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We assessed the stock status of mud crabs (Scylla serrata) in Indragiri Hilir, Riau Province, Indonesia, using a
length-based spawning potential ratio (SPR) model. Between December 2021 and January 2023, we sampled
13,409 mud crabs (6434 males and 6975 females) from small-scale commercial fisheries. Their carapace length
ranged from 5.60 to 17.50 cm, with the majority within a 9.60-10.30 cm range. The length at first capture was
8.32 cm for females and 8.47 cm for males, it is below their respective lengths at first maturity, measured at

11.00 cm for females and 9.77 cm for males, indicating harvest of immature crabs. Growth constants were 0.31
per year for females and 0.26 per year for males, with a natural mortality rate of 0.83 per year and 0.75 per year,
respectively. The exploitation rate based on SPR was 4 % for females and 6 % for males, suggesting overfishing.
To ensure sustainable management of mud crab fisheries, regulatory measures such as reducing fishing efforts,
introducing seasonal fishing closures, and enforcing minimum size limits are recommended.

Introduction

Growing human population in coastal areas and increasing market
demand for mud crabs in Indonesia has intensified fishing pressure on
four commercially important species: Scylla serrata (Forskal, 1775),
Scylla paramamosain (Estampador, 1950), Scylla olivacea (Herbst, 1796),
and Scylla tranquebarica (Fabricius, 1798) (Iromo & Jabarsyah, 2018).
Among these, S. serrata, predominantly found in mangrove and estua-
rine ecosystems across the Indo-Pacific region, is heavily exploited (Pati
etal., 2023). The demand for mangrove mud crabs rises annually in both
local and international markets (Hardiyanti et al., 2018). Indonesia’s
crab production between 2019 and 2022 reached 232,726 tons, with
194,928 tons (84 %) sourced from wild catches, and only 37,797 tons
(16 %) derived from aquaculture (MMAF, 2022).

The high economic value of S. serrata makes it particularly vulner-
able to overexploitation in the Indo-West Pacific region (Karniati et al.,
2021; Putri et al., 2022). Fishermen in Indragiri Hilir rely heavily on
harvesting S. serrata through small-scale fisheries, using traps and small
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boats, to sustain their livelihood. Artisanal fishermen primarily target
mud crabs, with approximately 90-95 % involved in small-scale fish-
eries, making them the primary source of income for coastal commu-
nities living near mangrove forests. These fisheries often use multi-
species fishing gears such as gillnet and traps that can catch various
species such as reef fish, mud crabs, and prawns (Sari et al., 2021).

The Indragiri Hilir Regency in Riau Province lies within the Republic
of Indonesia’s National Fisheries Management Area (WPP-NRI) 711 and
is characterized by extensive mangrove forests—crucial habitats for
mud crabs. Between 2020 and 2022, the region recorded a remarkable
mangrove crab catch volume of 199,701 tons (MMAF, 2022). S. serrata is
the dominant species in this area and is frequently harvested, playing a
vital role in the income of communities that depend on mangrove for-
ests. These mangroves also serve as critical habitats for other econom-
ically important aquatic fauna (e.g., shrimp and fish). Despite their
economic and ecological importance, mangroves are undervalued by
local communities, whose livelihoods primarily depend on coconut
farming and fishing activities (Permatasari et al., 2017).

Received 28 October 2024; Received in revised form 11 February 2025; Accepted 13 February 2025

Available online 25 February 2025

1687-4285/© 2025 The Authors. Published by Elsevier B.V. on behalf of the National Institute of Oceanography and Fisheries. This is an open access article under

the CC BY license (http://creativecommons.org/licenses/by/4.0/).


https://orcid.org/0000-0001-7089-7894
https://orcid.org/0000-0001-7089-7894
https://orcid.org/0000-0002-9621-4411
https://orcid.org/0000-0002-9621-4411
https://orcid.org/0000-0002-7068-6920
https://orcid.org/0000-0002-7068-6920
https://orcid.org/0009-0007-1661-3724
https://orcid.org/0009-0007-1661-3724
mailto:mochammadri@apps.ipb.ac.id
www.sciencedirect.com/science/journal/16874285
https://www.elsevier.com/locate/ejar
https://doi.org/10.1016/j.ejar.2025.02.004
https://doi.org/10.1016/j.ejar.2025.02.004
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ejar.2025.02.004&domain=pdf
http://creativecommons.org/licenses/by/4.0/

M. Riyanto et al.

Fishing activities often involve the use of small canoes and traps to
target mud crabs in small estuaries, tidal creeks, and mangrove forests
(Mirera, 2017). Over the past few decades, intensified exploitation and
mangrove degradation have increasingly threatened mud crab pop-
ulations. Identifying the biological traits of S. serrata and assessing their
stock status is crucial for developing exploitation strategies and man-
agement plans to ensure the sustainability of these fisheries.

Fish stock assessments often use biological indicators such as
spawning potential ratio (SPR), which estimates the proportion of fish
that can spawn over their lifetime under fishing pressure compared to an
unfished population (Brooks et al., 2010). SPR is particularly valuable
for evaluating stock status in data-limited fisheries, as it requires mini-
mal data. Further, it relies on length measurements of the exploited
stock, which are relatively easy and cost-effective to collect (Prince
et al., 2020).

