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Abstract. Socah Village has a huge potential of fisheries resources, one of which
is mullet (Family: Mugilidae). Research on the biological aspect of mullets in
Socah Waters has not been carried out, so it is necessary to research the frequency
of length and weight, the length at first capture (Lc=Lcso%), and the length at first
maturity (Lm=Lmso). The purpose of this research is that the data on the
biological aspect of mullets will be used as a reference for mullet resource
management efforts in Socah Waters, Bangkalan Regency, East Java. The
research method used is a quantitative method with random sampling. Sampling
was done 6 times during September to October 2024. The results obtained were
the distribution of the frequency of length and weight of mullets ranging from
8.6-34 cm and 10-318 g. The length at first capture (Lc) ranged from 14 cm. The
value of the length at first maturity (Lm) ranged from 21 cm and the gonadal
maturity level of mullet was 136 fish at Stage I, 228 fish at Stage II, 83 fish at
Stage 111, and 34 fish at Stage IV. The value of Lc < Lm which means that the
majority of mullets caught are immature gonads. Therefore, the fishing gear used
by mullet fishermen consists of traditional equipment, namely a blue-light
flashlight and a net with a diameter of 60 cm. This gear is considered harmful to
the sustainability of mullet resources in the Socah waters, as the light is unable
to selectively target fish species or sizes. As a result, many juvenile fish with
immature gonads are caught.

Keywords: Biological Aspects, Fisheries Biology, Gonadal Maturity, Mullet
Fish.

Introduction

Indonesia is a country largely composed of marine territory, which harbors vast fish-
eries resources. The abundance of these resources holds high economic value [1]. The
diversity of fish species in Indonesian waters serves as a livelihood for many fisher-
men, one of which is the mullet (Family: Mugilidae). Socah is a region with extensive
marine areas, resulting in a majority of its population working as fishermen. In
addition to its ecological functions, the mullet also holds high consumption and
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economic value. In Socah Village, mullet is commonly utilized by the local communi-
ty by being sold in fresh form.

Mullets are often found in estuaries, lagoons, and river mouths, which serve im-
portant ecological functions as nurseries for various fish species, including mullet
fish. The availability of diverse food sources and suitable environmental conditions in
estuaries support the growth and development of grey mullet populations. According
to [2], stomach content analysis revealed that the majority of grey mullet species in
both estuaries primarily consumed diatoms (phytoplankton), detrital material (organic
matter), and sand particles [2]. As adults, they consume a wide range of available
food sources, including microalgae—both epiphytic and benthic types—as well as
decomposing plant matter. They occupy the lowest trophic level, deriving energy
directly from algae or plant detritus [3], [4]. The mullet (Mugilidae) is known as a
euryhaline species, capable of living in a wide range of salinity and water quality
conditions. However, for optimal growth and good survival rates, mullet still requires
a specific range of ideal water quality parameters, especially in efforts to cultivate the
species in controlled environments (aquaculture) [5].

Environmental factors within the ecosystem can influence the length and weight of
mullet. Additionally, the gradual increase in body length of the mullet is closely
related to its feeding behaviour [6]. The main trend indicates that the fish increasingly
rely on material found on the bottom, like detritus and sediment, as they grow. [7]
observed that once the fish reach about 25 mm in total length, their stomachs start to
contain detritus and sand. Based on this, they suggested that this size marks a shift
from feeding on plankton to feeding on material from the bottom [7].

The mullet fish is a total spawner, meaning it releases all mature eggs in a single
spawning event. Its reproductive timing is likely influenced by environmental factors
such as temperature and salinity. There is a strong relationship between the develop-
ment of the gonads and the overall size of the fish, as larger and heavier individuals
tend to have more mature gonads. This indicates that body size is closely related to
reproductive readiness. Understanding these reproductive characteristics is important
for effective species management, particularly by regulating fishing activities during
peak spawning periods to help protect breeding populations and support sustainable
fisheries [8].

