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Abstract. The southern sea area of Gorontalo Province is part of Tomini bay, the biggest bay in Indonesia. There lies unique flora
and fauna with high endemicity. Mangrove forest located in the coastal bay of Tomini Boalemo is one of the habitats for flora and
fauna, a place for spawning, nurturing, and food hunting for fish. The mudskipper is a fish that lives in the mangrove area. This
study aims to reveal the morphological characteristics and biodiversity of mudskipper (Periophthalmus: Gobiidae) in the ecosystem
of Tomini Boalemo coastal bay of Gorontalo Province. This study employed a quantitative descriptive that also implemented
purposive sampling as the sampling method in three ecosystem stations of Tomini Boalemo coastal bay (Dulupi, Bajo, and East
Pentadu mangrove). The mudskippers were collected when the water was manually receding by using a fish net. The sample which
had been collected were then identified based on 22 morphological, 24 morphometric, and 7 meristic characteristics. The
identification results were then compared with the identification key. The species of mudskippers found were then analyzed to
figure out the species biodiversity (diversity, evenness, species richness, and dominance indexes). The research result revealed 5
species from Periophthalmus Genus which are Periophthalmus argentilineatus, Periophthalmus kalolo, Periophthalmus
malaccensis, Periophthalmus minutus, Periophthalmus variabilis, with total individuals 561. The score of H’=1.09 showed that
the diversity of mudskipper fish was categorized as medium. The evenness index was 0.99 obtained from 3 observation stations
while the lowest dominance index was on station Il with a score of 0.34 and the score of (R1) in each station was respectively
(0.19); (0.36); and (0.2). The result of this study was used as a database for the sustainable management of Tomini Bay in order to
tackle the threats of species extinction through aquatic life protection and preservation to arrange the natural balance and support
the availability of the coastal resource for future generations.

Keywords: biodiversity, morphology, Periophthalmus, Tomini Bay

INTRODUCTION

Tomini Bay is the largest bay in Indonesia and is located in the coral triangle initiative. One of the parts of the bay
which has rich biodiversity is the mangrove ecosystem which plays an important role in improving coastal sea
productivity, spawning area, and nutrient supply needed by various species of fish (Mahesh & Saravanakumar, 2015).
In addition, Sellang (2020) stated that the mangrove ecosystem is one of the most important and productive
environments for the species of fish, in a tropical area, and sub-tropical estuary which can improve the fertility and
productivity of the coastal area. Mudskipper fish (Perciformes: Gobiidae) is one of the faunas that live in the mangrove
ecosystem, as mentioned by Latuconsina (2016); Sunarni & Maturbongs (2016) as the loyal resident of the mangrove
ecosystem. One of the Genera that belongs to the Family that is widely distributed in that ecosystem is Periophthalmus
(WoRMS, 2018; Fishbase, 2018; Clayton, 1993). This Genus 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 & Lim, 2011) inhabiting muddy habitats, sandy beaches, and mangrove areas (Takita et
al., 2011). Mudskipper daily behavior is closely related to tidal rhythm (Ravi, 2013; Muhtadi et al., 2016) where they
climb mangrove roots, walk on mudflats, and dig burrows in mud (Bhatt et al., 2009; Al-Behbehani & Ebrahim, 2010;
Polgar & Lim, 2011).

The mudskipper fish has various species yet they have numerous similarities in terms of morphology (Gosal et al.,
2013). One of its unique characteristics is spending 90% of its life a day living on land, climbing, and perching on the
roots of the mangrove or wood, as well as being able to crawl up on the land. Its pectoral fin on its muscular base can



be buckled so that it functions like arms that can be used to crawl and jump above the mud (Murniati & Hasan, 2016;
Elviana & Sunarni, 2018). The potential of mudskipper fish as the filter feeder that consumes the organic particles of
living creatures suspended in water, has the ability to absorb Lead (Pb) and has a role as a bio-indicator of
environmental pollution. The mudskipper can be used by people to fulfill their food needs (Bidawi et al., 2017).
Boleophthalmus boddarti, one of the mudskipper fish species, has 0.48% fat and 48.26% protein (Sunarni, 2013). A
good morphological look of mudskipper fish can be used as an ornamental fish in some Asian countries such as China,
Japan, and Korea, even in some parts of Indonesia such as Karawang and Cilacap, mudskipper fish is for sale as dry
and smoked fish.

One of the areas in Sulawesi Island which is directly bordered by Tomini Bay is Boalemo Regency. Boalemo in
general has a typical characteristic of a coastal area with relatively high resources particularly in the area of mangrove
forest and fishery sources, one of which is the mudskipper fish. The existence of this fish in the mangrove ecosystem
in the Coastal Bay of Tomini Bualemo is pretty abundant although it is disregarded as a man of the fishers and people
in Boalemo are not aware of the potential of the nutrition consisted in the mudskipper fish. As consequence, the
existence of the mudskipper fish in the Mangrove Coast Tomini Bay is threatened to be extinct along with the decrease
of its population along with the speed of mangrove forest degradation. The main cause of the degradation is the land
conversion in mangrove forests to become fish and shrimp ponds. In 1988, the area of mangrove forest in Tomini Bay
was noted as big as 17.672 hectares while in 2010, it was degraded to 16.105 hectares, and in 2020, it is predicted to
have the remaining area as big as 10.321 hectares (Paino, 2020).

The species of mudskipper which were identified until today are around 41 species in 10 genera (Murdy, 1989;
Jaafar & Larson, 2008; Polgar et al., 2013; Umami, 2022). General information related to mudskipper fish has been
available yet its species which are found in the Tomini Bay have not been found even the people in the coastal Bay of
Tomini Bualemo stated that the mudskipper fish is a kind of poisonous fish. People have not yet known the potential
use of the mudskipper fish optimally in terms of ecology, economy, and health so this research is urgent to conduct.
This research aims to analyze the morphological characters and biodiversity of mudskipper fish as the reliable resident
of the mangrove area in Tomini Bay. The findings of this research can be used as support for formulating policies that
aim to minimize the mangrove degradation in the coastal bay of Tomini.

MATERIALS AND METHODS

Study area

This study was carried out in a mangrove ecosystem in the coastal bay of Tomini, Boalemo, Gorontalo Province.
It included three observation stations i.e. station I (Dulupi Village), station Il (Bajo Village), and station 111 (East
Penatdu Village). This study had been conducted for 5 months from May to September 2022. This study employed a
descriptive quantitative method by implementing a purposive sampling method in three stations of the mangrove
ecosystem in the coastal bay of Tomini, Boalemo. Data collected were primary and secondary data. The primary data
were collected by identifying all species of the mudskipper fish and some of its morphological, morphometrical, and
meristical characteristics as well as its biodiversity (diversity, evenness, and species richness indexes) (Figure 1).
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Figure 1. Location of the coastal bay of Tomini, Boalemo, Gorontalo Province indicating the sampling sites
of Periophthalmus: Station | (N 00°30.640 E 122°26.982), Station 11 (N 00°29.818 E 122°20.931), and Station
111 (N 00°30.736 E 122°22.336)

Tools and Materials

The tools used were a fish tango, a 3x3 meters fish net, cool box, ziplock, stationery, digital camera, ruler,
millimeter block paper, gloves, jar, GPS, thermometer, pH meter, and an Ohaus digital scale with an accuracy of 0.01
g. The materials used were mudskipper fish, 10% formalin, 70% alcohol, tracing paper, ice, sewing thread, and
distilled water.

Procedures

The sampling procedures are as follows: (i) Specimen collection using a 3x3 meters net and hand-collecting
in the 3 locations of the mangrove ecosystem of the coastal area of Tomini bay. (ii) Measurement of physical-chemical
factors temperature, substrate, water pH, and substrate pH of the environment was done in every location. (iii) The
specimen was put in a jar, labeled, and then transferred to the laboratory for identification purposes. (iv) Specimen
documentation was carried out utilizing a Nikon DX VR camera with an AF-S NIKKON 18-55 mm lens and a Macro
Pro Tama Digital PRO 0.45X HD WIDE LENS SDW-045 52 mm. (v) Furthermore, the mudskipper fish samples were
observed and measured for morphological, morphometric and meristic characterization in the Biology Laboratory,
Faculty of Mathematics and Natural Sciences, and in the Agricultural Laboratory, Faculty of Agriculture, Universitas
Negeri Gorontalo. This observation and measurement step was referred to Aydalina (2016), Larson & Murdy (2001),
Gonzalez-Martinez et al. (2020), Kaur et al. (2019), and (Kottelat et al., 1993). Species identification was carried out
by referring to Jaafar et al. (2016), Larson & Murdy (2001), and Murdy (1989). Specimen fixation used 70% alcohol
and 10% formalin.

Data analysis

Morphometric and meristics data were analyzed using the Excel program and morphological observations were
analyzed descriptively.
Data on the diversity of mudskipper species were analyzed using the Diversity Index (H') (Shannon & Wiener,

1963; Fachrul, 2012). H' = —Y7_, pi ln pi where pi = % H' represents the Shannon-Wiener Diversity index, S for



total species, Ni for total individuals in a species, In for the natural algorithm, and N for total individuals found. The
value of H' determines the level of species diversity in an area, where the definition of the value of species diversity
according to Shannon-Wienner is: H' > 3: High species diversity, 1 < H' < 3: Medium species diversity, H' < 1: Low
species diversity.

Data of species evenness (K) were analyzed using the species evenness index which referred to the Pielow
Evenness Indices formula (Ludwig & Reynolds, 1988): E = H'/In S. E represents Evenness Index and H’ represents
Shannon-Wiener Diversity Index. Margalef formula was used as Species Richness Index (Magurran, 1988): Ry =
% which R; represents Richness Index, S for Numbers of Species found, and N for Total Numbers of Individuals.

Dominance data were analyzed using the Simpson formula: D = ; ((':\;EZ—L:)))) The results of the dominance index were

grouped into 0 < D < 0.5 which there are no species that dominate other species or a community structure is stable,
and 0.5 < D < 1 which means there are species that dominate other species or a community structure is not stable
because of ecological pressures (Odum, 1993).

RESULTS AND DISCUSSION
Result

Mudskipper Fish at the Research Site

The results in Table 1 show that the species of mudskipper fish which were found comprising one Gobiidae Family
of the Actinopterygii Class: Periophthalmus argentilineatus, Periophthalmus kalolo, Periophthalmus malaccensis,
Periophthalmus minutus, and Periophthalmus variabilis. The total number of mudskipper fish found in the coastal
mangrove area of Tomini Bay, Boalemo, as many as 561 individuals were spread across station 1-Dulupi village (156
individuals), station I1-Bajo village (254 individuals) and station Ill-East Pentadu village (151 individuals). The
classification of mudskipper fish in the coastal mangrove ecosystem of Tomini bay, Boalemo, Gorontalo Province, is
presented in Table 1.

Table 1. The classification of mudskipper fish in the coastal mangrove ecosystem of Tomini bay, Boalemo, Gorontalo Province

Station Total Number of
Class, Family Species | I 11 Individuals
Dulupi Bajo East Pentadu
Actinopterygii
Gobiidae Periophthalmus argentilineatus - - \(83) 83
Periophthalmus kalolo N(67) - — 67
Periophthalmus malaccensis N(89) N(98) - 187
Periophthalmus minitus - N(75) — 75
Periophthalmus variabilis - V(81) \(68) 149
Total 561

Description: (V) found; (-) Not found; and the number in brackets represents the number of individuals observed.
Source: Primary Data, 2022



The Morphological Characters of Mudskipper Fish

Table 2. Comparison of Morphological Characters of Mudskipper Fish in the coastal mangrove ecosystem of Tomini Bay,
Boalemo, Gorontalo Province

Characters

P. minutus

P. malaccensis

P. variabilis

P. argentilineatus

P. kalolo

Dermal cup

One row of teeth on maxilla

Pelvic frenum

Pelvic fin wholy fused

Pelvic fin partly fused

Pelvic fin not fused

High D1

Medium D1

Low D1

Slightly rounded D1 margins
Rounded D1 margin

Straight D1 margin

White D1 margin

Single inframarginal brown strip on D1
Single inframarginal black strip on D1
Single mesial brown strip on D1
White spot on proximal on D1
Reddish orange spot on D1

Elongated first spine on D1

Fading strip Mesial on D2

D1 and D2 connected by a membrane
Reddish orange pelvic and caudal fins

o+

+

+ + 4+

Vo4

+

+ 0

+ 4+

+ +

+ 0

+ +

+

1 + 1

+

+ + +

+ 0 4+ 0 4+

+

The Morphometric Characters of Mudskipper Fish

Table 3. Comparison of Morphometric Characters of Mudskipper Fish in the coastal mangrove ecosystem of Tomini Bay,
Boalemo, Gorontalo Province

Characters P. minutus  P. malaccensis  P.variabilis P. argentilineatus P. kalolo

Eye diameter 0.051 0.029 0.035 0.061 0.037
Post-orbital length 0.060 0.060 0.060 0.076 0.068
Head length 0.152 0.160 0.137 0.118 0.136
Snout length 0.273 0.274 0.264 0.247 0.256
Pre-dorsal length 0.506 0.070 0.054 0.091 0.055
Pre-ventral length 0.337 0.383 0.368 0.384 0.346
Pre-anal length 0.279 0.313 0.307 0.256 0.299
D1 base length 0.649 0.629 0.632 0.583 0.630
D1 longest spine height 0.214 0.178 0.192 0.163 0.172
D2 base length 0.195 0.237 0.196 0.164 0.233
D2 posterior distance length : caudal

0.216 0.174 0.216 0.201 0.211
pedunculus
Head height 0.172 0.163 0.164 0.175 0.143
Front body height 0.157 0.159 0.162 0.187 0.142
Pectoral fin’s longest radius length 0.184 0.194 0.194 0.204 0.182
Middle body height 0.206 0.179 0.173 0.164 0.145
Pelvic fin base length 0.170 0.207 0.173 0.184 0.169
Pelvic fins’ longest radius length 0.047 0.041 0.063 0.120 0.033
Caudal pedunculus height 0.101 0.116 0.088 0.102 0.103
Anal fin length 0.160 0.165 0.162 0.162 0.142



Anal fin’s longest radius length
Tail stem height

Caudal fin height

Caudal fin length

Eye diameter

0.201
0.081
0.081
0.144
0.213

0.188
0.059
0.097
0.162
0.234

0.223
0.056
0.099
0.115
0.208

0.165
0.127
0.101
0.145
0.219

0.155
0.074
0.082
0.152
0.167

Meristic Characters of Mudskipper Fish

Meristic characteristics comparison of mudskipper fish which were found in the coastal mangrove ecosystem of
Tomini Bay, Boalemo, Gorontalo Province along with the species’ classification are presented in Table 4 and Figure

2.

Table 4. Comparison of Meristic Characters of Mudskipper Fish in the coastal mangrove ecosystem of Tomini Bay, Boalemo,
Gorontalo Province

Number of Spines and Rays

OoTU D1 D2 A P \Y LS

S RS R S R S R S R S R
P. minutus 6 0 1 12 0 11 0 13 0 6 0 13 60
P. malaccensis 1 0 1 12 0 11 0 11 0 6 0 14 58
P. variabilis 14 0 1 12 0 12 0 13 0 6 0 16 52
P. argentilineatus 3 0 1 12 0 12 0 12 0 6 0 16 70
P. kalolo 1 0 1 12 0 11 0 11 0 6 0 14 62

minutus, B.  Periophthalmus
Periophthalmus kalolo

malaccensis,

C.

Periophthalmus

E
Figure 2. Mudskipper fish in the coastal mangrove ecosystem of Tomini Bay, Boalemo, Gorontalo Province. A. Periophthalmus

variabilis,

D. Periophthalmus argentilineatus, E.



Biodiversity of Mudskipper Fish Species
The gathered data of mudskipper fish at three locations showed moderate diversity with a value of H' = 1.09. The
Evenness index is 0.99 for 3 observation stations. The lowest dominance value is at station Il with a value of 0.34

(Figure 3).
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Figure 3. Biodiversity (Biodiversity index, Eveness Index, Dominance Index and Species Richness of mudskipper fish in the
research site

Environment Parameters

The results range of the temperature measurement at the three research locations were around 28 -30°C at station 1, 29-30°C
at station Il and 28 -30°C at station I11.The value of the acidity degree (pH) of water was in the range of 7.1-8 and the substrate

(pH) in the range of 6.8-8.
Tabel 5. Physics and chemical parameters of the research site waters

Coastal Mangrove Area of Tomini Bay, Boalemo

Environment Parameters Station | Station 11 Station |
Dulupi Bajo Dulupi

Temperature (°C) 28-30 29-30 28-30
Substrat Mud Mud rocks Mud

Water pH 7.1-8 7.3-8 7.1-8

Subtrat pH 7.5-8 6.8-7 7.5-8

Discussion

There are five mudskipper fish species that can be found in the coastal mangrove ecosystem of Tomini Bay,
Boalemo, Gorontalo Province which all of the species are part of Genus Periophthalmus. It shows that even though
mudskipper fish spreads all over Indo-Pacific (Springer, 1982), Periopthalmus tends to stay in mangrove ecosystems.
Thus, the result of this study is in line with previous studies which were conducted in the coastal ecosystems around
Indo-Pacific such as Maluku (Rumabhlatu et al., 2020); Taniwel et al., 2020), South Papua (Sunarni & Maturbongs,
2016; Umami, 2022), East Java (Juniar et al., 2019), Central Sulawesi (Enot et al., 2015), North Sumatera (Muhtadi
et al., 2016), Malacca Strait and Malay Peninsula (Polgar et al., 2014). All species found by researchers have high

similarity in morphological features because they are part of the same genus (Table 2).



a.  Periophthalmus minutus
D1 XVI, D2 1,12; A11; P 13; V 6; C 13
Eyes without dermal cup; one row of teeth on the maxilla; pelvic fin without frenum; moderate D1 height with
straight margins, single brown strip mesial with numerous proximal white spots, without spinal elongation; D2
with dusky brown stripe mesially; D1 and D2 are not connected by a membrane; lateral scales 60; head length
0.273% SL; pelvic fin basal length 0.047% SL; anal fin basal length 0.201% SL; D1 basal length 0.214% SL;
D2 basal length 0.216% SL; caudal peduncle height 0.081% SL (Figure 2, Table 3, Table 4).

b.  Periophthalmus malaccensis
D XI,D;1,12; A11;P11;V6;C 14
Eyes without dermal cup; one row of teeth on the maxilla; the pelvic is clear and prominent; moderate D1 height
with slightly rounded margins, a single inframarginal brown strip with numerous proximal white spots, first spine
elongated; D2 with faded brown stripe mesial; D1 and D2 are not connected by a membrane; lateral scales 58;
head length 0.274% SL; pelvic fin basal length 0.027% SL; anal fin basal length 0.188% SL; D1 basal length
0.178% SL; D2 basal length 0.174% SL; caudal peduncle height 0.097% SL (Figure 2, Table 3, Table 4).
Periophthalmus malaccensis also has bright blue spots on the chin and operculum, it also has prominent
transverse folds on the snout (Polgar, 2016).

c.  Periophthalmus variabilis
D1 XI,D21,12; A11;P11;V 6;C 14
Eyes without dermal cup; one row of teeth on the maxilla; the pelvic frenum is clear and prominent; the pelvic
is orange at least at the margins; moderate D1 height with rounded margins, a single inframarginal brown strip
with many proximal white spots, first spine elongated, white margin; D2 with single inframarginal orange stripe
and black single stripe mesial, with reddish-orange spots at the base; the anal fins are orange at least at the
margins; D1 and D2 are not connected by a membrane; lateral scales 52; head length 0.264% SL; pelvic fin basal
length 0.027% SL; anal fin basal length 0.063% SL; D1 basal length 0.192% SL; D2 basal length 0.216% SL;
caudal peduncle height 0.099% SL (Figure 2, Table 3, Table 4). When alive, the branchiostegal membrane of
the fish shows pigmentation (Setiawan et al., 2019).

d.  Periophthalmus argentilineatus
D1 XIll, D21,12; A12; P 12; V 6; C 16
Eyes without dermal cup; one row of teeth on the maxilla; pelvic without frenum; moderate D1 height with
straight margins, single brown strip mesial with numerous proximal white spots, without spinal elongation; D2
with dusky brown stripe mesial; D1 and D2 are not connected by a membrane; lateral scales 70; head length
0.247% SL; pelvic fin basal length 0.12% SL; anal fin basal length 0.165% SL; D1 basal length 0.163% SL; D2
basal length 0.201% SL; caudal peduncle height 0.101% SL (Figure 2, Table 3, Table 4).

e.  Periophthalmus kalolo
D XI,D21,12; A11;P11;V6;C 14
Eyes without dermal cup; one row of teeth on the maxilla; vestigial pelvic frenum; pelvic fins fused about half
of the pelvic fins; moderate D1 height with rounded margins, single black stripe inframarginal with proximal
white spots, without spinal elongation; D2 with inframarginal faded strip; D1 and D2 are not connected by a
membrane; lateral scales 62; head length 0.256% SL; pelvic fin basal length 0.033% SL; anal fin basal length
0.155% SL; D1 basal length 0.172% SL; D2 basal length 0.211% SI; caudal peduncle height % SL (Figure 2,
Table 3, Table 4).

Morphological adaptations of mudskipper fish cause variations in morphometric and meristic measurements
(Nugroho et al., 2016). Gangan et al. (2016) added that meristic characters such as scales before and after the pectoral
filaments, pectoral fins, dorsal fins, abdominal fins and anal fins are characters that can distinguish species in the
genus. In addition, other factors that influence differences in fish morphology are food availability, environmental
conditions and the stage of fish maturity. Another character with a high probability of variation is coloration. Fish
coloration is influenced by many factors including genetic, environmental, dietary, and physiological factors
(Nusslein-Volhard & Singh, 2017). Due to the instability of the correlation character, this character is mostly neglected
when identifying fish species.



The difference in species diversity between the three stations is influenced by environmental conditions. The high
and low species diversity is influenced by many factors and one of the factors is environmental quality. Khouw (2009)
further explained that species diversity is used to measure the stability of a community which is the ability of a
community to keep itself stable despite disturbances to its components. Maturbongs et al. (2018) argued that the area
or mud substrate is a habitat for various nekton, which indicates the area has abundant food sources. The existence of
habitat variations (substrate), such as physical conditions and the surrounding environment affects the diversity of fish
species. The diversity index at the research site was 1.09, this indicated that a high level of diversity of mudskipper
fish in the Coastal Bay of Tomini, Bualemo, was included in the moderate criteria. In addition, it also showed that
water productivity was quite balanced.