Previous studies have highlighted dramatic declines in mud crab
populations in certain areas due to mangrove forest encroachment and
habitat destruction (Le Vay, 2001; Sara, 2010; Ikhwanuddin et al., 2011;
Varkey et al., 2023). The loss of fishing grounds has adversely affected
fishing communities, who require guidance and support to improve
fisheries management. Since 2021, Yayasan Mitra Insani (YMI), Yayasan
Pesisir Lestari, and Blue Ventureshave have actively supported com-
munities in Indragiri Hilir to manage and monitor their fisheries and
mangroves. However, mud crab fisheries management is yet to be fully
implemented at the community level.

This study evaluates the stock status of S. serrata in Indragiri Hilir
based on the fishing mortality (F) to natural mortality (M) ratio (F/M),
SPR, and selectivity. Carapace width data, which can be easily measured
at fish landing sites, from the captured mud crabs were used. Length-
based stock assessments are particularly suited for data-poor fisheries,
where often only size data is readily available (Hordyk et al., 2015). The
results of this study aim to improve area-based management boundaries
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and management strategies to balance resource use and conservation
efforts for S. serrata.

Materials and methods
Study site

The study was conducted in two villages, Perigi and Sapat
(0°19'29.7"S 103°18'47.3"E), located in the Indragiri Hilir District of
Riau Province, Sumatra, Indonesia. Data collection spanned 14 months,
from December 2021 to January 2023 (Fig. 1). In these villages, mud
crab fishermen predominantly use wooden canoes to lay traps during
high tides. These simple traps or pots are environmentally friendly, in
compliance with Indonesian laws, and are made of monofilament nets
and bamboo. They are bowl-shaped with a central wooden stake and two
openings (Fig. 2).

Fishing trips last a day on average. Trap soaking times average up to
12 h, typically beginning in the morning and evening. The mud crab
fishermen operated in two main locations: the nearest one approxi-
mately 500 m from the village, reachable within 30 min by canoe, and a
more distant location approximately 7 km away, which requires 6 h of
travel. The latter involves rowing across several small ditches (locally
referred to as suak or parit) with minimum depths of 0.5-1.5 m and
maximum depths of 6 m. Several ditches in Sapat Village serve as key
mud crab fishing areas (Fig. 1).

Each trap required 80 cm of monofilament net, 110 cm of bamboo, 1
m of wooden stake, and 2.5 m of rope. The wooden stake serves as a bait
holder and secures the trap to the seabed. Each fisherman utilized 11-90
traps. If well-maintained, the traps can remain functional for up to one
year.
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Fig. 1. The maps showing the study area in Indragiri Hilir, Riau Province, Indonesia, where data on S. serrata were collected.
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Fig. 2. Diagram showing the mud crab trap used by local fishermen in Indragiri Hilir, Riau Province, Indonesia.

Sample collection

Data on mud crab weight (g), carapace width (cm), and catch
numbers were collected from 69 fishermen in Sapat Village and 23 in
Perigi Village, across three landing sites. Daily data collection was car-
ried out by a team of 10 data collectors from both villages over the 14-
month study period. The body weight and carapace width of the mud
crabs were recorded using a digital scale and a caliper, respectively, as
shown in Fig. 3. Several data collectors from Sapat and Perigi collected
all the data daily.

Data analysis

The stock status of mud crabs in Indragiri Hilir was assessed using the
length-based SPR (LBSPR) model developed by Hordyk et al. (2015).
The LBSPR model, as defined by Prince et al. (2015), provides a general
framework for the stock assessment of data-limited fisheries. It

incorporates the length frequency distribution data and life history pa-
rameters as input variables. The life history parameters were estimated
using the “TropFishR” package in RStudio, following the methodology
described by Mildenberger et al. (2017), utilizing the following formula:

Lt = Loo[1 — exp( — k(t — t0) )]

where Loo is the mean maximum carapace length, k is the growth
rate constant, and t0 is the theoretical age at a length of zero.

The total mortality rate (Z) was estimated using the Linearized Catch
Curve Method, as proposed by Pauly (1983). Age determination is a time
and manpower consuming in fishery sampling. Thus, this method uses
length as an alibi for age, based on the R package “TropFishR” when
calculating the selection ogive by means of the catch curve, the
assumption is made. It is assumed that Z remains constant across all year
classes or length groups. According to Sparre (1998), this assumption
may be held because fishing mortality (F) tends to be lower for younger
fish due to selectivity, while natural mortality (M) is typically higher for

(c)

Fig. 3. Female S. serrata: (a) dorsal and (b) ventral view. Male S. serrata: (c) dorsal and (d) ventral view.
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) . . 1112
these younger fish. To implement this method, a plot of ln%

t(%) needs to be created.

Further, it is worth recalling that age and length are functionally
linked through the Von Bertalanffy Growth Function (VBGF). Using the
inversion of the VBGF length can be converted into age. The specific
relationship is as follows:

L

HL)Z =t — }( In(1 - )
o0

against

where t(L) is the age at length L units (cm) and tp, Loo, and K are the
classical VBGF parameters. Using this in the equation relating to the
logarithm of catch rate over a small-time interval and the mid-time in-
terval which is as follows:
At

)=c-z(t-5)

ct,t+ At
(2 e

At

which in turn can be rewritten using the catch and length informa-
tion as
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Here is the change in time
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o 1,
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Thus, from this linear function, the total instantaneous rate of mor-
tality can be estimated as the negative slope. It can be noted that in the
previous equations, c is a term that is made of constant terms or in other
words by terms that do not involve either time or length at different
classes.

