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ABSTRACT. — Among invertebrates living in estuarine ecosystems, shrimps are highly sought
after as protein sources by humans and other organisms. Shrimps have a short life cycle and
spend critical life stages in estuarine systems. Thus, changes in estuarine environmental param-
eters could influence shrimp distribution and abundance. This research aimed to determine eco-
logical parameters that influence shrimp diversity in Merbok estuary, a mangrove hotspot area
located in the northwest of Peninsular Malaysia. Six water quality parameters (temperature,
salinity, conductivity, pH, turbidity, and dissolved oxygen) were recorded at three zones (upper,
middle, and lower) along the estuary from September 2012 to March 2013. Shrimps were sam-
pled using barrier and stake nets. Three water parameters showed significant differences among
the sampling zones (p < 0.05) including salinity, conductivity, and pH. A total of nine species of
shrimps from three families (Penaeidae, Palaemonidae, and Alpheidae) were identified, with
Penaeus merguiensis being the dominant species in each zone. The species composition showed
no significant differences among zones. The middle zone had the highest diversity index, attrib-
uted to its stable environmental condition, resulting from the mixture of polyhaline and mesoha-
line sea nutrient sources. Shrimp abundance was negatively correlated with temperature, con-

ductivity, and pH, suggesting these as determinant factors for the assemblage.

INTRODUCTION

Many aquatic species are diadromous, splitting their
lifecycles between freshwater and marine habitats. They
begin their lives in one environment and soon thereafter
migrate to another, where they spend most of their lives
feeding until reaching reproductive maturity. The indi-
vidual then returns to its birth habitat, completing the life
cycle (Bauer 2013, Sampaio & Martinelli-Lemos 2014).
Therefore, marine and freshwater ecosystems serve as
crucial habitats for numerous species of fishes, bivalves,
gastropod snails, and shrimps for their continued exis-
tence (Adnan ef al. 2002, Bauer 2013). These migrations
are also ecologically essential as they stimulate the export
and import of productivity between freshwater and marine
environments (Bauer 2013).

The estuarine area is a variable environment due to its
position between the watersheds and the sea. It is sub-
jected to abrupt changes in physical condition factors due
to tidal patterns and the mixing of marine and freshwa-
ter (McLusky & Elliot 2004, Ramos et al. 2008). These
changes pose numerous challenges to the survival of
post-larvae and juvenile stages, which are already at risk
of predation and cannibalism. However, these inshore

habitats are an essential part of the life-supporting sys-
tem through provision of nurseries and feeding grounds,
including for offshore populations (Jansson et al. 1988,
Rajendran & Kathiresan 2004). In this context, estuaries
that link marine and non-marine habitats acts as an impor-
tant channel for these animals to migrate into and out of
the area. In particular, Diop et al. (2007) highlighted that
the estuary is crucial for the optimal growth of the shrimp
for its nursery function.

Malaysia is located in the Indo-Malay-Philippines
Archipelago (IMPA), a region recognized as harbouring
highly diverse marine biological resources (Carpenter &
Springer 2005) and a rich breeding ground for these fau-
nal assemblages (Myers et al. 2000). The Merbok estu-
ary is one of the most important mangrove ecosystems
in Malaysia, connecting the Sungai (river) Merbok with
the Jerai National Geopark area. Located in the northern
Peninsular Malaysia, it is a globally recognized man-
grove hotspot. Like other similar habitats, it functions as
a channel of migration for aquatic organisms. The estu-
ary receives marine inflow from the Strait of Malacca and
freshwater from surrounding streams and land runoff. Its
eight tributaries irrigate the surrounding area of 816 km?,
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contributing to the diversity of the ecosystem flora and
fauna (Nor et al. 2019, Ali et al. 2021).

The Merbok estuary is recognized as an important
nursery ground for fishes and shrimps and habitat for
mollusks, critical biological resources which support
artisanal fisheries of the local community (Mansor et al.
2012). This habitat is surrounded by various industries,
including aquaculture, agricultural, and residential areas
(Jusoff 2008, Kamrudzamana et al. 2012, Fatema et al.
2014). While this augurs well for the economy in the short
term, there are many challenges in maintaining ecosystem
sustainability, which will ultimately influence socio-eco-
nomic activities. Thus, information on how anthropogenic
activities affect the natural resources of this river-estua-
rine is crucial for developing conservation strategies.

Shrimps are one of the most ecologically and economi-
cally significant inshore groups (Venugopal & Gopa-
kumar 2017). As shrimps have a short life cycle and are
particularly sensitive to environmental conditions, their
assemblages within estuarine ecosystems are often influ-
enced by biotic and abiotic factors (Akin ef al. 2003,
Fauziyah et al. 2019). Little is known about the assem-
blage patterns of shrimps in the Malaysian estuary and
the environmental variables involved (Hayase & Haron
2002, Jamizan & Chong 2017). Therefore, the present
work aims to investigate the diversity and distribution of
shrimp in Merbok estuary and the water quality param-
eters that influence the shrimp assemblage. These envi-
ronmental health indicators will be useful for strategizing
conservation of this river-estuarine ecosystem to protect
and nurture the post-larvae and juveniles before migrat-
ing out into the open sea as adults.

vx//

Fig. 1. — Sampling stations at
upper, middle, and lower zones
of Merbok estuary, Kedah (Inset:
Map of Peninsular Malaysia and
Sumatra, Indonesia). * Sungai
(=river).

Strait of Malacca

MATERIALS AND METHODS

Sampling area: The Sungai Merbok estuary is located
in the northern part of Peninsular Malaysia (Fig. 1), lying
between 100°20°57.33”E, 5°40°53.74”N and 100°30°24.56"E,
5°42°13.46”N. The river originates near the town of Bedong
and drains into the Strait of Malacca. Many small tributaries
flow into the Merbok estuary, as Sungai Merbok is the major
river flowing through the area. The length of Sungai Merbok is
about 35 km, with depth ranges from 3-15 m (Ong et al. 1991).
The estuary width ranges from approximately 20 m at the upper
reaches to 2000 m at the mouth (Mansor ef al. 2012, Ismail &
Ibrahim 2015).

The sampling area was divided into three zones (Fig. 1) based
on the river topography; upper, middle and lower, following
Mansor et al. (2012). Two stations were selected at each zone
based on stake nets locations for ease of sampling. Bimonthly
sampling was conducted from September 2012 to March 2013,
focusing on the spatial gradient.

