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- The reviewer A comment: Abstract is too brief. An abstract is required (about 200-300 words)
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“Mudskipper fish are also found in the Sungsang coast, an estuary of the Musi River that is fed by river water
from three provinces in Indonesia: South Sumatra, Lampung, and Bengkulu. The objective of this study was to
analyze the morphology and population dynamics of mudskippers along with their environmental parameters in
Sungsang coastal, South Sumatra. For this study, mudskipper specimens were collected from five sampling sites
along the Sungsang coast and analyzed for morphometric characteristics, length-weight relationships, and their
correlations with key environmental parameters like temperature, pH, and dissolved oxygen”.

- The reviewer A comment: Running title is about 5-7 words. Please add it after Keywords
Autor’s response
We added running title at the line 28, as follow:

“Running title: Morphology and Population Dynamics of Mudskipper”

- The reviewer A comment: The introduction is too brief. An introduction is required (about 600-700
words)

Autor’s response

We revised the introduction section and added a sentence on lines 46 to 66 with the word count of the
introduction 654, as follow:

“Giant mudskippers are distinguished by their unique morphologies, which facilitate movement in both
aquatic and terrestrial environments. Their pectoral fins are specialized for navigating on land, a crucial
adaptation for survival in the intertidal zone (Pace and Gibb 2009; Zhou et al. 2023). The anatomical structure
of these fins is not only important for movement, but also reflects the evolutionary transition from aquatic to
terrestrial life (Ziadi-Kiinzli et al. 2024). For example, the robust fin morphology allows mudskippers to
generate thrust on land, which is crucial for escaping predators and foraging for food (Pace and Gibb 2009).
Furthermore, studies have indicated that pelvic fin morphology varies among mudskipper species, affecting their
climbing behavior and overall movement (Hidayat et al. 2022).

The giant mudskipper is a bioindicator species, which means that its presence or absence can indicate the
ecological health of its habitat. Its presence and abundance in the Sungsang estuary are an indication of
environmental conditions, especially related to heavy metal pollution (Santoso et al. 2020; Santoso et al. 2024).
Furthermore, the population structure of mudskippers in the region has been the subject of study, yielding
insights into their reproductive biology and fecundity, which are influenced by seasonal changes and
environmental factors (Ridho et al. 2021). The timing of spawning activities, for example, is correlated with the
southwest monsoon, which affects resource availability and habitat conditions (Simon et al. 2012).

The biodiversity of fish species in the Sungsang estuary, including the giant mudskipper, is influenced by a
variety of environmental factors. Numerous studies have documented the species diversity and community
composition in this region, emphasizing the importance of mangrove ecosystems as critical habitats for
mudskippers and other aquatic species (Fauziyah et al. 2019). However, the ongoing threat of human activities,
such as deforestation and pollution, poses a significant threat to the ecosystem, thereby impacting mudskipper
populations and their role. Consequently, conservation efforts are imperative to safeguard the habitat and ensure
the long-term sustainability of mudskippers in South Sumatra (Septinar et al. 2023).”

- The reviewer A comment: The discussion is too brief to be published in the journal. Please add more
Autor’s response
We revised the result and discussions section and added a sentence, as follow:

lines 150 to 158:



“and a more pronounced range of 24.4 to 34.4 ppt (Taniwel et al. 2020). The significance of these salinity
levels is underscored by the observation that mudskippers are euryhaline, indicating their capacity to withstand a
broad spectrum of salinities (Looi et al. 2021). However, pronounced fluctuations in salinity can exert an
influence on their physiological processes and selection of habitat (Looi et al. 2021).

Temperature, salinity, and dissolved oxygen (DO) levels represent critical physical parameters that exert a
significant influence on the viability and longevity of giant mudskippers. These fish exhibit a remarkable
capacity for adaptability in response to fluctuating environmental conditions, as evidenced by their increased
oxygen uptake rates in response to elevated temperatures (Pattaratumrong and Pompha 2024). Furthermore, they
employ behavioral strategies to mitigate exposure to extreme conditions.”

lines 170 to 177:

“Giant mudskippers display a distinctive body shape that is adapted for both swimming and terrestrial
locomotion. Their bodies are generally elongated and laterally compressed, a trait that facilitates movement in
both water and on land (Pattaratumrong and Pompha 2024). The total length of these creatures can exhibit
significant variation based on environmental factors and habitat conditions. For instance, studies have
documented lengths of up to 25 cm in certain specimens, attributed to variations in habitat type and food
availability (Zhou et al. 2023). In addition to morphometric measurements, giant mudskippers exhibit specific
meristic traits that can be used to differentiate them from other mudskipper species. For instance, the dorsal fin
composition, including the number of spines and soft rays, exhibits variation among populations, suggesting
adaptations to local environmental conditions (Nor et al. 2023).”

lines 213 to 215:

“The Musi River estuary is home to a diverse array of mudskipper species, which exhibit various adaptations
to their mangrove habitat. For instance, studies have documented the reproductive biology and feeding habits of
mudskippers in this region, emphasizing their role in the local food web (Ridho et al. 2019; Ridho et al. 2021).”

lines 232 to 235:

“Condition factors, which are used as an indicator of fish health, have been shown to vary with
environmental conditions. This indicates that abiotic factors, such as temperature and salinity, as well as biotic
factors, such as prey availability, significantly affect the growth patterns of these fishes (Dewiyanti et al., 2022;
Dinh et al., 2022).”
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or Australia is needed.
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I do not have the required Certificate of Proofreading, but | have carefully reviewed the document for grammar,
clarity, and coherence. Additionally, | have sought feedback from proficient English speakers to ensure its
quality.
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(U.S).
Autor’s response

The manuscript has been carefully reviewed to ensure clear and grammatically correct English. However, if
there are any specific concerns, we are happy to make further revisions as needed
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All citations and references have been formatted according to the author's guidelines. Please let us know if any
specific adjustments are needed.
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Reviewer A:

Please review the modifications made to this paragraph for accuracy and relevance to the topic; if the author disagrees, it is better to ignore it. Please ensure that any rejected
revisions we recommend are rewritten according to the previous version (do not accept the changes) or written as the author (s) intended.

Table 3 shows the average weight at 83.9 g, which should be 85.4 g. Please check

Figure 2 shows the relationship between total length and body weight data. The text should follow standard US English, using commas for thousands and above and dots for
decimals in all Tables, figures, and explanations.

Plagiarism is under 5% without references, and the shading sentences need more attention. This study was edited with minor corrections on grammar structures and non-
influential wording that must be approved. Word deletion, insertion, and paraphrasing were incorporated into the manuscript, maintaining its thought and flow.

These statements below do not necessarily require a response that would enrich the analysis and are for counterargument purposes.

How would you address concerns that focusing on morphological adaptations might overlook other factors influencing the population dynamics of the Giant Mudskipper, such
as predation or competition with other species?

Have you considered that the ecological health signified by the presence of mudskippers could also be impacted by external factors like climate change or habitat destruction,
which may not be directly related to the species itself?

What would you say to someone who argues that relying on morphometric characteristics alone is insufficient to fully assess the health of the mudskipper population in relation
to broader environmental dynamics?

What specific environmental factors influence the geographical distribution of the Giant Mudskipper in the Sungsang coastal region?

How do seasonal changes affect the population dynamics of the Giant mud skipper in this habitat?
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What are the potential impacts of human activities on the health and sustainability of the Giant mud skipper population in the mangrove ecosystem?

In response to critics who suggest that environmental factors influencing mudskipper morphology might not be the only variables at play, it's essential to acknowledge that
while environmental factors are significant, they often interact with genetic, behavioral, and ecological variables. To address these concerns, | would emphasize the need for a
multifaceted research approach that incorporates these additional variables. By employing a comprehensive methodology—such as long-term observational studies, controlled
experiments, and genetic analysis—we can better discern the relative contributions of various factors to mudskipper morphology and bolster the validity of our conclusions.
Considering the potential variability in responses among different mudskipper species to similar environmental parameters is an important aspect of ecological research. While
our findings may be contextualized within the specific species studied, it's essential to explore comparative studies across various mudskipper species. This approach could
highlight species-specific adaptations and responses, ultimately contributing to a broader understanding of evolutionary ecology. Future research could focus on examining a
variety of mudskipper species in similar environments to assess and contrast their morphological adaptations.

When addressing concerns regarding the reliability of the sample size and its representation of the population dynamics of the Giant Mudskipper, | would underscore the
importance of statistical power and sampling methods. A robust sample size is vital for ensuring that our findings are statistically significant and reflective of the broader
population. | would also explain the rationale behind our sampling strategy, which involves random selection and stratification to mitigate bias. Additionally, it would be
beneficial to conduct further studies with larger sample sizes or replicate the study in different habitats or conditions to reinforce the reliability of our findings.
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Abstract. The Giant Mudskipper (Periophthalmodon schlosseri) is one of the most abundant mudskipper species, playing a vital role in
the biomass of mangrove ecosystems. Mudskipper fish are also found in the Sungsang coast, an estuary of the Musi River that is fed by
river water from three provinces in Indonesia: South Sumatra, Lampung, and Bengkulu. The objective of this study was to analyze the
morphology and population dynamics of mudskippers along with their environmental parameters in Sungsang coastal South Sumatra. For
this study, mudskipper specimens were collected from five sampling sites along the Sungsang coast and analyzed for morphometric
characteristics, length-weight relationships, and their correlations with key environmental parameters like temperature, pH, and dissolved
oxygen. The analysis of fifty-five specimens revealed an average total length of 20.08 cm, a standard length of 17.34 ¢cm, and an average
weight of 85.43:92 g. The growth pattern exhibited positive allometry (b>3), suggesting that as these fish grow, their body weight increases
at a faster rate than their length. Condition factor analysis indicated that the fish sampled were healthy and in good nutritional condition.
The principal component analysis (PCA) further highlighted a strong association between dissolved oxygen and pH levels with the
morphometric characteristics of the mudskippers, explaining 55.47% of the variation on the F1 axis and 24.70% on the F2 axis. [This
robust correlation between environmental factors and morphometric characteristics underscores the reliability of our findings. These
findings provide crucial insights into the ecological health of the Giant Mudskipper and its dependence on specific environmental factors
in the mangrove habitat are of utmostimportancel-

Key-wordsKeywords: Environmental parameter, Length-weight relationship, Morphometric, Mudskipper, Sungsang coast

Running title: Morphology and Population Dynamics of Mudskipper
INTRODUCTION

The mangrove ecosystem is a significant area due to its role in providing a habitat for a wide variety of aquatic and
terrestrial biota. This ecosystem is important from a variety of angles, including its environmental functions, such as
protecting estuaries and coastlines from storms, stabilizing the shore, and reducing coastal soil erosion and flooding.
Additionally, it serves as a nursery habitat and breeding ground for a wide range of biota, and it provides sources these-that
include essential commodities for both subsistence and commerce (Arulnayagam et al. 2021; Su et al. 2021; Jordan and
Frohle 2022; Waleed et al. 2024).

During periods of low tide, mangrove swamps and tidal flats formed in creeks, estuaries, and coastal waterways provide
a-habitat for mudskippers (Mai et al. 2019; Ridho et al. 2019; Santoso et al. 2020; Darojat et al. 2023; Nathaniel et al. 2024).
These creatures possess a variety of physiological, morphological, and behavioral adaptations that enable their unique
lifestyle as amphibians, spending significant periods of tlme away from the water (You et aI 2018 Tranetal. 2020 Corush
and Zhang 2022; Steppan et aI 2022) a

habltat selectlon human dlsturbance and others |nf|uence the qeoqraphlcal distribution of each species. A notable example

is the giant mudskipper (P. schlosseri), which contributes significantly to the biomass value of the mangrove ecosystem
(Zulkifli et al. 2012; Dewiyanti et al. [2022).

Giant mudskippers are distinguished by their unique morphologies, which facilitate movement in both aquatic and
terrestrial environments. Their pectoral fins are specialized for navigating on land, a crucial adaptation for survival in the
intertidal zone (Pace and Gibb 2009; Zhou et al. 2023). The anatomical structure of these fins is not only important for
movement; but also reflects the evolutionary transition from aquatic to terrestrial life (Ziadi-Kiinzli et al. 2024). For example,
the robust fin morphology allows mudskippers to generate thrust on land, which is crucial for escaping predators and foraging
for food (Pace and Gibb 2009). Furthermore, studies have indicated that pelvic fin morphology varies among mudskipper
species, affecting their climbing behavior and overall movement (Hidayat et al. 2022).

The giant mudskipper is a bioindicator species, which means that its presence or absence can indicate the ecological
health of its habitat. Its presence and abundance in the Sungsang estuary are an indication of environmental conditions,
especially related to heavy metal pollution (Santoso et al. 2020; Santoso et al. 2024). Furthermore, the population structure
of mudskippers in the region has been the subject of study, yielding insights into their reproductive biology and fecundity,
which are influenced by seasonal changes and environmental factors (Ridho et al. 2021). The timing of spawning activities,
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for example, is correlated with the southwest monsoon, which affects resource availability and habitat conditions (Simon et
al. 2012).

The biodiversity of fish species in the Sungsang estuary, including the giant mudskipper, is influenced by a variety of
environmental factors. Numerous studies have documented the species diversity and community composition in this region,
emphasizing the importance of mangrove ecosystems as critical habitats for mudskippers and other aquatic species (Fauziyah
et al. 2019). However, the ongoing threat of human activities, such as deforestation and pollution, poses a significant threat
to the ecosystem, thereby impacting mudskipper populations and their role. Consequently, conservation efforts are
imperative to safeguard the habitat and ensure the long-term sustainability of mudskippers in South Sumatra (Septinar et al.
2023).

A number of studies have been conducted on the foraging behavior of mudskippers in South Sumatra, encompassing
research on their dietary habits (Ridho et al. 2019), gonad length and fecundity (Ridho et al. 2021), and range extension of
P. septemradiatus (Igbal et al. 2018). However, research on the length-weight relationship of P. schlosseri remains scarce,
with most studies being based on field observations. Fhe-Sungsang coast, located in the estuary of the Musi River, is a well-
known site for mudskippers. Nevertheless, research data on mudskippers in this area is limited.

MATERIALS AND METHODS

Study area

The research was carried out at five stations in the study area, which extends from latitudes 2°24°482°21'48>-" S and
longitudes £04°53257104°53'57>" E in the Sungsang coast of South Sumatra, Indonesia (Figure 1). The Musi River is a
major river with multiple uses for its resources. It flows through three provinces on Indonesia's Sumatra Island: South
Sumatra, Lampung, and Bengkulu. The coast of Sungang is situated within the Musi River estuary, where the river meets
the sea (Melki et al. 2018a, b). Local fishermen depend on the rich aquatic life in the river and its estuary for their livelihoods.
The Musi River estuary is home to a variety of fish species, including freshwater stingrays, catfish, and other fish, which are
not only a source of food but also contribute to the local economy and food security (Putri and Melki 2020). The mangrove
ecosystem within the Musi Estuary is in a state of optimal health, providing an ideal environment for the proliferation of
mudskippers (Igbal et al. 2018; Ridho et al. 2019; Ridho et al. 2021).
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Figure 1. The study area of P. schlosseri in Sungsang coast

Procedures

A total of fifty-five specimens were collected and analyzed for P. schlosseri. A seine net (1x3 m, mesh 1 mm) was
utilized to collect the fish. Environmental parameters were measured at the sampling sites where the fish samples were
collected. Water temperature, pH, and dissolved oxygen were measured using a multiparameter (Hanna Instruments Inc.,
USA), and salinity was measured using a handrefraktometer-hand refractometer (ATAGO Co. Ltd, Tokyo, Japan). Following
collection, the specimens were preserved in a plastic bottle filled with 8 to 10% formalin solution until they were moved
into the laboratory and placed in 75% fethanol.

A total of seventeen morphometric measurements were recorded, including total length (TL), standard length (SL), eye
diameter (ED), head diameter (HD), head length (HL), length of the dorsal fin 1 (LD1), the gap between D1 and D2 (GD1D2),
second dorsal fin length (LD2), and distance between anal and caudal fin (DAC), length of anal fin (LA), least height of the
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pectoral fin (LPc), length of pectoral fin (PcF), the distance between pectoral and pelvic fin (DPI), length of pelvic fin (LPF),
the width of pelvic fin (WPF), and length of caudal fin (LCF), and width of caudal fin (WCF) (Gangan et al. 2016; Rahman
et al. 2022) was measured to the nearest 0.1 eentimetercentimeters, and body weight was measured on a digital scale with
0.1 gram accuracy.

Data analysis

The following equation was used to approximate the length-weight relationships using the formula W=a x TLb (Tran et
al. 2021; Vilchez et al. 2024), where W is the body weight (g), TL is the total length (cm), and a and b were estimated by
the least-squares method based on logarithms using the formula Log (W)= log (a)+b log (TL) (Raeisi et al. 2011). Fish may
exhibit isometric growth, characterized by equal growth in all three dimensions (b=3), or positive allometric growth, where
width and height receive priority (b>3), or negative allometric growth, where length is prioritized (b<3) (Froese 2006). The
effectiveness of linear regression can be quantified by the coefficient of determination (r2) (Tran et al. 2021).

The K of the fish was estimated using the equation K= (W) / (a x TLb), where W is the body weight (g), SL is the total
length (cm), and a and b are the regression coefficients. A non-parametric Kruskal-Wallis test with a 5% threshold of
significance was employed to determine whether there were any significant variations in mean Wrm between species because
the assumptions of parametric statistics could not be met. For each statistical test, the significance level was set at p<0.05.
Principal Component Analysis (PCA) was employed to examine the correlation between morphometric characteristics and
environmental parameters.

RESULTS DAN DISCUSSIONS

Environmental parametersParameters

The environmental parameters of samples in all experiments conducted in the Sungsang coast area exhibited minimal
fluctuation (Table 1). The environmental parameters that exert a substantial influence on the survival of mudskippers include
temperature, salinity, acidity (pH), and dissolved oxygen content (DO) (Ansari et al. 2014; Ridho et al. 2021; Dewiyanti et
al. 2022).

Table 1. The environmental parameters in the sampling sites

133

Sampling Temperature pH pH DO (mg L) Salisty
site (°C) (water) (soil) (PpY)s

1 31.7+0.1 7.240.2  7.0+0.1 6.9+0.5 20.0636

31.7£0.2 71501 6.8:03  6.3:03 16435
31.3+0.1  7.1#0.1 69+01 6306  16.

31.9+0.2 71501 7.0£02 78205  15.3fp The temperature of the water varied from
29.8+0.1 7.240.1  6.8+0.3 7.910.4 15000  29.8+0.1to 31.9+0.2°C. According to previous

142 studies, the optimal water temperature range
for mudskippers is between 23.5 and 35.5°C (Ridho et al. 2021; Dewiyanti et al. 2022; Arevalo et al. 2023). However,
mudskippers demonstrated a preference for milder water temperatures, with a mean of 26.7+2.1°C (Nay et al. 2018). The
pH levels of the water ranged from 7.1+0.1 to 7.2+0.2, and the pH levels of the soil ranged from 6.8+0.3 to 7.00.2. According
to several studies, the mudskipper exhibits optimal growth and reproductive capacity in aquatic environments with pH values
ranging from 6 to 8 (Ridho et al. 2021; Dewiyanti et al. 2022; Darojat et al. 2023).

The present study examined the dissolved oxygen (DO) levels in the aquatic environment, with a range of 6.3+0.3 to
7.9£0.4 mg L. This finding is notable when compared to the results reported by Ridho et al. (2021), that the mudskipper
could survive at DO levels ranging from 4.2 to 6.2 mg L. In accordance with the findings of Dewiyanti et al. (2022), the
range of DO levels in this study was from 4.9 to 7 mg L, indicating that mudskippers possess a considerable degree of
tolerance to variations in DO levels. The salinity levels in the study areas ranged from 15.0+0.0 to 20.0+0.0 ppt. In contrast,
Darojat et al. (2023) reported that mudskippers can survive in mangrove ecosystems with a salinity range of 1.7 to 2.58 ppt.
Ridho et al. (2021) also reported a salinity range of 0 to 0.1 ppt. However, Dewiyanti et al. (2022) identified a higher salinity
range, spanning from 18 to 25 ppt, and a more pronounced range of 24.4 to 34.4 ppt (Taniwel et al. 2020). The significance
of these salinity levels is underscored by the observation that mudskippers are euryhaline, indicating their capacity to
withstand a broad spectrum of salinities (Looi et al. 2021). However, pronounced fluctuations in salinity can exert an
influence on their physiological processes and selection of habitat (Looi et al. 2021).

Temperature, salinity, and dissolved oxygen (DO) levels represent critical physical parameters that exert-a-significant
influenee-ensignificantly influence the viability and longevity of giant mudskippers. These fish exhibit a remarkable capacity
for adaptability in response to fluctuating environmental conditions, as evidenced by their increased oxygen uptake rates in
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response to elevated temperatures (Pattaratumrong and Pompha 2024). Furthermore, they employ behavioral strategies to
mitigate exposure to extreme conditions.

