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Abstract: This study aimed to analyze the growth and reproductive patterns of the mudskipper (Boleophthalmus
boddarti) in the Maro River area, Semangga District, Merauke Regency. The study was conducted in the Maro
River area, Semangga District, Merauke Regency, from August to October 2024. Sampling was carried out twice
per month using a purposive sampling technique. Quantitative data analysis was applied to evaluate growth patterns
and reproductive characteristics, including sex ratio and gonadal maturity stage (GMS), of the mudskipper
(Boleophthalmus boddarti). The results showed that a total of 56 mudskippers were collected during the study,
consisting of 20 males and 36 females. The growth pattern analysis yielded the equation W = 0.0018L3%'38 in
Sidomulyo Village and W = 0.0015L3-%831 in Urumb Village, indicating a positive allometric growth pattern. In terms of
reproduction, the sex ratio of the mudskipper population remained relatively balanced. Regarding gonadal maturity
stage, males were found only at GMS |, whereas females were recorded at GMS | and GMS II.
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INTRODUCTION

Mudskippers are amphibious fishes belonging to the family Gobiidae and
subfamily Oxudercinae (Polgar et al., 2017; Asmi et al., 2022). They are widely
distributed across Africa, Madagascar, India, South Asia, northern Australia, southern
China, Japan, and Indonesia (Ansari et al., 2014). Among coastal fish, mudskippers
are particularly distinctive because they are closely associated with mangrove
ecosystems and exhibit unique morphological and behavioral adaptations for semi-
terrestrial life. These adaptations include the ability to crawl on land and over mangrove
roots, large protruding eyes, and muscular pectoral fin bases that function similarly to
limbs, enabling movement, jumping, and crawling (Sunarni, 2013). In Indonesia,
mudskippers are found in many coastal and mangrove areas (Muhtadi et al., 2016;
Akbar et al., 2020), including the intertidal zone of Payum Beach (Sunarni &
Maturbongs, 2016), the mangrove area of Cilacap (Wahyudewantoro, 2012), the
Ternate region (Akbar et al., 2020), and the Banyuurip River estuary, Ujung Pangkah,
Gresik Regency, where they occur in relatively high abundance (Rohmawati et al.,
2021).

In addition to their ecological importance, mudskippers also have socio-economic
value. They are traditionally used to treat several health conditions, such as asthma
and cough, and are believed to improve stamina and support maternal and fetal health
during pregnancy (Sunarni & Maturbongs, 2016). Ecologically, mudskippers have also
been recognized as biological indicators of mangrove ecosystem condition (Muhtadi,
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2016). Given these ecological and practical values, scientific studies on mudskippers
are essential to support their sustainable utilization and management.

One important aspect of such studies is the analysis of growth patterns, which is
widely applied in fisheries management because it provides valuable information on
the condition of fish resources (Purwaningsih et al., 2014; Hamid et al., 2015). Growth
pattern refers to changes in length, weight, or volume over time as a result of biological
processes, and is often associated with changes in the number of individuals or
biomass within a given period. In fish, growth is generally defined as changes in body
length or weight over time and is influenced by a range of internal and external factors
(Radongkir et al., 2018). Information on growth patterns is therefore important for
understanding population condition and supporting appropriate resource management
strategies.

In addition to growth, reproductive characteristics are also fundamental
components of fish population studies. In mudskippers, particularly Boleophthalmus
boddarti, important reproductive aspects include sex ratio and gonad maturity level
(TKG). Sex ratio describes the proportion of males to females within a population, and
its determination is important for estimating fish production potential (Pulungan, 2015).
Meanwhile, gonad maturity level is an indicator used to assess gonadal development
and sexual maturity in fish. As gonadal maturity increases, gonad volume generally
increases as well, which may contribute to higher individual body weight. These
reproductive parameters are therefore important for understanding population
dynamics and reproductive potential.

