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ABSTRACT An ecological survey was carried out to investigate the benthos community structure based 
on density and diversity of the meiobenthos and macrobenthos communities inhabiting the seagrass bed and 
to investigate their relationship with environmental factors at Sungai Pulai estuary, Johor. A PVC hand corer 
was used to collect sediment samples from the 3rd to the 5th of December 2006 during the lowest tide. Three 
stations were chosen; Sungai Duku (S1) (07º24.137’N, 103º22.476’ E), Tanjung Adang (S2) (01º19.762’N, 
103º33.894’ E) and Merambong (S3) (01º20.094’N 103º35.982’E). The highest density of meiobenthos was 
found at S2 followed by S3 and S1. The macrobenthos density was found to be greatest at S3 followed by S2 
and S1. S2 had the highest diversity index with a value of 1.69 and 2.06 for meiobenthos and macrobenthos 
respectively. The statistical analysis demonstrated a significant difference existed between the benthic 
assemblages of the three stations. The differences in environmental parameters might be responsible for the 
assemblages of benthic community between stations. 
 
ABSTRAK Pemantauan ekologi telah dilakukan untuk menyiasat komuniti struktur bentos berdasarkan 
kepadatan dan kekayaan komuniti meiobentos dan makrobentos yang hidup di padang rumput laut dan juga 
bagi menyiasat perhubungan mereka dengan faktor-faktor persekitaran di muara Sungai Pulai, Johor. Tiub 
pengorek PVC digunakan untuk mengambil sampel sedimen bermula dari 3 hingga 5 Disember 2006 semasa 
air surut penuh.  Tiga stesen penyampelan  iaitu; Sungai Duku (S1) (07º24.137’N, 103º22.476’ E), Tanjung 
Adang (S2) (01º19.762’N, 103º33.894’ E) dan Merambong (S3)(01º20.094’N 103º35.982’E). Hasil kajian 
didapati jumlah kepadatan meiobentos tertinggi ditemui di S2, kemudian di S3 dan S1. Manakala jumlah 
kepadatan makrobentos tertinggi ditemui di S3, kemudian di S2 dan S1. S2 didapati mempunyai indeks 
kekayaan tertinggi dengan nilai 1.69 bagi meiobentos dan 2.06 bagi nilai makrobentos. Analisis statistik 
menunjukkan terdapat perbezaan bererti wujud antara pengumpulan bentik di tiga stesen. Perbezaan 
parameter persekitaran berkemungkinan bertanggungjawab dalam perbezaan pengumpulan komuniti bentik 
antara stesen. 
 
 (Keywords: Meiobenthos, macrobenthos, density, diversity, seagrass bed, Sungai Pulai estuary.) 
_______________________________________________________________________________________ 
 
 

INTRODUCTION 
 

The term benthos is derived from the Greek word 
‘vanthos’ meaning depth and refers to the 
communities of organism living in the benthic 
zone of an aquatic ecosystem [1] [2]. Benthos can 
be categorized according to their size. Generally, 
macrobenthos is the entire organism retained on a 
sieve with a mesh size of 500µm, and ranging to 
1000µm in size [3]. Meiobenthos refers to 
meiofauna that live in the sediments [4]. The size 

range of meiobenthos is between 63 µm and 500 
µm [5]. Meiobenthos is also categorized based on 
the separation method as all metazoans are 
retained on a sieve of 42 µm [6].The distribution 
of benthos is strongly influenced by abiotic factors 
such as sediment size, sediment organic content, 
sediment nutrient content, water quality, current 
velocity and depth of water [7]. As these benthic 
fauna are predominantly sedentary, the 
measurement of their community structure 
changes in combination with appropriate 
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environmental variables is widely used to detect 
any marine environment disturbance caused by 
anthropogenic sources [8]. Meiobenthos 
organisms are the most sensitive assemblages as 
they have short lifespan spent entirely in the 
sediment and lack larval dispersion. Nematodes 
for example, have been used as indicators of 
organic disturbance because of their ubiquity, high 
densities and high taxonomic diversity [9].  
Macrobenthos serve as food for higher level 
organisms such as shrimp and fish [10]. 
According to [11], macrobenthos are the main 
food source for most aquatic organism such as 
demersal fish. They are also subjected to the 
complex food web and nutrient recycling in 
marine ecosystem. 
 