The comparison of the Evenness index of mudskipper fish in the research locations had the same Evenness index
value of 0.99. This value indicated that the Evenness in the three locations was stable. The Evenness index shows the
degree of Evenness of individual abundance between each species. If each species has the same number of individuals,
then the community has a maximum Evenness value. On the other hand, if the Evenness value is small, then the
community has dominant, sub-dominant, and dominated species, eventually, the community has a minimum Evenness.
The Evenness value had a range between 0-1, if the index value obtained was close to one, it means that the distribution
is more even (Ismaini et al., 2015; Baderan et al., 2021). Figure 3 presents the index of Evenness of the mudskipper
(Periophthalmus) species in the Coastal Bay of Tomini, Bualemo, which was included in a stable community. Thus,
the population between species of the genus Periophthalmus on the Coastal Bay of Tomini, Bualemo, was fairly even,
so that disturbances did not easily occur and were able to return to their initial conditions.

Species richness in the research locations was low with the Specific Richness Index (R1) at each station as follows
0.19 (Station I Dulupi), 0.36 (Station Il Bajo); 0.2 (Station 111 East Pentadu). Species richness refers to the number of
species in a community. The number of species in the field determines the size of the richness index. The Margalef
richness index divides the number of species by the natural logarithm function meaning that the increase in the number
of species is inversely proportional to the increase in the number of individuals. Generally, a community/ecosystem
with an abundant number of species will have a small number of individuals in each of these species.

The dominance of species in water often occurs due to several things including competition for natural food by
certain species accompanied by changes in environmental quality and also an imbalance between predators and prey
which are resulted in competition between species. Maturbongs et al. (2018) explained that dominance occurs because
of the result of the competition process for evicting one individual against another. Okyere (2018) stated that at low
tide the estuary area is dominated by brackish fish species, one of which is from the Gobiidae family. This statement
is true because mudskipper fish is more active during low tide conditions both on the coast and at an estuary, on the
other hand, mudskipper fish will hide in their nests at high tide to avoid predators. The dominance index of mudskipper
fish was 0.51 which indicated that the level of species dominance in these waters was moderate, thus there were no
dominant species in these waters.

Environmental factors that are very supportive and the absence of predators made several species of mudskipper
fish thrive and spread across the area. In line with research conducted by Mahadevan & Ravi (2015) which stated that
the right water temperature range for mudskipper fish was between 23.5-35.5°C, the measurement results of
environmental parameters showed that the average temperature range was 28-30°C. Furthermore, Bidawi et al. (2017)
explained that mudskipper species had tolerance to wide changes in temperature and salinity indicating that water
temperature is one of the environmental factors that affect the spread and diversity of mudskipper species.

The pH content of the substrate ranged from 6.8 to 8. It means that the water conditions for the life of
mudskipper fish were in the neutral range. The difference in soil pH at the research sites was caused by the contribution
of leaf, root, and stem litter that fell to the ground and decomposed to form soil organic matter (Nurlailita & Kusmana,
2015). The pH of the substrate greatly affects the resistance of organisms that live at the bottom of the waters, both
infauna and epifauna. This occurred due to the influence of tidal or brackish water during the formation of this land
and subsequent tidal processes (Nurlailita & Kusmana, 2015). Furthermore, Kanejiya et al. (2017) explained that the
distribution of mudskipper fish was significantly influenced by environmental factors such as pH, temperature, and
salinity. Regarding to the presence of mudskipper fish with substrate conditions in the mangrove area at the three
stations, (Kanejiya et al., 2017) added that substrate differences play an important role in the distribution of
mudskipper fish.
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Morphological characteristics and hiodiversity of mudskipper fish
(Periophthalmus: Gobiidae) in mangrove ecosystem of coastal Bay of
Tomini, Gorontalo Province, Indonesia

Abstract. The southem sea area of Goroatalo Provisce is part of Tomini bay, the biggest bay i Idonesia There bes wiqoe o and
[ with bigh easfemicity. Mangrove foeest lncated = the coatal hay of Tomisi Boalaso & ooc of the hahitats for B ond (una, a
prlace o spawsang, nurunsgg, el lood hrding lor Esh. The madskipper 1= 2 Ish that Dives in the mangrove area. This study ains o
revedl the mrphodogical characteristics and biodiversity of nmadskipper (Pencphthalius: Gobiidse) in e eoosysten of Toeini Boakeme
coital bay of Goreerale Provinee. This siady employed o quantistive descriptive Sat also implemesed purposive sampling & the
saammlizg meshod i hree ecosysten stations of Toanini Boalemo coastal bay (Dulupi, Bajo, and Fast Pestadu mangroved. The mudskippess
were collecied when e water was masally receding by wing a fish net The sample which had beencolleried were then identified based
o 22 morphalogical, 24 morphomeirie, asd 7 meristic chacienstics. The identiflcation results were thes compared with the identification
ey, The species of mudskippers found were then aalyred s figure out the species bindivessity {diversity, evenness, species richmess,
and dominance indexes). The reszarch esult revealed 3 species from J-\.I1|||'I|II|I.1|nI||'| Coenus wiich we Pariephthaintut degeniiistats,
Porigzininaini i, Parizphikdimic il it, Pariophikaloc mitif, Pariginmainiug varidmis, Wit ol inelividuals 561 Ih\.
scane of H'=00% shiwed that the diversity of svsdsdipper (ish wis casegnrized as medium. The evenness index was 099 obtamed Eom 3
cbeervation stations, while the lowest dominasece indes was on statioes 1 with a scoce of 1,34 and e score of By in cach station was
respectively [0L05): (.30} ad {I02). The result of dus shaly was used & 2 datahase for the sustaizable masagesnent of Tomisd Bay in
cde i tnchkle the theeats of spevies extinction throwgh aquatic life protection and preservation to amege the sriuml balance and suppoc
the availahilizy of the cosszal reowrce for fulure peserations.

Keywords: biodiversity, morpiology, Periophthalones, Toini Hay

INTRODUCTION

Tomini Bay is the largest bay in Indonesia and is located in the coral triangle mitative One of the pars of the bay which
has rick bipdversity iz the mangrove ecosystern which plays 2n uportant role I improving coastal sea productivity,
spawaing arsz, mufrient supply needed by various species of fish (Nenven and Pame] 2017, Lapols et al 2018), and potential
of biodmersity [Cooray et al 2021}, In addition, Ballang (2020 stated that the mangrove scosystem & one of the most
important and productive smvironments for the speciss of fish, m atropical area, and ;ub-tropical esheey which can iraprove
the famility and productiviry of the coastal area, Dudskipper fich (Perciformes: Gobiidas) iz one of the fama: that live m
the manzvove ecosvstem, as mentioned by L atuconsing (016) and Bla'ifa etal {2021 as the loval resident of the mmevave
ecozystern. Cne of the Genera that belongs to the Famaity that is widely dismibuted in diat acosvstzm i Deriophehabo:
(WoRME 2018, Fishbase 2021). This Gemus occupies primary {organisms that obeain ensrzy Srom producers) and secondary
]H]EIJ:IEI'J. {orEamizms that obtzin energy Som primary consumers) m the food cham despite their very mmall size {Polzar et
2l 2017} inhakiting rmaddy habiats, sandy beaches, and manzrove areas (Mahadevan and Ravi 2015 Modskipper daily
br;hmuns-.]us&h relzted to tidal hythen (Bavi, 2003) whers they -.-:lmhman!memms walk on anadflats, and diz burromws
inmnd (Ansari etal 2014; Hioi et al 201%; Hidmyat et al 2022).

The mndekipper fish has varipae !-]JECIES‘ieHbEl Tiawe mmerows similanfies in tamms of morphology (Ridko etal 2019).
O o itz umique charactenistics is spending 0% of its fife a day livieg on land, climbinz, mi[:erm:zmthzmu ofthe
mangrove or wood, 2 well as baing able to crand up on the land Tts pectoral fin on its pmuscular hese can be buckled so that
it fimctioms fike armes that can be used to crawd, jueap above the wmd, and attached to rocks and apen roots (Huang 2013,
Wicaksomo et 2l 2014). The potential of rudskipper fish 2z the flter fosder that consumes the organic particles of lving
creatures suspended mwaber, has the ability to absorh Lead (Ph) and has 2 role 2 2 hio-indicator of enviresmertal polution.
The mudskipper can be uzed by people to fifill their food needs hecanse it has a bigh vahe of putrition { Akinrotin et al
2012, Bidawi et al 2007). Boleophrhaimus Sodda, one of the mudsiipper fizh speries, has a high value of £t in the liver
(354 434 49 mg ), protein {3520 35 me100me), and 1.3 = 0.47mz'100mz peotein i the muzcle (Eanefiya atzl. 2017).
A zood morpholozical look of mudskipper fish can be usad 23 an omamental Ssh in some Asian comrie: such as China,
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Japan, and Korea, even i some parts of Indonesia such a: Karawang and Cilacap, modskipper fish is for ale as dry and
smoked fish Besides, mudskapper 2s the native residents of mangrove habitat creates a natural view that i3 awaitad by the
tourists (Chaiqaborty et al. 2020).

One of the areas n Sulawes [zland which is directly borderad by Tomint Bay is Boalemo Rezency. Boalemo in 2eneral
ha: 2 typical characteristic of a coastal are2 with relatively high resources particularly in the area of mangrove forest and
fishery sources, one of which is the mudskipper fish. The existence of this fish in the mangrove ecosystem in the Coastal
Bay of Towii Bualemo i3 pretty abundant although it is disregardsd a: 2 man of the fizhers and people i Boalemo are not
anvare of the potential of the nutntion corsisted i the mudskspper fish. As consequence, the exiztence of the mudskipper
fish in the Manzrove Coast Tomin: Bay is threatenad to be extingt along with the decrease of its population 2long with the
speed of mangrove forest degradation. The main cause of the degradation is the land couversion i mangyove forests to
become fizh and shrmy ponds. This is afinned by Hai &t 2. (2020), mangrove is an important componers of the coastal
ecosystem which i severely and globally threatenzd by various causing factors. In 1986, the area of mangove forsst in
Towmini Bay was poted as big as 17,672 hectares while in 2010, it was dagraded to 16105 hectare:, and in 2020, it s predicted
to have the remaining arsa 23 big as 10321 kectares (Paino 2020).

The species of mudskpper which were identified until today are around 43 spacies in 10 genera (Polgar etal 2013, Rugp
2021). General mformation related to mudskipper fish has been avatlable vt its spacies which are found i the Tomini Bay
have not been found even the people m the coastal Bay of Tomini Bualemno stated that the mudskipper fish is 2 kind of
poizonous fich. People hava not yet known the potential use of the midskipper fish optimally i terms of ecology, aconomy,
and bealth 0 this research i3 urzent to conduct. This rezearch aims to analyze the morphological characters and biodiversity
of mudshapper fish 2: the reliable resident of the manzrove area in Tomin: Bay, The findings of this research can be used 22
support for formulating policie: that 2im to minimize the mangrove degradation in the coastal bay of Tomini

MATERIALS AND METHODS

Study area

This stody was camied out in 2 mangrove ecosystem in the coastal bay of Tomint, Boalemo, Gorontalo Province It
inchuded three observation stations 2. station I (Dubupd Village), station 1T (Bajo Villaze), aud station I (East Penatdu
Village). This study had been conducted for 5 movdhs from May o September 2022, This study employed a descriptive
quantizative method by implamenting 2 purposive sampling method in three seations of die mangrove ecosyste in the
coz:tal bay of Towmin, Boalemo. Data collectad were primary and sscondary data The primary data ware collected by
identifying all spacie: of the mudsipper fish ard soms of it: morphological, morphomsetrical, and menstical characteristics
2 well s its biodiversity (diversity, evermess, and spacies nichmes: indexes) (Fizure 1),

] ] eiibe
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Figare L Location o the coastal bay of Tomink, Boalemo, CGocuntaka Province indicating the sanpling siies of Periopitulmes:
Statian | (N 00750640 E 12226962}, Saatica 1L (NKI29.818 B 122720951 ). and Station (1{N (730736 & 12222 336)
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Tooks and Materials

The tools usad wers a fish tango, 2 353 meters fish net, cool box, ziplock, stationary, dizital camers, naler, millimeter
block paper, gloves, jar, GRS, tharmameter, pE meter, and an Chavs digtal scale with m accusacy of 0.01 2, The material:
wsed wers udskipper fisk, 10% formalin, 70% alcohel, tracing paper, iz, sewing thread, and distilled watar.

Procedures

The sampling procedures ars as follows: (£) Specimen collection using 3 353 mefers net and hand-collecting m 3
locations of the mangrovs ecosystem of the coastal e of Tomin bay. () Measurament of physical-chemical factor
temperatre, subsirate, water pH, and substrate pH of the enviroament wa: done m evary location. (5if) The specimen was
put i a jar, labeled, and then tranferred to the lboratory for identification purposss. {iv) Specimen docrmertation wa:
camied ot wiilizing 2 Wiken DO VE. camera with an AF-5 MIEECH 18-35 men lens and 2 Bacro Pro Tama Digial FRO
143X HD'WIDE LEXS SDWM43 32 mew () The ewdskipper fich sample: were obsamvad and mezsured for morphological,
morphomeic 20d meniztic characierization in the Binlogy Laboratary, Faculry of Mathematics and Manural Sriences, and
in the Agriculural Labosatary, Faculty of Agviouliure, Universitzs Megen Goromtalo. Thiz beervation ind measmrement
st was refemd to (Larson md Murdy 2001, Palzar et al. 2013; Maryam of al. 2013, Aydaling 2016; Ghavbarifardi ot 2l
2008, K et 2l 2008; Dshadevan et al. 2015, and Conzale-Martmez et al. 2020). Species identification was camied ot
oy referring to (Meurdy 1989, Larzon and Murdy 2001; Jaafar et ol 2016). Specimen fixzcion ussd 70% alcohol and 10%
formzlin

Firare 2. Shema karaktersad markomesik sadsipper: (a) total length, {B) standard length, {c) Pre-orbizal bength, () eye diaeies, (e}
panjag chieral poes-oehital, {f) panjang kepala, (g) panjasg e, i) panjang daerah pre-dorsal, {i) penjang daeraly pre-ventral, {j)
g dloeraly pre-anal, (&) panjang panghal sinp dorsal perana, {1} gy jan-gr femasgang sinp dorsal pertoma, {m) o] g |M‘r\,u|
sirip dorsal kedua, (0 pasjang jarak antara hagian poeserion sirip dorsal kedua desgan batasg hor, (o) tinggi kepala, (p) tisgg fubul
b depam, {g) pamjang jan-jari terpunjang sirip pectocal, | tingg subed hagian tengah, (51 panjang pasghal sisip pelvik. ) pasjang
jari-jari tepasjang sinip pelyik, {ul tinggi pangkal ehor, {v ) panjaeg gl sinp anl, (w) panjang jan-far serpajang sing al, (x) tinggi
buatag ek, (y ) tinggi siripehor, (2 panjasg sinp ekor ( Larson & Murdy, 2001, dimodifikis oleh pendis)

Data amalys

Iiiorphometric and menstic: dat2 wese malyzed using the Misrozgf el prozram and morphological ohservations were
amalyzed descriptively.

Cata on the diversity of mudskipper species were anabyzed using e Diversity Index (H') {Shampon and Wisnar 1963,
Fackral 2013}, B = - ¥4, pilnpi where pi= ';—' B reprasents the Shannon-Wierer Diversity indeg, 3 for total spectss,
Mi for total mdividuzls in 2 species, In for the natoral algorithns, and M for tota] individoal: foond Thevalue of B determines
the level of species diversify i an area, whers the éefinition of the vahue of species diversity according to Shamin-Tismmer
iz-H'> 3 High species diversizy, | = H' < 3: hladium species diversity, H' < |: Low species diversity.

Cata of species evemness (E) were malyzed using the species evermess inders which refemed to the Pielow Evennes:
Indices formula {Tudviz and Reynolds 1988): E=H'In 3. E represents Evennzss Indes and H' represents Shannon-1iener
Diversiry I Margalef fomaula was used as Species Richoass Indey (Magurran 1988): R, = —— which B, reqrasents
Richness Index, 5 for Mumbers of Species formd, ad M for Total Mimbers of Individuale. Dominance dat were malyzed
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nzmg the Smpaoa formala D= E%"h" The rezults of the dominamce mdsx were groaped mto 0 0 < 0.5 m which
there are no species that dowimate ather :pacies or a commmmity smchure is stabls, amd 0.5 <D< | which means there are
sperizs that dominate other species or 2 commymity stucture is not stable becanse of ecological pressures (Odum 1371;
Erehs 2004).

RESULTS AND DISCUSSION
Rezlt

Mudsigper Fish ar the Research Site

The results i Table 1 show that the species of sudskipper fish which were found comprizsd aps Gobiides Family of the
Actimopteryzii Class:  Perfophthaiws  argentimeans, Perigphthams  Ralols, Periophthalmu  maparcensss,
Perigphthaimus mivrys, and Perigphttms variahils. The total mmber of mudskapper fish foud in the coastal manzzave
ared of Tomini Bay, Boalemo, 25 many a: 361 mifviduals were xpread across station I-Dlupd village (156 mdhviduals),
station. [I-Bajo village (234 individuals) and sation II-East Pentadu villaze (131 mépvidualz). The clasification of
midskipper fish in the coastal mangrove ecosyatam of Tomind bay, Boalemo, Gorontalo Provines, is presented in Table 1.

Tahbe 1. The chissification of mudskipper fish in the comtal mangrove ecosysiem of Tomind bay, Boabeme, Gomotalo Frovinge

Stariog Total Kamber of
Clazz, Frmily Species 1 il m Individush
Dulupi  Bajo Emt Pentadu
Actimopeeryeii
Crohiidie Ptriifhinai i dejivitilindedick WS IH
FPorigghinalnias bl W &T) (i
FPorigghinalnias saladnil | &) || 187
FPrigghinaimi st W T3} Il
FPrigghinaimis varidbili WSl R | |44
Tictal Al

Decriptiow: () found, {-) Mot found; and the member in brackets represents the murber of mdniduals ohzerved
Squrce; Primary Dafa, 2027

The Morphalogical Characeers of Mudsicimper Fisk

...................................................................

(inromeale Previsce]

Charnoters Emmut P omelaceoeds P oveighifie P oorpewilweonsy Pokadie
Denial o . - . B
Chie roww ol beeth oo maxilh t + # i
Pelvie frenum - +
Pelvie fin wialy lused
Petvic fin partly fused . 1
Felhvie fin niot flsed t . - i
High D . : . )
Medium 11 . i £ i
L [0
Slightly rounced 11 masging - d
Fenmded DI margin
Straight [ margm t - - [
White [} nwargin
Single inframarginal beows sinp ca 1 - t
Kingle inframarginal back smp oo 1
Ringle mesial brown sizip on ] + - - i
White spot an vl on D] + t - i

Raddizs prange spat an [}

Micrasoft Office User

Itwould be better if it was acompanded by a

plctare of e characters.

It has heen revised as suggested. The 1% to 6
characters has been showm in the Figure 3, The
rest of the it cam be seen an Figure 4.



Fleagrted first spine am [} - } '

Fafingg szrip Mesial om [ + ! - t
[ and 102 coomected by 2 membrne . - - -
Redddish crange pelvic s caudal flzs - - t
156
157
158 The Morphometric Characters of Mudvkinper Fish
158 Microsoft Office User
160 Twble 3. [oiuiic of Marplonueinic Curaesees o Wsaiiper Vil i e sl o sicegadem of T Wy, Doy~~~ It weould be better it was accompanded by a
161 Goromalo Provisced ictare of the characters.
Characiers Eowinunrs Fowslecconsis  Poverindills P oospemdiuearys P kalsls It has heen revised as suggested. The characters
Pre-cebital length sl [ 0055 [T [0 can be seen (n Figure 2.
Eye diameter L LEC] (it} L7 LIE(E)
Head length ols L] 0157 ILIIE 013
Snouit lezgds 017 0274 0,204 .47 0250
Post-arbizl length G 04m 1134 1LiE] IR
Pre-domsal lezg 0337 <! 1584 1.340
Pre-veniral bength 0 LEE! L350 038
Pre-anal lesgth T2 ] ke (553 I
I} hase length 0l4 0178 L1063 [NFE]
I} longest spine kengih L] an? (.14 I.16d 0253
12 hae length ol LNEE) 0216 1301 30
Postesior distance lengts : easdal pedunculis om LN 0.164 [LI7% 143
Head height a3 .15 102 1L 15Y 0.142
Froart body height AL 154 144 1M 0.182
Pecinml fin's bangest my length 020 wIm 0175 I.164 0.145
Middle body height ol .37 [ ] 1184 LN
Pelvic fin hase lengd oy LRCH [T 13 LR
Pelvic fins" bongest radis bengily oot LN 0088 [h.1a2 .10
Caudal base height OBl LIS 0162 {162 0142
Ml i bengthy 0l [NE nas 0165 L1585
Anal fi's longest mdius length ol LEGE] Ul L1x? LK)
Caudal pedunculis beight ol LEC R 111 w2
Caudal fim beight 144 161 (18] 0143 [INEx
Caudal fim length [IRIK] 0.1 0208 1.219 AL 167
183
184
185 Mevivte Charaeters of Mudskinper Fich
186
187 The comparizon of menstic characteristics of modskipper fish which were found in the coastal manzrove ecosystem of
168 Towmini Bay, Boalenno, Crorontalo Province along with the species’ classification ave preseeted in Table 4 and Figwe .
188
170 Tahble 4. Comparison of Menistic Charseiers of Mudsiipper Fish in the coastal mangrove ecosystem of Tomini Bay, Boaleno, Gorotale
171 Provisee
172
[uxaber of Spimes and Rayz
oTu o o A F L [
T ETE 5K 3 3R IK
F. mtinuufus T
P. mialaeceers w0 s 014 %
F. warishilit (E I O A N E I O T
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Figare 3. Karnkterish imocfologss (kan Modskippes fish dhavea pesises hosissenn tmagrove Teluk Toaini, Boakenw, Provinsd Ganoitabe:
A Satw baris igs pada masille B, Demal-Cop; C. Sieip pelvdk tidak messyan; 1 Sirip pebvik mesyatu, Fremen dinayukkan ol araby
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Biodiversiy of Mudskipper Fish Species

The gathered data of rmdskapper fish at three locations showed moderate diversity with 2 value of H' = 1.02. The
Everness index was 0.92 based on 3 observation station:. The lowest dominance valie was at station [T with 2 value of 0,34
(Figure 5).

