BIODIVERSITAS
Volume 23, Number 8, August 2022
Pages: 4064-4072

ISSN: 1412-033X
E-ISSN: 2085-4722
DOI: 10.13057/biodiv/d230826

Spatial distribution management of Crustacea (Decapoda) based on
conservation in tropical tidal lake

AHMAD MUHTADI*Y, FREDINAN YULIANDA?, MENNOFATRIA BOER?, MAJARIANA KRISANTI?
1Department of Aquatic Resources Management, Faculty of Agriculture, Universitas Sumatera Utara. JI. Prof A. Sofyan No. 3, Medan 20155, North
Sumatera, Indonesia. Tel./fax.: +62-61-8213236, Yemail: ahmad.muhtadi@usu.ac.id
2Departemen of Aquatic Resources Management, Faculty of Fisheries and Marine Sciences, Institut Pertanian Bogor. JI. Agatis, Campus IPB University,
Bogor 16680, West Java, Indonesia

Manuscript received: 6 May 2022. Revision accepted: 25 July 2022.

Abstract. Muhtadi A, Yulianda F, Boer MF, Krisanti M. 2022. Spatial distribution management of Crustacea (Decapoda) based on
conservation in tropical tidal lake. Biodiversitas 23: 4064-4072. Siombak Lake has a unique biological system impacted by high and
low tides. Crustaceans (Decapoda) found in this lake are predicted to establish distinctive communities due to their interaction with two
biological systems of seawater and freshwater. Therefore, this study aimed to determine the characteristics and distribution of crustacean
communities in Siombak Lake, which were influenced by high and low tides. Crustacean samples were taken and observed every month
at high and low tides with traps from September 2018 to August 2019. The crustaceans discovered included 5 families and 18 species,
with 13 crabs and 5 shrimp. The communities' distribution is extremely dynamic, as seen by the emergence of mangrove crabs at high
tide and fiddle crabs during low tide. The crustacean communities are more influenced by tidal ecology, characterized by a higher
abundance of individuals at high tide. Furthermore, crustacean density fluctuates throughout the year and reaches the highest in March
with 8679 ind/100m?. Penaeid shrimp are always found at high and low tides, dominated by Parapenaeopsis coromandelica, while
mangrove crabs are only found at high tide. Therefore, efforts are required to conserve mangrove crabs and enhance their habitats for

sustainable usage.
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INTRODUCTION

Crustaceans of the order Decapoda consist of shrimp
and crabs, characterized by hard skin and segmented bodies
(Arthropoda) from the phylum (Suwignyo et al. 2005;
Thorp et al. 2015). Decapoda plays a very important role in
the food chain as predators and prey. This order is
omnivorous predators (Suwignyo et al. 2005) due to the
consumption of phytoplankton, benthic (mollusk and
worms), algae, macrobenthos, deposit, and detritus
(Murniati 2015; Murniati and Pratiwi 2015; Thorp et al.
2015). Subsequently, Decapoda is preyed upon by various
predators such as fish, reptiles, and birds (Suwignyo et al.
2005). Several species are also animals of high economic
value, and their meat is a delicacy. These include species of
shrimp and crabs from the Penaeid (commercial shrimp),
Portunidae (mud crabs), Syllarid (sand and fan shrimp),
Palinurid (crayfish or lobster), and Stomatopods (ronggeng
or mantis shrimp) (Suwignyo et al. 2005; Thorp et al.
2015).

One habitat of shrimp and crabs partially or wholly in
this ecosystem is the estuary including the mangrove and
the surrounding waters (Kathiresan 2012; Rajpar and
Zakaria 2014; Gita et al. 2015; Rangkuti et al. 2017). An
estuary is an aquatic area or environment where river water
and seawater mix. It has lower salinity water than the open
ocean (Rangkuti et al. 2017) and serves as a habitat for
shrimp and crabs. Therefore, these animals depend highly
on estuary ecosystems, especially mangroves. Studies on

crustaceans (Decapoda) related to spatial and temporal
distribution in estuary and mangrove ecosystems have been
widely conducted. For example, several studies related to
crustaceans (Decapoda) in the estuary and mangrove
ecosystems include the composition of crab species
(Decapoda: Brachyura) in Lombok Island (Murniati 2015);
the biodiversity of aquatic organisms (including
crustaceans) in Purworejo (Central Java) (Wiryanto et al.
2017); diversity of decapod crustaceans in Lasongko Bay,
Southeast Sulawesi (Hamid and Wardiatno 2018); in
degraded mangrove area at Tanjung Panjang Nature
Reserve in Gorontalo (Lapolo et al. 2018), and Setyadi et
al. (2021) conducted documentation of crustaceans and
mollusks in the mangrove area of Timika, Papua.