Despite the wide distribution and apparent abundance of mudskippers, no
previous study has specifically examined their growth patterns and reproductive
characteristics in the Maro River area. The limited utilization of mudskippers may be
partly related to the lack of information regarding their bioecology and potential uses.
Therefore, research on the growth and reproduction of mudskippers is needed to fill
this knowledge gap. The results of this study are expected to provide important
baseline information for the sustainable management of fisheries resources in
southern Papua.

METHOD
Study Period and Location

This study was conducted over a three-month period, from August to October
2024, in the Maro River area, specifically in Sidomulyo Village and Urumb Village,
Semangga District, Merauke Regency, South Papua Province (Figure 1).

Figure 1. Sampling location of the mudskipper Boleophthalmus boddarti
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Sampling was carried out twice per month, resulting in a total of six sampling
occasions. Analyses of the growth pattern and reproductive aspects of the mudskipper
Boleophthalmus boddarti, including sex ratio and gonadal maturity stage (GMS), were
conducted at the Laboratory of the Department of Aquatic Resources Management,
Faculty of Agriculture, Musamus University, Merauke.

Sample Collection and Research Procedures

Fish samples were collected from the Maro River area, specifically from
Sidomulyo Village and Urumb Village, located in Semangga District, Merauke
Regency. The sampling technique used in this study was purposive sampling, in which
samples were selected based on specific considerations using a hand net. The
collected mudskipper samples were then identified using FishBase
(www.fishbase.orq).

Data Analysis
The growth pattern analysis in this study was based on the relationship between
fish length and weight. The formula used according to Effendie (1997) was as follows:

W =al”
W =longa+blongL

Note:

W = body weight of fish (g)
L = body length of fish (cm)
a and b = constants

The sex ratio was determined according to Effendie (2002) using the following
formula:

Nisbah Kelamin =é

Note:
J = number of male fish (individuals)
B = number of female fish (individuals)

To determine whether the sex ratio between male and female fish was balanced,
a chi-square test (X?) was applied at a 95% confidence level. If [x%hitung <
x?tabel (db =2 —1)], the sex ratio was considered balanced; conversely, if
[x2hitung > x?*tabel (db = 2 — 1)], it was considered unbalanced (Mote et al., 2021).
The formula used to assess the balance between male and female fish was as follows:
2 _ 2(0i—ei)?
el

X

Note:

(X2) = chi-square value

(Oi) = observed frequency of male and female fish

(ei) = expected frequency (male and female frequency divided by 2)

The gonadal maturity stage (GMS) of the mudskipper Boleophthalmus boddarti
was determined macroscopically through direct observation. The classification of
gonadal maturity included the visibility of oocytes or sperm, as well as gonad size and
color (Effendie, 2002).
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Table 2. Gonadal Maturity Stages (GMS) according to Effendie (2002).

GMS

Male

Female

The testes are thread-like,
relatively short, with the tip visible
in the body cavity, and
transparent in color.

The ovaries are thread-like and extend into the body cavity;
they are clear in color and surface appearance, and
relatively small in size.

The testes are larger, milky white
in color, and more clearly defined
than in GMS I.

The ovaries are larger, slightly yellowish in color, and the
eggs are not yet clearly visible.

The testes have a serrated
surface, appear whiter in color,
and increase in size.

The ovaries are yellow, and the egg granules begin to
become morphologically visible.

IV Similar to GMS IIl, but more The ovaries are larger; the eggs are yellow and can be
distinct, with the testes becoming separated; oil droplets are not visible; the ovaries occupy
thicker. one-half to three-quarters of the abdominal cavity, and the

intestine is compressed.

V  The posterior part of the testes The ovaries are wrinkled, with many egg granules present

appears flattened, while the part

near the genital opening, similar to GMS II.

near the genital opening remains
filled.

RESULTS AND DISCUSSION
Growth Pattern of Mudskipper (Boleophthalmus boddarti)

Growth in fish is defined as changes in weight or length over a certain period and
is a biological process influenced by numerous internal and external factors (Radongkir
et al., 2018). The results for the growth pattern of mudskipper in Sidomulyo Village and
Urumb Village, including the maximum, minimum, and mean values obtained from
catches collected during August to October, are presented in Table 1.