A study on the size structure of mullet populations in the Socah waters requires da-
ta on length and weight ranges as well as gonadal maturity frequencies. This research
aims to assess the current utilization status of mullet resources and determine the level
of gonadal maturity in these fish. The findings of this study will serve as a source of
information regarding the appropriate catch size and gonadal maturity status of mullet
in the Socah waters.
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2 Material and Method

2.1 Collecting Samples

This study was conducted six times during the period from September to October
2024. The research area is located in the waters of Socah, Socah District, Bangkalan
Regency, East Java. Sample analysis was carried out at the Laboratory of Marine
Biology, Faculty of Agriculture, University of Trunojoyo Madura.

The equipment used in this study included a flashlight, scoop net, digital scale with
a precision of 0.01 g, dissecting set, ruler, tray, small sample bottles, DO meter, pH
pen, secchi disk, and refractometer. The materials used in this study included mullet
fish, distilled water, 4% formalin, and label paper.

The capture of mullet was conducted using scoop nets with a diameter of 60 cm
and flashlights. The flashlight used had a power of 12 watts and was equipped with a
blue-colored light. The flashlight was directed toward the water, attracting the fish to
gather near the light source, after which the fish were collected using the scoop net.
The sampling of mullet was carried out using the random sampling method.

2.2 Water Quality Measurement

Water quality measurements were carried out by surveying the aquatic area used for
capturing mullet samples. The water quality measurements included temperature,
salinity, dissolved oxygen (DO), pH levels, and water clarity (transparency). Each
water quality parameter was measured with three replications.

2.3 Fish Length and Weight Measurement

Length measurement was conducted using a ruler, measuring from the tip of the head
to the tip of the tail. After measuring the length, the weight of the mullet was deter-
mined using a digital scale with an accuracy of 0.01 g. Each fish that had been meas-
ured for length and weight was labeled with a sample code according to its sequence.

Dissection of the fish was performed after measuring its length and weight. The
dissection was carried out using a dissection set, in which the fish was cut open start-
ing from the anus upwards along the linea lateralis line up to the posterior part of the
pectoral fin. The dissected fish were then analyzed to determine their Gonadal Maturi-
ty Level (GML) and sex.

2.4 Length-Weight Frequency and Size Classes

The length of mullet is influenced by the type of fishing gear used, as the appropriate
gear allows for the capture of individuals with similar sizes. The frequency distribu-
tion of length and weight can be used to determine the size of each individual fish.
The calculation of length and weight frequency was based on the catch data, which
were compiled into a table, grouped, and then organized into specific classes. The
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method for calculating the length and weight frequency of mullet refers to Sturges’
rule [10], [11].

K =1+3.322logio(mn)...... D

. Nmax—Nmin

j= AT )

K

i = class width

Nmax = maximum value in the data set
Nmin = minimum value in the data set
K = number of classes

2.5 Gonadal Maturity Level Analysis

The analysis of Gonadal Maturity Level (GML) was conducted to determine the ma-
turity stage present in each mullet specimen. This analysis involved dissecting the fish
from the anus upward to the posterior margin of the pectoral fin, following the linea
lateralis. The fish gonads were observed macroscopically and then classified based on
the gonadal maturity stages of mullet (Table 1), referring to [9].

Table 1. Macroscopic description of gonad stages of mullet

Stage Macroscopic Gonads

I Immature The ovaries and testes are small, filiform, and adhered to
the swim-bladder. Both are translucent and show no visi-
ble signs of blood circulation.

11 Developing At this stage, the ovaries appear rounder and broader com-
pared to the previous developmental phase, occupying
nearly one-third of the abdominal cavity. They are fusi-
form in shape and exhibit a reddish coloration. The testes
are also more developed, appearing wider than in the
carlier stage, with thin edges and a ribbon-like form, simi-
larity occupying about one-third of the abdominal cavity.
Their coloration ranges from cream to white.

The gonads occupy nearly two-thirds (2/3) of the ab-

111 Maturing dominal cavity, with arteries clearly visible. The ovaries
are reddish-yellow and display a granular texture due to
the presence of oocytes. The testes are well-developed,
white in color, and maintain a ribbon-like shape.