Water quality parameters and sample collection: Six surface
water quality parameters were recorded in-sifu in triplicates at
each station. Salinity, temperature, and conductivity were mea-
sured using YSI Pro 1030, pH and dissolved oxygen were mea-
sured using YSI Pro 1020, while turbidity was recorded using a
Secchi disk. Shrimp samples were collected using two types of
nets, barrier and stake nets, deployed at each station. A barrier
net was deployed at the riverbank during low tides. The length
of this net was about 250 meters, while the height was about
3-5 meters, with a mesh size of 2.5 cm. This net was used to
catch species that inhabit shallow muddy mangrove areas. On
the other hand, the stake net, also known as bag net, has a small-
er mesh size (1.5 cm) than the barrier net. The stake net was
installed permanently by local fishermen in the middle of water
bodies, designed to collect the smaller shrimp species inhabiting

Peninsular
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deeper waters. In the laboratory, the collected shrimp samples
were enumerated and identified to the species level based on the
taxonomic keys of Abu-Talib & Mahyam (1986) and the World
Register of Marine Species (WoRMS 2013).

Statistical analyses: Data on water parameters and shrimp
composition were log,o(x + 1) transformed and subjected to the
Shapiro-Wilk test to assess any deviation from a normal distri-
bution (Oztuna et al. 2006). Based on normally distributed data
(>0.05), the mean comparisons for water parameters and shrimp
composition among the three sampling zones, were analyzed by
the parametric one-way ANOVA. Pearson correlation was con-
ducted to determine relationships between water variables and
shrimp abundance. All analyses were tested based on a 95%
confidence limit at p = 0.05. The mean comparison and Pearson
correlation analyses were performed using IBM SPSS version
21 (Arbuckle 2012).

All ecological indices for species richness, diversity, even-
ness, and dominance were based on the rarefaction method.
Rarefaction is a statistical procedure to standardize data due
to unequal sample numbers among sites (Hughes ef al. 2001).
Thus, a valid comparison of species richness from samples of
different sizes can be made after conducting “rarefaction” to
standardize the number of individuals among sites (Chiarucci et

al.2009). The rarefaction procedure was made by scaling down
the number of individuals to the lowest number incorporated in
the EcoSim statistical software version 7 (Gotelli & Entsminger
2001).

RESULTS

Spatial variations in water quality parameters
of Merbok estuary

All water parameters, namely water temperature, con-
ductivity, transparency, salinity, water pH, and dissolved
oxygen, showed spatial variations in mean values among
the three zones (Fig. 2). Temperature, conductivity, salin-
ity, and pH were lowest in the upper zone and highest
in the lower zone. The mean water temperature zones
ranged from 29.33° C + 0.27° C (upper) to 29.61° C £
0.08° C (lower). The upper zone recorded the lowest
mean conductivity (221.13 uS/cm + 4.61 uS/cm), while
the lower zone recorded the highest (297.87 uS/cm +
2.69 uS/cm). The salinity in the sampling zones ranged
from 16.49 ppt + 4.14 ppt (upper) to 22.70 ppt + 1.61 ppt
(lower). The water pH ranged from 6.88 + 0.06 (upper)
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Table I. — Occurrence of shrimp species at three sampling zones of Merbok estuary.

Family Species Common name Sampling zones
Upper Middle Lower

Alpheidae Alpheus euphrosyne Nymph snapping shrimp 16 2 2

Palaemonidae Palaemon styliferus Roshma prawn 12 12 9
Macrobrachium equidens Rough river shrimp 520 582 170

Macrobrachium nipponense Oriental river prawn 1 6 0
Penaeidae Penaeus merguiensis Banana shrimp 1112 761 852
Penaeus monodon Tiger shrimp 148 105 105

Metapenaeus dobsoni Kadal/Flower tail shrimp 350 437 60
Metapenaeus ensis Greasy back shrimp 119 65 134
Metapenaeus lysianassa Bird shrimp 158 328 252
Total number of individuals 2436 2298 1584

Total number of species 9 9 8

Total number of families 3 3 3

Fig. 3. — Shrimp species of Merbok estuary. A: Penaeus merguiensis de Man, 1888; B: Macrobrachium equidens Dana, 1852; C:
Metapenaeus dobsoni Miers, 1878; D: Metapenaeus lysianassa De Man, 1888; E: Penaeus monodon Fabricius, 1798; F: Metapenaeus
ensis De Haan, 1844; G: Alpheus euphrosyne De Man, 1897; H: Macrobrachium nipponense De Haan, 1849.

Vie Milieu, 2022,73 (1-2)
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Fig. 4. — Percent relative abundance of shrimp species at the upper, middle, and lower zones of Merbok estuary.
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to 7.24 £ 0.09 in the lower zone. Mean transparency con-
centrations varied from 73.73 cm + 3.48 cm (middle) to
84.01 cm + 13.54 cm (upper). Dissolved oxygen was the
lowest in the middle zone (3.42 mg/L + 0.20 mg/L), while
the lower zone had the highest mean value (4.43 mg/L
+0.85 mg/L). However, only three parameters, namely
conductivity, salinity, and pH, were significantly different
(p <0.05) among sampling zones, where the upper zone
recorded the lowest values compared to that of the middle
and lower zones.

Shrimp diversity in Merbok estuary

A total of three families comprising nine species were
recorded in this study. Penaeidae was the most dominant
family with five species, followed by Palaemonidae with
three species, while another family, Alpheidae, was only
represented by a single species (Table I). Nine species
were recorded at both upper and middle zones, while eight
were recorded at the lower zone. Species richness at the
former zones surpassed that at the latter by only one spe-
cies, Macrobrachium nipponense. The highest abundance
of shrimp was recorded at the upper zone with 2436 indi-
viduals, followed by the middle zone and lower zone with
2298 and 1584 individuals, respectively. Several species
are illustrated in Fig. 3. Penaeus merguiensis dominated
all sampling zones (Fig. 4). Shrimp composition was not
significantly different between zones (p > 0.05).

——_ Penaeus monodon

5.67%

Metapenaeus lysianassa
11.68%

\
\ Metapenaeus dobsoni

13.41%

Fig. 5. — Percent relative abun-
dance of shrimp species in the
Merbok estuary

The dominant family, Penaeidae contributed 78.92 %
of the total abundance at all three zones, followed by
Palaemonidae (20.77 %) and Alpheidae (0.32 %). The
dominant species, Penaeus merguiensis de Man, 1888
[in de Man, 1887-1888] made up 43.13 % of the rela-
tive abundance, followed by Macrobrachium equidens
Dana, 1852 (20.13 %), Metapenaeus dobsoni Miers, 1878
(13.41 %), Metapenaeus lysianassa de Man, 1888 [in de
Man, 1887-1888] (11.68 %), Penaeus monodon Fabr-
icius, 1798 (5.67 %), Metapenaeus ensis De Haan, 1844
[in De Haan, 1833-1850] (5.03 %), Palaemon styliferus
H. Milne Edwards, 1840 [in H. Milne Edwards, 1834-
1840] (0.52 %), and Alpheus euphrosyne de Man, 1897
[in de Man, 1895-1898] (0.32 %), while Macrobrachium
nipponense De Haan, 1849 [in De Haan, 1833-1950]
(0.11 %) was the least dominant (rare) species in the Mer-
bok estuary (Fig. 5).