Estimating the natural mortality is one of the major challenges for
fishery biologists conducting stock assessments. Fortunately, it appears
that M, the exponential rate of natural mortality, closely correlates with
growth parameters and the mean habitat temperature of a given stock.
To the extent of our knowledge, the asymptotic size of a stock, its stress
factor (K), and its mean habitat temperature provide sufficient data to
obtain reliable estimates of M for any fish species. Natural mortality (M)
is calculated using Pauly (1980) empirical formula:

logM = 0.1228 — 0.1912logLoo + 0.7485logK -+ 0.23911logT

where T is the mean environmental temperature (°C) (as given in an
oceanographic atlas), and Loo is expressed in cm. From the Z and M
estimates, the fishing mortality (F; year — 1) was estimated using the
equation:

F=Z-M

The growth performance index (¢') of S. serrata regarding length
growth was estimated using the formula developed by Pauly and Munro
(1984):

¢/ = 2Log10CLoo + Logl0K

The methods outlined above to “guesstimate” the asymptotic length
(Loo) and k do not provide estimates of tg. However, there may be cases
where an estimate of ty, even a rough one, is needed. This requires
several input parameters, including k, asymptotic carapace width (CW
in cm), and T in °C. Pauly (1979) empirical formula for determining t0 is
given by

log( — t0) = —0.3922 — 0.2752log(Loo) — 1.038(k).

SPR with reference points (RP) provides an even clearer estimation
of stock status for mud crab: <20 % indicates an “overexploited” stock
(below the limit RP, LRP), 20-40 % indicates a “fully exploited” stock
(between the LRP and target RP, TRP), and <40 % indicates an “un-
derexploited” stock (the TRP; Prince et al., 2015).

We estimated spawning potential ratio (SPR) using the length-based
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SPR (LBSPR) model, gear selectivity at 50 and 95 % carapace selectivity
(CL50 and CL95, respectively), and the ratio of fishing mortality (F) to
natural mortality (M) as F/M. According to Hordyk et al. (2016), the SPR
analysis and gonad maturity selectivity curves used the R Studio LBSPR
program (https://CRAN.R-project.org/package = LBSPR).

Results

A total of 13,409 S. serrata individuals, comprising 6,434 males and
6,975 females, were collected from the landing sites (Fig. 3). Based on
these numbers, the mud crabs caught in the Indragiri Hilir had a small
size of 5.60 cm (Fig. 4).

The k values were 0.31/y and 0.26/y for female and male crabs,
respectively. The Loo values were 29.60 and 30.86 cm for females and
males, with a mean length value of 9.92 + 0.018 cm for females and
9.97 + 0.020 cm for males. The value of M was 0.83/y for females and
0.75/y for males. In contrast, the value of F was 6.56/y for females and
2.86/y for males. The life history parameters and SPR for S. serrata in
Indragiri Hilir are summarized in Table 1.

The LBSPR analysis reveals that the exploitation rates reached 4 and
6 % for females and males, respectively, suggesting the overexploitation
of stock (Fig. 5).

Fig. 6 shows the intersections between the selectivity and maturity
curves for male and female mud crabs. The length at first capture (Lc)
was 8.32 cm for females and 8.47 cm for males. Which is smaller than
the length at first maturity (Lm) of 11.00 cm for females, as well as for
males, Lm of 9.77 cm for males.

Discussion

Mud crabs caught in Indragiri Hilir from December 2021 to January
2023 were predominantly females, contrasting with findings from,
Tarakan waters, Sumatra, where male crabs dominated the catch (Salim
et al., 2020). This disparity is due to the fact that the fishermen in
Indragiri Hilir primarily target muddy river areas with depths of 1-6 m.
Female crabs were more frequently caught due to their migration to
deeper waters during gonadal maturation (Susiana et al., 2024).

The frequency distribution of carapace width (Fig. 4) reveals that
male crabs are generally larger than females. The size of captured
S. serrata ranged from a minimum of 5.60 cm to a maximum of 17.50 cm,
with the majority falling within the 9.60-10.30 cm range. Male crabs
exhibited carapace widths ranging between 5.60 and 17.50 cm, with an
average of 9.97 cm (£0.020), while females ranged from 5.60 to 16.50
cm, with an average width of 9.92 cm (40.018). Hubatsch et al. (2015)
reported that male S. serrata reaches sexual maturity at carapace widths
of 92-110 mm, while females mature at 80-120 mm. In other regions of
Indonesia, males and females were reported to mature at 59-128 and
53-122 mm, respectively (Widigdo et al., 2017).

S. serrata is the dominant species found in muddy substrates associ-
ated with dense mangrove vegetation (Hubatsch et al., 2014). Therefore,
protecting mud crab habitats in Indragiri Hilir is essential, as profound
environmental damage is caused by mangrove destruction. Various
environmental factors such as temperature, depth, pH, and turbidity
improve mud crab growth, production, and reproduction in their natural
habitat (Paital & Chainy, 2012; Spence & Tingley, 2020; Azra et al.,
2020; Pati et al., 2023). Variations in mud crab sizes in Indragiri Hilir
may also reflect seasonal changes, ecological connectivity, and prox-
imity of fishing grounds, as mud crab distribution was strongly influ-
enced by seasonal environmental factors (Leoville et al., 2021).

