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Abstract 
 

Fish eggs are categorised as ichthyoplankton and most pelagic eggs are distributed in or just below the photic zone. 
The study of the fish egg is crucial in understanding the dynamics of fish populations, but information on fish eggs in 
the Sarawak exclusive economic zone (EEZ) is still lacking. This study reports the fish eggs composition, abundance 
and distribution at 38 stations within three zones in the Sarawak EEZ. The eggs were sampled from 19 August to 6 
October 2015 using a bongo net (330 μm and 500 μm mesh-size), obliquely towed at a speed of 2 to 3 knots for 20 min. 
Selected physicochemical water parameters were also collected according to depth profile. Preserved fish eggs were 
identified to the family level. Density and diversity of fish eggs were calculated. The influence of environmental 
factors on fish egg abundance according to zone was tested with canonical correspondence analyses (CCA). A total of 
3,935 fish eggs belonging to 6 orders and 12 families were successfully collected whereby Carangidae, Clupeidae and 
Scombridae showed high abundance (>10 %). Highest mean density was recorded at inner neritic zone while the 
Jaccard’s dissimilarity index ranged from 0 % to 25 % among the three zones. Based on CCA, the abundance of 
Labridae, Malacostidae, Muraenidae, Scombridae and Sphyraenidae were influenced by environmental factors. The 
findings of this paper are useful for future fishery management in Sarawak EEZ. 
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Introduction 
 
Fish eggs are part of ichthyoplankton and they drift in 
the ocean along with the water currents. Most eggs 
are distributed in or just below the photic zone, 
especially within the upper 150 to 200 m of bottom 
depth (Ahlstrom and Moser, 1976). About 75 % of 
teleost species produce pelagic (buoyant) eggs and are 
fertilised and float individually (although a few species 
have floating egg masses), usually near the water 
surface (Miller and Kendall, 2012). Most fish eggs are 
either spherical or ellipsoidal, and their sizes depend 
on species (Fish Database of Taiwan, 2014). 
 
The study of fish eggs is crucial in understanding the 
dynamics of fish populations. In fishery management, 
knowledge on the distribution and abundance of 
ichthyoplankton obtained through plankton surveys 
contributed to the understanding of the spatial 

distribution of fisheries resources and the processes 
affecting the fluctuations in recruitment (Kelso and 
Rutherford, 1996). Furthermore, information on the 
distribution and abundance of the ichthyoplankton is 
important to fishery biologist and fishers regarding 
spawning locales and seasons, as well as improved 
understanding of reproductive dynamics (Sanches et 
al., 1999).  
 
Malaysian EEZ that includes the South China Sea 
supports high sea fisheries. This study is important to 
help Malaysia fisheries in identifying the spawning 
areas that should be protected and managed as a 
nursing area to ensure the survival of juvenile 
commercially important fish species. Thus, the 
identified areas could be gazetted as closed fishing 
areas or areas that are zoned for specific fishing gear 
to conserve the marine resources. However, previous 
studies carried out in Malaysia by Blaber et al. (1997) 
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studied ichthyoplankton focused on selected 
estuaries in Sarawak and Sabah. Recently, 
ichthyoplankton studies were done to compare the 
larval fish density between seagrass beds and outside 
of seagrass beds of the Southwestern Johor (Ara et al., 
2011a). Muhamad and Rahim (2014) studied fish larvae 
in selected coastal waters (Teluk Pandan beach, 
Rambungan beach, Puteri beach, Sampadi Island and 
Satang Besar Island) of Sarawak. Muhamad (2017) 
carried out a recent study focused on ichthyoplankton 
assemblages and its distribution along selected 
Sarawak coastal waters. 
 
The previous studies focused on fish larvae without 
detail information on marine fish eggs, especially their 
assemblages. Thus, the present study aimed to assess 
the composition, abundance and distribution of fish 
eggs at three different depth zones (inner, middle and 
outer neritic zone) in the Sarawak EEZ of the South 
China Sea. Furthermore, the influence of 
physicochemical water parameters on the density of 
fish eggs family was described. Being the first baseline 
study for Sarawak EEZ waters, the findings will be 
useful for future fisheries management of 
commercially important marine fish in Malaysia. 
 
