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This study investigates the reproductive biology and gonadal histology of Decapterus
macarellus in Pondokdadap, East Java, to inform size- and season-based fisheries
management. Gonadal maturity stages were identified through combined morphological
(Cassie) and histological analysis. The length at first gonadal maturity (Lm) was
estimated at 21.08 cm, whereas the length at first capture (Lc) was 20.63 cm, indicating
that the current fishery predominantly harvests immature individuals (Lc < Lm).
Histological examination of the ovaries revealed five oocyte developmental stages
(primary growth, yolk vesicle, vitellogenic, maturation, and post-spawning). Most
ovaries were dominated by early oocytes (primary growth and yolk-vesicle stages), with
only a small proportion of females reaching advanced maturity stages (III-1V). Oocyte
diameters increased from 40.84-56.09 um at early vitellogenesis to an average of 316.25
um at stage III, and up to 411.80 um in fully mature oocytes, while post-ovulatory
follicles were not observed in the sampled individuals. The coexistence of multiple
oocyte stages within the same ovary confirms asynchronous oocyte development
characteristic of batch spawners. Our results show that the current fishery mainly exploits
pre-spawning fish and that the combination of Lc < Lm and asynchronous spawning
necessitates the implementation of a minimum landing size of at least 21.1 cm, together
with the identification of peak spawning periods to design temporal fishery closures.
These measures would help protect spawning biomass and support the long-term
sustainability of D. macarellus in Indonesian small pelagic fisheries.

1. INTRODUCTION

indices such as the gonadosomatic index (GSI) are widely used
tools for determining spawning periods and assessing how
environmental conditions and status  affect

The mackerel scad (Decapterus macarellus) is a small
pelagic fish that plays a vital role in marine ecosystems,
serving as a key species in the food web and supporting larger
predators such as tunas and sharks [1]. Additionally, this
species helps regulate zooplankton populations, which
contributes to ecosystem stability [2]. However, excessive
fishing pressure and habitat degradation, driven by
environmental change and coastal development, threaten D.
macarellus populations and may disrupt marine biodiversity.
The growing demand for this species in the fisheries sector has
intensified exploitation, underscoring the need for science-
based conservation and management strategies to ensure long-
term population sustainability.

Reproductive success in D. macarellus is influenced by
several factors, including water quality, temperature, and food
availability [3]. The size at initial gonadal maturity (Lm) has
been reported to vary between 20 and 30 cm, depending on
habitat conditions and fishing intensity [4-6]. To develop
effective fisheries management strategies, understanding the
species’ reproductive dynamics is crucial. Reproductive
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energetic
reproductive success [7, 8]. The GSI compares gonadal weight
to total body weight to estimate energy allocation to gonadal
tissue [8, 9]. However, GSI has limitations because it can be
affected by factors such as physiological condition, body mass,
and spawning cycle, which may lead to misinterpretation of
reproductive maturity [10].

The GSI is frequently used to assess reproductive status by
comparing gonadal weight to total body weight, thus
estimating energy allocation to gonadal tissue [11, 12].
However, the gonadal maturity index has limitations because
it can be affected by factors such as physiological condition,
body mass, and spawning cycle, which may lead to
misinterpretation of reproductive maturity [13]. Therefore,
additional methodologies are needed to achieve more accurate
assessments of the reproductive stage and spawning potential.

Histological analysis of gonads offers a more precise
evaluation of reproductive stages compared to macroscopic
methods. It allows detailed identification of cellular structures
and gamete development, providing valuable insights into
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reproductive cycles, oocyte dynamics, and spawning capacity
[14]. Combining histological and morphological analyses
improves the accuracy of maturity assessments, as histology
detects microstructural changes while morphology offers an
overview of gonadal size, colour, and texture [15, 16].
Furthermore, histological analysis supports the study of
gametogenesis and its relationship with hormonal fluctuations,
offering a comprehensive framework for understanding fish
reproductive biology [14].

Although several recent studies have examined the
reproductive biology of D. macarellus in different Indonesian
regions (e.g., Sulawesi Sea, Maluku Sea, southern Ambon
waters, and the southern waters of western Java), these have
mostly relied on macroscopic maturity staging, length-based
analyses, or generalized reproductive parameters [2, 4-6, 8].
Despite the economic importance of D. macarellus in the
small-pelagic fishery of Pondokdadap, there is still no locally
derived, histology-based estimate of length at first maturity
(Lm) and length at first capture (Lc) for this landing site.
Current management and stock assessments in this area,
therefore, rely on parameters from other regions or on visual
maturity assessments that may misclassify gonadal stages. As
a result, it remains unclear whether the present exploitation
pattern in Pondokdadap targets predominantly immature or
mature individuals, and how this affects the reproductive
potential and resilience of the local stock.

Environmental stressors such as water temperature, salinity,
pollution, and habitat alteration are known to affect gonadal
development and fertility in marine fishes, including small
pelagics [15]. Contaminants (e.g., heavy metals) and thermal
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anomalies can impair gametogenesis, disrupt endocrine
regulation, and alter spawning phenology [17-20]. In the
present study, we focus on combining morphological and
histological analyses to describe the reproductive stages of
female D. macarellus and to estimate Lm and Lc specifically
for the Pondokdadap fishery. By providing locally validated
maturity and capture parameters and documenting oocyte
developmental patterns, this study supplies key biological
inputs for setting minimum landing sizes and designing size-
and season-based management measures. Environmental
stressors that may influence reproduction are considered in the
discussion based on existing literature, but the primary
emphasis of this work is on the reproductive parameters
required for practical, science-based management of D.
macarellus in Indonesian small pelagic fisheries.