The values of k differed between sexes, with males exhibiting higher
growth constant than females. The greater k value in male crabs is
attributed to the fact that males use nutrients for somatic growth, while
female crabs use the nutrients for both somatic and reproductive
growth, including gonad development and egg production (Wijaya et al.,
2018). Similar findings have been reported in studies by Ali et al. (2004),
Ikhwanuddin et al. (2010), and Musa et al. (2017). The dominance of
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Fig. 4. Carapace width of male and female S. serrata individuals caught in Indragiri Hilir, Indonesia. The blue dashed vertical line indicates the CL50 for males, and
the yellow dashed vertical line indicates the CL50 for females. (For interpretation of the references to colour in this figure legend, the reader is referred to the web

version of this article.)

Table 1
Life history and SPR parameters of S. serrata in Indragiri Hilir, Indonesia.

Parameter Units  Female Life History Male Life History
Value Value

Length range cm 5.60-16.50 5.60-17.50

Mean length + SE cm 9.92 + 0.018 9.97 + 0.020

Loo (asymptotic length) cm 29.60 30.86

Lmax (maximum length) cm 16.50 17.50

k (growth constant) pery 0.31 0.26

M (natural mortality) pery 0.83 0.75

F (fishing mortality) pery  6.56 2.86

Z (total mortality) pery 7.39 3.61

¢’ (growth performance 2.43 2.40

index)

M/k pery 273 2.84

SPR % 4 6

to y —0.55 —0.63

CL50* cm 8.32 8.47

CL95 Cm 9.50 10.02

*CL50 = Lc (the mean length at first capture), SE = Standard error.

males over females is frequently observed in crab populations (Warburg
et al., 2012).

S. serrata exhibited higher Z compared to M and F. Total mortality (Z)
was estimated to be higher than natural mortality (M) and fishing
mortality(F) for females and males, respectively (Khaksari et al., 2023).
In both fishing areas studied, Lc was smaller than Lm, posing a threat to
the long-term sustainability of resources (Suman et al., 2018). Our
research findings indicate that traps frequently capture immature mud
crabs below the minimum catchable size, reducing their chances to
reproduce, and ultimately leading to a decline in their population.

The F values for female crabs in Indragiri Hilir were significantly
higher than those for male crabs, indicating a greater exploitation rate
for females. The M values appear to be smaller compared to the F, with
the exploitation rate slightly exceeding the optimal value. This phe-
nomenon indicates an overexploitation of mud crabs on the other small
islands of Indonesia. On the other hand, fishing mortality of S. serrata in
Bangladesh was lower than natural mortality for both males and females
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(Zafar et al., 2006). The higher F for males is primarily due to their
predominance in intensively fished intertidal flats and shallow water
(Sara, 2010). The growth performance index was recorded as 2.43 for
females and 2.40 for males, which were lower than the values reported
by Zafar et al. (2006) at 3.599 for females and 3.497 for males, and by
Khaksari et al. (2023) at 4.63 for females and 4.85 for males.

Meanwhile, two studies in Wetan and Tarakan waters explained the
different exploitation rates and stock conditions. Yudiati et al. (2020)
reported an exploitation rate of 55 % for females, exceeding that for
males. Furthermore, E values for S. serrata females were higher than the
50 % optimum threshold. Another study by Indarjo et al. (2020) showed
that the estimated exploitation values for male and female mud crabs
exceeded the optimum thresholds of 70.57 and 87.61 %, respectively.
High mortality rates from continuous fishing can result in low survival
rates and hinder crabs from reaching their maximum size (Froese et al.,
2016).

The SPR of S. serrata in Indragiri Hilir was below 20 %, indicating
overexploitation of stock. SPR represents the proportion of a fishery
population in the waters. The SPR value of 20 % is considered the
threshold replacement level for sustaining fish populations. An SPR
below 20 % indicates reduced recruitment and a declining population
(Prince et al., 2015). A low SPR demonstrates a decline in the population
of juvenile mud crabs, a reduction in the spawning stock, and fewer eggs
being produced. SPR is an indicator of the overall health of fishery
harvests and provides benchmarks for evaluating the current status of
fish stocks (Cousido-Rocha et al., 2022).

To address these challenges, targeted management actions in the
Indragiri Hilir crab fishery are necessary to rebuild the biomass of
S. serrata and increase its SPR value above the LRP by 20 %. Owing to the
importance of this fishery in local livelihoods, management measures
must adopt a bottom-up approach. Engaging the community and putting
their integrated knowledge, priorities, and needs in decision-making can
make fishery management at Indragiri Hilir more inclusive and adap-
tive. The sustainability of mud crabs is greatly influenced by several
factors, including premature catching, consumer attitudes toward sus-
tainability, and side effects of the fishing gear (Tetelepta et al., 2019).

We recommend continuing facilitated data feedback sessions to
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Fig. 5. SPR of (a) female and (b) male S. serrata in Indragiri Hilir, Indonesia.
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Fig. 6. Maturity and selectivity curves of (a) female and (b) male S. serrata in Indragiri Hilir, Indonesia.

enhance the community members’ understanding of mud crab fisheries.
These sessions bring together community members and relevant stake-
holders to discuss the current factors affecting mud crab fisheries.
Community members whose livelihoods are directly affected offer
valuable knowledge that can inform more effective management mea-
sures and promote compliance with agreed-upon regulations. Given this,
community members can collectively identify and agree on manage-
ment measures to be implemented and impose regulations. The pro-
posed management measures include reducing fishing -efforts,
implementing temporary fishing closures, and setting harvest size limits
for mud crabs.