Ecological indices of shrimp abundance in Merbok
estuary

The average rarefaction indices based on the lowest
value (1584) among the three zones (Table I) is presented
in Fig. 6. The species richness was slightly higher in the
middle zone (8.91) compared to that at the upper (8.65)
and lower (8.00) zones (Fig. 6). Similarly, high diversity
(Shannon) and evenness (Hulbert’s Pie) were observed in
the middle zone, followed by the upper and lower zones.

Vie Milieu, 2022, 73 (1-2)
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Fig. 6. — Rarefaction curve of ecological indices of shrimp assemblages at upper, middle, and lower zones of Merbok estuary conducted
at N = 1584 for (A) Species richness, (B) Shannon Diversity, (C) Hulbert’s Pie, (D) Dominance.

On the other hand, the species dominance was slight-
ly higher at the lower zone, D = 0.54 than at the upper,
D =0.46, and middle, D = 0.33. However, there were no
significant differences (p > 0.05) in richness, diversity,
evenness, and dominance indices of shrimp assemblages
among the upper, middle, and lower zones of the Merbok
estuary.

Relationships between water quality parameters
and shrimp abundance

The correlation between water quality parameters and
shrimp abundance in the Merbok estuary is shown in

Table II. The distribution of A. euphrosyne, P. styliferus,
M. equidens, and P. monodon is negatively correlated
(p <0.05) with the temperature. In addition, A. euphrosyne
and P. monodon are negatively correlated (p < 0.05) with
pH and conductivity. Although the correlation are insig-
nificant (p > 0.05), abundance of A. euphrosyne, P. mer-
guiensis and P. monodon could be found at lower salin-
ity environment, while the distribution of P. styliferus and
M. equidens are negatively correlated with pH. Moreover,
M. dobsoni and P. merguiensis are negatively correlated
with temperature and conductivity, respectively. There
was no correlation between dissolved oxygen and trans-
parency with the shrimp distribution.

Table II. — Pearson correlation between water quality parameters and shrimp abundance in the
Merbok estuary, Temperature (TEMP, °C), Conductivity (COND, uS/cm), Transparency
(TRAN, cm), Salinity (SAL), pH (pH) and Dissolved Oxygen (DO, mg/L). * Significant corre-

lation (p < 0.05)

Species name TEMP COND TRAN SAL pH
Alpheus euphrosyne -0.837* -0.835" -0.769 -0.828*
Palaemon styliferus -0.884* -0.755
Macrobrachium equidens -0.867" -0.737
Macrobrachium nipponense

Metapenaeus dobsoni -0.761

Metapenaeus ensis

Metapenaeus lysianassa

Penaeus merguiensis -0.788 -0.742

Penaeus monodon -0.837* -0.835" -0.769 -0.828"

Vie Milieu, 2022,73 (1-2)
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DISCUSSION
Shrimp diversity in Merbok estuary

Our study is the first comprehensive report of shrimp
diversity and distribution in a mangrove hotspot, the
Merbok estuary located in northern Peninsular Malaysia.
Although shrimps, especially Peneaus spp. and Metape-
neaus spp. (Penaeidae), are the most popular species for
fisheries and aquaculture globally (Songsangjinda et al.
2005, Manan & Ikhwanuddin 2021), there is a paucity of
scientific knowledge on the shrimps’ diversity in estuarine
and coastal areas, which is critical for shrimp resource
management (Hajisamae & Yeesin 2014). In Malay-
sia, shrimp diversity and distribution studies have been
reported from the mangrove areas of the Matang River,
Perak (Liu et al. 2015), Kuala Selangor, Selangor (Lee et
al.2013), Klang Strait, Selangor (Sasekumar ef al. 1992)
and in several ecosystems along the Johor Strait, off Sin-
gapore Island (Upanoi 2015). Notably, scientific data on
shrimp diversity and abundance in the Merbok estuary
are scarce; a 1996-1998 study by Hayase & Haron (2002)
and another in 2009 (Jamizan & Chong 2017), where six
and five species were recorded, respectively compared to
nine in the current study. Taken together, this gives a total
of 13 species recorded in the Merbok estuary (Jamaluddin
et al. 2019). Therefore, this study is a significant contri-
bution to shrimp diversity and distribution information,
which could facilitate effective monitoring and manage-
ment of shrimp fisheries in this critical biodiversity area.

An unbiased comparison of species diversity and dis-
tribution among the sampling areas of different Malaysian
estuaries is not possible considering the non-uniformity
of the sampling parameters. However, we noticed sever-
al trends which may indicate causal relationships of the
diversity variation. In comparison to the nine species in
the current study, eight was recorded at Kuala Selangor
(Lee et al.2013) and a higher diversity of 18 penaeid spe-
cies in the northern and northeastern coasts of Singapore,
along the Johor Strait (Upanoi 2015). The differences
in species diversity recorded could be attributed to sev-
eral factors; spatial coverage of sampling sites, duration
of data collection, sampling gear (efficiency and set up),
and sampling period (breeding, tides, etc.). For example,
Upanoi (2015) sampled from various habitats, including
mangrove creek, river mouth, seagrass bed, and subtidal
seabed, compared to the current single ecosystem. From
the total 18, only five species were recorded in the single
mangrove creek. On the other hand, the eight species doc-
umented in Lee et al. (2013) were collected from two dif-
ferent mangrove sites in Selangor through monthly sam-
pling over a six month period, while the current study was
conducted at six stations bimonthly, for seven months.
Thus, increasing the habitat coverage appears a better
strategy than frequency of survey due to habitat-specific
species preferences.

Gear selection is another important factor. Previous
Merbok surveys involved only otter trawling (Hayase &
Haron 2002, Jamizan & Chong 2017). Despite the longer
sampling duration (34 months, and seven months, respec-
tively), fewer species were recorded. Our dual fishing
gear strategy resulted in more species capture. For exam-
ple, Metapenaeus dobsoni could only be trapped in stake
nets, Penaeus monodon using barrier nets, while the rest
were obtained from both. Utilizing nets of variable mesh
sizes (2.5 cm and 1.5 cm vs 3.8 cm in Lee et al. 2013)
offers another advantage (Mansor ef al. 2010, Hamid et
al.2015). This permitted the small M. lysianassa, as well
the large P. merguiensis, to be caught. Thus, all methods
for fish collection involve some degree of size selectiv-
ity, either due to the physical characteristics of the gear,
behavioral responses to the gear or the spatial distribution
of the target population (Christiansen et al. 2022).

