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Abstract. Taniwel D, Leiwakabessy F, Rumahlatu D. 2020. Short Communication: Density and length-weight relationship of mudskipper
(Periophthalmus spp.) in the mangrove area of Kairatu Beach, Maluku, Indonesia. Biodiversitas 21: 5465-5473. Mudskippers (genus
Periophthalmus) fish species inhabit mudflat, sandy beaches, and mangrove areas. Their daily activities are influenced by tidal rhythms.
The aim of this research was to identify the species of mudskipper, their density, and length-weight relationship of more density species
in the mangrove area of Kairatu beach, Maluku, Indonesia. This research was conducted from July to August 2018, 3 sampling sites
using purposive sampling technique. The physical-chemical parameters of environmental conditions (temperature, dissolved oxygen,
salinity, and pH of water) were measured directly on location (in-situ), while the different mudskippers species present in the study sites
were identified in the laboratory at the Pattimura University. Quantitative data on population density and length and weight of
individuals were obtained for four Periophthalmus species. The physical-chemical parameters of environmental conditions in the three
sampling stations were within the range of optimal values previously obtained for mudskipper species. The temperatures ranged from
30.01-30.05 °C, the dissolved oxygen ranged from 7.1-7.5 mg/L, the pH ranged from 7.3-7.5, and the salinity ranged from 5-7 %o. The
four mudskippers species identified in the sampling sites were (in density descending order): Periophthalmus argentilineatus (5.05
ind/m?), P. gracilis (1.5 ind/m?), P. malaccensis (0.4 ind/m?) and P. kalolo (0.3 ind/m?). The results of the regression analysis showed
that there was no significant relationship between physical-chemical parameters to mudskipper density. The results of the length-weight
relationship of the two most abundant species P. argentilineatus and P. gracilis a negative allometric length-weight relationship (b<3),

while the P. kalolo and P. malaccensis indicated a positive allometric growth type (b>3).
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INTRODUCTION

The Maluku archipelago Indonesia is composed of
1.340 islands with a coastline of 10.630,10 km, and an
ocean area of 58.294 km? (92.4%) (Huliselan et al. 2017).
Coastal areas are known to be very dynamic with rapid
biological, chemical and geological changes (Sukardjo and
Pratiwi 2015), and have various ecosystems, such as small
island ecosystems (Haeril and Purnomo 2019), estuary
ecosystems, alga ecosystems, coral reefs, seagrass
ecosystems (Sukardjo 2004), and mangrove ecosystems
(Sofian et al. 2019). Mangrove ecosystems have a very
high level of productivity compared to the other
ecosystems in coastal areas (Lee et al. 2014). This is
because mangrove ecosystems are inhabited by various
biota such as gastropods (Nugroho et al. 2019; Rumahlatu
and Leiwakabessy 2017), Polychaeta (Pamungkas 2017),
crustaceans (Tetelepta et al. 2018; Dewiyanti et al. 2018),
echinoderms (Setyastuti et al. 2018), and various species of
fish (Feka and Manzano 2008; Hanifah and Eddiwan 2018;
Wahyudewantoro 2018).

Mudskipper (Periophthalmus spp.) species belongs to
the class Actinopterygii, order Perciformes, family
Gobiidae (WoRMS 2018; Fishbase 2018; Clayton 1993),

and occupies primary (organisms that obtain energy from
producers) and secondary positions (organisms that obtain
energy from primary consumers) in the food chain despite
their very small size (Polgar and Lim 2011) inhabiting
muddy habitats, sandy beaches, and mangrove areas
(Takita et al. 2011). Mudskipper daily behavior is closely
related to tidal rhythm (Ravi 2011; Muhtadi et al. 2016)
where they climb mangrove roots, walk-on mudflats, and
dig burrows in mud (Bhatt et al. 2009; Al-Behbehani and
Ebrahim 2010; Polgar and Lim 2011).

