

Tubificidae family is able to tolerate low oxygen conditions; even in the concentration of 

oxygen gas is approaching 0 mg/L (Yule & Yong 2004; Gooderham & Tsyrlin 2003). It often 

is used as indicators of aquatic habitats polluted organic environment (Lobo & Alves 2011; 

Gooderham & Tsyrlin 2003). In this study, the Tubificidae family was found in downstream 

stations (Station 4, 5 and 6). However, the density of Tubificidae family was found as 99.63 

in Station 6 where recorded as slightly polluted (Class III). High concentration of organic 

material, moderate stream flow and mud provide suitable habitat for Tubificidae family 

(Lafront 1984, Kucuk 2008; Matins et al. 2008). Sauter & Gude (1996) show that positive 

correlation between the density Tubificidae and fine sediment fraction (<0:21 mm). Besides, 

Moore (1979) emphasizes the importance of organic matter on the distribution of benthic 

macroinvertebrates. Presence of organic material increase the concentration of algae which 

becomes food source for Tubificidae (Lobo and Alves 2011)  

Erpobdellidae is grouped under Hirudinea taxa. The Erpobdellidae was only found in Station 

6 which density as 24 ind/m
2
. Erpobdellidae family is highly tolerance at low water quality 

condition and low dissolved oxygen (Pliūraitė and Mickėnienė 2009; Paisley et al. 2003; 

Muñoz and Prat 1996). According to Marques et al. (1999), Erpobdellidae does not have 

specific habitat requirements but tends high organic loading and low oxygen levels 

(Miserendino et al. 2008).  

4.3.2 Second Component (PC2) 

Second component (PC2) was represented by Psephenidae (0.738), Perlidae (0.815), 

Heptageniidae (0.798), Polycentropodidae (0.845) and Simulidae (0.867), WQI (0.51) and 

dissolved oxygen (DO) (0.390). The benthic macro-invertebrates families loaded in this 

component are sensitive to water environment such as NH3-N, dissolved oxygen (DO), 

organic matter and stream flow. There were significant relationship between benthic 

macro-invertebrates families and characteristics of river habitat i.e cobblestones (0.551) and 

canopy (0.703) and inversely relationship with the stream flow (-0.588).  

River bed composition is recognized to affect a significant impact on the biomass and 

diversity of benthic macroinvertebrates (Flores & Zafaralla 2012). The characteristics of river 

are essential to the survival and reproduction of benthic macroinvertebrates as well as 

supporting their respiratory process (Lobo & Alves 2011). Muñoz & Prat (1996) state that 

density of benthic macroinvertebrates families will be decreased in polluted areas. 

Comparison of benthic macroinveterbrates families in this study at upstream and downstream 

stations indicate that was affected significantly as water quality conditions. 

Dynamic stream flow plays an important role in the distribution of small benthic 
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macroinvertebrates. According to Ramirez and Pringle (1998), the density and richness of 

benthic macro-invertebrate taxa are mainly based on the stream flow. This may due to the 

higher stream flow increases the concentration of dissolved oxygen (Moore 1979) and food 

for some benthic macro-invertebrate families e.g Trichoptera (Flores & Zafaralla 2012). 

However, the stream flow recorded in this study has a negative relationship with the density 

of benthic macro-invertebrate families. It may be flushed to downstream when the Pauh 

River’s stream flow is high during raining season.  

Perlidae and Peltoperlidae under Plecoptera taxa are recognized as sensitive to water 

pollution. They are usually found in a river which contains high oxygen concentration (Hynes 

1970; Pliūraitė and Mickėnienė 2009; Kato et al. 2005). The PCA result shows significant 

correlation among Perlidae, dissolved oxygen (DO) and WQI, whereas higher DO increases 

the density Perlidae family in Pauh River. Besides, temperature is inversely proportional to 

the concentration of dissolved oxygen (DO). Hence, higher temperature may reduce the 

dissolved oxygen concentration in Pauh River. 

Based on PC2, population of Heptageniidae families are highly affected by dissolved oxygen 

(DO) and river habitat characteristic e.g canopy. The density of Heptageniidae increases 

(density from 3.02 to 10.63 ind/m
2
) from monitoring station 6 to 1. The density of 

Heptageniidae increases with high oxygen concentration and low water temperature. Besides, 

habitat characteristic of canopy produces low temperature of water environment which 

suitable for Heptageniidae family. 

Polycentropodidae larvae are sensitive to water quality conditions e.g low temperature and 

high oxygen concentration (Edmunds & Waltz 1996). Trichopetra taxa widely used to assess 

the health of the river (Muñoz and Prat 1996; Gooderham & Tsyrlin 2003). In this study, 

Polycentropodidae larvae were found only in monitoring station 1 to station 5. The water 

quality statuses in these monitoring stations were classified as Class I and II based on 

Malaysian National Water Quality Standard. Based on the characteristics of habitat in these 

stations, rocky substrates were found which provided an ideal habitat to Trichoptera taxa. 