In addition to Penaeidae, the other two families pres-
ent were Palaemonidae and Alpheidae. Palaemonidae is
the second largest family of suborder Caridae (De Grave
et al. 2008), represented by Macrobrachium equidens,
M. nipponense, and Palaemon styliferus. They have
been reported in the mangrove-estuarine ecosystems of
the Matang River (Liu ef al. 2015) and Kuala Selangor
(Lee et al. 2013). Holthuis (1980) and Salman & Bishop
(1990) reported that adult genera Macrobrachium and
Palaemon are usually found in freshwater while imma-
ture stages in brackish waters, particularly in tropical and
subtropical regions. However, although members of the
genus Macrobrachium are recognized as ‘freshwater’
shrimps, several are entirely restricted to estuaries (Short
2004). Thus, our current study is in agreement with the
hypotheses and findings of previous researchers on the
habitat distribution of the shrimps. The family Alphiedae
was represented here by only Alpheus euphrosyne. This
species is also known as mangrove shrimps as it prefers
muddy estuarine areas of mangrove swamps (Banner &
Banner 1982). This is hardly surprising as most members
of this species-rich family are marine with a few fresh-
water species. But other carideans may tolerate season-
al freshwater or polyhaline waters, such as those found
in river-estuary environments (De Grave ef al. 2008).
Apparently, the muddy estuarine mangrove of Merbok
provides favorable habitat for the estuarine A. euph-
rosyne.

Our study highlights the importance of the Merbok
estuary-mangrove ecosystem as a critical habitat for food
and refuge for the shrimps to grow and develop. This is
evident through the study by Fatema et al. (2015) which
documented high food resources in the Merbok estuary.
Similarly, Macia (2004) concluded that the main factor in
the selection of post-larvae and juveniles nursery area is
the food availability. Juvenile shrimps feeding on decom-
posed leaves of mangroves, e.g., Rhizophora mucronata
showed good growth and high food conversion efficiency
(Rajendran & Kathiresan 2004). Furthermore, choles-

Vie Milieu,2022,73 (1-2)
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terol diet extracted from R. apiculata leaves promote
the growth, assimilation, and production of P. indicus
(Ramesh & Kathiresan 1992). The Merbok estuary also
provides shelter through the prop roots, fallen trees, chan-
nels, and other obstructions concealing them from larger
predators, as noted in other studies (Primavera 1998, Lae-
gdsgaard & Johnson 2001, Ronnbick ef al. 2002). Fur-
thermore, the high turbidity of estuarine water reduces
predator visual efficiency (Johnson & Sheaves 2007,
Hajisamae & Yeesin 2014).

The distribution of shrimp assemblages is governed
by the specific preference/dependency of each species
(Hajisamae & Yeesin 2014). The adult estuarine-depen-
dent species, M. equidens and M. nipponense from the
family Palaemonidae (Ferreira et al. 2010), were found
more abundant in the upper and middle zones. Generally,
the estuarine species survive in freshwater when adults,
but as the larval stage occurs in brackish water, the spe-
cies’ distribution is limited to rivers that flow directly to
the sea (Mossolin & Bueno 2002). However, as expected,
marine-dependent species (such as Penaeidae) were abun-
dant at the lower zone. In addition to salinity and temper-
ature, species composition in the lower reaches was also
related to other factors, such as the seasonal migration of
marine-dependent species (Smith & Parrish 2002). This
could be in response to phytoplankton biomass and nutri-
ent availability in the spring tide due to out-welling from
the mangrove swamp and creek (Tanaka & Choo 2000).
On the other hand, the brackish and marine habitat adapt-
able species, P. styliferus were equally distributed across
the three zones.

Ecological indices of shrimp abundance in Merbok
estuary

The middle zone harbored the highest shrimp species
diversity. The mixture of polyhaline and mesohaline sea
nutrient sources creates a suitable and stable habitat in the
middle zone (connecting zone), contributing to a higher
diversity and richness of shrimps. Related to this is its
high evenness index (Clarke & Warwick 2001). It also
provides a good nursery and shelter ground for penaeid
and palaemonid juveniles (Mansor et al. 2012). The low
richness and diversity indices in the lower zone is attrib-
uted to the extreme environmental conditions where
some species such as Macrobrachium shrimp, could not
withstand the high temperature and salinity concentra-
tion (Lal ef al. 2012, Chand et al. 2015). Peneaus mer-
guiensis dominated, followed by M. lysianassa, which
contributed to the slightly higher dominance value in this
lower zone. Similarly, the upper zone is typically domi-
nated by low salinity tolerant freshwater species such as
M. ensis juveniles (Pensri & Suchat 1996, Hajisamae &
Yeesin 2014).

Relationships between water quality parameters
and shrimp abundance

Changes in biotic and abiotic environmental variables
(such as salinity, water temperature, food availability)
and the interaction of these environmental factors creates
a stable environmental condition for shrimp assemblag-
es, growth, and survivorship (Akin et al. 2003, Pombo
et al. 2005, Fauziyah et al. 2019). The most crucial abi-
otic factor that affects shrimp distribution and growth is
water temperature since it determines habitat selection
and induces the molting cycle (Zacharia & Kakati 2004).
Even slight variations in water temperature could impact
the aquatic ecosystems, thus affecting the life cycles of
marine organisms (Azra et al. 2020). High temperature
causes continuous evaporation, reducing water flow and
consequently increases the organic matter. Therefore,
high water temperatures can rapidly regenerate the nutri-
ents through microbial action (Lewis 2000, Adam et al.
2001). Optimal water temperature is needed for survival
and molting (Adnan et al. 2002, Chand et al. 2015). The
water temperature (20° C to 35° C) at Merbok estuary lies
within the range of the optimum temperature for growth
in the tropics (Vijayan & Diwan 1995), attributing to its
diversity.

Water salinity also influences shrimp distribution and
growth (Zacharia & Kakati 2004, Samphan er al. 2015).
Several post-larvae and juvenile species could inhabit high
salinity environments, while others dwell in low salinity
environments (Vijayan & Diwan 1995). The salinity in
the Merbok estuary (15-24 ppt) is within the acceptable
range of 15-25 ppt (Bett & Vinatea 2009). Extreme salini-
ties of < 5 ppt and > 35 ppt, could inhibit the molting pro-
cess, and causing mortality (Fast & Lester 2013). How-
ever, most Penaeus shrimps can survive a wide range of
salinity in their life cycles (Zacharia & Kakati 2004, Rahi
et al.2021), evident by the high occurrences of P. mer-
guiensis and P. monodon at all sampling zones of Merbok
estuary. Both species prefer a lower salinity environment
during juvenile and then migrate to higher salinity areas
as they grow into the adult stage (Nisa & Ahmed 2000,
Chaitanawisuti ef al. 2013). In agreement with other stud-
ies, A. euphrosyne was recorded as a low salinity tolerant
species, limited to the upper zone (De Grave et al. 2008).

Water pH is another factor that affects the growth of
several shrimp species (Bhuiyan & Nessa 1998) as it is
involved in the molting process regulation. Extreme acid-
ic (< 4.5) and alkaline (> 9) conditions are detrimental to
growth (Vijayan & Diwan 1995). The ideal range of water
pH is between 6.5 and 7.5 (Angell 1998) while pH 5.5
depresses the growth of P. monodon (Allan & Maguire
1992). We observed favorable condition of pH 6.83-7.02
in the estuary, another contributing factor for the high
abundance of particular species.