These studies are still spatial and have not been
accommodated temporally in the estuary and mangrove
areas. However, studies related to spatial and temporal
contexts containing tidal lakes have never been conducted.
This study was then conducted in the Belawan estuary by
observing the high and low tide conditions. The Belawan
River estuary is a special and unique ecosystem with
brackish waters influenced by tides (Muhtadi et al. 2017;
2020a). Lake Siombak is one of the tropical tidal lakes
located on the coast of Medan City, North Sumatra
Province, Indonesia. This lake is unique because it receives
water through the Belmera River 7 km from Belawan
(Malacca Strait) and is still affected by tides (Muhtadi et al.
2017; 2020a). Therefore, studies related to crustacean
biodiversity spatially and temporally in tropical tidal lakes
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should be conducted and reported. This study will provide
a comprehensive review of crustacean distribution in tidal
lake ecosystem management.
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Data analysis
The data analysis carried out was the Shannon-Wiener
diversity index (H'), evenness (E), and dominance (D)

(Krebs 2014). Crustacean diversity was calculated using

the index from Shannon and Wiener (H") (1963) in Krebs

MATERIALS AND METHODS (2014) with the following formula:
H =-(> pilog:pi)

Where:

H' : Species diversity index

ni : Number of individuals from each species

N : Total number of individuals

Pi : Probability of significance for each species : ni/N

Study area

A sampling of crustaceans was carried out in the
Siombak Lake ecosystem, Medan City, North Sumatra
Province, Indonesia. Data collection points were 11, 8 were
inside the lake, and 3 were outside (Figure 1). Data
collection was performed every month for one year, from
September 2018 to August 2019.

The uniformity of individuals caught between species
(equitability) (E) was calculated using the following
equation (Krebs 2014):

Procedures

The sampling of crustaceans was carried out at high and
low tides using traps and direct observation (Ocypodid
family). Furthermore, the crustacean samples were then
preserved in a 10% formalin solution and were given labels
and other necessary information. Identification was
performed at the Integrated Resource Management
Laboratory, Faculty of Agriculture, Universitas Sumatera
Utara, according to Carpenter and Niem (1998), Purwati et
al. (2009), as well as Murniati and Pratiwi (2015).

E = H/H max

Where:

E : Shannon-Wienner uniformity index
H : Species balance

H™ max: Maximum diversity index (log.S)
S : Total number of species
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Figure 1. Location of tropical tidal lake ecosystem in the Siombak Lake, Medan City, North Sumatra Province, Indonesia. Point 1
(3°4329.51"N, 98°39'29.00"E); point 2 (3°43'36.48"N, 98°39'39.54"E); point 3 (3°43'33.46"N, 98°39'45.32"E); point 4 (3°43'44.16"N,
98°39'43.57"E); point 5 (3°43'48.88"N, 98°39'37.79"E); point 6 (3°43'42.70"N, 98°39'32.82"E); point 7 (3°43'38.66"N, 98°39'39.58"E);
point 8 (3°43'39.72"N, 98°39'25.61"E); point 9 (3°43'32.44"N, 98°39'13.60"E); point 10 (3°43'46.62"N, 98°38'55.04"E); point 11
(3°4353.06"N, 98°392.16"E), and the detected sites
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The dominance index (C) was calculated according to
the Simpson index in Odum and Barret (2005) below:

C=x @ )

Where:

C : Dominance index

ni : number of individuals from each species
N : Total community individuals

RESULTS AND DISCUSSION

Richness and composition of crustaceans

The crustacean communities of the order Decapoda in
Siombak Lake consist of 18 species from 5 families
divided into 5 shrimp and 13 crab species. Economically
valuable Decapoda species consist of 4 penaeid shrimps,
one Palaemon shrimps, and four mud crabs. Mud crabs
consisting of four species, are significant at high tide at
different times and places. Meanwhile, the shrimps
discovered include Palaemon concinnus and Penaid, which
provide care in the estuary region, a feature of Siombak
Lake as an estuary and mangrove habitat (Muhtadi et al.
2017, 2020a,b; Leidonald et al. 2019).