2. MATERIALS AND METHODS
2.1 Study area and sampling design

Sampling was conducted at the coastal fishing port (PPP)
Pondokdadap, Sendangbiru, Malang District, East Java,
Indonesia, located at approximately 8°25°59”” LS
112°40°55”” BT (Figure 1). This landing site is one of the main
hubs for small pelagic fisheries operating in the southern
waters of Java. Fish samples of Decapterus macarellus were
obtained from commercial landings between December 2023
and March 2024.
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Figure 1. Study area: Pondokdadap fishing port, Sendangbiru, Malang, Indonesia

Specimens were collected from catches of purse seine
vessels operating in coastal and oceanic waters off southern
East Java. The dominant gear targeting D. macarellus in this
fishery is a purse seine with a codend mesh size of
approximately 2.5 inches, as reported by fishers and vessel
records. This information is relevant for interpreting the Lc
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derived from the length—frequency data. In total, 450 female
individuals were analysed in this study, with 125 fish
specimens sampled in December, 125 fish in January, 100 fish
in February, and 100 fish in March 2024. All specimens were
transported on ice to the laboratory for further examination.

2.2 Length measurements and macroscopic gonadal



staging

In the laboratory, each fish was measured for total length
(TL) to the nearest 0.1 cm using a measuring board. Body
weight (BW) was recorded to the nearest 0.1 g using a digital
balance, and the paired gonads were carefully dissected and
weighed to the nearest 0.01 g after blotting excess moisture.
The abdominal cavity was opened by a ventral incision, and
the gonads were removed and examined visually.

The FAO book [21] uses several sources to identify fish
species. In addition, fish species identification uses the
FishBase website to make comparisons with the latest species
morphology data that has been updated. Analysis of maturity
observations is visually based on the Cassei method, as shown
in Table 1 [22-24].

Table 1. Gonadal maturity level (GMP) based on the Cassie

method
GMP Vls_ual_ Gonad Morp_hology
Description Properties
Gonads have not G(_)nads have not yet
. proliferated (Immature).
I yet proliferated
Gonads are very small, clear,
(Immature)
and colourless.
I Mature gonads Gonads begin to enlarge and
(towards maturity) pale in colour.
I Mature (maturing) ~ Gonads are larger and more
gonads intensely coloured.
Ripe, which Gonads are very large, full of
v means ready to eggs/sperm, ready for
spawn spawning.
Spent (Post Gonads are smaller,
A% P . wrinkled, and paler in colour
Spawning)

than before.

Macroscopic gonadal maturity was determined following
the Cassie method as presented in the FAO species
identification guide for fishery purposes. Gonads were
classified into five maturity stages (I-V) based on their size,
colour, vascularisation, and texture (Table 1). Only female
individuals for which the maturity stage could be clearly
assigned were used for the estimation of Lm. Our analysis
focused on maturity-stage frequencies, Lm, Lc, and
histological observations.

2.3 Estimation of length at first maturity (Lm) and length
at first capture (Lc)

Lm was estimated using a logistic model fitted to the
proportion of mature females by length class. Fish were
grouped into 1 cm length classes, and the fraction of mature
individuals (stages III-V) within each class was calculated.
The relationship between the proportion of mature females (P)
and length (L) was modelled as:

P(L) = 1+ exp —(a+bL)

where, a and b are fitted constants.
Lm, defined as the length at which 50% of females are
mature, was obtained as:

L a
m="%

Model parameters were estimated by non-linear regression
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using Microsoft Excel. Lc was estimated from the length—
frequency distribution of the catch using a length-converted
catch curve approach. The method follows standard
procedures described by FAO for tropical small pelagics,
where the logarithm of the number of individuals in each
length class is regressed against the corresponding mid-length,
and the inflexion point of the ascending limb of the curve is
used to approximate Lc. The detailed equations used in this
study are presented above, with Fc(L) denoting the frequency
of fish in each length class, dL the class interval, and the mean
and standard deviation of the cohort length distribution.

2.4 Histological processing of ovaries
measurements

and oocyte

To characterize oocyte development and validate
macroscopic maturity stages, a subsample of 10 ovaries was
processed for histological analysis. These ovaries were
selected from 450 females to represent the various maturity
stages that would be observed in the catch. Specifically, three
ovaries from each of Cassia's maturity stages [-IV (and V if
available) were collected, using random sampling and well-
preserved gonads at the macroscopic stage.

Immediately after dissection, one gonadal lobe from each
selected female was cut into small pieces approximately 5—-10
mm thick and immersed in 10% neutral buffered formalin for
a minimum of 2448 hours to ensure complete fixation. After
fixation, tissue samples were rinsed briefly with running tap
water and then dehydrated through a graded series of 70%
ethanol for 30-60 minutes. The dehydrated samples were
cleared in two changes of xylene (25 minutes each) and
embedded in paraffin wax at 56-58°C using a tissue
embedding system.

Paraffin blocks were sectioned using a rotary microtome to
obtain serial sections of 5 um thickness. Sections were floated
on a warm water bath to remove wrinkles, mounted on glass
slides, and dried at 45°C overnight. Routine haematoxylin—
eosin (H&E) staining was performed following standard
protocols: slides were deparaffinised in xylene, rehydrated
through descending ethanol concentrations, stained with
Harris haematoxylin for approximately 5 minutes, rinsed in
running water, differentiated in acid alcohol, blued in alkaline
water, counterstained with eosin for 3 minutes, then
dehydrated, cleared in xylene, and coverslipped using
mounting medium. Histological preparations were examined
under a light microscope at 400x magnification. Digital
images were captured using a digital camera attached to the
microscope. Oocyte diameter was measured along the longest
axis using software. For each ovary, at least 50 oocytes per
developmental stage were measured in randomly selected,
non-overlapping fields of view. These measurements were
used to describe the size ranges associated with the different
oocyte stages.

3. RESULTS AND DISCUSSION
3.1 Results

3.1.1 Length at first maturity (Lm)

A total of 152 females with clearly assignable gonadal
stages were used to estimate Lm. Within this subset, 95
females were classified as mature (stages I[II-V). TL of these
females ranged from 8.2 to 30.0 cm. The logistic model fitted
to the proportion of mature females by length class yielded an



Lm of 21.08 cm TL.

