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 In this study, habitat ecology, abundance and diversity indices were combined to characterize spatial distribution and seasonal patterns of larval 
assemblages at three sites with different levels of disturbance at Matang mangrove ecosystem. 

 Three sampling stations were selected, namely S1 - most disturbed, S2 - moderately disturbed  and S3 - least disturbed. Larval fishes 
were collected using oblique tows of a bongo net (450 μm mesh size) equipped with a flow meter every month for one year from April 2015 to March 2016. 
A total of 14 families were identified with nine families dominating at S1, eight at S2 and 10 at S3. 

 Gobiidae was the most abundant at 80.68% total abundance, followed by Mullidae (3.26%), Rachycentridae (3.07%), Blenniidae (3.01%), 
Engraulidae (2.22%) and Ambassidae (1.68%). The highest and lowest Shannon-Wiener diversity index was recorded at S3 (H'=1.04) and S1 (H'=0.35), 
respectively. Water temperature showed a positive significant correlation with Blenniidae (p < 0.05) and a negative significant correlation with Gobiidae 
and Syngnathidae (p < 0.05). Similarly, Gobiidae and Syngnathidae were negatively correlated with salinity, TDS, conductivity and pH. However, 
multiregression analysis indicated a weak overall relationship (4 - 41%) between larval abundance and environmental variables. This suggests that 
habitat structure of mangroves was 
more important in determining larval 
abundance than water quality. 

 This study 
emphasizes the need to conserve 
mangrove ecosystems as important 
nursery grounds for various fish 
larvae  to  ensure adequate 
rec ru i tmen t  and  u l t ima te l y  
sustainable fisheries management.
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Introduction

Fish larva is a term that describes the stage in the fish life 
history from hatching to juvenile, a stage characterized by 
completion of ray development and the beginning of squamation 
(Kendall et al., 1984). Mangrove ecosystems provide suitable 
habitats for a high abundance of fish larvae and juveniles, as well 
as many commercially important invertebrates due to high 
abundance of food and low predation pressures. Complex 
physical structures of tress roots and trunks provide 
microhabitats and niches to increase survival of larvae, juveniles 
and other small organisms in the mangrove ecosystem 
(Nagelkerken, 2009). Most mangrove areas are protected 
worldwide as nursery grounds of fishes (Wang et al., 2009) and 
mangrove habitats are important for fish larvae because prop 
roots provide excellent shelter from predators for juvenile and 
larval fish (Nanjo et al., 2014; de la Moriniere et al., 2004). There is 
a greater abundance of food within mangroves due to high food 
productivity and the associated abundance of benthic fauna 
(Laegdsgaard and Johnson, 2001). 

Information on the abundance and distribution of 
ichthyoplankton is important in capture fisheries management as 
it can provide clues on the location of fish shoals and their 
breeding grounds (Manickasundaram et al., 1987). In particular, 
many species of fish larva migrate to the estuary to feed during 
high tide and return during low tide (Sasekumar et al., 1994). The 
composition and structure of communities and their relation to the 
environment is  important to study in order to know about the 
profitable use of fishery resources (Sebates and Oliver, 1996). 
Environmental features may indirectly affect fish communities by 
influencing the larval distribution patterns of individual fish 
species (Moser and Smith, 1993). Several studies of abundance, 
diversity, habitat ecology and feeding habits on larval fishes have 
been conducted by Ara et al. (2016, 2013, 2011) and Arshad et al. 
(2011) in the seagrass-mangrove ecosystem of Johor, Malaysia, 
however, studies on larval fishes in Matang mangrove forest is 
meagre except Azmir et al. (2017) who reputed identification and 
morphology of larval fishes. In view of this, the present study was 
undertaken to investigate the diversity, distribution and habitats 
variables and their relation with larval abundance between 
disturbed and undisturbed mangrove ecosystem of Matang 
Mangrove Forest, Perak, Malaysia.

Materials and Methods

Study area : An investigation was conducted on the composition, 
diversity and distribution of larval fishes in the Matang Mangrove 
Forest Ecosystem, Perak, Malaysia (Fig. 1). Three sampling 
stations were selected at different mangrove estuaries of Matang 
Mangrove Ecosystem namely, S1-most disturbed (Sungai 
Sepetang), S2-moderate disturbed (Sungai Tinggi) and S3-least 
disturbed (Sungai Tiram). The sampling stations were 
approximately 3-5 km far from each other (Fig.1).