Shrimp species diversity is also associated with water
conductivity. The Merbok estuary is exposed to various
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anthropogenic perturbations from nearby oil palm planta-
tions, paddy cultivations, aquacultures, and other human
activities, resulting in higher conductivity values at the
middle and lower zones due the chemical discharges
(Mansor et al. 2012). The abundance of P. merguiensis,
P. monodon, and A. euphrosyne was inversely related to
the conductivity. This suggests that the three species are
more sensitive to such environmental disturbances than
other shrimp species in the Merbok estuary.

Although this study revealed that water tempera-
ture, conductivity, salinity, and pH impacted the relative
abundance of shrimp in the Merbok estuary, it should be
recognized that other parameters could also play a role.
As reported by Fauziyah et al. (2019) in their study at
Banyuasin coastal waters, Indonesia, biotic and abiotic
factors such as seabed features, food availability, tidal
and sea-level patterns, community composition, interac-
tions among species, and the reproductive strategies of
its component species could influence benthic communi-
ties. These factors interact to influence the species’ occur-
rence and their biology, eventually leading to an adaptive
process throughout evolution, that facilitates the species’
capacity to cope with environmental changes (Furlan et
al.2013). However, our study could not differentiate the
individual influence of these factors in the estuary.

As the Merbok estuary offers an excellent environment
for all (or most) life stages of numerous estuarine-depen-
dent species, its protection is critical for conserving the
marine and estuarine fisheries. This can only be achieved
through regulations and awareness by the stakeholders,
particularly the local community dependent on artisanal
fishing especially of highly economically important spe-
cies such as M. ensis and P. monodon (Jamizan & Chong
2017, Pickens et al. 2021).

In conclusion, this study highlights the importance
of the Merbok estuary in supporting the high shrimp
diversity composing of nine species; i.e., P. merguien-
sis, P. monodon, M. ensis, M. lysianassa, M. dobsoni,
M. equidens, M. nipponense, P. styliferus, and A. euphro-
syne. The biotic resources in the Merbok estuary, such as
shrimp are exposed to environmental fluctuations (water
salinity, conductivity, and pH) but are generally within
favorable limits. In addition, the tidal cycle and physi-
cal activities near the river contribute towards the various
species’ distribution and abundance. However, thorough
monitoring needs to be conducted for the long-term con-
servation of the fisheries resources associated with the
anthropogenic factors along the Merbok estuary. This
study also supports that the mangrove along the riverbank
of this estuary has provided a favorable habitat for shrimp
protection, development and survival.

ACKNOWLEDGMENTS. — We would like to thank the staff of
the School of Biological Sciences and Centre for Marine and
Coastal Studies (CEMACS), Universiti Sains Malaysia for pro-
viding the physical facilities to carry out this research. Special
thanks goes to Prof Jackson of the Mississippi State University

for his valuable inputs and suggestions on the manuscript. The
appreciation also goes to Institute of Oceanography and Envi-
ronment, Universiti Malaysia Terengganu for the support in
finalising the manuscript. This project was funded by the Minis-
try of Energy and Natural Resources (304.PBIOLOGI.6501119.
K130).

REFERENCES

Abu-Talib A, Mahyam MI 1986. Panduan mengenalpasti jenis-
jenis udang laut dagangan di Malaysia. Jabatan Perikanan,
Kementerian Pertanian Malaysia, Kuala Lumpur.

Adam S, Pawert M, Lehmann R, Roth B, Miiller E, Triebskorn R
2001. Physicochemical and morphological characterization
of two small polluted streams in southwest Germany. J Aqua
Ecosys Stress Recov 8(3): 179-194. https://doi.org/10.1023/
A:1012924825380

Adnan NA, Loneragan N, Connolly R 2002. Variability of, and
the influence of environmental factors on, the recruitment of
postlarval and juvenile Penaeus merguiensis in the Matang
mangroves of Malaysia. Mar Biol 141(2): 241-251. https://
doi.org/10.1007/s00227-002-0837-2

Akin S, Winemiller KO, Gelwick FP 2003. Seasonal and spatial
variations in fish and macrocrustacean assemblage structure
in Mad Island Marsh estuary, Texas. Estuar Coast Shelf Sci
57(1-2): 269-282. https://doi.org/10.1016/S0272-
7714(02)00354-2

Ali MA, Abd-Halim MH, Masnan SSK, Saidin MM 2021. The
biological diversity of Sungai Merbok in fulfill requirement
of criteria for natural tourism. Quant J Soc Sci Hum 2(4):
53-66. https://doi.org/10.55197/qjssh.v2i4 .84

Allan GL, Maguire GB 1992. Effects of pH and salinity on sur-
vival, growth and osmoregulation in Penaeus monodon Fabr-
icius. Aquaculture 107(1): 33-47. https://doi.
org/10.1016/0044-8486(92)90048-P

Angell CL 1998. Coastal aquaculture zoning in Sri Lanka. Tech-
nical Cooperation Program, FAO, Bangkok, Thailand.

Arbuckle JL 2012. IBM SPSS Amos 21 user’s guide. IBM Cor-
poration. Chicago.

Azra MN, Aagqillah-Amr MA, Ikhwanuddin M, Ma,H, Waiho K,
Ostrensky A, Abol-Munafi AB 2020. Effects of climate-in-
duced water temperature changes on the life history of
brachyuran crabs. Rev Aquac 12(2): 1211-1216. https://doi.
org/10.1111/raq.12380

Banner DM, Banner AH 1982. The Alpheid Shrimp of Australia.
Australian Museum.

Bauer RT 2013. Amphidromy in shrimps: a life cycle between
rivers and the sea. Latin Am J Aquat Res 41(4): 633-650.
http://dx.doi.org/103856/vol41-issue4-fulltext-2

Bett C, Vinatea L 2009. Combined effect of body weight, tem-
perature and salinity on shrimp Litopenaeus vannamei oxy-
gen consumption rate. Braz J Oceanogr 57(4): 305-314.
https://doi.org/10.1590/S1679-87592009000400005

Bhuiyan AS, Nessa Q 1998. A quantitative study of zooplankton
in relation to the physico-chemical conditions of a freshwater
fish pond of Rajshahi. Univ J Zool Rajshahi Univ 17: 29-317.
https://doi.org/10.3329/ujzru.v27i0.1951

Carpenter KE, Springer VG 2005. The center of the center of
marine shore fish biodiversity: the Philippine Islands. Environ
Biol Fish 72(4): 467-480. https://doi.org/10.1007/s10641-
004-3154-4

Vie Milieu,2022,73 (1-2)


https://doi.org/10.1023/A:1012924825380
https://doi.org/10.1023/A:1012924825380
https://doi.org/10.1007/s00227-002-0837-2
https://doi.org/10.1007/s00227-002-0837-2
https://doi.org/10.1016/S0272-7714(02)00354-2
https://doi.org/10.1016/S0272-7714(02)00354-2
https://doi.org/10.55197/qjssh.v2i4.84
https://doi.org/10.1016/0044-8486(92)90048-P
https://doi.org/10.1016/0044-8486(92)90048-P
https://doi.org/10.1111/raq.12380
https://doi.org/10.1111/raq.12380
http://dx.doi.org/103856/vol41-issue4-fulltext-2
https://doi.org/10.1590/S1679-87592009000400005
https://doi.org/10.3329/ujzru.v27i0.1951
https://doi.org/10.1007/s10641-004-3154-4
https://doi.org/10.1007/s10641-004-3154-4