3.1.2 Length of first fish caught (Lc)

The Lc, estimated from the length-converted catch curve,
was recorded as 20.63 cm TL. Lc and Lm were located in close
proximity to the modal length class, with Lc exhibiting a
slightly lower measurement than Lm (20.63 cm vs. 21.08 cm).
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This finding suggests that a significant proportion of the catch
comprised females that had not yet attained first maturity. The
histological level of gonadal maturity is illustrated in Figure 2.
The majority of individuals exhibited a TL ranging from 8.20
to 30.0 cm, with the positions of Lm (21.08 cm) and Lc (20.63
cm).
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Figure 2. Histological level of gonadal maturity of fish eggs D. Macarellus

3.1.3 The gonadal maturity level (GMP)

Histological analysis of a subsample of 10 ovaries revealed
the presence of five stages of oocyte development: primary
growth, yolk vesicle, vitellogenin, maturation, and post-
spawning follicles, following the classification of studies [25,
26]. Most ovaries were dominated by early-stage oocytes
(primary growth and yolk vesicle), while only a smaller
proportion of females exhibited large vitellogenin or fully
mature oocytes.

Oocyte  diameters increased consistently  across
developmental stages. Early vitellogenin oocytes (stage II)
ranged from 40.84 to 56.09 pum. Stage III (vitellogenin)
oocytes had a mean diameter of approximately 316.25 um.
whereas fully mature oocytes in stage I'V reached up to 411.80
um. post-ovulatory follicles were not detected in the examined
sections, suggesting that the sampled females had not recently
completed spawning. The simultaneous presence of oocytes at
multiple stages within the same ovary indicates asynchronous
oocyte development typical of batch spawners.

The five stages of oocyte development in the ovaries of D.
macarellus follow the description by the study [27], namely
primary growth, yolk vesicle, vitellogenesis, maturation, and
post-spawning.  Histologically, the initial phase is
characterized by the presence of a dark cytoplasm with a small
nucleolus, followed by the formation of lipid vesicles, and
subsequently, the accumulation of uniform vitellin yolk in
proximity to the nucleus. During the maturation phase, the
vitellin yolk undergoes a process of aggregation, resulting in
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the formation of large granules, accompanied by a substantial
increase in oocyte size. In the post-spawning phase (POF), the
ovary exhibits remnants of damaged follicles subsequent to
ovulation.

The development of D. macarellus oocytes demonstrates
that the primary growth and yolk vesicle phases are
predominant at the early maturity stage, while the
vitellogenesis and maturation phases are more prominent at
the late maturity stage. The POF was not detected in the
samples observed. The results obtained demonstrate that the
majority of fish are in the early stages of development, with
only a small number of individuals having reached gonadal
maturity stages III and I'V.

3.2 Discussion

3.2.1 Gonadal maturity and implications for fisheries
management

The estimated Lm of 21.08 cm TL for D. macarellus in
Pondokdadap falls within the lower range of values. The
relatively low Lm reflects faster growth or earlier energy
allocation to reproduction in this population but may also be
influenced by strong size-selective fishing pressure. Intensive
exploitation that preferentially removes larger and older
individuals may favor genotypes and phenotypes that mature
at smaller sizes, leading to a downward shift in Lm over time.
So these findings indicate that most of the fish caught have not
reached reproductive maturity, which is a major concern for



the sustainability of the species, as well as impacting fishing
before reaching adult size can be detrimental, potentially
reducing reproductive output and causing depletion of fish
stocks in their habitat, preventing stock depletion, especially
in reproductively immature species [28-31]. Because the size
of fish at the level of sexual maturity is strongly influenced by
exploitation pressure and habitat conditions, overfishing can
reduce sexual maturity and endanger population sustainability
[32-34]. So, healthy habitat conditions are very important in
ensuring optimal growth and reproductive success in fish. It is
proven that a favorable environment has the capacity to
increase GSI and spawning effectiveness [35, 36].
Furthermore, a good environment will provide a framework
that supports opportunistic reproductive strategies; suitable
habitat, substrate, and structure are very important in
protecting fish from external threats [37]. In addition, a
positive correlation has been shown between high habitat
quality and fish diversity, as well as the ability of fish to reach
their full reproductive potential [38]. Therefore, habitat
restoration has been identified as an important factor in
ensuring the long-term sustainability of fish populations.

The length at first capture (20.63 cm TL) is slightly lower
than Lm implies that the fishery routinely retains females that
have not yet spawned. Considering that most of the catch falls
within the 21.1 cm TL class, a considerable fraction of the
spawning potential is harvested before first reproduction. The
estimated Lc is consistent with the 2.5-inch mesh size of the
purse seine gear used in this fishery, which is sufficiently small
to capture individuals near and below Lm. From a
management perspective, these results indicate that increasing
the minimum mesh size, or enforcing a minimum landing size
of at least 21.1 cm TL, Discrepancies between length first
caught (Lc) and length first to gonadal maturity (Lm) in certain
species, such as Decapterus macarellus, indicate
unsustainable fishing practices, where immature individuals
are caught before they have a chance to reproduce, thus
threatening the sustainability of fish stocks [39, 40]. The
exploitation of fish before they reach sexual maturity is a
crucial issue in fisheries management, as it can lead to
population instability, stock declines, and disruptions in the
balance of marine ecosystems. Fishing pressure on juvenile
fish can diminish their reproductive capacity, prompt
evolutionary shifts, and reduce genetic diversity [37, 41-43].
It is imperative to comprehend the multifaceted factors that
influence this size determination, including environmental
conditions and fishing pressure [44, 45], because an in-depth
understanding of the first maturity size can facilitate the
management of fish resources and the development of
sustainable utilization strategies [46]. The hypothesis that
effective and data-driven regulation of minimum catch sizes
will stabilise and regenerate fish populations such as
Decapterus macarellus in the long term has been proven [47,
48]. Consequently, the establishment of minimum catch sizes
has been demonstrated to exert a favourable influence on
ecosystem health, in addition to ensuring the sustainability of
fisheries resources for the communities that are reliant on these
sources.