The meadows of seagrasses constitute areas of 
high productivity, providing feeding and breeding 
grounds for a diversity of fauna [13], and 
generally support important human activities. The 
dense area of seagrass that provide the most stable 
substrate for benthic organisms, which is highly 
sheltered from wave activity, and is a good habitat 
for the diversity and density of nematodes [13].  
Besides shelter, seagrass beds offer a rich source 
of detritus food, due to a plentiful food supply, 
large communities of infaunal detritivores 
associate within this area and the mud between the 
rhizomes abounds in polychaetes, bivalves, snails 
and amphipods [14]. Due to their importance in 
coastal ecosystems worldwide, seagrasses and 
associated fauna have been the subject of a large 
number of studies [15][16]. [17] in their study in 
India reported that the average densities range 
between 634 and 6251 ind. /10 cm2 and this is 
among the highest benthic densities reported for 
tropical seagrass beds.  
 
This study was conducted in the seagrass beds of 
Sungai Pulai estuary, Johor which is a massive 
seagrass bed the size of several football fields [18]. 
This study was conducted in order to investigate 
the community structure of benthic fauna by 
analyzing their density and diversity in the 
seagrass area. Research on seagrass and its 
ecosystem has been done worldwide and is well 
documented in temperate countries. However, 
research on benthic fauna communities inhabiting 
seagrass meadow and their abundances has 
received little atention in Malaysia [20]. This 
study will provide a detailed baseline of the 

composition, density and diversity of the benthic 
community in the seagrass beds at Sungai Pulai 
estuary, essential for long term monitoring as well 
as providing information needed to answer 
fundamental questions concerning benthic fauna 
on seagrass beds.  
 

MATERIALS AND METHOD 
 

Study sites  
Sampling was conducted in the seagrass beds of 
Sungai Pulai estuary, Johor from the 3rd to the 5th 
of December 2006 during the lowest tide. The 
estuary had extensive intertidal seagrass beds 
colonizing the shallow depths of 2-3 metre of both 
muddy banks from the lower reaches up to upper 
parts of the middle reach near Sungai Jeram [18]. 
The subtidal seagrass shoals in Sungai Pulai are 
generally multi-species and dominated by four 
species of seagrass, which are Enhalus acoroides, 
Halophila ovalis, Halophila spinulosa and 
Syringodium isoetifolium [18]. Three sampling 
stations (Table 2.1) were selected within the 
estuary - Sungai Duku (S1), Tangjung Pelepas (S2) 
and Merambong (S3). 
 
Table 2.1. GPS reading of the sampling stations 
 
Stations Latitude (N) Longitude (E) 
Sungai Duku 
(S1) 07º24.137’ 103º22.476’ 

Tanjung 
Adang (S2) 01º19.762’ 103º33.894’ 

Merambong 
(S3) 01º20.094’ 103º35.982’ 

 
Sampling strategy 
At each station, the sediment samples were 
collected within the three quadrates frame, 0.5 m 
x 0.5 m along three transects with a 12 m length 
starting from the bank to the upper site of the area. 
Situated on transects, the distances of the 
quadrates were approximately 5 m from each 
other. In each quadrate frame, triplicate of 
sediment samples were collected using a PVC 
hand core with 2 cm inner diameter. Meiobenthos 
samples were obtained by inserting the hand core 
to a 10 cm depth [19] of the uppermost layer of 
the bottom sediment. Meanwhile the PVC hand 
core with 15 cm diameter was inserted into the 
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sediment down to a depth of 10 cm to collect the 
macrobenthos samples.  Core samples were then 
transferred into labeled plastic bags and 
immediately fixed using 10% formalin solution 
[21]. This sampling design yielded a total of 81 
samples. Additional sediment samples were 

collected at each sampling station and brought 
back to the laboratory for the particle size analysis. 
Water parameters at the sampling area such as 
temperature, salinity, dissolved oxygen 
concentration, pH, and conductivity were 
measured in situ using YSI 556 multi-parameter.

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.1. Location of the three stations of sampling site 
Available from: www.googlearth.com.my 
 
Sample processing  
Meiobenthos  
In the laboratory, sample decantation [22] was 
conducted for each sample. Sediment samples was 
placed in a glass cylinder, filled with water, 
inverted and allowed to settle for 15 seconds. The 
supernatant was then sieved onto a 63 µm sieve. 
This procedure was repeated three times for each 
sample. The materials retained on the 63 µm sieve 
were preserved in labeled bottles containing 5% 
neutralized formalin mixed with Rose Bengal 
stain [19]. The meiobenthos were sorted under a 
stereomicroscope [23]. The number of specimens 
in each taxa were counted photographed with a 
compound microscope. 
 