Field sampling : Monthly sampling was conducted between April 
2015 and March 2016. The sample of larval fishes were collected 
with a bongo net (0.3 m mouth diameter, 1.3 m long, 450 µm of 
mesh size). A flow-meter (Hydro-Bios) was attached to the net in 
order to determine the volume of water filtered. The net was towed 
by boat  through 30 min surface  in day light. After each tow, 
samples were immediately fixed in 5% formalin as per Ara et al. 
(2014). 

Sample processing and identification : Larvae fishes were 
sorted from the rest of the zooplankton and were preserved in 
75% alcohol in the laboratory. Individual fish larvae were identified 
up to the family level using appropriate literatures (Lies and 
Carson-Ewart, 2000; Okiyama, 1988). The number of individuals 
per family were counted and then standardized to number of fish 

3 larvae per 100m from the entire sample.

Estimation of physio-chemical parameters : At each 
samplings station, the following in situ water parameters were 
obtained by YSI multi parameter recorder: temperature (ºC), 

-1dissolved oxygen (mg l ), salinity (ppt), pH, total dissolved solid 
-1(TDS) and conductivity (µS cm ).

Statistical analysis : Diversity of larval fish assemblage was 
expressed by the Shannon-Wiener index (Shannon and Weaver, 
1963). Equitability or evenness was measured by Pielou's 
evenness index (Pielou, 1966). Family richness of fish larvae was 
calculated by using Margalef index (Margalef, 1958). Pearson's 
correlation coefficient (r) was used to identify relationship 
between the abundance of fish larvae and habitat parameters. 
Stepwise multiple regression analysis was used to examine the 
effect of fish larval abundance with water parameters. Multiple 
regression coefficients (R²) were conducted by the following 
formula: 

R. Ara et al.: Larval fish abundance in the Matang Mangrove  

Fig. 1 : Different sampling locations (S1–S3) in Matang Mangrove 
Ecosystems, Perak, Malaysia
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Abundance Fish Larvae = β0 + β1 (temp.) + β2 (DO) + β3 (sal.) + 
β4 (pH) + β5 (TSS) 

where, β0 is the intercept (constant) and β1 to β5 are the un-
standardized coefficients of water parameters.  All analyses were 
done with SPSS and PRIMER v7 software (Clarke and Gorley, 
2015).

Results and Discussion

Water temperature ranged from 28.76 ºC (November 
2015, at S1) to 32.32 ºC (March 2016, S3) (mean ± SD, 30.19 ºC 
± 0.17 ºC) (Fig. 2-3). Salinity ranged between 15.11 ppt 
(December 2015, at S1) and 26.62 ppt (May 2015, at S3) (Fig. 2) 
and similarly, the highest and the lowest mean salinity was 
recorded at S3 (26.76 ± 0.80 ppt) and S1 (14.64 ± 1.59 ppt), 
respectively (Fig. 3). Significant differences in salinity were 
observed among the months and stations (p < 0.05). Total 

-1dissolved solid (TDS) ranged from 16.10 to 26.90 mg l . The 
-1highest TDS (26.90 mg l ) was recorded in the month of July 2015 

-1and the lowest value (16.10 mg l ) in December, 2015 (Fig. 2). A 
higher conductivity value was observed in July-August, 2015 (Fig. 

-1  2). Similarly, the highest conductivity value (41.81 ± 4.91 µS cm )
-1was recorded at S3 and the lowest value (27.16 ± 7.91 µS cm ) 

was found at S1 (Fig. 3). Significant (p < 0.05) variations were 
observed for conductivity amongst the different sampling stations 
(p < 0.05) as well as different months (p < 0.05) during the study 
period. The highest pH value (7.61) was observed during March 
2016 at S2, while the lowest pH (6.80) was observed in November 
at S1 (Fig. 4). The mean pH value was 7.19 ± 0.06. Significant 
differences were detected for pH among both stations (p < 0.05) 
and months (p < 0.05). The monthly average values of dissolved 

-1oxygen (DO) ranged from 2.58 mg l  (April 2015 at S3) to 6.41 mg 
-1l  (March 2016 at S2) with significant differences among the 

-1months (Fig. 4). The mean DO value at S2 (4.18 ± 0.23 mg l ) was 
significantly higher than those at all other stations (p < 0.05) 
(Fig. 5). 