There has been many research on mudskippers, and this
fish is reported to be found in various aquatic ecosystems.
Seven mudskipper species (Boleophthalmus pectinirostris,
B. boddarti, Periophthalmodon schlosseri, Periophthalmus
gracilis, P. chrysospilos, P. variabilis, and Scartelaos
histophorus) were found in coastal waters of Malaysia
(Polgar and Crosa 2009). In addition, P. malaccensis had a
relatively limited geographical distribution and was found
in the waters of Singapore, the Philippines, the Maluku
Islands, western New Guinea, and Northern Sulawesi
(Polgar 2016; Fishbase 2018). P. takita was found in East
India, the Western Pacific to Northern Australia (Jaafar and
Larson 2008; Fishbase 2018). P. argentilineatus was found
in Indo-Pacific waters (Red Sea, South Africa, Marianas,


http://www.marinespecies.org/aphia.php?p=taxdetails&id=10194
https://www.fishbase.in/Summary/OrdersSummary.php?order=Perciformes
http://www.marinespecies.org/aphia.php?p=taxdetails&id=125537
http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?genid=429
http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?spid=45409
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and Samoa), Ryukyu Islands, Western Australia and
Oceania (Fishbase 2018; Polgar 2014). P. kalolo was
spread throughout the Atlantic coast of Africa, the Indo-
Pacific region, and Samoa (Polgar 2014; Fishbase 2018). P.
gracilis was found in the coast of Malaysia (Polgar 2008;
Khaironizam and Norma-Rashid 2002), in the Samas
Beaches, Yogyakarta, Indonesia (Supriyati et al. 2019).
Almost 24 species of mudskipper are found in Indonesian
coastal waters, and 8 of them are found in Maluku Islands
(Boleophthalmus boddarti, Periophthalmodon freycineti, P.
schlosseri, Periophthalmus argentilineatus, P. gracilis, P.
kalolo, P. malaccensis, Scartelaos histophorus)
(Pormansyah et al. 2019).

In addition, some environmental parameters such as pH,
temperature, and salinity are correlated with the density of
mudskipper (Kanejiya et al. 2017). Mahadevan and Ravi
(2015) found that mudskipper can survive within a range of
23.5-35.3 °C of temperature, 24.4-34.4 psu of salinity, and
3.8-8.17 mg/L pH. On the other hand, previous studies
showed that the length-weight relationship of male
mudskipper B. pectinirostris presented negative allometric
growth (b<3), but positive allometric growth (b>3) for
females (Sunarni et al. 2019); P. barbarus showed negative
allometric growth (Chukwu and Deekae 2010) and B.
boddarti showed isometric growth (Quang 2014). Based on
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the results of their research, it was revealed that this study
is still partially explained about the environmental factors,
density, and the length-weight relationships of
mudskippers. Therefore, this research aims at determining
the species of mudskipper, density, and length-weight
relationship. The information about the environmental
factors, density, relationship of physical-chemical
parameters to mudskipper density, and length-weight
relationship of mudskippers could be used as an indicator
of the sustainability of mangrove habitats.

MATERIALS AND METHODS

Study sites
The research was conducted in July-August 2018 at the
coordinates  3°3472’S, 128°3517E  to 3°36'28’S,

128°37°05'E in the coastal waters of Kairatu village beach,
with station 1: Kairatu village beach, station 2: Waitasi-
Kairatu village beach, station 3: Talaga-Kairatu village
beach (Figure 1). The data collection stations were
determined using the purposive sampling technique, based
on mudskipper habitat in the mangrove area.

Figure 1. Map of the study area showing the location of the sampling sites. Note: S: station. S1: Kairatu village beach, S2: Waitasi-

Kairatu village beach, S3: Talaga-Kairatu village beach


http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?genid=429
https://en.wikipedia.org/wiki/Periophthalmus_gracilis
https://en.wikipedia.org/wiki/Periophthalmus_gracilis
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Sampling procedure

The mudskipper samples were sampled by following
the procedure as follows: (i) The mangrove area in the
Kairatu village beach was divided into 3 observation
stations. After that, when the seawater receded, three
transects with a size of 4 x 5 m? were created at each
observation station, and a quadrant with a size of 2 x 2 m?
was made at each transect. (ii) The physical-chemical
parameters of the aquatic environment (temperature, DO,
salinity, and pH) were measured directly on location (in-situ) at
each observation station for 3 measurements. (iii)
Mudskipper sampling was done 3 times during the study
and was using a mesh with a size of 1.75 inches. (iv) Next,
the mudskipper samples were put into an ethylene plastic
bag and labeled. (v) The mudskipper samples were put into
iceboxes and then taken to the laboratory for identification,
and length and weight measurements. The mudskippers
were identified based on the database Fishbase (2018) and
WoRMS (2018), as well as species descriptions provided
by Murdy (1989), Kottelat (2013), and Larson et al. (2016).