3.2.2  Asynchronous
implications

The histological evidence of asynchronous oocyte
development, with the coexistence of early and advanced
oocytes within the same ovary, indicates that D. macarellus in
Pondokdadap is a batch spawner capable of multiple spawning

development and management
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events within a reproductive season. This reproductive
strategy can buffer the population against occasional adverse
environmental conditions during part of the spawning period,
because not all reproductive output is concentrated in a single
brief event. Furthermore, examination of the histological
features of the gonads also provides insight into the maturity,
development, and health condition of individual fish in the
captured population, suggesting that larger individuals are
more likely to contain mature eggs or sufficient sperm. Sexual
maturity in fish is subject to variation depending on species,
environment, and individual factors, including diet and
physiological condition [49, 50]. Utilizing data from studies
spanning multiple species, including gonadal growth in tuna
and barramundi, it was determined that external factors, such
as temperature and contaminants, influence gonadal growth
rates and sexual maturity [51, 52].

3.2.3 Histological observations of oocyte development

A histological analysis of Decapterus macarellus ovaries
identified five distinct stages of gonadal maturity, which is
consistent with the classification proposed by studies [53, 54].
The primary growth phase was characterised by the presence
of dark cytoplasm and small nucleoli, indicating early-stage
oocyte development. At maturity stage II, the diameter of the
eggs ranged from 40.84 to 56.09 pum, thus indicating the
commencement of the vitellogenesis process. This finding is
consistent with previous studies that established a correlation
between early vitellogenesis and increased yolk deposition in
oocytes [50]. Stage III of gonadal maturity was characterized
by increased lipid accumulation in oocytes, with an average
diameter of 316.25 um, reflecting more advanced reproductive
development. The proportion of mature oocytes increased
significantly at the highest maturity stages (IV and V), with
diameters reaching 411.80 pm, signaling readiness for
spawning.

The notion that egg size can serve as an indicator of
reproductive status has been extensively validated through
numerous studies conducted on various fish species. A
plethora of research has been conducted on the subject, and the
results indicate a positive correlation between egg size and fish
health and fertility. This suggests that larger eggs are
indicative of the ability to support healthy progeny. For
instance, a study [55] demonstrated that gonad size is
associated with reproductive success, including observations
on post-ovulatory follicles that facilitate the assessment of fish
maturity. Furthermore, research [56] illustrated that gonad size
and weight are closely related to individual body size, an
important parameter for assessing the level of reproductive
maturity in fish. This finding suggests that physical size can
be utilised as a tool to assess the state of reproduction when
individuals are at a certain stage in their life cycle. In certain
cases, these indicators have been found to be more reliable
than alternative methods.

Furthermore, the study [57] emphasized the pivotal role of
hormones in the sexual differentiation process, which can
influence gonad size. The study demonstrated that the
morphological characteristics of the gonads can function as
markers of reproductive status in specific species. Research
[58] demonstrated that environmental influences also affect
gonad size, indicating that these parameters are not invariably
stable and can be impacted by external factors.

In conclusion, the size of the ovum is a significant indicator
of reproductive status, especially when combined with other
analyses such as gonadosomatic indices and gonadal



morphological parameters. This multidimensional approach
provides a more comprehensive picture of the reproductive
health of the aquatic species studied.

3.2.4 Implications for sustainable fisheries management

The findings of this study emphasise the pressing necessity
for fisheries management policies grounded in scientific
principles, with the aim of averting the detrimental
consequences of overexploitation. The capture of Decapterus
macarellus prior to its attainment of reproductive maturity
poses a significant threat to the sustainability of the population
and the disruption of ecosystem equilibrium. A substantial
body of research has underscored the significance of
incorporating ecological parameters, such as the spawning
season and habitat conditions, into fisheries regulations to
ensure the long-term viability of the species and the ecosystem
as a whole [2, 5]. The implementation of minimum catch size
regulations, complemented by seasonal fishing restrictions,
has been shown to enhance reproductive success and improve
stock replenishment rates. The use of selective fishing gear can
also reduce bycatch of immature individuals, thereby
improving the overall sustainability of the fishery [58].
Furthermore, the integration of histological assessment with
population dynamics modelling will refine conservation
strategies, contribute to the long-term viability of the D.
macarellus fishery, and ensure that policies implemented are
based on valid and accurate scientific data. This study also
emphasises the necessity of implementing fisheries
management policies that are grounded in scientific evidence,
with a view to averting the issue of overexploitation. The
capture of D. macarellus prior to attaining reproductive
maturity has the capacity to diminish the population and
disrupt the equilibrium of the ecosystem. Studies [59, 60]
demonstrated that elevated fishing pressure can modify the
reproductive characteristics of species, including a reduction
in maturity size, which impacts the success of population
regeneration and the ability of species to recover from
overexploitation.

As also emphasized by studies [23, 59], science-based
management should consider various reproductive traits in
order to facilitate a more comprehensive understanding of the
productivity of fish populations. This approach is regarded as
more efficacious in ensuring species survival and maintaining
ecosystem balance. Consequently, the implementation of
policies founded upon a scientific understanding of the
reproductive capabilities of species is recommended, with the
aim of ensuring optimal maintenance of population
sustainability and ecosystem balance. Consequently, ongoing
monitoring and evaluation are required to ensure that fisheries
practices continue to support healthy ecosystems and reduce
pressure on target species. The repercussions of inadequate
fisheries management have the potential to be deleterious to
the sustainability of fish resources and the equilibrium of
ecosystems. These include wide-ranging effects on species
variation and ecosystem health, including excess exploitation
of target species. In the context of marine fisheries,
unsustainable management has the potential to cause [59, 60]
decline in biomass and habitat destruction, leading to
biodiversity loss [60, 61]. In order to ensure that fisheries
management is not only sustainable but also able to restore
ecosystem balance, this is in line with the principles of
adaptive management. Adaptive management practices aim to
improve understanding of the consequences of environmental
management choices [62].
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4. CONCLUSIONS

This study provides locally derived reproductive parameters
for female Decapterus macarellus in the Pondokdadap small
pelagic fishery. The Lm was estimated at 21.08 cm TL, while
the Lc was 20.63 cm TL, indicating that the current fishery
predominantly exploits females that have not yet spawned.
Histological analysis revealed the coexistence of multiple
oocyte developmental stages within the same ovary,
confirming asynchronous oocyte development characteristic
of batch spawners, with oocyte diameters increasing from
approximately 40—-60 um in early stages to more than 400 pm
in fully mature oocytes.