10 A.A.D.NURILI,A. H. MUZZALIFAH, 1. IZWANDY ET AL.

Chaitanawisuti N, Santhaweesuk W, Wattayakorn G 2013. The
combined effects of temperature and salinity on survival of
post larvae tiger prawn Penaeus monodon under laboratory
conditions. Agric Sci 4(6): 53. http://dx.doi.org/10.4236/
as.2013.46A008

Chand BK, Trivedi RK, Dubey SK, Rout SK, Beg MM, Das UK
2015. Effect of salinity on survival and growth of giant fresh-
water prawn Macrobrachium rosenbergii (de Man). Aquac
Rep 2: 26-33. https://doi.org/10.1016/j.aqrep.2015.05.002

Chiarucci A, Bacaro G, Rocchini D, Ricotta C, Palmer MW,
Scheiner SM 2009. Spatially constrained rarefaction: incor-
porating the autocorrelated structure of biological communi-
ties into sample-based rarefaction. Comm Ecol 10: 209-214.

Christiansen HM, Solomon JJ, Switzer TS, Brodie RB 2022.
Assessing the size selectivity of capture gears for reef fishes
using paired stereo-baited remote underwater video. Fish Res
249: 106234. https://doi.org/10.1016/j fishres.2022.106234

Clarke KR, Warwick RM 2001. A further biodiversity index
applicable to species lists: variation in taxonomic distinctness.
Mar Ecol Prog Ser 216: 265-278. https://doi.org/10.3354/
meps216265

De Grave S, Cai Y, Anker A 2008. Global diversity of shrimps
(Crustacea: Decapoda: Caridea) in freshwater. Hydrobiologia
595(1): 287-293. https://doi.org/10.1007/s10750-007-9024-2

Diop H, Keithly Jr WR, Kazmierczak Jr RF, Shaw RF 2007. Pre-
dicting the abundance of white shrimp (Litopenaeus setiferus)
from environmental parameters and previous life stages. Fish
Res 86(1): 31-41. https://doi.org/10.1016/j.
fishres.2007.04.004

Fast AW, Lester LJ 2013. Marine Shrimp Culture: Principles and
Practices. Development in aquaculture and fisheries science.
Elsevier, Amsterdam.

Fatema K, Omar WMW, Isa MM 2014. Spatial and temporal
variation of physico-chemical parameters in the Merbok Estu-
ary, Kedah, Malaysia. Trop Life Sci Res 25(2): 1-19.

Fatema K, Omar WMW, Isa MM 2015. Analysis of stomach con-
tents in green back mullet, Chelon subviridis from Merbok
Estuary, Malaysia. Bangladesh J Zool 43(1): 153-156. https://
doi.org/10.3329/bjz.v43i1.26151

Fauziyah, Agustriani F, Purwiyanto AIS, Putri WAE, Suteja Y
2019. Influence of environmental parameters on the shrimp
catch in Banyuasin Coastal Water, South Sumatra, Indonesia.
J Phys Conf Ser 1282(1): 012103. https://doi.
org/10.1088/1742-6596/1282/1/012103

Ferreira RS, Vieira RRR, D’Incao F 2010. The marine and estua-
rine shrimps of the Palaemoninae (Crustacea: Decapoda: Car-
idea) from Brazil. Zootaxa 2606(1): 1-24. https://doi.
org/10.11646/zootaxa.2606.1.1

Furlan M, Castilho AL, Fernandes-Goes LC, Fransozo V, Bertini
G, Costa RC 2013. Effect of environmental factors on the
abundance of decapod crustaceans from soft bottoms off
southeastern Brazil. An Acad Bras Ciénc 85: 1345-1356.
https://doi.org/10.1590/0001-3765201394812

Gotelli NJ, Entsminger GL 2001. EcoSim, null models software
for ecology. Version 7.0. Acquired Intelligence Incorporation
and Kesey-Bear.

Hajisamae S, Yeesin P 2014. Do habitat, month and environmen-
tal parameters affect shrimp assemblage in a shallow semi-
enclosed tropical bay, Thailand? Raffles Bull Zool 62: 107-
114.

Hamid MA, Mansor M, Nor SAM 2015. Length-weight relation-
ship and condition factor of fish populations in Temengor

Reservoir: indication of environmental health. Sains Malays
44(1): 61-66. https://doi.org/10.17576/jsm-2015-4401-09

Hayase S, Haron MF 2002. Relationship between mangrove for-
est and fish and prawn productivity. Fish Sci 68: 558-561.
https://doi.org/10.2331/fishsci.68.sup1_558

Holthuis LB 1980. FAO species catalogue. Vol 1 — Shrimps and
prawns of the world. an annotated catalogue of species of
interest to fisheries, N° 125. FAO, Rome.

Hughes JB, Hellmann JJ, Ricketts TH, Bohannan BJM 2001.
Counting the uncountable: statistical approaches to estimat-
ing microbial diversity. Appl Environ Microbiol 67: 4399-
4406. https://doi.org/10.1128/ AEM.67.10.4399-4406.2001

Ismail WR, Ibrahim MN 2015. An assessment of sediment and
nitrogen input into the upper merbok estuary, Kedah, Malay-
sia. Water Qual Exp Health 7(1): 79-88. https://doi.
org/10.1007/s12403-014-0134-6

Jamaluddin JAF, Mohammed Akib NA, Ahmad SZ, Abdul Halim
SAA, Abdul Hamid NK, Mohd Nor SA 2019. DNA barcod-
ing of shrimps from a mangrove biodiversity hotspot. Mito-
chon DNA Part A 30(4): 618-625. https://doi.org/10.1080/247
01394.2019.1597073

Jamizan AR, Chong VC 2017. Demersal fish and shrimp abun-
dance in relation to mangrove hydrogeomorphological met-
rics. Sains Malays 46(1): 9-19. https://dx.doi.org/ 10.17576/
jsm-2017-4601-02

Jansson BO, MclIntyre AD, Nixon SW, Pamatmat MM, Zeitz-
schel B, Zijlstra JJ 1988. An evaluation of presented evidence.
In Jansson BO Ed, Coastal-offshore Interactions, an Evalua-
tion of Presented Evidence. Coastal-Offshore Ecosystem
Interactions. Springer-Verlag, Berlin: 357-363.