RIODIVERSITY
® fdation £ (Duhed) w0t il M) 9 Mustion JI (Menteds Tasur)
1
09 0w am
048
l .
By £ onem beder Dommae ok

TFigare 5. Baodiversity { Biodivessity mdew, Evesess [ades, Domeance ndex and Species Richness of smudsiipper fish in the research nse

Emvironment Parameters

The resuits range of the temperature measurement 2t three research locations were arownd 28 -30°C at ftation ], 20-30°C
2 station [T and 28 -30°C at stations [IL. The value of the acidity degree (pH) of water was in the range of 7.1-8 and the
substrate (pH) in the range of 6.8-8. Kondial ekologis Staziun I (Dubups) kawasan mangrove berdasarkan penampakean
visual masih baik-padat, mensikila tekstur habitat tanzh berpasir dan berhumpur denzan ditumbuhi fumbukan mangrove,
Stazium IT (Bajo) kawasan mangrove telah dialihfimesikan menjadi pamulimar, tanpa memperhatian nilai pantng dari
tumbuhan mangrove. Berdasarkan penzmpakian vissel kondisi mangrove menilik takstur tanah berpasth dan berlumpr,
bamyak sampeh-sampal vang berserakan dan bamyak mangrove anakan yang mati dan rusak. Stasiun [IT (East Pentadu)
berdazarkan penarpaickan visual kondisi mangrove nssmilk telcstur taah berbumpur dan tanah berhumpur bebatan. Kondisi
mangrove masih baik dan ragenerasi pertumibuhan anakon manzrove pada area tersebut tumbul: cepat dan banyak
Tabel 3. Miyskes and chiemical pammeters of the watees study area
Caastal Mangrove Area of Touini Bay, Beslewo

Sution | Statica 1l Station 111
Dbl o East Prentadu
Femperuture | C) 2810 230 2830

Substrat Mud Mud rocks Mad

Watcr pif 118 148 118

Subirut pkt 158 (X5 W81

Euvironment Parsmeters

Discussion

There were five spectes mudskapper fish that could be fourd i the coastal mangrove ecosysten of Tomm: Bay,
Boalemo, Gorantalo Province in which all of the spcies were part of Genu: Periophthalmus. It implied that ven though
mudskipper fish spread in 21l over the tropical and subtropical habitat, except in the westem tropical Atlantic and eastern
tropical Pacific (Springer 1982, Jaafar and Murdy 2017). Peciopthiabs tends fo stay it margrove ecosystems. Hal il
disebabian oleh karena mangvove menyediakon banyak detritus, kepiting kecil, ikan kecll, niang, dan arthropoda yang
mengpakan makaran Penopirthamys (Rha'ifa et al 2021). Thus, the result of thi: study was in line with previous studias
Mmcm&nedmﬁemmdxos)mmmmk@myahad“om mhasmluh{mmhm
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gtal. 2020; Taniwel tal 2020, South Sumatera Fidbo of al 2019), WestMusa Tenggara (Fha'ifa etal. 2021), Yogyakarta
{Arisoryanti et al. 2018), North Sulawesi (Polzar et 2l 3017), Jmva and Bali (Dabewddin et al 2017), Malacea Stait 2nd
Malay Peninsula (Polzar etal. 2014). All pecias fiurd by ressarchers possassed high similarity in morphological feature:
becanse they are part of the same Genos (Table 2).

..........................................................................

Perinpitialins miug

DVLDL 1L ALLRIE VEC]

Eves without deraal cup; ome row of tzeth on the magilla; pebvic fin withoot frewam; moderate D] height with sraight
puargins, singls broma strip mesial with mumerous proximel white spots, without spinal elongation; D7 with dusky
brorwiny stripe mesially, D and D are ot connected by 2 mesmbrang; [ateral scales 81 head length 0.273% 5L, pelvic
fin basa] length 0.047% 3L; axal fin basal length 0.201% 5L; D1 basal Jength 0.214% SL; D2 basal length 0.216% 3L;
rauda] pedmnils haight 0.081% SL (Fizure 1, Table 3, Tabla £). Df heberapa keadsan, framum biza terfibat melahsi
raagmification (Taafar & Murdy (2017).

b, Perigpithaisms maassensis

DALDLILAILPILVECH

Eyes without dermal cup; one row of teeth on the maxilla; the pelvic is clear and promeinent, moderate 0 haizht with
elightly romndad marzivs, 3 simgls mframarzina brova strip with mueneres progimal white spots, first spine elonzated;
L2 wth faded brown stripe mesial; D] amd D2 are mot comnectzd by 2 membrans; lateral scales 3%; head langth 0 274%
SI.,,percﬁnl:usaJlen'mI}!]""%SL ur:d:lnbasal]mg.h-] 188% 5L, D1 bazal lenzth 0.178% 5L, D basal length
0.174% BL; candal pedimcle height 0.007% 5L (Figure 2, Tahle 3, Tahle £ Periopithaimus malarcentis alin has
hiright Iahoe spots on the chin and opercuhum, it 2lio has propament transverss folds o the mout (Polzar 2016)

¢ Pervigrhthaimus variabiic

DL DL ILAILRILVEC 4

Eyes withaout dermal cup; ane row of teath on the mailla; the pelvic freumm is clear and prominent; the pabic is orange
at least ar the margins; moderats D] height with souded marging, 2 singls inframarginal brovm strip with mamy
promal whits spots, first spime elonzzted, white margm; D] with single inframarginal orange stripe and black sngle
siripe mesial, with veddizh-orange spots at the base; the anal fin: are orange at least at the margins; D] and T2 are not
commectsd by 3 mesnbrans; Lateral scalas 32, head length 0264% 3L; pehvic fin basal length 0.007% 5L; anal fin basal
length 0.083% 51, D1 basal length 0. 180% 5L, DO basal length 0.216% 3L; comdal pedmele beizht 0.099% 5L (Fizure
1, Table 3, Table 4). When alive, the branchiostezal menhrane of the fish shows pigmentation (Setizvwan = al 2018),

...........................................................................

argentiiadtls]

DXL DL I ALLBILVE C U6

Eye: without dermal cup; one row of teeth on the malle; palvic without Semen; moderate D beipht with sraight
marEms, singls brown sip mesial with mmesous proximal white spote, without spmal slonsatian; DT with dusky
brorwiny siripe meial, D] and D2 ans not commected by 2 membrans, lateral scale: 70; head Jenzth 12473 5L, pebvic
fin basal length 0.12%: 5L, mlﬁnbusa]lenwEl&*r»&_Dl‘tmll.engjhﬂlﬁl’fpSL D2 basal length 0.201% 3L,
cauda] pedncle beigkt 0.101% 3L (Figure 2, Table 3, Table 4). Jamlah siztk transverzal dani basal D2 vertroposteriorty
iz bazal zirip anal 18-24 (Taafar & Mardy (2017).

Periopitiainms kail

DL DL ILAILRILVEC 14

Eves without demmal cup; oue row of teeth on the magll; vestigial pelvic Temmy, pehvc fin: fased about half of the
pelvic fins; moderate 0] height with rounded margims, single black srips miramerzing] with progmal white spots,
without zpinal slonsatioe; D2 with inframarginal faded srip; D] and D are not comected by 2 membrane; [ateral
scales £, tead]mgﬂlﬂ“hﬂl.,pmtﬁnhn.nl]mglhﬂdhﬁ. anal fin basal length 0.135% SL. D] basal length
(0.172% 3L; D2 basal length 0.211% 3L caudal peduncle beight % S0 (Figure 2, Table 3, Table £). umlzh s:k
transversal dari basal D] ventopasteriorly ke basal sirip anal lsbih sedikit daripada Perigphthalmus argentilineatus
yaimi harya 1327 {Jaafar & Mimdy (2017).

........................................

Morphological adaptations of pudskippar fish created fariations in morphometric jwd meristic mazsurements (Fuzroho

gtal. 2016, Dimh ot . 2020, Ghanbarifards et al. 20207, Jaafar & Murdy (2017) 2dded that morphological characters such
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25 pmber of dorsal spines, the presence of firzer-like projactions in the mayillodentary lizament m the ip of the lower jaw
and the epayialis uscle ataching anteriorly of the front2] md epioccipital junction con distinzuish gepera i the famiky.
Meristic chararters such as the scales before and after the pectoral filaments, pectoral fms, darsal fins, abdominal fins, and
anal fms are characters that can distmgnich species in the geme In addstion, other factors that influence differences in fish
morphaloy e food svailabilisy, envirenmental conditons, and the sfage of fish maturity. Awother character with a high
probehility of variation is coleration. Fish coloration is mfluenced by mary factors mchoding genstic, emvironmental, distary,
and piysiclogical factors (Miszlem-Volkard and Singh 20170 Due to the metabdity of the comelation character, dus
characier is mostly neglected wher identifying fish specis.

The diffarance m species diversity between the three sations is mfuenced by enviroemental conditions. The high and
low species diversity was infiuenced by many factors and one of the factors ix emvionmental quality. Erehs (2014) frther
epplained that species diversity iz nzed to measure the stability of 2 conmrmmty which is the ability of 2 commmity fo keep
itself stable despite disnrbances to it componants, Mznrbong: etal (201%) arzued that the area or pvud substrate is 2 babita
for various nekaon, which indicates the area has abumdant food soaroes. The emstence of habitat varistions (subsmate), such
25 pirysical comditions and the sumoundme smvirommers affects the doversity of fish species. The diversity mdeg at the
research site was 10F, this indirated that a high leve] of diversity of nudzkipper fish i the Coastal Bay of Tomini, Buzlema,
was mehoded in the moderate criteria. In addition, it also showed that water productivity was guits balanced

The comparion of the Evermess index of mudskipoer fish m the reseanch locations had the same Evennes: mday value
of (153 This valus indicated thet the Evermess m the thres locations was stable. The Evermess mdey shows the dezres of
Evemnazs of individoal ainundmee between sach species. If sach species bas the same number of individuals, then the
comnumity has a meginmen Evenres: vaiue. On the other hand if the Evenness value &2 small, then the commumity has
dominant, sub-dominand, and dominated species, eventually, the compmmify kas a miniwm Evemess, The Evenpes: value
had 2 ramgz betwean (-1, if the md=y vahe obezinsd was cloze to ope, it means that the dismbusion i: mare even (Lodwiz
and Reynold: 1988; Baderan et al 2021 Figure 3 presents the index of Evenness of the mudskipper (Periophthatmu:)
apecizs m the Constal Bay of Tommi, Bualemo, which was meloded in a stable comuumity. Thus, the papulation between
species of the gees Paripphthalrus on the Cozstal Bay of Torin, Bualem, was fairly even, so that dismrbanzes did not
easily ooour and wers able to remum to thedr initial conditions,

Sipecies richness in the rsseanch locations was low with the Specific Richmes: Indey (PL1) 21 each station as follows .12
(Btation I Duehupi), 0.34 (Station I Bajo); 0.2 (Siation I East Pentadu). Bpecies richnass refers to the mumber of specie: m
2 comenmity. The member of species in the field detemmines the size of the richnes: mdey. The Marzalef nckmess inday
divides the mmber of species by the narral logaritimy fimction meaning that die increase in the nomber of specis it
inversely proportional fo the increass in the muber of indrviduals, C(renerally, 2 compmmity ecosystem with  abandant
mumber of pecies will beve 2 small mowber of dividuzls in each of these species.

The donuinance of species m water offen occurs dus to several things incluémg competition for naforal food by certam
apecies accompanied by chanzs: i environmental quality and al:o an imbelmee between predators amd grey which are
resulied in competition betmeen spacies, Marorbongs et al. (2015) explained that dominance occurs becmuse of the resalt of
the competition process for evictmg one ndividual agamst mother. Oloyere (2008) stated that at Jow tide the astuary area iz
doeninated by brackish fish species, one of which i3 from the Gobiidas family, This satement is mue becauzs pudskipper
fish 12 mare active durmg low tide conditons bath o the coast and 2% an estuary, on the other hand, rudskipper fish will
hide in their nests at kigh tids to avoid predators. The dominarce indey of mudskipper fish was .31 which micated that
the Jevel of species dominance m theze waters was modsrate, s there were no dommant spacies m these waters.

Erviremeaenta] factors that are very suppertive and dee absence of predators made several species of mudskipper fish
thrive and spread acrozs the area. In Jine with research comducted by Mahadevan and Ravi (2015) vhich stated that the right
water femperanms range for mudskipper fsh was beween 13.3-333°C, the measurement reslts of emvironmental
parameters showed that the averaze temperature range was 28-30°C, Farthermore, Bidawi et al, (2017) explained fhat
mdskipper species kad tolarance to wids changes in temperamre and salinity indicating that water temperarure is one of the
emronenantal factors that affect the spread and diversity of mudskipper species.

The pH content of the substrate ranged Fom 6.8 o B It means that the water conditions for the Iif of mudskipper
fizh were in the neiral range. The difference m zoil pH at the ressarch sites was cznzed by the conmribution of leaf, root, 2nd
stepn ither that fell o the eromd and decompazed to fore 2ol orgmic matier (Tajbakheh et al. 201%) The pH of the sobsmae
eraaity affacts the resistance of orzaniams that live af the battom of the waters, both mfnma and epifauea. This occumed due
to the influence of tidal or brackish water during the formation of this lmd and subsequent tidal processes. Furthermare,
Famejiya et al {2017) explamed that the distrbution of modskipper fish was siznificantly mfiuenced by covronmental
factars such as pEL temperature, salinity, and the other ecologizal conditions (Ghanberifandi &t al 2014) Regarding to the
mresence of modskipper fizh with substrate conditions in the mangrove area at the thres stations, added that sobsirate
differences play m important role i the dizmibation of pudskipper fish
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Morphological characteristics and biodiversity of mudskipper fish
(Periophthalmus: Gobiidae) in mangrove ecosystem of coastal Bay of
Tomini, Gorontalo Province, Indonesia
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INTRODUCTION

To\numBziJsﬂ'_e]mq’ﬂ:ﬁgrmMmMulmmdecuﬂmJemme Onze of the pamtz of the bay wizich
ha: rich bdodhversity iz the mzmgrove scozystem which plays an importamt rol mprmm cozstz]l sea productivity,
spanming arsz, murient supply needed by various species of fizh My 'Enn:dl?azna]"Dl - Lapole et al 20187, and potential
aof biodiversity (Coorzy ot al 2001). In addition, Sellang (20200 stated that the manstove scosystem is one of the most
mpoutm:zn:lpn:»:h.cl:maemm for the species of fish, mnmmalamﬂ.n:d’ub—tmpl.cnlsm‘ wihich cam improve:
the fertility amd productivity of the coastal area. Mudskipper fizh (] Gobiidae) iz one of the fmmas that linve .
the mangrove ecosy:tam, 2s mentioned by Larocorsina (2015) and Pha'fa eral. ’Qﬁ"l:ln_thzlm-nlxexl.dmm'ltemm:;rm'e

'3 that v dismributed i

el iy
mmu:il,’-\.nsana al 2014; Fui et al. 2009; Hidayat =t al 20022).
ﬁsh]ms rﬂ'mu_ speclz;xenba\ Thave pumerows smmidlarities in temms of mnrphul.og} {Bidbo etal 2019).

Oneo\fu.nn)ql..edlm &% of itz life a day livies om band, climbies, aed pa:dmr_z om the roots of the
manzrmenrﬂouc.aswe'ﬂn_-.bemﬂnh]ew:lanlupmmelmﬂ.lls]}ecmua]:nnnnsn:luscnlarb\?jecanbehucklb:lmthm
rt'un:lmnshk:em:msltatcanb-el.sb:lwijnmpnkaih.emlm.andzmd:edmmﬁksandopenmmsﬂimg;OF
Wicaksomo =t 2l 2016). The potential of fish as the filter feeder that comsumes the argardc particles of living
creatares su_pau:l.ec.m“abar haz the ability to 2hzorb Lead (Ph) and has a role 23 a bio-indicator of emwir paolhtion.
The cnr_'beu_ed'tnpeu]:lewﬁﬂﬁﬂr]l.elrfnodnaad_becamenhnsﬂhg:‘zmeofnm Ahnrmmzta]
2012; Bidawi et al. 2007). B_..e\qw'_m;faﬂmr. ong of the mudskipper fsh species, hasn!:ugnrahmocfﬁ(mﬂml.wa'
(554 454 40 mg/z), protein {3.520.35 mg/100me), =nd 1.5 = 047mz ]Jl‘.lmg_pcmnmfh.emu_del:l{n:enjzztz] 2017).
Aeuoﬂmm]lhn]mxnlbnkoﬂ'muﬂshppaﬁshanbeusadummmﬂl im somee Asian countries such as China,
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Japan, and Korey, even i some parts of Indonesia such as Karawang and Cilzcap, mudsidpper fish is for sale as dry and
amoked fish Besides, mudskapper s the native residents of mangrove kbitat creates a natural view that i3 awaitad by the
tourists (Chaiaaborty et al. 2020).

One of the areas tn Sulawest [sland whuch is directly bordered by Tomum: Bay 1s Boalemo Rezency. Boalemo in general
has 2 typical characteristic of a coastal arza with rel2tvely kigh resources particularly in the area of manzrove forest and
fishery sources, one of which is the mudskipper fish The existence of thi: fish in the mangrove ecosystem i the Coastal
Bay of Tomini Bualeno i pretty abundant although it is dizregardad as a man of the fizhers and people i Boalemo are not
aware of the potential of the rutntion cousisted m the ipper fish As consequence, the eistence of the mudsks
fsh in the Mangrove Coast Tomini Bay is threatenad to be extinct 2l with the decrease of it population 2long with the
speed of mangrove forest degradation. The main cause of the 1 the land conversion i mangrove forests to
Decome fish and shrimp ponds. This is affinned by Hai &t 2l (2020), mangrove is an important component of the coastal
ecozystem wiich i3 severely and globally threatened by various causing factors. In 1988, the area of mangrove forsst m
Towmini Bay was oted as big as 17,672 kactares while in 2010, it was degraded to 16,103 hectare:, and in 2020, 1t s pradictad
10 have the rem2ining area 2s big 25 10.32] bectares (Paino 2020)

The specias of; which were idzntified until today are around 43 spacies in 10 genera (Polgar etal 2013, Rupp
2021). Genera] information related to mudskipper fish has been available vet its spacies which are found i the Tomin) Bay
have not been found even the people o the coastal Bay of Towuini Bualamo statad that the mudskipper fish is 2 kind of
poizonou: fish. People have not yet known: the potential use of the audskipper fish optimally in temms of ecology, economzy,
nd baalth 20 this research i wrzent to conduct. This research aims to anatyze the moephological characters and biodiversity
of nsudkipper fish 25 the reliable residens of the manrove area in Tomin: Bay. The findings of this rezearch can be used 28
support for formulating policies that in: to minimize the mangrove degradation in the coastal bay of Tamini

MATERIALS AND METHODS

Study area

This stody was camiad out in 2 mangrove ecosystem in: the coastal bay of Tomini, Boalemo, Goront2lo Province It
inchuded three observation stations ie station I (Dubupi Village), station IT (Bajo Village), and station IIT (East Panatdu
Village). This study had been conductsd for 3 mouths from May to September 2022, This study employed a descriptive
quantitative method by implementing 2 purposive sampling mathod in three stations of the mansrove ecosystam in the
coa:tal bay of Towmini, Boalemo. Data collectad were primary and secondary data The primary data were collected by
identifying all spacies of the mudskipper fish and some of its morphological, morphometrical, and menstical charactenstic:
25 well 2s its biodiversity (diversity, evermess, and spacie: nchness indenes) (Figure 1).
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Figure L Locatioa of the coastal bay of Tomin, Boalemo, Gocontak Provinee mdicating the sanphing sites of Perkpehalis:
Statwcn | (N OO 30640 k 122°26.987), Saateoa 1L (NOU 29818 E 122°20.931) und Statioa U1(N (20,736 £ [22°22336)
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Took and Materials

The tools used wer= 2 fizh tanzp, 2 33 meters fish mat, cool box, ziplock, stafionery, dizital camers, raler, millimeter
Bliock paper, eloves, jar, (G5, tharmomater, pH mater, and an Ohavs digsal scale with a acruracy of 0.01 2. The material:
usad were tudskipper fch, 10% formalin, 70% alcohed, tracing paper, ice, sewing thrzad, and distillad water.

Procedures

The samplmg procedures are as follows: (1) Specimen collection using 2 353 mefers net and hmd-collecting m 3
location: of the mangrove ecosystem of the coastal area of Tomm bay. (5) Measwement of phyzicl-chemical factor
femperature, substrate, water pEL, md substrate pf of the environment wa: done m every location. (1t The specimen was
U i a jar, labeled, and then mansfarred to the lboratory for identification purposes. {iv) Specimen deomentation was
camizd out wilizing a Mikon DX VE. camera with an AF-5 MIEECH 18-35 mem ens and 2 Macro Pro Tama Digital PRO
(453 HD WIDE LENS SDW-043 32 mum (v) The nmud:bipper fish savaples were observed and measured for morphologscal,
morphometic 2nd meristic characterization in the Biology Laboratory, Faculiy of Mathematics and Matural Sriences, and
in the Agrirultural Laboratory, Faculty of Azricolrure, Universitas Negeri Goroatalo. This observation and megsmrement
step was referred to (Larson ad Wurdy 2001; Polgar etal, 201%; Maryam ot al. 2013; Aydaling 2016; Ghanberifardi o al
2018, Eaur etal. 2009; hzhadevan et al 2018 and Gonzalez-Martinez et al. 2020). Species identification was carried ot
by refzring to (Meardy 1989; Larson and Murdy 2001; Jaafar et al. 2016). Spacimen fization used 70% alcohol and 10%
formalin

Figure 1. Meephomesne chaacierization scheme af the mudskipper: (2] ioial leagth, (b) standand lengih. (c) Pre-orbisl bength, {d) eye
e ) posacbital kg, ) postaubil engih, (g ot e, pee dorsal e, () o e engh, ) preanal e,
(k) first darsal fin base kength, (1) height of the kagest first spiny doral fln, {m) second darsal fin base length, (] length of sl
peduncc (ocad gt p font by gt g g of the o spny pctoal i, 1 il body g ) midlc body e,
{1 engsof i onget sy pee s, ) coudal fin gt ) sl finbse kg, ) emgthofhe gt spiny ana i, ) Col
peduncle depthy, () casdal fin height, (2) caudal fin bengih (Larson & Musdy, 2001 modified by shors),

Dats analysis

Morphometne and menstics data were malyzed using the Microzgf Excel prozram and morphological ohzervations were
analyzed descrptively.

Cata o the diversity of mudskipper species were anzlyzed using the Diversity Index (H') {Shmpon and Wisner 1963;
Fachral 2012}, B = - 7%, pi In pi whare pi= :—' H' represents the Shapnore-Tiener Diversity indeg, 3 for total species,
i Sor total individuals in 2 species, In for the nanmal alzorition, and 1 for total individuals fomd The value of H deterrmine:
the Level of species diversify m ae area, when the definition of the vahue of species diversity according fo Shammon-TWismer
iz H'> 3: High species diversity, 1 <H'< 3: Medium species diversity, H'< 1 Low species diversity.