Morphometric charateristiccharacteristic

The P. schlosseri found had an average total length (TL) of 20.08 cm, with a minimum length of 15 cm and a maximum
length of 22.60 cm. The average standard length (SL) of the fish was 17.34 cm, with a minimum length of 13 cm and a
maximum length of 20 cm (Table 2). The body length of P. schlosseri at the sampling sites was found to be equivalent to
the body length measured (Ridho et al. 2019, 2021) in the Musi River estuary, South Sumatra, Indonesia. However, the size
of this fish is larger than that found at the Cu Lao Dung Island, Soc Trang Province, Vietnam (Tran et al. 2022), with a size
of 12.10-18.65 cm, and that found at the Tanjung Piai, Pontian, Johor, Malaysia (Hui et al. 2019), sized approximately 20
cm. The length of these fish is likely influenced by the abundance of fish food sources in their habitat, as evidenced by the
findings of Dinh et al. (2020). Tran et al. (2021) also reported that the food composition of mudskippers was similar between
sexes; but varied depending on fish size, season, and habitat.

Giant mudskippers display a distinctive body shape that is adapted for both swimming and terrestrial locomotion. Their
bodies are generally elongated and laterally compressed, a trait that facilitates movement in both water and on land
(Pattaratumrong and Pompha 2024). The total length of these creatures can exhibit significant variation based on
environmental factors and habitat conditions. For instance, studies have documented lengths of up to 25 cm in certain
specimens; attributed to variations in habitat type and food availability (Zhou et al. 2023). In addition to morphometric
measurements, giant mudskippers exhibit specific meristic traits that can be used to differentiate them from other mudskipper
species. For instance, the dorsal fin composition, including the number of spines and soft rays, exhibits variation among
populations, suggesting adaptations to local environmental conditions (Nor et al. 2023).

Table 2. Morphometric measurement results of P. schlosseri #r-on Sungsang coast

No. Morphometric Ranged (cm) Mean + sd (cm)

Measurements

1 TL 15.00-22.60 20.08+2.0
2 SL 13.00-20.00 17.34+1.7
3 ED 0.40-1.70 0.83+0.4
4 HD 2.40-4.80 3.44+0.6
5 HL 3.40-6.40 4.81+0.8
6 LD, 1.50-3.00 2.67+0.4
7 GD:D: 0.90-2.60 1.47+0.4
8 LD: 3.00-4.20 3.73+0.4
9 DAC 2.00-3.90 3.06+0.5
10 LA 2.60-4.30 3.49+0.4
11 LPc right 1.30-2.80 1.89+0.4

LPc left 1.40-2.80 2.05+0.4
12 PcF right 1.10-2.50 1.66+0.3

PcF left 1.50-3.00 1.91+0.5
13 DPI right 0.20-1.70 0.78+0.4

DPI left 0.50-1.80 0.96+0.4
14 LPF 0.80-2.80 1.63+0.7
15 WPF 1.50-3.00 2.36+0.5
16 LCF 2.00-4.70 3.40£0.8
17 WCF 1.30-3.00 2.32+0.5

Length-weight relationship

The length-weight relationship of the giant mudskipper (P. schlosseri) was determined through the analysis of 55fity-
five specimens collected from five sampling sites along the Sungsang coast. The total length (TL) ranged from 15.00 to
22.60 cm, and the body weight varied from 28.3 to 119.2 g (Table 3).

Table 3. Range of total length (TL) and body weight (W) of P. schlosseri in Sungsang [coast]

Sampling TL (cm) W (9)
Site
1 195-215 67.8-102.5
2 15.0-21.0 28.3-103.7
3 19.0-20.5 61.8-92.8
4 20.0-225 87.7-108.3
5 195-22.6 82.1-119.2
Average 20.1 85.43.9
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The findings of the regression analysis and the length-weight relationship graph (Figure 2) yielded the following equation:

y = 0.0026x3.45. The b value of 3.45 indicates that the fish growth pattern is positive allometric (b > 3), signifying that
weight growth outpaces length increase. Positive allometric growth is indicated by a length-weight relationship (LWR)
where the exponent (b) is greater than 3. Studies have demonstrated that P. schlosseri exhibits such a relationship, with
documented values of b indicating positive allometry (Ridho et al. 2019; Abiaobo et al. 2021; Looi et al. 2021; Mussa et al.
2024). For instance, a study conducted in the Musi River Estuary found that the correlation coefficient for the length-weight
relationship (LWR) of P. schlosseri was 98.2%, with an exponent value of 3.189, confirming its positive allometric growth
(Ridho et al. 2019). This suggests that as the fish grows, it becomes relatively heavier compared to its length, which may be
advantageous for buoyancy and mobility in its habitat. This positive allometric growth pattern of P. schlosseri is consistent
with findings from related species within the same family. For example, P. barbarus also exhibited positive allometric
growth in similar ecological contexts, reinforcing the notion that this growth strategy may be a common adaptive trait among
mudskippers (Indarjo et al. 2020; Abiaobo et al. 2021). The implications of such growth patterns are critical, as they can
influence the species' reproductive strategies, survival rates, and overall fitness in fluctuating environmental conditions
typical of mangrove ecosystems (Dinh 2016).

150
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Figure 2. Relationship between total length and body weight of P. schlosseri in Sungsang [coast

In comparison with other species found in mangrove ecosystems, the allometric growth of P. schlosseri reflects typical
trends in estuarine and intertidal species, where growth patterns are often influenced by environmental conditions such as
temperature, food availability, and habitat structure (Chew et al. 2014; Looi et al. 2021). The positive allometry observed in
the Sungsang population could be attributed to the productivity of the mangrove ecosystem, which provides abundant
resources for these mudskippers. The Musi River estuary is home to a diverse array of mudskipper species, which exhibit
various adaptations to their mangrove habitat. For instance, studies have documented the reproductive biology and feeding
habits of mudskippers in this region, emphasizing their role in the local food web (Ridho et al. 2019; Ridho et al. 2021).

Condition factor

The K value exhibited a maximum at sampling site 1 (K= 1.04) and a minimum at sampling site 5 (K= 0.94) (Figure 3).
The variation in K values across the sampling sites was not statistically significant, suggesting that the fish samples were
healthy and well-nourished at the time of the study. The K values in the Sungsang coastal area are comparable to those found
in the Tran De District, Soc Trang Province, Mekong Delta, Vietnam mangrove habitat, which range from 1.01 to 1.03 (Dinh
2016), and the West Coast of Peninsular Malaysia, which range from 0.41 to 1.29 (Looi et al. 2021).
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Figure 3. Condition factor of P. schlosseri in Sungsang coast

Furthermore, the condition factor (K), a metric of health and well-being, was evaluated and correlated with the length-
weight relationship. The condition factor values indicated a range of nutritional status among the mudskippers, with most
individuals displaying average to good health (Froese 2006). However, some specimens with lower condition factors were
found to be lean, suggesting potential seasonal fluctuations in food availability that might influence the body mass-to-length
ratio (Abdullah and Zain 2019; Tran et al. 2021; Nguyén et al. 2022). Condition factors, which are used as an indicator of
fish health, have been shown to vary with environmental conditions. This indicates that abiotic factors, such as temperature
and salinity, as well as biotic factors, such as prey availability, significantly affect the growth patterns of these fishes
(Dewiyanti et al., 2022; Dinh et al., 2022).

Correlation of morphometric characteristics with environmental factors

Principal component analysis was employed to ascertain the correlation between seventeen P. schlosseri morphometric
characteristics and environmental factors, including water pH and soil pH, dissolved oxygen (DO), temperature, and salinity.
The analysis yielded significant findings concentrated on two primary axes: F1 by 55.47% and F2 by 24.70%, with 80.17%
representing the maximum amount of information (Figure 4).
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Figure 4. PCA was examined to determine morphometric characteristics related to environmental factors of P. schlosseri ir-on Sungsang
coast

The environmental parameter on the positive F1 axis is characterized by DO, which for sampling site 5 is high at 7.9 mg
L. According to Kumar et al. (2021) and Mulyasari (2023), a very strong correlation relationship can mean that as the value
of the comparison character increases, the length of a morphometric character in fish will also increase. Consequently,
elevated levels of dissolved oxygen at the Sungsang coast could potentially influence the growth of morphometric
characteristics in P. schlosseri. A study by Khater et al. (2021) and Heriyati et al. (2022) indicated that low DO levels can
lead to a reduction in fish appetite and growth. The findings indicate that salinity exerts minimal influence on the
morphometric growth of P. schlosseri. The classification of mudskippers as euryhaline organisms is attributed to their
capacity to respond to variations in salt concentration (Taniwel et al. 2020; Kim et al. 2021; Hamidah et al. 2024).

The positive F2 axis is characterized by sampling site 1, which is associated with the environmental parameter component
of soil pH and the morphometric characteristics of WPF, defined as the width of the pelvic fins utilized during locomotion
by mudskippers. This parameter is believed to be closely related to their biological functions (Hidayat et al. 2022; Quigley
et al. 2022). The pH value of the soil at sampling site 1 is 7, indicating a high value within the threshold of P. schlosseri life.
The measurement of soil pH is crucial as the mudskipper habitat is located in the sediment. A low pH value in the mudskipper
habitat prompts the fish to allocate their energy fowards environmental adjustments rather than growth and foraging (Smith
and Nobriga 2023).

This study analyzed the giant mudskipper (P. schlosseri) +a-on Sungsang coast, revealing positive allometric growth
(b>3) and healthy condition factors. Dissolved oxygen and pH exhibited a strong influence on morphometric characteristics,
while temperature and salinity supported optimal habitats. The findings emphasize the critical role of mangroves in
sustaining P. schlosseri populations and offer insights fer-into mangrove ecosystem management.
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Analysis of morphology and population dynamics of giant
mudskipper Periophthalmodon schlosseri (Pallas, 1770) (Gobiiformes:
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Oxudercidae) Periophtalmodon schlosseri (Pallas, 1770) (Gobiiformes:
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Oxudercidae) at Sungsang estuaries, South Sumatra, Indonesia

Abstract. The Giant Mudskipper ¢Periophthalmodon schlosseri_(Pallas, 1770) }- Periophthalmodon schlosseri (Pallas, 1770) is one df
the most abundant mudskipper species, playing a vital role in the biomass of mangrove ecosystems. Mudskipper fish are also found in
the Sungsang coast, an estuary of the Musi River that is fed by river water from three provinces in Indonesia: South Sumatra, Lampung,
and Bengkulu. The-ebjestive-of-this-study-wasis study aimed This study aimed to analyze the morphology and population dynamics df
mudskippers along with their environmental parameters in Sungsang coastal South Sumatra. For this study, mudskipper specimens were
collected from five sampling sites along the Sungsang coast and analyzed for morphometric characteristics, length-weight relationships,
and their correlations with key environmental parameters like temperature, pH, and dissolved oxygen. The analysis of fifty-five
specimens revealed an average total length of 20.08 cm, a standard length of 17.34 cm, and an average weight of 85.4 g. The growth
pattern exhibited positive allometry (b>3), suggesting that as these fish grow, their body weight increases at-a-faster-ratefaster faster thah
their length. Condition factor analysis indicated that the fish sampled were healthy and in good nutritional condition. The principal
component analysis (PCA) further highlighted a strong association between dissolved oxygen and pH levels with the morphometric
characteristics of the mudskippers, explaining 55.47% of the variation on the F1 axis and 24.70% on the F2 axis. This robust correlation
between environmental factors and morphometric characteristics underscores the reliability of our findings. These findings provide
crucial insights into the ecological health of the Giant Mudskipper and its dependence on specific environmental factors in the mangrove
habitat are of utmost importance.

Keywords: Environmental parameter, Length-weight relationship, Morphometric, Mudskipper, Sungsang coast
Running title: Morphology and Population Dynamics of Mudskipper
INTRODUCTION

The mangrove ecosystem is a significant area due to its role in providing a habitat for a wide variety of aquatic and
terrestrial biota (Hasan et al. 2022; Valen et al. 2022). This ecosystem is important from a variety of angles, including it

environmental functions, such as protecting estuaries and coastlines from storms, stabilizing the shore, and reducin
coastal soil erosion and flooding| (Setyawan and Winarno 2006: Wirabuana et al. 2025). Additionally, it serves as a nurserﬁ
habitat and breeding ground for a wide range of biota, and it provides sources that include essential commodities for both
subsistence and commerce (Arulnayagam et al. 2021; Su et al. 2021; Jordan and Frohle 2022; Waleed et al. 2024).

During periods of low tide, mangrove swamps and tidal flats formed in creeks, estuaries, and coastal waterways

provide habitat for mudskippers (Mai et al. 2019; Ridho et al. 2019; Santoso et al. 2020; Darojat et al. 2023; Nathaniel et al.

2024). Mudskippers exhibit physiological, morphological, and behavioral adaptations that allow them to thrive in both
aquatic and terrestrial environments (You et al. 2018; Tran et al. 2020; Corush and Zhang 2022; Steppan et al. 2022).
Various factors, including food availability, habitat selection, human disturbance, and others influence the geographical
distribution of each species. |A notable example is the giant mudskipper ¢{Periopthalmodon- schlosseri} Periophthalmodoh

Commented [VH1]: Add references. Ex:
https://sfi-cybium.fr/fr/first-record-small-eyed-loter-
prionobutis-microps-weber-1907-teleostei-eleotridae-
butinae-java

https://iopscience.iop.org/article/10.1088/1755-
1315/1036/1/012074

{ Commented [mm2R1]:

Commented [VH3]: add references. Ex:
https://www.nature.com/articles/s41598-025-87307-x

schlosseri, which contributes significantly to the biomass value of the mangrove ecosystem (Zulkifli et al. 2012; Dewiyanti
et al. 2022). According to the IUCN Red List of Threatened Species, this species is currently listed as Least Concern (LC),
indicating that it is not under any immediate threat of population decline (IUCN 2023). Periophthalmodon, schlosseri jg
widely distributed throughout the Indo-West Pacific region, including coastal and estuarine areas of Southeast Asid,
northern Australia and parts of South Asia (Ansari et al. 2014; Parenti and Jaafar 2017).

Giant mudskippers are distinguished by their unique morphologies, which facilitate movement in both aquatic and
terrestrial environments. Their pectoral fins are specialized for navigating on land, a crucial adaptation for survival in the
intertidal zone (Pace and Gibb 2009; Zhou et al. 2023). The anatomical structure of these fins is not only important for
movement but also reflects the evolutionary transition from aquatic to terrestrial life (Ziadi-Kiinzli et al. 2024). For
example, the robust fin morphology allows mudskippers to generate thrust on land, which is crucial for escaping predators

https://smujo.id/biodiv/article/view/521
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and foraging for food (Pace and Gibb 2009). Furthermore, studies have indicated that pelvic fin morphology varies among
mudskipper species, affecting their climbing behavior and overall movement (Hidayat et al. 2022).

The giant mudskipper is a bioindicator species, which means that its presence or absence can indicate the ecological
health of its habitat (Pattaratumrong and Pompha 2024). Its presence and abundance in the Sungsang estuary are an
indication of environmental conditions, especially related to heavy metal pollution (Santoso et al. 2020; Santoso et al.
2024). Furthermore, the population structure of mudskippers in the region has been the subject of study, yielding insights
into their reproductive biology and fecundity, which are influenced by seasonal changes and environmental factors (Ridho
et al. 2021). The timing of spawning activities, for example, is correlated with the southwest monsoon, which affects
resource availability and habitat conditions (Simon et al. 2012).

The biodiversity of fish species in the Sungsang estuary, including the giant mudskipper, is influenced by a variety of
environmental factors. Numerous studies have documented the species diversity and community composition in this
region, emphasizing the importance of mangrove ecosystems as critical habitats for mudskippers and other aquatic species
(Fauziyah et al. 2019). However, the ongoing threat of human activities, such as deforestation and pollution, poses a
significant threat to the ecosystem, thereby impacting mudskipper populations and their role. Consequently, conservation
efforts are imperative to safeguard the habitat and ensure the long-term sustainability of mudskippers in South Sumatra
(Septinar et al. 2023).

A number of studies have been conducted on the foraging behavior of mudskippers in South Sumatra, encompassing
research on their dietary habits (Ridho et al. 2019), gonad length and fecundity (Ridho et al. 2021), and range extension of
P. septemradiatus (Igbal et al. 2018). However, research on the length-weight relationship of P. schlosseri remains scarce,
with most studies being based on field observations. Sungsang coast, located in the estuary of the Musi River, is a well-
known site for mudskippers. Despite numerous studies on the biology and ecology of mudskippers in Southeast Asia, data
on length-weight relationships and morphometric-environment interactions of P. schlosseri in the Sungsang estuary remain
scarce. This study aims to fill this gap by analyzing the length-weight relationships and morphometric-environment
interactions of P. schlosseri in the Sungsang estuary.

MATERIALS AND METHODS

Study areal
The research was carried out at five stations in the study area;-which-extends-from-latitudes2°2148"-S-and-longitudes
104°53'57"E in the Sungsang estuaries of, the-Sungsang-Hv-Village; South Sumatra, Indonesia (Figure 1). The description

of these sampling locations is shown in Table 1. The Musi River is a major river with multiple uses for its resources. It
flows through three provinces on Indonesia's Sumatra Island: South Sumatra, Lampung, and Bengkulu. The coast of
Sungang is situated within the Musi River estuary, where the river meets the sea (Melki et al. 2018a, b). Local fishermen
depend on the rich aquatic life in the river and its estuary for their livelihoods. The Musi River estuary is home to a variety
of fish species, including freshwater stingrays, catfish, and other fish, which are not only a source of food but also
contribute to the local economy and food security (Putri and Melki 2020). The mangrove ecosystem within the Musi
Estuary is in a state of optimal health, providing an ideal environment for the proliferation of mudskippers (Igbal et al.
2018; Ridho et al. 2019; Ridho et al. 2021)
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Sampling sites and Position Description : { Formatted Table
names Longitudes (E) Latitudes (S)
1 - Sungsang IV 104°53' 22.65" 2°22'00.07" Fisherman's village, but the population is notas < { Formatted: Left, Indent: First line: 0,05 cm

large as in sites 2, 3 and 4. There is a healthy
mangrove ecosystem and this site is the mouth
of the estuary

2 — Sungsang 111 104°53'50.17" 2°21'56.30" Fisherman's village area <
3 —Sungsang Il 104°54' 01.76" 2°21'54.56" Fisherman's village area <
4 — Sungsang | 104° 54' 14.22" 2°21'47.61" Fisherman's village area «
5 — Marga Sungsang 104°54'21.17" 2°21'33.41" Fisherman's village, but the population is notas <

large as in sites 2, 3 and 4. There is a good
mangrove ecosystem and this site is closer to
the river
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Figure 1. The study area of P. schlosseri in Sungsang coast

Sampling and preservation
A total of eleven findividuals jof P. schlosseri were collected at each site (n = 55 total) during a single sampling event in
July 2024 to account for variation. Upon completion of ongoing genetic analyses, voucher specimens will be deposited$
Universitas Sriwijaya. Fish sampling was conducted using a 1 x 3 m seine net with a 1 mm mesh size suitable for
capturing small estuarine species. After collection, samples were immediately placed in labeled plastic bottles containing
8-10% fformalin solution for initial preservation. In the laboratory, samples were transferred to [75% ethanol for long-term
storage and further morphometric and meristic analyses. The use of 8-10% formalin for initial fixation followed by 75%
ethanol for long-term storage remains a widely accepted and effective method of preserving fish specimens for
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morphometric and meristic analysis. This combination not only ensures adequate tissue fixation and structural integrity
over time, but also facilitates detailed laboratory evaluation without significant degradation of key anatomical featureg.
Previous studies have confirmed the reliability of this method in maintaining specimen quality for systematic an{l
taxonomic research purposes (Sotola et al., 2019; Jawad et al., 2020).

Morphometric measurements.

A total of seventeen [morphometric measurements Mere recorded, including total length (TL), standard length (SL), eye
diameter (ED), head diameter (HD), head length (HL), length of the dorsal fin 1 (LD1), the gap between D1 and D2
(GD1D?2), second dorsal fin length (LD2), and distance between anal and caudal fin (DAC), length of anal fin (LA), least
height of the pectoral fin (LPc), length of pectoral fin (PcF), the distance between pectoral and pelvic fin (DPI), length of
pelvic fin (LPF), the width of pelvic fin (WPF), and length of caudal fin (LCF), and width of caudal fin (WCF) (Figure 2)
(Gangan et al. 2016; Rahman et al. 2022). All morphometric data were standardized by dividing each measurement by the
standard length (SL) and then multiplying by 100% to eliminate the effect of size variation between individuals. Each
measurement -was measured to the nearest 0.1 centimeters, and body weight was measured on a digital scale with 0.1 gram
accuracy. |
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Figure 2. Morphometric measurements of mudskippers (Gangan et al. 2016; Sokefun et al. 2022; Rahman et al. 2022)

Environmental parameter measurements

Environmental parameters were measured in situ at each sampling site where fish samples were collected to assess the
physicochemical characteristics of the habitat. Water temperature, pH and dissolved oxygen were measured using a
portable multiparameter instrument (Hanna Instruments Inc., USA) to ensure accurate and simultaneous measurements.
Salinity was measured using a hand refractometer (ATAGO Co. Ltd, Tokyo, Japan). All measurements were performed in
triplicate to ensure the accuracy and reliability of the data.