Six variables of water quality were subjected to PCA 
where DO, pH and temperature accounted for about 100% of the 
cumulative variation (Table 2). Principal component 1 (PC1) 
explained 94.8% of the total variation and had highest loading of 

-1DO (2.22) and pH (1.74) with mean values of 3.63 (±0.46) mg l  
-1and 7.19 (±0.08) mg l , respectively. Meanwhile, PC2 had high 

loading of temperature (0.72), which explained 5.2% of total 
variation with mean value of 30.32 (±0.21). Principle component 
analysis ordination of spatial variation in the environmental 
variables is presented in Fig. 6. Based on the environmental 

2variable, it was found that S2 and S3 had perfect correlation (r  = 
1), while correlation between S1 and other two stations were also 

2highly correlated (r  = 90). It is clear that station S2 and station S3 
were mainly influenced by conductivity, and S1 was correlated 
with temperature (Fig. 6).

-1Fig. 4 : Temporal variation of habitat variables dissolved oxygen (mg l ) 
and pH in the Matang Mangrove Ecosystem.
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Fig. 2 : Temporal variation of habitat water temperature (ºC), Salinity 
-1 -1(ppt), TDS (mg l ) and conductivity (µS cm ) in the Matang  Mangrove 

Ecosystem.
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Fig. 3 : Spatial variation of habitat water temperature (0C), salinity (ppt), 
-1 -1TDS (mg l ) and conductivity (µS cm ) in the Matang Mangrove 

Ecosystem.
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A total of 7327 fish larvae were sorted from the collections 
4788 larvae from the most disturbed mangrove site (S1), 509 from 
moderate disturbed mangrove site (S2) and 2030 from least 
disturbed site (S3). A total of 14 families were identified in the 
collections. Among them, nine families were dominant at S1, 8 at 
S2 and 10 at S3 (Table 1, Fig. 7). Gobiidae was the most abundant 
family that contributed 80.68% of total fish abundance, followed 
by Mullidae (3.26%), Rachycentridae (3.07%), Blenniidae 
(3.01%), Engraulidae (2.22%) and Ambassidae (1.68%) (Table 
1). The majority of unidentified individuals (3.87% of the total 
larvae) were yolk-sac larvae. Total density of larvae were 230.85 

-3 -3 individuals 100m , 113.49 individuals 100m and 203.62 
-3 individuals 100m at S1, S2 and S3, respectively (Table 1). The 

spatial variations in density of larvae were significant (p < 0.05) 
among the stations (Fig. 7).

Larvae of family Gobiidae was the most abundant family 
throughout the study period with the maximum number in  April, 
November and June (Fig. 8). Ambassidae larvae were observed 
during nine months, except April, August and October. 

Engraulidae larvae was absent in the month of August and 
October. Blenniidae larvae was found around the year, except in 
January (Fig. 8). Other families (e.g., Syngnathidae, Belonidae, 
Glaucosomitidae, Triacanthidae and Terapontidae) were less 
than 1% in the fish community (Table 1). 

Cluster analysis at 60% similarity identified two main 
groups of samples in different months that were identified by 
SIMPROF analysis. The big cluster included the month of 
January–March and May–September, while, the small cluster 
include November - December (Fig. 9).

Diversity indices showed variation on a spatial temporal 
scale (Fig. 10, Fig. 11). The highest Shannon Wiener diversity 
index (H' = 1.04) was recorded at least disturbed site (S3), while 
the lowest (0.35) was at the most disturbed site, (S1). The highest 
evenness (0.50) was found at S3 and the lowest evenness (0.16) 
was at S1. The highest richness was recorded (1.18) at S2 and 
the lowest richness (0.95) was observed at S1 (Fig. 9). 

The Shannon-Wiener diversity index ranged from 0.44 to 
1.67 during different months (Fig. 11). There were two major 
peaks of Shannon Wiener index. The highest peak was in March 
and the second highest peak was in August. Low diversity values 
were found in June, September and December (Fig. 11). Family 
richness also showed two peaks in a year. The first peak was in 
July and the second one was in November – December (Fig. 11). 
Pielou evenness varied between 0.23 and 0.82. The highest 
evenness was observed in August and lowest was in June (Fig. 
11).