Table 1. Maximum, minimum, and mean values of length and weight of mudskipper
(Boleophthalmus boddarti).

Location Parameter Value Mean

Sidomulyo Village Maximum length 23.8 cm 17.3 cm
Minimum length 10.7 cm
Maximum weight 109.23 g 47.68 g
Minimum weight 74

Urumb Village Maximum length 24.2 cm 18.7 cm
Minimum length 11.5cm
Maximum weight 118.02 g 60.2 g
Minimum weight 9g

In Sidomulyo Village, the mudskipper catches collected from August to October
showed a maximum length of 23.8 cm, a minimum length of 10.7 cm, and a mean
length of 17.3 cm. For body weight, the maximum value was 109.23 g, the minimum
was 7 g, and the mean was 47.68 g.

In Urumb Village, the maximum length recorded during the same period was 24.2
cm, while the minimum length was 11.5 cm, with a mean length of 18.7 cm. The
maximum body weight was 118.02 g, the minimum was 9 g, and the mean weight was
60.2 g. These results differ from those reported from Bahak Indah Beach, Probolinggo,
East Java, where mudskipper length ranged from 7.6 to 26.2 cm and body weight
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ranged from 5.3 to 15.3 g (Maghfira et al., 2023). Similarly, mudskippers collected from
the Karangtalun mangrove forest area had an average body weight of 23.68 + 7.22 g
and an average length of 14.23 + 1.45 cm (Hastuti et al., 2023). The variation in
mudskipper size among different regions is strongly influenced by several factors,
including food availability and nutrition, temperature, habitat condition, species, sex,
age, and other environmental factors (Amalia & Budijastuti, 2022).

Pola Pertumbuhan Ikan Gelodok Pola Pertumbuhan lkan Gelodok
Kampung Sidomulyo ) Kampung Urumb

Berat ikan (g)
3

Berat ikan (g)

W =0,0015L3581

W =0,0018L35138 R?=0,9373

R? = 0,9568
0 0 10 15 20 25 30

Panjang ikan (cm) Panjang ikan (cm)

Figure 2. Growth pattern of mudskipper (Boleophthalmus boddarti) in Sidomulyo
Village and Urumb Village

The analysis of mudskipper growth pattern (Boleophthalmus boddarti) (Figure 2)
in Sidomulyo Village during August to October produced the equation W = 0.0018L.3-5138,
indicating that the body weight—length relationship has a constant a value of 0.0018
and an exponent b value of 3.5138 (b > 3). In Urumb Village, the corresponding
equation was W = 0.0015L.3831 with a constant a value of 0.0015 and an exponent b
value of 3.5831 (b > 3).

These results indicate that the growth pattern of mudskipper in both Sidomulyo
Village and Urumb Village is positively allometric, meaning that body weight increases
more rapidly than body length. This finding is consistent with Effendie (2002), who
stated that if b > 3, the fish exhibits positive allometric growth, where body weight
increases faster than length. In addition, the R? value indicates that each increase in
body weight is accompanied by an increase in body length over the observation period.
This is in accordance with Hartnoll (1983), who stated that the magnitude of the
correlation coefficient reflects the extent to which increases in length are followed by
increases in body weight.

Reproduction of Mudskipper (Boleophthalmus boddarti)
Sex Ratio

Sex ratio is the proportion of male to female fish within a population.
Determination of sex ratio is important as a tool for estimating fish production
(Pulungan, 2015). To determine the sex ratio of mudskipper (Boleophthalmus
boddarti), observations of male and female characteristics are required to facilitate
identification. In this species, sex can be distinguished by specific external features.
Mudskipper (Boleophthalmus boddarti) possesses a papilla that can be used as a sex-
specific character; females have a larger papilla than males (Figure 3).
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Figure 3. Sex differences in mudskipper (Boleophthalmus boddarti): (a) male, (b)
female

The sex ratio analysis of mudskipper (Boleophthalmus boddarti) in Sidomulyo
Village and Urumb Village during August—October 2024 showed a balanced pattern
(Tables 2 and 3). In Sidomulyo Village, the calculated x? values were 0.4 in August,
0.1 in September, and 2.6 in October, compared with a x? table value of 3.08. In Urumb
Village, the calculated x? values were 0.2 in August, 3.6 in September, and 0.1 in
October, with a x? table value of 3.86.