Data analysis

The following equation was used to approximate the length-weight relationships using the formula W=a x TLb (Tran
et al. 2021; Vilchez et al. 2024), where W is the body weight (g), TL is the total length (cm), and a and b were estimated
by the least-squares method based on logarithms using the formula Log (W)= log (a)+b log (TL) (Raeisi et al. 2011). Fish
may exhibit isometric growth, characterized by equal growth in all three dimensions (b=3), or positive allometric growth,
where width and height receive priority (b>3), or negative allometric growth, where length is prioritized (b<3) (Froese
2006). The effectiveness of linear regression can be quantified by the coefficient of determination (r2) (Tran et al. 2021).

The K of the fish was estimated using the equation K= (W) / (a x TLb), where W is the body weight (g), TL is the total
length (cm), and a and b are the regression coefficients. A non-parametric Kruskal-Wallis test with a 5% threshold of
significance was employed to determine whether there were any significant variations in mean Wrm between species
because the assumptions of parametric statistics could not be met. For each statistical test, the significance level was set at
p<0.05.

Principal Component Analysis (PCA) was performed using XLSTAT version 2021.4.1 (Addinsoft, New York, USA)
integrated with Microsoft Excel. Prior to analysis, all morphometric and environmental data were standardized to eliminate
unit bias and ensure comparability between variables. PCA was used to identify patterns and correlations between
environmental parameters and morphometric traits of P. schlosseri across sampling sites. PCA reduces multidimensional
data into principal components that explain the maximum variance in the data set. A biplot of the first two principal
components was generated to visualize the distribution of active variables (environmental and morphometric parameters)
and active observations (sampling sites). Variables with similar directions and vector lengths were interpreted as having a
stronger influence or association within the same dimension.

RESULTS DAN DISCUSSIONS

Environmental parameters

The environmental parameters of samples in all experiments conducted in the Sungsang coast area exhibited minimal
fluctuation (Table 1). The environmental parameters that exert a substantial influence on the survival of mudskippers
include temperature, salinity, acidity (pH), and dissolved oxygen content (DO) (Ansari et al. 2014; Ridho et al. 2021;
Dewiyanti et al. 2022).

Table 1. The environmental parameters in the sampling sites

Sampling site Temperature (°C) pH (water) pH (soil) DO (mg L™?) Salinity (ppt)
1 31.7+0.1 7.240.2 7.0+0.1 6.9+0.5 20.0+0.0
2 31.7+0.2 7.1+0.1 6.8+0.3 6.3+0.3 16.715
3 31.3+0.1 7.1£0.1 6.9£0.1 6.3£0.6 16.0+0.0
4 31.9+0.2 7.1+0.1 7.0+0.2 7.8+0.5 15.3+0.6
5 29.8+0.1 7.240.1 6.8+0.3 7.9+0.4 15.0+0.0

The temperature of the water varied from 29.8+0.1 to 31.9+0.2°C. According to previous studies, the optimal water
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temperature range for mudskippers is between 23.5 and 35.5°C (Ridho et al. 2021; Dewiyanti et al. 2022; Arevalo et al.
2023). However, mudskippers demonstrated a preference for milder water temperatures, with a mean of 26.7+2.1°C (Nay
et al. 2018). The pH levels of the water ranged from 7.1+0.1 to 7.2+0.2, and the pH levels of the soil ranged from 6.8+0.3
to 7.00.2. According to several studies, the mudskipper exhibits optimal growth and reproductive capacity in aquatic
environments with pH values ranging from 6 to 8 (Ridho et al. 2021; Dewiyanti et al. 2022; Darojat et al. 2023).

The present study examined the dissolved oxygen (DO) levels in the aquatic environment, with a range of 6.3£0.3 to
7.9+0.4 mg L. This finding is notable when compared to the results reported by Ridho et al. (2021), that the mudskipper
could survive at DO levels ranging from 4.2 to 6.2 mg L. In accordance with the findings of Dewiyanti et al. (2022), the
range of DO levels in this study was from 4.9 to 7 mg L™, indicating that mudskippers possess a considerable degree of
tolerance to variations in DO levels. The salinity levels in the study areas ranged from 15.0+0.0 to 20.0+0.0 ppt. In contrast,
Darojat et al. (2023) reported that mudskippers can survive in mangrove ecosystems with a salinity range of 1.7 to 2.58 ppt.
Ridho et al. (2021) also reported a salinity range of 0 to 0.1 ppt. However, Dewiyanti et al. (2022) identified a higher
salinity range, spanning from 18 to 25 ppt, and a more pronounced range of 24.4 to 34.4 ppt (Taniwel et al. 2020). The
significance of these salinity levels is underscored by the observation that mudskippers are euryhaline, indicating their
capacity to withstand a broad spectrum of salinities (Looi et al. 2021). However, pronounced fluctuations in salinity can
exert an influence on their physiological processes and selection of habitat (Looi et al. 2021).

Temperature, salinity, and dissolved oxygen (DO) levels represent critical physical parameters that significantly
influence the viability and growth potential of giant mudskippers. These fish exhibit a remarkable capacity for adaptability
in response to fluctuating environmental conditions, as evidenced by their increased oxygen uptake rates in response to
elevated temperatures (Pattaratumrong and Pompha 2024). Furthermore, they employ behavioral strategies to mitigate
exposure to extreme conditions.

IMorphometric characteristic]

[P. schlosseri | Periophthalmodon schlosseri observed in this study had a mean total length (TL) of 20.08 cm, ranginy
from 15.00 cm to 22.60 cm, while the mean standard length (SL) was 17.34 cm, with a range of 13.00 cm to 20.00 cm
(Table 2). The body size recorded at the sampling sites in the Sungsang estuary is comparable to previous findings in the
Musi River estuary, South Sumatra, Indonesia (Ridho et al. 2019, 2021). However, it is significantly larger than
individuals reported from Cu Lao Dung Island, Soc Trang Province, Vietnam, which ranged from 12.10-18.65 cm (Tran et
al. 2022), and slightly larger than those from Tanjung Piai, Pontian, Johor, Malaysia, which ranged from approximately 20
cm (Hui et al. 2019). This difference may be due to several ecological factors, including higher habitat productivity,
greater availability of prey organisms, or potentially lower levels of anthropogenic disturbance in the Sungsang estuary. In
support of this, Dinh et al. (2020) suggested that food abundance plays an important role in shaping the growth of
mudskippers. Furthermore, Tran et al. (2021) reported that the diet composition of mudskippers varied with fish size,
season, and habitat, suggesting that local environmental conditions may significantly influence growth performance in
different populations.

Figure 3. Sample of mudskipper (A. Periophthalmodon schlosseri, B. Morphometric measurement) «

Giant mudskippers display a distinctive body shape that is adapted for both swimming and terrestrial locomotion. Their
bodies are generally elongated and laterally compressed, a trait that facilitates movement in both water and on land
(Pattaratumrong and Pompha 2024). The total length of these creatures can exhibit significant variation based on
environmental factors and habitat conditions. For instance, studies have documented lengths of up to 25 cm in certain
specimens attributed to variations in habitat type and food availability (Zhou et al. 2023). In addition to morphometric
measurements, giant mudskippers exhibit specific meristic traits that can be used to differentiate them from other
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mudskipper species. For instance, the dorsal fin composition, including the number of spines and soft rays, exhibits
variation among populations, suggesting adaptations to local environmental conditions (Nor et al. 2023).

Table 2. Morphometric Imeasurement \results of P. schlosseri on Sungsang coast

Morphometric Measurements Ranged (cm) Mean + sd (cm)
TL 15.00-22.60 20.08+2.0
SL 13.00-20.00 17.34+1.7
ED 0.40-1.70 0.83+0.4
HD 2.40-4.80 3.44%0.6
HL 3.40-6.40 4.81+0.8
LD: 1.50-3.00 2.67+0.4

GDiD: 0.90-2.60 1.47+0.4
LD: 3.00-4.20 3.73+04
DAC 2.00-3.90 3.06+0.5
LA 2.60-4.30 3.49+0.4

LPc right 1.30-2.80 1.89+0.4
LPc left 1.40-2.80 2.050.4
PcF right 1.10-2.50 1.66+0.3
PcF left 1.50-3.00 1.91+0.5
DPI right 0.20-1.70 0.78+0.4

DPI left 0.50-1.80 0.96+0.4
LPF 0.80-2.80 1.63+0.7
WPF 1.50-3.00 2.36x0.5
LCF 2.00-4.70 3.40+0.8
WCF 1.30-3.00 2.32+0.5

Length-weight relationship

The length-weight relationship of the giant mudskipper (P. schlosseri) was determined through the analysis of 55
specimens collected from five sampling sites along the Sungsang coast. The total length (TL) ranged from 15.00 to 22.60
cm, and the body weight varied from 28.3 to 119.2 g (Table 3).

Table 3. Range of total length (TL) and body weight (W) of P. schlosseri in Sungsang coast

Sampling Site TL (cm) W (g)
1 195-215 67.8-102.5
2 15.0-21.0 28.3-103.7
3 19.0-20.5 61.8-92.8
4 20.0-225 87.7-108.3
5 19.5-22.6 82.1-119.2
Average 20.1 85.4

The findings of the regression analysis and the length-weight relationship graph (Figure 2) yielded the following
equation: y = 0.0026x3.45. The b value of 3.45 indicates that the fish growth pattern is positive allometric (b > 3),
signifying that weight growth outpaces length increase. Positive allometric growth is indicated by a length-weight
relationship (LWR) where the exponent (b) is greater than 3. Studies have demonstrated that P. schlosseri exhibits such a
relationship, with documented values of b indicating positive allometry (Ridho et al. 2019; Abiaobo et al. 2021; Looi et al.
2021; Mussa et al. 2024). For instance, a study conducted in the Musi River Estuary found that the correlation coefficient
for the length-weight relationship (LWR) of P. schlosseri was 98.2%, with an exponent value of 3.189, confirming its
positive allometric growth (Ridho et al. 2019). This suggests that as the fish grows, it becomes relatively heavier compared
to its length, which may be advantageous for buoyancy and mobility in its habitat. This positive allometric growth pattern
of P. schlosseri is consistent with findings from related species within the same family. For example, P. barbarus also
exhibited positive allometric growth in similar ecological contexts, reinforcing the notion that this growth strategy may be
a common adaptive trait among mudskippers (Indarjo et al. 2020; Abiaobo et al. 2021). The implications of such growth
patterns are critical, as they can influence the species' reproductive strategies, survival rates, and overall fitness in
fluctuating environmental conditions typical of mangrove ecosystems (Dinh 2016).
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Figure 2. Relationship between total length and body weight of P. schlosseri in Sungsang coast

In comparison with other species found in mangrove ecosystems, the allometric growth of P. schlosseri reflects typical
trends in estuarine and intertidal species, where growth patterns are often influenced by environmental conditions such as
temperature, food availability, and habitat structure (Chew et al. 2014; Looi et al. 2021). The positive allometry observed
in the Sungsang population could be attributed to the productivity of the mangrove ecosystem, which provides abundant
resources for these mudskippers. The Musi River estuary is home to a diverse array of mudskipper species, which exhibit
various adaptations to their mangrove habitat. For instance, studies have documented the reproductive biology and feeding
habits of mudskippers in this region, emphasizing their role in the local food web (Ridho et al. 2019; Ridho et al. 2021).

Condition factor

The K value exhibited a maximum at sampling site 1 (K= 1.04) and a minimum at sampling site 5 (K= 0.94) (Figure 3).
The variation in K values across the sampling sites was not statistically significant, suggesting that the fish samples were
healthy and well-nourished at the time of the study. The K values in the Sungsang coastal area are comparable to those
found in the Tran De District, Soc Trang Province, Mekong Delta, Vietham mangrove habitat, which range from 1.01 to
1.03 (Dinh 2016), and the West Coast of Peninsular Malaysia, which range from 0.41 to 1.29 (Looi et al. 2021).

1.06

1.04

1.02f

1.00F

0.98 -

Condition Factor (K)

0.96

0.94

0.92 L s . L L

1 2 3 4 5
Sampling Site

Figure 3. Condition factor of P. schlosseri in Sungsang coast

Furthermore, the condition factor (K), a metric of health and well-being, was evaluated and correlated with the length-
weight relationship. The condition factor values indicated a range of nutritional status among the mudskippers, with most
individuals displaying average to good health (Froese 2006). However, some specimens with lower condition factors were
found to be lean, suggesting potential seasonal fluctuations in food availability that might influence the body mass-to-
length ratio (Abdullah and Zain 2019; Tran et al. 2021; Nguyén et al. 2022). Condition factors, which are used as an
indicator of fish health, have been shown to vary with environmental conditions. This indicates that abiotic factors, such as
temperature and salinity, as well as biotic factors, such as prey availability, significantly affect the growth patterns of these
fishes (Dewiyanti et al., 2022; Dinh et al., 2022).
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Principal component analysis (PCA)

Principal component analysis was employed to ascertain the correlation between seventeen P. schlosseri morphometric
characteristics and environmental factors, including water pH and soil pH, dissolved oxygen (DO), temperature, and
salinity. The analysis yielded significant findings concentrated on two primary axes: F1 by 55.47% and F2 by 24.70%,
with 80.17% representing the maximum amount of information (Figure 4).

Biplot (axes F1 and F2: B0.17 %)

F2(24.70 %)

- < 2 o z 4 5 s
F1(55.47 %)

[+ active variables + active abservations

Figure 4. PCA was examined to determine morphometric characteristics related to environmental factors of P. schlosseri on Sungsang
coast

The environmental parameter on the positive F1 axis is characterized by DO, which for sampling site 5 is high at 7.9
mg L. According to Kumar et al. (2021) and Mulyasari (2023), a very strong correlation relationship can mean that as the
value of the comparison character increases, the length of a morphometric character in fish will also increase.
Consequently, elevated levels of dissolved oxygen at the Sungsang coast could potentially influence the growth of
morphometric characteristics in P. schlosseri. A study by Khater et al. (2021) and Heriyati et al. (2022) indicated that low
DO levels can lead to a reduction in fish appetite and growth. The findings indicate that salinity exerts minimal influence
on the morphometric growth of P. schlosseri. The classification of mudskippers as euryhaline organisms is attributed to
their capacity to respond to variations in salt concentration (Taniwel et al. 2020; Kim et al. 2021; Hamidah et al. 2024).

The positive F2 axis is characterized by sampling site 1, which is associated with the environmental parameter
component of soil pH and the morphometric characteristics of WPF, defined as the width of the pelvic fins utilized during
locomotion by mudskippers. This parameter is believed to be closely related to their biological functions (Hidayat et al.
2022; Quigley et al. 2022). The pH value of the soil at sampling site 1 is 7, indicating a high value within the threshold of
P. schlosseri life. The measurement of soil pH is crucial as the mudskipper habitat is located in the sediment. A low pH
value in the mudskipper habitat prompts the fish to allocate their energy toward environmental adjustments rather than
growth and foraging (Smith and Nobriga 2023).

This study analyzed the giant mudskipper [(P. schlosseri) | P. schlosseri_on Sungsang coast, revealing positive
allometric growth (b>3) and healthy condition factors. Dissolved oxygen and pH exhibited a strong influence on
morphometric characteristics, while temperature and salinity supported optimal habitats. The findings emphasize the
critical role of mangroves in sustaining |P. schlosseri | P. schlosseri populations and offer insights into mangrove ecosystem
management. This study highlights that dissolved oxygen and pH are the most influential environmental variables
affecting the morphometric variation of P. schlosseri, suggesting their potential as key indicators in mangrove ecosystem
monitoring.
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Analysis of morphology and population dynamics of giant
mudskipper Periophthalmodon schlosseri (Pallas, 1770) (Gobiiformes:
Oxudercidae) at Sungsang estuaries, South Sumatra, Indonesia

Abstract. The Giant Mudskipper Periophthalmodon schlosseri (Pallas, 1770) Periophthalmodon schlosseri (Pallas, 1770) is one of the
most abundant mudskipper species, playing a vital role in the biomass of mangrove ecosystems. Mudskipper fish are also found in the
Sungsang coast, an estuary of the Musi River that is fed by river water from three provinces in Indonesia: South Sumatra, Lampung, and
Bengkulu. This study aimed This study aimed to analyze the morphology and population dynamics of mudskippers along with their
environmental parameters in Sungsang coastal South Sumatra. For this study, mudskipper specimens were collected from five sampling
sites along the Sungsang coast and analyzed for morphometric characteristics, length-weight relationships, and their correlations with
key environmental parameters like temperature, pH, and dissolved oxygen. The analysis of fifty-five specimens revealed an average
total length of 20.08 cm, a standard length of 17.34 cm, and an average weight of 85.4 g. The growth pattern exhibited positive
allometry (b>3), suggesting that as these fish grow, their body weight increases faster faster than their length. Condition factor analysis
indicated that the fish sampled were healthy and in good nutritional condition. The principal component analysis (PCA) further
highlighted a strong association between dissolved oxygen and pH levels with the morphometric characteristics of the mudskippers,
explaining 55.47% of the variation on the F1 axis and 24.70% on the F2 axis. This robust correlation between environmental factors and
morphometric characteristics underscores the reliability of our findings. These findings provide crucial insights into the ecological
health of the Giant Mudskipper and its dependence on specific environmental factors in the mangrove habitat are of utmost importance.

Keywords: Environmental parameter, Length-weight relationship, Morphometric, Mudskipper, Sungsang coast
Running title: Morphology and Population Dynamics of Mudskipper

INTRODUCTION

The mangrove ecosystem is an important area due to its role in providing a habitat for a wide variety of aquatic and
terrestrial biota, as evidenced by the discovery of rare and previously unrecorded fish species such as the bearded
gudgeon Pogoneleotris heterolepisin the Kapuas River estuary (Valen et al. 2022) and the small-eyed
gudgeon Prionobutis microps in the Solo River estuary (Hasan et al. 2022), highlighting the ecological importance of these
transitional zones as critical habitats for endemic and specialized aquatic species. This ecosystem is important from a
variety of angles, including its environmental functions, such as protecting estuaries and coastlines from storms, stabilizing
the shore, and reducing coastal soil erosion and flooding , as shown by successful restoration in Central Java (Setyawan
and Winarno 2006) and Flores Island (Wirabuana et al. 2025). Restored mangroves in Pasar Banggi prevented erosion. In
Flores, 10-year-old mangroves improved sediment retention and wave absorption. Additionally, it serves as a nursery
habitat and breeding ground for a wide range of biota, and it provides sources that include essential commodities for both
subsistence and commerce (Arulnayagam et al. 2021; Su et al. 2021; Jordan and Fréhle 2022; Waleed et al. 2024).

During periods of low tide, mangrove swamps and tidal flats formed in creeks, estuaries, and coastal waterways
provide habitat for mudskippers (Mai et al. 2019; Ridho et al. 2019; Santoso et al. 2020; Darojat et al. 2023; Nathaniel et al.
2024). Mudskippers exhibit physiological, morphological, and behavioral adaptations that allow them to thrive in both
aquatic and terrestrial environments (You et al. 2018; Tran et al. 2020; Corush and Zhang 2022; Steppan et al. 2022).
Various factors, including food availability, habitat selection, human disturbance, and others influence the geographical
distribution of each species. A notable example is the giant mudskipper Periophthalmodon schlosseri, which contributes
significantly to the biomass value of the mangrove ecosystem (Zulkifli et al. 2012; Dewiyanti et al. 2022). According to
the IUCN Red List of Threatened Species, this species is currently listed as Least Concern (LC), indicating that it is not
under any immediate threat of population decline (IUCN 2023). Periophthalmodon schlosseri is widely distributed
throughout the Indo-West Pacific region, including coastal and estuarine areas of Southeast Asia, northern Australia and
parts of South Asia (Ansari et al. 2014; Parenti and Jaafar 2017).

Giant mudskippers are distinguished by their unique morphologies, which facilitate movement in both aquatic and
terrestrial environments. Their pectoral fins are specialized for navigating on land, a crucial adaptation for survival in the
intertidal zone (Pace and Gibb 2009; Zhou et al. 2023). The anatomical structure of these fins is not only important for
movement but also reflects the evolutionary transition from aquatic to terrestrial life (Ziadi-Kiinzli et al. 2024). For
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example, the robust fin morphology allows mudskippers to generate thrust on land, which is crucial for escaping predators
and foraging for food (Pace and Gibb 2009). Furthermore, studies have indicated that pelvic fin morphology varies among
mudskipper species, affecting their climbing behavior and overall movement (Hidayat et al. 2022).