Materials and Methods 
 
Sampling area 
 
This study was performed from 19 August to 6 October 
2015 at 38 stations within the Sarawak EEZ, South 
China Sea (Fig. 1) onboard MV SEAFDEC 2 research 
vessel. Details of each station are shown in Table 1. 
Based on distance, sampling areas were categorised

as inshore area (less than 50 nautical miles) and 
offshore area (more than 50 nautical miles) while 
depending on the bottom depth of the station, 
sampling areas were categorised into three different 
depth zones namely: Inner (15 stations; 20–50 m), 
Middle (12 stations; 51–100 m) and Outer (11 stations; 
101–200 m) neritic zones. This study did not cover 
areas from depth 0–20 m due to the large size of ship 
which cannot anchor in the depth of less than 20 m. 
 
Sampling strategy 
 
Fish eggs were collected using a bongo net with 
mesh-size of 330 μm and 500 μm. At each station, the 
bongo net was towed obliquely at a towing speed of 2-
3 knots for about 20 min (10 min downward and 10 min 
upward). The 0.5 m diameter opening of each net was 
attached with a flow meter to measure the volume of 
water filtered during sampling (Posgay and Marak, 
1980; Rester et al., 1998). The samples obtained were 
immediately preserved in 10 % buffered formalin 
diluted with seawater and brought back to the 
laboratory for further analysis. Selected in-situ 
physicochemical water parameters were recorded 
only at 15 stations based on neritic zones (Inner: 
Station 2, 6 and 48; Middle: Station 27, 74, 76, 77 and 
108; Outer: Station 116, 117, 118, 130, 133, 136 and 139) 
according to depth profile from the surface to bottom 
(Table 1). Water samples were collected using a 5 L 
Van Dorn water sampler (high-density polyethylene), 
for measurement of temperature and dissolved 
oxygen (DO) (Extech instrument SPL 150, USA), salinity 
(Atago PAL-06s salinometer, USA), turbidity (Eutech 
instrument TN 100, USA) and pH (Extech instrument 
SPL 100, USA). 
 

 

 
Fig. 1. Location of 38 stations within the Sarawak exclusive economic zone, South China Sea. The fish egg samples were 
collected from      = Inner;      = Middle;      = Outer zones. 
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Table 1. Details of each station where the egg samples were collected. 
 

Area 
(nm) 

Neritic 
zone 

Date 
(2015) 

Coordinates Station 
no. 

Depth 
(m) 

Max. 
towing 
depth 
(m) 

Depth of water 
sample collection  
(m) 

Type of 
bottom 

Inshore Inner 02/09 N 03° 15' 49" E 112° 12' 02" 46 27 20  M 

 (20–50 m) 10/09 N 03° 08' 37'' E 111° 38' 37'' 44 30 20  M, Sh 

  20/09 N 02° 38' 45'' E 110° 52' 49'' 11 30 25  N/R 

  06/10 N 02° 06' 36'' E 110° 04' 16'' 4 31 22  M 

  23/08 N 03° 37' 28" E112° 50' 93" 48 34 30 3, 10, 15, 20, 30 S, M 

  20/09 N 02° 55' 04'' E 110° 50' 69'' 12 36 28  M, S 

  02/10 N 02° 17' 95'' E 109° 52' 09'' 2 37 29 3, 10, 15, 20, 30 M, S 

  20/09 N 02° 32' 78'' E 110° 27' 78'' 18 38 33  N/R 

  01/09 N 03° 37' 62" E 111° 47' 90" 55 41 35  M, S 

  22/08 N 04° 01' 95" E113° 02' 02" 49 45 35  S 

  26/08 N 03° 37' 62" E 112° 32' 45" 60 45 35  S, M 

  16/09 N 03° 13' 15'' E 111° 12' 77'' 38 47 30  M 

  27/08 N 03° 57' 41" E 112° 11' 71" 58 50 35  N/R 

  20/09 N 02° 14' 45'' E 110° 23' 32'' 5 50 40  M, S 

  20/09 N 02° 12' 44'' E 110° 40' 85'' 6 50 40 3, 10, 15, 20, 30 N/R 

Offshore Middle 22/08 N 04° 05' 43" E112° 36' 10" 108 59 35 3, 10, 15, 20, 30, 50 M 

 (51–100 m) 09/09 N 03° 37' 11'' E 111° 12' 34'' 74 63 50 3, 10, 15, 20, 30, 50 M, C 