Data analysis

The data were descriptively analyzed to illustrate the
physical-chemical conditions of the environment and the
mudskipper density. Furthermore, the analysis of the
relationship between physical-chemical factors and density
used simple linear regression analysis with o = 0.05.

The data of the mudskipper density were obtained
from the calculation using the formula by Odum and
Barrett (2004), as follows.

Absolute The number ofindividualz of each species
density The number of individualz of all species
Relative The number of individuals of each species 100
density ~ The number ofindividuals of all species

The length-weight relationship of mudskippers was
calculated using the formula by Khaironizam and Norm-
Rashid (2002).

W=aL"

logW=1loga+blogL

Where:

W : Total weight of mudskipper (g)
L : Total length of mudskipper (cm)

aand b : Constanta

The criteria for determining the length-weight
relationship of mudskipper Effendie (1997): (1) If the value
of b = 3, then it indicates isometric growth pattern (the
length growth is the same as the weight growth). (2) If the
value of b#3, then it indicates the allometric growth
pattern: (a) If b>3, then it indicates the positive allometric
growth pattern (weight growth is more dominant) and (b) If
b<3, then it indicates the negative allometric growth pattern
(length growth is more dominant). The parameters a and b
were calculated by least-squares regression (coefficient of
determination/ R2).
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RESULTS AND DISCUSSION

Physical-chemical parameters of the environment

The results of the measurement of the physical-
chemical parameters of the environment (Table 1) revealed
that temperature, dissolved oxygen, and water pH at the
three research stations were very similar, but not salinity.
The range of the temperatures was between 30.01-30.05
°C, with the highest temperature was at station 1 (30.05°C)
and the lowest temperature was at station 3 (30.01°C).
Several previous studies revealed that the water
temperature suitable for mudskipper life was in the range
of 23.5-35.5°C (Ravi 2011; Mahadevan and Ravi 2015;
Akinrotimi et al. 2019). This indicates that the range of
temperatures in the mangrove area of Kairatu village was
in the optimal range for mudskipper. In addition,
temperature also has a close relationship with the presence
of dissolved oxygen in waters, because an increase in
temperature will affect the increase in oxygen consumption
by aquatic organisms (Roman et al. 2019; Giomi et al.
2019). Varadharajan et al. (2013) and Nursyam (2017)
explained that temperature, dissolved oxygen, pH, and
salinity have a significant effect on the survival and
productivity of various marine biota.

The results of the DO measurements (Table 1) indicated
that the dissolved oxygen (DO) ranged from 7.1-7.5 mg/L,
with the highest DO was at station 1 (7.5 mg/L) and the
lowest DO was at station 2 (7.0 mg/L). According to Kho
et al. (2020) DO levels for biota life in waters are 5-16.1
mg/L. Akinrotimi et al. (2019) reported that mudskipper
could survive in the DO levels of 4.22-5.89 mg/L in rivers.
It shows that DO has a significant influence on the
presence of mudskippers in mangrove ecosystems, where
there was a large number of mudskipper individuals found
at station 1, when compared to other stations. Several
researchers described that dissolved oxygen is a parameter
that reflects the quality of aquatic ecosystems (Gholizadeh
et al. 2016; Siriwardana et al. 2019; Zaghloul et al. 2019).
Moreover, dissolved oxygen is needed for metabolic
processes to produce energy which uses for the growth and
reproduction of organisms (Ekau et al. 2010; Stevens and
Gobler 2018). This means that dissolved oxygen has a
significant effect on the life of mudskippers in mangrove
ecosystems (Mahadevan and Ravi 2015).

