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Abstract: an ecological study on the copepods of estuarine mangrove of Pahang Coast in the east 
coast of Peninsular Malaysia was carried out to determine the difference in species composition as 
to understand their contribution to the coastal copepods in The South China Sea. field sampling 
was carried out in the estuary of Miang, Bebar, kuantan and Endau River. Samples of zooplankton 
were collected by using 65 microns of kitahara plankton net. a total of 17 copepod families 
that represented by 35 species were identified.  Species biodiversity in the study area was low as 
indicated by the values of Shannon-Wiener Diversity index, h’ (between 1.36 and 1.79 bits). The 
combination analysis of clustering (Bray-Curtis similarity) and ordination (2-dimensional MDS 
configuration) between stations based on copepod species abundance showed the low percentage of 
similarity (30-35%) for the main grouping. Results from this study indicated the effect of sea water 
and freshwater inflow towards the different species composition in the mangrove estuarine 
copepods in Miang, kuantan, Bebar and Endau River. The relationship and contribution of the 
estuary as the shelter area for the coastal species was also indicated. 
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Introduction

Planktonic copepods are usually the main zooplankton component and they play important role 
as trophic linkage between the primary producer and upper trophic level in an aquatic food web 
(grindley 1984; Robertson and Duke 1987). The nauplii and copepodites of copepods are the 
central role of secondary production in tropic region and also critical intermediaries between 
the classical marine food-web and the microbial loop. 
 in estuarine mangrove ecosystem, the greatest species diversity is commonly occurs 
among neritic forms near the mouth (lower reach), while estuarine species dominate the upper 
reach with lower levels of diversity, thus estuarine zooplankton including copepods could be 
divided into groups based on salinity regime (grindley 1984). an estuarine harpacticoid copepod 
Amphiascus tenuiremis proved the influence of salinity changes to their population density in 
a laboratory culture experiment, indicating their existence in the natural environment might be 
limited to certain salinity regime (Richmond et al. 2007). on the other hand, the existence of 
mangrove forest itself gives influence to the copepod assemblages in the area as shown by copepod 
community of Merbok estuary in the northern of Peninsular Malaysia (Gee and Somerfield 
1997). a preliminary work on Terengganu River estuary, in the east coast of Peninsular Malaysia 
also showed that the copepod assemblage correlated with the salinity gradient found in the estuary 
(Zaleha et. al 2003). The assemblage was found in agreement with finding of Chong et al (2002) 
for Matang Estuary although with lower density.
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 a study on zooplankton in The South China Sea showed the dominance of copepods in 
the Peninsular Malaysia coast (zaleha et. al. 2006). The study indicates that Pahang coast differs 
from Terengganu by the dominance of calanoids, followed by the harpacticoid copepods. it is 
not known if the dominance influenced by the copepods from some of major estuaries in Pahang 
such as kuantan, Miang, Bebar and Endau rivers which directly connected to The South China 
Sea.  These estuaries are furnished with mangrove forest which is known as feeding, breeding 
and nursery ground for many marine organisms (Vance et al. 1996; Sheridan 1997; kathiresan 
and Bingham 2001). The estuaries are less studied than those at the west coast such as Matang 
Reserve forest (alongi et al. 1998), Merbok estuary (Gee and Somerfield, 1997) and Kuala 
Selangor mangroves (Sasekumar 1994).
 This study is carried out to determine the difference in species composition and abundance 
of planktonic copepods from some estuaries in Pahang as to understand their contribution to the 
copepod community of Pahang coast in The South China Sea.

Material and Methods

Study Area

There were four river estuaries chosen for the present study; kuantan, Miang, Bebar and Endau 
River. All estuaries directly connected to The South China Sea thus, influenced by the tidal cycle 
of the sea (fig. 1). The estuary mouths fringe by thick mangrove forest at both sides. Eight stations 
were selected for Kuantan, five for Miang and Bebar and four for Endau River (Table 1). 

Field Sampling

Sampling was done from a small boat. Samples of zooplankton were obtained at each station by 
using a kitahara zooplankton net with the mesh size of 65 microns, mouth diameter of 0.25m 
and length of 1m. Triplicate of samples were obtained by lowering the net to the known depth 
and hauled vertically. Temperature, salinity, dissolved oxygen, ph and water depth was measured 
in situ using a hydrolab data sounda multiprobe. Samples were then transferred from the end-net 
bucket into sampling bottles and fixed with 4% of neutralized formaldehyde. 