Cata of species evennes: () were malyzed using the species evermess indey which referred to the Pisbow Evennes:
Indsces forendda {Ludwiz and Reyoolds 1588): E=H'ln 5. E reprezent: Evenness Inde and H' represents Shannon-Wiener
Diversicy Indey. Margalef fomzula was used 2s Specias Rickness Indes (Maguran 1988): 7, = - which F, regrasents

N3

Richnes: Indeg, & for Musmbers of Species foumd, and I for Total Mumbers of Individoals. Donuinance data vwers analvzed
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g the Smpaon formala: D:E%’h" The results of the dominance mdsy were grouped imto 020 < 0.3 o which
there are no species that dominate ather spacias or 2 comamity smocnre is stable, md .54 D < 1 which means there are

specizs that dominats other species or 2 commumity struchure is oot sfable becanze of ecological pressures (Odum 1971;
Eiabs 2004).

RESULTS AND DISCUSSION
Relt

Mikipper Fich or the Research 3i

The results in Tehle | shov that th species of pudskipper fish which were foumd comprised one Gobiidze Family of the
Actmogterygil Class:  Periopithoies  oreentimeur, Perigphthome  fopls, Peripphthomo  malgocensss,
Perigphthaimue sururys, md Perigphitalmes variadilis. The tofal sumber of mudskypper fish found in the coastal mmerave
area of Tomin Bay, Boalemn, 25 many as 361 méfviduals were spread across station I-Drlupd village (156 mdividuals),
station [-Bajo village (234 individuals) and statiom T1-East Pentady villaze (131 mdiduals) The classification of
mndskipper fsh m the coastal mangrove ecosyztam of Tomin bay, Boalemo, Gerantalo Province, is presented in Takle 1.

Table 1. The chissifivation of mudskipper fish in the coastal mangrove ecosysien of Tomind bay, Boalems, Gomotalo Frovinee

Station Total Namber of
Clazs, Pamahy Specie: I il m Tndividasls
Dulupi  Bsjo East Pencadu
Actingpéerygii
Lotk FParigghinainiug arpemidlinadiics Wi a5
Purigghinainiius kdisis W|hT) i
Purigphinainius selassdnitr W &) Lk 187
Priggfinainiis seisiiu W[ T3} A
Parigphinainius vorisbill W&} Wi 144
Total anl

Descriptio: (+) foumd; {-) Mot fomd, and the member in brackets represents the mumber of indrviduals phzerved.
Source; Primary Data, 2021

The Morphalsgical Characters of Mudskipper Fish

...................................................................

Giotantali Prowisce]

Characiens Fomrute Fomplaceouis Pouwighils P oorpeedincans P Rall
Denpal o - - B
Che row o beeth oo el t t t t
Pelvie fremm - i
Pehvie fin wloly fused
Pevie fin partly fused . 1
Pevie fin not fused + - - i
High I . : . )

Medium 11 . i . i
Liww DI

Slightly rounded I margins - t

Rounded [ margin

Straight [ margin i - - i
White [} nsirgin

Single inframarginal brows strip ea [ - +

Single inframarginl back simp on D1

Single bevawn strip mesially on [ + - - i
White spat om prosimal on DI + i - i
Raeddish prange spoi an [H

Microsoft Office Usar

It would be better if it was accompanied by a

plchare of the characters.

It hias hieen revised as suggested. The 19 to 62
characters has heen shown in the Figure 3. The
rest of tee it cam be seem on Figure 4.
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T fish pictures shoald use a scale to know the
actual sfxe.

It hias heen revised as suggested,
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Floegated first spine oz [}
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131 s 132 commctedd by @ membrang
Reeitlisls ncannge pelvic sl eaudal (s

The Morphawetric Characters of Mudskinper Fish
Table 3. [opurisan of Morphobetric Diarcers of Mudikipper Fel e cosiil mangrove ecosystem of Tomini Bay, Boakemo, ™
Goromealo Preovisce
Characiers Ewmwrs  Pomclwromss  Poyorindils P orpeedfueors P kalels
Preccbital length Qi LR 0035 (L] 7
kye diameier ol LELEE Lk (LG LEL
Head length [EH 160 0% 118 [RE
Snout lezgd 0273 .74 0204 0.247 (1250
Pat-orbizal length RS a4 [H12) (LK1 RLELLE]
Pre-dorsal lesg 1347 [k 508 {1584 1540
Pre-ventral kength 0279 0313 0.5 01.256 [
Pre-anal lezgth (s [ 632 .583 (1030
[} it lengch 0214 AUTs 0192 163 0172
[ longest spine kengih (1% iy} 0141 164 (i1}
132 it lengch 0l AT b2 1201 0zl
lengih of caudal peduncalis o .16 0,104 1175 (143
Ilndllo:gl‘r. oly! .13 162 18T 142
Proar body height ol LALEE 1144 0204 182
Pectoral fin's bngest ray kngth 120 01T 0173 1164 (145
!.Lu‘Hltthy hetgs ol x0T 0174 1154 LIRLE
Pelvic fin hase |e’.‘g_‘| ol LR [T 013 [Tk
Pebvic fins* kangest ray length i LN (088 i (L10%
Cauadal hase height e R 162 162 142
Anal Ihkiu_.'lh 020 LIRE= 0225 {103 133
Anal Ih'xh.lltl,ur.l Yy |D‘.‘q;h olal iy 130 127 Aid
Caualal peduncaliss baight sl L [ 1141 082
Caudlal fim beight ol LA AR 1145 152
Caudal fim bengih 0113 [t 0,208 219 A0t
Mrisie Charaeeers of Mudskiper Fisk

The comperizon of meristic characteristics of modskipper fish which were fomd in the coastal mamzrove ecosysiem of

Toenin Bay, Boalemmo, Gorontalo Province alon with the species’ classificatin are presented in Table 4 and Figme 1

Table 4. Comparison of Meristic Characiess of Mudsiipper Fish in the coastal mangrove ecosysien of Tomint Bay, Boaleno, Gorootalo

I'ovie

Mumber of 3pimes and Rays
01w o I A F T 1§
T ETESEFETETE
F. minuius o T 2 010 a3 060 &
P. malaecentis (O R (S 1 O T E
P variabili o010y 0e 0w R
P. arpeiiiindatl [T I N | - I
P kalala [ R (O S O (A A

Microsaft Office User
Irwald be better if it was accompanded by a
plcture of the characters.

It has heen revised as suggested. The characters
can be seen in Figure 2.
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Biodiversity of Mudskigper Fish Species

The gatherad data of mudskapper fish at three locations showed moderate diversity wich 2 value of H' = 102 The
Evenne:s inday was 0,92 based on 3 obsarvation stations, The lowest domirance valiss was at station [ witk 2 value of 0.34
(Figwe ).

RODIVERSITY

® Qlaticns | iDvbgel) % Mbationt 11 illans) @ Skt DT (Phctacds Tmusr)
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1w
s 0% 0w
o
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Hallsonity wrdvs Fvews hiba Do {ndes Lo Tadamn

TFizare 3. Hodiversity (Biodiversity imdex, Evesess Ladey, Domusance Index and Speckes Richness of mudskapper fish (o the research sie

Emironment Parameters

The rzsults range of e temperature measurement 2t thre research locations were arowrd 28 -30°C at fation ], 2030°C
nmna_m m*cumm ﬂhevmofﬂzwduy&gee(pﬂ)ohmw mﬂsemgeof"l-s mdme

Tabel 3. Ihysics and chemical parumetens of the waters study urea
Ceastal Mangrove Area of Tonsini Bay, Bealewso
Eavirossicat Parssasters- gy S T St i
Dulupi Hajo Fat Ventadu
Tempenutuce | C} 2830 230 %30
Substrie Saedand mund Sand sod mad Mud
Water i N8 234 114
Subteat pil 138 687 6815
Discuss
There were five species mudshipper fish that couid be fourd in the coastal mangrove ecosystem of Tomini Bay,
MWMmmmmdmmummdﬁmWhmuﬂIamm
mn(hhppeﬁshspmdmﬂmumnopnlmdmmmmaapm ic and eastem
X ! Tha.tbemuhoﬁhsmdymsmhumhpmmﬂsnﬁmhmcmm
mthemmlemym Indo-Pacific (Pormansyah et al. 2019), sach as Mabuku (Rumzhlatu et 2. 2020, Taniwe] et

Microsoft Office User
It is Important to describe the ecological
conditines of each sampling station,

Nlready been added

Microsoft Office User

It may be necessary to discuss why these
mudskdpper (ke ve have mare popalations in that
hahitat (mangrove scosystem) than anather
ecosystem.

Alresely been died.
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2l. 2020, South 3mmetera (Ridbo et al. 2019), West Musa Tengzara (Rha'ia et al. 2021), Yogyakarta (Arisuryant e 2l
201E), Mot Sulawesi (Polzar et 2l 2017), Java and Bali (Dabmddin et al 2007, Malacca 5Smait md Malay Penmenla
(Polzar et al, 2014). Al spacies found by researchar: possessed high similarity m morphological faznres becauss thay are
part of the sama Crewns (Table 21

2 Peonid By = =~ = e e e oo e
DD LIEALLPILVECD
Eyes without dermal cup; one row of teeth on the magilla; pebvic fin withoat Fewm:; moderate D height with sraight
marging, single brova srip mesial with nomerous proximal whits spots, without spinal slanzation; DZ with dushy
browin: stripe mesially; D] and D are not connected by 2 membrang; [ateral scales 60, head length 0.273% 5L, pelvic
fin basa] lenath 0.047% 5L, ana] fin hasal lenzth 0201% 3L; D1 basal lenzth 0.214% 5L; D2 bazal lewzth 0.216% 5L,
caudal peuncle beisht 0.081% SL (Figue 2, Tzhle 3, Teble 4). I Soee conditions, fhe fremien can e sees througha
eagmification (Taafar & Murdy (2017}
b, Periopithaimus maiacensis

DL DL I AILPILVEC

Exves without demmal cu; ome row of teeth on the magilla; the pebvic is clear and prominent; moderate D1 height with
slightly romded marging, a single mimmseargina brown sip with muemergas projimal white spots, first spime elongated;
D2 with faded brown stripe mesial; D] and D2 are not comeectad by 2 membrane; Iateral scale: 58; head length 0.274%
5L~1:-ah1-:ﬁr.‘na.=.a.l length 0.027% 5L arel fin basal lemgth 0.158% 5L, D1 bazal length 0.178% SL; D2 besz] kngth
0.174% BL; candal pedimele heizhe 0,097% 5L (Figura 2, Tahle 3, Table &), Periophthaimus mularcansis also fas
bright bz spots on the chin ad apercuhum, it alio has prominent transverse folds oo the mout (Polzar 016).

© Perigpithaimws variabiis

DL DLIGAILGPILVECE

Eves without derms] oup one row of teeth om the magilla; the pabvic fremum is clear and prominent; tha palvic is orange
2t least at the marging; modsrate D] height with rounded margine, 2 single inframarginal brova strip with many
propimal white spots, first spme elonzated, white marein; T2 with sinzle inframarainal orange sripe and black sinsle
srips mesial, with reddizh-orange spots 2t the base; the aral fin: are orange at least at the marging; D] and 02 are not
coemected by 2 membrang; lateral scales 32, head length 02643 SL; pehvac fin basal length 0.027% BL; anal fin basal
length 0.063% 5L, D1 bazal length 0. 182% 5L, D2 bazal length 0.216% 5L; condal pedmcle heighe 0.096%% 5L (Fizure
1, Tahle 3, Table 4). When alive, the branchiostega] memshrane of the fish hows pigrentation (Setizwan =t ol 2018).

..........................................................................

Feriapiithalwr argenilinetis]

DILDLIL ALLRILVECIE

Eves nathout dermal cup; s row of tegth on the mawlle; pelvic without Senuy, moderate D] heipks with straight
marging, single brova srip mesial with nomerous proximal whits spots, without spinal slonzation, D2 with dusky
bromin: siripe masizl; D and 0D ara not comnected by @ merabrans; Iateral scales 70, head lenzth 0.247% 5L, ]:\du'::
fin basal length 0.12% 5L anal fin bazal lenath 0 163% 5L; DI basal langth 0.163%: 5L; D2 basa] lngth 0.201% 5L,
caudal peduncle beight 0.101% 5L (Figwe 1. Taka 3, Takle 4). hhhlufumumhﬁnmm
brzsal to the besal of mal fin iz 18-25 (Jaafar & Murdy 2017}

DL DL I AILRILVECE

Exya: without dermal cp; ons row of teeth o the mamlla; vestigial pabic fremme; pehiic fin: fased about half of the
pehvic fins; moderate D] heizht with rounded margmms, singls black srips mframarzinal with projimal white spots,
without spinal elonzatan, D7 with inframarzmal dosky strp; D1 and D2 are not comnectad by 2 membrane; lxeral
scalas B head lemsth 0 235% 5L, pelvic fin bazal lengsh 0 033% 5L anal fin basal lenzth 0.135% 3L, DI hasal lemgth
01172% SL; D2 basal length 0201% 51, caudal pechuncle height 55 BL (Figure 2, Table 3, Table 4). The total of
transverse scale from ventroposterior D10 basal o the basa] of anal fin iz fewer than Perigphthalmue argentilimearus

that i andy 18-22 (Taafr & Murdy {2017,

IMorphological adapiations of mudskipper fizh created fartions e
il 2016; Dimh et al 2020; (lanbarifordi et ol 2020). Taafar & Mordy (2017) added thﬂtmm]}hul.oglﬂ] uiarme:s sch

25 mumrher of dorsal spines, the presence of finger-like projections in the mamillodentary lizament m the Uip of the lower jaw

Microsoft Office User
Deseriptions of each species need to indude
appropriate references,

It hias heen I'l!\'lﬂtﬂJ:i:iUp,l,'r.'i[l'I]

Microsoft Office Usar
Leseriptinns af each specks need to no e
appropriate references,

It has heen revised as suggested

Microsoft Office Usar
Deseriptinns af each speckes need to nol e
appropriate references,

It has heen revised as supgested

Microsoft Office User
it is necessary o make a table regarding the
varlations in morphometric anabysis.

Thie vartatines were already been shown (n Table
2and 3.
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and the epegialis puscle attaching anteriorty of the fontal amd epioccipital junction can distinzwsh genera i the family.
Meristic characters sch as the scabes before and after the peciorl filaments, pectoral fms, dorsal fins, 2bdomimal fins, 2nd
a2l fins are characters that can distinguish species in the gams. In addition, other factors that infhuence differences in Sch
morphology are food mvailability, envireamental conditions, and the stage of fish marurity. Avother character with 2 high
probehility of variatios is coloratioe. Fish coloration is infiuenced by mary factors inchoding penstic, envirommental, distary,
and ploysiological factors {Misslem-Volhard and Singh 2017 Dz o the metability of the comelation character, i
chmzuzrjsmylyneg]mdwhuiﬁemf_ﬁn_!ﬁstspecls.

The differance i species diversity between the three stations is inflnenced by envirosmental conditions. The hish and
low =pacie: diversity waz influenced by many factors and ows of the factors iz smvironmental quality, Erebs (2004) fimther
explained thet species diversity iz used o measure the stability of 2 conmenmity which is the ability of 2 commumnity fo keep
itselfztable despite dishrbances ta its components, lzturbans: et al (2018) argued that the area or mud sobstrate is 2 habitat
for various nekzon, which indicates the area ha: abandant food sources, The exztence of habitat variations {zubstrate), soch
23 pinysical comditions and the surounding smviromment affacts the diversity of fish species. The diversity mdey at the
research site wa 10OF, this indicated that 2 high leve] of diversity of mudskipper fish i the Cozstal Bay of Tomini, Buzlema,
was mchoded in the moderate criteria. In addition, it also showed that water productivity was quite balanced.

Tha compartzon of the Evermazs index of mudskipper fish in the ressarch locations had the :ame Evenres: inday value
of 0189, Thi: valos indiczted that the Evermess m the thres locations was stable. The Evenness mdzx shows the degres of
Evermess of individual abundmce between each species. [T each species has the same mumber of individuals, then the
COmmity has 3 mewimen Evenress value, On the other band if the Evenness vahue &2 small, then the commemity has
dominant, ab-dominart, and dominated species, sventoally, the commumnity k2s 2 minirmm Evemes:. The Evennes: value
had 2 ramge befwesn 0-1, if the mdex value obtained was cloze to one, it means that the distrietion i= mare even (Ludnig
and Beynolds 1088; Baderan ot al 2001), Fimure 3 pressnts the inden of Evemmess of the mudskipper (Periophthatnm:)
specizs i the Coastal Bay of Tomni, Bualema, which was meloded in a stable comsmuminy, Thos, the population between
species of the geems Pariophthalrms on the Coastal Bay of Tomini, Bualeean, was fairly even, so that disturbances did not
easily oco and were able fo nefurn to their initial conditions.

Epecies rickness in the research locations was low with the 3pecific Richness Inder (FL1) af each station a= follows 0.12
(Station I Dutupi), 036 (Station [T Bajo); 0.2 (Siaton T East Pentadu). Species richness refers to the number of species m
2 comenumnify, The muenber of species in the field detemnmas the size of the richness miex. The Margalef nichness index
divides the mumber of species by the navural logarithm fmction meaning that the increaze in the mumber of species i
inwersely proportional to the increase i the muaber of indriduals. Generally, a comemmity cosystem with an abumdart
muenber of spacies will keve a small nomber of mdividuals in sach of these species.

The domirance of species m water ofter occurs dus to several things including competition for navural food by certain
species accompanisd by changss in envirosmental quality amd al:o an imbelance between predators and prey which are
resulted in competition between specie:. Matorbongs et al. (201%) explained that dopinance eccurs becausa of the resalt of
the competition procass for evicting one individuz] azamst another, Obyare (2018) stated that at low tide the esmuary area iz
doeninated by brackish fish species, ome of which i fom the Gobiidas famiby. This statement is true becanse mudskipper
fish i3 mare active during low tide conditions both on the coast and 22 an estuary, on the other hand, nudskipper fish will
hids in their pests af high tide to avoid pradators. The domivarce indey of nudskipper fish was 03] which mdicated that
the Jevel of species dominamce i thess waters was moderate, thus there weare no dominant specie: m these waters.

Esvirommental factors that are very supportive and the absence of predatars made several speciss of mudskipper fish
thrive and zpread 2crozs the area. I line with research conducted by Mahadesam and Bavi (2013) which stated that the right
water temperatrs range for pudiddpper fish was between 13.3-33.3°C, the measuwrement resalts of emvironmental
parameters showed that the zveraze temperature range wae 28-30°C. Furthenmore, Bidawi et 2l (2017) explained that
muadekipper species had tolerance to wids changes in temperanure and ﬂmﬁmﬁcmgmummmmumﬁm
emironrnental factors that affect the spread and diversity of mudskipper species

The pH content of the substrate ranged from 6.3 to B, It means that the water conditions for the 1ife of mudskapper
fizh vrere in the petral range. The difference i soil pH at the ressarch sites was canzed by the contribution of leaf, root, 2nd
steen Litter that fell o the pround and decorpozed to forma soil orzanic matter (Tajbakheh et al. 201%) The pH of the sobstrate
areatly affiscts the resistance of orzanisme that live at the botioe of the waters, both mfauma and epifoure. This ecoured due
1o the influence of tidal ar brackish water during the formation of this land and swhzequent tifal processes. Furthermore,
Emejiyz et al (2007) explamed that the distribution of mudskipper fish was siznificantly mfluenced by emvironmental
fartars such as pH, temperature, salinity, 2nd the other ecological condtions (Fhanbarifardi et al 2014) Regarding to the
presence of modskipper fish with substrate conditions in the mangrove area at the three stations, added that substrate
differences play an mportant role m the diswibation of mudskipper fish
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Morphological characteristics and biodiversity of mudskipper fish

(Periophthalmus| Gobiidae) in mangrove ecosystem of coastal Bay of
Tomini, Boalemo, Gorontalo Province, Indonesia

Rewiemss Movarioar 15, 2022
aleine i s name

The Geariiis shosid b wiritses nommally (o balizeat)
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B raply G Ress
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bindsveriry, and is Seliwesi crlemic. Svemgos-The foeest the coxal by of Tomiei Beileme is ens of the
hshitats for floes and fausa, o plece i spoenies, mmieas, aod foed hmtiog fe b The sudkinees s o feh b lives o the
misnprove . This sidy aiss b reveal (e mmmhelorical charsclezistics and bindsversty of mudskisner {Pesiophibalmi:
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INTRODUCTION

Lomimi Bay is the largest bay in Isdonesia asd is kooated in the coral mangle initiative. One of the pans of the bay
which has rich béodiversity is the mamgrove ecosystems which plays am imnporiant role in Enproving coastal sea
productivity, spawning orea, and muirkest supply sceded by vasioes specics of fish (Nguyen and Pamsel 2017; Lapolo e al.
201%). and potential of bicdivessity (Cooray et al. W21}, In sddition, Sellang {2020 stated that the mangrove ecosystem is
cese o the mast impoctant and prodactive envimamens for fish species, in a-ropical arcas, and sub-
tropical ectussyestmrics, which can improwe the femility asd peoductivity of the coastal area. Mudskipper fish
(Percifommes: Gobiidac) s ane of the families that lve in the mangrove ecosystem. 25 mentiosed by Lahwo
and Khatile Bha'ifs eial. (2021} s mpcqa;&.‘u‘aj;ﬁaﬁ rovE ons Genera tha
.l-ml-y—duﬁ-w.l—a iy widely distribuied m that ecosysiem i Pedopiialme] {WoRRS ST Fiashass 2031 R ._I
cocupies prisary {organisie tha: obisin energy from producers) .md secondary positions (organisms. that nhmm .v_-u.rg_-,
fom primary consumers} in the food chain despite their very small size (Folgas et al. 20171, mtabizing muddy habitats,
sandy heaches, and masgrove areas | Mabadevan ssd Ravi 2005} Mudskippers’ daily behavior is closely nelated so tidal
rlyythen (Ravi, 2003, where they climb mangrove rooes, walk on mudflats, asd dig bemows @ sood (Ansarni et sl 2004,

Husi et al. 200 % Hidayat et gl 20220

Ihe mudskipper fish bas wanious species, yet they have nuerous sinsdlasizies in tenmns of mnrpbnmg_y—-{
2009}, One of iis uniges characicristics is spesding M0% o its life o day uwn
roots of the mangrove or wood, aesslbaand beisg able s cwd up o the DI iE peomi dn T T T ‘1
om its musciilar base can be buckled Funcsion kike @ arms " Eawmed 10 crawl. jump above the
ikl and attacked W mooks asd open moots {Huang 21 - Wicaksoue &t al. 200L6). The potential of mudskipper fsh o the
fitier Feeder St comsumes the o ic icles of B s suspesded in wirler. Moz-lmuzbmb L
(Fhh and bas o role as o hl.D-iu.d.l:E‘:;‘ nt‘P;: irceenental &Ilﬁnr{'.\umm o al MR T uddinne ca e cad by T T ‘1
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peaplaPaople can use the mudskipper to fulfill their food needs because it has a high i I ;
(Akinrotiest et al. 2012; Bidawa et 2l 2017). Boleophthalmur boddavti, cne of the mudskapper fish spectas, has a high
value of fat m the I.lvel'[‘\ﬂ-'-l\:l:d A9 me'z), protein (3.340.33 mp/100mg), and 1.3 £ 0.47me/ lDﬂmgprutemmﬂlemmde
(Kanejtya etal. 2017). Mudskmper fish alzo have economic value in several countrias in Asia.