The results of the pH measurements (Table 1) indicate
that the pH ranged from 7.3-7.5, with the highest pH was at
station 3 (7.5) and the lowest pH was at station 2 (7.3). The
value of pH which is still tolerable for aquatic biota ranges
is from 7-8.5 (Berge et al. 2010). Some researchers
reported that the suitable pH levels in aquatic ecosystems
for mudskipper life range from 7-8 (Ip et al. 2004), 5.8-6.5
(Ravi 2011), 7.1-8.1 (Elviana et al. 2019), 6.33-6.52
(Akinrotimi et al. 2019), 6.5-7.3 (Tanjung et al. 2019). This
indicates that the pH levels in these research locations were
still in a suitable range for the life of mudskippers.

The results of the salinity measurements (Table 1)
indicate that the salinity ranged from 5-7 %o, with the
highest salinity was at station 2 (7 %o) and the lowest
salinity was at station 3 (5 %o). The results of this research
indicated that the salinity of the mangrove area varied


https://www.ncbi.nlm.nih.gov/pubmed/?term=Giomi%20F%5BAuthor%5D&cauthor=true&cauthor_uid=31517051
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greatly. According to Yuvaraj et al. (2017), the salinity of
mangrove areas ranges between 6-32 PSU. In addition,
Koprivnikar and Poulin (2009) confirm that marine
organisms are able to survive at salinity up to 35 PSU.
Different suitable salinity ranges have been reported for
mudskippers inhabiting in mangrove areas from 5 to 18 %o
(Dobson and Frid 2009) and form 10.01 to 14.88 %o
(Akinrotimi et al. 2019). This shows that the range of the
salinity reported in our research was within a suitable range
previously reported. Nevertheless, Ravi (2011) reports that
mudskipper can survive in mangrove areas with a salinity
range of 23.5-32.8 %.. According to Mai et al. (2019) that
salinity affects the life of mudskippers in their habitat.

Species of mudskipper

Four mudskipper species were found in the sampling
area (Table 2, Figure 2), namely P. argentilineatus (266
individuals), P. gracilis (52 individuals), P. kalolo (11
individuals), and P. malaccensis (11 individuals). Interestingly,
Periophthalmus is the only genus of mudskipper found in this
area. According to Indarjo et al. (2020) and Ansari et al.
(2014), the mudskipper from the genus Periophthalmus is
endemic to the mangrove area, and not found in many
places. This means that the mangrove area in the Kairatu
beach is an endemic area for the genus Periophthalmus.

Periophthalmus argentilineatus. The identification
results of P. argentilineatus are shown that the body of this
mudskipper is brown to dark brown, has silver vertical
stripes on the sides of its abdomen, and striking irregular
black striped patterns on the body parts. The lower
abdomen is white, and the first dorsal fin is convex with a
black line and many small white spots. There are 13-15 fish
bones on the first dorsal fin, and their habitat is in the
mangrove roots. According to Murdy (1989), the body of
P. argentilineatus is brown, the stomach is silvery-white,
the head is dark brown with the ventral and pectoral parts
of the head silvery-white, many small white spots on the
head, the dorsal part is wrapped in red with an extending
wide black line, the caudal fin has many brownish-red
spots, blackish pectoral fins; anal and pelvic fins are white,
and ventral peritoneum is black. Takita et al. (2011)
explained that P. argentilineatus lives in sediments, rocks,
and mangrove roots and stems. It is probably the reason for
a large number of P. argentilineatus in the mangrove area
of the study sites (Table 2). In addition, the large number of
the P. argentilineatus individuals was also affected by their
growth patterns with limited pollution levels,
conditions, and seasonal factors (Kruitwagen et al. 2006).
P. argentilineatus ways of life cause a large number of
individuals to be found in the mangrove area of Kairatu
beach. In addition, the dominance of P. argentilineatus in
the mangrove areas is affected by the presence of food in
the form of mangrove crabs (Kruitwagen et al. 2007).
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Periophthalmus gracilis. The identification results of P.
gracilis are shown that the body is grayish-brown and has
slanted brown lines and silvery gray spots on the body. The
lower abdomen is white. The first dorsal fin is rounded
short brown which ends up being a clear black spot on the
back with 10 thorns of the first dorsal fin. Its habitat is
under mangrove trees and in mudflats when the sea water is
receding. Muhtadi et al. (2016) and Murdy (1989)
explained that the back part of its body is grayish brown,
the abdomen is white, and it has slanted dark brown lines
and silvery gray spots on the body. According to Jaafar et
al. (2016), the description of P. gracilis is very similar to
that of P. pusing in the Lesser Sunda Islands, where there
are black spots on the posterior part of the first dorsal fin,
the first dorsal fin is higher than the depth of the body in
the anus, and the inter dorsal distance is less than half the
length of the spine of the first dorsal fin.