From a management perspective, the combination of Lc¢ <
Lm and asynchronous batch spawning raises concern about the
long-term reproductive potential of the stock if current
exploitation patterns continue. To ensure that a larger
proportion of females can spawn at least once before capture,
we recommend implementing a minimum landing size of no
less than 22 cm TL, i.e., slightly above the estimated Lm of
21.08 cm TL to provide a precautionary safety margin. This
size-based regulation should be aligned with adjustments to
the mesh size and selectivity of the dominant fishing gear used
in Pondokdadap to reduce the retention of sub-mature
individuals.

The asynchronous reproductive strategy implies that D.
macarellus can spawn in multiple batches over an extended
period rather than in a single, brief event. This feature can
increase resilience to short-term environmental variability, but
it also means that spawning females are vulnerable to fishing
over much of the reproductive season. Accordingly, future
management should not only adopt minimum size limits but
also seek to identify peak spawning periods—using time-
series data on gonadal maturity or GSI—and design temporal
closures that cover the main spawning peaks. Integrating these
size- and season-based measures, supported by continued
monitoring of length structure and reproductive parameters,
would help maintain spawning biomass and support the long-
term sustainability of D. macarellus in the Pondokdadap
fishery.

REFERENCES

[1] Xu, Y., Zhong, Z., Feng, Y., Zhang, Z., Ao, L., Liu, H.,
Wang, Y., Jiang, Y. (2023). Expression pattern analysis
of anti-Mullerian hormone in testis development of
pearlscale angelfish (Centropyge vrolikii). Journal of
Fish Biology, 102(5): 1067-1078.
https://doi.org/10.1111/jfb.15358

Retnoningtyas, H., Agustina, S., Natsir, M., Ningtias, P.,
et al. (2024). Reproductive biology of the mackerel scad,
Decapterus macarellus (Cuvier, 1833), in the Sulawesi
Sea, Indonesia. Regional Studies in Marine Science, 69:
103300. https://doi.org/10.1016/j.rsma.2023.103300
Fadhilah, A., Pratiwi, M., Harahap, Z.A., Susetya, L.E.
(2021). Analysis of the fishing season pattern of
mackerel scad (Decapterus macarellus) using purse
seine fishing gear at the Belawan Ocean Fishing Port,
North Sumatra Province. IOP Conference Series: Earth
and Environmental Science, 782: 042005.
https://doi.org/10.1088/1755-1315/782/4/042005

Silooy, F.D., Tupamahu, A., Ongkers, O.T.S., Matrutty,
D.D.P., Pattikawa, J.A. (2021). Sex ratio, age group and

(3]



(3]

(7]

(8]

[9]

[11]

[12]

[14]

[15]

length at first maturity of mackerel scad (Decapterus
macarellus Cuvier, 1833) in the Southern waters of
Ambon, Eastern Indonesia. IOP Conference Series: Earth
and  Environmental Science, 777(1): 012008.
https://doi.org/10.1088/1755-1315/777/1/012008
Retnoningtyas, H., Agustina, S., Dhani, A.K., Wiryawan,
B., Palm, H.W., Natsir, M., Hartati, I.D., Prasetia, R.,
Yulianto, I. (2023). Impact of Fishing Pressure on
Reproductive Biology of Mackerel Scad, Decapterus
macarellus (Cuvier, 1833) in Sulawesi Sea and Maluku
Sea, Indonesia. Asian Fisheries Science, 36(3): 164-170.
https://doi.org/10.33997/j.afs.2023.36.3.005

Munandar, A., Simanjuntak, C.P.H., Taryono, T.,
Romdoni, T.A., Lisamy, S.E.A., Nurfaiqah, S., Guarte,
D.M., Thanh, T.T. (2024). Reproductive biology of the
mackerel scad Decapterus macarellus (Cuvier, 1833)
from the southern waters of western Java, Indonesia. BIO
Web of Conferences, 112: 04002.
https://doi.org/10.1051/bioconf/202411204002
Tuapetel, F., Pattikawa, J.A., Wally, D.A. (2022).
Reproduction of Lalosi fish (Pterocaesio tile) in Tulehu
waters, Ambon Island. TRITON: Journal of Aquatic
Resources Management, 18(2): 73-83.
https://doi.org/10.30598/TRITONvoll8issue2page73-83
Tenriware, T., Nur, M., Nasyrah, A.F.A. (2023).
Biological reproduction of mackerel scad, Decapterus
macarellus (Cuvier, 1833) caught by purse-seine net in
Majene Waters, West Sulawesi, Indonesia. Biodiversitas
Journal of Biological Diversity, 24(5).