for-mstaneal o1 matance ruurl ]'FIITDEL' wlth beantiful morphelomcal characters can be ue.eda_ﬂ.ornammtal ﬁ-llm China,

Japan. and Eorea-tdudslapparsmth-beaulalm siaal charsata =, They are
generally sold as me:m‘ed nn:ldum m[llduu' ol e sudl a5 dned

and smoked fish (Fandah-Hamm et al 2014). Beaidaz, muﬂshpper ET3 Ihe native res]denix ufmaugore hablhl-er&@es—a
mhx.ﬂm—&mm%m awaited by the—tomub {Chahaborh at a.L "'I}EU)

(e of the areas in Sulawesi Island directly borders whishie amsini BayTomini Bay -1z Boalemo
RzuEum Bmlemn_g_mﬂ\ has at'.mcal char.u:tmshc ofa cua.'ilal area ‘.‘ﬂ.ﬂl relatn'eh hizh resources, -eseral-has-a
N sa-withrelafvely bishresensess parbieularly in the ares-efmangrove forest and fishery
SOUTCES, unﬂnfn'hmhulilemudsbpperﬁsh.'['hm'efore the exstence of this fish m the 'eeeﬂnstm:nmﬂﬂe
Coastzl Bay of Tomm Bualemo 1z pIEﬁj abmda.ut Hnwexa’—al&augh it d.urezardad mm

existence of the mudskipper fish m the Mangrove Coast Tommi Bay 1= threatened to be ev:ﬁ.n:ta]mgwilhtbedwmeof
its populahion, That extmetion alimmsess with the speed of mangrove forest desradation. The mam canse of the
degradation 1z the land conversion in mangrove forests to become fish and shromp ponds. Thatss is affimed by Hal et al
{:'J:l (), that mangme 5 an m:pcmut component of the coastal ecosystem which 15 s erelt a.nd E]Gb:l]l]. ﬂmatllad by

':'.'.

pdslanper winek-wermmdskinper species ldem:lﬁedmm]tudm a:earm.lmi 43 spems m lC' genera
{Polﬂa:etallﬂl Rupp ’D?.l} Genml nformation selated-do-seudelapps ] :
aie—famd—m—&e—"l-e&&m—ﬁmbou

& Fven the pecple m fhe coastil Bay of Tomum Bualemo stated that the mndskipper fish 15 atond-of peisensus
ﬁnhgumnm:s People have not yet kmown the potential use of the mmdskapper fish optmally m temme of ecology,
economy, and health, o this research s urgent-4e-sondust. Thiz research aims to analvze the morphological characteristios
and biodiversity of mudskipper fish as the relizble resident of the mangrove area in Tommi Bay, The findings of this
research can be used as suppart for formulatmz policies that aim to nunimize the mangrove degradation in the coastal bay

of Tomun:,

MATERIALS AND METHODS

Study area

Thiz study was carried out m 2 mangrove ecosystem in the coastal bay of Tomini, Bealemo, Gorontalo Provines. [t
included three obzarvation stahions, 1e., stahion [ (Dulup Village), station I (Bajo Village), and station IIT (East Penatdu
Villaga). The ﬂn‘ee samphne lccatloru were chosen because thay hai:e health1 mangrmeforem This stuch had-beenwas

implementing a pu:po:n'e ﬂmﬂp]mg metbnd in thres =tations nf\‘he man@:me mz}ﬂtetu 1n the coastal bay of Tomm:,
Boalemo. Data-The data collected ware primary and secondary data. The primary data ware collected by 1dentifymg all
species of the mudskapper fish and zeme of it morphological, merphometmeal, and meristics] charactenstios, 2z well a2 it
brodiversity (diversity, evermass, and species nchmness mdexes) (Fizure 1),
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a5 Figure £, Loceenn ofthe coanial by of Tonues, Bk 0 o Proviece mdicsny the sampbng sifes of Persph
96 St | (N 00-20.640 E 122926.982), Staswn 1| NGO29E1E E 121°20.931), atsd Ststere 111 (N 02430.736 £ £2402.116)

97 Tools and Materialz

...... e e S e A S e OO PR e | Rogina

98 The sools used were a feoop aef] a5 scters TN 66, 3 cool Bac i xip_Tock, siuficeery, o dighal caméra, Tuler, .mmnﬁ‘pnd
99 millimeser block paper, gloves. jar, GPS, theomotseter, pH meter, and an Ohaus digizal scale with an acowacy of 0.0 g,
100 Ihe puaterials used were mudskipper mn. 1 lurmnlm. 0% aloabol, traceg paper. loe. wewing thread. sd distilled

101 wuter.

102 Procedures

103 Tae sumpling procedures ae as fullows: (1) Specimen collection using a 3x3 meters et aod haod-ollectmg = 3

104 of the ¥ of the coastal area of Towdni bay. (i) Measuremen of physwcalchemieal foctoe, | Rentawsr

105 semperature, dnm water pht, and substrate pHl of the eovenmesent was dane in every (i) Observations and Phoase state the degths nd 1ime tht these
106 measurements of physical factoes are camied out during the duy -henlkmmc&s(hbl\ewuunwnpminum shuirvitiont wire cenductad
107 lLabeled, and then trunsterred to the labocawary foe identificaton purp (v) Sp 4 Sanoa was camiod o o

108 wilizing 2 Nikon DX VR camera with an AE-S NIKKON 18- 59 men s and a Macro Pro Tama Digial PRO 045X HD Rivided £t tugpost

109 WID[: um SDW-NS 52 mum. (vi) The mudskipper fih samples were observed aad d foe hology

110 and fzation in the Biology Laborasary. Facuby of Mathematies and Nasural Sciesces, and

111 Gathe Agriculsunal Labocatory, Faculty of Agriculture, Universitus Negen Gorantao. This observation and messucemess

112 siep was vefeoed o (Larwa aad Murdy 2001: Polgar etal 2013 Maryam et ab 2015; Aydaling 2016; Ganbarifard: et ol
113 2008 Ko etal. 2009; Mahadevan et ol 2019, and Goawakes-Mantioez ¢ al. 20200, Species identification wis carmed oat
114 by refemming 1o (Murdy 1989: Lurson and Mundy 2001: Jaatar et 2l 2016). Specinsen fixation wed 70% aeoliol 2ad 104
115 foomalin

116 -

117

118

119

120
121 I
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Figare 1. Morphomesie characten zatios seheme of the mudskipper: (g) total lesgrh, (b) standerd bengthe {c) Pre-orbisal lengthe {d) e
diameier, (€] post-cebital kength, (1) post-orbizal length, (g) oot lengthe () pre-doesal kengthe (i) pro ventml length, (i) pre-onal kength,
(k) first dorsal fin base kength, (1) beight of the kegest firs spiny doesal fn, (=) second dorsal fin base length, {u) length of casdal
peduncle, (o bead height, () fone body height, () length of the longes: spiny pectoral fin, £ meddle body beight, {5) middle body
Eezight. 11) lengzh of the kegest spiny pelvic spin. (u) coudal 1 beight, (v) anal fin base length, (w) kength of the longess spiny aal fin
i) Coal pedunile depih, (v caudal fin height, {2) coodal fin lesgth (Larson & Murdy, 2000 modified by ainbiors).

Data analyss

Morphometric and meristics data were analyzed wing the Jdgresaft Ercel program, and morphological ohsenvation:
were malyzed descriptively.

Datz on the diversity of mudskipper species were anabyzed using the Diversity Indeg (H') {Shmpon and Wiensr 1963,
Fachnal 2012}, W' = — EF,, pibn pi where pi = :— H' represents the Shammon-TWisner Diversity imdeg, 3 for total specias,
Hi for total mdividuals in a species, In for the natora] algorithm, znd N for tofal individuals found. The value of H'
determines the level of species diversity in am aren, where the defimition of the vale of species diversity according to
Shmm—‘n'.ﬁmern H’bl Eghqmuudmu‘ﬂt_'.r 1{1-1'{3 Mem;]muudmmty I-I'-:I Low species diversity.

Mn‘mu E] mmammmmmsmmmmmmmmmz Hh
5. Where E represents Evemess Indew, and H-H' repressnts Sharmon-TWiener Diversity Index. Margalef foormula nas wsed
23 Species Richmess Index (Magurran 1888} B, = “’L" wihich B, represents the Richress Indeg, 3 for the Numbers of

Spauuﬁlmd.md\lfmteTmlNumhmuﬂumm Dmmdmmmahmqugtnﬂmmﬁnmh

gmﬁx".umbau Individual: belonzing o species f, mdNTntzlhﬁnhmquuMnh]IﬁﬂreﬂE&’lﬁe
dominmee mdex were grouped mho U{Df. 0.5, m which
mmdmmemummnw:wm_hl&ﬂdmhﬁbflm

SpeCies of 3 COmImumity strachure is mblebecmut’ecnlupmlprsms (Oduma 1971; Erebs 1014

RESULTS AND DISCUSSION
Result

Mudskinper Fich or the Research Sire

The resalts in Table 1 show thet the spedie: of mudskipper fish which were found comprized cne Gobitdas Family of
the Actinopterygii Clasz: Periophthalmys argewtiliesons, Perigpitholmas balsls, Peviopithaiwus saaocensis,
FPerigphthaimne sinutis, and Periopftfaipms varighifls. The tofal menber of modskipper fish found in dhe coastal
mangrevs ared of Topind Bxv Boalama, Tomini Bay, Boalemo's coastal mansrove area, i3 as many 23 361 individuals,
vears- Sapreading acros: station I-Crabupi village (136 individuals), statton [-Bajo village (234 mdhiduals), and station 1II-
East Pentadn village {151 indriduals). The classification of nudzkipper fish in the coastal mangrove ecosystem of Tomind
Tbay, Boalemo, Goroatalo Province, is presented in Table 1.

Tabbe 1. The classification of mudskippes fish in the enastal mangrove eoosysiem of Tomini bay, Boaleme, Gomoatalo Froving:

Etacion. Total Number of
Clazs, Family Species 1 i I Individusls
Dulupi  Esjo East Pentadu

Actmopéerygii

Giohiidae Furinphinaimis srpiniilinsiter 13 L]
Farigphthains kil 7 [
F‘m‘up.ﬁﬁafm kit ednany = L 187
Pm'u;ﬁﬁnfmm’:&im i e

FPurinphmairmus variabiis El it 144

Raviewar

Explain the formula more clearly here

Besised as suggested

Revised as suggested
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Total anl
183 iptior: () found; {-) Not fomnd; asd the mumber in brackets represents the mmber of indniduals chzerved.
164 Source: Primary Data, 2022
165
186
157 The Morpholagical Characeers of Mudviigper Fish
158
168  Tashle X Comparison of Momhalogical Charscters of Mudskipper Fish in the coastal mangrove eooaystem of Tomizd Bay, Hogemo.
170 ononalo Provises
171
Characiers Fominutes P opwlocemsiy Fovaighily P gpemdlinearys P kaloio
Denral oap - - - - B
| e row of teesh om the malla - i £ }
Pelvic fremim - [ 3
| Pebie fin wholly fused - - R
Pelvic fin partly fused - [ % .
| Pelvic fin s not fused $ - - P
High 1 . . . .
Medium 1)1 - ' 3 i
Lo 130 - - -
Slightty munded [} marging - i R
Rounded [0 margin - - # -
Straight M margm # - - i
White [3 margin - - 3
Single imframarginal brows strp oo [ - t t
Single miterarginal black smp oo 01 - - R
Single brown strip mesially e 1 t - - i
White spat an proxinal on D2 - [ - i
Redddish prange spoton 11 - - 3
Flomgmied first spine am [1 - [ 3 -
Dusky strip mesially o 12 - ' - '
[} e 122 coomected by @ membrane - - -
Redddish prange pelvic sl coudal fios - - 3
17z
172
174 The Morphamerric Characters of Mudskinper Fish
175

176 Tashble & Companison of Morphemetric Chanacers of Mudskipper Fish in the enastal mangrove ecosystem of Tomini Bay, Boakeme,
1 Ciovaneao Provizee
1?

(Characiers Fominunrs P salecemsiy Powridih P oopmedfeeaons P falols Peviewer
Pre-cobital length afel[ (05 (I 061 [ s thare any varance in these values between
Eye diameter iy (L0 b} L0 dL00Y specimens? Be clear here, State whether the values
Head length a1s2 {180 157 {L.118 Q1% are awerages and provide a messune of varance.
Snnit lemga 02 0214 264 L.247 250
Prst-ortizal length (A0 {4 a4 LK1 LRI This I5 a species characterization data. We don't have
Pre-dogsal lesgd 0337 0383 568 (.564 0540 a measurement of variance since the facus of this
Pre-venimal length 0 Q.33 07 (250 Lt research s ot about inter-species comparation. This
Pre-anal lesgth Ot 0.1 632 0583 R dlata shawn average values of each spedes.
[} higa length 024 0ITE 142 (163 172
[¥ lougest sping kength A 1] o7 i 14 (L164 0283
1} hige lengzh 0lle 0174 216 L.201 Q211
Length of caudal pedimosi amn LN 104 175 Q143
Head hieighe oSy 1152 18T 0142
Fromt body height 0134 LINL . (204 Q182
| Pectaral fat=-fls's longes: ray bength 020 017 0164 0145
Middle body heighn Ly 0207 il (L1E4 A
Pelvic fin hase lesgd o AL (1] (L1320 ETE
| Pelvic fae—fins' longest my bength ERH] LN (5] {10z 103
Catiefl hasa height QLo LN 162 (162 Q142

Anal fim length 0201 .15 225 L103 AL1SS



i7e
181
182
185

187
189

Al Smfin's Sogest ray length gl 009 0956 0.127 00
Caudal pecunchs heiglt o8| 097 0049 {1,101 0082
Caudal (i beight 0l 01a2 n1s (k145 0152
Caudal (o kagth 0213 0.234 0.208 1219 {167
Merisae Characeers of Mudskipper Fish

The comparison of menstic charactaristics of mudskipper fish which were found in the coastal mangrove scosystem
of Tomini Bay, Boalemo, Goront2lo Province, 2long with the spaciasspecies’ classification, are presanted in Table 4 and

Figure 2,
Table 4. Compacison ol Menstic Chazeiers of Mudsiipper Fish i the cosstal mumgrone evasysten of Tamini Hay, Boakeuu
Gorandalo Proviece
Number of Spines and Rays
oTU 18 I E ' LS
P, minutus = a1 ] (k- |
P. malaccensis 1 0 120 10 10 6 60 14 s
P. variabilis 14 0 120 120 13 0 6 0 160 52
P. argentilingatus 13 0 120 120 120 6 0 106 M
P, kalolo 1 0 120 100 110 60 1B &

Figare 3. The chasciensacs of muddapper fish i the coustl area of the mangrove ecosystem in Tomz Bay, Boakmo, Garootulo

Provexe:

A cee-zow teeth an maolla; B, Dersal-Cup: C. Pelvic fin without frenum: 1. Pelvic B without frenum, See-sss-smisi-bes

wandassin A ved armow showed the fremus
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E(1) E{2)

Fizare 4. Muodskipper fish i the cossl nungnove ccosystem of Tominl Bay, Boalemo, Gocomalo Province, A, Paricphthaimus
inutur. B. P. i (. P warishilis, ). P argessilincatus. E P, kaiele. Figure 2 is a plioto of 3 speolmen shech-that
Bad been preservent under o -SU°C temperatuee for Soee month.

Biodiversity of Mudskipper Fish Species

The gatharsd data of mudskapper fish at three location: showed moderate diversity with 2 value of H' = 1.02. The
Everne:s index was 0.20 bazed on 3-thres chzervation statiors. The lowest dominarce value was at station I with a value
0f 0.34 (Figure 5).

BIODIVERSITY

ssbstics | (Dalwgl)  sSuticn Bl (Baje) & St I (Pemieds Tesuy)
109
0.6 0
LRTS
l =
Doodvenits sl Evenew Indn Dorninanee [ndex Soocias Rachoens

TFigare 5. Hiodiversity | Hindiversaty index, Eveamess Index, Dominasce lndex, and Species Richness of mudslapper ish in the research
site
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Enviromment Parameters

The resuite rangs of the temperafurs megsurement af three ressarch locafions vazs-nas around 28 -30°C at station [,
20-30°C at station IT and 28 -30°C at station . The valoe of the acidi degras (ED of waterniater's aridity deeres (pH)
wae in the range of 7.1-8, and the substrate (pH) nas in the ranze of 6.8-8. The-scological comdition of Station T Tahunil
afmangrovs e based oo i-vinal lockFased on its vinel look, the ecolozical condition of Stativn T (D) of the
manerove area was still considaned pood-salid, possessing sandy and emddy texture: of zround habitat with mamerove:
Zrowing on it In Hation 1T (Bzje), the mangrove area had besn shifi-transfared to 2 setilement area without considering
the wital sirons vahues of mamgrove plants. Basad on ifs vizual look, the ground texture of the mangrove forest thara i

smify and emddy. Large{rubhish frass was scaiared and many mavzrove saplings wars dedanddied and e brcken I T
station IIT (East Pemtach), according to its visal appearance, the ground teprure of the mmevove was e 166 -

However, the mangrove condition was still considered zood, and the regeneration of the growing sappling saplinzs in the
ared i-mizs conzidered guick and plenty

Tabel Table 5. Fyysics and chemsical paranariers of the witers study area
Caastal Mangrove Area of Tomini Bay, Bealeeso

Eavironment Parsmeters Statioi | Staticir 1l Station 111
Lol Hajer Eaw Periadu
Temperiure | C) RN AL ETET)
Subsirae Sand and mued Sand and mrad Mad
Water 11E ] 114
Subize Siibirate pH 135 L ]
Discussion

Thare waee S gpacis sndildpoar Sch thatFive species of muidskipper fish could be found in the coasal
manerove scosyster of Tamind Bay, Bna]m Gororsalo Province, in which all of the species were part of Geno:
fish

qubtropical babitt, except in memslmtmpﬁ.l Atlantic and eastam tropical Pacific (Springer 1982, Jaafar amd Musdy
2017), Perippthalnme tands to stay in mangrove ecosystems, Thati is due to the existancs of mamy detnius, small crabs,
amall fish, shrimps, and arthropods in mangrove: which are foed for Periopbihamns (Fha'fs Rha'ifa etal 2001}, Thi, the
result of this stody was i lins with previous studies whick wars conducted i the coastal scosysteens around Indo-Pacific
(Pormansyah &t al. 2008). , Seoch a2 Mahde (Fueshlan et al 2020; Taniwel o 2l 2020, South Sumetera (Ridho e al.
2018, West Nz Tenzpara (Pla'sfa Bha'ifa ot al. 2021), Yogyakarta (Arsuryanti f al. 2018), Noeth Sulawesi (Polgar et
al. 2017), Jva and Bali (Dabroddin & al. 2017), Malacca Stmit d Malay Peniesula (Polzar et 2l 2004). All-spedas
Fonued b rapaarchar? eeearchers fmmd all species possessed hish similarity i morphological featmres bacanze they are part
of the :ame Gesms (Takle 7).