  08/09 N 04° 09' 73'' E 111° 16' 67'' 77 69 65 3, 10, 15, 20, 30, 50 N/R 

  03/10 N 03° 20' 25'' E 110° 20' 50'' 36 73 68  M, S 

  28/08 N 04° 17' 28" E 111° 42' 78" 86 75 60  M, S, Sh 

  05/10 N 03° 31' 80'' E 109° 56' 14'' 23 76 66  N/R 

  03/10 N 03° 10' 89'' E 110° 10' 26'' 27 77 70 3, 10, 15, 20, 30, 50 N/R 

  21/08 N 04° 37' 54" E112° 07' 87" 97 84 58  M 

  08/09 N 04° 12' 48'' E 110° 42' 80'' 67 89 80  N/R 

  07/09 N 04° 12' 48'' E 111° 12' 50'’ 76 92 80 3, 10, 20, 40, 60, 80 M 

  29/08 N 04° 47' 89" E 111° 40' 98" 88 95 80  M, S 

  05/10 N 03° 55' 16'' E 110° 00' 15'' 25 97 85  N/R 

 Outer 17/09 N 04° 27' 69'' E 110° 27' 62'' 120 104 90  M 

 (101–200 m) 19/09 N 04° 19' 37'' E 110° 08' 97'' 116 104 90 3, 20, 40, 60, 80 M, S 

  30/08 N 04° 57' 41" E 111° 22' 68" 133 105 80 3, 20, 40, 60, 80, 100 M 

  20/08 N 05° 07' 51" E112° 02' 70" 139 113 80 3, 20, 40, 60, 80, 100 C 

  19/09 N 04° 47' 44'' E 110° 12' 47'' 118 121 112 3, 20, 40, 60, 80, 100 N/R 

  19/09 N 04°52' 39'' E 110° 32' 18'' 122 121 110  N/R 

  06/09 N 05° 16' 29'' E 110° 57' 37'' 130 135 115 3, 20, 60, 80,100, 120 M, S 

  30/08 N 05° 27' 54" E 111° 47' 83" 136 150 103 3, 20, 50, 100, 150 M, S 

  18/09 N 05° 21' 53'' E 110° 08' 41'' 117 153 125 3, 20, 50, 80, 100, 150 N/R 

  18/09 N 05° 23' 27'' E 110° 34' 04'' 123 157 85  M 

  19/08 N 05° 37' 28" E 112° 07' 77" 142 175 90  M, S 

M = Muddy; C = Coral; S = Sandy; Sh = Shoal; N/R = Not recorded. 
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Sample processing and identification 
 
Ichthyoplankton samples obtained from the Sarawak 
EEZ were processed in the Aquatic Invertebrates 
Laboratory, Faculty of Resources Science and 
Technology, Universiti Malaysia Sarawak. The fish egg 
samples were sorted out from other zooplankton and 
debris according to their morphological characters. 
With the aid of a stereo microscope (Motic, model 
SMZ-168, Hong Kong) equipped with a digital camera 
(Moticam 352, Hong Kong), fish eggs identification 
was performed to the family level based on the works 
of Jeyaseelan (1998), Ré and Meneses (2008), Okiyama 
(2014) and also Professor Dr Izumi Kinoshita, an 
ichthyologist from Kochi University, Japan. The total 
number of fish eggs found from three different neritic 
zones was counted according to their family and 
samples that could not be identified were placed in 
the unidentified category. 
 
Data and statistical analysis 
 
The density of fish egg samples was standardised for 
each station and expressed as the number of fish egg 
per 100 m3 of filtered water. Then, the mean and 
standard deviation of fish eggs density was 
calculated. The dissimilarity of fish egg assemblages 
according to three zones, was calculated using 
Jaccard’s dissimilarity index (Whittaker, 1960) as 
follows: 

Jaccard′s dissimilarity index, a = 1 −
a

a + b + c
 

 
where,  
a indicates number of families shared between two 
zones 
b indicates number of families unique to zone one 
c indicates number of families unique to zone two 
 
Meanwhile, the in-situ physicochemical water 
parameters (salinity, temperature, turbidity, pH and 
DO) of 15 stations were reported in range according to 
three different neritic zones. Pearson correlation 
coefficient was used to analyse the relationship 
between mean values of physicochemical water 
parameters and water depth at three zones (SPSS 
version 23.0). 
 