Soe, K.K., Igbal, T.H., Lim, A., Wang, W., Tsim,
K.W.K., Takeuchi, Y., Petchsupa, N., Hajisamae, S.
(2023).  Reproductive  characteristics  of  the
hermaphroditic four-finger threadfin, FEleutheronema
tetradactylum (Shaw, 1804), in tropical coastal waters.
BMC Zoology, 8: 22. https://doi.org/10.1186/s40850-
023-00181-w

de Castro, P.L., Patil, J.G. (2019). Comparative gonad
histology and semen quality of normal (XY) and neo-
males (XX) of Atlantic salmon (Salmo salar).
Aquaculture Research, 50(11): 3171-3180.
https://doi.org/10.1111/are.14271

Lou, B., Xu, D, Geng, Z., Zhang, Y., Zhan, W., Mao, G.
(2014). Histological characterization of gonadal sex
differentiation in Nibea albiflora. Aquaculture Research,
47(2): 632-639. https://doi.org/10.1111/are.12523

Jan, M., Ahmed, 1. (2019). Reproductive biology and
histological studies of ovarian development of
Schizothorax plagiostomus in river Lidder from Kashmir
Himalaya. Journal of Applied Ichthyology, 35(2): 512-
519. https://doi.org/10.1111/jai.13858

Kahar, R., Ahmad, N., Arai, T. (2024). Gonadal
maturation and reproductive timing in batch spawning
tropical cypriniform fishes Lobocheilos ovalis, Rasbora
argyrotaenia and Tor tambra. Aquaculture, Fish and
Fisheries, 4(6): €70007.
https://doi.org/10.1002/aff2.70007

McGarvey, L.M., Halvorson, L.J., Ilgen, J.E., Guy, C.S.,
McLellan, J.G., Webb, M.A. (2020). Gametogenesis and
assessment of nonlethal tools to assign sex and
reproductive condition in burbot. Transactions of the
American  Fisheries  Society, 149(2): 225-240.
https://doi.org/10.1002/tafs.10226

Ahammad, A.S., Hasan, N.A., Haque, M.M., Bashar, A.,
Ahmed, M.B.U., Alam, M.A., Asaduzzaman, Bashar, A.,

[16]

[17]

[18]

[19]

[20]

[22]

(24]

[25]

[26]

Mahmud, Y. (2021). Environmental factors and genetic
diversity as drivers of early gonadal maturation: a
gonadosomatic index based investigation on Indian Shad,
Tenualosa ilisha Population of Bangladesh. Frontiers in
Marine Science, 8: 758868.
https://doi.org/10.3389/fmars.2021.758868

Zhang, Q.F., Li, Y.W., Liu, Z.H., Chen, Q.L. (2016).
Reproductive toxicity of inorganic mercury exposure in
adult zebrafish: Histological damage, oxidative stress,
and alterations of sex hormone and gene expression in

the hypothalamic-pituitary-gonadal axis. Aquatic
Toxicology, 177: 417-424.
https://doi.org/10.1016/j.aquatox.2016.06.018

Garcia, M.S., Constantino, D.H.J., Silva, A.P.G.,

Perobelli, J.E. (2016). Fish pollutants MeHg and Aroclor
cause permanent structural damage in male gonads and
kidneys after prepubertal exposure. International Journal
of  Experimental Pathology, 97(5): 360-368.
https://doi.org/10.1111/iep.12200

Al Mahmud, N., Rahman, HM.H., Mostakim, G.M.,
Khan, M.G.Q., Shahjahan, M., Lucky, N.S., Islam, M.S.
(2016). Cyclic variations of gonad development of an air-
breathing fish, Channa striata in the lentic and lotic
environments. Fisheries and Aquatic Sciences, 19(1): 5.
https://doi.org/10.1186/s41240-016-0005-0

Gayanilo, F.C., Sparre, P., Pauly, D., Fishery and
Aquaculture Economics and Policy Division. (2005).
FAO-ICLARM stock assessment tools II: Revised
version: User’s guide. FAO Computerized Information
Series: Fisheries.

Lelono, T.D., Bintoro, G., Harlyan, L.I., Kamilah, 1.
(2023). Growth, mortality, food consumption, and
exploitation status of bullet tuna Auxis rochei (Risso,
1810) caught in Prigi waters, Trenggalek, East Java.
Aquaculture, Aquarium, Conservation & Legislation,
16(3): 1418-1429.

Carpenter, K.E., Niem, V.H. (1999). FAO Species
Identification Guide for Fishery Purposes. The Living
Marine Resources of the Western Central Pacific.
Volume 4. Bony Fishes Part 2 (Mugilidae to Carangidae).
Rome, FAO.
https://www.fao.org/4/x2400e/x2400e00.htm.
Brown-Peterson, N.J., Wyanski, D.M., Saborido-Rey, F.,
Macewicz, B.J., Lowerre-Barbieri, S.K. (2011). A
standardized terminology for describing reproductive
development in fishes. Marine and Coastal Fisheries,
3(1): 52-70.
https://doi.org/10.1080/19425120.2011.555724

Cassie, R.M. (1954). Some uses of probability paper in
the analysis of size frequency distributions. Australian
Journal of Marine and Freshwater Research, 5(3): 513-
522. https://doi.org/10.1071/MF9540513
Lowerre-Barbieri, S.K., Ganias, K., Saborido-Rey, F.,
Murua, H., Hunter, J.R. (2011). Reproductive timing in
marine fishes: Variability, temporal scales, and methods.
Marine and Coastal Fisheries, 3(1): 71-91.
https://doi.org/10.1080/19425120.2011.556932
Wallace, R.A., Selman, K. (1981). Cellular and dynamic
aspects of oocyte growth in teleosts. American Zoologist,
21(2): 325-343. https://doi.org/10.1093/icb/21.2.325
Nunes, Y.B.S., Aranha, M.B., Freitas, J., Fernandes,
J.F.F., Silva, L.R., Figueiredo, M.B. (2020). Length at
first sexual maturity of economically important fishes in
the Brazilian Northeast Coast. Ocean and Coastal



(27]

[29]

[30]

[31]

[32]

[34]

[36]

[37]

Research, 68: €20311. https://doi.org/10.1590/S2675-
28242020068311

Xu, Y., Zhang, P., Panhwar, S.K., Li, J., Yan, L., Chen,
Z., Zhang, K. (2023). The initial assessment of an
important pelagic fish, Mackerel Scad, in the South
China Sea using data-poor length-based methods. Marine
and Coastal Fisheries, 15(5): €210258.
https://doi.org/10.1002/mcf2.10258

Lelono, T.D., Bintoro, G., Setyanto, A., Sutjipto, D.O.,
et al. (2024). Evaluating growth and exploitation
dynamics of Thunnus albacares for sustainable fisheries
in fishery landed in Bali's Benoa Harbor. Biodiversitas
Journal of Biological Diversity, 25(9).