Johnson R, Sheaves M 2007. Small fish and crustaceans demon-
strate a preference for particular small-scale habitats when
mangrove forests are not accessible. J Exp Mar Biol Ecol
353(2): 164-179. https://doi.org/10.1016/j.jembe.
2007.05.039

Jusoff K 2008. Managing sustainable mangrove forests in Penin-
sular Malaysia. J Sustain Dev 1: 88-96. https://doi.
org/10.5539/jsd.vIin1p88

Kamrudzamana AN, Nordina AMA, Aziza RA, Ab Jalilb MF
2012. Mapping status for river water quality index of Merbok
River, Kedah, Malaysia. Int J Chem Environ Engin 3: 64-68.

Laegdsgaard P, Johnson C 2001. Why do juvenile fish utilise
mangrove habitats? J Exp Mar Biol Ecol 257(2): 229-253.
https://doi.org/10.1016/S0022-0981(00)00331-2

Lal MM, Seeto J, Hodge TD, Pickering S 2012. Salinity and tem-
perature requirements for larviculture of the monkey river
prawn Macrobrachium lar (Fabricius, 1798) (Decapoda: Car-
idea: Palaemonidae). Aquaculture 366: 1-8. https://doi.
org/10.1016/j.aquaculture.2012.08.042

Lee SL, Chong VC, Loh KH, Yurimoto T 2013. Are intertidal
mudflat communities (fish and shrimp) affected by cockle
culture? Malays J Sci 32: 107-116.

Lewis JWM 2000. Basis for the protection and management of
tropical lakes. Lakes Res: Res Manage 5: 35-48. https://doi.
org/10.1046/j.1440-1770.2000.00091 .x

Liu W, Tanimura A, Yamada K, Toyohara H, Chew L, Hanamura
Y et al.2015. Occurrence of cellulose activities in planktonic
crustaceans inhabiting mangrove areas in Malaysia. Jpn Agri-
cult Res Quart (JARQ) 49(3): 293-299. https://doi.
org/10.6090/jarq.49.293

Macia A 2004. Juvenile penaeid shrimp density, spatial distribu-
tion and size composition in four adjacent habitats within a
mangrove-fringed bay on Inhaca Island, Mozambique. West
Indian Ocean J Mar Sci 3(2): 63-178. https://doi.org/10.4314/
wiojms.v3i2.28459

Vie Milieu,2022,73 (1-2)


http://dx.doi.org/10.4236/as.2013.46A008
http://dx.doi.org/10.4236/as.2013.46A008
https://doi.org/10.1016/j.aqrep.2015.05.002
https://doi.org/10.1016/j.fishres.2022.106234
https://doi.org/10.3354/meps216265
https://doi.org/10.3354/meps216265
https://doi.org/10.1007/s10750-007-9024-2
https://doi.org/10.1016/j.fishres.2007.04.004
https://doi.org/10.1016/j.fishres.2007.04.004
https://doi.org/10.3329/bjz.v43i1.26151
https://doi.org/10.3329/bjz.v43i1.26151
https://doi.org/10.1088/1742-6596/1282/1/012103
https://doi.org/10.1088/1742-6596/1282/1/012103
https://doi.org/10.11646/zootaxa.2606.1.1
https://doi.org/10.11646/zootaxa.2606.1.1
https://doi.org/10.1590/0001-3765201394812
https://doi.org/10.17576/jsm-2015-4401-09
https://doi.org/10.2331/fishsci.68.sup1_558
https://doi.org/10.1128/AEM.67.10.4399-4406.2001
https://doi.org/10.1007/s12403-014-0134-6
https://doi.org/10.1007/s12403-014-0134-6
https://doi.org/10.1080/24701394.2019.1597073
https://doi.org/10.1080/24701394.2019.1597073
https://dx.doi.org/ 10.17576/jsm-2017-4601-02
https://dx.doi.org/ 10.17576/jsm-2017-4601-02
https://doi.org/10.1016/j.jembe.2007.05.039
https://doi.org/10.1016/j.jembe.2007.05.039
https://doi.org/10.5539/jsd.v1n1p88
https://doi.org/10.5539/jsd.v1n1p88
https://doi.org/10.1016/S0022-0981(00)00331-2
https://doi.org/10.1016/j.aquaculture.2012.08.042
https://doi.org/10.1016/j.aquaculture.2012.08.042
https://doi.org/10.1046/j.1440-1770.2000.00091.x
https://doi.org/10.1046/j.1440-1770.2000.00091.x
https://doi.org/10.6090/jarq.49.293
https://doi.org/10.6090/jarq.49.293

ECOLOGICAL INFLUENCE OF SHRIMP ASSEMBLAGES IN MERBOK ESTUARY, MALAY SIA 11

Manan H, Ikhwanuddin M 2021. Triploid induction in penaeid
shrimps aquaculture: a review. Rev Aquac 13(1): 619-631.
https://doi.org/10.1111/raq.12489

Mansor MI, Che Salmah MR, Rosalina R, Shahrul Anuar MS,
Amir Shah Ruddin MS 2010. Length-weight relationships of
freshwater fish species in Kerian River Basin and Pedu Lake.
Res J Fish Hydrobiol 5(1): 1-8.

Mansor MI, Mohammad-Zafrizal MZ, Nur-Fadhilah MA,
Khairun Y, Wan-Maznah WO 2012. Temporal and spatial
variations in fish assemblage structures in relation to the
physicochemical parameters of the Merbok Estuary, Kedah. J
Nat Sci Res 2(7): 110-127.

McLusky DS, Elliott M 2004. The Estuarine Ecosystem: Ecolo-
gy, Threats, And Management. Oxford University Press, Lon-
don: 222.

Mossolin EC, Bueno SLS 2002. Reproductive biology of Macro-
brachium olfersi (Decapoda, Palaemonidae) in Sdo Sebastido,
Brazil. J Crust Biol 22: 367-376. https://doi.
org/10.1163/20021975-99990244

Myers N, Mittermeier RA, Mittermeier CG, Da Fonseca GA,
Kent J 2000. Biodiversity hotspots for conservation priorities.
Nature 403(6772): 853-858. https://doi.org/10.1038/
35002501

Nisa Z, Ahmed M 2000. Hatching and larval survival of impor-
tant penaeid shrimps of Pakistan in different salinities. Paki-
stan J Zool 32(2): 139-143.

Nor SAM, Hamid SA, Saidin M, Said MZ, Masnan SSK 2019.
Warisan biologi dan budaya. /n Saidin M, Komoo I Eds, Jerai
Geopark Warisan Geologi, Geoarkeologi dan Biologi.
Penerbit Univeriti Sains Malaysia, Pulau Pinang.

Ong JE, Gong WK, Wong CH, Din ZH, Kjerfve B 1991. Charac-
terization of a Malaysian mangrove estuary. Estuaries 14(1):
38-48. https://doi.org/10.2307/1351980

Oztuna D, Elhan AH, Tiiccar E 2006. Investigation of four dif-
ferent normality tests in terms of type 1 error rate and power
under different distributions. Turk J Med Sci 36(3): 171-176.