Relationship between the abundance of fish egg 
family, as well as the influence of environmental 
factors (zone, temperature, pH, turbidity, DO and 
salinity), was tested using canonical correspondence 
analyses (CCA) (Ter Braak, 1986, 1994). The 
significance of each variable was tested using PAST 
3.14. The result was presented using canonical biplot 
to identify environmental gradients in the series of 
data on environmental factors, particularly those 
factors that are significant in determining community 
composition. Level of significance was set at 95 %     
(P < 0.05) to reject the null hypothesis for all the 
analyses mentioned above. 

Results 
 
Composition of fish egg 
 
A total number of 3,935 fish eggs belonging to six 
orders and 12 families were collected from the 
Sarawak EEZ of the South China Sea. Based on 
percentage composition, order Perciformes was the 
most dominant with 49.30 % of the eggs, followed by 
Pleuronectiformes (12.81 %) and Clupeiformes (12.20 
%) (Fig. 2). 
 

 
Fig. 2. Composition percentage of fish eggs according to 
order level found in the Sarawak EEZ of the South China 
Sea. 

 
 
Based on family, Carangidae was the most dominant 
family throughout this study, contributing 14.89 % 
from the total fish eggs and followed by Clupeidae 
(12.20 %) and Scombridae (11.26 %), while the least 
dominant family was Sphyraenidae (3.10 %). Other 
eight families contributed around 4.29 % to 9.63 %. In 
this study, eggs from five commercial families were 
recorded, namely Clupeidae, Carangidae, Labridae, 
Scombridae and Sphyraenidae (Table 2). 
 
Overall, the number of fish eggs collected at all three 
zones ranged from 1,214 to 1,355 eggs with the highest 
value recorded in the inner neritic zone and the lowest 
was in middle neritic zone (Fig. 3). However, among 
the three zones, the middle and outer neritic zones 
recorded equal number of families (11 families), while 
the inner neritic zone had 10 families (Fig. 4) 
 
Density of fish egg 
 
The mean density of fish eggs collected in the three 
different neritic zones ranged from 20.57 ± 7.85 to 
24.57 ± 14.85 FE.100 m-3 and the highest value was 
recorded in the inner neritic zone while the lowest 
value was in the outer neritic zone (Fig. 5). Overall, 
eggs from the family Carangidae was the most 
dominant with 11.11 FE.100 m-3 followed by Clupeidae 
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Table 2. List of fish egg according to order, family, number of individuals (N) and percentage composition. 
 

Order Family Number of individuals (N) Composition (%) 
Anguilliformes Muraenidae 356 9.05 
Clupeiformes *Clupeidae 480 12.20 
Mugiliformes Mugilidae 362 9.20 
Perciformes Callionymidae 231 5.87 

 *Carangidae 586 14.89 

 Kyphosidae 179 4.55 

 *Labridae 379 9.63 

 *Scombridae 443 11.26 

 *Sphyraenidae 122 3.10 
Pleuronectiformes Cynoglossidae 297 7.55 

 Soleidae 207 5.26 
Stomiiformes Malacostidae 169 4.29 
Unidentified sample  124 3.15 
Total  3,935 100.00 

*Fish family of commercial value. 
 

Fig. 3. Number of fish egg collected in three different neritic 
zones within the Sarawak EEZ of the South China Sea. 

 
 

Fig. 4. Number of families identified from the fish eggs 
collected in the three different neritic zones within the 
Sarawak EEZ of the South China Sea. 
 
 

Fig. 5. Density of fish egg collected in three different neritic 
zones in the Sarawak EEZ of the South China Sea. 

 
(8.55 FE.100 m-3) and Scombridae (7.82 FE.100 m-3) 
(Table 3). Based on zone, Carangidae, Clupeidae and 
Scombridae recorded the highest density in the inner 
neritic zone, while Scombridae, Mugilidae and 
Clupeidae showed the highest density in middle 
neritic zone. At outer neritic zone, the top three 
families that showed the highest density were 
Carangidae, Muraenidae and Clupeidae. However, two 
families, namely Kyphosidae and Malacostidae were 
absent in the inner neritic zone, while Sphyraenidae 
was absent in the middle and outer neritic zones 
(Table 3). 
 