At this stage, the gonads occupy nearly the entire ab-
dominal cavity, and blood supply is clearly evident. The

v Ripe (Running ripe) ovaries are large, yellow, smooth in appearance, turgid,
and rounded, with oocytes easily distinguishable to the
naked eye due to their granular texture. The testes are
bright milky-white, turgid, broader than in the previous
stage, and exhibit thicker edges.

The ovaries appear purple and wrinkled, indicating a re-
gressed state. The testes are whitish to translucent with
white patches, also displaying a wrinkled appearance.
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A% Spent The gonadal wall is thickened and rigid, cream in color,
and occupies less than one-third (1/3) of the abdominal
cavity. The ovarian mass is firm and exhibits a reddish
coloration. The testes retain a ribbon-like shape and

VI Recovering/resting creamy in color.

2.6 Average Captured Size (Lcsov)

The average size at capture (Lcsow) for mullet is used as a reference to determine
whether the captured fish are generally small or large, and whether they have reached
the reproductive maturity. This information is essential for supporting sustainable
fisheries resource management.

The length at first capture (Lcsox) is essential for sustainable fisheries manage-
ment. If Lc is less than the length at first maturity (Lmso), it indicates that fish are
being captured before they have a chance to reproduce, potentially leading to a de-
cline in the population [12].

2.7 Size at First Gonadal Maturity (Lmso)

Length at 50% maturity (Lmso) was defined as the length at which half of the sampled
fish population (50%) had reached sexual maturity [13]. The size at first gonad
maturity (Lmso) is used as a reference to determine the appropriate size of fish that are
suitable for capture. The determination of size at first gonad maturity involves
collecting the necessary data, such as fish body length, the number of mullet samples,
and the number of fish that have reached gonad maturity levels in stage III and stage
IV. The Spearman-Karber method is used to analyze fish size at the time of gonad
maturation (M) [14]. The following is the formula:

M=xk+§ — {xZpi}

Where:
xk is the log of the middle value of the last length class the fish has gone gonadally
matured,
x is the log of the length increase at the mean,
pi is the proportion of gonadal mature fish in the i-length class with the number of
fish length intervals,
M is the length of the first gonadal.

3 Result and Discussion
3.1 Length and Weight Frequency of Mullet

The length and weight frequency results of fish are shown in Fig. 1 and Fig. 2. The
mullet caught from the Socah waters used in this study were 481 individuals,
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consisting of 260 male and 221 female fish. The length and weight of mullet fish in
Socah waters ranged from 8.6 to 34 cm in total length and 10 to 460 g in weight. Most
of the fish measured had lengths ranging from 17 to 19 cm and weights between 10
and 54 g.
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Fig. 1. Length frequency of mullet (Paramugil sp.) at Socah Waters, Bangkalan Regency
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Fig. 2. Weight frequency of mullet (Paramugil sp.) at Socah Waters, Bangkalan Regency

The results of this study indicate that the majority of mullet caught were of small
size. This is due to the fishing gear used by local fishermen, which consists of blue
light flashlights and fish nets with a 60-centimeter diameter that can only reach the
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sea surface. At this depth, only small or juvenile mullets—those with planktonic
feeding habits—are typically found. According to previous studies, feeding behaviour
changes gradually with increasing body length. The main trend observed is a stronger
reliance on detritus and bottom sediments. This is evidenced by the presence of
detritus and sand in the intestines once the fish reaches maturity, indicating that as
mullets grow in length and age, their feeding habits shift from planktonic to benthic
feeding [7].

Mullet populations exhibit variations in body size and condition due to a complex
interplay of environmental and biological factors. A study on the greenback mullet
(Planiliza subviridis) in the Makassar Straits found that the fish exhibited hypoal-
lometric growth, where weight increases at a slower rate than length. This growth
pattern was influenced by environmental factors such as temperature, salinity, and
habitat conditions, as well as biological factors like age and reproductive status [15].
Similarly, research on the squaretail mullet (Ellochelon vaigiensis) in the Vietnamese
Mekong Delta revealed that environmental variables, including seasonal changes and
habitat conditions, significantly affected the fish's growth and condition. The study
observed that during the wet season, increased food availability and favorable envi-
ronmental conditions led to better growth and condition factors in mullet populations
[16].