Other species with no economic value, such as the
Grapsidae and Ocypodidae family groups, are also found in
high numbers, especially at low tide. Uca fiddle crab
(family Ocypodidae) is the most common land crab species
found compared to other families at 6 species. Fiddle crab
is one species that has a habitat in tidal areas (Murniati
2015; Murniati and Pratiwi 2015). Most species diversity is
found in mangrove areas with muddy substrates (Pratiwi et
al. 2018), where fiddle crab lives by making nests in the
form of holes in the ground (Murniati and Pratiwi 2015).
This crab is very abundant in nature because it lives in the
mangrove area and has not been exploited by humans. This
contrasts with the mud crab and Penaid shrimp, the world's
most economically viable crustaceans and the prima donna
of seafood consumption. The dominance of Ocypodidae
was reported by Rahayu and Setyadi (2009), where 103
species of crabs live in mangrove areas in Mimika, Papua.
The largest number of species was only from Ocypodidae
and Sesarmidae. Ocypodidae is generally found on the
outskirts/coasts near river mouths, while Sesarmidae is
more commonly found in dry areas, climbing on the roots
and trunks of mangrove trees. Murniati and Pratiwi (2015)
found at least 15 species of uca crabs in mangrove areas,
muddy beaches, sandy beaches, and rocky substrates.

Several studies in tidal lakes showed that the species
richness of crustaceans in Siombak Lake was higher than in
the coastal Lagoon, Nallavadu village (India), at 14 species
(Padmavathy and Anbarashan 2013), but lower than in
other coastal lakes. For example, several previous studies
found 45 species of Brachyura (crustaceans) in Chilika
Lagoon, 20 species of Decapoda in Vembanad Lake (India)
(Mogalekar et al. 2015), and 22 species of Penaeid in
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Songkhla Lake of Thailand (Samphan et al. 2015). In the
estuary area, including the mangrove, the Decapoda
richness in Siombak Lake is higher than the Western area
of Segara Anakan Lagoon at 17 species (Rimadiyani et al.
2019). However, this is lower than the 103 species found in
the Mimika mangrove area (Papua) (Rahayu and Setyadi
2009), the 19 species of Decapoda found in Purworejo
mangrove area (Wiryanto et al. 2017), the 38 species of
decapod found in s in Lasongko Bay, Southeast Sulawesi,
(Hamid and Wardiatno 2018), 21 species in degraded
mangrove area at Tanjung Panjang Nature Reserve in
Gorontalo (Lapolo et al. 2018), and the 41 species of
crustaceans found in the mangrove area of Mimika, Papua
(Setyadi et al. 2021).

Spatial distribution

Spatially, there are habitat differences between shrimp
and crabs in the number of individuals or species. Shrimp
and Grapsidae crabs are only found in lake water bodies
(stations 1-8) at high or low tides. Meanwhile, mud and
fiddle crabs were found on the lake shores (stations 3,5,8)
and river banks (stations 9-11). Mud crabs (Portunidae)
were found at high tide, while Fiddle crabs were found at
low tide (Figures 2-3). Coromandel shrimp (P.
coromandelica) was the highest abundance, with an
average of 657 ind/100m? at high tide and 391 ind/100m? at
low tide. Tiger Shrimp (P. monodon) was the lowest
abundance of only 3 ind/100m? at high tide. Furthermore,
mud crab (Scylla serrata) and orange mud crab (S.
olivacea) were the highest abundances at high tide, with an
average of 280 ind/100m? and 164 ind/100m?, respectively.
At low tide, it should be the most were Thick-legged
Fiddler (Uca crassipes) with an average of 42 ind/100m?.