 

 
Macrobenthos  
Each sediment sample was sieved through a 500 
µm sieve and the macrobenthos retained on the 
sieve were collected using a pair of smooth 
forceps. The samples collected were then placed 
in the labeled bottles containing 10% neutralized 
formalin mixed with Rose Bengal stain. The 
macrobenthos were identified to the lowest 
possible taxa based on [24], [25], and [26] under a 
dissecting microscope. The number of specimens 
in each taxa was counted and photographed. The 
polychaetes samples were identified to family 
level following [24].  
 
Particle size analysis 
For the analyses of sediment, 100g of oven-dried 
sediment from each station was sieved using a 

Port of Tg Pelepas 2nd  station,  Tg. Adang 

3rd station, Merambong 

1st station, Sg Duku 
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series of 250µm, 150µm, 125µm, 90µm, 63µm 
mesh opening to give a Wenworth grade 
classification of particle size [27]. This dry 
sieving was only been carried out for the sediment 
from Tanjung Adang (S2) and Merambong (S3). 
However, the particle mean size of Sungai Duku 
(S1) could not be determined because the Malven 
Master Seizer 2000 for particle size analysis was 
not functioning. Data was then only based on 
observations taken during field work.  
 
Data analysis 
The density of meiobenthos and macrobenthos 
were estimated as number of individuals (N) per 
unit area (10 cm2) and (10 m2) respectively. The 
meiobenthos and macrobenthos community 
structure at the three stations (Sungai Duku (S1), 
Tanjung Adang (S2), and Merambong (S3) were 
determined using univariate and multivariate 
analysis. The univariate analysis included the 
Shannon-Wiener diversity (H’) index, Species 
richness index (d) as the total number of taxa and 
Pielou evenness (J’) index were estimated. The 
data was analyzed using PRIMER (Plymouth 
Routines in Multivariate Ecological Research) 
software package [28]. For multivariate analysis, 
the Bray-Curtis similarity measure was used to 
estimate similarities in benthic community 
structure between the different stations. Non-
metric multi-dimensional scaling ordination 

(MDS) using the Bray-Curtis similarity measure 
was applied to square root transformation data. 
This was to build a graphical representation of the 
samples pattern and the rank of the similarity 
between the samples. One-way ANOSIM was 
performed to determine if there were significant 
differences between groups of meiobenthic and 
macrobenthic samples.  

 
RESULTS 

 
Environmental parameters 
The variation in water temperature, salinity and 
pH was insignificant between sampling stations 
(Table 3.1). The mean temperature was lowest in 
Sungai Duku (S1) (29.31oC) and highest in 
Merambong (S3) (30.02oC). The highest mean pH 
was in Merambong (S3) at 8.64, followed by 
Tanjung Adang (S2) with a pH of 7.95. Located at 
the upper stream, Sungai Duku (S1) had the 
lowest mean salinity (28.87 psu) followed by 
Tanjung Adang (S2) (30.95 psu) which is located 
down stream. The mean salinity in Merambong 
(S3) was the highest at 31.21 psu as it is located in 
close proximity to the sea. Dissolved oxygen 
varied among stations. The highest mean DO 
(mg/L) was recorded in Merambong (S3), which 
was 7.64 mg/L, and the lowest mean was 2.64 
mg/L in Tanjung Adang (S2), while in Sungai 
Duku (S1), the DO (mg/L) was 4.19 mg/L.

Table 3.1. Physico-chemical parameters measured in the three stations of the Sungai Pulai estuary. 
 

Parameters Sungai Duku (S1) Tanjung Adang (S2) Merambong (S3) 
Temperature (°C ) 29.31±0.17 29.46±0.16 30.02±0.19 
pH 7.540±0.52 7.950±0.72 8.640±0.80 
Salinity (psu) 28.87±0.98 30.95±0.55 31.21±0.80 
Dissolved oxygen (mg/L) 4.190±0.58 2.640±0.43 7.640±0.70 
 
Sedimentary parameters 
Table 3.2. Mean particle size of sediments in sampling stations of the Sungai Pulai estuary 
 

 

 
 
 
 
 
 
 
 