Periophthalmus kalolo. The results of identification are
shown that P. kalolo has dark brown to black body, with
many small white spots on the cheeks, and does not have a
silver color like the P. argentilineatus. The first dorsal fin
does not have white spots, it has a thick black line at the
tip, and the lower part of the abdomen is yellowish-white.
There are 9-12 thorns on the first dorsal fin, and their habitat is
on mangrove roots and rocks. According to Murdy (1989),
P. kalolo has brownish-gray body color, head with many
white spots and irregular black spots, caudal fin with black
spots, immaculate anal fin; pectoral fins and abdominal fin
blackish with grayish spots. In addition, Enot et al. (2015)
explained that P. kalolo has frenum on the abdominal fin,
the lower part of the fin is joined by a membrane around ¥
of the radius of the fin; the first dorsal fin is slightly
rounded with a black line at the edge and white spots at the
base; the second dorsal fin has a black line.

Table 1. The results of the measurements of the physical-
chemical parameters of the environment

Table 2. Species of mudskipper found in the mangrove area of Kairatu beach

Mudskipper

P. argentilineatus (Valenciennes, 1837)
P. gracilis (Eggert, 1935)

P. kalolo (Lesson, 1831)

P. malaccensis (Eggert, 1935)

. Temperature DO Salinity
Stationary (°C) (mg/L) (%) pH
Kairatu village 30.05 7.5 6.0 7.3
beach 30.04 7.5 6.0 7.5
30.06 7.5 6.0 7.4
Average 30.05+0.01 7.5+0.00 6.0+0.00 7.4+0.10
Waitasi 30.02 7 7.0 7.3
. Kairatu village 30.04 7 7.0 7.3
tidal  peach 30 7 70 7.3
Average 30.02+0.02 7.0+0.00 7.0+0.00 7.3+0.00
Talaga-Kairatu 30.00 7.2 5.0 7.5
village beach 30.02 7.0 5.0 7.5
30.01 7.1 5.0 7.5
Average 30.01+0.01 7.1+0.10 5.0+0.00 7.5+0.00
Number of mudskippers per station Total
Station 1 Station 2 Station 3
101 67 266
11 11 52
6 1 11
8 2 11



http://nopr.niscair.res.in/browse?type=author&value=Yuvaraj%2C+E.
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https://en.wikipedia.org/wiki/Periophthalmus_argentilineatus
https://en.wikipedia.org/wiki/Periophthalmus_argentilineatus
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C
Figure 2. Mudskippers from the mangrove area of Kairatu beach. A. Periophthalmus argentilineatus, B. P. gracilis, C. P. kalolo, D. P.
malaccensis. Bar =1 cm

Periophthalmus malaccensis. The identification results
of identification show that P. malaccensis has brown to
black body. The lower part of the abdomen is white to
gray. The first fin is rounded and the thorn of the first
dorsal fin protrudes outward, it has small white spots and
there are 10-12 thorns of the first dorsal fin. It inhabits
mangrove roots and mudflats when the seawater is
receding. According to Murdy (1989), P. malaccensis has a
dark brown body color, a head with many small white spots
on the abdomen, blackish spots on the caudal fin, anal fin
with narrow white and black margins, a blackish pectoral
fin, abdominal fins with narrow white and black margins.
In addition, Polgar (2016) explained that P. malaccensis
has (i) a square-shaped abdominal fin with protruding
pelvic frenum, partially joined by a base membrane, both
pigmented in the internal parts and the back, and with
white margins; (ii) the presence of dark pigmentation on
the anal interradial membrane; (iii) sky blue spots on the
cheeks and opercula; (iv) protruding transverse folds of the
snout; and (v) having the first backbone.