2 Perigpithaimmws minus

DOVLDLILAILPLL VECL

Eye: without dermal cup; one row of tzefh on the magilly; pebvic fin without ey moderate D1 height with
straight marging, sinzle brown strip mesial with memeron: progimal whits spess, without spinal elonzation; D2 with
sk brown srips mesially, D1 and D7 are not cosmectzd by 2 menbrane; lateral scales 6, head langth 0273% 5L,
pelvic fin bazal Jength 0.047% 5L mlﬁ:ha.ul]mgm']"lillmﬂL D1 basal leezth 0.214% 5L; D2 basal length
0.216% 5L caudal pedmele height 0.081% 5L (Figure 2, Tabe 3, Table 4). In soma conditions, the Femm can be
seen throuzh a-magmification (Taafar & Mundy (2017

b Perigpivhaismws molgccensis

DO DL ILAILPILVECH

Eye: without dermal cup; one row of testh on the magilla; the pebeic is clear and prominent, moderate D1 heizht with
elizhtly rourded marzme, 2 single mframarzingl brown strip with munerous propimal white spots,, frst First spine
elongated; D7 with faded brown siripe mesial; D4 -amd DO are gof conmected by 2 mambrangs membrane doss not
comnect D and D, lateral scales 38, head Jegth 0.274% EL; peivic fn besal Jength §.027% L. amal fin besal
length (L188% EL; DI tasal length 0.178% 5L; D2 basal length 0.174% 3L, coudal paimle bizight 0.097% EL
(Figure 1, Table 3, Table 4)_Alhoush Perispichalmis molaccensts dlsobas brisht blne spets on the chin and
operculoms, it also bas prominest transverss folds an the mout (Palzar 20046).
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T Periophtiainus variakilis

DL D:L I ALLPILVE C 14

Eve: withowt demmal oop; one row of teeth on the mamlls; the pelvic fremom is clear and prominent; the pelvic iz

orange at least at the margins; moderate D] height with romded margins, Aa sinpls inframarginal bronwns strip with

many projgimal white spots., Gms The first spine slongated, white margm; D2 with sinsle miramarzinal orange stipe

uﬂhhcksmg]esumemmal_m_tmt-mddnh—umgas]}ﬂ_ at the base; the anal fin: are oramge, at least at the
marging; A membrane doss not comnect D] and DF; lateral scales 52;

hea.dl.en'ﬂ:l 02643 5L; pehvic fin basz] length 0.027% 5L; anal fin besal lensth 0.053%; 5L, DI basal length 0.152%

5L D2 bazal lenzth 0.2146% 5L; coudal peduncla height 0.098% 5L (Figare 2, Table 3, Table 4). When alive, the

branchiastezal membrane of the fich shows pigmentation {Setiawan otal 201587

d  Periophtiainus aeenriiinemuy

Dy O DLIALL P IR VG T

Eve: nathout dermal cup; one row of testh on the magolla; pelvic withoat Temem: moderate D1 keipht with saight
margms, smple brovwn smip mesial with momerous progimal white spots, without spinal sloszation; D2 with dusior
bronm sripe mezial; I and T2 are not commected by 2 membrans; lateral scales 70; head lensth 02475 3L, pelvic
fin basal bength 0.12% 5L, anal fin bazal lemgth 0. 185% EL. D] tasal length 0.163% SL; D2 basal bangth 0.201% 5L,
caudal peduncls beisht 0.101% 5L (Figare 2, Table 3, Table 4). The tofal of trarsverss scale from venmoposterior 02
ksl to the basal of the anal fin iz 18-24 (Taafar & Murdy (2017).

e Periopiriaimms kaisls
DL DL I ALLEPILLVE C 14
Eve: without dermal cap; one row of teeth on the mamlla; vestipsal pebvic fTewm; pehac fin: fozed aboat half of the
pehaic fine; moderate D] heizght with romdsd margme,, sizgls Sinsle black sirips miramargire] with proximal white
spotz, without spirel slonsation; D2 with miTamarginal dusky strap; D1 and D2 are not connected by 2 membrans;
Lateral scales §1; head Jength 0238% EL. pelvic fin basal length 0.033%; 3L; anal fin basal length 001553 BL; D1
basal lensth 0.172% 5L, 02 I:uas.a]]zuglt I}El]mE] E-J:inlpaiu:de hElg‘,ht L 5L [ILguna; Tahlz 3, Ta.l:lle-ij 'l'he
tm_‘l = ] ataFid-iml - e . fapear tham P E a0
Wﬂmﬁe%iwﬂ’ Malmmetasa] ufmulﬁnjsfewerthm
Periophthalms argendilinestus, which is only 18-32 (Taafar & Murdy (2017

Nlorphological adaptation: of pwdsldpper fish created varation: in morpbometric and mernstc measurements
(Mugrche et al 20164; Dish et 21 2020 Ghanbarifardi et 2l 2020). Jaafar & Murdy (2017) added that morphological
characteristics such as the mumber of dorsal spines, the presence of finger-lics projections in the magillodentary lizament
in the lip of the lower jaw and the epagialis muscle attaching amteriorly of the fromtal aad eploccipital junction cam-could
distimgaizh genera in the fmaibFanaiby. Dlernistic characiers such as the :cales before and afier the pectoral filamemts,
pectoral fins, dorzal fins, abdominal fins, and zmal fins are characters that can distingnish species m the gasoeCems. In
addition, other factors that mAvence differences in f:k morpholegy are food mailabidity, emirommentz] conditions, and
the stage of fizh maturity. Another characteristic with a high probakility of variaton i coloration Fish coloration i
infiuenced by mm_acm_mdudm.}gena:.-: environmental, distary, md phy=siclogical factors (Mizsslein-Volhard 2nd
Singh J17L “Dhueto the instaiility of the comrelation character, this cheractenistic = mosthy neglected when identifyins fzh

mnmnummﬂumetemﬁammﬂsdn@ ha:n'emme'ﬂ::rbenmm mmbmmm
induanced ko peay Sctogghiany factors imfluence the hieh and low spede: diversity, and cme of the factors is
crmironmental qualicy. Erebs (2004) further epplamed that species diversity & used fo measume the sability of 2
comnmity which iz the ability of 2 comemmity to keep itself sable daspate disturbamce: fo its compoests. anobongs et
2l. {201E) argoed that the arez or mod swbsmate = 2 habiat for varicns nekzon, which indicates the area has Finmdane foad
smaroes. The emistence of kabitat variation: (swbstrate’, such a= piorsical condition: and the surounding smviromment,
affects the diversity of fizh species. The diversity index at the research zite was 108 thiz mdicated that a hizh lessl of
diversity level of muodskipper fish in the Cozst2] Bay of Tomini, Bualsmo, was imchaded in the moderats criteria. In

addition, it alzo showed that nater productvity was quite belmeed
The comparson of the Evermess index of mudskipper fish m the ressarch locations had the same Evennes: mdex vahie
af .89, Thiz valoe indicated that the Evenness svenmess m the thres locations wes stable. The Evennes: index shows the
-:].Egn!e af MHI—E":'EDJJ.E!-E c-f mdmduﬂ a.l:rur_dml:e bemwaen earh species. Ifsach speciss bas the samg mumabar of
h 15 it D s zlusThe commanity ke 3 mammom Evesnsss vahee if sach




tl L
954 species has the same momber of mdividuals, Cn the other hand, if the Evenmess value is small, then the community has
355  doninant, sob-domirest, and dominated species,, evemhally, the compenmity bas 2 minimem Evermess. The Evenness
396 value bad 2 range between 0-1,- if the index value obtained was cloze to one, it-zsams that the distribution iz more sven

357 ’Ludmgzn:iR.E:,‘mld_ 198%; Baderam et al 2021). Figure 3 preseats the index of Evsnasssvenness of the mudskipper o Revicwer

358 nz] Species i e Coadtdl Bay of Tomik, Eialamd, Which wWas inchdsd 16 2 shble Doty Thos, the ~ "7~ 77 italicize here

398  population between species of the genus Perjoghthalomes on the Coastal Bay of Tomuind, Bualemo, was firy even, so that

400 dishwbances did not eazily ocrur and were ahble to rebam to their initiz] conditions The Genus sheuld be written nammally (et lalized)
401 Species Tickmass in the resemch lncations was low with the Specific Ricmess Inday (R.1) 2t each station a follaws 0,18 based o the Binowmial Namenclature Sysic. |t

wiidld be italized if it is writien with specific ephitet

g0z {Station I Dahgpi), 0.36 (Station I Bajok-1, 0.2 (Staton I East Pextadn). Species mchnes: refers to the mamber of spacie: i.¢ Perisphibaloecs ., P
403 ina commmeity. The mmber of species in the field determmines: the size of the nckmess mdex The Marpalef richnes: indeg -

404 divides the mmsber of spedes by the natoral logarithm function meaning that the increaze in the momber of species iz
M05  inversely proportional to the increase m the sumber of individuals. Generally, a compmrity ecosystem with an-abuandast
406  mumber oftwmdant species will have a small sumber of individuals in each of thess species.

aoT The dominarce of mm;mnmu’benmdnzwﬂma]m.ug; mﬂu:imgao:rq}mfu:namnlfundh\ u:ena.m
408  species accompanied by changes in environmental quality and

M09  resultedn imbalance between predators and prey, resultine in competition between species. Maturbons: gt al {2018}
410 explaned that domiremce ocours hecause of the result of the competition process for evicting ope individual azainst
411 amother. Oloyere (2018) stated that at low tide, the estuary area is dominated by brackish fish species, ane of which is fom
412 the Gobiidae family. This statement is true becyuze mudskipper fish i3 more active during low tide conditions both on the
413 coastand at an estuary,; oo the other hand, pudskipper fizh will kide in their nest: af kish tide to zvoid predators. The
414  domimance index of mudskipper fish was (.51, which indicated that the level of species dominance in these waters was
415  moderate; thus, thers were no dominant species in these waters

416 Ernvirommental factors that are very supportive and the absence of predators made several species of mudskipper fish
417 thrive and spread across the area In line with research conducied by ahadevan and Rani (2015, which stated that the
415 right water tepqperabore range for modskipper fish wa: between 23.5-33 5°C, the meanmement remalts of emvironmental
413 parameters showed that the averzze temperature ange was 28-30°C. Furthermore, Bidawi et al. (2017) explained that
420 mudskipper species had tolerance to wide changes in temperature and salinity, indicating that water temperabrs is one of
421 the exvironmental factors that affect the spread and diversity of muodskipper spedes.

422 The pH content of the substrate ramged fom 6.3 to B. [t mean: that the water conditions for the life of mudskapper
423 fish were in the neutral ranpe. The difference in zoil pH 2t the research zite: was caused by the contmibution of leaf, Toot,
424  and stem Liter that fell to the ground and decompozed to form soil areanic matter (Tajbakhsh ot 2l 2018). The pH ofthe
425 substrate PH greatly affects the resistance of organizms that live at the bottom of the waters, both mfmna and epifama.
426  Thatis ocowrmed due to the influence of tdal or brackish waber during the formation of thisland and subsequent tidal
427 processes. Furthermors, Eansjiva et al (2017) explained that the diswibution of mudskipper fish was sisnificantly
428 mﬂmechtm‘nmmemlﬁ:lmsuﬂ:mpﬁmpmmsahnm mﬂhﬂthmeco]ugl:nl:unimm(ﬁhﬂn.tuﬂdl
g2e  etal 1014). Regarding Therefore, rezarding to- e praes i ats -2
430 ama-at-the thres-siations. addad thathe pressnce of nudskipper fish with substrate conditions in the mansTove area at the
931 three stafions, substrate differences play an important role n the distribation of sudzkipper fish,
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Morphological characteristics and biodiversity of mudskipper fish
(Periophthalmus: Gobiidae) in mangrove ecosystem of coastal Bay of
Tomini, Gorontalo Province, Indonesia
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INTRODUCTION

Tamie Bay b the Supeit bay i bdoees and o
ocued @ (he coal Inargle wilissve. One of the pats of
the hay which bis mich Badivenily & e mangoove
ccauprtcm which plays dn impertat suls i improvag
covti] 52 prodiceily, soawreen sre, ated nitrienl seply
nrodod by Various speces of Gk (Ngsyon smd Parsel
2007: Ligsalo o al. 2009), and potentisl of Sudivenily
((mya.L 20213 e additon, Sclling (2020) stded @

the marapeve codsvelem 1 eus of die mest imeorand sl
preduoctive snveosments lin fid speces o tropical arcas
anl scb-moswal estmnes, whick can waprove the fenility
and peofictivily of e (sl wea. Mubskiper fish
(Percifoemes Gobiulac) = oee of the fusdes that live in
the engnine comysamn, @ mentioeel by Lateconvies
(2016} sl Rhua'sla o1 ol (2621} a4 the locsl vesadent of fhe

Oae of the G ke

bt coeuly fum peiesry coasusen) 8 e fosd chain
espite e very amall aize (Polg o al. 2017, uksbitng
mudly Bl wndy beides, nd semaove arn
(Mabadera and Ravi 2015), Madikepe' duly beluvwe
6 clusely related %o fikil ehydum (Ravi, 2013}, where they
cliesks exsegrons ot watk v mudllals, and &y Surows
ol (Arsant o8 al. 2004, Hui et 4l 201%, Widayat <t al
202y

The sudabippe fish bus varius spscies, yet they e
tssreriu aniailes @ ety of mopbslogy (Ridbo o al.
2019}, Ore of ils tsajue chusciernslics o spendias 9% of
@ WE 4 day Eving om lind climbay, and penbing e fhe
roeks 0f the muturove ar wied, sl beine sbie b craul Uy
i the Ll M akbaromah ot al. 20063 I pectaral fin un
2 mnpccuiar hase e be bickiod 0 linctin e oe sm
e ko crwl, juamp shove e muul ed stk b rocks sl
open st (Huane 2013, Wicakson <t sl 2016) Tie
puential of Gk o4 the Eler fender Gt

Famly  widdy dowitolsl = bl camsion 5
Ponopiiims (WoRMS 2018 Fishisse mu This
Getigs ecuigtics. pamary (aepanian Bat (S coeny
froem prodicen) and scomdiry pisitions (o Sat

cemsusscs e aemic patcles ol living ceanies
sutspentod m wker com st Lead (Pb) seed b @ mole a4

! ol nol & Ll
ul 2012} Posple can we the mealibigper to fel61 thew

fosd socds becwse L by 4 Muh motitsel vl
(Akimotms o6 al 2012 Badewi o o 20IT)
Boleoghtasiness boddert, ot Of the mabkeper fih
specaes, has s igh value of Gl m Be ver (SS4ASS440
" ceottin (354035 ma/I00ept, amd LS o
OATmp/ 100 g pesteie e tuwsche (Kancjiya o al.
2007y Mobkipeer fsh sl bave comomic value m
sevenal commlnes n Ase Fee untance. muddipper with
bewtld mupbalogsal charaden can be wal W
orssmentsd fish in Chiss, Fupsen, asd Xoees. They wre
wenerlly sold & proerved pdict m Indnnesis, such 4
drisd and seuited fuh (Ferdib-Hosum 2 al. 2004).
Besdox, madikipper, o e native resident of mansnve
habsiag, cresles & msmural vicw awailsd by loeeral
(Chakaboety et al. 20290
One of e areas = Subibow bl dirccdy Sondess
Tassai Bay is Boalimo Regency. Boalosws genenlly bas
erpicad charactenatic of 4 couetal ares with relatively Sah
emsunieces, parasiuly i Ge segove forest and fabery
sowrees. one of wheh u the matikicper fish. Thesclore,
the exitenoe of B fish in (he nungrove scosyaen e e
Constal Bay of Tosm Buslemo s prelly  abodant.
However. & = disteganial 2 Eshermen and people in
Hoslesso wre anawure of 1he golential of the mubnitun
coasusled m the mudskipper fish. Consececatly, the
cxstenie of the suddipper fish w the Mangave Coud
Tossa Bay i fhcitened @ be cxtingd sbong with e
devreice of @ populstion. That extactan alipss wilh ke
speed of margrove foeest dearaditior. The main cawse of
e deerulalion o the lind coavenan in manpove e
o tecome (oh il shrap posds. That s affomed by Hai
il (2020} thal mzngmive = an imporiant ceaipecnl of
e st scosyiiem whish i seversly ad glotully
Wrestenad by Voo cuseg (utes In 1983, e
manprove fored e = Teaini Bay was teecd & hig 4
17672 hectires, while i 2010, it was degraded o 16,105
hechircs and i 2020, 4 & pealictod m have e rcmnnng
e g an 10,321 Bectases (Paien W201.
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The mudkipper species identifiad until iy are
aniend 43 wpesies in 10 peness (Polgar et al 2013; Repp
20211 Genenl isformition shui mudidipper Gk has bocn
availible, yei @ apscics in Tamus Bey have 2ol boen
foend. Pven (he people @ @ coustal Hay of Tominl
Buslesso stated (et the mubkipper b i pecanneus.
Prople have nt yot koowe e poknlal e of G
mudkiprer sh apGanally in temms of conlingy, sconsmy,
s hesinh, 5o this sescanh s uneenl. This seecanch aims lo

awalyze the )

o€ ssudikippes fish s the relible sssident of the mangrine
e 16 Temuni Bay. The finibegs of @ reazssch can do
used s susport Soe Gormulamy policses that aim lo
minimizz the mangrove degraddicn in e coul by of
Totuni.

the coutal by of Tossin, Buslene, Goecalide Provinge. B
mcudel thee obacrvation st 1., subea | (Delupi
Villagel stseon I (Bajo Villse), aed staluon 11 (Eist

shudy was ooducied (e five momihs, from May o
Septomber 2022 This staly empluyed a dessiptive
wuantitative method by mplonoii & sumosive cimeiag
meshod in theo sistions of G suegrove cconysem i Ge
wossdal By of Teemini, Hosleso. The duls collected were
prissey and scconday dals The prmsry il wers
celiecinl by aleutifymg all speces of the modskipses fish
wed e O ils mphebgicsl  surphomctncl, s
meristic charactenslios. ab well as it Bodiveraty
(Qiveraity, svennew, and spocics nckaess iedexes) (Fanure
"

Figure 1. Locstion of e conl bey of Teen.

. Beulerm, Gonmtahs
TIN50 F 1 22265K2), Stabaoe 1 (NX20.KLS E 122209311, arad Stasoe [N 0030716 F 12222 336)
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Tooh and Materish

The bouls used were 4 soos el 2 300 sckers fish 1),
i cool bre, 4 np lock, ststiencry, & digdal camens, nules,
millimeter block paper, ghoves, i, GPS, thermusscier, off
meter, s e Osess digital seale with an aceieacy of 101
. The mstenads usad wese audsKipper (b, 100 fonnalin,
0P aleabel. tracing papee, we, sewing thread, asd dudilled
Wales

Procederes

The samplmg procaliae: sz 0 follows: |1} Spetimen
colioetion weny a 313 sekens oel el hand-collocting in 3
locutieas wf e manapere ccoysien of the costal wea of
Toesani bay. (=) Meszecancol of physical-chestucal fictor
fesgprenature, aubwivale, wiler il s sduinde ol of te
ceviaument Wik done i every losation. (i) Obetysbons
el mmeasurements of phyaicad Baclons se corred ool dunag
e day when the sex recedes () The specatica wis pul in
(i, libeled, andd then tramsleomd o (he bdondeey fee
aleahficatiog pargoses. (Vi Specaticn docisscelaben was
wareied vt weiezinm a Nikos DX VH camers with an AF-S
NIKKON [8-55 aun lens and & Maczo Pro Tema Digitul
FRO 045X HD WIDE LENS SDW-M5 52 mm. (w) The
muckkipeer ﬁa& sumpties weee ohserved and messured fo

sl eerstic ch

@ lhe BM’ Labeeatiry, Facully of Mathemalics sl
Natursd Scieeces, and the Agniculieal Lebanssery, Facully
of Apmicullure, Vevenilis Negen Gomrgalo,  This
olserrabon sl mesuienest sep wis refeerod e (Lasen
aed Munly 2091, Palipss 2t al: 2003, Meryam of & 20
Anlainz 2006; Ghanbarifisk of al. 201E; Kaur of al. 201
Mahadevan et al 2019, and CGowales-Martiees et al.
2020). Species iheetfication wes camisd eul by selemrieg o
(Murdy 1989, Lann and Mundy 2001, Jaslus ¢t al. 0181
Spevietes fivation wed 707 alcobed sad (0% foesalie.

Data analym

Morghomctne aed menstics data were amlyzal oy
te Microsoft Exeel prograsm, and  smocphalegical
ulverratom were amlyaad deicnplively

Diga on Be diverasy of malibpper speces were
aealyasd weaty the Divenaty fedex (H') (Shaneon s
Wieser 1963 Fucheu) 20020 W' = 55 phln g where
= 51 represcats the Shansn-Wieses Piversity smdes,
S for total species, Ni for wled inividialy m o species, In
Sor the raturad alywcitben, sl N for loal indeyisdaake foisul.
The valos of 1’ deteinines (he level of apevies divesity in
e ares, where (he definibioe of e valie of species
diversaty socontite W Shatson-Wizaner s H' > 3. Hab
species devenily, § < H'< 3: Mahius species divenity, i
< 1 Low speoes diversy,

The spearvcyenses imles snelyned species evennen
(K) daga sefereed 1o the Pulow Fvenses badices fiutmada
(Ludwip el Reynodds (9833 E « NVie S, Wheee E
represceis Dverasa ladex, aml H' reeprescsss Sheenioes
Wieeer Diveranty Iedex. Margalel foomubs was weed an

Speves Ruchmen Indec (Magumman [0ESY Ry = :::I

whad R reproseass e Richiee: ludex, S for the Nussher
of Specess found, wed N fur e Totad Number of
Individals Domimnce dals were amalvial way the

o (e 1)
Sempace fmaiile: D-Zm"‘m D represeats the

Demuinance Iy, w2 (o Nusber of Indinubials belongay,
W aprocs 4, and N Tod Nusber of lalividuss The
rraulte of e domumance miex were proagred wilo 0 < 1 <
0.5, i which o species tominale othee specics oe ) sidle
wommumily siructure, While mles 05 < D < | meseang
sime specics dimatade ofher wpecics of & commeanily
strcties 16 s lable beinse of ccobemical sechsaass (Odum
1071, Keebs 2014),
RESULTS AND DISCUSSION

Reault

Mudskipper Fick af the Research Sue

The sesilte tn Table 1 show fhul (he apecics of
mudkipper fish whak were founl compriced e
Gebindae  Family  of  the  Acunegtersmni Chas
Pertophinal Periophinal s,
mimudaz, sl
Periophchatmus vartabulis. The sotal sutmber ol madik pper
ik Bound (1 Tomes Bay, Bodeno’s constad manksove
wre, W aenel e 61 indivalwals. Spreadiog sirony
stution 1-Drdups. village (156 indivaluals), station 11-Bupn
villsge (154 mlivideady), and suton 10-Easl Pentaty
yillagte (154 ind The (el of malsk
Gk in e cosdul mumgrove ccunystens of Tamits by,
Roalesso, Gometalo Province, o prosented in Tabsle |
Eavirsnmest Parametees

The roulis sme of e lanpeniloe scnwemenl
irce rescanch locstons Wi wrousl 18 -30°C of statwon 1,
20.300C a stgkeno 1 s 28 2800 it atabion 1EL The vakee
of walees soidiy degree (pH) wis w the reege of T1E,
el the sihtrate (8} was in the enpe 0f 48-8, Busal un
o vl ook, e coslogieal cenditin of Stitie |
(Dulup) of S maptove arca wik sull cossadersd aod-
solill, pessesbing srndy sl moddy lextues of proenl
Brabrilad with pmanaroves arowin on il b Staton 11 Bajel,
the tmiegrove arct hul been shifltrarsdered 0
selllement seex withoot comalering the strenp values of
msagrove plnte Bied co ity vikal Jook, fhe o
fenure af the sumpmive freesl i sandy and ssuddy, Leoe
wublrinh was scatiered, sl many mengrove saplegs hed
sedd were broken, In statos 11 (Eant Peutado), acoeedios 1o
x vivenl dppeance, the proand eatire of the manprive
wan muddy. However, e nungnwe (onditiee was il
considered puod, aml the seueneration of @c prowiag
saplings m (e anst wis convadornd gack s plesty,

&

2l EIODIVRRIITAS 24{1 ) oxx, lamury 2121

r.mzn.-m;umumurkmm Iultﬂlm lb)nuuhl ndh«)h»«hm b, () e

imtickr, fe) post-orttal iy, () eot-celsatd lesgehs I d kel (1) peccoml b,

mfﬂﬁnd‘nhelﬂl&(l)lmdlkuﬁllﬂMh(m@dhﬂﬁnmhd&l-)h&lnluﬂal

pediae, fo) band hegit, (o) font Sody bagbi, é0) bandh of e dorgat seiny pectind fa, (1) sadde backy heide. () el bedy

&u}tlllhﬂhdl:huﬁmmdmmlu)mﬂ Tin beadht, () amal fin bose Sennath, () kseath of the Sapesd spury aul fa,
& Musdy, 300] withen).