The communities implemented five temporary mud crab fishery
closures to provide time and space for mud crabs to allow for their
growth and reproduction. The community agrees upon and implements
the closures, but village regulations still lack community inclusion.
Therefore, further efforts are required to secure community rights for
village-level fishery management. As these crabs are frequently threat-
ened by overexploitation, fishing practices must consider the biological
status of the crab populations to ensure sustainability.
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Conclusion

This study found that the SPR value of mud crabs was below 20 % of
the LRP. LBSPR is an index of the relative reproduction rate of over-
exploited fish resources. Directly impacted community members have a
more nuanced understanding of their livelihoods, allowing them to
provide valuable insights into the root causes. By incorporating their
input, fishery management responses are more likely to be effective and
have higher compliance with regulations. Given this, fishing community
members can collaboratively determine their preferred fisheries man-
agement responses and develop applicable rules. The proposed man-
agement responses included reducing fishing efforts, implementing
seasonal fishing closures, and establishing harvest size limits for mud
crabs.

Ethical clearance
The authors declare that the sampling of the studied species was

conducted in accordance with national procedures and international
conventions regarding the use of animals in scientific research.



M. Riyanto et al.
CRediT authorship contribution statement

Mochammad Riyanto: Writing — review & editing, Writing — orig-
inal draft, Supervision, Formal analysis, Conceptualization. Sugeng
Hari Wisudo: Writing — review & editing, Supervision, Formal analysis.
Indah Rufiati: Resources, Project administration, Conceptualization.
Faridz Rizal Fachri: Project administration, Funding acquisition,
Conceptualization. Wahyu Dita Septiani: Methodology, Formal anal-
ysis, Data curation. Inayah: Data curation, Methodology, Resources,
Project administration. M. Rukim: Methodology, Formal analysis, Data
curation. Gian Nofrianda Ilyas: Methodology, Formal analysis, Data
curation. Emilio de la Rosa: Methodology, Conceptualization. Riki
Saputra: Visualization, Validation, Software.

Declaration of competing interest

The authors declare the following financial interests/personal re-
lationships which may be considered as potential competing interests:
Mochammad Riyanto reports administrative support, article publishing
charges, statistical analysis, travel, and writing assistance were provided
by IPB University and Blue Ventures Conservation. If there are other
authors, they declare that they have no known competing financial in-
terests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgments

Community data collectors in Indragiri Hilir, the YMI team (Herbet
Linto Retto), and the Blue Ventures team (Megan Francis, Sam Gandhi,
Dwi Yandhi Febriyanti, Nick Piludu, and Masumi Gudka) and Ahmad
Romdon provided constructive suggestions and comments. This study
was funded by the UK International Development Fund through the UK
government; however, the opinions expressed do not necessarily
represent official UK government policy.

References

Ali, M. Y., Kamal, D., Hossain, S. M. M., Azam, M. A., Sabbir, W., Murshida, A.,
Ahmed, B., & Azam, K. (2004). Biology studies of the mud crab, Scylla serrata
(Forskal) of the Sundarbans mangrove ecosystem in Khulna region of Bangladesh.
Pakistan Journal of Biological Sciences, 7(11), 1981-1987. https://doi.org/10.3923/
pjbs.2004.1981.1987

Azra, M. N., Tavares, C. P. D. S., Abol-Munafi, A. B., & Ikhwanuddin, M. (2020). Growth
rate and fatty acid composition of orange mud crab instars, Scylla olivacea, reared at
different temperatures. The Egyptian Journal of Aquatic Research, 46(1), 97-102.
https://doi.org/10.1016/j.ejar.2019.11.006

Brooks, E. N., Powers, J. E., & Cortés, E. (2010). Analytical reference points for age-
structured models: Application to data-poor fisheries. ICES Journal of Marine Science,
67(1), 165-175. https://doi.org/10.1093/icesjms/fsp225

Cousido-Rocha, M., Cervino, S., Alonso-Fernandez, A., Gil, J., Herraiz, I. G.,

Rincén, M. M., Ramos, F., Rodriguez-Cabello, C., Sampedro, P., Vila, Y., &
Pennino, M. G. (2022). Applying length-based assessment methods to fishery
resources in the Bay of Biscay and Iberian Coast ecoregion: Stock status and
parameter sensitivity. Fisheries Research, 248, Article 106197. https://doi.org/
10.1016/j.fishres.2021.106197

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

Hardiyanti, A. S., Sunaryo, S., Riniatsih, I., & Santoso, A. (2018). Mangrove crab
biomorphometrics (Scylla sp.) catches in Semarang waters to support the
conservation of biological resources. Journal Marina: Oceanographic Bulletin, 7,
81-90. https://doi.org/10.14710/buloma.v7i2.20686

Hordyk, A., Ono, K., Valencia, S., Loneragan, N., & Prince, J. (2015). A novel length-
based empirical estimation method of spawning potential ratio (SPR) and tests of its
performance for small-scale, data-poor fisheries. ICES Journal of Marine Science, 72
(1), 217-231. https://doi.org/10.1093/icesjms/fsu004

Hordyk, A. R., Ono, K., Prince, J. D., & Walters, C. J. (2016). A simple length-structured
model based on life history ratios and incorporating size-dependent selectivity:
Application to spawning potential ratios for data-poor stocks. Canadian Journal of
Fisheries and Aquatic Sciences, 73(12), 1787-1799. https://doi.org/10.1139/cjfas-
2015-0422

Hubatsch, H. A., Lee, S. Y., Diele, K., Nordhaus, I., & Wolff, M. (2014). Microhabitat use
of early benthic stage mud crabs, Scylla serrata (Forskal, 1775), in Eastern Australia.
Journal of Crustacean Biology, 34, 604-610. https://doi.org/10.1163/1937240X-
00002256