Station Tanjung Adang (S2) Merambong (S3) 
Parameter Phi Phi 
Mean (x) 2.81 2.847 
Sorting 1.10 1.03 
Skewness -0.22 -0.33 
Kurtosis 0.79 0.91 
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The difference in particle mean size (Table 3.2) in 
Tanjung Adang (S2) and Merambong (S3) was 
insignificant with values of 2.81 phi and 2.85 phi 
respectively. The sorting coefficient was 1.1 in 
Tanjung Adang (S2) and 1.03 in Merambong (S3) 
could be classified as fine sand, mostly well sorted. 
Based on examination during the field sampling, 
the sediment type of Sungai Duku (S1) can be 
classified as soft muddy. Percentage of mud was 
more than 90% and sand particles retained on 63 
µm sieve was less than 5%.  
 
Density of benthos  
Meiobenthos  
A total of 13 meiobenthic taxa were found in the 
seagrass beds of the Sungai Pulai estuary, Johor 
within the three sampling sites. The taxa found 
were Nematoda, Harpacticoida, Calanoida, 

Cyclopoida, Ostrocoda, Polychaeta, Oligochaeta, 
Isopoda, Amphipoda, Gastropoda, Bivalvia, 
Cumacea and Tanaidacea. In all sampling stations, 
the dominant meiobenthos was nematodes (Table 
3.3) with a mean density ranging from 45 to 50 
inds. 10 cm-2 in Sungai Duku (S1), 58 to 152 inds 
10 cm-2 in Tanjung Adang (S2), and 111 to 174 
inds 10 cm-2 in Merambong (S3). Harpacticoid 
copepods were the second dominant group in 
Sungai Duku (S1) and Merambong (S3) with a 
mean density ranging from 17 to 22 inds 10 cm-2 

and 75 to 94 inds 10 cm-2 respectively. The total 
mean density of meiobenthos found in the Sungai 
Duku (S1) was low, ranging from 68 to 75 inds 10 
cm-2. In Tanjung Adang (S2), the density ranged 
from 317 to 486 inds 10 cm-2 and had the highest 
mean density of total meiobenthos in the study 
area.  

 
 

 

Table 3.3. Mean total density (ind. /10cm2) of main meiobenthic taxa along transect (1, 2, and 3) in three 
stations (S1, S2 and S3) in seagrass beds of the Sungai Pulai estuary. (Note: Trans = Transect) 

Trans 1 Trans 2 Trans 3 Trans 1 Trans 2 Trans 3 Trans 1 Trans 2 Trans 3

Nematoda 50±33.2 45±39.4 45±40.6 152±125 102±87.3 58±56.4 152±125 111±68 174±145
Harpacticoid Cop. 20±12.2 22±15.5 17±11.5 58±44.3 64±32.8 36±22.2 94±61.7 81±78.4 75±45.2
Calanoid Copepod 0 4.0±3.8 0 96±94.3 55±53.8 131±129 3.0±2.8 0 2.0±1.6
Copepod nauplii 1.0±1.7 2.0±1.4 2.0±1.4 120±118 59±34.4 75±72.8 17±18.5 21±18.5 14±15.3
Copepodite 0 0 0 31±31.7 15±13.5 30±29.2 4.0±3.8 2.0±2.5 7.0±6.3
Ostracoda 3.0±2.2 2.0±2.4 3.0±2.8 19±18.8 11±10.6 9.0±9.4 6.0±4.7 4.0±3.2 12±11.8
Gastropod juvenile 1±1.66 1±0.45 1±1.34 2.0±2.4 2±1.86 4±4.44 0 1.0±0.35 2.0±2.28
Bivalvia juvenile 0 0 0 8±8.34 9±7.79 9±9.49 1±2.7 2.0±3.2 2.0±1.27

Total numbers 75 76 68 486 317 352 277 222 288

Station1 Station 2 Station 3

 
 