The giant mudskipper Periophthalmodon schlosseri serves as a valuable bioindicator species, with its population
dynamics reflecting both habitat quality and environmental stressors. Studies in Songkhla Lake, Thailand, demonstrate its
sensitivity to ecosystem degradation, showing highest densities in undisturbed mangrove-associated mudflats and
complete absence in seawall-modified habitats without mangroves (Pattaratumrong and Pompha 2024). This pattern
mirrors findings from the Sungsang estuary, where mudskipper presence correlates with heavy metal pollution levels,
making them effective biomarkers for coastal contamination (Santoso et al. 2020, 2024). Their ecological significance
extends to reproductive biology, as population structure and fecundity studies reveal seasonal spawning synchronized with
the southwest monsoon (Simon et al. 2012; Ridho et al. 2021), linking life-history traits directly to environmental cycles.
Together, these studies establish the giant mudskipper as an integrative indicator of ecosystem health, responding to
habitat integrity, pollution pressures, and climatic influences across its range.

The biodiversity of fish species in the Sungsang estuary, including the giant mudskipper, is influenced by a variety of
environmental factors. Numerous studies have documented the species diversity and community composition in this
region, emphasizing the importance of mangrove ecosystems as critical habitats for mudskippers and other aquatic species
(Fauziyah et al. 2019). However, the ongoing threat of human activities, such as deforestation and pollution, poses a
significant threat to the ecosystem, thereby impacting mudskipper populations and their role. Consequently, conservation
efforts are imperative to safeguard the habitat and ensure the long-term sustainability of mudskippers in South Sumatra
(Septinar et al. 2023).

A number of studies have been conducted on the foraging behavior of mudskippers in South Sumatra, encompassing
research on their dietary habits (Ridho et al. 2019), gonad length and fecundity (Ridho et al. 2021), and range extension of
P. septemradiatus (Igbal et al. 2018). However, research on the length-weight relationship of P. schlosseri remains scarce,
with most studies being based on field observations. Sungsang coast, located in the estuary of the Musi River, is a well-
known site for mudskippers. Despite numerous studies on the biology and ecology of mudskippers in Southeast Asia, data
on length-weight relationships and morphometric-environment interactions of P. schlosseri in the Sungsang estuary remain
scarce. This study aims to fill this gap by analyzing the length-weight relationships and morphometric-environment
interactions of P. schlosseri in the Sungsang estuary.

MATERIALS AND METHODS

Study area

The research was carried out at five stations in the study area in the Sungsang estuaries of South Sumatra, Indonesia
(Figure 1). The description of these sampling locations is shown in Table 1. The Musi River is a major river with multiple
uses for its resources. It flows through three provinces on Indonesia's Sumatra Island: South Sumatra, Lampung, and
Bengkulu. The coast of Sungang is situated within the Musi River estuary, where the river meets the sea (Melki et al.
20184, b). Local fishermen depend on the rich aquatic life in the river and its estuary for their livelihoods. The Musi River
estuary is home to a variety of fish species, including freshwater stingrays, catfish, and other fish, which are not only a
source of food but also contribute to the local economy and food security (Putri and Melki 2020). The mangrove
ecosystem within the Musi Estuary is in a state of optimal health, providing an ideal environment for the proliferation of
mudskippers (Igbal et al. 2018; Ridho et al. 2019; Ridho et al. 2021).
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Figure 1. The study area of P. schlosseri in Sungsang coast

Table 1. Description of sampling locations in the Sungsang estuaries

Sampling sites and Position T
Description
names Longitudes (E) Latitudes (S)

1 - Sungsang IV 104° 53' 22.65" 2°22'00.07" Fisherman's village, but the population is not as
large as in sites 2, 3 and 4. There is a healthy
mangrove ecosystem and this site is the mouth
of the estuary

2 —Sungsang Il 104° 53'50.17" 2° 21'56.30" A fisherman village area with a moderate
population, known for its active fishing
community

3 —Sungsang Il 104° 54' 01.76" 2° 21' 54.56" Similar to Sungsang III, it’s a fisherman village
with a high population density and active
fishing activitie

4 — Sungsang | 104° 54' 14.22" 2°21'47.61" A fisherman village with a relatively larger
population, also known for its significant fishing
activities

5 — Marga Sungsang 104° 54' 21.17" 2°21'33.41" Fisherman's village, but the population is not as

large as in sites 2, 3 and 4. There is a good
mangrove ecosystem and this site is closer to
the river

Sampling and preservation

A total of eleven individuals of P. schlosseri were collected at each site (n = 55 total) during a single sampling event in
July 2024 to account for variation. Fish sampling was conducted using a 1 X 3 m seine net with a 1 mm mesh size suitable
for capturing small estuarine species. After collection, the samples were immediately placed in labeled plastic bottles
containing 8-10% formalin solution for initial preservation, and in the laboratory, the samples were transferred to 75%
ethanol for long-term storage and further morphometric and meristic analyses (Sotola et al. 2019; Jawad et al. 2020; Tran
and Nguyen 2023). The samples were collected at the Bioecology Marine Laboratory, Universitas Sriwijaya (voucher code
specimen: UNSRI, Periophthalmodon schlosseri, collected by Melki on 15 July 2024 at Sungsang Estuary, Indonesia).

Morphometric measurements
A total of seventeen morphometric measurements were recorded (Figure 2), including total length (TL), standard
length (SL), eye diameter (ED), head diameter (HD), head length (HL), length of the dorsal fin 1 (LD1), the gap between
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D1 and D2 (GD1D2), second dorsal fin length (LD2), and distance between anal and caudal fin (DAC), length of anal fin
(LA), least height of the pectoral fin (LPc), length of pectoral fin (PcF), the distance between pectoral and pelvic fin (DPI),
length of pelvic fin (LPF), the width of pelvic fin (WPF), and length of caudal fin (LCF), and width of caudal fin (WCF)
(Gangan et al. 2016; Rahman et al. 2022). Each measurement was measured to the nearest 0.1 centimeters, and body
weight was measured on a digital scale with 0.1 gram accuracy.

PcF

Figure 2. Morphometric measurements of mudskippers (Gangan et al. 2016; Sokefun et al. 2022; Rahman et al. 2022)

An allometric method (Rahman et al. 2022) was used to remove size-dependent variation from morphometric data. To
do so, all of them were standardized using the formula: Magj = M(Ls/Lo)°, where M is the original measurement, M. is the
adjusted measurement, L, is the fish's standard length, Ls is the mean standard length for all samples, and b is the slope of
the regression of logM on logL, for all samples. The correlation between the transformed variables and the standard length
of the samples was used to evaluate the results of the allometric method.

Environmental parameter measurements

Environmental parameters were measured in situ at each sampling site where fish samples were collected to assess the
physicochemical characteristics of the habitat. Water temperature, pH and dissolved oxygen were measured using a
portable multiparameter instrument (Hanna Instruments Inc., USA) to ensure accurate and simultaneous measurements.
Salinity was measured using a hand refractometer (ATAGO Co. Ltd, Tokyo, Japan). All measurements were performed in
triplicate to ensure the accuracy and reliability of the data.

Data analysis

The following equation was used to approximate the length-weight relationships using the formula W=a x TLb (Tran
et al. 2021; Vilchez et al. 2024), where W is the body weight (g), TL is the total length (cm), and a and b were estimated
by the least-squares method based on logarithms using the formula Log (W)= log (a)+b log (TL) (Raeisi et al. 2011). Fish
may exhibit isometric growth, characterized by equal growth in all three dimensions (b=3), or positive allometric growth,
where width and height receive priority (b>3), or negative allometric growth, where length is prioritized (b<3) (Froese
2006). The effectiveness of linear regression can be quantified by the coefficient of determination (r2) (Tran et al. 2021).

The K of the fish was estimated using the equation K= (W) / (a x TLb), where W is the body weight (g), TL is the total
length (cm), and a and b are the regression coefficients. A non-parametric Kruskal-Wallis test with a 5% threshold of
significance was employed to determine whether there were any significant variations in mean Wrm between species
because the assumptions of parametric statistics could not be met. For each statistical test, the significance level was set at
p<0.05.

Principal Component Analysis (PCA) was performed using XLSTAT version 2021.4.1 (Addinsoft, New York, USA)
integrated with Microsoft Excel. Prior to analysis, all morphometric and environmental data were standardized to eliminate
unit bias and ensure comparability between variables. PCA was used to identify patterns and correlations between
environmental parameters and morphometric traits of P. schlosseri across sampling sites. PCA reduces multidimensional
data into principal components that explain the maximum variance in the data set. A biplot of the first two principal
components was generated to visualize the distribution of active variables (environmental and morphometric parameters)
and active observations (sampling sites). Variables with similar directions and vector lengths were interpreted as having a
stronger influence or association within the same dimension.
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RESULTS DAN DISCUSSIONS

Environmental parameters

The environmental parameters of samples in all experiments conducted in the Sungsang coast area exhibited minimal
fluctuation (Table 1). The environmental parameters that exert a substantial influence on the survival of mudskippers
include temperature, salinity, acidity (pH), and dissolved oxygen content (DO) (Ansari et al. 2014; Ridho et al. 2021;
Dewiyanti et al. 2022).

Table 1. The environmental parameters in the sampling sites

Sampling site Temperature (°C) pH (water) pH (soil) DO (mg L) Salinity (ppt)
1 31.74¢0.1 7.240.2 7.0£0.1 6.9+0.5 20.0+0.0
2 31.7£0.2 7.1£0.1 6.8+0.3 6.3+0.3 16.7£1.5
3 31.3#0.1 7.110.1 6.9+0.1 6.310.6 16.0+0.0
4 31.9£0.2 7.1+0.1 7.0£0.2 7.8+0.5 15.3+0.6
5 29.840.1 7.2+0.1 6.8+0.3 7.9+0.4 15.0+0.0

The temperature of the water varied from 29.8+0.1 to 31.9+0.2°C. According to previous studies, the optimal water
temperature range for mudskippers is between 23.5 and 35.5°C (Ridho et al. 2021; Dewiyanti et al. 2022; Arevalo et al.
2023). However, mudskippers demonstrated a preference for milder water temperatures, with a mean of 26.7+2.1°C (Nay
et al. 2018). The pH levels of the water ranged from 7.1+0.1 to 7.2+0.2, and the pH levels of the soil ranged from 6.8+0.3
to 7.00.2. According to several studies, the mudskipper exhibits optimal growth and reproductive capacity in aquatic
environments with pH values ranging from 6 to 8 (Ridho et al. 2021; Dewiyanti et al. 2022; Darojat et al. 2023).

The present study examined the dissolved oxygen (DO) levels in the aquatic environment, with a range of 6.3+0.3 to
7.9+0.4 mg L. This finding is notable when compared to the results reported by Ridho et al. (2021), that the mudskipper
could survive at DO levels ranging from 4.2 to 6.2 mg L1, In accordance with the findings of Dewiyanti et al. (2022), the
range of DO levels in this study was from 4.9 to 7 mg L™, indicating that mudskippers possess a considerable degree of
tolerance to variations in DO levels. The salinity levels in the study areas ranged from 15.0+0.0 to 20.0+0.0 ppt. In contrast,
Darojat et al. (2023) reported that mudskippers can survive in mangrove ecosystems with a salinity range of 1.7 to 2.58 ppt.
Ridho et al. (2021) also reported a salinity range of 0 to 0.1 ppt. However, Dewiyanti et al. (2022) identified a higher
salinity range, spanning from 18 to 25 ppt, and a more pronounced range of 24.4 to 34.4 ppt (Taniwel et al. 2020). The
significance of these salinity levels is underscored by the observation that mudskippers are euryhaline, indicating their
capacity to withstand a broad spectrum of salinities (Looi et al. 2021). However, pronounced fluctuations in salinity can
exert an influence on their physiological processes and selection of habitat (Looi et al. 2021).

Temperature, salinity, and dissolved oxygen (DO) levels represent critical physical parameters that significantly
influence the viability and growth potential of giant mudskippers. These fish exhibit a remarkable capacity for adaptability
in response to fluctuating environmental conditions, as evidenced by their increased oxygen uptake rates in response to
elevated temperatures (Pattaratumrong and Pompha 2024). Furthermore, they employ behavioral strategies to mitigate
exposure to extreme conditions.

Morphometric characteristic

The giant mudskipper Periophthalmodon schlosseri observed in this study had a mean total length (TL) of 20.08 cm,
ranging from 15.00 cm to 22.60 cm, while the mean standard length (SL) was 17.34 cm, with a range of 13.00 cm to 20.00
cm (Table 2). The body size recorded at the sampling sites in the Sungsang estuary is comparable to previous findings in
the Musi River estuary, South Sumatra, Indonesia (Ridho et al. 2019, 2021). However, it is significantly larger than
individuals reported from Cu Lao Dung Island, Soc Trang Province, Vietnam, which ranged from 12.10 - 18.65 cm (Tran
et al. 2022), and slightly larger than those from Tanjung Piai, Pontian, Johor, Malaysia, which ranged from approximately
20 cm (Hui et al. 2019). This difference may be due to several ecological factors, including higher habitat productivity,
greater availability of prey organisms, or potentially lower levels of anthropogenic disturbance in the Sungsang estuary. In
support of this, Dinh et al. (2020) suggested that food abundance plays an important role in shaping the growth of
mudskippers. Furthermore, Tran et al. (2021) reported that the diet composition of mudskippers varied with fish size,
season, and habitat, suggesting that local environmental conditions may significantly influence growth performance in
different populations.
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Figure 3. Sample of mudskipper (A. Periophthalmodon schlosseri, B. Morphometric measurement)

Giant mudskippers display a distinctive body shape that is adapted for both swimming and terrestrial locomotion. Their
bodies are generally elongated and laterally compressed, a trait that facilitates movement in both water and on land
(Pattaratumrong and Pompha 2024). The total length of these creatures can exhibit significant variation based on
environmental factors and habitat conditions. For instance, studies have documented lengths of up to 25 cm in certain
specimens attributed to variations in habitat type and food availability (Zhou et al. 2023). In addition to morphometric
measurements, giant mudskippers exhibit specific meristic traits that can be used to differentiate them from other
mudskipper species. For instance, the dorsal fin composition, including the number of spines and soft rays, exhibits
variation among populations, suggesting adaptations to local environmental conditions (Nor et al. 2023).

Table 2. Morphometric measurement results of P. schlosseri on Sungsang coast

Morphometric Measurements Ranged (cm) Mean =+ sd (cm)
TL 15.00 - 22.60 20.08+2.0
SL 13.00 - 20.00 17.34+1.7
ED 0.40-1.70 0.83+0.4
HD 2.40-4.80 3.4410.6
HL 3.40 - 6.40 4.81+0.8
LD, 1.50 -3.00 2.67+04

GD\D2 0.90 - 2.60 14704
LD: 3.00-4.20 3.73+x0.4
DAC 2.00-3.90 3.06:0.5

LA 2.60-4.30 3.49+04
LPc right 1.30-2.80 1.89+0.4
LPc left 1.40-2.80 2.05+0.4
PcF right 1.10-2.50 1.66+0.3
PcF left 1.50-3.00 1.91+0.5
DPI right 0.20-1.70 0.78+0.4

DPI left 0.50 - 1.80 0.960.4
LPF 0.80-2.80 1.63+0.7
WPF 1.50 - 3.00 2.3620.5
LCF 2.00-4.70 3.40+0.8
WCF 1.30-3.00 2.3240.5

Length-weight relationship

The length-weight relationship of the giant mudskipper (P. schlosseri) was determined through the analysis of 55
specimens collected from five sampling sites along the Sungsang coast. The total length (TL) ranged from 15.00 to 22.60
cm, and the body weight varied from 28.3 to 119.2 g (Table 3).

Table 3. Range of total length (TL) and body weight (W) of P. schlosseri in Sungsang coast

Sampling Site TL (cm) W (g)
1 195-215 67.8-102.5
2 15.0-21.0 28.3-103.7

3 19.0-205 61.8-92.8
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4 20.0-225 87.7-108.3
5 19.5-22.6 82.1-119.2

Average 20.1 85.4

The findings of the regression analysis and the length-weight relationship graph (Figure 2) yielded the following
equation: y = 0.0026x3.45. The b value of 3.45 indicates that the fish growth pattern is positive allometric (b > 3),
signifying that weight growth outpaces length increase. Positive allometric growth is indicated by a length-weight
relationship (LWR) where the exponent (b) is greater than 3. Studies have demonstrated that P. schlosseri exhibits such a
relationship, with documented values of b indicating positive allometry (Ridho et al. 2019; Abiaobo et al. 2021; Looi et al.
2021; Mussa et al. 2024). For instance, a study conducted in the Musi River Estuary found that the correlation coefficient
for the length-weight relationship (LWR) of P. schlosseri was 98.2%, with an exponent value of 3.189, confirming its
positive allometric growth (Ridho et al. 2019). This suggests that as the fish grows, it becomes relatively heavier compared
to its length, which may be advantageous for buoyancy and mobility in its habitat. This positive allometric growth pattern
of P. schlosseri is consistent with findings from related species within the same family. For example, P. barbarus also
exhibited positive allometric growth in similar ecological contexts, reinforcing the notion that this growth strategy may be
a common adaptive trait among mudskippers (Indarjo et al. 2020; Abiaobo et al. 2021). The implications of such growth
patterns are critical, as they can influence the species' reproductive strategies, survival rates, and overall fitness in
fluctuating environmental conditions typical of mangrove ecosystems (Dinh 2016).
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Figure 2. Relationship between total length and body weight of P. schlosseri in Sungsang coast

In comparison with other species found in mangrove ecosystems, the allometric growth of P. schlosseri reflects typical
trends in estuarine and intertidal species, where growth patterns are often influenced by environmental conditions such as
temperature, food availability, and habitat structure (Chew et al. 2014; Looi et al. 2021). The positive allometry observed
in the Sungsang population could be attributed to the productivity of the mangrove ecosystem, which provides abundant
resources for these mudskippers. The Musi River estuary is home to a diverse array of mudskipper species, which exhibit
various adaptations to their mangrove habitat. For instance, studies have documented the reproductive biology and feeding
habits of mudskippers in this region, emphasizing their role in the local food web (Ridho et al. 2019; Ridho et al. 2021).

Condition factor

The K value exhibited a maximum at sampling site 1 (K= 1.04) and a minimum at sampling site 5 (K= 0.94) (Figure 3).
The variation in K values across the sampling sites was not statistically significant, suggesting that the fish samples were
healthy and well-nourished at the time of the study. The K values in the Sungsang coastal area are comparable to those
found in the Tran De District, Soc Trang Province, Mekong Delta, Vietnam mangrove habitat, which range from 1.01 to
1.03 (Dinh 2016), and the West Coast of Peninsular Malaysia, which range from 0.41 to 1.29 (Looi et al. 2021).
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Figure 3. Condition factor of P. schlosseri in Sungsang coast

Furthermore, the condition factor (K), a metric of health and well-being, was evaluated and correlated with the length-
weight relationship. The condition factor values indicated a range of nutritional status among the mudskippers, with most
individuals displaying average to good health (Froese 2006). However, some specimens with lower condition factors were
found to be lean, suggesting potential seasonal fluctuations in food availability that might influence the body mass-to-
length ratio (Abdullah and Zain 2019; Tran et al. 2021; Nguyén et al. 2022). Condition factors, which are used as an
indicator of fish health, have been shown to vary with environmental conditions. This indicates that abiotic factors, such as
temperature and salinity, as well as biotic factors, such as prey availability, significantly affect the growth patterns of these
fishes (Dewiyanti et al., 2022; Dinh et al., 2022).

Principal component analysis (PCA)

Principal component analysis was employed to ascertain the correlation between seventeen P. schlosseri morphometric
characteristics and environmental factors, including water pH and soil pH, dissolved oxygen (DO), temperature, and
salinity. The analysis yielded significant findings concentrated on two primary axes: F1 by 55.47% and F2 by 24.70%,
with 80.17% representing the maximum amount of information (Figure 4).
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Figure 4. PCA was examined to determine morphometric characteristics related to environmental factors of P. schlosseri on Sungsang
coast

The environmental parameter on the positive F1 axis is characterized by DO, which for sampling site 5 is high at 7.9
mg L. According to Kumar et al. (2021) and Mulyasari (2023), a very strong correlation relationship can mean that as the
value of the comparison character increases, the length of a morphometric character in fish will also increase.
Consequently, elevated levels of dissolved oxygen at the Sungsang coast could potentially influence the growth of
morphometric characteristics in P. schlosseri. A study by Khater et al. (2021) and Heriyati et al. (2022) indicated that low
DO levels can lead to a reduction in fish appetite and growth. The findings indicate that salinity exerts minimal influence
on the morphometric growth of P. schlosseri. The classification of mudskippers as euryhaline organisms is attributed to
their capacity to respond to variations in salt concentration (Taniwel et al. 2020; Kim et al. 2021; Hamidah et al. 2024).

The positive F2 axis is characterized by sampling site 1, which is associated with the environmental parameter
component of soil pH and the morphometric characteristics of WPF, defined as the width of the pelvic fins utilized during
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locomotion by mudskippers. This parameter is believed to be closely related to their biological functions (Hidayat et al.
2022; Quigley et al. 2022). The pH value of the soil at sampling site 1 is 7, indicating a high value within the threshold of
P. schlosseri life. The measurement of soil pH is crucial as the mudskipper habitat is located in the sediment. A low pH
value in the mudskipper habitat prompts the fish to allocate their energy toward environmental adjustments rather than
growth and foraging (Smith and Nobriga 2023).