223

The Egyptian Journal of Aquatic Research 51 (2025) 217-224

Hubatsch, H. A., Lee, S. Y., Diele, K., Nordhaus, 1., Wolff, M., & Meynecke, J. O. (2015).
Life-history, movement, and habitat use of Scylla serrata (Decapoda, Portunidae):
Current knowledge and future challenges. Hydrobiologia: The International Journal of
Aquatic Sciences, 763, 5-21. https://doi.org/10.1007/510750-015-2393-z

Iromo, H., & Jabarsyah, A. (2018). Reproduction of female mud crab (Scylla serrata)
with thyroxine hormone supplementation in traditional ponds from North Borneo
Indonesia. International Journal of Fisheries and Aquatic Studies, 6, 378-381.

Indarjo, A., Salim, G., Zein, M., Septian, D., & Bija, S. (2020). The population and
mortality characteristics of mangrove crab (Scylla serrata) in the mangrove
ecosystem of Tarakan City Indonesia. Biodiversitas Journal of Biological Diversity, 21
(8), 3856-3866. https://doi.org/10.13057/biodiv/d210855

Ikhwanuddin, M., Azmie, G., Juariah, H. M., Zakaria, M. Z., & Ambak, M. A. (2011).
Biological information and population features of mud crab, genus Scylla from
mangrove areas of Sarawak Malaysia. Fisheries Research, 108(2-3), 299-306. https://
doi.org/10.1016/j.fishres.2011.01.001

Ikhwanuddin, M., Bachok, Z., Hilmi, M. G., Azmie, G., & Zakaria, M. Z. (2010). Species
diversity, carapace width-body weight relationship, size distribution, and sex ratio of
mud crab, genus Scylla from Setiu Wetlands of Terengganu coastal waters, Malaysia.
Journal of Sustainable Science and Management, 5, 97-109.

Karniati, R., Sulistiyono, N., Amelia, R., Slamet, B., Bimantara, Y., & Basyuni, M. (2021).
Mangrove ecosystem in North Sumatran (Indonesia) forests serves as a suitable
habitat for mud crabs (Scylla serrata and S. olivacea). Biodiversitas Journal of
Biological Diversity, 22(3), 1489-1496. https://doi.org/10.13057 /biodiv/d220353

Khaksari, H., Safaie, M., & Salarzadeh, A. (2023). Population dynamics and reproductive
biology of Scylla serrata (Forskal, 1775) on the shores overlooking the mangrove
forest of the Persian Gulf. Regional Studies in Marine Science, 57, Article 102758.
https://doi.org/10.1016/j.rsma.2022.102758

Leoville, A., Lagarde, R., Grondin, H., Faivre, L., Rasoanirina, E., & Teichert, N. (2021).
Influence of environmental conditions on the distribution of burrows of the mud
crab, Scylla serrata, in a fringing mangrove ecosystem. Regional Studies in Marine
Science, 43, Article 101684. https://doi.org/10.1016/j.rsma.2021.101684

Le Vay, L. (2001). Ecology and management of mud crab Scylla spp. Asian Fisheries
Science, 14(2), 101-112. https://doi.org/10.33997/j.afs.2001.14.2.001

Mildenberger, T., Taylor, M. H., & Wolff, A. M. (2017). TropFishR: An R package for
fisheries analysis with length-frequency data. Methods in Ecology and Evolution, 8
(11), 1520-1527. https://doi.org/10.1111/2041-210X.12791

Ministry of Maritime Affairs and Fisheries (MMAF). (2022). One Data. https://satudata.
kkp.go.id/.

Mirera, D. O. (2017). Intertidal mangrove boundary zones as nursery grounds for the
mud crab Scylla serrata. African Journal of Marine Science, 39(3), 315-325. https://
doi.org/10.2989,/1814232X.2017.1371640

Musa, N., Manaf, M. T. A., Saari, N. A., Hamzah, M., Ibrahim, W. N. W., Aznan, A. S.,
Zakaria, K., Ghani, S. H. A., Razzak, L. A., Musa, N., Zainathan, S. C.,

Wahid, M. E. A., Harrison, F. S., Ambak, M. A., & Ikhwanuddin, M. (2017). Some
aspects of population biology of edible orange mud crab, Scylla olivacea (Herbst,
1796) during pre- and post-monsoon in Setiu Wetland, Terengganu, Malaysia.
Journal of Sustainable Science and Management, 3, 42-52.

Pauly, D. (1979). Theory and management of tropical multispecies stocks: a review, with
emphasis on the Southeast Asian demersal fisheries. ICLARM Studies and Reviews
No. 1. 35 pp. International Center for Living Aquatic Resources Management,
Manila.

Pauly, D. (1980). On the interrelationships between natural mortality, growth
parameters, and mean environmental temperature in 175 fish stocks. ICES Journal of
Marine Science, 39(2), 175-192. https://doi.org/10.1093/icesjms/39.2.175

Pauly, D., 1983. Some Simple Methods for the Assessment of Tropical Fish Stocks. In:
FAO Fisheries Technical Paper FAO, Rome, p. 52.

Pauly, D., & Munro, J. L. (1984). Once more on growth comparisons in fish and
invertebrates. ICLARM Fishbyte, 2, 21.

Paital, B., & Chainy, G. B. N. (2012). Biology and conservation of the genus Scylla in the
Indian subcontinent. Journal of Environmental Biology, 33(5), 871-879.