In total, the highest crustacean density at high tide is
found at stations 3 (9332 ind/100m?) and 5 (9190
ind/100m?), while the lowest is at stations 7 (1 ind/100m?)
and 10 (none). At low tide, the highest crustacean density is
at stations 8 (3839 ind/100m?) and 5 (3715 ind/100m?),
while the lowest is at stations 1 (81 ind/100m?) and 7 (92
ind/100m?). The height in the northern part (stations 3 and
5) is an ideal habitat condition for crustaceans. The two
stations have a more diverse microhabitat than others. Then
the southeast and north parts with shallow water conditions
(<4m) (Muhtadi et al. 2020a) are overgrown with
mangrove trees with medium to high density (Muhtadi et
al. 2020b). Ecologically, mangroves act as a nutrient pool
for the availability of organic detritus in the surrounding
waters. Crustaceans coexist with mangrove associations
and feed on the substrate (including debris). Stations 7 and
10 with lower crustacean abundance are deeper habitats. At
these stations, oxygen does not reach the bottom; hence,
aquatic organisms, including crustaceans, are not favored.
Furthermore, the quantity of crustaceans is spatially greater
in the dry season than in the rainy season (Figure 5). The
southeast and north (stations 3 and 5) have the most
abundance during the dry season, while the north and west
have the highest abundance during the rainy season.
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Table 1. Crustacean Richness in Siombak Lake, Medan City, North Sumatra Province. Indonesia
Family Species Indonesian name Common name
Grapsidae Metopograpsus frontalis Kepiting Messor gracilipes
Varunidae Varuna litterata Kepiting Oceanic paddler crab
Varuna yui Kepiting Sundaic paddler crab.
Ocypodidae Uca annulipes Kepiting biola Ring-legged fiddler crab
Uca coarctata Kepiting biola Compressed fiddler crab
Uca crassipes Kepiting biola Thick-legged fiddler crab
Uca forcipata Kepiting biola Fiddler crab
Uca triangularis Kepiting biola Gelasimus triangularis
Uca vocans Kepiting biola Orange fiddler crab
Palaemonidae Palaemon concinnus Udang Mangrove prawn
Penaeidae Penaeus indicus Udang putih Indian white shrimp
Penaeus merguiensis Udang putih Banana prawn
Penaeus monodon Udang tiger Tiger's shrimp
Parapenaeopsis coromandelica Udang putih kecil Coromandel shrimp
Portunidae Scylla olivacea Kepiting Orange mangrove crab
Scylla paramamosain Kepiting Green mangrove crab
Scylla serrata Kepiting Mud crab or mangrove crab
Scylla tranquebarica Kepiting Purple mangrove crab
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Figure 3. Spatial distribution of crustaceans in Siombak Lake, Medan City, Indonesia. A. rainy season; B. dry season
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Figure 4. Map of crustacean density distribution at high tides (A) and low tides (B)

The spatial study shows that the density of crustaceans
(Figure 4) in the lake (points 1-8, except 7), including
species richness (Figure 2-3), is higher than in rivers
(points 9-11); both at high and low tides. Therefore, the
microhabitat conditions of lake waters (flooded) are more
diverse than those in rivers. In this case, the current can be
a limiting factor in the river. Odum and Barret (2005)
stated that current is one of the limiting factors for the
abundance distribution of aquatic organisms in estuaries
and seas (Hummel et al. 2016). In the lake, crustaceans are
mostly found in the southeast, east to north, and west, with
a density of over 3000 ind/100m?. Locations with lower
depths (<3m) are also overgrown with mangrove trees;
hence, they are suitable for crustaceans' habitat and food
sources. Crustaceans are found in the central and southern
parts with lower densities (<3000 ind/100m?). This is due
to deeper water conditions and fewer mangrove trees.

Temporal distribution

Seasonally, the density of crustaceans found in the
study area is higher in the dry season (Feb-Jul) compared to
the rainy season (Aug-Jan) at high and low tides (Figure 5).
The density of crustaceans in the rainy season reaches
1195-4075 ind/100m? at high tide and 57-3527 ind/100m?
at low tide. Meanwhile, the density of crustaceans in the
dry season ranges from 784-8679 ind/100m? at high tide
and 920-3666 ind/100m? at low tide. Figure 5 shows that
the peak population of crustaceans in Siombak Lake is in
March (peak summer), while the lowest period is in May
and August-November. Parapenaeopsis coromandelica is a
species with an abundant population of 53.37-74.95% and
is always found every month at high and low tides. In this
case, the peak population is found in March by 93.40% at
high tide and 44.05% at low tide. Suradi et al. (2017) in the
South Coast of Java (Indian Ocean) stated that the peak

population of P. coromandelica is in the rainy season. This
is different because of the geographical differences
between the Indian Ocean (South of Java) and the Malacca
Strait (East of Sumatra).