Lelono, T.D., Bintoro, G., Harlyan, L.I., Setyanto, A.,
Rihmi, M.K., Rudianto, D. (2023). Biological aspect
approach in sustainable management of coral catshark
Atelomycterus marmoratus (Anonymous [Bennett],
1830) in Bali Strait, Indonesia. Biodiversitas Journal of
Biological Diversity, 24(11).

Lelono, T.D., Bintoro, G., Rihmi, M.K., Pratiwi, V.D.,
Wiadnya, D.G.R. (2021). The biological aspect of four
shark (Galeocerdo cuvie, Sphyrna lewini, Atelomycterus
marmoratus, Carcharhinus melanopterus) of land in
Muncar Coastal Fishing Port Banyuwangi East Jawa.
IOP Conference Series: Earth and Environmental
Science, 718(1): 012064. https://doi.org/10.1088/1755-
1315/718/1/012064

Akhter, F., Islam, M.M., lida, M., Zahangir, M.M. (2020).

Reproductive seasonality and the gonadal maturation of
silver pomfret Pampus argenteus in the Bay of Bengal,
Bangladesh. Journal of the Marine Biological
Association of the United Kingdom, 100(7): 1155-1161.
https://doi.org/10.1017/S0025315420000922

Barman, P.P., Liu, Q., Al-Mamun, M.A., Schneider, P.,
Mozumder, M.M.H. (2021). Stock assessment of
exploited sardine populations from northeastern bay of
Bengal water, Bangladesh using the Ilength-based
Bayesian biomass (LBB) method. Journal of Marine
Science and Engineering, 9(10): 1137.
https://doi.org/10.3390/jmse9101137

Parvin, F. (2021). Growth, maturity, condition, size at
sexual maturity and mortality of the Banded gourami
Trichogaster fasciata from the Ganges River,
Northwestern Bangladesh. Egyptian Journal of Aquatic
Biology and Fisheries, 25(4): 285-299.
https://doi.org/10.21608/ejabf.2021.189004

Tari, F., Namin, J.I., Abdolmalaki, S., Hadavi, M. (2015).

Reproductive biology of Caspian vimba, Vimba vimba
(L.), in the coastal waters of the southwestern Caspian
Sea. Fisheries & Aquatic Life, 23(3): 171-180.
https://doi.org/10.1515/a0pf-2015-0020
Ceneviva-Bastos, M., Taboga, S.R., Casatti, L. (2014).
Microscopic evidence of the opportunistic reproductive
strategy and early sexual maturation of the small-sized
characin Knodus moenkhausii (Characidae, Pisces).
Anatomia, Histologia, Embryologia, 44(1): 72-80.
https://doi.org/10.1111/ahe.12112

Samejima, S., Tachihara, K. (2022). Age, growth and
reproductive biology of a widespread coral reef fish,
yellowfin  goatfish  Mulloidichthys  vanicolensis
(Valenciennes, 1831). Journal of Fish Biology, 100(5):
1233-1244. https://doi.org/10.1111/jfb.15033

Lloret, J., Planes, S. (2003). Condition, feeding and
reproductive potential of white seabream Diplodus

3000

[38]

[40]

[41]

[42]

[43]

[44]

[46]

(48]

[49]

sargus as indicators of habitat quality and the effect of
reserve protection in the northwestern Mediterranean.
Marine Ecology Progress Series, 248: 197-208.
https://doi.org/10.3354/meps248197

Colloca, F., Cardinale, M., Maynou, F., Giannoulaki, M.,
Scarcella, G., Jenko, K., Bellido, J.M., Fiorentino, F.
(2013). Rebuilding Mediterranean fisheries: A new
paradigm for ecological sustainability. Fish and Fisheries,
14(1): 89-109. https://doi.org/10.1111/j.1467-
2979.2011.00453.x

Enberg, K., Jorgensen, C., Mangel, M. (2010). Fishing-
induced evolution and changing reproductive ecology of
fish: the evolution of steepness. Canadian Journal of
Fisheries and Aquatic Sciences, 67(10): 1708-1719.
https://doi.org/10.1139/F10-090

Froese, R., Winker, H., Gascuel, D., Sumaila, U.R.,
Pauly, D. (2016). Minimizing the impact of fishing. Fish
and Fisheries, 17(3): 785-802.
https://doi.org/10.1111/faf.12146

Latuconsina, H., Kamal, M.M., Affandi, R. (2021).
Growth and reproductive biology of white-spotted
rabbitfish (Siganus canaliculatus) on different seagrass
habitats in Inner Ambon Bay, Indonesia.

Pramulati, 1., Hartaty, H., Sukmaningsih, A.A.S.A.,
Sudaryanto, F.X. (2023). Length at first maturity and
length at first capture for bullet tuna (Auxis rochei Risso,
1810) in the southern waters of Bali. BIO Web of
Conferences, 74: 03008.
https://doi.org/10.1051/bioconf/20237403008

Pardo, K.C.E., Ticzon, V.S., Camacho, M.V.C. (2023).
Determining sexual Development and size at sexual
maturity of Sardinella tawilis and its implications on
management. The Philippine Journal of Fisheries, 30(1).
https://doi.org/10.31398/tpjf/30.1.2022-0019

Hashiguti, D.T., Soares, B.E., Wilson, K.L., Oliveira-
Raiol, R.D., de Assis Montag, L.F. (2018). Comparing
three methods to estimate the average size at first
maturity: A case study on a Curimatid exhibiting
polyphasic growth. Ecology of Freshwater Fish, 28(2):
266-273. https://doi.org/10.1111/eff.12451

Freitas, T.M.D.S., Almeida, V.H.D.C., Montag,
L.F.D.A., Fontoura, N.F. (2016). Predicting size at first
sexual maturity from length/weight relationship: A case
study with an Amazonian catfish. Neotropical
Ichthyology, 14(04): el50152.
https://doi.org/10.1590/1982-0224-20150152