Laboratory Analysis

Samples of zooplankton were first sub-sampled using a modified Polsom splitter to get one 
sixteenth portion from the original samples. They were then transferred onto a modified Bogorov 
tray for quantification and observed under a stereomicroscope. Density was calculated in individual 
l-1.
 Species diversity was calculated based on Shannon-Wiener Diversity index (h’), Pielou’s 
Evenness index (J’) and Margalef’s Species Richness index (d). Bray-Curtis similarity matrix 
was calculated on loge (x+1) transformed abundance data to reduce contributions to similarity 
by abundant species and to increase the importance of less abundant species (Somerfield et al., 
1995). From the matrix, cluster analysis (CLUSTER) was done to find the ‘natural groupings’ 
of samples. all statistical analysis were performed using the software packages Primer v5 
(Plymouth Routines in Multivariate Ecological Research).
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Results and Discussion
 
The physico-chemical parameters for the study area are shown in Table 2. The water depth 
ranges from 2.5 to 3.2 meters. The salinity range obviously indicates that some of the stations are 
located in the area with low salinity. This includes areas in Bebar (7.5 – 21.5), kuantan (5.40 – 8.50) 
and Endau River (7.0 – 8.21). Stations in Miang River are more influenced by The South China 
Sea with salinity ranges from 25.9 to 29.3 ppt.  Water temperature and dissolved oxygen in all 
stations show the typical condition of a sheltered tropic coastal area. Nevertheless, the water ph 
indicates the weak acidic condition in the study area. This could be contributed by either human 
activity as the sampling area is near to human settlement or the mangrove litters from the forest. 
 Planktonic copepods in the mangrove areas in Pahang coast comprise at least four 
main Copepoda orders that are Calanoida, Cyclopoida, harpacticoida and Poecilostomatoida. 
A total of 17 copepod families that represented by 35 species were identified (Table 3). Calanoid 
copepods represented by 22 species from 10 families, become the highest species number found 
in this study. Other copepods are represented by only four or five species. Chong et al. (2002) 
reported on the dominance of copepods in Matang Mangroves but with different species 
assemblages from the same orders. 
 in comparing the results between sampling stations, the highest density is found in the 
estuary of Miang River where the density reaches about 5500 ind.l-1and the number decreases 
gradually between Endau, Bebar and kuantan River. Calanoida dominates over other copepods 
in kuantan and Endau River whereas Cyclopoida dominates over other copepods in Miang and 
Bebar River (fig. 2). Poecilostmatoida showed the lowest density in all stations. The number of 
copepod species found in this study is a bit lower than those found elsewhere, for example in 
african mangroves. zooplankton in mangroves of Makupa creek and Mombasa harbour africa 
was reported to have at least 51 copepod species (osore et. al. 2003).
 figure 3a-d summarized the density distribution of each copepod groups in the mangroves 
of kuantan, Miang, Bebar and Endau River. in kuantan River, the highest density of copepods 
is found at Station 7 which located nearest to the sea. The highest number of calanoids contributed 
it. Cyclopoids, harpacticoids and poecilostmatoids concentrated in the station 4 instead. in 
Miang River, the highest density of copepods is also found at the last station, station 5. The 
increase density of each copepod group contributes this after decreasing in Station 3. Total 
density of copepods in Bebar River is high at Station 1 and Station 2 but decreases at station 3. 
Calanoids show their significant contribution to the density changes of copepods in the river. 
however, in Endau River the density of total copepods decreases sharply as station moves 
towards the sea. The decrease in density is mainly due to the decrease in number of calanoid 
and cyclopoids. There is little increase for the harpacticoids indicating the increase of sea water 
influence but it is not a significant contribution to the total density.
 Table 4 summarizes the biodiversity indices calculated in the present study. The copepod 
biodiversity in the study area is quite low with the h’ value ranges between 1.36 and 1.79 bits. 
Stevenson (1984) warned the possibility of polluted condition when the h’ value falls to less 
than 3 bits. The low species diversity in the study area is contributed by the less even (J’ value) 