Table 2. Sex ratio of mudskipper (Boleophthalmus boddarti) in Sidomulyo Village.

Month Male (ind.) Female (ind.) Sexratio X?2calculated Description
August 4 6 0.7:1 0.4 Balanced
September 4 5 0.8:1 0.1 Balanced
October 4 10 0.4:1 2.6 Balanced
Total 12 21

Table 3. Sex ratio of mudskipper (Boleophthalmus boddarti) in Urumb Village.

Month Male (ind.) Female (ind.) Sex ratio X2calculated Description
August 2 3 0.7:1 0.2 Balanced
September 1 6 0.2:1 3.6 Balanced
October 5 6 0.8:1 0.1 Balanced
Total 8 15

The chi-square test results showed that X2 calculated < X2 table, indicating that
the sex ratio of mudskipper remained balanced. To maintain population sustainability,
the proportion of males and females is expected to be balanced, or at least to include
more females than males (Purwanto et al., 1986). When the ratio of males to females
is balanced, the probability of fertilization between eggs and spermatozoa increases,
thereby contributing to the maintenance and growth of the mudskipper population.

Conversely, an imbalanced sex ratio may hinder population development
(Effendie, 1979). Such imbalance may result from differences in behavior, growth rate,
and mortality between males and females (Bal & Rao, 1984). In addition, differences
in capture probability may arise when males and females are not present in the same
spawning area. Sex ratio balance may also change prior to spawning. During spawning
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migration, the population may initially be dominated by males, but as spawning
approaches, the proportions of males and females tend to become more balanced.

Gonadal Maturity Stage (GMS)

Gonadal maturity stage is defined as a particular stage in gonadal development
before and after spawning (Effendie, 2002). The analysis of gonadal maturity stage
(GMS) in mudskipper (Boleophthalmus boddarti) from Sidomulyo Village showed that
males were found only at GMS |, whereas females were observed at GMS I-lI.

In this study conducted in Sidomulyo Village, no mudskipper (Boleophthalmus
boddarti) with fully mature gonads (GMS IV-V) was found in either males or females.
Male mudskippers collected during August—October were consistently recorded at
GMS |. Female mudskippers were observed at GMS I-lll in August, at GMS Il in
September, and at GMS |-l in October. The monthly distribution of gonadal maturity
stages in Sidomulyo Village is presented in Table 4.

Table 4. Gonadal maturity stage (GMS) of mudskipper (Boleophthalmus boddarti) in
Sidomulyo Village by month.

Male
No. Month Total Males GMSI GMSII GMSIII GMSIV GMSYV
1 August 4 4 0 0 0 0
2 September 4 4 0 0 0 0
3 October 4 4 0 0 0 0
Total 12 12 0 0 0 0
Female
No. Month Total Males GMSI GMSII GMSIII GMSIV GMSV
1 August 6 2 2 2 0 0
2 September 5 0 5 0 0 0
3 October 10 2 8 0 0 0
Total 21 4 15 2 0 0

The findings showed that no mudskipper (Boleophthalmus boddarti) with fully
mature gonads (GMS IV-V) was detected in either sex. The peak spawning period is
therefore presumed to occur at the end of October. This is consistent with Demartini
(1999), who reported that the rainy season (October—April) corresponds to the
reproductive season, when gonads enter the reproductive phase and spawning occurs.
Gonads at GMS II-1V generally show an increase in gonadosomatic index (GSI) due
to vitellogenesis, which is the process of yolk deposition in developing oocytes, causing
the gonads to become heavier (Hayati, 2018; Deeng et al., 2022). A high
gonadosomatic index is considered an indicator of reproductive age (Effendie, 2002).