This study analyzed the giant mudskipper P. schlosseri on Sungsang coast, revealing positive allometric growth (b>3)
and healthy condition factors. Dissolved oxygen and pH exhibited a strong influence on morphometric characteristics,
while temperature and salinity supported optimal habitats. The findings emphasize the critical role of mangroves in
sustaining P. schlosseri populations and offer insights into mangrove ecosystem management. This study highlights that
dissolved oxygen and pH are the most influential environmental variables affecting the morphometric variation of P.
schlosseri, suggesting their potential as key indicators in mangrove ecosystem monitoring.
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Figure 3. Sample of mudskipper (A. Periophthalmodon
schlosseri, B. Morphometric measurement)
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Analysis of morphology and population dynamics of giant
mudskipper Periophthalmodon schlosseri (Pallas, 1770) (Gobiiformes:
Oxudercidae) at Sungsang estuaries, South Sumatra, Indonesia

Abstract. The Giant Mudskipper[Periophthalmodon schlosseri (Pallas, 1770) lPeriophthaImodon schlosseri (Pallas, 1770) is one of the
most abundant mudskipper species, playing a vital role in the biomass of mangrove ecosystems. Mudskipper fish are also found in the
Sungsang coast, an estuary of the Musi River that is fed by river water from three provinces in Indonesia: South Sumatra, Lampung, and
Bengkulu. This study aimed This study aimed to analyze the morphology and population dynamics of mudskippers along with their
environmental parameters in Sungsang coastal South Sumatra. For this study, mudskipper specimens were collected from five sampling
sites along the Sungsang coast and analyzed for morphometric characteristics, length-weight relationships, and their correlations with
key environmental parameters like temperature, pH, and dissolved oxygen. The analysis of fifty-five specimens revealed an average
total length of 20.08 cm, a standard length of 17.34 cm, and an average weight of 85.4 g. The growth pattern exhibited positive
allometry (b>3), suggesting that as these fish grow, their body weight increases faster faster than their length. Condition factor analysis
indicated that the fish sampled were healthy and in good nutritional condition. The principal component analysis (PCA) further
highlighted a strong association between dissolved oxygen and pH levels with the morphometric characteristics of the mudskippers,
explaining 55.47% of the variation on the F1 axis and 24.70% on the F2 axis. This robust correlation between environmental factors and
morphometric characteristics underscores the reliability of our findings. These findings provide crucial insights into the ecological
health of the Giant Mudskipper and its dependence on specific environmental factors in the mangrove habitat are of utmost importance.

Keywords: Environmental parameter, Length-weight relationship, Morphometric, Mudskipper, Sungsang coast
Running title: Morphology and Population Dynamics of Mudskipper

INTRODUCTION

The mangrove ecosystem is an important area due to its role in providing a habitat for a wide variety of aquatic and
terrestrial biota, as evidenced by the discovery of rare and previously unrecorded fish species such as the bearded
gudgeon Pogoneleotris heterolepis in the Kapuas River estuary (Valen et al. 2022) and the small-eyed
gudgeon Prionobutis microps in the Solo River estuary (Hasan et al. 2022), highlighting the ecological importance of these
transitional zones as critical habitats for endemic and specialized aquatic species. This ecosystem is important from a
variety of angles, including its environmental functions, such as protecting estuaries and coastlines from storms, stabilizing
the shore, and reducing coastal soil erosion and floodin-, as shown by successful restoration in Central Java (Setyawan anfl
Winarno 2006) and Flores Island (Wirabuana et al. 2025). Restored mangroves in Pasar Banggi prevented erosion. In
Flores, 10-year-old mangroves improved sediment retention and wave absorption. Additionally, it serves as a nursery
habitat and breeding ground for a wide range of biota, and it provides sources that include essential commaodities for both
subsistence and commerce (Arulnayagam et al. 2021; Su et al. 2021; Jordan and Frohle 2022; Waleed et al. 2024).

During periods of low tide, mangrove swamps and tidal flats formed in creeks, estuaries, and coastal waterways

provide habitat for mudskippers (Mai et al. 2019; Ridho et al. 2019; Santoso et al. 2020; Darojat et al. 2023; Nathaniel et al.

2024). Mudskippers exhibit physiological, morphological, and behavioral adaptations that allow them to thrive in both
aquatic and terrestrial environments (You et al. 2018; Tran et al. 2020; Corush and Zhang 2022; Steppan et al. 2022).
Various factors, including food availability, habitat selection, human disturbance, and others influence the geographical
distribution of each species. A notable example is the giant mudskipper Periophthalmodon schlosseri, which contributes
significantly to the biomass value of the mangrove ecosystem (Zulkifli et al. 2012; Dewiyanti et al. 2022). According to
the IUCN Red List of Threatened Species, this species is currently listed as Least Concern (LC), indicating that it is not
under any immediate threat of population decline (IUCN 2023). Periophthalmodon schlosseri is widely distributed
throughout the Indo-West Pacific region, including coastal and estuarine areas of Southeast Asia, northern Australia and
parts of South Asia (Ansari et al. 2014; Parenti and Jaafar 2017).

Giant mudskippers are distinguished by their unique morphologies, which facilitate movement in both aquatic and
terrestrial environments. Their pectoral fins are specialized for navigating on land, a crucial adaptation for survival in the
intertidal zone (Pace and Gibb 2009; Zhou et al. 2023). The anatomical structure of these fins is not only important for
movement but also reflects the evolutionary transition from aquatic to terrestrial life (Ziadi-Kiinzli et al. 2024). For
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example, the robust fin morphology allows mudskippers to generate thrust on land, which is crucial for escaping predators
and foraging for food (Pace and Gibb 2009). Furthermore, studies have indicated that pelvic fin morphology varies among
mudskipper species, affecting their climbing behavior and overall movement (Hidayat et al. 2022).

The giant [mudskipper P. schlosseri serves as a valuable bioindicator species, with its population dynamics reflecting
both habitat quality and environmental stressors. Studies in Songkhla Lake, Thailand, demonstrate its sensitivity to
ecosystem degradation, showing highest densities in undisturbed mangrove-associated mudflats and complete absence in
seawall-modified habitats without mangroves (Pattaratumrong and Pompha 2024). This pattern mirrors findings from the
Sungsang estuary, where mudskipper presence correlates with heavy metal pollution levels, making them effective
biomarkers for coastal contamination (Santoso et al. 2020, 2024). Their ecological significance extends to reproductive
biology, as population structure and fecundity studies reveal seasonal spawning synchronized with the southwest monsoon
(Simon et al. 2012; Ridho et al. 2021), linking life-history traits directly to environmental cycles. Together, these studies
establish the giant mudskipper as an integrative indicator of ecosystem health, responding to habitat integrity, pollution
pressures, and climatic influences across its range.

The biodiversity of fish species in the Sungsang estuary, including the giant mudskipper, is influenced by a variety of
environmental factors. Numerous studies have documented the species diversity and community composition in this
region, emphasizing the importance of mangrove ecosystems as critical habitats for mudskippers and other aquatic species
(Fauziyah et al. 2019). However, the ongoing threat of human activities, such as deforestation and pollution, poses a
significant threat to the ecosystem, thereby impacting mudskipper populations and their role. Consequently, conservation
efforts are imperative to safeguard the habitat and ensure the long-term sustainability of mudskippers in South Sumatra
(Septinar et al. 2023).

A number of studies have been conducted on the foraging behavior of mudskippers in South Sumatra, encompassing
research on their dietary habits (Ridho et al. 2019), gonad length and fecundity (Ridho et al. 2021), and range extension of
P. septemradiatus (Igbal et al. 2018). However, research on the length-weight relationship of P. schlosseri remains scarce,
with most studies being based on field observations. Sungsang coast, located in the estuary of the Musi River, is a well-
known site for mudskippers. Despite numerous studies on the biology and ecology of mudskippers in Southeast Asia, data
on length-weight relationships and morphometric-environment interactions of P. schlosseri in the Sungsang estuary remain
scarce. This study aims to fill this gap by analyzing the length-weight relationships and morphometric-environment
interactions of P. schlosseri in the Sungsang estuary.

MATERIALS AND METHODS

Study area

The research was carried out at five stations in the study area in the Sungsang estuaries of South Sumatra, Indonesia
(Figure 1). The description of these sampling locations is shown in Table 1. The Musi River is a major river with multiple
uses for its resources. It flows through three provinces on Indonesia's Sumatra Island: South Sumatra, Lampung, and
Bengkulu. The coast of Sungang is situated within the Musi River estuary, where the river meets the sea (Melki et al.
2018a, b). Local fishermen depend on the rich aquatic life in the river and its estuary for their livelihoods. The Musi River
estuary is home to a variety of fish species, including freshwater stingrays, catfish, and other fish, which are not only a
source of food but also contribute to the local economy and food security (Putri and Melki 2020). The mangrove
ecosystem within the Musi Estuary is in a state of optimal health, providing an ideal environment for the proliferation of
mudskippers (Igbal et al. 2018; Ridho et al. 2019; Ridho et al. 2021).
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Figure 1. The study area of P. schlosseri in Sungsang coast

Table 1. Description of sampling locations in the Sungsang estuaries

Sampling sites and

Position

names

Longitudes (E)

Latitudes (S)

Description

1 — Sungsang IV

2 —Sungsang 1

3 —Sungsang Il

4 — Sungsang |

5 — Marga Sungsang

104° 53' 22.65"

104° 53'50.17"

104° 54' 01.76"

104° 54' 14.22"

104°54' 21.17"

2°22'00.07"

2°21'56.30"

2° 21' 54.56"

2°21'47.61"

2°21'33.41"

Fisherman's village, but the population is not as
large as in sites 2, 3 and 4. There is a healthy
mangrove ecosystem and this site is the mouth
of the estuary

A fisherman village area with a moderate
population, known for its active fishing
community

Similar to Sungsang I, it’s a fisherman village
with a high population density and active
fishing activitie

A fisherman village with a relatively larger
population, also known for its significant fishing
activities

Fisherman's village, but the population is not as
large as in sites 2, 3 and 4. There is a good
mangrove ecosystem and this site is closer to
the river

Sampling and preservation

A total of eleven individuals of P. schlosseri were collected at each site (n = 55 total) during a single sampling event in
July 2024 to account for variation. Fish sampling was conducted using a 1 x 3 m seine net with a 1 mm mesh size suitable
for capturing small estuarine species. After collection, the samples were immediately placed in labeled plastic bottles
containing 8-10% formalin solution for initial preservation, and in the laboratory, the samples were transferred to 75%
ethanol for long-term storage and further morphometric and meristic analyses (Sotola et al. 2019; Jawad et al. 2020; Tran

and Nguyen 2023). The samples were collected at the Bioecology Marine Laboratory, Universitas Sriwijaya (voucher code
specimen: UNSRI, [Periophthalmodon schlosseril, collected by Melki on 15 July 2024 at Sungsang Estuary, Indonesia).

Morphometric measurements
A total of seventeen morphometric measurements were recorded (Figure 2), including total length (TL), standard
length (SL), eye diameter (ED), head diameter (HD), head length (HL), length of the dorsal fin 1 (LD1), the gap between
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D1 and D2 (GD1D2), second dorsal fin length (LD2), and distance between anal and caudal fin (DAC), length of anal fin
(LA), least height of the pectoral fin (LPc), length of pectoral fin (PcF), the distance between pectoral and pelvic fin (DPI),
length of pelvic fin (LPF), the width of pelvic fin (WPF), and length of caudal fin (LCF), and width of caudal fin (WCF)
(Gangan et al. 2016; Rahman et al. 2022). Each measurement was measured to the nearest 0.1 centimeters, and body
weight was measured on a digital scale with 0.1 gram accuracy.

TL

PcF

Figure 2. Morphometric measurements of mudskippers (Gangan et al. 2016; Sokefun et al. 2022; Rahman et al. 2022)

An allometric method (Rahman et al. 2022) was used to remove size-dependent variation from morphometric data. To
do so, all of them were standardized using the formula: Magj = M(Ls/L,)®, where M is the original measurement, Magj is the
adjusted measurement, L, is the fish's standard length, Ls is the mean standard length for all samples, and b is the slope of
the regression of logM on logL, for all samples. The correlation between the transformed variables and the standard length
of the samples was used to evaluate the results of the allometric method.

Environmental parameter measurements

Environmental parameters were measured in situ at each sampling site where fish samples were collected to assess the
physicochemical characteristics of the habitat. Water temperature, pH and dissolved oxygen were measured using a
portable multiparameter instrument (Hanna Instruments Inc., USA) to ensure accurate and simultaneous measurements.
Salinity was measured using a hand refractometer (ATAGO Co. Ltd, Tokyo, Japan). All measurements were performed in
triplicate to ensure the accuracy and reliability of the data.

Data analysis

The following equation was used to approximate the length-weight relationships using the formula W=a x TLb (Tran
et al. 2021; Vilchez et al. 2024), where W is the body weight (g), TL is the total length (cm), and a and b were estimated
by the least-squares method based on logarithms using the formula Log (W)= log (a)+b log (TL) (Raeisi et al. 2011). Fish
may exhibit isometric growth, characterized by equal growth in all three dimensions (b=3), or positive allometric growth,
where width and height receive priority (b>3), or negative allometric growth, where length is prioritized (b<3) (Froese
2006). The effectiveness of linear regression can be quantified by the coefficient of determination (r2) (Tran et al. 2021).

The K of the fish was estimated using the equation K= (W) / (a x TLb), where W is the body weight (g), TL is the total
length (cm), and a and b are the regression coefficients. A non-parametric Kruskal-Wallis test with a 5% threshold of
significance was employed to determine whether there were any significant variations in mean Wrm between species
because the assumptions of parametric statistics could not be met. For each statistical test, the significance level was set at
p<0.05.

Principal Component Analysis (PCA) was performed using XLSTAT version 2021.4.1 (Addinsoft, New York, USA)
integrated with Microsoft Excel. Prior to analysis, all morphometric and environmental data were standardized to eliminate
unit bias and ensure comparability between variables. PCA was used to identify patterns and correlations between
environmental parameters and morphometric traits of P. schlosseri across sampling sites. PCA reduces multidimensional
data into principal components that explain the maximum variance in the data set. A biplot of the first two principal
components was generated to visualize the distribution of active variables (environmental and morphometric parameters)
and active observations (sampling sites). Variables with similar directions and vector lengths were interpreted as having a
stronger influence or association within the same dimension.
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RESULTS DAN DISCUSSIONS

Environmental parameters

The environmental parameters of samples in all experiments conducted in the Sungsang coast area exhibited minimal
fluctuation (Table 1). The environmental parameters that exert a substantial influence on the survival of mudskippers
include temperature, salinity, acidity (pH), and dissolved oxygen content (DO) (Ansari et al. 2014; Ridho et al. 2021;
Dewiyanti et al. 2022).

Table 1. The environmental parameters in the sampling sites

Sampling site Temperature (°C) pH (water) pH (soil) DO (mg L?) Salinity (ppt)
1 31.7+0.1 7.240.2 7.0£0.1 6.9+0.5 20.0+0.0
2 31.7+0.2 7.140.1 6.8+0.3 6.3+0.3 16.7+15
3 31.3+0.1 7.1£0.1 6.9£0.1 6.3+0.6 16.0+0.0
4 31.9+0.2 7.140.1 7.0£0.2 7.8+0.5 15.3+0.6
5 20.840.1 7.240.1 6.8+0.3 7.9+0.4 15.0+0.0

The temperature of the water varied from 29.8+0.1 to 31.9+0.2°C. According to previous studies, the optimal water
temperature range for mudskippers is between 23.5 and 35.5°C (Ridho et al. 2021; Dewiyanti et al. 2022; Arevalo et al.
2023). However, mudskippers demonstrated a preference for milder water temperatures, with a mean of 26.7+2.1°C (Nay
et al. 2018). The pH levels of the water ranged from 7.1+0.1 to 7.2+0.2, and the pH levels of the soil ranged from 6.8+0.3
to 7.00.2. According to several studies, the mudskipper exhibits optimal growth and reproductive capacity in aquatic
environments with pH values ranging from 6 to 8 (Ridho et al. 2021; Dewiyanti et al. 2022; Darojat et al. 2023).

The present study examined the dissolved oxygen (DO) levels in the aquatic environment, with a range of 6.3+0.3 to
7.9+0.4 mg L%, This finding is notable when compared to the results reported by Ridho et al. (2021), that the mudskipper
could survive at DO levels ranging from 4.2 to 6.2 mg L. In accordance with the findings of Dewiyanti et al. (2022), the
range of DO levels in this study was from 4.9 to 7 mg L™, indicating that mudskippers possess a considerable degree of
tolerance to variations in DO levels. The salinity levels in the study areas ranged from 15.0+0.0 to 20.0+0.0 ppt. In contrast,
Darojat et al. (2023) reported that mudskippers can survive in mangrove ecosystems with a salinity range of 1.7 to 2.58 ppt.
Ridho et al. (2021) also reported a salinity range of 0 to 0.1 ppt. However, Dewiyanti et al. (2022) identified a higher
salinity range, spanning from 18 to 25 ppt, and a more pronounced range of 24.4 to 34.4 ppt (Taniwel et al. 2020). The
significance of these salinity levels is underscored by the observation that mudskippers are euryhaline, indicating their
capacity to withstand a broad spectrum of salinities (Looi et al. 2021). However, pronounced fluctuations in salinity can
exert an influence on their physiological processes and selection of habitat (Looi et al. 2021).

Temperature, salinity, and dissolved oxygen (DO) levels represent critical physical parameters that significantly
influence the viability and growth potential of giant mudskippers. These fish exhibit a remarkable capacity for adaptability
in response to fluctuating environmental conditions, as evidenced by their increased oxygen uptake rates in response to
elevated temperatures (Pattaratumrong and Pompha 2024). Furthermore, they employ behavioral strategies to mitigate
exposure to extreme conditions.

Morphometric characteristic

[The giant mudskipper bbserved in this study had a mean total length (TL) of 20.08 cm, ranging from 15.00 cm to 22.60
cm, while the mean standard length (SL) was 17.34 ¢cm, with a range of 13.00 cm to 20.00 cm (Table 2). The body size
recorded at the sampling sites in the Sungsang estuary is comparable to previous findings in the Musi River estuary, South
Sumatra, Indonesia (Ridho et al. 2019, 2021). However, it is significantly larger than individuals reported from Cu Lao
Dung Island, Soc Trang Province, Vietnam, which ranged from 12.10 - 18.65 cm (Tran et al. 2022), and slightly larger
than those from Tanjung Piai, Pontian, Johor, Malaysia, which ranged from approximately 20 cm (Hui et al. 2019). This
difference may be due to several ecological factors, including higher habitat productivity, greater availability of prey
organisms, or potentially lower levels of anthropogenic disturbance in the Sungsang estuary. In support of this, Dinh et al.
(2020) suggested that food abundance plays an important role in shaping the growth of mudskippers. Furthermore, Tran et
al. (2021) reported that the diet composition of mudskippers varied with fish size, season, and habitat, suggesting that local
environmental conditions may significantly influence growth performance in different populations.
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Figure 3. Sample of mudskipper (A. Periophthalmodon schlosseri, B. Morphometric measurement)

Giant mudskippers display a distinctive body shape that is adapted for both swimming and terrestrial locomotion. Their
bodies are generally elongated and laterally compressed, a trait that facilitates movement in both water and on land
(Pattaratumrong and Pompha 2024). The total length of these creatures can exhibit significant variation based on
environmental factors and habitat conditions. For instance, studies have documented lengths of up to 25 cm in certain
specimens attributed to variations in habitat type and food availability (Zhou et al. 2023). In addition to morphometric
measurements, giant mudskippers exhibit specific meristic traits that can be used to differentiate them from other
mudskipper species. For instance, the dorsal fin composition, including the number of spines and soft rays, exhibits
variation among populations, suggesting adaptations to local environmental conditions (Nor et al. 2023).

Table 2. Morphometric measurement results of P. schlosseri on Sungsang coast

Morphometric Measurements Ranged (cm) Mean + sd (cm)
TL 15.00 - 22.60 20.08+2.0
SL 13.00 - 20.00 17.34£1.7
ED 0.40-1.70 0.83+0.4
HD 2.40-4.80 3.44+0.6
HL 3.40 - 6.40 4.81+0.8
LD, 1.50 - 3.00 2.67+0.4

GDiD: 0.90 - 2.60 1.47+0.4
LD: 3.00-4.20 3.73+0.4
DAC 2.00-3.90 3.06£0.5
LA 2.60-4.30 3.49+0.4

LPc right 1.30-2.80 1.89+0.4
LPc left 1.40-2.80 2.05+0.4
PcF right 1.10-2.50 1.66+0.3
PcF left 1.50 - 3.00 1.91+0.5
DPI right 0.20-1.70 0.78+0.4

DPI left 0.50 - 1.80 0.96+0.4
LPF 0.80-2.80 1.63+0.7
WPF 1.50 - 3.00 2.36x0.5
LCF 2.00-4.70 3.40+0.8
WCF 1.30-3.00 2.32+0.5

Length-weight relationship

The length-weight relationship of fthe giant mudskipper (P. schlosseri) was determined through the analysis of 55 {c(,mmented [VH5]: See previous comment

specimens collected from five sampling sites along the Sungsang coast. The total length (TL) ranged from 15.00 to 22.60
cm, and the body weight varied from 28.3 to 119.2 g (Table 3).