3.2 Average Size of Catch (Lcsov)
Mullet fish were caught using traditional fishing gear consisting of a blue-light flash-

light and a net with a diameter of 60 cm. The results of the average size of catch
(Lcsow) are shown in Fig. 3.
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Fig. 3. Average size of catch (Lcsoy) of mullet (Paramugil sp.) at Socah Waters, Bangkalan
Regency
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Based on the calculation results, the average size of catch (Lcsow) during the period
from September to October 2024 was around 14 cm. The common grey mullet exhib-
ited a strong positive response to light, particularly to shorter wavelengths, suggesting
that artificial light could attract mullet. This behavior is significant for light fishing
techniques, as understanding the species' response to light can inform more effective
and sustainable fishing practices [17].

The size of the fish caught is influenced by several factors, including the mesh size
of the fishing gear, the season of fish abundance, and water conditions. The use of
fishing gear is crucial to consider, as it determines the size of the fish caught. If the
gear is not selective, the captured fish will vary in size and may damage their habitat
[18], [19], [20], [21]. The length at first capture (Lcso%) is essential for sustainable
fisheries management. If Lc is less than the length at first maturity (Lmso), it indicates
that fish are being captured before they have a chance to reproduce, potentially lead-
ing to a decline in the population [12]. Monitoring and managing Lcso% can help en-
sure that fishing practices allow fish to reach maturity, thereby supporting the long-
term health of fish stocks.

3.3 Size at First Gonad Maturity (Lmso)

The results of the size at first gonad maturity (Lmso) are shown in Table 2. The size at
first gonad maturity (Lmso) during the period from September to October was
approximately 25 cm. The value of Lcsow being less than Lmso (Lc < Lm) indicates
that the fish caught have not had the opportunity to spawn. The size at first gonad
maturity was determined by calculating the proportion of mullet at gonad maturity
stages 3 and 4. If the value of Lcsow is greater than Lmso, the fish are considered
suitable for capture. This implies that the fish have had the opportunity to spawn prior
to being caught, thereby contributing to population sustainability in the waters.
Conversely, if Lcsoy is smaller than Lmso, fishery resource management is regarded as
suboptimal, potentially resulting in unhealthy stock growth due to fishing pressure.

Table 2. Size at first gonad maturity
Lesov Linso Value

14 25 L.<Ln

The length of first maturity may be used as indicator of availability of reproductive
stock [22]. The relationship between GSI and total length is used to determine the size
at first sexual maturity [23], [24]. The size at first gonad maturity is influenced by
various factors, including environmental conditions, abiotic factors, water quality, and
fishing intensity. Individual fish within the same species may vary in size at first
gonad maturity. Based on the Lc and Lm values for mullet, it is evident that current
fishing practices are inappropriate. The use of flashlights and hand nets as fishing
gear is considered unsafe because a significant number of fish caught have not yet
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spawned. The minimum catch size for mullet should exceed the size at first gonad
maturity. Attention to mesh size is strongly recommended to support the conservation
of mullet stocks in the area.

The sustainability of the fish population can be maintained if the fish caught are
larger than the size at first gonad maturity [25]. To ensure the long-term viability of
fish stocks, individuals should only be harvested after reaching gonadal maturity,
when they are capable of reproducing. If fish are caught before attaining this stage,
they may not have had the opportunity to spawn, which can lead to a gradual decline
in the population over time.

3.4 Gonadal Maturity Level

The mullet fish catch from the Socah waters used in this study totalled approximately
481 individuals, with the frequency of gonad maturity stages during the period from
September to October dominated by Stage 2, totalling 228 fish. The gonadal maturity
of mullet was analyzed by dissecting the fish using a dissecting set. The results of the
gonad maturity stages are presented in Fig. 4.
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Fig. 4. Gonadal maturity level of mullet (Paramugil sp.) at Socah Waters, Bangkalan Regency

Stage 2 mullet consisted of 122 males and 105 females. The results indicate that
mullet in the Socah waters are dominated by stage I and stage II, which are growth
phases. This suggests that the period from September to October is an appropriate
time for mullet to develop.