The abundance of 14 families was found to have 
correlations (positive or negative) with environmental parameters 
(Table 2). Five families (Blenniidae, Engraulidae, Gobiidae, 
Mullidae and Syngnathidae,) were significantly (p < 0.05) 
correlated with waters quality parameters. Temperature showed a 
positive significant correlation with Blenniidae (p < 0.05) but a 

-1Fig. 5 : Temporal variation of habitat variables dissolved oxygen (mgl ) 
and pH in the Matang Mangrove Ecosystem.
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-3Table 1 : Composition and abundance (mean no. of larvae 100m ) of fish larvae in the Matang Mangrove Ecosystem, Perak, Malaysia

-3No Family          Mean density (Larvae 100m ) Mean (%)

S1 S2 S3 Mean

1 Ambassidae 1.91 0.85 6.45 3.07 1.68
2 Belonidae - 0.37 0.10 0.15 0.08
3 Blenniidae 3.2 12.46 0.83 5.5 3.01
4 Clupeidae 0.09 1.48 0.41 0.66 0.36
5 Engraulidae 4.46 0.80 6.92 4.06 2.22
6 Glaucosomatidae - 0.76 - 0.25 0.14
7 Gobiidae 200.7 175.54 65.84 147.36 80.68
8 Mullidae 4.47 - 13.43 5.96 3.26
9 Rachycentridae - 0.75 16.1 5.61 3.07
10 Scatophagidae 0.33 - - 0.11 0.06
11 Sillaginidae 3.07 - - 1.02 0.55
12 Syngnathidae 0.09 - - 0.03 0.01
13 Terapontidae - 5.11 — 1.70 0.93
14 Triacanthidae - 0.23 - 0.07 0.03

Unidentified 12.53 5.30 3.41 7.08 3.87
Mean total larvae 182.63 99.95
Total larvae 4788 2030 509
Total family 9 10 8

3Total density/100m 230.85 203.62 113.49

Table 2 : Water quality variables (mean ± SE, range) from all sampling points with the corresponding PCA statistics in Matang Mangrove Estuary, 
Malaysia

Variables Unit Mean Min Max PC1 PC2

Temperature 0c 30.32 (±0.21) 29.91 30.32 -1.41 0.72
Salinity ppt 22.18 (±5.39) 14.6 26.76 -0.19 -0.30
TDS mg/L 22.93 (±5.13) 15.73 27.32 -0.30 -0.24
Conductivity µm/cm 36.08 8.05) 24.83 43.29 -2.04 -0.32
DO mg/L 3.63 (±0.46) 3.05 4.18 2.22 0.02
pH - 7.19 (±0.08) 7.09 7.29 1.74 0.10
PCA statistics
Eigen values 2.84 0.16
% variation 94.8 5.2
Cumulative % variation 94.8 100

Table 3 : Correlation coefficient (r) between biotic and abiotic factors in the Matang Mangrove Ecosystem, Perak, Malaysia 

Family Temperature Salinity TDS Conductivity DO pH

Ambassidae 0.80 0.00 0.01 0.03 -0.00 -0.05
Belonidae 0.31 0.25 0.25 0.22 -0.01 0.11
Blenniidae 0.35* 0.23 0.22 0.17 0.21 0.15
Clupeidae 0.05 0.25 0.25 0.17 0.10 -0.05
Engraulidae 0.31 -0.10 -0.12 -0.15 0.39* 0.16
Glaucosomatidae -0.07 0.01 0.02 0.06 0.01 -0.15
Gobiidae - 0.40* -0.40* -0.41* -0.39* -0.16 -0.38*
Mullidae - 0.26 -0.34* -0.34* -0.33* -0.18 -0.24
Rachycentridae - 0.15 0.05 0.06 0.05 -0.02 -0.13
Scatophagidae - 0.31 -0.26 -0.27 -0.28 -0.17 -0.08
Sillaginidae -0.18 -0.25 -0.26 0.24 -0.12 0.17
Syngnathidae -0.33* -0.33* -0.33* -0.34* -0.13 -0.33*
Terapontidae -0.07 0.01 0.02 0.06 0.01 -0.15
Triacanthidae -0.01 0.19 0.19 0.18 0.11 0.12
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Fig. 7 : Shade plot of square-root transformed abundances of larval fish community matrix at different stations in the Matang Mangrove Ecosystem, 
-3Perak, Malaysia, shaded according to larval abundance at each site, as shown in color key, from white (absent) to black (highest abundance 100m ). 