Jaccard’s dissimilarity index of fish egg 
assemblages 
 
The details of Jaccard’s dissimilarity index are 
summarised in Table 4. Comparison of the index 
showed similar value with inner versus outer neritic 
zones which are 25 % dissimilarity in the family 
assemblages. Meanwhile, the middle versus outer 
neritic zones recorded 0 % indicating no differences 
in the assemblage 
 
Physicochemical water parameters of 
three different neritic zones 
 
The physicochemical parameters of the water column 
at three different neritic zones in the Sarawak EEZ of 
the South China Sea are summarised in Table 5. At the 
inner neritic zone, the temperature range was 
between 27.70 °C and 30.13 °C. Salinity values 
obtained in this study was between 33.60 PSU to 
34.80 PSU and the surface water showed lower 
salinity than the bottom water layer. The DO ranged 
from 4.83 mg.L-1 to 6.17 mg.L-1 and turbidity obtained 
was very low (0.01 NTU to 0.30 NTU). Whereas, the pH 
value ranged from 7.50 to 7.79. 
 
At middle neritic zone, the temperature range was 
lower than the inner neritic zone (21.68 °C to 28.90 °C). 
Salinity range at this zone was higher (34.00 PSU to 
35.13 PSU) than inner neritic zone. For DO, the range 
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Table 3. Density of fish egg per 100 m3 according to families that were collected at three different neritic zones in the Sarawak 
EEZ of the South China Sea. 
 

 Density (FE.100 m-3)  
Family Neritic zone Total 
  Inner Middle Outer   
Callionymidae 1.37 1.65 0.79 3.81 
Carangidae 5.74 2.15 3.22 11.11 
Clupeidae 3.74 2.31 2.50 8.55 
Cynoglossidae 1.13 1.99 1.67 4.79 
Kyphosidae 0.00 1.10 1.79 2.89 
Labridae 2.31 2.17 2.17 6.65 
Malacostidae 0.00 1.38 1.53 2.91 
Mugilidae 1.96 2.54 1.63 6.13 
Muraenidae 1.67 1.58 3.11 6.36 
Scombridae 3.42 2.79 1.61 7.82 
Soleidae 1.28 1.81 0.56 3.65 
Sphyraenidae 1.93 0.00 0.00 1.93 

 
 
Table 4. Jaccard’s dissimilarity index of fish eggs within three different neritic zones (inner, middle and outer) in the Sarawak 
EEZ of the South China Sea. 
 

Neritic zone Jaccard’s dissimilarity index (%) 

Inner vs Middle 25 
Inner vs Outer 25 
Middle vs Outer 0 

 
 
Table 5. Range values of in-situ physicochemical water parameters in the three different neritic zones according to depth profile 
in the Sarawak EEZ of the South China Sea. 
 

Neritic 
zone Station no. 

Depth  
(m) 

Temperature 
(°C) 

Salinity 
(PSU) 

DO 
(mg.L-1) 

Turbidity 
(NTU) pH 

Inner 48 34 27.70-28.31 33.60-34.10 4.83-6.17 0.01-0.30 7.74-7.79 

 2 37 27.75-29.60 34.03-34.80 5.30-6.10 0.01 7.68-7.73 

 6 50 29.20-30.13 34.10-34.80 5.74-6.00 0.01-0.07 7.50-7.76 

 Max-min value 2.43 1.20 1.34 0.29 0.29 

Middle 108 59 26.00-27.07 34.40-34.85 5.90-6.53 0.03-0.94 7.76-7.79 

 74 63 28.20-28.80 34.00-34.50 4.40-5.63 0.03-0.43 7.68-7.74 

 77 69 27.35-28.90 34.13-34.73 5.05-7.00 0.01-0.57 7.48-7.72 

 27 77 25.40-28.00 34.30-35.00 5.70-7.17 0.01 7.68-7.75 

 76 92 21.68-28.20 34.13-35.13 6.00-7.00 0.02-0.47 7.47-7.78 

 Max-min value 7.22 1.13 2.77 0.93 0.32 

Outer 116 104 21.70-28.80 34.20-35.35 5.60-7.10 0.01 7.53-7.75 

 133 105 20.70-28.70 33.10-35.23 4.73-7.53 0.06-0.83 7.48-7.75 

 139 113 21.20-28.01 33.00-35.30 4.93-7.50 0.13-0.96 7.55-7.75 

 118 121 21.00-29.13 34.20-35.33 4.70-7.50 0.01 7.47-7.73 

 130 135 19.60-28.70 34.30-35.30 4.70-7.50 0.01-0.24 7.56-7.70 

 136 150 18.80-27.23 34.47-35.23 4.70-6.00 0.07-0.75 7.43-7.76 

 117 153 20.30-27.90 33.00-35.40 6.20-7.53 0.01 7.53-7.78 

 Max-min value 10.33 2.40 2.83 0.95 0.35 

 
 