of species found between stations. 
 Copepod species in Miang and Endau River seems to have very low equitability with 
J’ values of 0.62 and 0.69 respectively.  Stations at Miang and Endau River are different in 
term of salinity condition where Endau experiences wider salinity range with strong influence 
of freshwater whereas Miang is more influenced by the sea water. Bebar River has more or 
less the same salinity range as Endau. This factor might explain the different composition and 
dominant as shown in fig.3a-d and also the poor species diversity. froneman (2004) reported 
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on the effect of freshwater interaction to the estuarine zooplankton in southern africa and the 
dominance of copepods during the absence of sea water link. on the other hand, estuarine 
zooplankton in kaw River estuary is reported to rely on the tidal and water mass isolation for 
their contribution to the coastal ecosystem (lam-hoai 2006). The water mass may bring along 
different copepod population or breaks the existing community structure. Thus, changing in 
water condition such as salinity due to the tidal and freshwater inflow might at the same time 
change the copepod composition during the sampling period. 
 The difference in species composition between stations is further shown by the cluster 
analysis. The combination analysis of clustering (Bray-Curtis similarity) and ordination 
(2-dimensional MDS configuration) between stations based on copepod species abundance 
shows there is low percentage of similarity (Fig. 4, Fig. 5). Both figures show the adequacy and 
mutually consistent, with the stress value 0.2. This value indicates the 2-dimensional picture is 
still useful to show similarity between stations as clustered in fig. 4.
 The five groups of station separated at a 35% similarity threshold are indicated. Station 
Miang 5 (M5) totally different from others whereas four stations in kuantan (k6, k7, k2, k8) 
also separated from other stations (only 30% similarity with other stations). kuantan has the 
highest number of station sampled thus contribute to the dissimilarity in the grouping 
particularly stations far from the sea. as copepods in estuarine are responsive towards the 
salinity (Richmond et al. 2007), the strong influence of freshwater inflow in the study area in 
kuantan that reduces the salinity might be the cause of the dissimilarity in species composition. 
Stations located far from the sea could receive less import from the sea thus the species composition 
differed (Rawlinson et al. 2005). 
 Due to the high salinity found in Miang and Bebar River, the cyclopoid species that 
dominated the area are positively from the marine species. The density was highest when station 
located nearest to the sea. This may indicates the occurrence of more coastal species than the 
estuarine group as also found in the kuala Terengganu estuary (zaleha et al. 2003). The density 
of different copepod groups found in Pahang coastal water was reported by zaleha et al. (2006). 
Some transects were laid nearest to the sampling stations chosen for the present study. The 
dominance of calanoids and cyclopoids in the stations with high salinity confirmed the earlier 
finding on the high abundance of the groups found in Pahang coast in The South China Sea 
although with lesser density. as reported by Mwaluma et al. (2003), copepods of the sea regime 
maybe more diverse and abundant compared to the area with freshwater influence.
 in conclusion, results from this study indicate the effect of sea water and freshwater 
inflow towards the different species composition in the mangrove estuarine copepods in Miang, 
kuantan, Bebar and Endau River. The dominance of calanoid copepods in the estuary mouths 
shows in agreement with the abundance of the group in coastal area of Pahang. The tendency 
of occurrence of more coastal species than the estuarine species indicates the relationship and 
contribution of the estuary as the shelter area for the coastal species. future studies should 
attempt to examine the seasonal change in the copepod species composition and the influence of 
the changing copepod community structure on the plankton food web dynamics of the estuary.
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Table 1. locations of sampling area in the estuarine mangrove ecosystem
in Pahang, Malaysia

Table 2. Some environmental condition of the estuarine mangroves 
in  Pahang, Malaysia