This study found several phenomena, including that
mud crabs are always caught in the mangrove area at
station 11 and are only found in the rainy season
(September-December)  during the lowest salinity
conditions (<5 ppt). Mud crabs are found in protected
estuaries and coastal areas associated with mangrove areas
(Lapolo et al. 2018; Tetelepta et al. 2019; Yudiati et al.
2020) and only a few are found in the pond. Furthermore,
Purwati et al. (2009) stated that the habitat of S.
paramamosain was associated with mangrove forests and
submerged coastlines with water salinity lower than
seawater for most of the year; therefore, this species is
frequently reported in estuaries. Scylla olivacea and S.
tranquebarica are found with abundant populations at low
salinity, while S. serrata at higher salinity (Ogawa et al.
2012). Scylla serrata is a mud crab with a high salinity range.
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Figure 5. Temporal distribution of crustaceans in Siombak Lake,
Medan City, Indonesia
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Diversiy index

The species richness and diversity of crustaceans in
Siombak Lake differ spatially and temporally (Figure 6).
Crustacean diversity is greater in the lake than in the river,
both at high and low tide. The highest diversity in the lake
is in the north, southeast, and west. This is due to the high
abundance with an even proportion between species (10
and 11). In the eastern part (point 4) and the river (point
11), the proportions between species are uneven, with
lower species richness (4-8 species) due to lower diversity.
Desrita et al. (2018, 2020) stated that the diversity index is
not only based on species richness but influenced by the
respective proportions of species in the community. The
high diversity of crustaceans at stations 6 and 8 is also
accompanied by a high evenness index close to 1 and the
absence of a dominant one (C value <0.25). Therefore, stations
2, 7,9, and 10 are less suitable habitats because of high
diversity results in low dominance. This shows that the
microhabitat at the four stations does not vary, except for
station 9, where the water is deep, and there is no (low) mangrove.
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Crustacean diversity was highest during the rainy
season and lowest during the dry season. This is very
different from crustacean density which is higher in the dry
season than in the rainy season, including species richness
in the dry season of 12 compared to the rainy season of 10.
However, the proportion of each species in the rainy season
is more evenly distributed than in the dry season (Tables 3
and 4). This shows that the high population of crustaceans
in the dry season is only dominated by certain species, such
as Coromandel shrimp which has C value >0.5 in the
waters of Siombak Lake, especially in March. Temporarily
(constant H' value >1), crustacean diversity in Siombak
Lake is better than spatially since some H' values are zero.
This demonstrates that Siombak Lake is a crustacean
habitat, with remarks varying substantially depending on
the microhabitat. The crustacean diversity index is
moderate-high compared to other locations. For example,
this index ranges from 0.37-1.12 in Lasongko Bay,
Southeast Sulawesi (Hamid and Wardiatno 2018).
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Figure 6. Spatial and seasonal variability of species diversity (A,B), evenness (C,D), and dominance (E,F) in Siombak Lake, Medan, Indonesia
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Figure 7. Distribution of crustacean percentage by family, spatially and temporally in Siombak Lake, Medan City, Indonesia
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Discussion

The previous study only found 3 species without S.
olivacea in the Belawan River Estuary. In this study, S.
olivacea has a high abundance besides S. serrata, possibly
because the study time in Belawan River Estuary is shorter
(3 months) than this study (1 year). It is unusual to discover
four species in one location in multiple investigations, with
at least two or three species present. The Siombak Lake

area with various habitats with flooded, forests, rivers, and
troughs is very suitable for breeding, protecting, and
foraging mud crabs. Mud crabs spawn in marine waters and
use estuaries and mangroves as nurseries, feeding, and
protection area (Ogawa et al. 2012; El-Regal and lbrahim
2014). The most preferred place for these crabs is shallow
beaches with mangrove plants, such as mangrove and nipa
palm forests. Furthermore, estuary and mangrove areas
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containing four species of mud crab are reported on the
North Coast of Java (Tegal-Brebes) (Purwati et al. 2009).

Fiddle crabs only appear at low tide and enter the
burrow at high tide. This contrasts with the mud crab,
which appears at high tide and hides at low tide. According
to Murniati and Pratiwi (2015), fiddle crabs (genus Uca)
live in burrows in intertidal mud and sand areas. The
Siombak Lake ecosystem is found on the edge, "visible" at
low tide. Murniati (2015) stated that the tides greatly
determine the appearance of crustaceans in estuary and
mangrove ecosystems. The crustaceans, especially
Ocypodidae, can only be taken when the water is in low
tide conditions.

This study also obtained Varuna spp. (Varunidae)
where only two species of V. yui and V. litterata. Lapolo et
al. (2018) only were found in mangrove area at Tanjung
Panjang Nature Reserve in Gorontalo. According to Lapolo
et al. (2018), V. yui is mostly found in pond areas, while V.
litterata is found in freshwaters and the sea during
reproduction (Mos et al. 2017; Lapolo et al. 2018; Susilo et
al. 2020). Furthermore, Carpenter and Niem (1998) stated
that V. yui is a rare crab where adults are usually found in
the open sea while juveniles are found in sluice gates or
water embankments in mangrove areas close to land.