According to Maul et al. (2004), Trichoptera and Emphemeroptera taxa can be found in river 

containing low concentrations of phosphorus. Griffith et al. (2001) state Ephemeroptera taxa 

are sensitive to nutrient loading. At low nutrients loading level, population of 

Polycentropodidae may be recorded as high density (Miserendino et al. 2008). Although, 

Phosphorus concentration was not measured in this study, the same scenario may be occurred 

in Pauh River.  

Simuliide larvae usually is found in the areas where rich of nutrients (Gooderham & Tsyrlin 

2003; Camargo 1992; Loch et al. 1996). Simuliida larvae are abundant in the mountainous 

lake which rich of nutrient (Mohsen & Mulla 1982). Mohsen & Mulla (1982) states that 

Simuliidae larvae found in the moderate stream flow (0.6 m/s). Besides, aquatic plants in the 

river banks provide shelter to Simuliidae larvae and increase the population (Pachón & 

Walton 2011). However, ammonia-nitrogen substance (NH3-N) is harmful to Simuliidae 

larvae. Pachón & Walton (2011) identifies that 0.6 mg/L of NH3-N is able to kill 100% of 

Simuliidae larvae within 4 hours. Hence, Simuliidae larvae were not found in Station 6 which 
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was recorded as 0.75 mg/L of NH3-N. The density of Simuliidae was decreased from 

upstream to downstream (from 48.54 to 0 ind/m
2
) which indicated the degradation of water 

quality at Pauh River downstream. Besides, this study identifies the negative correlation 

between the stream flow in Pauh River and Simuliidae families. Tietze and Mulla (1989) 

emphases that Simuliidae larvae prefer living in moderate stream flow environment with 

aquatic plants on the banks (Howitt, 2008).  

4.3.3 Third Component(PC3) 

Third component (PC3) was represented by Nemouridae (0.794) and Elmidae (0.866), stream 

flow (-0.366) and dissolved oxygen (DO) (0.696). The benthic macroinvertebrate families 

loaded in this component are recognized as species which do not tolerate low concentration 

of dissolved oxygen. According to Grandjean et al. (2003), Nemouridae family is the most 

sensitive Plecoptera taxa. It normally colonizes in the low water temperature and high 

dissolved oxygen (Zwick 2004). Nempouridae is identified as detritus eaters (Grandjean et al. 

2003; Harper 1973), hence the presence of decomposed leaves, aquatic plants and other 

aquatic organisms in stations 1 and 5 supports the population of Nempouridae family. 

However, Nemouridae families are not able to tolerate water pollution (Zwick 2004). 

Blackburn and Mazzacano (2012) mention that existence of Nemouridae families is affected 

by stream flow of the river. In this study, density of Nemouridae families was inversely 

proportional to Pauh River’s stream flow, which further concluded that this family could not 

tolerate to the stream flow greater than 1.0 m/s. However, this study was not able to identify 

the Nemouridae families at the Station 6 where the stream flow was 0.3 m/s as the location 

was slightly polluted. 

Elmidae families are used as biological indicator to monitor water quality. The density of 

Elmidae was found in this It is usually found in the upper reaches of the river where contains 

have high concentration of DO (Gooderham & Tsyrlin 2003; Kohut 2007). There was 

positive relationship between Elmidae families with the concentration of DO. Elmidae 

families are also affected by domestic pollutants e.g soaps and detergents (Elliot, 2008). The 

wetting agent of soaps and detergents can destroy the plastron which is essential for the 

respiration of Elmidae (Elliot 2008). Besides, PC3 showed that the density of Nemouridae 

families was inversely proportional to Pauh River’s stream flow. Hence, this study further 

concludes that Nemouridae families prefer to live in the stream flow environment (does not 

greater than 0.5m/s) with filamentous algae. Higher stream flow may devastate the Elmidae’s  

habitat as it will be embedded in the roots of aquatic plants or space between cobblestones 

(Elliot 2008; Elliot 2006). However, due to water pollution, this study was not able to identify 

the Nemouridae families at the Station 6 where the stream flow was recorded as 0.3 m/s. 

5. Conclusion 

This study demonstrated the application of PCA to evaluate the relationship among water 

quality parameters, benthic macroinvetebrate organism and its habitat characteristic. The 

outcome showed that there were number of potential benthic macroinvetebrates could be used 

to monitor water quality condition in highlands region. Besides being used in the monitoring 

of the environment, macroinvetebrate were suggested to be used as biological monitoring in 
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recovery and conservation efforts in the future. Further study is also proposed to identify the 

relationship of benthic macroinvetebrate organism, heavy metals, and biological parameters 

such as e-coliform and fecal coliform which are important for the comprehensive river water 

quality monitoring tasks. 
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