Density distribution of meiobenthos in the study 
area is summarized in Figure 3.1. Sungai Duku 
(S1) is a mangrove forest where the quadrates 
were placed along transects starting from the 
riverbank to the ground in close proximity to the 
mangrove tree line. All the first quadrates (Q1) 
were more exposed to the freshwater inflow had 
the lowest mean total density.  Meanwhile the 
third quadrates (Q3) located far from the incoming 
waves and tidal currents supported a higher 
number of meiobenthos. Merambong (S3) also  
 

 
showed the same trend as in Sungai Duku (S1) 
with the mean total densities of meiobenthos 
slightly increasing with increasing distance of the 
quadrate from the bank. However, in Tanjung 
Adang (S2), the mean total densities of 
meiobenthos showed fluctuations between 
quadrates for each transect and there were no 
significant pattern as shown in Sungai Duku (S1) 
and Merambong (S3). The mean total densities of 
meiobenthos varied between quadrates (Figure 
3.1). 
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Figure 3.1. Mean density (ind./10 cm2) of meiobenthos in (a) Sungai Duku (S1), (b) Tanjung Adang (S2), and 
(c) Merambong (S3). Note: T=transect 
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Macrobenthos  
Ten macrobenthic taxa were found in the seagrass 
beds of Sungai Pulai estuary, Johor within the 
three sampling sites (Table 3.4). Polychaeta, 
Bivalvia, Gastropoda and Crustacea were the 
common groups recorded. Others included 
Oligochaeta, Amphipoda, Euphausiidae, Isopoda, 
Decapoda, Sipuncula and Holothuroidea. 
Polychaetes were abundant in Merambong (S3), 
with densities ranging from 472 to 1054 ind/m2. 
The mean total density of macrobenthos found in 
the Sungai Duku (S1) was low, ranging from from 
275 to 450 ind/m2. In Tanjung Adang (S2), the 
total mean density of macrobenthos ranged from 
703 to 744 ind/m2 and in Merambong (S3), the 
density ranged from 1044 to 2742 ind/m2.  
 
 

In Sungai Duku (Figure 3.4), the mean total 
density of macrobenthos increased from the first 
quadrate (Q1) to the third quadrate (Q3) in the 
first transect (T1) indicating more macrobenthos 
aggregated towards the quadrate located in higher 
ground when compared to quadrates located at the 
edge of the water. In Tanjung Adang (S2), the 
macrobenthos within this location did not show 
any distribution pattern. In Merambong (S3), the 
mean density of macrobenthos also showed 
fluctuations between quadrates for the first (T1) 
and third (T3) transects. However, the density of 
macrobenthos in the second transect (T2) 
demonstrated an increased pattern moving from 
the first to the third quadrate. The results showed 
that there was no distinct relationship between the 
mean densities of macrobenthos with the location 
of quadrates.   

 
Table 3.4. Mean total density (ind / m2) of main macrobenthos taxa along transect (1, 2, and 3) in three 
stations (S1, S2 and S3) in seagrass beds of the Sungai Pulai estuary. (Note: Trans = Transect) 
 

Trans 1 Trans 2 Trans 3 Trans 1 Trans 2 Trans 3 Trans 1 Trans 2 Trans 3

Polychaeta 117±73.9 54±18.8 76±88.6 276±104 330±143 217±67.8 1054±435 472±324 697±352.2
Oligochaeta 65±56.5 22±37.6 24±21.2 0 0 0 0 0 0
Gastropoda 87±54.7 72±34.8 96±34.7 90±26.3 58±26.8 47±55.6 1210±489 342±166 914±181
Bivalvia 77±66.6 22±18.8 40±43.5 41±13.7 40±43.5 136±127 180±42.3 136±44.6 131±75.4
Amphipoda 72±71.6 83±71.9 54±49.8 171±98.1 138±84.5 147±114 91±37.3 40±43.2 43±18.8
Euphausiids 0 0 0 22±37.6 50±66.3 33±55.2 22±18.8 0 0
Isopoda 22±18.8 0 0 71±123.4 54±45.2 65±70.3 11±18.8 0 33±32.4
Decapoda 0 0 11±15.5 0 0 11±18.8 0 0 0
Sipuncula 0 0 0 19±21.1 22±18.8 22±18.8 69±43.3 11±18.8 22±31.3
Holothuroidea 0 0 0 11±11.5 0 43±56.5 0 0 0
Others 11±18.8 22±30.6 0 22±18.8 11±18.8 22±31.2 105±60.6 43±45.3 83±16.7

Total Numbers 450 275 302 723 703 744 2742 1044 1923

Station1 Station 2 Station 3
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Figure 3.2. Mean density (ind./m2) of macrobenthos in (a)  Sungai Duku (S1),  (b) Tanjung Adang (S2), and 