The percentage of crustacean appearance differs
between high and low tides (Figure 7). At high tide, 20-
55% are penaeid shrimp and mud crab. Except for fiddle
crabs, all crustaceans are found in lakes, rivers, and
mangrove ecosystems at this high tide. Penaeid shrimp and
fiddle crab make around 30-50% of the catch at low tide.
Therefore, the appearance of the fiddle crab is the opposite
of the mud crab. However, penaeidae and grapsidae can
appear at high and low tides in the lake. The appearance of
crustaceans spatially and temporally in the study area
indicates that the Siombak Lake ecosystem is a suitable
habitat for crustaceans, especially Decapoda. This is due to
the high availability of food from the plankton group
(Muhtadi et al. 2020c) as well as the high availability of
organic matter both in water and sediment (Leidonald et al.
2022).

The management strategy is focused on crustacean
species that have important economic value, such as the
crab group of Scylla olivacea, Scylla paramamosain, Scylla
serrata, Scylla tranquebarica, and the penaeid shrimp
group of Penaeus indicus, Penaeus merguiensis, Penaeus
monodon, Parapenaeopsis coromandelica, and Palaemon
concinnus. Mud crabs' existence is controlled by the quality
of the mangrove environment as defined by seawater
through tides. However, the population is limited to
mangrove habitats, where high tides can submerge with a
rather high frequency. Some mangrove habitats do not get a
good supply of tidal water, which causes the distribution of
the mud crab population to be limited. As a result, efforts
are required to increase the quality of mangrove habitat by
flowing the amount of tidal water. Penaeid shrimp
community is relatively low with limited population
distribution on the edge of Siombak Lake. It is heavily
influenced by the nature of the sea tide movement, with the
abundance being higher at high tide than at low tide
(Figures 4). Therefore, it is necessary to consider managing
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shrimp habitats with relatively high salinity qualifications
to maintain their population.

Results Based on the research of Yulianda et al. (2020)
on the distribution of mollusks and their conservation
strategy in Lake Siombak shows the need for a zoning
system consisting of a core zone and a utilization zone
(Figure 8). This zoning can also be applied to the
protection of shrimp and crabs in Lake Siombak. The core
zone is an area that cannot be utilized but functions as a
source of germplasm, while the utilization zone will later
function as a shrimp and crab fishing area. The
conservation function aims to make spillover function as a
parent source that can contribute seeds in other areas so
that the distribution and presence of shrimp and crabs is
wider and more sustainable in Lake Siombak.

REFERENCES

Carpenter KE, Niem VH. 1998. FAO Species Identification Guide for
Fishery Purposes. The Living Marine Resources of the Wastern
Central Pacific Volume 1. Seaweeds, Corals, Bivalves and
Gastropods. Food and Agriculture Organization of the United
Nations, Rome.

Desrita, Muhtadi A, Tamba IS, Ariyanti J, Sibagariang RD. 2018.
Community structure of nekton in the upstream of Batangtoru
watershed, North Sumatra, Indonesia. Biodiversitas 19 (4): 1366-
1374. DOI: 10.13057/biodiv/d190424.

Desrita, Muhtadi A, Leidonald R, Sibagariang RD, Nurfadillah. 2020.
Biodiversity of nekton in Batangtoru River and its tributaries in North
Sumatra, Indonesia. Biodiversitas 21 (6): 2344-2352. DOI:
10.13057/biodiv/d210602.

El-Regal MAA, Ibrahim NK. 2014. Role of mangroves as a nursery
ground for juvenile reef fishes in the southern Egyptian Red Sea.
Egypt J Aquat Res 40 (1): 71-78. DOI: 10.1016/j.ejar.2014.01.001.

Gita RSD, Sudarmadji, Waluyo J. 2015. The effectof abiotic factors on the
diversity and abundance of mud crab (Scylla spp.) inmangrove forests
of Alas Purwo National Park, East Java. Bonorowo Wetl 5: 11-20.
DOI: 10.13057/bonorowo/w05010.

Hamid A, Wardiatno Y. 2018. Diversity of decapod crustaceans in
Lasongko Bay, Southeast Sulawesi, Indonesia. Biodivers J 9 (3): 303-
311. DOI: 10.31396/Biodiv.Jour.2018.9.3.303.311.