Table 3. Range of total length (TL) and body weight (W) of P. schlosseri in Sungsang coast

Sampling Site TL (cm) W (g)
1 195-215 67.8-1025
2 15.0-21.0 28.3-103.7

3 19.0-20.5 61.8-92.8
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4 20.0-225 87.7-108.3
5 195-22.6 82.1-119.2

Average 20.1 85.4

The findings of the regression analysis and the length-weight relationship graph (Figure 2) yielded the following
equation: y = 0.0026x3.45. The b value of 3.45 indicates that the fish growth pattern is positive allometric (b > 3),
signifying that weight growth outpaces length increase. Positive allometric growth is indicated by a length-weight
relationship (LWR) where the exponent (b) is greater than 3. Studies have demonstrated thati exhibits such }a
relationship, with documented values of b indicating positive allometry (Ridho et al. 2019; Abiaobo et al. 2021; Looi et al.
2021; Mussa et al. 2024). For instance, a study conducted in the Musi River Estuary found that the correlation coefficient
for the length-weight relationship (LWR) of [EIIESRIBESEN was 98.2%, with an exponent value of 3.189, confirming its
positive allometric growth (Ridho et al. 2019). This suggests that as the fish grows, it becomes relatively heavier compared
to its length, which may be advantageous for buoyancy and mobility in its habitat. This positive allometric growth pattern
of P. schlosseri is consistent with findings from related species within the same family. For example, P. barbarus also
exhibited positive allometric growth in similar ecological contexts, reinforcing the notion that this growth strategy may be
a common adaptive trait among mudskippers (Indarjo et al. 2020; Abiaobo et al. 2021). The implications of such growth
patterns are critical, as they can influence the species' reproductive strategies, survival rates, and overall fitness in
fluctuating environmental conditions typical of mangrove ecosystems (Dinh 2016).

120} W =0.0026 x L 34509 %
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Figure 2. Relationship between total length and body weight of P. schlosseri in Sungsang coast

In comparison with other species found in mangrove ecosystems, the allometric growth of P. schlosseri reflects typical
trends in estuarine and intertidal species, where growth patterns are often influenced by environmental conditions such as
temperature, food availability, and habitat structure (Chew et al. 2014; Looi et al. 2021). The positive allometry observed
in the Sungsang population could be attributed to the productivity of the mangrove ecosystem, which provides abundant
resources for these mudskippers. The Musi River estuary is home to a diverse array of mudskipper species, which exhibit
various adaptations to their mangrove habitat. For instance, studies have documented the reproductive biology and feeding
habits of mudskippers in this region, emphasizing their role in the local food web (Ridho et al. 2019; Ridho et al. 2021).

Condition factor

The K value exhibited a maximum at sampling site 1 (K= 1.04) and a minimum at sampling site 5 (K= 0.94) (Figure 3).

The variation in K values across the sampling sites was not statistically significant, suggesting that the fish samples were
healthy and well-nourished at the time of the study. The K values in the Sungsang coastal area are comparable to those
found in the Tran De District, Soc Trang Province, Mekong Delta, Vietham mangrove habitat, which range from 1.01 to
1.03 (Dinh 2016), and the West Coast of Peninsular Malaysia, which range from 0.41 to 1.29 (Looi et al. 2021).
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Figure 3. Condition factor of P. schlosseri in Sungsang coast

Furthermore, the condition factor (K), a metric of health and well-being, was evaluated and correlated with the length-
weight relationship. The condition factor values indicated a range of nutritional status among the mudskippers, with most
individuals displaying average to good health (Froese 2006). However, some specimens with lower condition factors were
found to be lean, suggesting potential seasonal fluctuations in food availability that might influence the body mass-to-
length ratio (Abdullah and Zain 2019; Tran et al. 2021; Nguyén et al. 2022). Condition factors, which are used as an
indicator of fish health, have been shown to vary with environmental conditions. This indicates that abiotic factors, such as
temperature and salinity, as well as biotic factors, such as prey availability, significantly affect the growth patterns of these
fishes (Dewiyanti et al., 2022; Dinh et al., 2022).

Principal component analysis (PCA)

Principal component analysis was employed to ascertain the correlation between seventeen P. schlosseri morphometric
characteristics and environmental factors, including water pH and soil pH, dissolved oxygen (DO), temperature, and
salinity. The analysis yielded significant findings concentrated on two primary axes: F1 by 55.47% and F2 by 24.70%,
with 80.17% representing the maximum amount of information (Figure 4).

Biplot (axes F1 and F2: B0.17 %)

F2(24.70 %)

k3 4 2 o 2
F1(66.47 %)

[+ active variables + active abservations

Figure 4. PCA was examined to determine morphometric characteristics related to environmental factors of P. schlosseri on Sungsang
coast

The environmental parameter on the positive F1 axis is characterized by DO, which for sampling site 5 is high at 7.9
mg L. According to Kumar et al. (2021) and Mulyasari (2023), a very strong correlation relationship can mean that as the
value of the comparison character increases, the length of a morphometric character in fish will also increase.
Consequently, elevated levels of dissolved oxygen at the Sungsang coast could potentially influence the growth of
morphometric characteristics in P. schlosseri. A study by Khater et al. (2021) and Heriyati et al. (2022) indicated that low
DO levels can lead to a reduction in fish appetite and growth. The findings indicate that salinity exerts minimal influence
on the morphometric growth ofﬂ The classification of mudskippers as euryhaline organisms is attributed to
their capacity to respond to variations in salt concentration (Taniwel et al. 2020; Kim et al. 2021; Hamidah et al. 2024).
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The positive F2 axis is characterized by sampling site 1, which is associated with the environmental parameter
component of soil pH and the morphometric characteristics of WPF, defined as the width of the pelvic fins utilized during
locomotion by mudskippers. This parameter is believed to be closely related to their biological functions (Hidayat et al.
2022; Quigley et al. 2022). The pH value of the soil at sampling site 1 is 7, indicating a high value within the threshold of
giant mudskipper Jlife. The measurement of soil pH is crucial as the mudskipper habitat is located in the sediment. A loW
pH value in the mudskipper habitat prompts the fish to allocate their energy toward environmental adjustments rather than
growth and foraging (Smith and Nobriga 2023).

This study analyzed the giant mudskipper P—sehiosseri-on Sungsang coast, revealing positive allometric growth (b>3)
and healthy condition factors. Dissolved oxygen and pH exhibited a strong influence on morphometric characteristics,
while temperature and salinity supported optimal habitats. The findings emphasize the critical role of mangroves in
sustaining |P—schlosseri-giant mudskipper populations and offer insights into mangrove ecosystem management. This
study highlights that dissolved oxygen and pH are the most influential environmental variables affecting the morphometric
variation of P. schlosseri, suggesting their potential as key indicators in mangrove ecosystem monitoring.
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Abstract. Melki, Ananta FD, Isnaini, Agustriani F, Apri R, Hartoni, Ningsih EN, Meiyerani J. 2025. Analysis of morphology and
population dynamics of giant mudskipper Periophthalmodon schlosseri (Gobiiformes: Oxudercidae) at Sungsang Estuaries, South
Sumatra, Indonesia. Biodiversitas 26: xxxx. The Giant Mudskipper Periophthalmodon schlosseri is one of the most abundant
mudskipper species, playing a vital role in the biomass of mangrove ecosystems. Mudskipper fish are also found in the Sungsang coast,
an estuary of the Musi River that is fed by river water from three provinces in Indonesia: South Sumatra, Lampung, and Bengkulu. This
study aimed This study aimed to analyze the morphology and population dynamics of mudskippers along with their environmental
parameters in Sungsang coastal South Sumatra. For this study, mudskipper specimens were collected from five sampling sites along the
Sungsang coast and analyzed for morphometric characteristics, length-weight relationships, and their correlations with key
environmental parameters like temperature, pH, and dissolved oxygen. The analysis of fifty-five specimens revealed an average total
length of 20.08 cm, a standard length of 17.34 cm, and an average weight of 85.4 g. The growth pattern exhibited positive allometry
(b>3), suggesting that as these fish grow, their body weight increases faster than their length. Condition factor analysis indicated that the
fish sampled were healthy and in good nutritional condition. The principal component analysis (PCA) further highlighted a strong
association between dissolved oxygen and pH levels with the morphometric characteristics of the mudskippers, explaining 55.47% of
the variation on the F1 axis and 24.70% on the F2 axis. This robust correlation between environmental factors and morphometric
characteristics underscores the reliability of our findings. These findings provide crucial insights into the ecological health of the Giant
Mudskipper and its dependence on specific environmental factors in the mangrove habitat are of utmost importance.

Keywords: Environmental parameter, length-weight relationship, morphometric, mudskipper, Sungsang coast

INTRODUCTION commerce (Arulnayagam et al. 2021; Su et al. 2021; Jordan
and Frohle 2022; Waleed et al. 2024).

The mangrove ecosystem is an important area due to its During periods of low tide, mangrove swamps and tidal

role in providing a habitat for a wide variety of aquatic and
terrestrial biota, as evidenced by the discovery of rare and
previously unrecorded fish species such as the bearded
gudgeon Pogoneleotris heterolepis in the Kapuas River
estuary (Valen et al. 2022) and the small-eyed gudgeon
Prionobutis microps in the Solo River estuary (Hasan et al.
2022), highlighting the ecological importance of these
transitional zones as critical habitats for endemic and
specialized aquatic species. This ecosystem is important
from a variety of angles, including its environmental
functions, such as protecting estuaries and coastlines from
storms, stabilizing the shore, and reducing coastal soil
erosion and flooding, as shown by successful restoration in
Central Java (Setyawan and Winarno 2006) and Flores Island
(Wirabuana et al. 2025). Restored mangroves in Pasar Banggi
prevented erosion. In Flores, 10-year-old mangroves
improved sediment retention and wave absorption.
Additionally, it serves as a nursery habitat and breeding
ground for a wide range of biota, and it provides sources
that include essential commodities for both subsistence and

flats formed in creeks, estuaries, and coastal waterways
provide habitat for mudskippers (Mai et al. 2019; Ridho et
al. 2019; Santoso et al. 2020; Darojat et al. 2023; Nathaniel
et al. 2024). Mudskippers exhibit physiological,
morphological, and behavioral adaptations that allow them
to thrive in both aquatic and terrestrial environments (You
et al. 2018; Tran et al. 2020; Corush and Zhang 2022;
Steppan et al. 2022). Various factors, including food
availability, habitat selection, human disturbance, and
others influence the geographical distribution of each
species. A notable example is the giant mudskipper
Periophthalmodon schlosseri, which contributes
significantly to the biomass value of the mangrove
ecosystem (Zulkifli et al. 2012; Dewiyanti et al. 2022).
According to the [IUCN Red List of threatened species, this
species is currently listed as Least Concern (LC), indicating
that it is not under any immediate threat of population
decline (IUCN 2023). Periophthalmodon schlosseri is
widely distributed throughout the Indo-West Pacific region,
including coastal and estuarine areas of Southeast Asia,
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Northern Australia, and parts of South Asia (Ansari et al.
2014; Parenti and Jaafar 2017).

Giant mudskippers are distinguished by their unique
morphologies, which facilitate movement in both aquatic
and terrestrial environments. Their pectoral fins are
specialized for navigating on land, a crucial adaptation for
survival in the intertidal zone (Pace and Gibb 2009; Zhou
et al. 2023). The anatomical structure of these fins is not
only important for movement but also reflects the
evolutionary transition from aquatic to terrestrial life
(Ziadi-Kiinzli et al. 2024). For example, the robust fin
morphology allows mudskippers to generate thrust on land,
which is crucial for escaping predators and foraging for
food (Pace and Gibb 2009). Furthermore, studies have
indicated that pelvic fin morphology varies among
mudskipper species, affecting their climbing behavior and
overall movement (Hidayat et al. 2022).

The giant mudskipper serves as a valuable bioindicator
species, with its population dynamics reflecting both
habitat quality and environmental stressors. Studies in
Songkhla Lake, Thailand, demonstrate its sensitivity to
ecosystem degradation, showing highest densities in
undisturbed mangrove-associated mudflats and complete
absence in seawall-modified habitats without mangroves
(Pattaratumrong and Pompha 2024). This pattern mirrors
findings from the Sungsang estuary, where mudskipper
presence correlates with heavy metal pollution levels,
making them  effective biomarkers for  coastal
contamination (Santoso et al. 2020, 2024). Their ecological
significance extends to reproductive biology, as population
structure and fecundity studies reveal seasonal spawning
synchronized with the southwest monsoon (Simon et al.
2012; Ridho et al. 2021), linking life-history traits directly
to environmental cycles. Together, these studies establish
the giant mudskipper as an integrative indicator of
ecosystem health, responding to habitat integrity, pollution
pressures, and climatic influences across its range.

The biodiversity of fish species in the Sungsang
estuary, including the giant mudskipper, is influenced by a
variety of environmental factors. Numerous studies have
documented the species diversity and community
composition in this region, emphasizing the importance of
mangrove ecosystems as critical habitats for mudskippers
and other aquatic species (Fauziyah et al. 2019). However,
the ongoing threat of human activities, such as
deforestation and pollution, poses a significant threat to the

ecosystem, thereby impacting mudskipper populations and
their role. Consequently, conservation efforts are
imperative to safeguard the habitat and ensure the long-
term sustainability of mudskippers in South Sumatra
(Septinar et al. 2023).

Several studies have been conducted on the foraging
behavior of mudskippers in South Sumatra, encompassing
research on their dietary habits (Ridho et al. 2019), gonad
length and fecundity (Ridho et al. 2021), and range
extension of P. septemradiatus (Igbal et al. 2018).
However, research on the length-weight relationship of P.
schlosseri remains scarce, with most studies being based on
field observations. Sungsang coast, located in the estuary of
the Musi River, is a well-known site for mudskippers.
Despite numerous studies on the biology and ecology of
mudskippers in Southeast Asia, data on length-weight
relationships and morphometric-environment interactions
of P. schlosseri in the Sungsang estuary remain scarce.
This study aims to fill this gap by analyzing the length-
weight relationships and morphometric-environment
interactions of P. schlosseri in the Sungsang estuary.

MATERIALS AND METHODS

Study area

The research was carried out at five stations in the study
area in the Sungsang estuaries of South Sumatra, Indonesia
(Figure 1). The description of these sampling locations is
shown in Table 1. The Musi River is a major river with
multiple uses for its resources. It flows through three
provinces on Indonesia's Sumatra Island: South Sumatra,
Lampung, and Bengkulu. The coast of Sungang is situated
within the Musi River estuary, where the river meets the
sea (Melki et al. 2018a, b). Local fishermen depend on the
rich aquatic life in the river and its estuary for their
livelihoods. The Musi River estuary is home to a variety of
fish species, including freshwater stingrays, catfish, and
other fish, which are not only a source of food but also
contribute to the local economy and food security (Putri
and Melki 2020). The mangrove ecosystem within the
Musi Estuary is in a state of optimal health, providing an
ideal environment for the proliferation of mudskippers
(Igbal et al. 2018; Ridho et al. 2019; Ridho et al. 2021).

Table 1. Description of sampling locations in the Sungsang estuaries, South Sumatra, Indonesia

Sampling sites Position Description
and names Longitudes (E)  Latitudes (S) P
1-Sungsang IV 104°53'22.65" 2°22'00.07"  Fisherman's village, but the population is not as large as in sites 2, 3 and 4.

There is a healthy mangrove ecosystem, and this site is the mouth of the estuary

A fisherman village area with a moderate population, known for its active

Similar to Sungsang Il1, it’s a fisherman village with a high population density

and active fishing activities

A fisherman village with a relatively larger population, also known for its

significant fishing activities

2-Sungsang 111 104°53'50.17" 2°21'56.30"
fishing community
3-Sungsang |1 104°54'01.76" 2°21'54.56"
4-Sungsang | 104°54'14.22" 2°21'47.61"
5-Marga Sungsang ~ 104°54'21.17" 2°21'33.41"

Fisherman's village, but the population is not as large as in sites 2, 3 and 4.

There is a good mangrove ecosystem, and this site is closer to the river
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Figure 1. The study area of Periophthalmodon schlosseri in Sungsang coast, South Sumatra, Indonesia

Sampling and preservation

A total of eleven individuals of P. schlosseri were
collected at each site (n: 55 total) during a single sampling
event in July 2024 to account for variation. Fish sampling
was conducted using a 1x3 m seine net with a 1 mm mesh
size suitable for capturing small estuarine species. After
collection, the samples were immediately placed in labeled
plastic bottles containing 8-10% formalin solution for
initial preservation, and in the laboratory, the samples were
transferred to 75% ethanol for long-term storage and
further morphometric and meristic analyses (Sotola et al.
2019; Jawad et al. 2020; Tran and Nguyen 2023). The
samples were collected at the Bioecology Marine
Laboratory, Universitas Sriwijaya (voucher code specimen:
UNSRI, P. schlosseri, collected by Melki on 15 July 2024
at Sungsang Estuary, Indonesia).

Morphometric measurements

A total of seventeen morphometric measurements were
recorded (Figure 2), including total length (TL), standard
length (SL), eye diameter (ED), head diameter (HD), head
length (HL), length of the dorsal fin 1 (LD1), the gap
between D1 and D2 (GD1D2), second dorsal fin length
(LD2), and distance between anal and caudal fin (DAC),
length of anal fin (LA), least height of the pectoral fin
(LPc), length of pectoral fin (PcF), the distance between
pectoral and pelvic fin (DPI), length of pelvic fin (LPF),
the width of pelvic fin (WPF), and length of caudal fin
(LCF), and width of caudal fin (WCF) (Gangan et al. 2016;
Rahman et al. 2022). Each measurement was measured to
the nearest 0.1 cm, and body weight was measured on a
digital scale with 0.1 g accuracy.

WPF

PcF

Figure 2. Morphometric measurements of mudskippers (Gangan
et al. 2016; Rahman et al. 2022; Sokefun et al. 2022)

An allometric method (Rahman et al. 2022) was used to
remove size-dependent variation from morphometric data.
To do so, all of them were standardized using the formula:
Magj = M(Ls/Lo)?, where M is the original measurement,
Maqj is the adjusted measurement, L, is the fish's standard
length, Ls is the mean standard length for all samples, and b
is the slope of the regression of logM on logL, for all
samples. The correlation between the transformed variables
and the standard length of the samples was used to evaluate
the results of the allometric method.

Environmental parameter measurements

Environmental parameters were measured in situ at
each sampling site where fish samples were collected to
assess the physicochemical characteristics of the habitat.
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Water temperature, pH and dissolved oxygen were
measured using a portable multiparameter instrument
(Hanna Instruments Inc., USA) to ensure accurate and
simultaneous measurements. Salinity was measured using a
hand refractometer (ATAGO Co. Ltd, Tokyo, Japan). All
measurements were performed in triplicate to ensure the
accuracy and reliability of the data.

Data analysis

The following equation was used to approximate the
length-weight relationships using the formula W = a x TLb
(Tran et al. 2021; Vilchez et al. 2024), where W is the body
weight (g), TL is the total length (cm), and a and b were
estimated by the least-squares method based on logarithms
using the formula Log (W) = log (a)+b log (TL) (Raeisi et
al. 2011). Fish may exhibit isometric growth, characterized
by equal growth in all three dimensions (b=3), or positive
allometric growth, where width and height receive priority
(b>3), or negative allometric growth, where length is
prioritized (b<3) (Froese 2006). The effectiveness of linear
regression can be quantified by the coefficient of
determination (r2) (Tran et al. 2021).

The K of the fish was estimated using the equation K =
(W) / (a x TLb), where W is the body weight (g), TL is the
total length (cm), and a and b are the regression
coefficients. A non-parametric Kruskal-Walli’s test with a
5% threshold of significance was employed to determine
whether there were any significant variations in mean Wrm
between species because the assumptions of parametric
statistics could not be met. For each statistical test, the
significance level was set at p<0.05.

Principal Component Analysis (PCA) was performed
using XLSTAT version 2021.4.1 (Addinsoft, New York,
USA) integrated with Microsoft Excel. Prior to analysis, all
morphometric and environmental data were standardized to
eliminate unit bias and ensure comparability between
variables. PCA was used to identify patterns and
correlations  between environmental parameters and
morphometric traits of P. schlosseri across sampling sites.
PCA reduces multidimensional data into principal
components that explain the maximum variance in the data
set. A biplot of the first two principal components was
generated to visualize the distribution of active variables
(environmental and morphometric parameters) and active
observations (sampling sites). Variables with similar
directions and vector lengths were interpreted as having a
stronger influence or association within the same
dimension.

h’able 2|. The environmental parameters in the sampling sites

RESULTS DAN DISCUSSIONS

Environmental parameters

The environmental parameters of samples in all
experiments conducted in the Sungsang coast area
exhibited minimal fluctuation (Tablel 2). The environmental
parameters that exert a substantial influence on the survival
of mudskippers include temperature, salinity, acidity (pH),
and dissolved oxygen content (DO) (Ansari et al. 2014;
Ridho et al. 2021; Dewiyanti et al. 2022).