values were lower (4.40 mg.L-1 to 6.00 mg.L-1) than the 
inner neritic zone. The minimum value for turbidity 
was similar to the inner neritic zone but the maximum 
value was higher (0.01 NTU to 0.94 NTU). The 

minimum value of pH was lower than the inner neritic 
zone but the maximum value remained the same (7.47 
to 7.79). 
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At outer neritic zone, minimum temperature value 
was the lowest among the three zones (18.80 °C to 
29.13 °C). The salinity ranged from 33.00 PSU to 35.40 
PSU and this zone recorded the lowest minimum and 
the highest maximum salinity value among the three 
zones. The DO ranged from 4.70 mg.L-1 to 7.53 mg.L-1 
and this zone recorded the highest maximum value 
among the three zones. The range value of turbidity 
was almost similar to other zones (0.01 NTU to 0.96 
NTU). The minimum pH value was the lowest among 
the three zones (7.43 to 7.78). The outer neritic zone 
showed a wider range, followed by middle and inner 
neritic zones when comparing the differences 
between maximum and minimum values of each 
parameter among the zones. 

The depth profiles of temperature, salinity, pH, DO 
and turbidity were analysed according to three zones 
using Pearson correlation coefficient (Table 6). 
Temperature showed significant negative 
correlations with depth in the inner (weak) and outer 
(very strong) neritic zones while the salinity showed 
significant positive correlations with depth in inner 
(moderate) and outer (strong) neritic zones. For pH, it 
showed significant negative correlations in the middle 
(moderate) and outer (weak) neritic zones. For DO, 
significant positive correlations with depth were 
observed only in the outer (moderate) neritic zone. In 
contrast, turbidity did not show any significant 
correlation for all zones. 
 
 

 
Table 6. Pearson correlation coefficient between all physicochemical parameters of water (two-tailed) within three neritic zones 
Sarawak EEZ of the South China Sea. 
 

Neritic zone 
Temperature 
(°C) 

Salinity 
(PSU) 

pH 
DO 
(mg.L-1) 

Turbidity 
(NTU) 

Inner -0.393** 0.515** 0.208 0.002 0.073 
Middle -0.186 0.193 -0.552** 0.097 -0.015 
Outer -0.912** 0.656** -0.379** 0.475** 0.165 

**Significant at 0.01 level. 
 
 
Relationship between fish egg family 
abundance and distribution with 
environmental parameters according 
to zone 
 
The relationship between fish egg assemblages with 
the environmental variables in the Sarawak EEZ of the 
South China Sea is shown in CCA ordination diagram 
(Fig. 6). The CCA results on environmental parameters 
and fish egg family are best explained by Axis 1 and 2 
with a total variance of 70.39 %. The results of the 
permutation test of 999 showed that the test of axis 1 
and axis 2 canonical eigenvalues were 0.122 and 
0.076, respectively and the P value was less than 0.05, 
indicating that both canonical axes were statistically 
significant at P < 0.05. The position of the family on 
the CCA biplot is a reflection of the environmental 
conditions where it was found (Table 7). 
 
The longest CCA vector was zone, followed by 
temperature, salinity, DO, turbidity and pH (Fig. 6). It 
was observed that Malacostidae and Muraenidae were 
associated with the outer neritic zone, high salinity, 
DO and turbidity but low with temperature and pH. 
Besides, Labridae, Scombridae and Sphyraenidae 
were associated with inner neritic zone that had 
higher temperature and pH but less influenced by 
salinity, DO and turbidity. Seven families did not show 
any relationship with environmental factors. Two 
families namely Clupeidae and Kyphosidae were 
distributed in all the neritic zones (inner, middle and 
outer), while the other five families namely 
Callionymidae, Carangidae, Cynoglossidae, Mugilidae 

and Soleidae were distributed only in middle neritic 
zone. 
 