Fig. 8 : Metrix MDS showing of larval fish community structure at different locations of Matang Mangrove Ecosystem, Perak, Malaysia.
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Fig. 9 : Shade plot for larval fish community matrix in different months from Matang Mangrove Ecosystem, Perak, Malaysia, shaded according to larval 
-3abundance in each month, as shown in color key, from white (absent) to black (highest abundance 100m ).

Fig. 10 : Ordinate plot of comrison among the families of larval fishes in different months using non-metric multidimensionsal sacling and Bray-Curtis 
similarity index.
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negative significant correlation with Gobiidae and Syngnathidae 
(p < 0.05). Similarly, Gobiidae and Syngnathidae were negatively 
correlated with salinity, TDS, conductivity and pH (Table 2). Only 
Engraulidae showed positive significant correlation with 
dissolved oxygen (p < 0.05). 

In order to obtain a more specific relationship between the 
habitat variables and larval abundance, a multiple regression was 
performed and the results are presented in Table 3. The multiple 
regression coefficients (R²) between abundance of fish larval 
families and water quality parameters ranged from 0.04 to 0.41 
(Table 3). Six families (Belonidae, Bleniidae, Clupeidae, 
Engraulidae, Glaucosomatidae and Gobiidae) were slightly (26-
41%) influenced by the abiotic factors but this was not significant 

2(P > 0.05). The highest regression coefficient (R  = 0.41, p  > 0.05) 
was observed for Glaucosomatidae, which indicated that 41% 
abundance of Glaucosomatidae was influenced by the water 
parameters and the remaining 69% by other factors. 

During the present study, significant spatial variations 
were found for DO, salinity, TDS and conductivity. A significant 
variation with the lowest salinity, TDS and conductivity was 
observed at S1 compared to other two stations. This is most 
probably due to influx of freshwater coming upstream of this river.  
In case of DO, the lowest value was found at S3 and the highest 
value was at S2, likely due to being located in the open sea, and 
the occurrence of phytoplankton blooms. In this study various 
abiotic factors such as salinity, temperature, pH, TSS and DO 
played important roles for fish larval abundance and diversity. 
Blaber (2000) noted that temporal and spatial diversity were two 
main factors influencing the fish community at tropical areas. 

A total of 14 families of fish larvae were identified in the 
present study, although 19 families of larval fishes were reported 
earlier by Ooi and Chong (2011) from the same mangrove area. 
The discrepancy could be due to different sampling time and 
zones as the Matang mangrove is a vast area of 40,466 ha of 

Fig. 11 : Diversity of larval fishes. Species richness (D), Pielou s̓ 
Evennes (J)  and Shannon-Weinner index (H) values among the spatial 
scale of Matang Mangrove Ecosystem.
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Fig. 12 : Diversity of larval fishes. Family richness (D), Shannon-Weinner 
index (H) and Pielouʼs Evennes (J) values among the temporal scale.

Richness(D)
Evenness(J)
Shannon-Wiener index(H)

Va
lu

e 

2.0

1.5

1.0

0.5

0

A
pr

M
ay Ju

n

Ju
l

A
ug

S
ep O
ct

N
ov

D
ec Ja

n

F
eb

M
ar

Month

Table 4 : Multiple regression analysis of 14 families with abiotic fators in the Matang Mangrove Ecosystem, Perak, Malaysia