Based on the results of this study, it was found that the mullet caught by fishermen
were predominantly small in size and some of them had already reached gonadal
maturity. This phenomenon is referred to as early gonadal maturation or precocious
maturation. Several factors may contribute to the early onset of gonadal maturity in
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fish, including: (1) a survival strategy, particularly in unstable environmental
conditions or under high mortality pressure; (2) high food availability, which can
accelerate gonadal development even when somatic growth is not yet optimal; (3)
changes in salinity and water temperature, which may either hasten or delay sexual
maturity; (4) high population density, which leads to competition and adaptation
through earlier reproduction despite small body size; (5) genetic factors that
predispose individuals to mature sexually earlier, regardless of their body size; and (6)
endocrine disruption caused by exposure to hormone-disrupting chemicals (endocrine
disruptors) in the environment.

A study conducted by [26] showed that mullet inhabiting marine and brackish
environments exhibited faster and more optimal gonadal maturation, even in
individuals with relatively small body lengths. In contrast, in freshwater
environments, many fish failed to reach gonadal maturity despite attaining large body
sizes [26].

3.5 Water Quality

The results of water quality measurements in the Socah waters are shown in Table 3.
The results indicate that the water quality in the Socah waters is still in accordance
with the quality standards set by Decree of the State Minister of the Environment of
the Republic of Indonesia No. 51 of 2004 concerning Marine Water Quality Stand-
ards. Water quality measurements were conducted around the mullet fishing area.
Each water quality parameter was measured with three repetitions.

Table 3. Water quality of Socah Waters, Bangkalan Regency

Number Parameter Value Water quality standards*
1 Temperature 29.7-32.8°C 28 -30°C
2 pH 7.46 - 7.97 7-85
3 Brightness 31.5-72.5cm -
4 Dissolved Oxygen 6.47 —10.7 mg/l >5 mg/l
5 Salinity 25 ppt 33 —34 ppt

*Based on Decree of the State Minister of the Environment of the Republic of Indonesia No. 51 of 2004

The salinity value is considered non-compliant with the quality standards, as it is
around 25 ppt, which is below the established threshold. Mullets have the ability to
tolerate variations in water salinity. Mullet fish are capable of adapting to a wide
range of salinities, classifying them as euryhaline species. As a result, they are widely
distributed across various countries, inhabiting both tropical and subtropical regions
with diverse salinity conditions.

Mullet (Mugilidae) is known as a euryhaline and eurythermal species, capable of
living in a wide range of salinity and water quality conditions [5], [27]. Based on the
study conducted by [28], it was found that environmental factors such as sea surface
temperature, salinity, dissolved oxygen, nitrate, and phosphate play a positive role in



Population Size Structure and Gonadal Maturity Level of Mullet ... 173

influencing fish weight growth, whereas chlorophyll, pH, silicate, and iron have a
negative impact.

4 Conclusions

The population of mullet (Paramugil sp.) in the Socah waters exhibits a total length
and weight ranging from 8.6 to 34 cm and 10 to 460 g, respectively. The Lcsoy, value
being lower than the Lmso indicates that the fish being caught have not yet had the
opportunity to spawn. the fishing gear used by mullet fishermen consists of traditional
equipment, namely a blue-light flashlight and a net with a diameter of 60 cm. This
gear is considered harmful to the sustainability of mullet resources in the Socah wa-
ters, as the light is unable to selectively target fish species or sizes. As a result, many
juvenile fish with immature gonads are caught. Furthermore, current management
efforts for mullet in Socah Village are not yet optimal. The sustainability of the fish
population can be maintained if individuals caught are larger than the size at first
gonadal maturity, thus allowing the fish to contribute to stock replenishment. The
gonadal maturity stage of mullet observed in this study was predominantly at Stage 2,
with a total of 228 individuals recorded.
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