Hou, G., Zhang, H., Wang, J., Chen, Y., Lin, J. (2021).
Stock assessment of 19 perciformes in the Beibu Gulf,
China, using a length-based Bayesian biomass method.
Frontiers in  Marine  Science, 8: 731837.
https://doi.org/10.3389/fmars.2021.731837

Banh, Q.Q.T., Domingos, J.A., Pinto, R.C.C., Nguyen,
K.T., Jerry, D.R. (2020). Dietary 17 B-oestradiol and 17
a-ethinyloestradiol alter gonadal morphology and gene
expression of the two sex-related genes, dmrt/ and
cyplYala, in juvenile barramundi (Lates calcarifer
Bloch). Adquaculture Research, 52(4): 1414-1430.
https://doi.org/10.1111/are.14996

Safi, A. (2021). Gonadal Morphology, Histology and
Spermatogenesis of Striped Grunt Fish, Pomadasys
Stridens (Forsskal, 1775) (Family: Pomadasyidae).
Journal of Zoological Research, 3(1): 23-28.
https://doi.org/10.30564/jzr.v3i1.2869

Neves, J.B., Gubiani, E.A., Leandro da Silva, P.R.,



[50]

[52]

[53]

[54]

[55]

[56]

Baumgartner, D., Baumgartner, G. (2020). Reproduction
of fishes of the Verde River, upper Parana River Basin,
Brazil. Revista de Biologia Tropical, 68(3): 833-846.
https://doi.org/10.15517/tbt.v68i3.40411

Leontiou, A.J., Wu, W., Brown-Peterson, N.J. (2021).
The role of maturity in artificial habitat selection by

female Red Snapper. Marine and Coastal Fisheries, 13(4):

332-344. https://doi.org/10.1002/mcf2.10160
Longenecker, K., Langston, R., Mamesah, J., Natan, Y.,
et al. (2024). Errors in estimating reproductive
parameters with macroscopic methods: A case study on
the protogynous blacktip grouper Epinephelus fasciatus
(Forsskal 1775). Journal of Fish Biology, 105(4): 1256-
1267. https://doi.org/10.1111/jb.15893

Longenecker, K., Langston, R., Franklin, E.C. (2020).
Standard operating procedure for histology-based rapid
reproductive analysis of tropical fishes. Heather
D’Agnes, Senior Program Officer, Environment,
Indonesia Arkansas: Scientific Report.

Rojo-Bartolome, 1., Diaz de Cerio, O., Diez, G., Cancio,
L. (2016). Identification of sex and female’s reproductive
stage in commercial fish species through the
quantification of ribosomal transcripts in gonads. PLoS
One, 11(2): e0149711.
https://doi.org/10.1371/journal.pone.0149711

Marks, A.D., Kerstetter, D.W., Wyanski, D.M., Sutton,
T.T. (2020). Reproductive Ecology of Dragonfishes
(Stomiiformes: Stomiidae) in the Gulf of Mexico.
Frontiers in Marine Science, 7: 101.
https://doi.org/10.3389/fmars.2020.00101

Rajkowska, M., Protasowicki, M. (2013). Distribution of
metals (Fe, Mn, Zn, Cu) in fish tissues in two lakes of
different trophy in Northwestern Poland. Environmental
Monitoring and Assessment, 185(4): 3493-3502.
https://doi.org/10.1007/s10661-012-2805-8
Sanchez-Cardenas, R., Arellano-Martinez, M., Valdez-
Pineda, M.C., Moran-Angulo, R.E., Ceballos-Vazquez,

3001

[57]

[58]

[59]

[60]

[61]

[62]

B.P. (2011). Reproductive cycle and sexual maturity of

Sphoeroides annulatus (Jenyns, 1842)
(Tetraodontiformes, Tetraodontidae) from the coast of
Mazatlan, Sinaloa, Mexico. Journal of Applied
Ichthyology, 27(5): 1190-1196.

https://doi.org/10.1111/1.1439-0426.2011.01754.x

Rosa, HK.T.D., Quifiones, M.B., Jimenez, C.R., Garcia,
J.P., Molina, D.L., Samson, J.J., Paghasian, M.C. (2022).
First report on the reproductive biology of the redtail
scad Decapterus kurroides Bleeker, 1855 in Iligan Bay,
southern Philippines. The Philippine Journal of Fisheries,
29(2): 193-208. https://doi.org/10.31398/tpjf/29.2.2022-
0024

Lowerre-Barbieri, S.K., Brown-Peterson, N.J., Wyanski,
D.M., Moncrief-Cox, H.E., Kolmos, K.J., Menendez,
H.S., Barnett, B.K., Friess, C. (2023). A unified
framework and terminology for reproductive traits
integral to understanding fish population productivity.
Marine and Coastal Fisheries, 15(6): ¢10276.
https://doi.org/10.1002/mcf2.10276

Daskalov, G.M. (2002). Overfishing drives atrophic
cascade in the Black Sea. Marine Ecology Progress
Series, 225: 53-63. https://doi.org/10.3354/meps225053
Sumaila, U.R., Tai, T.C. (2020). End overfishing and
increase the resilience of the ocean to climate change.
Frontiers in Marine Science, 7: 523.
https://doi.org/10.3389/fmars.2020.00523

Failing, L., Gregory, R., Higgins, P. (2012). Science,
uncertainty, and values in ecological restoration: A case
study in structured decision-making and adaptive
management. Restoration Ecology, 21(4): 422-430.
https://doi.org/10.1111/j.1526-100X.2012.00919.x
McConnaughey, R.A., Hiddink, J.G., Jennings, S.,
Pitcher, C.R., et al. (2019). Choosing best practices for
managing impacts of trawl fishing on seabed habitats and
biota. Fish and  Fisheries, 21(2): 319-337.
https://doi.org/10.1111/faf.12431