2Multiple regression equations R p

AmbassidaeY = – 4.49 + 0.58Tem – 0.30 Sal – 0.10 TDS + 0.27 Cond + 0.90 DO – 1.73 pH 0.04 0.98
BelonidaeY = – 10.41 + 0.41 Tem – 0.03 Sal – 0.25 TDS – 0.07 Cond – 0.21 DO – 0.07 pH 0.27 0.14
BlenniidaeY = – 82.17 + 4.62 Tem + 5.42 Sal– 3.88 TDS – 1.14 Cond – 0.91 DO – 5.48 pH 0.26 0.15
ClupeidaeY = 10.15 – 0.02 Tem + 0.26 Sal+ 0.13 TDS – 0.21 Cond + 0.17 DO – 1.51 pH 0.26 0.15
EngraulidaeY = – 60.19 + 3.75 Tem + 4.43 Sal– 4.09 TDS – 0.64 Cond + 0.80 DO – 4.64 pH 0.31 0.08
GlaucosomatidaeY = 11.83 – 0.02 Tem – 0.19 Sal + 0.02 TDS + 0.14 Cond + 0.25 DO – 0.91 pH 0.41 0.44
GobiidaeY = 4467.45 – 84.29 Tem + 22.47 Sal– 47.78 TDS + 12.00 Cond+ 56.37 DO – 260.23 pH 0.28 0.11
MullidaeY = 29.13 – 0.67 Tem – 0.73 Sal + 0.35 TDS + 0.09 Cond. + 0.00 DO – 0.32 pH 0.13 0.62
RachycentridaeY = 29.58 – 0.75 Tem – 0.31  Sal+ 0.33 TDS  + 0.06 Cond. + 0.47 DO – 1.51 pH 0.10 0.76
ScatophagidaeY = 1.18 –0.10 Tem + 0.17 Sal– 0.13 TDS – 0.04 Cond – 0.08 DO + 0.45 pH 0.18 0.40
SillaginidaeY = 17.69 – 0.28 Tem + 0.24 Sal– 0.66 TDS + 0.15 Cond + 0.02 DO – 0.59 pH 0.07 0.88
SyngnathidaeY = 2.24 – 0.04 Tem + 0.02 Sal – 0.02 TDS – 0.00 Cond +0.03 DO – 0.15 pH 0.19 0.33
TerapontidaeY = 49.68 – 1.01 Tem – 0.79 Sal + 0.08 TDS + 0.57 Cond + 1.07 DO – 3.83 pH 0.17 0.44
ThiacanthidaeY = – 1.13 – 0.05 Tem – 0.03 Sal + 0.04TDS – 0.00 Cond +0.03 DO +0.02 pH 0.08 0.84
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seven deltaic islands. Also 20 families of larval fishes were 
reported by Ara et al. (2011) from the Sungai Pulai Estuary, Johor, 
Peninsular Malaysia. In this study, Gobiidae was the most 
abundant family, which contributed 80.68% of total abundance.  
This was followed by Mullidae (3.26%), Rachycentridae (3.07%), 
Blenniidae (3.01%), and Engraulidae (2.22%). 

The abundanc of family Gobiidae was previously 
reported from the Pendas River, southwestern Johor, Malaysia 
(Arshad et al., 2012), Johor Strait, Malaysia (Ara et al., 2012 and 
2014), Matang mangrove of Malaysia (Ooi and Chong, 2011), 
Amazonian estuary of northern Brazil (Costa et al., 2011), Tama 
River estuary, central Japan (Kanou et al., 2005), Taiwan strait 
(Hseih et al., 2011) and Mucuri River estuary, Northeast Brazil 
(Bonecker et al., 2009). 

-3Total density of larvae were 230.85 individuals 100m , 
-3 -3 113.49 individuals 100m and 203.62 individuals 100m at S1, S2 

and S3, respectively (Table 1). The seagrass-mangrove eco-
system of Johor strait has been demonstrated to be inhabited, on 
a temporary or permanently basis, by 24 families of larval fishes 
whereas spatial variations in density of larval fishes were 
significant (p < 0.05) between seagrass and other four sampling 
sites (Ara et al., 2013). 

Therefore, it could be concluded that there was no 
significant effects of environmental variables on larval 
assemblages in the Matang mangrove ecosystem. It has been 
suggested that abiotic parameters can have indirect effects on 
fish larval abundance by influencing food (plankton) availability 
(Ramos et al., 2006). In fact, in several estuarine ecosystems, 
peaks in larval fish abundance appear to be correlated with peaks 
in phytoplankton production and biomass (Martin et al., 1992; 
Livingston et al., 1997; Garcia et al., 2003). Therefore, further 
research on the planktonic distribution and abundance should be 
carried out in the Matang mangrove ecosystems any influence 
this might have on fish larval abundance.
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