The analysis of gonadal maturity stage (GMS) in mudskipper (Boleophthalmus
boddarti) from Urumb Village during August—October showed that males were found
only at GMS |, whereas females were found at GMS I-Il. The gonadal maturity stage
of mudskipper in Urumb Village is presented in Table 5.
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Table 5. Gonadal maturity stage (GMS) of mudskipper (Boleophthalmus boddarti) in
Urumb Village by month.

Male
No. Month Total Males GMSI GMSII GMSIlIl GMSIV GMSV
1 August 2 2 0 0 0 0
2 September 1 1 0 0 0 0
3 October 5 5 0 0 0 0
Total 8 8 0 0 0 0
Female
No. Month Total Males GMSI GMSII GMSIll GMSIV GMSV
1 August 3 0 3 0 0 0
2 September 6 2 4 0 0 0
3 October 6 0 6 0 0 0
Total 15 2 13 0 0 0

No mudskipper in Urumb Village was found to have fully mature gonads. This
may be because spawning had not yet occurred during August and September,
whereas the spawning process had begun by October. This is supported by Nasution
(2016), who stated that the peak gonadal maturation of mudskipper occurs from late
October to December, followed by natural spawning.

The percentage distribution of gonadal maturity stages in mudskipper
(Boleophthalmus boddarti) from Sidomulyo Village during August—October was based
on 33 individuals, consisting of 12 males and 21 females. In males, only GMS | was
observed, whereas females were found at GMS I-Ill (Figure 4).

Betina Jantan
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‘ |g«

Tingkat Kematangan Gonad (TKG) Tingkat Kematangan Gonad (TKG)

Persentase %

aaniin

(
. Agust

Figure 4. Percentage distribution of gonadal maturity stages (GMS) of mudskipper
(Boleophthalmus boddarti) in Sidomulyo Village

In Urumb Village, the gonadal maturity stage analysis during August—October
included 23 individuals, consisting of 8 males and 15 females. As in Sidomulyo Village,

males were found only at GMS |, whereas females were recorded at GMS |-l (Figure
5).
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Figure 5. Percentage distribution of gonadal maturity stages (GMS) of mudskipper
(Boleophthalmus boddarti) in Urumb Village

In female mudskipper, gonadal maturity stage can be identified based on the
shape, color, size, clarity of the eggs, and the extent to which the ovaries fill the body
cavity. In males, gonadal maturity is determined from the color, shape, and size of the
testes located within the body cavity.

ritt 3 9%, "i“o' X
GMS | GMS Il GMS 1l
Figure 6. Gonadal development of mudskipper (Boleophthalmus boddarti)

During the changes occurring in the ovaries and testes, corresponding changes
also occur in gonad weight and volume, which serve as indicators for determining
gonadal maturity stage (Syandri, 1996). The classification of gonadal maturity stages
is important for identifying the proportion of fish that are reproductively active and those
that are not. It also helps determine whether the organism is about to spawn, has just
spawned, or has completed spawning (Nasution, 2016).

CONCLUSION

The analysis of the growth pattern of mudskipper (Boleophthalmus boddarti) in
Sidomulyo Village and Urumb Village during August to October indicated a positive
allometric growth pattern, in which body weight increased more rapidly than body
length. The reproductive analysis showed that the sex ratio in both villages during
August—October 2024 was balanced. Regarding gonadal maturity stage (GMS),
mudskipper from Sidomulyo Village showed that males were found only at GMS |,
whereas females were found at GMS I-lll. In Urumb Village, males were also found
only at GMS I, while females were recorded at GMS I-Il during the same period.
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RECOMMENDATION

Based on the findings of this study, further research on the fecundity and genetic
population structure of mudskipper (Boleophthalmus boddarti) in natural populations is
recommended.
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