(c)  Merambong (S3).Note: T= transect 
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 Figure 3.3. Mean density (ind./m2) of dominant groups of macrobenthos in (a) Sungai Duku (S1), (b) 
Tanjung Adang (S2), and (c) Merambong (S3). Note: T= transect 
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Polychaetes, mollusks and crustaceans were 
observed to be the largest contributor to 
macrofaunal numbers in all stations in the 
seagrass beds of Sungai Pulai estuary (Figure 3.3). 
Mollusks (113 to 225 ind./m2) were the dominant 
group in Sungai Duku (S1) followed by 
polychaetes (31 to 75 ind./m2) and crustaceans (38 
to 63 ind./m2).  In Tanjung Adang (S2), these 
three groups were equally distributed with 
polychaetes (157 to 289 ind./m2) being observed 
to be greater in number than crustaceans (226 to 
245 ind./m2) and mollusks (119 to 169 ind./m2). 
Polychaetes (377 to 1004 ind./m2) and mollusks 
(1902 to 2084 ind./m2) were found in abundance 
in Merambong (S3) and the density of crustaceans 
was low (31 to 94./m2). 
 
Polychaete community composition and 
diversity appologes 
13 families of polychaetes were observed in the 
seagrass bed of Sungai Pulai estuary and the 
numerically dominant families varied among 
stations (Figure 3.5). In Tanjung Adang (S2), the 
polychaete community was dominated by 
Nepthyidae (25%) and Nereididae (24%), 

followed by Glyceridae which represented 14% of 
the polychaetes. The composition of polycheates 
was dominated equally by Orbiniidae in Sungai 
Duku, S1 (25%) and Merambong, S3 (24%). 
Nereididae (20%) was recorded as the second 
dominant polychaetes in Sungai Duku (S1) after 
Orbiniidae.  
 
The diversity, richness and evenness index was 
relatively poor in Sungai Duku (S1) which is 
located at the upper stream with the lowest 
salinity compared to the other two stations located 
in closer proximity to the sea (Table 3.5). 
Merambong (S3) had the highest diversity index 
with a value of 1.94 indicating high diversity of 
polychaete species in the area. The composition of 
polychaetes differed significantly among stations 
(ANOSIM, R = 0.41, P: 0.001). Cluster analysis 
of Bray-Curtis similarities (Figure 3.5) and MDS 
analysis showed two groups of polychaetes with > 
60% similarity. Polychaete community of 
Merambong (S3) clearly separated from others 
which indicated the influence of marine water and 
seagrass vegetation towards the estuarine 
community. 

 
 

 

Table 3.5. Diversity index (H’), richness index (d), and evenness index (J’) of polychaete composition 
recorded in Sungai Duku, Tanjung Adang and Merambong. 
 

Index Sungai Duku (SI) Tanjung Adang (S2) Merambong (S3) 

Diversity index (H') 0.73 1.51 1.94 

Richness index (d) 0.33 0.77 1.23 

Evenness index (J') 0.62 0.92 0.91 
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Figure 3.4. Composition of polychaetes in seagrass beds in Sungai Duku (S1), Tanjung Adang (S2) and 
Merambong (S3) 

                         

 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
Figure 3.5. Cluster analysis dendrogram of Bray-Curtis similarity and MDS analyses for polychaetes 
composition in three sampling stations (Sungai Duku (S1), Tanjung Adang (S2) and Merambong (S3) in 
seagrass beds of Sungai Pulai estuary.   
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Divesity of benthos 
Meiobenthos 
 
Table 3.6. Diversity index (H’), richness index (d), and evenness index (J’) of meiobenthos recorded in 
Sungai Duku, Tanjung Pelepas and Merambong. 
 

Index Sungai Duku (S1) Tanjung Adang (S2) Merambong (S3) 

Diversity index (H’) 1.14 1.69 1.27 

Richness index (d) 0.41 0.85 0.85 

Evenness index (J’) 0.66 0.67 0.50 
 
The status of benthic community diversity in the 
study area was determined using the Diversity 
index (H’) Shannon Wiener, Richness index (d), 
and Evenness index (J’). The diversity index (H’) 
of each station (Table 3.6) showed a high value 
(H’ > 1.0). Sungai Duku (S1) (H’ = 1.14) showed 
the lowest value followed by Merambong (H’ = 
1.27) Tanjung Adang (S2) had the highest value 
of diversity index at 1.69. At Tanjung Adang (S2), 
the richness index (d) was highest when compared 

to other stations. It was observed that Tanjung 
Adang (S2) a high number of species. However, 
in Sungai Duku (S1) the species diversity showed 
a low number of meiobenthos species inhabiting 
the area. For the evenness index (J’), the values 
were high and showed similarity between Sungai 
Duku (S1) and Tanjung Adang (S2). But 
Merambong (S3) showed a lower value of 
evenness.  