Pensri B, Suchat S 1996. Ecology of Penaeid Shrimps in Man-
grove Forest and the Vicinity of Phangnga Bay. Department
of Fisheries, Bangkok, Thailand: 320-332.

Pickens BA, Carroll R, Taylor JC 2021. Predicting the distribu-
tion of penaeid shrimp reveals linkages between estuarine and
offshore marine habitats. Estuar Coasts 44: 1-14. https://doi.
org/10.1007/s12237-021-00924-3

Pombo L, Elliott M, Rebelo JE 2005. Environmental influences
on fish assemblage distribution of an estuarine coastal lagoon,
Ria de Aveiro (Portugal). Sci Mar 69(1): 143-159. https://doi.
org/10.3989/scimar.2005.69n1143

Primavera JH 1998. Mangroves as nurseries: shrimp populations
in mangrove and non-mangrove habitats. Estuar Coast Shelf
Sci 46: 457-464. https://doi.org/10.1006/ecss.
1997.0275

Rahi ML, Azad KN, Tabassum M, Irin HH, Hossain KS, Aziz D,
Hurwood D A 2021. Effects of salinity on physiological, bio-
chemical and gene expression parameters of black tiger
shrimp (Penaeus monodon): potential for farming in low-sa-
linity environments. Biology 10(12): 1220. https://doi.
org/10.3390/biology 10121220

Rajendran N, Kathiresan K 2004. How to increase juvenile
shrimps in mangrove waters? Wetl Ecol Manage 12(3): 179-
188. https://doi.org/10.1023/B:WETL.0000034070.79518.b6

Ramesh MX, Kathiresan K 1992. Mangrove cholesterol in the
diet of penaeid prawn Penaeus indicus. Indian J Mar Sci
21(2): 164-166.

Ramos PM, Pereira JMD, Ramos HMG, Ribeiro AL 2008. A
four-terminal water-quality-monitoring conductivity sensor.
IEEE Trans Instrum Meas 57(3): 577-583. https://doi.
org/10.1109/TIM.2007.911703

Ronnbick P, Macia A, Almqvist G, Schultz L, Troell M 2002. Do
penaeid shrimps have a preference for mangrove habitats?
distribution pattern analysis on Inhaca Island, Mozambique.
Estuar Coast Shelf Sci 55(3): 427-436. https://doi.
org/10.1006/ecss.2001.0916

Salman SD, Bishop JM 1990. Exopalaemon styliferus (H. Milne
Edwards, 1840) in the Northern Arabian Gulf and the inland
waters of Iraq (Decapoda, Caridea, Palaemonidae). Crusta-
ceana 59(3): 281-288.

Sampaio HA, Martinelli-Lemos JM 2014. Use of intertidal areas
by shrimps (Decapoda) in a Brazilian Amazon Estuary. An
Acad Bras Cienc 86(1): 333-345.

Samphan P, Sukree H, Reunchai T 2015. Species composition
and abundance of penaeid shrimps in the outer Songkhla Lake
of Thailand. J Agric Technol 11(2): 253-274.

Sasekumar A, Chong V, Leh M, D’Cruz R 1992. Mangroves as a
habitat for fish and prawns. Hydrobiologia 247(1-3): 195-
207. https://doi.org/10.1007/BFO0008219

Short JW 2004. A revision of Australian river prawns, Macro-
brachium (Crustacea: Decapoda: Palaemonidae). Hydrobio-
logia 525(1-3): 1-100. https://doi.org/10.1023/
B:HYDR.0000038871.50730.95

Smith GC, Parrish JD 2002. Estuaries as nurseries for the jacks
Caranx ignobilis and Caranx melampygus (Carangidae) in
Hawaii. Estuar Coast Shelf Sci 55: 347-359. https://doi.
org/10.1006/ecss.2001.0909

Songsangjinda P, Limsuwan C, Pornpinidvorakul P, Keawtawee
T, Muangyao P, Klaysri S 2005. Sediment quality and produc-
tion data of black tiger shrimp (Penaeus Monodon) Culture
under code of conduct for responsible shrimp aquaculture
(CoC) system and ordinary system of intensive shrimp farms.
Songklanakarin J Sci Tech 27(Suppl 1): 17-24.

Tanaka K, Choo PS 2000. Influences of nutrient outwelling from
the mangrove swamp on the distribution of phytoplankton in
the Matang Mangrove Estuary, Malaysia. J Oceanogr 56:
69-78. https://doi.org/10.1023/A:1011114608536

Upanoi T 2015. The penaeid prawns of the Straits of Johor: Pre-
liminary results. Raffles Bull Zool 31: 169-181.

Venugopal V, Gopakumar K 2017. Shellfish: nutritive value,
health benefits, and consumer safety. Compreh Rev Food Sci
Food Saf 16: 1219-1242. https://doi.org/10.1111/1541-
4337.12312

Vijayan KK, Diwan AD 1995. Influence of temperature, salinity,
ph and light on moulting and growth in the Indian white
prawn Penaeus indicus under laboratory conditions. Asian
Fish Sci 8(1): 63-72.

World Register of Marine Species (WORMS) 2013. Available
from https://www.marinespecies.org

Zacharia S, Kakati VS 2004. Optimal salinity and temperature
for early developmental stages of Penaeus merguiensis De
man. Aquaculture 232(1-4): 373-382. https://doi.org/10.1016/
50044-8486(03)00538-6

Received on June 20, 2022
Accepted on March 7,2023
Associate editor: C Nozais

Vie Milieu,2022,73 (1-2)


https://doi.org/10.1111/raq.12489
https://doi.org/10.1163/20021975-99990244
https://doi.org/10.1163/20021975-99990244
https://doi.org/10.1038/35002501
https://doi.org/10.1038/35002501
https://doi.org/10.2307/1351980
https://doi.org/10.1007/s12237-021-00924-3
https://doi.org/10.1007/s12237-021-00924-3
https://doi.org/10.3989/scimar.2005.69n1143
https://doi.org/10.3989/scimar.2005.69n1143
https://doi.org/10.1006/ecss.1997.0275
https://doi.org/10.1006/ecss.1997.0275
https://doi.org/10.3390/biology10121220
https://doi.org/10.3390/biology10121220
https://doi.org/10.1023/B:WETL.0000034070.79518.b6
https://doi.org/10.1006/ecss.2001.0916
https://doi.org/10.1006/ecss.2001.0916
https://doi.org/10.1007/BF00008219
https://doi.org/10.1023/B:HYDR.0000038871.50730.95
https://doi.org/10.1023/B:HYDR.0000038871.50730.95
https://doi.org/10.1006/ecss.2001.0909
https://doi.org/10.1006/ecss.2001.0909
https://doi.org/10.1023/A:1011114608536
https://doi.org/10.1111/1541-4337.12312
https://doi.org/10.1111/1541-4337.12312
https://www.marinespecies.org
https://doi.org/10.1016/S0044-8486(03)00538-6
https://doi.org/10.1016/S0044-8486(03)00538-6