Density of mudskipper

The mudskipper P. argentilineatus had the highest
absolute density and relative density at all sampling
stations (Table 3). Station 3 presented the highest values
and station 2 the lowest. This shows that the ability of an
organism to adapt to its environment has an effect on the
high density of the organism (Hoffmann and Hercus 2000;
Odum and Barrett (2004). According to Ansari et al.
(2014), the population density of mudskipper significantly
depends on its tolerance to environmental changes and
substrate differences of mangrove areas. Kanejiya et al.
(2017) confirmed that environmental parameters such as
the depth of the mud layer, sediment composition, pH,
temperature and salinity, have a significant effect on the
distribution of mudskipper in sea waters.

Mudskipper P. malaccensis and P. kalolo had the
lowest absolute density at station 1 and station 3, while P.
malaccensis had the lowest relative density at station 1.
Mudskipper P. gracilis had the lowest absolute density at
station 2 and station 3. The low population density of P.
malaccensis, P. kalolo, and P. gracilis was influenced by
the waste disposal of sago processing and the research

D

locations which was close to market activities. In addition,
some researchers revealed that the lack of diatomic food
(Ravi 2011) and rather hard sedimentary composition
(Kanejiya et al. 2017; Polgar et al. 2017) resulted in low
population density of mudskipper species.

Relationship of physical-chemical parameters to
mudskipper density

The results of the regression analysis of physical-
chemical parameters (temperature, DO, salinity, and pH) to
mudskipper density indicate that there is no significant
relationship. This shown by the sig value p> 0.05 so that
the physical-chemical parameters at the three research
locations do not affect the mudskipper density P.
argentilineatus, P. gracilis, P. kalolo, and P. malaccensis
(Table 4). This shows that the mudskipper can adapt to the
environment with various physical-chemical parameters.
Rumahlatu et al (2020) reported that P. argentilineatus, P.
kalolo, and P. minutus in mangrove forest area of Ambon
Island lived in a temperature range of 26-27 °C, pH range
of 7.7-7.9, and salinity range of 27-28 %g. Mahadevan and
Ravi (2015) reported that the genus Periophthalmus on the
southeast coast of India lives at 23.5-35.3 °C, salinity 24.4-
34.4 PSU, pH with a value of 8.17 in summer while 7.67 in
the rainy season, DO water varies from 3.83-5.17 mg/L.

Length-weight relationship of mudskipper

The calculation results of the length-weight relationship
in mudskipper P. argentilineatus, P. gracilis, P. kalolo, and
P. malaccensis indicated that all four species have varying
length and weight growth patterns. P. argentilineatus and
P. gracilis have a negative allometric length-weight
relationship (b<3), whereas P. kalolo, and P. malaccensis
are positive allometric length-weight relationship (b>3)
(Table 5 and Figure 3). The research by Khaironizam and
Norma-Rashid (2002) have found that Scartelaos
histophorus, P. chrysospilos, P. gracilis, P. novemradiatus,
and P. septemradiatus had negative allometric growth
patterns (b<3), whereas P. argentilineatus and P. spilotus
had positive allometric growth patterns (b>3). The negative
allometric growth of P. papilio is shown that the body
length grows faster than the body weight, resulting in more
flattened mudskipper (Moslen and Daka 2017).


https://en.wikipedia.org/wiki/Periophthalmus_gracilis
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https://en.wikipedia.org/w/index.php?title=Periophthalmus_malaccensis&action=edit&redlink=1

5470 BIODIVERSITAS 21 (11): 5465-5473, November 2020

Table 3. Results of calculation of mudskipper density

Station Species Number of individuals Absolute density (ind/m?) Relative density (%)

Kairatu village beach P. argentilineatus 98 4.9 73.68

P. gracilis 30 15 22.56

P. kalolo 4 0.2 3.01

P. malaccensis 1 0.05 0.75

Total 133 6.65 100

Average 33.25+45.09 1.66 + 2.25 25.00 + 33.90
Waitasi-Kairatu village beach P. argentilineatus 101 5.05 80.16

P. gracilis 11 0.55 8.73

P. kalolo 6 0.3 4.76

P. malaccensis 8 0.4 6.35

Total 126 6.3 100

Average 31.50 + 46.38 1.58 +£2.32 25.00 + 36.81
Talaga-Kairatu village beach P. argentilineatus 67 3.35 82.71