 
Macrobenthos  
 
Table 3.7. Diversity index (H’), richness index (d), and evenness index (J’) of macrobenthos recorded in 
Sungai Duku, Tanjung Pelepas and Merambong. 
 

Index Sungai Duku (S1) Tanjung Adang (S2) Merambong (S3) 

Diversity index (H’) 1.39 2.06 1.42 

Richness index (d) 0.84 1.50 1.67 

Evenness index (J’) 0.83 0.88 0.53 
 
Overall, the sampling sites showed a high 
diversity (H’> 1) of macrobenthos during the 
sampling period (Table 3.7). The highest diversity 
index was found in Tanjung Adang (S2) (H’= 
2.06), followed by Merambong (S3) and Sungai 
Duku (S3). High diversity values showed that 
macrobenthos in Tanjung Adang (S2) contained a 
high variety of species compared to the other 
stations. Merambong (S3) was found to have the 
highest richness index (d = 1.67) among stations 
which means that the total number of species 
recorded was higher in this station, but with the 
lowest evenness index (J’ = 0.53) showing that the 
individuals in this area have low distributional 
equitably among different species.  
 

 Similarity analysis 
The similarity analysis using the Bray-Curtis 
cluster analysis estimated similarities in 
community structure between the different 
stations for meiobenthic and macrobenthic fauna. 
The Bray-Curtis cluster analysis for meiobenthos 
(Figure 3.6) produced two major clusters. 
Community in S1 with a 71% similarity level 
dominates the first group (ANOSIM, R: -0.21, P: 
0.78) while the other two communities, which are 
in S2 and S3, dominate the second group with a 
75% similarity level indicating the possible 
similarity in environmental factors tolerance 
between both communities. The cluster analysis 
clearly distinguished the samples only from S2 
aggregate amongst themselves without the 
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presence of other site samples to form distinct 
groups with a 70% similarity level (ANOSIM, R: 
-0.11, P: 0.7). Most  samples from S3 formed one 
cluster with a 80% similarity level which indicates 
the highest similarity among their samples 
compared to the other two stations similarity level 
(ANOSIM, R: 0.43, P: 0.01). The sampling station 
with the different abiotic factors could give major 
influence in clustering meiobenthos into distinct 
groupings (ANOSIM, R: 0.783, P: 0.1) 
 
Cluster analysis of macrobenthic community 
(Figure. 3.7) showed three distinct benthic 

community groupings (at 45% similarity) that 
apparently characterized by an assemblage of 
species different from one another (ANOSIM, R: 
0.857, P: 0.1%). Group-1 representing the Sungai 
Duku (S1) with a 45% similarity level (ANOSIM, 
R: -0.19, P: 0.8). The other two groups, were 
Tanjung Adang (S2) with 7 samples from station 
S2 forming a 50% similarity level (ANOSIM, R: 
0.19, P: 0.87), and Merambong (S3) formed one 
cluster with a 56% similarity which indicates the 
highest similarity among their samples compared 
to the other stations. 

 
 

                         
Figure 3.6. Cluster analysis dendrogram of Bray-Curtis similarity and MDS analyses for meiobenthos in 
three sampling stations (Sungai Duku (S1), Tanjung Adang (S2) and Merambong   (S3) in seagrass beds of 
Sungai Pulai estuary.               
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Figure 3.7. Cluster analysis dendrogram of Bray-Curtis similarity and MDS analyses for macrobenthos in 
three sampling stations (Sungai Duku (S1), Tanjung Adang (S2) and Merambong   (S3) in seagrass beds of 
Sungai Pulai estuary. 
 

DISCUSSION 
 
There are several reasons that can be attributed to 
the value variety in terms of distribution, 
abundance and diversity of benthic fauna 
associated with seagrass beds. According to [29], 
the seagrass fauna are rarely associated with 
particular seagrass species but respond to a 
restricted set of physical environmental 
parameters. The abundance and composition are 
determined by physical factors such as 
temperature, salinity, turbidity, oxygen 
concentration and water movement, rather than 
the seagrass species on which the animals live 
[30]. Moreover, seagrass habitats which undergo 

extreme environmental changes generally report a 
low species richness value [31]. These could 
possibly explain the different abundance and 
distribution patterns of fauna recorded at each 
station.  
 