Discussion 
 
Composition, abundance and 
distribution of fish eggs 
 
The composition and assemblages of the fish egg are 
closely linked to various aspects such as fish type 
(pelagic and demersal), spawning sites, spawning 
behaviour, water current, depth, underwater 
topography and water parameters (Mandic et al., 
2014). In this study, the number of orders and families 
of fish eggs collected from the Sarawak EEZ were 
lower than the Vietnamese waters of the South China 
Sea which recorded nine orders and 14 families 
(Nguyen, 2001). Their study revealed three families, 
namely Clupeidae, Cynoglossidae and Soleidae that 
were also observed in the current study. The low 
similarity in composition between these studies may 
be due to different sampling months involved, in 
which Nguyen (2001) samples were obtained from 
April to May 1999, while the present study was done 
from August to October 2015. Sampling period has 
been reported to support fish assemblages of 
different composition, abundance and distribution 
(Curley et al., 2002; Chittaro, 2004). Besides, the 
depth of sampling area and the number of stations 
also can lead to different results, in which Nguyen 
(2001) samples were collected from 20 m to 4000 m 
depth at 58 stations while the samples in the present 
study were obtained from 20 m to 200 m depth at 38 
stations. The different month of the sampling period, 
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Table 7. Canonical component analysis (P = 0.05) for fish egg abundance with environmental parameters in the Sarawak EEZ of 
the South China Sea. 
 

 Axis Eigen value % of variance P value 

Fish egg abundance and 
environmental parameters 

1 
2 

0.122 
0.076 

43.41 
26.98 

0.003 
0.001 

 
 
 

 
Fig. 6. Biplot diagram of canonical correspondence analyses showing the relationship between the abundance of fish egg in the 
Sarawak EEZ of the South China Sea with six environmental variables at three neritic zones; inner, middle and outer. Symbols: 
X (inner), triangle (middle) and dot (outer); arrow represent the physicochemical water parameters such as temperature, pH, 
salinity, turbidity and DO. The fish egg codes are listed by the first letter of the family. 
 
 
depth of sampling area and sampling strategy for both 
studies lead to different findings as the abundance of 
fish eggs is linked to the reproductive strategies of 
adult populations and their life cycles (Hernandez-
Miranda et al., 2003). 
 
Different monsoon also leads to a low similarity in 
composition of fish eggs between both studies. In 
Malaysia, there are two monsoons and two 
intermonsoon seasons. The Northeast monsoon is 
between December and February and followed by 
intermonsoon between March and May, while the 
Southwest monsoon is between June and August and 
followed by another intermonsoon between 
September and November (Ara et al., 2011a). In 
contrast, Vietnam has only two monsoon seasons 
each lasting 6 months, the Southwest monsoon is 
from April to September and the Northeast monsoon 
is from October to late March or early April (Travelfish, 
2018). Thus, the sampling period of the current study 
was influenced by the Southwest monsoon and 
intermonsoon, while Nguyen (2001) sampled during 
Southwest monsoon in Vietnamese waters. Moreover, 
the different result for the composition of fish egg in 

Nguyen (2001) study and this study may be due to the 
different direction of sea current.  According to Akhir 
et al. (2014), the sea current is directed northward 
during the Southwest monsoon, while the Northeast 
monsoon reverses the direction of sea current. 
Besides, during the Southwest monsoon season, the 
sea current profile shows that it leans towards the 
coast of the South China Sea (Akhir, 2012). 
 
The abundance of fish eggs can also be related to the 
zones and their habitats. In this study, the most 
abundant fish eggs were collected at the inner neritic 
zone, which is relatively shallower than middle and 
outer neritic zones. Shallow areas may support more 
suitable habitats for fish survival like seagrass beds 
and coral reefs due to better light penetration and 
these habitats usually provide adequate shelter and 
food resources for adults compared to deeper waters 
(Mateo et al., 2006). 
 
The three most dominant fish eggs in the Sarawak 
EEZ water were from families Carangidae, Clupeidae 
and Scombridae and were found from all zones. The 
high density of selected fish egg of the three families 
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in the water column is known to be associated with 
their spawning season. Carangidae is reported to be 
widely distributed in the tropical Indo-Pacific region 
and their spawning season usually occurs in 
September to October (Clarke, 1996) which coincide 
with the sampling period of this study in the Sarawak 
EEZ. This perhaps explains the reason for the 
abundance of Carangid eggs in the present study. 
Whereas the Clupeidae can spawn all year round 
(Macedo-Soares et al., 2009) and their fish larvae are 
reported to be dominant in Malaysian waters (Ara et 
al., 2011b). Moreover, the spawning season of 
Scombridae occurs from September to April 
(Wheeler, 1985), which coincides with the sampling 
period done for this study. Another reason why these 
three families are dominant in this study is probably 
they consist of many genera and species and lead to 
the high abundance of eggs. 
 