Hummel H, Avesaath PV, Wijnhoven S, Kleine-schaars L, Degraer S.
2016. Geographic patterns of biodiversity in European coastal marine
benthos. J Mar Biol Assoc U K 97 (3): 1-17. DOI:
10.1017/S0025315416001119.

Kathiresan K. 2012. Importance of mangrove ecosystem. Intl J Mar Sci 2
(10): 70-89. DOI: 10.5376/ijms. 2012.02.0010.

Krebs CJ. 2014. Ecological Methodology 3. University of British
Columbia, Harper Collins Publisher, New York.

Lapolo N, Utina R, Baderan DWK. 2018. Diversity and density of crabs
in degraded mangrove area at Tanjung Panjang Nature Reserve in
Gorontalo, Indonesia. Biodiversitas 19 (3): 1154-1159. DOI:
10.13057/biodiv/d190351.

Leidonald R, Lesmana I, Muhtadi A, Desrita. 2019. Biodiversity flora and
fauna in tropical tidal lake. IOP Conf Series: Earth Environ Sci 260:
012105. DOI: 10.1088/1755-1315/260/1/012105.

Leidonald R, Harahap ZA, Muhtadi A.2022. The distribution of Siombak
lake sediments, a tropical tidal lake in Indonesia. IOP Conf Ser: Earth
Environ Sci 977: 012117. DOI: 10.1088/1755-1315/977/1/012117.

Mogalekar HS, Ansar CP, Golandaj A, Dinesh K. 2015. Biodiversity of
decapod crustacean in the Vembanad Lake at Panangad-Kumbalam
region of Kochi, Kerala. Environ Ecol 33 (4B): 1920-1923.

Mos B, Ahyong ST, Burnes CN, Davie PJF, McCormack RB. 2017.
Range extension of a euryhaline crab, Varuna litterata (Fabricius,
1798) (Brachyura: Varunidae), in a climate change hot-spot. J
Crustacean Biol 37 (3): 258-62. DOI: 10.1093/jcbiol/rux030.

Muhtadi A, Harahap ZA, Leidonald R. 2017. Morphometry dynamical of
Siombak Lake, Medan Indonesia. Omni akuatika 13 (2): 48-56. DOI:
10.20884/1.0a.2017.13.2.174.



4072

Muhtadi A, Yulianda F, Boer M, Krisanti M, Rahmadya A, Santoso.
2020a. Hydrodynamics of tropical Tidal Lake waters, Siombak Lake
Medan Indonesia. AACL Bioflux 13 (4): 2014-2031.

Muhtadi A, Yulianda F, Boer M, Krisanti M. 2020b. Spatial distribution
of mangroves in tidal Lake ecosystem. IOP Conf Ser: Earth Environ
Sci 454: 012131. DOI: 10.1088/1755-1315/454/1/012131.

Muhtadi A, Pulungan A, Nurmaiyah, Fadlhin A, Melati P, Sinaga RZ,
Uliya R, Rizki M, Rohim N, Ifanda D, Leidonald R, Wahyuningsih
H, Hasani Q. 2020c. The dynamics of the plankton community on
Lake Siombak, a tropical tidal lake in North Sumatra, Indonesia.
Biodiversitas 21 (8): 3707-3719. DOI: 10.13057/biodiv/d210838.

Murniati DC. 2015. Distribution and characteristic of deposit-feeder crabs
(Crustacea: Brachyura) in some mangrove ecosystem types in
Lombok Island. J Biol Res 21 (1): 24-29. DOI: 10.23869/90.

Murniati DC, Pratiwi R. 2015. Kepiting Uca di Hutan Mangrove
Indonesia: Tinjauan Aspek Biologi daan Ekologi untuk Eksplorasi.
LIPI Press, Jakarta. [Indonesia]

Odum EP, Barrett GW. 2005. Fundamental of Ecology, 5th ed. CA
Brooks/Cole Publishing Co, Belmont.

Ogawa CY, Hamasaki K, Dan S, Obata Y, Kitada S. 2012. Species
composition, reproduction, and body size of mud crabs, Scylla Spp.,
Caught in Urado Bay, Japan. J Crustacean Biol 32 (5): 762-768. DOI:
10.1163/193724012X649787.

Padmavathy A, Anbarashan M. 2013. Biodiversity of coastal Lagoon in
Nallavadu village, Puducherry, India. Intl J Biodivers Conserv 5 (1):
33-38. DOI: 10.5897/1JBC12.092.