Nematodes and harpacticoid copepods were the 
meiobenthic group found in abundance in all 
stations. Nematodes and harpacticoid copepods 
comprised more than 95% of the meiofauna in 
most sediment are already known as the most 
numerically abundant taxa in all environments 
[32]. [20] listed a total of 95 species of 
invertebrates from the water column, surface and 
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in the sediments of seagrass bed located off the 
coastline of Tanjung Pelepas, Johor were observed.  
 
A majority of the organisms were crustaceans, 
chaetognaths, echinoderms, molluscs and 
polychaetes. As recorded by [33], polychaete 
worms, mollusks and crustaceans are the 
dominant macrofaunal groups in all marine 
sediments. Crustaceans, molluscs and polycheates 
respectively formed the majority of the benthic 
epifauna and infauna in seagrass areas of the 
sampling stations, but chaetognaths and 
echinoderms were poorly recorded in the present 
study. A total of 24 different families of 
polychaetes containing more than 50 species were 
gathered in previous study [20]. Some of the 
common families were Arabellidae, Eunicidae, 
Glyceridae, Nepthyidae, Nereididae, 
Phyllodocidae and Spionidae. However, only four 
instead of seven families were found to dominate 
the seagrass beds during the current study, 
(Nereididae, Nepthyidae, Eunicidae and 
Glyceridae). Orbiniidae which was not reported in 
the literature was observed to be a dominate 
species in the sampling stations in the present 
study. Orbiniidae was reported to be spread 
widely on the seagrass bed, followed by 
Capitellidae, Spionidae and Lumbrineridae [34].  
 
The low salinity encountered in Sungai Duku (S1) 
was due to the spatial location of Sungai Duku 
(S1). Located at the upper stream, the salinity 
decreased as this station was far from the sea. 
Benthic communities in the inner estuarine areas 
are very low in densities due to the low salinity 
[35]. Species diversity of meiobenthos on mudflat 
of the estuary also decreased as salinity declined 
due to osmotic stress. In addition, the muddy 
substrate of the sediment which was associated 
with mangrove in this station offer less space for 
benthic organisms to inhabit the area. According 
to [36] the finer the grain size, the lesser the space 
available and the lesser benthos inhabit the area, 
and conversely, the coarser the sediment grain 
size, the greater the space available, and the larger 
number of benthos inhabit the area. Meanwhile, in 
Tanjung Adang (S2) and Merambong (S3), the 
mean total density for both meiobenthos and 
macrobenthos were much higher when compared 
to Sungai Duku (S1) and might be due to the fine 
sand sediment. In addition, Merambong (S3) 
which is located in the area which exposed more 

to marine environment might have the advantage 
of more stable environment with high dissolved 
oxygen and low salinity fluctuations.  
 
Seagrass beds or vegetated areas provide a 
physically stable environment for colonization by 
the benthic community [37][38]. Nevertheless, the 
present study indicates a moderate value of 
benthic faunal density and diversity which 
probably resulted from the recent industrial 
developments found in the area. It might also due 
to the location of the seagrass beds within the 
Sungai Pulai estuary, which is situated between 
extreme high and low tides causing physical 
variations within these areas. Thus, it may 
influence the distribution of meiobenthic and 
macrobenthic fauna. The salinity changes, which 
create stress, could be the major factor in reducing 
benthic communities in the intertidal estuary. 
According to [39] species diversity of benthos in 
some tropical estuaries is lower than in temperate 
because of drastic seasonal fluctuations in the 
environment. Besides, meiofaunal organisms are 
unevenly distributed horizontally, even when the 
sediment grain distribution is homogeneous and 
such unevenness can be caused by several factors 
[40]. The long exposure of the area to the lowest 
tide during the sampling session might cause some 
bias on the benthos data collected.  
 
It can be concluded that the seagrass beds of 
Tanjung Adang (S2) was found to have the 
highest mean total density of meiobenthos of the 
seagrass beds within the Sungai Pulai estuary, 
followed by Merambong (S3) and Sungai Duku 
(S1) was found to have the lowest mean total 
density of meiobenthos. Meanwhile for the 
macrobenthic community, the seagrass bed of 
Merambong (S3) recorded the highest density. 
The differences in the benthic community in the 
seagrass bed of Sungai Pulai estuary are correlated 
with the different environmental setting and 
location within each station. 
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