 GPS Reading 

kuantan River 03o07’45”N,103o26’08”E - 03o 47’15”N, 103o19’19”E

Miang River 03o29’ 7”N,103o27’21”E - 03o29’19”N, 103o27’40”E

Bebar River 03o07’ 3”N,103o26’35”E - 03o07’57”N, 103o26’42”E

Endau River 02o38’57”N,103o36’17”E - 02o41’08”N, 103o35’30”E

  Miang   Bebar  Kuantan  Endau 
  River River River River

 ph 6.5 – 7.22 6.85 – 7.39 6.44 – 7.0 6.44 – 7.0

 Temp. (oC) 26.8 – 31.8 28.1 – 28.8 27.4 – 28.9 23.9 – 28.4 

 Dissolved  6.88 – 7.15 6.45 – 7.6 4.30 – 7.69 5.59 – 6.69
 oxygen (mg/l)     

 Salinity (ppt) 25.9 – 29.3 7.5 – 21.5 5.40 – 8.50 7.0 – 8.21

 Depth (m) 2.5 – 3 2.5 – 3.6 2.5 – 4.0 2.0 – 4.5
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Table 3. Planktonic Copepoda of estuarine mangroves in Pahang, Malaysia

Class : Copepoda
 order : Calanoida
  family : acartiidae
   Acartia spinicauda
   Acartia sp.
  family : Paracalanidae
   Acrocalanus gibber
   Acrocalanus gracilis
   Acrocalanus monachus
   Bestiolina similis
   Paracalanus aculeatus
   Paracalanus parvus
   Paracalanus sp.
  family : Centropagidae
   Centropages furcatus
   Centropages sp.
  family : Temoridae 
   Eurytemora sp.
   Temora discaudata
   Temora stylifera
  family: Pontellidae
   Labidocera acuta
   Labidocera sp.
  family: Scolecithricidae
   Scolecithrix sp.
   Subeucalanus subcrassus
   Subeucalanus sp.
  family: Tortanidae
   Tortanus sp.
  family: Phaenidae
   Phaena spinifera
  family: Pseudodiaptomidae
   Pseudodiaptomus sp.
 order : Cyclopoida
  family : oithonidae
   Oithona nana
   Oithona aruensis
   Oithona rigida
   Oithona sp. 1
   Oithona sp. 2
 order: harpacticoida
  family : Ectinosomatidae
   Microsetella norvegica
   Microsetella  rosea
  family : Clytemnestridae
   Clytemnestra scutellata
  family : Euterpinidae
   Euterpina acutifrons
 order: Poecilostomatoida
  family : oncaeidae
   Oncae venusta
   Oncae media
   Oncae sp.
  family : Sapphirinidae
   Saphirina sp.
  family: Corycaeidae
   Corycaeus sp. 1
   Corycaeus sp. 2
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Table 4. Value of Shannon-Wiener Diversity index (h’), Pielou’s Evenness index (J’) 
and Margalef’s Species Richness index (d) for planktonic copepods of estuarine mangroves 

in Pahang, Malaysia

figure 1. Map showing the sampling locations in the estuarine mangroves in Pahang, Malaysia

 Kuantan Bebar Miang Endau

Shannon-Wiener Diversity index (h’) 1.36 1.79  1.65     1.73

Pielou’s Evenness index (J’) 0.71 0.78  0.62       0.69

Margalef’s Species Richness index (d) 0.89 1.34  1.69       1.50
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figure 2.  Density distribution of planktonic copepods in mangroves of Pahang, Malaysia

figure 3a. Density distribution of planktonic copepods in estuarine mangroves
   in kuantan River
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figure 3b. Density distribution of planktonic copepods in mangroves of Miang River

figure 3c. Density distribution of planktonic copepods in mangroves of Endau River

Zaleha et al.  20

Journal of Sustainability Science and Management 2008 Volume 3 (1): 11-22

Jurnal Vol. 3 No.1.indd   22 6/10/08   11:41:14 AM



figure 3d. Density distribution of planktonic copepods in mangroves of Bebar River

figure 4. Dendogram of the 21 stations from four estuaries in kuantan, Miang,
Bebar and Endau River, using group-average clustering from Bray-Curtis similarities 

on abundances. (k: kuantan; M: Miang; B:Bebar;E:Endau)
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Figure 5. 2-Dimensional MDS configuration of the 21 stations from four estuaries in Kuantan, 
Miang, Bebar and Endau River, using group-average clustering from Bray-Curtis similarities 

on abundances. (kTN: kuantan;MNg: Miang;  BBR: Bebar; END: Endau)
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