In contrast, fish from the two families, namely 
Kyphosidae and Malacostidae are only found in middle 
and outer neritic zones. Even though Kyphosidae is 
usually found in shallow water, their adults sometimes 
swim in schools at outer neritic zone (Miller and 
Kendall, 2012). The adults of Malacostidae have been 
reported to inhabit the outer neritic zone (Miller and 
Kendall, 2012). This indicates that the nature of adult 
fish from Kyphosidae and Malacostidae might be the 
factor contributed to their eggs distribution as they 
spawn at their favourable habitats. In contrast, 
Sphyraenidae eggs were only collected at the inner 
neritic zone and in low density. The low density and 
distribution of Sphyraenid eggs were probably due to 
their unpredictable spawning period and patterns that 
differ according to different areas of the world (Blaber 
et al., 1997). 
 
Jaccard’s dissimilarity index of fish egg 
assemblages 
 
Based on the Jaccard’s dissimilarity index, the middle 
and outer neritic zones support the same fish eggs 
family assemblage, while comparison among other 
zones showed very low dissimilarities. This could be 
related to the influence of habitat homogeneity 
between middle and outer neritic zones, while the 
habitats at inner neritic zone may differ with the 
deeper water zones. Furthermore, the 
physicochemical parameters of water at inner neritic 
zone displayed narrower range values compared to 
middle and outer neritic zones. Ricklefs and Schluter 
(1993) suggest that both biotic and abiotic in the 
aquatic ecosystem may affect the composition and 
structure of fish egg community. 
 
Influence of physicochemical 
parameters of water to fish egg 
abundance and distribution 
 
Environmental parameters changed over time due to 
both anthropogenic and natural factors. The 
canonical correspondence analyses results showed 

that Malacostidae and Muraenidae were abundant in 
the habitat that is positively associated with an 
increase in salinity, DO and turbidity at the outer 
neritic zone. This is probably because the outer 
neritic zone receives oxygen through mixing by wind, 
currents and inflows (Poxton and Allouse, 1982). 
Moreover, the effect of salinity on the development of 
marine fish eggs was reflected by the availability of 
oxygen (Regner, 1996). Thus, spawning of 
Malacostidae and Muraenidae fishes seems to require 
favourable environmental conditions for eggs 
(Norcross and Shaw, 1984). Furthermore, 
Malacostidae and Muraenidae preferred habitat with 
higher turbidity, which probably was because of the 
reproductive strategies of adult fish to spawn 
(Hernandez-Miranda et al., 2003). 
 
For Labridae, Scombridae and Sphyraenidae, they can 
be found in a habitat that is positively associated with 
an increase in temperature and pH at inner neritic 
zone. Laprise and Pepin (1995) reported that 
temperature is important to fish egg and some fish 
require warm water for spawning (Nguyen, 2001). 
Although the Labridae, Scombridae and Sphyraenidae 
eggs seem to require higher pH, however lower pH 
values (7.50 to 7.79) were recorded at the inner neritic 
zone in this study compared to normal pH for the 
ocean (8.2). Thus, these families might be vulnerable 
to the ocean acidification problem. 
 
Conclusion 
 
This is the first attempt to investigate the fish egg 
composition, abundance and distribution in three 
zones with physicochemical parameters of waters in 
the Sarawak EEZ of the South China Sea. In total, 
3,935 fish eggs belonging to six orders from 12 
families were found in the study area. The highest fish 
egg density was recorded at inner neritic zone while 
the assemblage of fish egg family was similar at 
middle versus the outer neritic zones. Based on CCA, 
the abundance of Labridae, Malacostidae, 
Muraenidae, Scombridae and Sphyraenidae were 
influenced by all environmental parameters (zone, 
temperature, salinity, DO, turbidity and pH). 
Ichthyoplankton assemblages are very dynamic and 
can be influenced by many factors that change with 
monsoon seasons. Thus, a periodical survey needs to 
be conducted to establish a fishery-independent 
stock assessment for the management of fisheries at 
the Sarawak EEZ of the South China Sea. 
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