The temperature of the water varied from 29.8+0.1°C to
31.940.2°C. According to previous studies, the optimal
water temperature range for mudskippers is between
23.5°C and 35.5°C (Ridho et al. 2021; Dewiyanti et al.
2022; Arevalo et al. 2023). However, mudskippers
demonstrated a preference for milder water temperatures,
with a mean of 26.7+2.1°C (Nay et al. 2018). The pH
levels of the water ranged from 7.1+0.1 to 7.2+0.2, and the
pH levels of the soil ranged from 6.8+0.3 to 7.0+0.2.
According to several studies, the mudskipper exhibits
optimal growth and reproductive capacity in aquatic
environments with pH values ranging from 6 to 8 (Ridho et
al. 2021; Dewiyanti et al. 2022; Darojat et al. 2023).

The present study examined the dissolved oxygen (DO)
levels in the aquatic environment, with a range of 6.3+0.3
to 7.9+0.4 mg L. This finding is notable when compared
to the results reported by Ridho et al. (2021), that the
mudskipper could survive at DO levels ranging from 4.2 to
6.2 mg L. In accordance with the findings of Dewiyanti et
al. (2022), the range of DO levels in this study was from
4.9 to 7 mg L%, indicating that mudskippers possess a
considerable degree of tolerance to variations in DO levels.
The salinity levels in the study areas ranged from 15.0+0.0
to 20.0£0.0 ppt. In contrast, Darojat et al. (2023) reported
that mudskippers can survive in mangrove ecosystems with
a salinity range of 1.7 to 2.58 ppt. Ridho et al. (2021) also
reported a salinity range of 0 to 0.1 ppt. However,
Dewiyanti et al. (2022) identified a higher salinity range,
spanning from 18 to 25 ppt, and a more pronounced range
of 24.4 to 34.4 ppt (Taniwel et al. 2020). The significance
of these salinity levels is underscored by the observation
that mudskippers are euryhaline, indicating their capacity
to withstand a broad spectrum of salinities (Looi et al.
2021). However, pronounced fluctuations in salinity can
exert an influence on their physiological processes and
selection of habitat (Looi et al. 2021).

Sampling site Temperature (°C) pH (water) pH (soil) DO (mg L?) Salinity (ppt)
1 31.7+0.1 7.240.2 7.0+0.1 6.9+0.5 20.0+0.0
2 31.7+0.2 7.1+0.1 6.8+0.3 6.3+0.3 16.7+1.5
3 31.320.1 7.10.1 6.9+0.1 6.3+0.6 16.0+0.0
4 31.9+0.2 7.1+0.1 7.0+0.2 7.840.5 15.3+0.6
5 29.8+0.1 7.240.1 6.8+0.3 7.9+0.4 15.0+0.0
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Temperature, salinity, and dissolved oxygen (DO)
levels represent critical physical parameters that
significantly influence the viability and growth potential of
giant mudskippers. These fish exhibit a remarkable
capacity for adaptability in response to fluctuating
environmental conditions, as evidenced by their increased
oxygen uptake rates in response to elevated temperatures
(Pattaratumrong and Pompha 2024). Furthermore, they
employ behavioral strategies to mitigate exposure to
extreme conditions.

Morphometric characteristic

Periophthalmodon schlosseri observed in this study had
a mean total length (TL) of 20.08 cm, ranging from 15.00
cm to 22.60 cm, while the mean standard length (SL) was
17.34 cm, with a range of 13.00 cm to 20.00 cm (]Figure 3

Giant mudskippers display a distinctive body shape that
is adapted for both swimming and terrestrial locomotion.
Their bodies are generally elongated and laterally
compressed, a trait that facilitates movement in both water
and on land (Pattaratumrong and Pompha 2024). The total
length of these creatures can exhibit significant variation
based on environmental factors and habitat conditions. For
instance, studies have documented lengths of up to 25 cm
in certain specimens attributed to variations in habitat type
and food availability (Zhou et al. 2023). In addition to
morphometric measurements, giant mudskippers exhibit
specific meristic traits that can be used to differentiate them
from other mudskipper species. For instance, the dorsal fin
composition, including the number of spines and soft rays,
exhibits  variation among populations,  suggesting
adaptations to local environmental conditions (Nor et al.
2023).

and |Tab|e 3). The body size recorded at the sampling sites
in the Sungsang estuary is comparable to previous findings
in the Musi River estuary, South Sumatra, Indonesia
(Ridho et al. 2019, 2021). However, it is significantly
larger than individuals reported from Cu Lao Dung Island,
Soc Trang Province, Vietnam, which ranged from 12.10-
18.65 cm (Tran et al. 2022), and slightly larger than those
from Tanjung Piai, Pontian, Johor, Malaysia, which ranged
from approximately 20 cm (Hui et al. 2019). This
difference may be due to several ecological factors,
including higher habitat productivity, greater availability of
prey organisms, or potentially lower levels of
anthropogenic disturbance in the Sungsang estuary. In
support of this, Dinh et al. (2020) suggested that food
abundance plays an important role in shaping the growth of
mudskippers. Furthermore, Tran et al. (2021) reported that
the diet composition of mudskippers varied with fish size,
season, and habitat, suggesting that local environmental
conditions may significantly influence growth performance
in different populations.

Figure 3. Sample of mudskipper. A. Periophthalmodon
schlosseri; B. Morphometric measurement

Length-weight relationship

The length-weight relationship of P. schlosseri was
determined through the analysis of 55 specimens collected
from five sampling sites along the Sungsang coast. The
total length (TL) ranged from 15.00 to 22.60 cm, and the
body weight varied from 28.3 to 119.2 g (Table 4).

The findings of the regression analysis and the length-
weight relationship graph dFigure 4D yielded the following
equation: y: 0.0026x3.45. The b value of 3.45 indicates that
the fish growth pattern is positive allometric (b>3),
signifying that weight growth outpaces length increase.
Positive allometric growth is indicated by a length-weight
relationship (LWR) where the exponent (B) is greater than
3. Studies have demonstrated that P. schlosseri exhibits
such a relationship, with documented values of b indicating
positive allometry (Ridho et al. 2019; Abiaobo et al. 2021;
Looi et al. 2021; Mussa et al. 2024). For instance, a study
conducted in the Musi River Estuary found that the
correlation coefficient for the length-weight relationship
(LWR) of P. schlosseri was 98.2%, with an exponent value
of 3.189, confirming its positive allometric growth (Ridho
et al. 2019). This suggests that as the fish grows, it
becomes relatively heavier compared to its length, which
may be advantageous for buoyancy and mobility in its
habitat. This positive allometric growth pattern of P.
schlosseri is consistent with findings from related species
within the same family. For example, P. barbarus also
exhibited positive allometric growth in similar ecological
contexts, reinforcing the notion that this growth strategy
may be a common adaptive trait among mudskippers
(Indarjo et al. 2020; Abiaobo et al. 2021). The implications
of such growth patterns are critical, as they can influence
the species' reproductive strategies, survival rates, and
overall fitness in fluctuating environmental conditions
typical of mangrove ecosystems (Dinh 2016).

In comparison with other species found in mangrove
ecosystems, the allometric growth of P. schlosseri reflects
typical trends in estuarine and intertidal species, where
growth patterns are often influenced by environmental
conditions such as temperature, food availability, and
habitat structure (Chew et al. 2014; Looi et al. 2021). The
positive allometry observed in the Sungsang population
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could be attributed to the productivity of the mangrove
ecosystem, which provides abundant resources for these
mudskippers. The Musi River estuary is home to a diverse
array of mudskipper species, which exhibit various
adaptations to their mangrove habitat. For instance, studies
have documented the reproductive biology and feeding
habits of mudskippers in this region, emphasizing their role
in the local food web (Ridho et al. 2019; Ridho et al. 2021).

Condition factor

The K value exhibited a maximum at sampling site 1
K: 1.04) and a minimum at sampling site 5 (K: 0.94)
éFigure SD. The variation in K values across the sampling
sites was not statistically significant, suggesting that the
fish samples were healthy and well-nourished at the time of
the study. The K values in the Sungsang coastal area are
comparable to those found in the Tran De District, Soc
Trang Province, Mekong Delta, Vietnam mangrove habitat,
which range from 1.01 to 1.03 (Dinh 2016), and the West
Coast of Peninsular Malaysia, which range from 0.41 to
1.29 (Looi et al. 2021).

Table 8. Morphometric  measurement  results  of
Periophthalmodon schlosseri on Sungsang coast, South Sumatra,
Indonesia

Morphometric

Ranged (cm) Meanzsd (cm)

measurements

TL 15.00-22.60 20.08+2.0
SL 13.00-20.00 17.34£1.7
ED 0.40-1.70 0.83+0.4
HD 2.40-4.80 3.44+0.6
HL 3.40-6.40 4.81+0.8
LD 1.50-3.00 2.67+0.4
GD:D2 0.90-2.60 14704
LD: 3.00-4.20 3.73+0.4
DAC 2.00-3.90 3.06+0.5
LA 2.60-4.30 3.49+0.4
LPc right 1.30-2.80 1.89+0.4
LPc left 1.40-2.80 2.05+0.4
PcF right 1.10-2.50 1.66+0.3
PcF left 1.50-3.00 1.91+0.5
DPI right 0.20-1.70 0.78+0.4
DPI left 0.50-1.80 0.96+0.4
LPF 0.80-2.80 1.63+0.7
WPF 1.50-3.00 2.36+0.5
LCF 2.00-4.70 3.40+0.8
WCF 1.30-3.00 2.32+0.5

Table 4, Range of total length (TL) and body weight (W) of
Periophthalmodon schlosseri in Sungsang coast, South Sumatra,
Indonesia

Sampling Site TL (cm) W (9)
1 19.5-21.5 67.8-102.5
2 15.0-21.0 28.3-103.7
3 19.0-20.5 61.8-92.8
4 20.0-22.5 87.7-108.3
5 19.5-22.6 82.1-119.2
Average 20.1 85.4

120} W=0.0026 x L 4509 x
R2=0.93, r=0.97, n=55

Weight (g)
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Figure 5. Condition factor of Periophthalmodon schlosseri in
Sungsang coast, South Sumatra, Indonesia

Furthermore, the condition factor (K), a metric of health
and well-being, was evaluated and correlated with the
length-weight relationship. The condition factor values
indicated a range of nutritional status among the
mudskippers, with most individuals displaying average to
good health (Froese 2006). However, some specimens with
lower condition factors were found to be lean, suggesting
potential seasonal fluctuations in food availability that
might influence the body mass-to-length ratio (Abdullah
and Zain 2019; Tran et al. 2021; Nguyén et al. 2022).
Condition factors, which are used as an indicator of fish
health, have been shown to vary with environmental
conditions. This indicates that abiotic factors, such as
temperature and salinity, as well as biotic factors, such as
prey availability, significantly affect the growth patterns of
these fishes (Dewiyanti et al. 2022; Dinh et al. 2022).
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Principal component analysis (PCA)

Principal component analysis was employed to
ascertain the correlation between seventeen P. schlosseri
morphometric characteristics and environmental factors,
including water pH and soil pH, dissolved oxygen (DO),
temperature, and salinity. The analysis yielded significant
findings concentrated on two primary axes: F1 by 55.47%
and F2 by 24.70%, with 80.17% representing the maximum
amount of information (Figure 6).

The environmental parameter on the positive F1 axis is
characterized by DO, which for sampling site 5 is high at
7.9 mg L% According to Kumar et al. (2021) and
Mulyasari (2023), a very strong correlation relationship can
mean that as the value of the comparison character
increases, the length of a morphometric character in fish
will also increase. Consequently, elevated levels of
dissolved oxygen at the Sungsang coast could potentially
influence the growth of morphometric characteristics in P.
schlosseri. A study by Khater et al. (2021) and Heriyati et
al. (2022) indicated that low DO levels can lead to a
reduction in fish appetite and growth. The findings indicate
that salinity exerts minimal influence on the morphometric
growth of P. schlosseri. The classification of mudskippers
as euryhaline organisms is attributed to their capacity to
respond to variations in salt concentration (Taniwel et al.
2020; Kim et al. 2021; Hamidah et al. 2024).

The positive F2 axis is characterized by sampling site 1,
which is associated with the environmental parameter
component of soil pH and the morphometric characteristics
of WPF, defined as the width of the pelvic fins utilized
during locomotion by mudskippers. This parameter is
believed to be closely related to their biological functions
(Hidayat et al. 2022; Quigley et al. 2022). The pH value of
the soil at sampling site 1 is 7, indicating a high value
within the threshold of the giant mudskipper life. The
measurement of soil pH is crucial as the mudskipper
habitat is located in the sediment. A low pH value in the
mudskipper habitat prompts the fish to allocate their energy
toward environmental adjustments rather than growth and
foraging (Smith and Nobriga 2023).
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Figure 6] PCA was examined to determine morphometric
characteristics ~ related to  environmental  factors  of
Periophthalmodon schlosseri on Sungsang coast, South Sumatra,
Indonesia

This study analyzed the giant mudskipper on Sungsang
coast, revealing positive allometric growth (b>3) and
healthy condition factors. Dissolved oxygen and pH
exhibited a strong influence on  morphometric
characteristics, while temperature and salinity supported
optimal habitats. The findings emphasize the critical role of
mangroves in sustaining giant mudskipper populations and
offer insights into mangrove ecosystem management. This
study highlights that dissolved oxygen and pH are the most
influential ~ environmental  variables affecting the
morphometric variation of P. schlosseri, suggesting their
potential as key indicators in mangrove ecosystem
monitoring.
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Abstract. Melki, Ananta FD, Isnaini, Agustriani F, Apri R, Hartoni, Ningsih EN, Meiyerani J. 2025. Analysis of morphology and
population dynamics of giant mudskipper Periophthalmodon schlosseri (Gobiiformes: Oxudercidae) at Sungsang Estuaries, South
Sumatra, Indonesia. Biodiversitas 26: 2269-2277. The giant mudskipper Periophthalmodon schlosseri is one of the most abundant
mudskipper species, playing a vital role in the biomass of mangrove ecosystems. Mudskipper fish are also found in the Sungsang Coast,
an estuary of the Musi River that is fed by river water from three provinces in Indonesia: South Sumatra, Lampung, and Bengkulu. This
study aimed to analyze the morphology and population dynamics of mudskippers along with their environmental parameters in
Sungsang Coastal, South Sumatra. For this study, mudskipper specimens were collected from five sampling sites along the Sungsang
Coast and analyzed for morphometric characteristics, length-weight relationships, and their correlations with key environmental
parameters like temperature, pH, and dissolved oxygen. The analysis of fifty-five specimens revealed an average total length of 20.08
cm, a standard length of 17.34 cm, and an average weight of 85.4 g. The growth pattern exhibited positive allometry (b>3), suggesting
that as these fish grow, their body weight increases faster than their length. Condition factor analysis indicated that the fish sampled
were healthy and in good nutritional condition. The Principal Component Analysis (PCA) further highlighted a strong association
between dissolved oxygen and pH levels with the morphometric characteristics of the mudskippers, explaining 55.47% of the variation
on the F1 axis and 24.70% on the F2 axis. This robust correlation between environmental factors and morphometric characteristics
underscores the reliability of our findings. These findings provide crucial insights into the ecological health of the Giant Mudskipper and

its dependence on specific environmental factors in the mangrove habitat are of utmost importance.

Keywords: Environmental parameter, length-weight relationship, morphometric, mudskipper, Sungsang Coast

INTRODUCTION

The mangrove ecosystem is an important area due to its
role in providing a habitat for a wide variety of aquatic and
terrestrial biota, as evidenced by the discovery of rare and
previously unrecorded fish species such as the bearded
gudgeon Pogoneleotris heterolepis in the Kapuas River
Estuary, Kalimantan, Indonesia (Valen et al. 2022) and the
small-eyed gudgeon Prionobutis microps in the Solo River
Estuary, Java, Indonesia (Hasan et al. 2022), highlighting
the ecological importance of these transitional zones as
critical habitats for endemic and specialized aquatic
species. This ecosystem is important from a variety of
angles, including its environmental functions, such as
protecting estuaries and coastlines from storms, stabilizing
the shore, and reducing coastal soil erosion and flooding, as
shown by successful restoration in Central Java (Setyawan
and Winarno 2006) and Flores Island, Indonesia (Wirabuana
et al. 2025). Restored mangroves in Pasar Banggi, Central
Java, prevented erosion. In Flores, 10-year-old mangroves
improved sediment retention and wave absorption.
Additionally, it serves as a nursery habitat and breeding
ground for a wide range of biota, and it provides sources
that include essential commodities for both subsistence and

commerce (Arulnayagam et al. 2021; Su et al. 2021; Jordan
and Frohle 2022; Waleed et al. 2024).

During periods of low tide, mangrove swamps and tidal
flats formed in creeks, estuaries, and coastal waterways
provide habitat for mudskippers (Mai et al. 2019; Ridho et
al. 2019; Santoso et al. 2020; Darojat et al. 2023; Nathaniel
et al. 2024). Mudskippers exhibit physiological,
morphological, and behavioral adaptations that allow them
to thrive in both aquatic and terrestrial environments (You
et al. 2018; Tran et al. 2020; Corush and Zhang 2022;
Steppan et al. 2022). Various factors, including food
availability, habitat selection, human disturbance, and
others influence the geographical distribution of each
species. A notable example is the giant mudskipper
Periophthalmodon schlosseri, which  contributes
significantly to the biomass value of the mangrove
ecosystem (Zulkifli et al. 2012; Dewiyanti et al. 2022).
According to the [IUCN Red List of threatened species, this
species is currently listed as Least Concern (LC), indicating
that it is not under any immediate threat of population
decline (IUCN 2023). Periophthalmodon schlosseri is
widely distributed throughout the Indo-West Pacific region,
including coastal and estuarine areas of Southeast Asia,
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Northern Australia, and parts of South Asia (Ansari et al.
2014; Parenti and Jaafar 2017).

Giant mudskippers are distinguished by their unique
morphologies, which facilitate movement in both aquatic
and terrestrial environments. Their pectoral fins are
specialized for navigating on land, a crucial adaptation for
survival in the intertidal zone (Pace and Gibb 2009; Zhou
et al. 2023). The anatomical structure of these fins is not
only important for movement but also reflects the
evolutionary transition from aquatic to terrestrial life
(Ziadi-Kiinzli et al. 2024). For example, the robust fin
morphology allows mudskippers to generate thrust on land,
which is crucial for escaping predators and foraging for
food (Pace and Gibb 2009). Furthermore, studies have
indicated that pelvic fin morphology varies among
mudskipper species, affecting their climbing behavior and
overall movement (Hidayat et al. 2022).

The giant mudskipper serves as a valuable bioindicator
species, with its population dynamics reflecting both
habitat quality and environmental stressors. Studies in
Songkhla Lake, Thailand, demonstrate its sensitivity to
ecosystem degradation, showing highest densities in
undisturbed mangrove-associated mudflats and complete
absence in seawall-modified habitats without mangroves
(Pattaratumrong and Pompha 2024). This pattern mirrors
findings from the Sungsang Estuary, where mudskipper
presence correlates with heavy metal pollution levels,
making them effective biomarkers for coastal
contamination (Santoso et al. 2020, et al. 2024). Their
ecological significance extends to reproductive biology, as
population structure and fecundity studies reveal seasonal
spawning synchronized with the southwest monsoon
(Simon et al. 2012; Ridho et al. 2021), linking life-history
traits directly to environmental cycles. Together, these
studies establish the giant mudskipper as an integrative
indicator of ecosystem health, responding to habitat
integrity, pollution pressures, and climatic influences
across its range.

The biodiversity of fish species in the Sungsang
Estuary, including the giant mudskipper, is influenced by a
variety of environmental factors. Numerous studies have
documented the species diversity and community
composition in this region, emphasizing the importance of
mangrove ecosystems as critical habitats for mudskippers
and other aquatic species (Fauziyah et al. 2019). However,
the ongoing threat of human activities, such as
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deforestation and pollution, poses a significant threat to the
ecosystem, thereby impacting mudskipper populations and
their role. Consequently, conservation efforts are
imperative to safeguard the habitat and ensure the long-
term sustainability of mudskippers in South Sumatra
(Septinar et al. 2023).

Several studies have been conducted on the foraging
behavior of mudskippers in South Sumatra, encompassing
research on their dietary habits (Ridho et al. 2019), gonad
length and fecundity (Ridho et al. 2021), and range
extension of P. septemradiatus (Igbal et al. 2018).
However, research on the length-weight relationship of P.
schlosseri remains scarce, with most studies being based on
field observations. Sungsang Coast, located in the estuary
of the Musi River, Indonesia, is a well-known site for
mudskippers. Despite numerous studies on the biology and
ecology of mudskippers in Southeast Asia, data on length-
weight relationships and morphometric-environment
interactions of P. schlosseri in the Sungsang Estuary
remain scarce. This study aims to fill this gap by analyzing
the length-weight relationships and morphometric-
environment interactions of P. schlosseri in the Sungsang
Estuary.