(0 Canndal pedesnde depe, (V) b, {2 carnhid fin bewaht (1.
Table 1. The closi I Lo I d f Tonetas baay, Boadera, Coenastedis Prowosce
Satiza
Clan, Family Specics 1 o TlilN.dud’
Delugi  Eaje Ext Pentada Tndwelinls
Adisspiervi
Cadiadaz Fenizphikaiwaz amentinesns - - &8 8
Perizphikaima balole [ W
Perizphikaivas malazcours " L) 8
[ — - * ‘ pe
Perizphikaimaz vanakils Bl [C) i
Toul Sol

Dieactiptae () foand; (-1 Not foend; e number in brackets sptesents the nussber of selivadiahs ubctved.
Source: Primary Dals, 2022

The Morphelogical Charseters of Medikipper Fish
Table 1 Congursan of Mupheborasd Chanaten of Mubiper Fob o e osdal mugnne cosyston of Teore By, Bk,

Charzcteny Pacoing P osalercowis  Powabls P opmotwsms P kalle
Dentné cip B . - . o

Ove tuw of teeth et e masille t + ' . +
Peluic Irenuse B + + - +
Peivic fis wholly fined - - - - .
Peivic fie partly fiosd - t + - '
Peluic fis oo floedd t - - + -
Hya Dl : 2 ¥ 3 R
MalunD! + + + + ‘
Liw DI - - -
Slihely nectabal DI megzion + =
Rounded DI eaatens s

Straiphil D) rran
Whike DI tmiten *
Sk inframanaral tonm stngen D1 - + +
Sk infeananyiral Back s oa DI
Sirwle oo np messdy oo DI
Wik sped (o puoaned oo D1
Redibsh erimue ol m DI
Doegadzd! firsd sparee o D1 -
Tk stnp oewly o D2 +
D1 and D2 comechad by 3 mestane -
Kolifsh Dt nd caadal (s =

Ee— Ve

e o vty
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The Marph - Ok ¢ Medakipper Fink

Table 3. Comrenca of Morhoernses: Chauctors af Mubhgrer Fub e weolal ssargsone cospdonm of Toeusi By, Boiks,
Camoetalo Priviace

Heud lenvts s 0180 (013 0176
Stast ezt nn 0% M7 0.2%
Prod-cebital I (K73 007 I wnl 0128
Prodeoal ok nar 0383 0334 .40
Preveeinl lauft n» 0383 X 01256 0.5
Proeul lenyh (20 0429 (Rt 0510
Dl bee bauth iz 0178 63 0472
DI luaesed rine ket a8 07 i 164 03
102 hise bl n2ls 0174 () 02t
Lowath of cankel peddiraiiun un 0183 0175 0143
Heal heydt ILisT 0150 Li87 0142
Froed body beubt s 0.19% 034 082
Preiend fiefk boeeos| ey btk (303 017 1173 0164 0145
Akl by bt e () 154 0.180
Pedus: fis baic lerh [0y 0.1M ! (L1X0 0033
Pebc i’ limpest vy levpeth (80} LAN0 1 02 0,163
Caraki bose byl (8] 0.165 K (8153 0,142
Arse! fin bezahs 130 0188 (1168 0,155
Adsié Gy bergesd say bnuath ([1CH 0050 S 0 0074
Crabid pedsed i Seuele [[1CH 07 1 [0} 0082
Crakd o bershd (3] 0182 143 0.152
Caati in el Wi 0214 0210 0187
Meristic Charzeters of Mudslippee Fank

The won of mierinte o of mubki fish wWhak were (il i the cosslal mangpere cussyakém of

Tosuni Bay, Hoslenso, Gomitalo Prnvasce, sdong with e spacied’ classificalion, see priscninl in Table dand Figure 2,

Table 4 Cormrasin of Mantic Chaachess of Mabddisear Fab ot Be cnoh] mergne acsvsian of Temin Bu, Boiksto,
Cumnrtslo Pairee

Nusmber of Spizcs and Rava
o o A b v c

i R 5§ R 5§ R & R 5 R 5 R
P ommta 16 [} I [} 0 1 0 13 [ 0 13 &
P malsecents L (T | (I | O '
P rariabdy W e 1 12 0o 1 0 B 0 & 0 6 =2
B erpemsivnesos Boe 1 o o6 o1 o0 12 o6 £ 0 I8
B Jeivis n e 1 1 0 u 0 N o0 & 0¥ &

A A c )
Figere 3. The dhatactorndion o exabdippot G mn (e sl wrs of the oergune sy o Tuessni [y, Boderm, Cumontin
P

A -xnn o b muanlbe B Dol O, C Fedvic G willied! fremiee D Pt fie wridout Geanum A sl amn dwooied the
frzun.

0 SIODIVRRAITAS 2414 wxy, lassuwy N

) EQ)

Figore & Mubkipeer Goh i the contal maapmone aosyslem of Toemee By, Bdenm, CGooottado Prrisce. A Pawepleulena
mesin, B P ppdsccersee O P vaesdule; D P apsetibnadc EP Labdo Figaes 2 0 s ghads of 0 gociten it bl ben
peserved] nder i <50 ennpesstare (oe on sl

Biadiversity of Madakipper Fad Specica

The dats of metidsbopper ok ol (heee Wocutiens sbowed mederale divensity with « value of B' « 12, The Fventes
e Wi 0% bberd 0o Bece obserVilion salines The lovest deanmance valoe was af statioe 11 with & value of 634
(Pigese 5),

Y

" — - P |

Figure 5. B, Hied irake, E Inaden, Doesizare liken, send Spocion Ricknzs of rabidopeer (i 2 $e rovcanch
sk
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Discunsiea

Five specics of mikkipper Gh coidhl be foind in ke
ol mungeove ecvsyilem of Tomini ey, Boslema,
Ciowinsl sl Fravinee, in which all of the species were pan of
Genigs Peripbihdiie, |1 waplial hil sibbipper fih
spread ol over the ozl and schiopicsd habital, cwepl
m e wesalenn izl Allintic and eislers tigacil Pacili
{Sprnger 1981 Jilee and Munly 20171 Penipdhilmii
eds b sl in mgreve coosslems, That i du o e
camlenie of sy detrlds, aeiall cribe, il Tish, shieis,
anl ahrepeds 0 mgrives wheh e fed G
Pertinphchasmss {Rhala e al, 20200, Thuce, the eesill of this
alidy Was in line Witk prevaiis sadie: condicted in ke
coneti] evonys beans apoiin] Do Pacsfie {Furmsmiah ¢f al.
20093, Sech s Maluks (Ramablaty &1 al. 200%; Taniwel el
al. 2000Y, Seith Sumateea (Rudho el al. 20098 Wesl Wi
Tengaen (Eha'la 21 al, 20210 Yigvakiel {Ansusyanti &
al. 01K}, Kork Selawesi (Polgar et al. 2007, B ind
Huli (Dahruddn 1 al. 2007y Mabiei Sieail and Maly
Petemiili (Palgar ¢t al. W14, Rescarchers foind all
speinci poiseiied high similarity o mmpbelogicl feaiired
o e ne parl il the aine Gienish {Table 1),

Prerinphthzbnur miruur

Dy XV DL I A LR IRV & 01D

Eyen swilbiiil dermal cop one oW of ledth on ke
mitillic pelvie fn wilkedl e soderie 00 height
wilh siraighi margns, sngle brioun dnp mesl with
i peatanal hile spute, wilhod spinal clssgation,
112 withs desky brosn stnpe meiially; D1 and 02 are nol
comnedlod by 3 memboane, Bienal el 80 heal lesglh
(L.173% SL; pelvie fin busal gt 187% 5L,
nisad leeglh B201% 8L D bal length 02145 51
bl Jenah 0.200% 51 cealad pedingle heghl 0081%
AL (Figure 1, Tahle 3, Tekle 4. In sme condeions, ihe

Table 3. Fhisizs aedd chenmial panametens ol the walen slaly ins

Unegiion ¢an be seen Dotk dissniliiilion (Falir & Minly
T

ihalmur maiaceonsis
D XL E LA R PV
Eyts witkoul demual ooy, one e of teeth on e
mallic he peliic ol el priminenl; medeale 0

heghil with  slightly  mindal  fanom, & sl
mirimargnal beown sbip with snmenie pratinl whis
spisks, Finsl spunee elonigaled; D2 wilk Talal ko slrige
mestl, 4 gesbeane dugs ned cennedt D and D neral
siaales 53, headd lemyth 0.174% 8L pelvie fin basal beegth
G027 8L anal Gn hasal lenglh GU1RS% 8L DI Basal
Beegith 0.178% SL: B2 bl lerwh 0174% 8L; coudal
perdinacke beighl 0297 SL (Fiadire 1, Table 3, Table 4).
Alhitgh Periophtisimer melaccenrir his bt hlae
sqpte in e chie anal igencilum, i bk s preminenl
Tranivense Gelids 2n the il i Palige J016),

Ferigphihaimur variobilie
D XL E LA R PV
Eyts withioul dherml e o leeh on e

mitillic e pelic e o deir and promined; ke

e m inage 6 beast il the marins; maderale D heght
wilh retirdied marging. A single mivsmngmnid hown drip
seilh siary prosamsl while spots. The find quie denglal,
whate ewangin; DI with single miramarpaal onesge drige
sonad bliwck seagle sivipe mesisl Reddish-orange spols ke
b e aal o4 dee origge, i ksl il e gajin A
miwbrang decs ool conmeet D1 and DL litersd seades 51,
bl lesglh 8.264% SL.; peliic fin bl lenylh 0.017% 8L
sitatl Bt hasal Dot 0062% 51 D1 hasal length 0.192%
815 D sl Jengih 0.106% SL; ciadal pedurle height
0,05 8L {Fugars 1, Tabke 3, Table 41, When alive, ke
bramcbasiegl membrige of the foh shows piameniatan
Relliwan el al, J019%

. Cemial Margrave Ares af Tomiri Exv Bralems
! Statina | Statien [ Statinalll
i Eajp Lat Fentadn
Temserstine( ('} 2R nu AT
Subsirie Sondl el raal Snd incl s Aud
Waker T 14 T3
Sk o] 154 £57 6315
FPerinphihabmur arpensiivaais 0I00% 8L eaudal peduncle beihl 0.001% 8L (Faure 2,
DL XOL DL IR A L IRV R LA Tahle 3, Tabke 4). The dolil bansvene seie fhm

Fyen witkoul dermual cope ine now of leeth on ihe
miillic pebiic Willail freridn; medenale D baight wilh
sleinghi muging, single hodn siap meiiel Wil tiimenii
eresimal while spte, Wilkoul el elmgalion; D1 with
diky beoin stnpe sl D and D2 i sol eomecked
ey & memseane; Kaberal seales ™, head length 0247 5L,
e En bl lerggh 00F% 8L anul fin basal besath
0.165% SL: D bl lenggh 0.163% SL; D2 bisal lesglh

senlmpisierior 12 basel 1o the basal of e med fn s 18
2 Dasdar e Ml (20171

Ferigphihcimur kalalo

Oy KL B L LA KL P IV G C 14

Eyen wilkiisl dermial oo ane ww of lecth in ke
miille vesligul pelic e pelve G fsed sl
hald of (e pelvic fims; mederaie D height with riemdad

q BIDDIVERSITAS 24(1): v, Iifikary O

iriets, Sagle blick siripe miamatgmad wWilh pridisl
whie apals, Wilbedl speal closgition, DI wilh
mbrimiarinl diRky sl 01 and 100 ane ol ceanceled by
i membrine, |sierid seses 61 head lemh D255 5L
e fin hasal besth 00325 8L, anal fin bkl beeath
0.155% SL: D baal lenggh 01725 51; D2 busad lesgih
(201% K1 candsd pedenele height % 51 (Faare T, Toble
3, Table 41 The tilal teaiciverae sisile Bitn Vetloigiiléret
D7 Bl to Bbe bsal of deal oo B o
Pt plthaliiizs argenlilinzatis, which o only 18-22 {laidar
& Mlundy (2007}

Momshefivgiesd sulagpiatons of msdskipeer fish ereited
aruhinm 0 nlllrplmulrml il el Heiseminl
{ Wby ¢4 . 218 Tiieek et al. B30, Ghanbenfandi  al.
2000, Faafir & Munly (20175 akded that dsocphakgicl
chimaiersla siich o the samber of doesil sgncs, lhe
presence of fngee-Bke pojeciins m the maillodestay
Eiicnl 0 e Lip of Be lower pw and e cpmamli
mile aiichity anerieely of the dnontal and egaeizl
winetion coghd distimguish geeees m the Funsdy, Mensix
chamiiters suich i the seales hefors and aller the pectinal
Mluments, pecioral firci, doeal fis, abdominal fini, and
apall e dge characlens thid G dilinguish specei in fhe

e, I aldilicst, edher Bictors il infignce differesies

m Esh meepbilogy are (ood avlibilily, |

The et vikie obimed Wis cline | ane, the dsiribidin
i miee gén Laliig and Reynedds 1988, Badesn ¢l al.
021L Fune 3 peesents the wmde of evenen of lhe
ansbleipper (Peraphibabeiis) specaes i the Costal Bay of
Tosuni, Buwlemo, which wis meladsd in g sble
cemminily, This, the posulation between sgecies of e
pemits Perophibules on dhe Coxtal Hay of Temini,
Bialesio, wis Tiely cven b lbal dsiirbinics dal nil
ehiily eocur smd ere sble b eclim L i ksl

woniiliini,

Speeies mihneis in the research loealiin was kow with
the Spocilic Richii Index (B} o eauch skiation ici Tl
1% (Stadion | Dulie), 0.6 {81atan I e, 02 5100
11T Euail Petliafia}. Secies mchicici refins (o the siimber of
speized 1 a eomeilinily. The nber of ipedies in the feld
deenines the e of the mihnes mdes The Menaled
richteis md ey divades e simber of specas By he naluril
linganban Eonction saeanitg thal the meresse m he nusber
of spevies o mversely peosartonal 10 the ineretee in ke
uistaber of individili. Generally, 4 communily/eosiyikm
wWilh abndinl species will hive & stiall nember of
andividials ih each i thess ipedics,

The diininanie of ipecien in waler edlen oecin dée ln
sevenl g, wclading conpeldon for mitmal fied ly
CRE ipeiE | by chingsi i m 1

conlilims, and the slige of Eh malmly, Anslhe
Chantersln wah o high pobibdly of varution W
colpilios, Fish coleeslion = miimeed by geseti,
ctiimnmenll, ey, and  phisilogol Tk
{Wisabeti-Volhand and Singh 017} Diee i e wmilahility
of the cinrelabon chimacker, ho chisienilic i ailly
neulevted whes ideniilying fuk spece

Envimonticelal cenditions wnfluznce e difercie o
st diveriafy belueen e theee diiins. Mny lidees
mllectie lhe bgth and bW species deveraity, imd one of the
Tutons w0 envimnieslal qualiy, Krese (00141 furher
eaplinal thal spaeies diversly b med B messune e
sty of & comenily which & the asdty of o
oty b keep well suble despile drstabimees il
coapencnls. Malihongh f al. (201E) inpied i the inc
ot mud sebsine s lubitad for varow nckioe, which
mnligaied e rei ik bkl foed sosrces. The ctislmie
iof habilal vanaliii ivstne), such s phyiecal condding
and the sumetindng enveonmenl, aflich ke devensily of
Mgk speies, The diverary index al the reieinch sl wid
Lo, s wdicated thit & bgh divessity level of
miidkkipeer fob in he Coital Bay of Tomiez, Hualemn,
wii includel 0 the doderale ieileria. In addtiea, il ilio
shiver] Uil Wl peodliclsvily s il likieged.

The mmpnsin of the Evetnzss miled of maliksper
Tish 18 the ressearch locatins: il ihe sme Evesnsis mis
it of 0.9, This valuz milizated chat the evenness in the
three locatins wio stidle. The Evennzss mdes shows ihe
deres of evesness of milividual ahusdanee hetween sach
speiaeh, The commimly had 3 mainian Eveencas value if
cich geciés hai e e slmber of ndivalials. On lhe
ulhét hand, of e Evenes vilie oamil, then the
comimimily ke dormeal, sub-dimimel, sl dsmsild
speces; cventgally, e comminily his o mimhilm
Fvemess. The Evenness valuz hal g sanpe betwaen 0.1 i1

yuulity sad i esabuliece hetwesn medaies and ey,
eesulling in commpetition belween speciss, Manirbonis e al,
R eapluined thil dofiminic oiies becine of e
el o ke cempelilion pradeis foe eiching one indvidal
sgnes] anodhen, Clkpers (2008) slated thal al b L, ke
esliary wei i drnniled by brackok Gsh speces, one of
whaih 18 frem the Geebindae Eamily. This stilement o (e
beiee mudskipser Gah s dwore wlive dunng low Gde
wemiliticns btk un he cosl el 11 s oy, e e sther
Raonil, minckdiipper Coh will Bidde i iheir nests af high e 10
sl preckities, The domesnce miles of mukkipger fish
wah 051, whak indicited (hal e vl of specsci
ditistanie in e Wil Wi sderile: Bils, thers were
i duminisd speca m ke waen,

Environeueslil Eactirs thal e very seppeetive il e
sinenie of peedatins made sevenal spevies of madikipper
sk ikeive and sgerial wennis the seea. In lite with reseinch
by Maskirdivin et Ravt (2015, which staled thai the nght
waltr esipeslie mige for mudikipeer b Wi hetiecn
JREIEET, e mearesenl el of emvinngesl
panamelirs showed il he iveraps esiperaliine ringe Wi
28-3rC, Ferthennone, Biiwi ol al, (2017 eiplioned thit
mikkipser deecie hod wlemnce o wide chisae in
tespenature and sebnly, indicaling that waker kemperalun:
i one of the envimnewesli] fusiees ol ailect the spread
sutad dlivensily of aiicbdiipper ipaciti

The pH centenl of the sihstraie megad fom 6.8 108, 1
mncsies, thil the walee conditions fur e life of malikipper
sk weee m the mesiral range. The differemce in soil pH a
the eacaech diles Wi ciwed by (e costeibislan of liaf,
woal, il wetn itler it T b the arotind snd decofigpiied
Gt eern beed dmpinei: mmaller {Tajhakleh e al, 2008) The
stibrgale FH greatly iflects the sesialinge of ot fhl
Erveal the bt of the waters, bith wivie) nd eplin,
That ecaumed die te the nfliznce of bl or Seackish
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wiler duntie (he oetmation of ke sed wibwecuenl tidil
proceioes, Purthermore, Ksnesyu of al. 017) explined
it e dotribatin of modsk b Wi sigmiGieanll
wlbeasd by mveusmenil foker such w pH,

sidaity, and ofber sculopial condtnny
(Oluntanfanti ¢t ol 2014) Therefore, repmbing e
presence of madibppee Gsh sk ahelite condsons
e mangrore area 3l (e ree dliots, e
diffsences pkiy w impatiaed mole in e disibiusen of
nkhkipger (sh,
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Morphological characteristics and biodiversity of mudskipper fish
(Perigphthalmus: Gobiidae) in mangrove ecosystem of coastal Bay of
Tomini, Boalemo, Gorontalo Province, Indonesia
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ies of Sk (Npuysa and Parnal 2007; Lapelo &
al 2018), and potential of b {Cocray st al 2021)

ﬁxﬁ :zom)nmxodn?m«m_%og

, Toncsd By

primery coosumars) m e food cham despite thex very
sl size (Pelgar 6t al. 2017), mhabeting ronddy kabutars,
tlnth'budln ndmnms(&“n-dht

dﬂyh&muud:d}nlmdwuﬁ

2013). whare they climb mangrovs roots, walk
mﬁ 3)~ nnd(;\nmaal 2014 B

cul"owﬁdlyxcal"()"’).
mmiihstmmﬂhvhm
omarows similnnes m ram of marpbology (R
2019). Cns of its unique charactezisecs is 9%&
m&ia&ylxmgmhidnhsndp«hqnh
Toots of $6 mamarone or wood, 2nd being abls to cawl up
oo the band (Mukharomoh ot al. 2016). s pecioral fincm i
mcalyr base caz be buckled to fmction liks an am wed
0 o, fap abovs the xud, 2nd atch to rocks amd open
Toots (Fiamg 2013; Wicalscno & al. 2016). The potamsial of
oradskipper £ $e Sl fode tor comramme: the
crganic particles of living asanzes saspanded n watar cam
absocb Load (Pb) and ha a roke a 2 ho-indicaer of
amTaumensl (Alcmroc ot al. 2012). Pecple can
we the pendiicpper to 2281 Sair food needs becanss it ha
2 hagh xomiconal valne {Akinrot 6t al. 2012; Badwa st al
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2017). Boleophrhalmus boddarn, ons of the S
species, has a high ﬂmod'&tndulnw(ﬁ445=44°

mg/E), procein (3.520.35 ma100mg) and 1.520.47me/100
qpmmhmh(ﬂmq:yaaal 2017y Mudzk:ppar
Szh also Bave eccnomuc value in several counmies m Asda
For mstance, maddioppar wath beautifnl mocphological
characters can be wied 2 crnamental Sih in Chizna, Japam,
ndnctu They are genarally sold a3 presarved moducts

mangrove mabitats, creates a zaral view amaited by sourists
(Chakmabeety ot al. 2020)

Cune of the xreas in Sulywes Iiland dmectly berders
Tommi Bay is Soalame Rogsacy. Boalemo genarally has a
oypical charactaristic of 2 comal arsa wid rolachely high
resources, particaluly m Se mangrove forest and Sxbary
scurces, ons of widch 13 ©o muddoppar £:k Thorsdxe, the
existence of this Sib in the mumgrole scosystemm In =s
Coastal Bay of Tomms Bualamo is pretty abumdant
Howevss, it i3 dwegarded 23 Sibarmen and pecple m
Scalemo we unamare of the posmtal of the pumites
comusted m e omdikipper £k Consequandy, the

eostance of the muddkipper S:b mn the Mamgows Ceast
Tenuni Bay is threasened to be eaxtinct along with Se

decrease of its populition That sxtincson aligns with &
spoad of mangrove Sorest dezradasion. Ths mam camie of the

jon is the Iand conversicn :n maangrove forests o
become £ and wkrimp poads. That iz afSrmed by Eazetal
(2020), thar moangrotve i3 an importnt © of &s
coastal ecosystam which is sevaraly and globally Srsatenad
by vasicus caning factors. In 1988, the mangrons forsat awea
in Toouini Bay was noted az bigas 17,672 Bectres, while in
2010, & was degraded to 16,105 hectres, and in 2020, it is
predicted to Rave tho remaiming arsa as bz as 10321
boctares (Paino 20200

459

Tha maddcppar species identiSed untt] today ars around
43 species in 10 genara (Polgar ot al. 2013; Rupp 2021).
General infoecmation about S Bas been
aailabls, yot 13 species i Tomint Bay have not bean found.
Even the pecple in the coasnl Bay of Tomi Bralamo stased
that Se have zot vt

tormes of eccloxy, economyy, and heald, o thi ressarch is
wgent. Tki:mhﬁm:onal}uthnma;ﬁdop’al
characeristcs and beodiversity of myaddcpper Sih as the
relakle residant of the mangrovs arsa m Tomuxi Bay. The
findings of this resarch can © used 2: support for
formmlating pelicies $at aim to muximize the mangrove
degradaticn = S coastal bay of Tomeni

MATERIALS AND METHODS

Study area

This study w2: cumied out I 2 MAMEToVe eCosystam in
the coastal bay of Tommi Boalamoe, Goroatalo Provincs. It
inclnded three obwenation statons ie. station I (Duhmpi
Villaga. N 00°30.640, £ 122°26982), satcn I (Baje
Viliage. N 00°26.818, E 122°20.931), and statica III Zast
Penasdz Village, N 00030.736, £ 12222.336). The
sampling Jocations were chosex becanze they havs healthy
manzove forests. Thas smdeucondnctndix £ve manths,

mxunmuﬁnmﬁh\ofrmm
The data collecred wers prixnary and secondary data The
mhﬁmmlmdhxdnnﬁmgﬂ:poauddu

B2 ad some of in marpholomical

morphometrical, and menistic charactanistics, as wsll as i
biodvernty (dveraty. evemmsss, and species richness
indecxes) {Figare ).
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Tool: and materiaks

Ts tools wsed ware a scoop net 3 3x3 3q. meters Sk
2at, a cool box, a zip lock. stationery, a digital camera, ralar,
millimoter block paper, gloves, jar, GPS, thamomster, pH
maoter, and an Ohams digtal scale with an accuracy of 0.01
5. The matenials used ware mudsiSpper Ssh, 10% formalin,
70% alcohel, racing papar, ics, wwing thread, and distilled
water.