Pratiwi R, Widyastuti E, Guangcheng C, Shunyang C. 2018. Diversity and
abundance of mangrove fiddle crabs, genus Uca (Decapoda,
Ocypodidae) at a mangrove in Kema, North Sulawesi, Indonesia.
Acta Oceanol Sin 37 (12): 92-96. DOI: 10.1007/s13131-018-1336-8.

Purwati P, Pratiwi R, Prasetyo A, Ulumuddin Y. 2009. Kepiting Bakau:
Scylla serrata, S. tranquebarica., S. paramamosain, S. olivacea.
Puslit. Oseanografi-LLPI, Jakarta. [Indonesia]

Rahayu DL, Setyadi G. 2009. Mangrove Estuary Crabs of the Mimika
Region, Indonesia. 154. The 6th Book in A Series of Field Guides to
the Flora and Fauna of Mimika Region, Papua. PT. Freeport
Indonesia and Research Center for Oceanography-Indonesian Institute
of Sciences, Indonesia.

Rajpar M, Zakaria M. 2014. Mangrove fauna of Asia. In: Faridah-Hanum
I, Latiff A, Hakeem K, Ozturk M (eds). Mangrove Ecosystems of
Asia. Springer, New York.

Rangkuti AM, Cordova MR, Rahmawati A, Yulma, Adimu EH. 2017.
Coastal and Marine Ecosystem of Indonesia. PT. Bumi Aksara,
Jakarta.

BIODIVERSITAS 23 (8): 4064-4072, August 2022

Rimadiyani W, Krisanti M, Sulistiono. 2019. Macrozoobenthos
community structure in the Western Segara Anakan Lagoon, Central
Java, Indonesia. Biodiversitas 20 (6): 588-1596. DOI:
10.13057/biodiv/d200615.

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

Setyadi G, Rahayu DL, Pribadi R, Hartati R, Wijayanti DP, Sugianto DN,
Darmawan A. 2021. Crustacean and mollusk species diversity and
abundance in the mangrove communities of Mimika District, Papua,
Indonesia. Biodiversitas 22 (10): 4146-4157. DOI:
10.13057/biodiv/d221004.

Suradi WS, Solichin A, Taufani WT, Djuwito, Sabdono A. 2017.
Population  dynamics of exploited species west shrimps
Parapenaeopsis coromandelica H.Milne. Edwards 1837 from the
Teluk Penyu coastal waters, Indonesian ocean. Egypt J Aquat Res 43:
307-312. DOI: 10.1016/j.ejar.2017.12.002.

Susilo VE, Wowor D, Suratno, Abror MN. 2020. New record of Varuna
litterata (Fabricius, 1798) from Meru Betiri National Park, East Java,
Indonesia. IOP Conf Ser: Earth Environ Sci 457: 012016. DOI:
10.1088/1755-1315/457/1/012016.

Suwignyo S, Widigdo B, Wardiatno Y, Krisanti M. 2005. Avertebrata Air:
Jilid 2. Penebar Swadaya, Jakarta.

Tetelepta JMS, Lopulalan Y, Pattikawa JA. 2019. Status of mud crab
(Scylla sp.) fishery and mangrove ecosystem of Sanleko Village, Buru
District, Indonesia. IOP Conf Ser: Earth Environ Sci 339: 012008.
DOI: 10.1088/1755-1315/339/1/012008.

Thorp JH, Christopher D, Alan R, Covich P. 2015. Ecology and General
Biology: Chapter 27 - Introduction to “Crustacea”. Academic Press,
United Kingdom.

Wiryanto, Sunarto, Rahayu SM. 2017. Biodiversity of mangrove aquatic
fauna in Purworejo, Central Java, Indonesia. Biodiversitas 18 (4):
1344-1352 DOI: 10.13057/biodiv/d180309.

Yudiati E, Fauziah AT, Irwani, Setyawan A, Insafitri. 2020. Growth
analysis, mortality and exploitation level of Mud Crab Scylla serrata,
Forskél 1775, (Malacostraca: Portunidae) in Mangkang Wetan waters,
Semarang, Central Java, Indonesia. Jurnal Kelautan Tropis 23 (1):
136-144. DOI: 10.14710/jkt.v23i1.7149.

Yulianda F, Muhtadi A, Boer M, Krisanti M, Wardiatno Y. 2020.
Biological conservation of molluscs based on spatial and temporal
distribution in Tropical Tidal Lake, Medan-Indonesia. Hayati J Biosci
27 (4): 273-282. DOI: 10.4308/hjb.27.4.273.