Pati, S. G., Paital, B., Panda, F., Jena, S., & Sahoo, D. K. (2023). Impacts of habitat quality
on the physiology, ecology, and economic value of mud crab Scylla sp.: A
comprehensive review. Water, 15(11), Article 2029. https://doi.org/10.3390/
w15112029

Permatasari, P. A., Setiawan, Y., Khairiah, R. N., & Mulyana, D. (2017). Mangrove
mapping and change detection in Sungai Asam Village, Indragiri Hilir Regency, Riau
Province. In IOP Conference Series: Earth and Environmental Science (Vol. 54, No. 1,
p. 012065). IOP Publishing. doi: 10.1088/1755-1315/54,/1/012065.

Prince, J., Hordyk, A., Valencia, S. R., Loneragan, N., & Sainsbury, K. (2015). Revisiting
the concept of Beverton-Holt life-history invariants with the aim of informing data-
poor fisheries assessment. ICES Journal of Marine Science, 72(1), 194-203. https://
doi.org/10.1093/icesjms/fsu011

Prince, J., Creech, S., Madduppa, H., & Hordyk, A. (2020). Length-based assessment of
spawning potential ratio in data-poor fisheries for blue swimming crab (Portunus
spp.) in Sri Lanka and Indonesia: Implications for sustainable management. Regional
Studies in Marine Science, 36, Article 101309. https://doi.org/10.1016/j.
rsma.2020.101309

Putri, A., Bengen, D. G., Zamani, N. P., Salma, U., Kusuma, N. P., Diningsih, N. T., &
Kleinertz, S. (2022). Mangrove habitat structure of mud crabs (Scylla serrata and S.
olivacea) in the Bee Jay Bakau Resort Probolinggo, Indonesia. Ilmu Kelautan:
Indonesian Journal of Marine Sciences, 27(2), 124-132. https://doi.org/10.14710/ik.
ijms.27.2.124-132

Salim, G., Handayani, K. R., Anggoro, S., Indarjo, A., Syakti, A. D., Ibrahim, A. J.,
Ransangan, J., & Prakoso, L. Y. (2020). Morphometric analysis of Harpodon
nehereus, Harpiosquilla raphidea, and Scylla serrata in the coastal waters of


https://doi.org/10.3923/pjbs.2004.1981.1987
https://doi.org/10.3923/pjbs.2004.1981.1987
https://doi.org/10.1016/j.ejar.2019.11.006
https://doi.org/10.1093/icesjms/fsp225
https://doi.org/10.1016/j.fishres.2021.106197
https://doi.org/10.1016/j.fishres.2021.106197
https://doi.org/10.1111/faf.12146
https://doi.org/10.1111/faf.12146
https://doi.org/10.14710/buloma.v7i2.20686
https://doi.org/10.1093/icesjms/fsu004
https://doi.org/10.1139/cjfas-2015-0422
https://doi.org/10.1139/cjfas-2015-0422
https://doi.org/10.1163/1937240X-00002256
https://doi.org/10.1163/1937240X-00002256
https://doi.org/10.1007/s10750-015-2393-z
http://refhub.elsevier.com/S1687-4285(25)00011-1/h0060
http://refhub.elsevier.com/S1687-4285(25)00011-1/h0060
http://refhub.elsevier.com/S1687-4285(25)00011-1/h0060
https://doi.org/10.13057/biodiv/d210855
https://doi.org/10.1016/j.fishres.2011.01.001
https://doi.org/10.1016/j.fishres.2011.01.001
http://refhub.elsevier.com/S1687-4285(25)00011-1/h0075
http://refhub.elsevier.com/S1687-4285(25)00011-1/h0075
http://refhub.elsevier.com/S1687-4285(25)00011-1/h0075
http://refhub.elsevier.com/S1687-4285(25)00011-1/h0075
https://doi.org/10.13057/biodiv/d220353
https://doi.org/10.1016/j.rsma.2022.102758
https://doi.org/10.1016/j.rsma.2021.101684
https://doi.org/10.33997/j.afs.2001.14.2.001
https://doi.org/10.1111/2041-210X.12791
https://satudata.kkp.go.id/
https://satudata.kkp.go.id/
https://doi.org/10.2989/1814232X.2017.1371640
https://doi.org/10.2989/1814232X.2017.1371640
http://refhub.elsevier.com/S1687-4285(25)00011-1/h0115
http://refhub.elsevier.com/S1687-4285(25)00011-1/h0115
http://refhub.elsevier.com/S1687-4285(25)00011-1/h0115
http://refhub.elsevier.com/S1687-4285(25)00011-1/h0115
http://refhub.elsevier.com/S1687-4285(25)00011-1/h0115
http://refhub.elsevier.com/S1687-4285(25)00011-1/h0115
https://doi.org/10.1093/icesjms/39.2.175
http://refhub.elsevier.com/S1687-4285(25)00011-1/h0135
http://refhub.elsevier.com/S1687-4285(25)00011-1/h0135
http://refhub.elsevier.com/S1687-4285(25)00011-1/h0140
http://refhub.elsevier.com/S1687-4285(25)00011-1/h0140
https://doi.org/10.3390/w15112029
https://doi.org/10.3390/w15112029
https://doi.org/10.1093/icesjms/fsu011
https://doi.org/10.1093/icesjms/fsu011
https://doi.org/10.1016/j.rsma.2020.101309
https://doi.org/10.1016/j.rsma.2020.101309
https://doi.org/10.14710/ik.ijms.27.2.124-132
https://doi.org/10.14710/ik.ijms.27.2.124-132

M. Riyanto et al.

Tarakan, North Kalimantan Indonesia. Biodiversitas Journal of Biological Diversity, 21
(10), 4829-4838. https://doi.org/10.13057/biodiv/d211049

Sara, L. (2010). Study on the size structure and population parameters of mud crab Scylla
serrata in Lawele Bay, Southeast Sulawesi Indonesia. Journal of Coastal Development,
13(2), 133-147.