P. gracilis 11 0.55 13.59

P. kalolo 1 0.05 2.47

P. malaccensis 2 0.1 1.23

Total 81 9.05 100

Average 20.25 +31.49 226+ 157 25.00 + 38.87
Tabel 5. Length, weight, and length-weight relationship parameters of mudskipper

i F =
Species Ma>(<er(ra1r)lgth Max Weight (g) aL W relatlogshlp (W=al F)iz Growth type

P. argentilineatus 7.70 9 0.0089 2.9865 0.9677 Negative allometric
P. gracilis 1.66 55 0.014 2.6153 0.4416 Negative allometric
P. kalolo 28.41 13.9 0.0046 3.2958 0.9914 Positive allometric
P. malaccensis 5.35 8.5 0.0029 3.4534 0.3217 Positive allometric

Note: a: correlation constant, b: regression coefficient or length exponent, R: correlation coefficient, R? square of correlation coefficient

Table 4. Result of relationship of physical-chemical parameters to In addition, Sunarni et al. (2019) revealed that negative

mudskipper density allometric growth is influenced by the mudskipper
_ swimming activity, thereby causing absorption of nutrients
. Physical- , _ to reduce body weight. According to Ridho et al. (2019)
Species Chem'ial R R F S and Akinrotimi et al. (2019) mudskipper do not grow in the
DO 251 063 067  .838 that in weight. Similarly, Quang (2016) suggested that the
Salinity 903 816 4423 283 length-weight growth of P. schlosseri was negative
pH 903 816 4423 283 allometric (b<3), because it was influenced by the season
P. gracilis Temperature .971 .942 16.333 .154 and environmental factors. Furthermore, Mahadevan et al.
DO 982 .964 27.000 .121 (2019) also reported that P. elongatus showed negative
Salinity 000 .000 .000 1.000  gllometric growth. Moreover, previous research conducted
pH .000 .000 .000  1.000  hy Quang (2016) revealed that seasonal changes and
P. kalalo Temperature 350 122 140 772 onyironmental factors had a significant effect on the
DO .075 .006 .006 .952 .
Salinity 993 987 75000 073  mudskipper growth.
pH 993 .987 75.000 .073
P. malaccensis Temperature .402 .161  .193 737
DO 749 561 1.276 461
Salinity 792 628 1688  .418
pH 792 628 1688  .418
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Figure 3. The length-weight relationship of mudskipper. A. Periophthalmus argentilineatus, B. P. gracilis, C. P. kalolo, D. P.

malaccensis

Thus, it can be concluded that the increase in length has
a significant effect on the increase in weight. Similarly,
Sunarni et al. (2019) also found that female B.
pectinirostris has positive allometric growth patterns with
determination coefficient value of (R?= 0.9796-0.9784),
where there was a strong correlation between the length
and the weight of B. pectinirostris. Positive allometric
growth of mudskipper was also found in male P. barbarous
(Indarjo et al. 2020), P. argentilineatus and P. spilotus
(Khaironizam and Norma-Rashid 2002), and P. crysospilos
(Abdullah and Zain 2019). However, the determination
coefficient value of (R?>= 0.3217) (Table 5 and Figure 3)
indicated that the length-weight relationship of P.
malaccencis was very weak. Therefore, it can be concluded
that the increase in length is not necessarily followed with
the increase in weight. Similarly, the research conducted by
Ridho et al. (2019) also shows that the P. schlosseri has a
positive allometric growth pattern with the determination
coefficient value of (R?= 0965), where the increase in body
weight is faster than that in body length.

In conclusion, there are four types of mudskipper have
found with different density levels, from high to low,
namely P. argentilineatus (5.05 ind/m?), P. gracilis (1.5
ind/m?), P. malaccensis (0.4 ind/m?) and P. kalolo (0.3
ind/m?). Moreover, the P. argentilineatus and P. gracilis

were had a negative allometric length-weight relationship
(b<3), while the P. kalolo and P. malaccensis had a
positive allometric length-weight relationship (b>3). In
addition, temperature, dissolved oxygen, salinity, and water
pH of the study sites were very suitable for the life of
mudskipper, with the ranges of 30.01-30.05°C, 7.1-7.5
mg/L, 7.3-7.5, and 5-7 %o, respectively.
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