MATERIALS AND METHODS

Study area

The research was carried out at five stations in the study
area in the Sungsang Estuaries of South Sumatra, Indonesia
(Figure 1 and Table 1). The Musi River is a major river
with multiple uses for its resources. It flows through three
provinces on Indonesia's Sumatra Island: South Sumatra,
Lampung, and Bengkulu. The coast of Sungang is situated
within the Musi River Estuary, where the river meets the
sea (Melki et al. 2018a, b). Local fishermen depend on the
rich aquatic life in the river and its estuary for their
livelihoods. The Musi River Estuary is home to a variety of
fish species, including freshwater stingrays, catfish, and
other fish, which are not only a source of food but also
contribute to the local economy and food security (Putri
and Melki 2020). The mangrove ecosystem within the
Musi Estuary is in a state of optimal health, providing an
ideal environment for the proliferation of mudskippers
(Igbal et al. 2018; Ridho et al. 2019, et al. 2021).

Table 1. Description of sampling locations in the Sungsang Estuaries, South Sumatra, Indonesia

Position
Longitudes (E) Latitudes (S)

Sampling sites
and names

Description

1-Sungsang IV 104°53'22.65" 2°22'00.07"

Fisherman's village, but the population is not as large as in sites 2, 3 and 4.

There is a healthy mangrove ecosystem, and this site is the mouth of the estuary.

A fisherman village area with a moderate population, known for its active

fishing community.

Similar to Sungsang II1, it’s a fisherman village with a high population density

and active fishing activities.

A fisherman village with a relatively larger population, also known for its

significant fishing activities.

2-Sungsang II1 104°53'50.17" 2°21'56.30"
3-Sungsang II 104°54'01.76" 2°21'54.56"
4-Sungsang | 104°54'14.22" 2°21'47.61"
5-Marga Sungsang ~ 104°54'21.17" 2°21'33.41"

Fisherman's village, but the population is not as large as in sites 2, 3 and 4.

There is a good mangrove ecosystem, and this site is closer to the river
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Figure 1. The study area of Periophthalmodon schlosseri in Sungsang Coast, South Sumatra, Indonesia

Sampling and preservation

A total of eleven individuals of P. schlosseri were
collected at each site (n: 55 total) during a single sampling
event in July 2024 to account for variation. Fish sampling
was conducted using a 1x3 m seine net with a 1 mm mesh
size suitable for capturing small estuarine species. After
collection, the samples were immediately placed in labeled
plastic bottles containing 8-10% formalin solution for
initial preservation, and in the laboratory, the samples were
transferred to 75% ethanol for long-term storage and
further morphometric and meristic analyses (Sotola et al.
2019; Jawad et al. 2020; Tran and Nguyen 2023). The
samples were collected at the Bioecology Marine
Laboratory, Universitas Sriwijaya (UNSRI), South Sumatra
(voucher code specimen: UNSRI, P. schlosseri, collected
by Melki on 15 July 2024 at Sungsang Estuary, Indonesia).

Morphometric measurements

A total of seventeen morphometric measurements were
recorded (Figure 2), including total length (TL), standard
length (SL), eye diameter (ED), head diameter (HD), head
length (HL), length of the dorsal fin 1 (LD1), the gap
between D1 and D2 (GD1D2), second dorsal fin length
(LD2), and distance between anal and caudal fin (DAC),
length of anal fin (LA), least height of the pectoral fin
(LPc), length of pectoral fin (PcF), the distance between
pectoral and pelvic fin (DPI), length of pelvic fin (LPF),
the width of pelvic fin (WPF), and length of caudal fin
(LCF), and width of caudal fin (WCF) (Gangan et al. 2016;
Rahman et al. 2022). Each measurement was measured to
the nearest 0.1 cm, and body weight was measured on a
digital scale with 0.1 g accuracy.

WPF

PcF

Figure 2. Morphometric measurements of mudskippers (Gangan
et al. 2016; Rahman et al. 2022; Sokefun et al. 2022)

An allometric method (Rahman et al. 2022) was used to
remove size-dependent variation from morphometric data.
To do so, all of them were standardized using the formula:
M.gj = M(L¢/L,)°, where M is the original measurement,
M.q; is the adjusted measurement, L, is the fish's standard
length, Ls is the mean standard length for all samples, and b
is the slope of the regression of logM on logL, for all
samples. The correlation between the transformed variables
and the standard length of the samples was used to evaluate
the results of the allometric method.

Environmental parameter measurements

Environmental parameters were measured in situ at
each sampling site where fish samples were collected to
assess the physicochemical characteristics of the habitat.
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Water temperature, pH and dissolved oxygen were
measured using a portable multiparameter instrument
(Hanna Instruments Inc., USA) to ensure accurate and
simultaneous measurements. Salinity was measured using a
hand refractometer (ATAGO Co. Ltd, Tokyo, Japan). All
measurements were performed in triplicate to ensure the
accuracy and reliability of the data.

Data analysis

The following equation was used to approximate the
length-weight relationships using the formula W = a x TLb
(Tran et al. 2021; Vilchez et al. 2024), where W is the body
weight (g), TL is the total length (cm), and a and b were
estimated by the least-squares method based on logarithms
using the formula Log (W) = log (a)+b log (TL) (Raeisi et
al. 2011). Fish may exhibit isometric growth, characterized
by equal growth in all three dimensions (b=3), or positive
allometric growth, where width and height receive priority
(b>3), or negative allometric growth, where length is
prioritized (b<3) (Froese 2006). The effectiveness of linear
regression can be quantified by the coefficient of
determination (r2) (Tran et al. 2021).

The K of the fish was estimated using the equation K =
(W) / (a x TLb), where W is the body weight (g), TL is the
total length (cm), and a and b are the regression
coefficients. A non-parametric Kruskal-Walli’s test with a
5% threshold of significance was employed to determine
whether there were any significant variations in mean Wrm
between species because the assumptions of parametric
statistics could not be met. For each statistical test, the
significance level was set at p<0.05.

Principal Component Analysis (PCA) was performed
using XLSTAT version 2021.4.1 (Addinsoft, New York,
USA) integrated with Microsoft Excel. Prior to analysis, all
morphometric and environmental data were standardized to
eliminate unit bias and ensure comparability between
variables. PCA was used to identify patterns and
correlations between environmental parameters and
morphometric traits of P. schlosseri across sampling sites.
PCA reduces multidimensional data into principal
components that explain the maximum variance in the data
set. A biplot of the first two principal components was
generated to visualize the distribution of active variables
(environmental and morphometric parameters) and active
observations (sampling sites). Variables with similar
directions and vector lengths were interpreted as having a
stronger influence or association within the same
dimension.

Table 2. The environmental parameters in the sampling sites
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RESULTS DAN DISCUSSION

Environmental parameters

The environmental parameters of samples in all
experiments conducted in the Sungsang Coast arca
exhibited minimal fluctuation (Table 2). The environmental
parameters that exert a substantial influence on the survival
of mudskippers include temperature, salinity, acidity (pH),
and Dissolved Oxygen (DO) content (Ansari et al. 2014;
Ridho et al. 2021; Dewiyanti et al. 2022).

The temperature of the water varied from 29.8+0.1°C to
31.9+0.2°C. According to previous studies, the optimal
water temperature range for mudskippers is between
23.5°C and 35.5°C (Ridho et al. 2021; Dewiyanti et al.
2022; Arevalo et al. 2023). However, mudskippers
demonstrated a preference for milder water temperatures,
with a mean of 26.7£2.1°C (Nay et al. 2018). The pH
levels of the water ranged from 7.140.1 to 7.2+0.2, and the
pH levels of the soil ranged from 6.8+0.3 to 7.0+0.2.
According to several studies, the mudskipper exhibits
optimal growth and reproductive capacity in aquatic
environments with pH values ranging from 6 to 8 (Ridho et
al. 2021; Dewiyanti et al. 2022; Darojat et al. 2023).

The present study examined the Dissolved Oxygen
(DO) levels in the aquatic environment, with a range of
6.3+0.3 to 7.9+0.4 mg L. This finding is notable when
compared to the results reported by Ridho et al. (2021), that
the mudskipper could survive at DO levels ranging from
42 to 6.2 mg L. In accordance with the findings of
Dewiyanti et al. (2022), the range of DO levels in this
study was from 4.9 to 7 mg L7, indicating that
mudskippers possess a considerable degree of tolerance to
variations in DO levels. The salinity levels in the study
areas ranged from 15.0+0.0 to 20.0+0.0 ppt. In contrast,
Darojat et al. (2023) reported that mudskippers can survive
in mangrove ecosystems with a salinity range of 1.7 to 2.58
ppt. Ridho et al. (2021) also reported a salinity range of 0
to 0.1 ppt. However, Dewiyanti et al. (2022) identified a
higher salinity range, spanning from 18 to 25 ppt, and a
more pronounced range of 24.4 to 34.4 ppt (Taniwel et al.
2020). The significance of these salinity levels is
underscored by the observation that mudskippers are
euryhaline, indicating their capacity to withstand a broad
spectrum of salinities (Looi et al. 2021). However,
pronounced fluctuations in salinity can exert an influence
on their physiological processes and selection of habitat
(Looi et al. 2021).

Sampling site Temperature (°C) pH (water) pH (soil) DO (mg L) Salinity (ppt)
1 31.7+0.1 7.240.2 7.0+0.1 6.9+0.5 20.0+0.0
2 31.7+0.2 7.1£0.1 6.8+0.3 6.3£0.3 16.7+1.5
3 31.3+0.1 7.1£0.1 6.9+0.1 6.3£0.6 16.0+0.0
4 31.9+0.2 7.1£0.1 7.0£0.2 7.8+£0.5 15.3+0.6
5 29.8+0.1 7.240.1 6.8+0.3 7.9+0.4 15.0+0.0




MELKI et al. — Morphology and population dynamics of Periophthalmodon schlosseri

Temperature, salinity, and Dissolved Oxygen (DO)
levels represent critical physical parameters that
significantly influence the viability and growth potential of
giant mudskippers. These fish exhibit a remarkable
capacity for adaptability in response to fluctuating
environmental conditions, as evidenced by their increased
oxygen uptake rates in response to elevated temperatures
(Pattaratumrong and Pompha 2024). Furthermore, they
employ behavioral strategies to mitigate exposure to
extreme conditions.

Morphometric characteristic

Periophthalmodon schlosseri observed in this study had
a mean total length (TL) of 20.08 cm, ranging from 15.00
cm to 22.60 cm, while the mean standard length (SL) was
17.34 cm, with a range of 13.00 cm to 20.00 cm (Figure 3
and Table 3). The body size recorded at the sampling sites
in the Sungsang Estuary is comparable to previous findings
in the Musi River Estuary, South Sumatra, Indonesia
(Ridho et al. 2019, et al. 2021). However, it is significantly
larger than individuals reported from Cu Lao Dung Island,
Soc Trang Province, Vietnam, which ranged from 12.10-
18.65 cm (Tran et al. 2022), and slightly larger than those
from Tanjung Piai, Pontian, Johor, Malaysia, which ranged
from approximately 20 cm (Hui et al. 2019). This
difference may be due to several ecological factors,
including higher habitat productivity, greater availability of
prey organisms, or potentially lower levels of
anthropogenic disturbance in the Sungsang Estuary. In
support of this, Dinh et al. (2020) suggested that food
abundance plays an important role in shaping the growth of
mudskippers. Furthermore, Tran et al. (2021) reported that
the diet composition of mudskippers varied with fish size,
season, and habitat, suggesting that local environmental
conditions may significantly influence growth performance
in different populations.

Figure 3. Sample of mudskipper.
schlosseri; B. Morphometric measurement

A. Periophthalmodon
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Giant mudskippers display a distinctive body shape that
is adapted for both swimming and terrestrial locomotion.
Their bodies are generally elongated and laterally
compressed, a trait that facilitates movement in both water
and on land (Pattaratumrong and Pompha 2024). The total
length of these creatures can exhibit significant variation
based on environmental factors and habitat conditions. For
instance, studies have documented lengths of up to 25 cm
in certain specimens attributed to variations in habitat type
and food availability (Zhou et al. 2023). In addition to
morphometric measurements, giant mudskippers exhibit
specific meristic traits that can be used to differentiate them
from other mudskipper species. For instance, the dorsal fin
composition, including the number of spines and soft rays,
exhibits  variation among populations, suggesting
adaptations to local environmental conditions (Nor et al.
2023).

Length-weight relationship

The length-weight relationship of P. schlosseri was
determined through the analysis of 55 specimens collected
from five sampling sites along the Sungsang Coast. The
total length (TL) ranged from 15.00 to 22.60 cm, and the
body weight varied from 28.3 to 119.2 g (Table 4).

The findings of the regression analysis and the length-
weight relationship graph (Figure 4) yielded the following
equation: y: 0.0026x3.45. The b value of 3.45 indicates that
the fish growth pattern is positive allometric (b>3),
signifying that weight growth outpaces length increase.
Positive allometric growth is indicated by a length-weight
relationship (LWR) where the exponent (B) is greater than
3. Studies have demonstrated that P. schlosseri exhibits
such a relationship, with documented values of b indicating
positive allometry (Ridho et al. 2019; Abiaobo et al. 2021;
Looi et al. 2021; Mussa et al. 2024). For instance, a study
conducted in the Musi River Estuary found that the
correlation coefficient for the length-weight relationship
(LWR) of P. schlosseri was 98.2%, with an exponent value
of 3.189, confirming its positive allometric growth (Ridho
et al. 2019). This suggests that as the fish grows, it
becomes relatively heavier compared to its length, which
may be advantageous for buoyancy and mobility in its
habitat. This positive allometric growth pattern of P.
schlosseri is consistent with findings from related species
within the same family. For example, P. barbarus also
exhibited positive allometric growth in similar ecological
contexts, reinforcing the notion that this growth strategy
may be a common adaptive trait among mudskippers
(Indarjo et al. 2020; Abiaobo et al. 2021). The implications
of such growth patterns are critical, as they can influence
the species' reproductive strategies, survival rates, and
overall fitness in fluctuating environmental conditions
typical of mangrove ecosystems (Dinh 2016).

In comparison with other species found in mangrove
ecosystems, the allometric growth of P. schlosseri reflects
typical trends in estuarine and intertidal species, where
growth patterns are often influenced by environmental
conditions such as temperature, food availability, and
habitat structure (Chew et al. 2014; Looi et al. 2021). The
positive allometry observed in the Sungsang population
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could be attributed to the productivity of the mangrove
ecosystem, which provides abundant resources for these
mudskippers. The Musi River Estuary is home to a diverse
array of mudskipper species, which exhibit various
adaptations to their mangrove habitat. For instance, studies
have documented the reproductive biology and feeding
habits of mudskippers in this region, emphasizing their role
in the local food web (Ridho et al. 2019, et al. 2021).

Condition factor

The K value exhibited a maximum at sampling site 1
(K: 1.04) and a minimum at sampling site 5 (K: 0.94)
(Figure 5). The variation in K values across the sampling
sites was not statistically significant, suggesting that the
fish samples were healthy and well-nourished at the time of
the study. The K values in the Sungsang Coastal area are
comparable to those found in the Tran De District, Soc
Trang Province, Mekong Delta, Vietnam mangrove habitat,
which range from 1.01 to 1.03 (Dinh 2016), and the West
Coast of Peninsular Malaysia, which range from 0.41 to
1.29 (Looi et al. 2021).

Table 3.  Morphometric = measurement  results  of
Periophthalmodon schlosseri on Sungsang Coast, South Sumatra,
Indonesia

Morphometric Ranged (cm) Meanzsd (cm)
measurements

TL 15.00-22.60 20.08+2.0
SL 13.00-20.00 17.34+1.7
ED 0.40-1.70 0.83+0.4
HD 2.40-4.80 3.44+0.6
HL 3.40-6.40 4.81+0.8
LD, 1.50-3.00 2.67+0.4
GD:D: 0.90-2.60 1.47+0.4
LD: 3.00-4.20 3.73+£0.4
DAC 2.00-3.90 3.06+0.5
LA 2.60-4.30 3.49+0.4
LPc right 1.30-2.80 1.89+0.4
LPc left 1.40-2.80 2.05+0.4
PcF right 1.10-2.50 1.66+0.3
PcF left 1.50-3.00 1.91+0.5
DPI right 0.20-1.70 0.78+0.4
DPI left 0.50-1.80 0.96+0.4
LPF 0.80-2.80 1.63+0.7
WPF 1.50-3.00 2.36+0.5
LCF 2.00-4.70 3.40+0.8
WCF 1.30-3.00 2.32+0.5

Table 4. Range of total length (TL) and body weight (W) of
Periophthalmodon schlosseri in Sungsang Coast, South Sumatra,
Indonesia

Sampling site TL (cm) W (g)
1 19.5-21.5 67.8-102.5
2 15.0-21.0 28.3-103.7
3 19.0-20.5 61.8-92.8
4 20.0-22.5 87.7-108.3
5 19.5-22.6 82.1-119.2
Average 20.1 85.4
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Figure 4. Relationship between total length and body weight of
Periophthalmodon schlosseri in Sungsang Coast, South Sumatra,
Indonesia
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Figure 5. Condition factor of Periophthalmodon schlosseri in
Sungsang Coast, South Sumatra, Indonesia

Furthermore, the condition factor (K), a metric of health
and well-being, was evaluated and correlated with the
length-weight relationship. The condition factor values
indicated a range of nutritional status among the
mudskippers, with most individuals displaying average to
good health (Froese 2006). However, some specimens with
lower condition factors were found to be lean, suggesting
potential seasonal fluctuations in food availability that
might influence the body mass-to-length ratio (Abdullah
and Zain 2019; Tran et al. 2021; Nguyén et al. 2022).
Condition factors, which are used as an indicator of fish
health, have been shown to vary with environmental
conditions. This indicates that abiotic factors, such as
temperature and salinity, as well as biotic factors, such as
prey availability, significantly affect the growth patterns of
these fishes (Dewiyanti et al. 2022; Dinh et al. 2022).
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Principal Component Analysis (PCA)

Principal component analysis was employed to
ascertain the correlation between seventeen P. schlosseri
morphometric characteristics and environmental factors,
including water pH and soil pH, Dissolved Oxygen (DO),
temperature, and salinity. The analysis yielded significant
findings concentrated on two primary axes: F1 by 55.47%
and F2 by 24.70%, with 80.17% representing the maximum
amount of information (Figure 6).

The environmental parameter on the positive F1 axis is
characterized by DO, which for sampling site 5 is high at
7.9 mg L' According to Kumar et al. (2021) and
Mulyasari et al. (2023), a very strong correlation
relationship can mean that as the value of the comparison
character increases, the length of a morphometric character
in fish will also increase. Consequently, elevated levels of
dissolved oxygen at the Sungsang Coast could potentially
influence the growth of morphometric characteristics in P.
schlosseri. A study by Khater et al. (2021) and Heriyati et
al. (2022) indicated that low DO levels can lead to a
reduction in fish appetite and growth. The findings indicate
that salinity exerts minimal influence on the morphometric
growth of P. schlosseri. The classification of mudskippers
as euryhaline organisms is attributed to their capacity to
respond to variations in salt concentration (Taniwel et al.
2020; Kim et al. 2021; Hamidah et al. 2024).

The positive F2 axis is characterized by sampling site 1,
which is associated with the environmental parameter
component of soil pH and the morphometric characteristics
of WPEF, defined as the width of the pelvic fins utilized
during locomotion by mudskippers. This parameter is
believed to be closely related to their biological functions
(Hidayat et al. 2022; Quigley et al. 2022). The pH value of
the soil at sampling site 1 is 7, indicating a high value
within the threshold of the giant mudskipper life. The
measurement of soil pH is crucial as the mudskipper
habitat is located in the sediment. A low pH value in the
mudskipper habitat prompts the fish to allocate their energy
toward environmental adjustments rather than growth and
foraging (Smith and Nobriga 2023).

Biplot (axes F1 and F2:80.17 %)

F1 (55.47 %)

[ * Active variables  « Active observations ]

Figure 6. PCA was examined to determine morphometric
characteristics ~ related to  environmental  factors  of
Periophthalmodon schlosseri on Sungsang Coast, South Sumatra,
Indonesia
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This study analyzed the giant mudskipper on Sungsang
Coast, revealing positive allometric growth (b>3) and
healthy condition factors. Dissolved oxygen and pH
exhibited a strong influence on morphometric
characteristics, while temperature and salinity supported
optimal habitats. The findings emphasize the critical role of
mangroves in sustaining giant mudskipper populations and
offer insights into mangrove ecosystem management. This
study highlights that dissolved oxygen and pH are the most
influential  environmental variables affecting the
morphometric variation of P. schlosseri, suggesting their
potential as key indicators in mangrove ecosystem
monitoring.
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