Procedures

The sampling proceduares are as follows: (2) Specimen
collection ning 3 3x3 meters net and hand-collecting = 3
locations of the mangrovs scorystems of the coastal arca of
Tomm: bay. (if) Msaswrement of physical-chamical factor
tszoperature, substrate, water pH, and substrats pE of the
sunircoment was dome = overy location; (i) Chisrvations
and measuraments of physical Sictors are camied out during
the day when the wea recedss: (iv) The specimen was putin
a jar, labeled, and then tansforred to the hboratory for
identification purposes; (v) Specimen documamtaton was
carnisd ont utlizing a Nikoa DX VR camema with an AF-S
NIEECN 18-35 mm lsas and = Mace Pro Tama Diginl
PRO 0.45X HD WIDE LENS SDW-043 52 mm; (vi) The
mudkipper fib samples were observed and measured for
merphological, morphemaetric and maristic chanactarization
m o Biology Laboratery, Faculty of Mathematics and
Natunal Sciences, 2nd the Agriculteral Laboratory, Facalty
of Agriculnme, Unnersitas Negeri Goromtalo. This
observatico and meanrameat stop was refarred to (Larsea
and Murdy 2001: Polgar ot al. 2013; Maryam et al. 2013;
Aydalma 2016; Ghanbarifardi ot al. 2018; Kawr ot al. 2019;
Makadovan ot al. 2019; Gonzalez-Martmez ot al 2020).
Specios identification was caried omt by refarrmg to (Maxdy
1989; Larscm and Muxdy 2001: Jaafar et al 2016) (Figure
2) Specimen Sxation used 70%: alcohol and 107 formalin.

asw

Dats analysiz

Morphomotnic and maeristics dat2 were analyzed usmg
the Micose?t Excel program, and morphological
observations were amalyzed descriptvely.

LCan co the diversity of mudikippar species were
mmalyzed wmsing the Diversity Index (H) (Shanmom and
Wiemar 1963; Fachrul 2012). H' = — X5, pi!n pi where
Dl—E.H'wnﬁoShm-WinuDiwn‘ayhdu.
S for votal speciss, Ni for total individuals In a species, In for
the natural 3 and N for total individuals found. The
value of ' determines the lovel of species diversity m an
area, where the definiton of the value of species diversity
axcording to Shamnon-Wismmer is: H'-3: High species
diversity; l= H'=3: Medium species diversity; H'=1: Low

The species-snenness mdex analyzed species evenzess
(X) datz refarred to the Piclow Eveansss Indices formmula
{Lodwig and Roynelds 1988); E = H/ln S. Whare, E
ropresants Evezness Index, and H' ropresents Shammcn-
Wiener Diversity Index. Marmilef formuly was used as
Species Richress Index (Magmman 1988): Ro-

Iu h,)
which R; represents the Rickmess Index, S for the Numbar
of Species found, and N for the Total Number of Individuals.
Dominance datx were analyzed uiing the Simpson Sormula:
D~ ZT‘S—'%}':'DWW&DWM&&I
Numbar of Individuals belongmg to speciss 7, and N Total
Numbar of Individwals. The resalts of S0 dommance mdex
were grouped into 0=D~<0.5, = which no spocies dominate
other species or a stablo commumity stracture. Whilo mdex
0.5<D<1, meaning ome specie:s domimate othar species or

2 commumiy stractore it unstble because of scological
pressures (Odum 1971; Erebs 2014).

RESULTS AND DISCUSSION

Mﬂsﬁpp@tﬁhnhmm
fih whick were ﬁnﬂl

Periophthalmues  argentilineanes, Penophthalmus hhb
FPerophthaimues malaccensis, Feriophuhalmmes s, 2ad
Periophthalmaes variabilis. The total zumber of mudkipper
£sh found = Tommi Bay coastal mangrove arsa, is as many

2 361 mdividuals. Spreading acgoss station I at Dukupi
\'ﬂhp (156 mmdniduals), statem I at Bajo village (254
individuals), 2nd staton II at East Psatadu willage (151
individuals). The classification of mudikipper £isk in the
coastal mamgrove scosystem of Tomizi bay, Boalemo,
Gorontalo Province, is prosanted in Tabls 1. Morphclogical

of sack species can be ween & Figures 3 aud 4.

Tho data of mudskippar fish at three locatioms showed
moderate diversity with a valee of H: 1.09. The Evenness
index was 0.99 based oz thros observation statoms. The
lowest dominance value was at statica I wath a value of 0 34

(Fagurs 5).
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The morphological, morpkometric and meristic
characters of mod:lkapper fich

Table 2 chows the compwxisoa of merpholegical
characters of muddipper Sib in the comtal mmmgove
scosystom of Temin: Bay, Indcussia. Table 3 shows the
companisca of morphometric characters of mudskipper 333
in the coastal mangove ecosystem of Tomin: Bay,
Indonesia. Tho companiwa of menstic chanactenistics of
mudikipper Sib which were found I the coastal mangrove
scosystom of Tomini Bay, Indoassia, 2long with the species’
chuification, are presented in Tabls 4 and Figures 34,

Eaviroament parameters

Tabls 5 whows the range of temperaturs measursEnent at
thres research locatroms was aromad 28-30°C at stafien
(Dlupi), 29-30°C at station II (Bajc) 2ad 28-30°C at statiom
II (East Pentadn). The value of water's acidity degres (pk}

0

was i the range of 7.1-5, and the substrate (pH) was in the
range of 6.8-8. Based ca its vismal look, the ecolomical
conditica of Statica I (Dulupd) of the manzrove area was sl
comsidared good-ichid, possessing sandy and muddy
taxtures of ground Babitat with mangroves gromingca 2. In
Stticn I (Bajo), &0 mangrove area had been shifi-
transfarred 0 3 setdamcat e without comsidermg the
strong values of mangrove planti. Based on 25 visual lock,
the ground textre of e mangrove forsst i sandy and
muddy. Large rubbizh was scattered, and many mangroto
s2pimgs ded 2nd wars broken. In station I (East Pentadu),
accordmg to its visual appearance, the gromnd texturs of the
mangrove was muddy. However, &e mangzove conditicn
was stll comsidared good, and the rememaraticn of the
gowing saplings in the arex was considared quick a=d
pleary.

Table 1. The clasification of mmudaldpper £1b in the coxtal xamone ecosystem of Toeain: bay, Boalamo, Goroatalo Provincs, Indonewia

Stanou

Clazs, Family Specie: T o s """ﬁ"““l : o
Dudupi Bajo East Pentadn
Gobidw Periophthaims argonnlinonias - - 83 83
Periophehalmess tlolo 67 - - €7
Periophehalmes maloccensis 89 9% - 187
Periophthaimes mirtas - 73 - 73
Periophehalnes variahils - 8l 68 149
Toaal 361

Note: (¥) found: (-) Not found: the mumber m brackst: reprosents the mumvber of indnaduals chaarved

Table 2. Conparison of morphologcal characears of xudslopper S:h in the comal mangrons ecosystam of Tomini Bay, Boslemo,

Goromealo Provancs,

fi:h

P mmutes P maloccerssz  P.owaniakiln P arpentimeans P kalolo

{ SRR DR B

Stxglo browa sip mesially co DI
Whm:potcnpwnlcnm
Raddizh orangs spot o D
Elozgted fint speze ce DI

@D
DTS
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Table 3. of 3 characsers of - £3h m ©e comstal % scosysteen of Toamem Bav, Soalame,
Camparsen m;bmx meadalcpper ERogTo y 5

R Aiad-lpper S:h
Characters {am) P ovimntss P malaccewss P variabits P 7 Auiol

e —— 9.051 0.029 0.035 0.081 9037
Evo dxmonr 2.060 0.080 0.060 0.076 0.068
Hoad Jngh 0152 0160 0137 0.118 0136
S langh 0273 0274 0254 0247 0256
Post-crbenl kagh 0506 0.070 0.054 0.091 0.055
Pre-dorsal Jang: 0337 0383 0.368 0384 0346
Pre-vezenal langth 01 0313 0307 2% 0299
Pre-amal leng 0.6 0.629 0.632 0.583 0630
D1 base length 0214 0.178 0192 0163 oI
D1 longest spms leagth 0.195 0237 0.195 0.164 0233

base lemgth 2216 0174 0216 0.201 0211
Langh of comdal pedimostas 0172 0183 0164 0175 0143
Fisad baigh 0157 01% 0162 0187 012
ot body beigis 0184 0.19% 0194 0.204 0182
Poctoral n's Jangsst 12y lezgth 0206 0.179 017 0.16% 0145
Mido body heigie 2170 0207 0173 0.184 0169
ohic fin base leagh 0.057 0. 041 0.063 0.120 0.033
Puhac fins Jomgest Ty leagh 0.101 0.116 0.088 0102 0.103
Caradial base haighe 0160 0.165 0162 0182 0142
Anal fin engn 0.201 0.158 023 0.163 0155
Ano! fin's Jongmet cry Jengh 0.081 0.0 2056 0127 007
Coracdal s B 0.081 0.097 0.099 0.101 0.082
Caradal 5 heigie 0144 0182 0115 0.143 01%2
Carndal 52 lamah 0213 0234 0.208 219 0.167

Table 4. Canperison of meristic cheractars of neadskipper S:k in the comsnl menoove ecosystamn of Tomin By, Boaleme, Geromalo
Province

Number of :pines and ravs
o1U DI D2 E) 1 v C s
S K S K S K > K 5 K _S K
Periophaial s b3 Q 1 12 1] 11 0 i3 [ 5 ) 13 =
Perophrialvus maloocensis i1 o 4 2 o 11 0 11 0 6 0 14 38
Persophriainus vwmmm i+ 0 1 2 06 12 06 13 0 6 O 16 2
Periopheial 3 (<] 1 2 0 2. 0 122 0 6 0 16 )
Periophrhalvus Kalodo i1 0 1 12 0 11 o0 11 ¢ 6 O 14 62
Table 5. Poyacs and charmical parametars of o waters stady wea
. h— Station T (Dulupd Stascs T (Buo) Seasiom I1 (Fai Pentada)

Teaxperanzs ('0) 28-30 22-30 2830
Subsas Sand and med Sand and nead Noud
Waser pi 7.1-8 73-8 738

Substrass pH 7. 7 6875
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Dizcuzzon
Five species of mudikipper Sik conld be found n the
coastal mangrove ocosystem of Tomuni Bay, Bealame,
G«mﬂb?rmimhmmofﬁ.winmmo&
Genus Pericphdtalmus B implicd that mmddkipper Sib
wmmhmdudmbmlhhmm@m
the western Aslwintic and oastam topical Pacific
(Springer 1982; Jaafer and Muwxdy 2017). Periopehalmus
tends f0 stay In mangote ecosystams. That is due o the
existence of many detrites, smmall cabs, wmall S chrimeps,
and arthropods @ mwmgoves wiick are food for
Penophshamus (Rua'if ot 2l 2021) Thus, $e result of s
study was @ line with previous smdies comducted i the
coastal ecosystams arcund nde-PaciSc (Pormansyah et al
2019). Such a: Maluia (Rzmablatu ot 2l. 2020: Taniwel ot
2l 2020), South Sumatera (Ridbo o al. 2019), West Nusa
Taaggana (Fhath et al 2021), Yo 3 (Arisuryaoe st
2l 2018), North Sulawes: (Polgar et al. 2017), Javz 20d Bal:
(Cabruddm st al. 2017), Malacca Strait and Mahyy Peninsula
(Pclgar eral 2014). Rascarchars found all species possessed
high amulanty in morphologcal Satmes because they are
part of the same Genus (Tabls 2).

FPerophdhainms menutus

D,XVID:L1ZAILPIXVE&CI3

Eyes without dermal cup; cne row of tweeth oo the
maxilly; peivic in without frenmm: modarate D1 betzht with
straight margims, sugle brown stip mesial with numercus
proximal white spots, without spinal slomgation; D2 with
dusky brown stripe mesially; D1 and D2 are mot commected
by 2 mambrans; lateral scales 60, bead length 0.273% SL;
pelvic £ basal length 0.047% SL; amal Sn basal lemgth
0.201% SL; D1 basal langth 0.214% SL: D2 basal length
0.216% SL; caudal peduncle beight 0.081% SL (Figwre 2,
Tabls 3, Tabls 4). In some conditions, the Senum can e
wean through magnification (Jaafar and Murdy (2017).

rophehaimus malaccernss

D,XID:LI12AIL:PIIIVE C1s

Eyes without darmal cup; coe row of teeth oo the
mmﬂx.:hapnhxncbzndwmmdn'mbl

doss not connect DI and D2 btaral scales 58; bead longth
0.274% SL; palvic fin basal langth 0.027% SL: anal £ tasal
langth 0.188% SL; D1 basal langth 0.178% SL: D2 basal
length 0.174% SL; caudal peduncle height 0.097% SL
(Fize 2. Table 3, Tabls 4) Abbough Periopdnhalnms
maloccenas zas bright blue spots on e chin and

Penophshaimus varsabodis
D,XID:LIZAILPILVSCls
Eyes without dermeal cup; coe row of teeth oo the
mﬂm&npﬁu&muc&rdpmhp&v&

many proximal white spots. The Srst spine slongated, white

BIODIVERSITAS 24 (1): 496-507, Jazmuary 2023

margn, D2 with uingle mfamarginal crange soipe and
black snglo stripe mesal Reddidk-crange spots at the bass:
the anal f23 are orangs, at least at the marzins. A membrane
does zot conmect D1 and D2; lateral scales 52; hoad length
0.264% SL; pelvic £x basal length 0.027% SL; anal 3n bazal
langzh 0.063% SL; D1 tosal Jeagth 0.192% SL; D2 basal
langth 0.216% SL: candal peduncle height 0.099% SL
(Figurs 2, Table 3, Tabls 4). When alive, the branchicswezal
memsbrane of &6 £k dbows pigmantaticn (Setawan ot al.
2019)

Pervophthalmus argentiineatns

DXIO DL I AI;PI;VECES

Eye: without darmal cup; ome row of tests m Se
maxlla; pelvic without frenum: moderate D1 haight with
sTaight marging, smgle brown strip mesdal with numerons
proximal white spots, without spinal slongatom; D2 with
dusky brown szipe mesdal: DI and D2 are not commectsd by
.mmmm;wmoﬂm&
pelvic &n basal Jemgth 0.12% SL: amal £n basal length
0.165% SL: D1 basal lemgth 0.163% SL; D2 basal langth
0.201% Si: caudal padumcie haight 0.101% SL (Figure 2,
Table 3. Table 4) The tctal tramsverse scale fSom

weatroposterior D2 basal to the basal of the amal £x 15 13-26
(Jaafar and Murdy 2017)

Perophthalmes kalolo

D/XILD:LIZAILPILVE&CIS

Eyss without darmal cup; cme row of tests o e
maxcila; vestzial pelvic fenuns: pelvic £z Sased about half
of the paliic Sms: modarate DI height with rounded muarging,
Singie black strpe ImSamarginal with proximal white spots,
without spmal elongatiom; D2 with mnframoargnal dusky
soap; D1 and D2 xre 2ot coanected by a membrans: lateral
scales 62: head length 0.256% SL; pelvic Sn basal leagth
0.033% SL; anal fin basal langth 0.155% SL; D1 bazal
lengh 0.172% SL; D2 basal length 0.211% SK cawndal
poduncls haight ¥s SL (Figure 2. Tabls 3, Table 4). The rotal
Tansverse scale from vsatroposterior D2 basal to the bazal
of anal £n is fower than Fer: rlimcarus,
which is only 18-22 (Jaafar and Murdy 2017}

Morphological adaptations of xmdskSpper Sib created
variation: in morphometic and meristic measwramaents
(Nugrobo ot al. 2016; Dizh ot al. 2020; Gaanbanifardi ot al.
2020). Jaafar and Murdy (2017) added that morphological
chanactaristics suck 2: the numsher of dorsal spmes. &e
prosence of fnger-Eke projections = the maxillodemtary
Dgament in the bp of the lowss jaw and the epaxialis muscle
attaching mteriorly of the Fomtal mnd spioccpial mcton
could distingwish gemera @ the Family Maristic characters
such a5 ®e scales before and after the pectoral Slaments,
poctoral #ins, daorsal fins, abdominal fins, and amal £ns are
chamacters that cam distingmish species @ te Gauws In
additicn, other facters that mfluamce difforcoces m Sid
morphology are Sood availability, environmaental conditons,
ad the stage of Ssh mamrity. Another characteristic with a
high probability of variaticn i3 coloration. Fish coloration iz
mflzenced by gemetic, envircomeatal, detary, and
ph)uologanl factors (Nosslein-Volkard and Singh 2017).
Due 20 the msmbility of the carslaton character, this
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characteristic 33 mostly neglected when idenafymg fSsh
SPeciss.

Environmanral conditions nfucmce the difference m
species dversity betwsen e Sree stations. May factons
miluancs the hizh and low species dveraty, lndmo"du
factors 33 eotirommental quality. Kreb: (2014) Sxrther
sxplained |mat species dvermty is mwied o0 meamwe the
stability of 2 community which is the ability of a comxmumity
to keop itself stable despite disturbances 0 it compoments.
Matrbongs et al. (2018) argned that the ares o mud
substrate iz a Bakitat Sor vanous nekteo, which indicates the
ze2 has abundant food sources. The existamcs of habitat
vartons (sabitate), mck a3 ﬁyucal ceaditions and the
surowmding  snvircmmemt, the diversity of £:h
species. Toe diveraty imdex 2t the research ate was 1.09:
this indicared that 3 Zigh diversity level of mudikipper Sib
in the Coastal Bay of Tomin:, Bualeme, was mcluded in the
modarate itaria. In addittom, it alvo bowed that waser
productivity was quite bahmnced

The companiiom of the Evenness index of xmdsipper
£sh in the research Jocations had the same Erenness mdex
value of 0.99. This value indicated that the eveansss in the
thres locatioms was stabls. The Evemness index thows the
dezee of evemness of mdiidma] abundwnce between each
species. The comxmmity has a maximem Freoness value if
sack species bas the same number of individuals O= the
other hand if the Eteonmess value is small then the
species; eventaaly, the commwmity has 2 minmomm
Eveamess. The Evenmess valns had a range betwean 0-1; if
the index value obtained was close o one, the diszibution is
more even (Lndwig and Rsymolds 1988; Baderan ot al
2021). Fimwe 3 presents the index of ovemnmess of the
mdzhm(}’cnoﬁthabnu)&pmthmnl&yo&

Baalaemo, mcluded

= a3 bl
mty Thnxbopopu]mbm:pxmo&&‘
gsans Perophthalmus co the Coasmal Bay of Tomumi,
Bualemo, was fairly even so that distarbances did ot sasily
occur xad were able to retum to their initial condticns.

Species richness in the research locatioms was low with
the Specific Richness Index (RI) at sach soxticm as follows
0.19 (Station I Dulupd), 036 (Statica I Bajo), 0.2 (Station
II East Ponmdu). Species richness refars o the mumber of
5pecies in a commumity. The number of species in the Sald
determuings the ize of the nchmess mdex The Marmlef
nickoess mdex divides the mmber of speces by the naneml
legarithm functicn meazming that e mcrease in the oumber
of species iz mversely proporticmal to the mowie & the
numsber of mdividuals. Genenally, 3 commmity'scosystezn
with abundant species will Bave 2 small number of
individuals & sach of thess species.

The dominance of species in water often occurs dus to
mtnllhingt. incliding competiton for nanml focd by
cartain species ucnepuwd by change: m soviremmental
quality and an mbalance between prodators and peey,
resulting in competition betwesn species. Matwbongs ot al
WIS)thﬂm«mmo{m
result of the process for evicting one mdividual
a2zaimst amother. Okyers (2018) sared &2t at Jow tds, the
esmary arsa i3 dommated by brackish fish speciss, cne of
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which i from the Gobiidae family. This stxtement is Tue
beocause mudikpper fik is meore actve durmg low ode
conditicns both on the coast and af am estoary; on S othar
kand, mmdskipper £15 will hide = their nests 2t high tde to
avoid . The domnamce index of mmdsldpper £
mOiLMMc&dhtﬁoh\dofm
dominance m B watr: was modarate; thus, Sere were
no domimant species in these waters

Envircameota] Sctors that are wery supportive and the
abmuoipohmmbsmuﬂmo{zudshppc
S:h thove and across the woa In I with research
by Makadevan and Raw: (2015), which stated that the right
water taxgperature range for mudskipper Ssk was betwosa
23.5-35.5°C, & measwemant resuits of emvironmennl
paranzetens showed that &0 average temperature range was
28-30°C. Fartharmore, Bidawi et al. (2017) explamed St
mmdikippar species had toleramce 30 wide changes =
tempearanue and salmaty, indicating that water tesperatre
2 coe of the exvironmensal factors that afect the spread and
dversty of mudikippar species

The p& content of the subsate ranged fom 68t0 8 It
mcans that the water comditions for the li% of mudikipper
Sik wore In the neumal range. The difference m sadl pH at
the research mtes was camsed by the contmbuticn of leaf
root, and stem Limer that £l to the ground and decompessd
to form scil cegamic matter (Tajbakhsk ot al 2018). The
substrate PH groatly affocts the resistance of orgamiams that
Lve at the bottoms of the waters, both mfauma 2nd epifauma.
That ocomred due to e mfluace of tidal or beackish water
dusing the formaticn cfland amd 5 t tidal processes.
Fartharmore, Eanojiya ot al {2017) explamed @t the
distribuston of mudikippar fish was signifcantly influcaced
by eovironmantal facters such as pH, temperature, @bmity,
amd ofer ecolegical conditions (Ghanbarifirds ot al 2014).
Tharsfors, regarding the presence of mudikipper Sib with
subsrate conditicns in tho mangrove aoea at the three
statoms, subsrate differonces plyy an myportant role n &6
distribusion of mudskipper S
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