Sari, 1., Ichsan, M., White, A., Raup, S. A., & Wisudo, S. H. (2021). Monitoring small-scale
fisheries catches in Indonesia through a fishing logbook system: Challenges and
strategies. Marine Policy, 134, Article 104770. https://doi.org/10.1016/j.
marpol.2021.104770

Sparre, P. & Venema, S.C.1998. Introduction to tropical fish stock assessment. Part 1.
Manual. FAO Fisheries Technical Paper. No. 306.1, Rev. 2. Rome, FAO.

Spence, A. R., & Tingley, M. W. (2020). The challenge of novel abiotic conditions for
species undergoing climate-induced range shifts. Ecography, 43(11), 1571-1590.
https://doi.org/10.1111/ecog.05170

Suman, A., Amri, K., Pane, A. R. P., & Lestari, P. (2018). Population characteristics of
mud crab (Scylla serrata) in the waters of Kendari Bay and surrounding areas.
Indonesian Fisheries Research Journal, 24(2), 117-124. https://doi.org/10.15578/
ifrj.24.2.2018.117-124

Susiana, S., Kurniawan, D., Rochmady, R., Nurwisti, I., Rezky, B., & Lestari, F. (2024).
Biological aspects of mangrove crab (Scylla serrata) at the Beladen Estuary, Dompak,
Tanjungpinang Riau Islands. Biotropia, 31(1), 54-62. https://doi.org/10.11598/
btb.2024.31.1.2036

Tetelepta, J. M. S, Natan, Y., Pattikawa, J. A., Ongkers, O. T. S., & Pattiasina, B. J. (2019,
October). Fishery of mud crab Scylla serrata of Kotania Bay, Western Seram District:
Potency, stock status and sustainable management. In IOP Conference Series: Earth

224

The Egyptian Journal of Aquatic Research 51 (2025) 217-224

and Environmental Science (Vol. 339, No. 1, Article 012002). IOP Publishing. doi:
10.1088/1755-1315/339/1/012002.

Varkey, M., Mandal, A., Mani, A. K., Lamech, R., Anandajothi, E., Kumaran, R., &
Kandan, S. (2023). Population structure analysis of mangrove mud crab Scylla
serrata (Decapoda: Portunidae) from Indian coastal waters. Ecological Genetics and
Genomics, 26, Article 100154. https://doi.org/10.2139/ssrn.4239468

Warburg, M. R., Davidson, D., Yifrach, H., Sayag, L., & Tichomirova, Y. (2012). Changes
in population structure and body dimensions of two xanthid crabs: A long-term study
in a single boulder-shore. Arthropods, 1, 40-54.

Widigdo, B., Rukisah, R., Laga, A., Hakim, A. A., & Wardiatno, Y. (2017). Carapace
length-weight and width-weight relationships of Scylla serrata in Bulungan District,
North Kalimantan Indonesia. Biodiversitas Journal of Biological Diversity, 18(4),
1316-1323. https://doi.org/10.13057/biodiv/d180405

Wijaya, N. I, Kurniawati, F., & Trisyani, N. (2018). Biology of mud crabs (Scylla serrata
F.) population in the Pamurbaya mangrove ecosystem. National Ocean Seminar XIII,
32-39.

Yudiati, E., Fauziah, A. T., Irwani, L., Setyawan, A., & Insafitri, I. (2020). Growth analysis,
mortality, and exploitation level of mud crab Scylla serrata, Forskél 1775,
(Malacostraca: Portunidae) in Mangkang Wetan waters, Semarang, Central Java
Indonesia. Jurnal Kelautan Tropis, 23(1), 136-144. https://doi.org/10.14710/jkt.
v23i1.7149

Zafar, M., Amin, S. N., & Rahman, M. M. (2006). Population dynamics of mud crab
(Scylla serrata) in the southeastern coastal region of Bangladesh. Asian Fisheries
Science, 19, 43-50. https://doi.org/10.33997/j.afs.2006.19.1.005


https://doi.org/10.13057/biodiv/d211049
http://refhub.elsevier.com/S1687-4285(25)00011-1/h0175
http://refhub.elsevier.com/S1687-4285(25)00011-1/h0175
http://refhub.elsevier.com/S1687-4285(25)00011-1/h0175
https://doi.org/10.1016/j.marpol.2021.104770
https://doi.org/10.1016/j.marpol.2021.104770
https://doi.org/10.1111/ecog.05170
https://doi.org/10.15578/ifrj.24.2.2018.117-124
https://doi.org/10.15578/ifrj.24.2.2018.117-124
https://doi.org/10.11598/btb.2024.31.1.2036
https://doi.org/10.11598/btb.2024.31.1.2036
https://doi.org/10.2139/ssrn.4239468
http://refhub.elsevier.com/S1687-4285(25)00011-1/h0225
http://refhub.elsevier.com/S1687-4285(25)00011-1/h0225
http://refhub.elsevier.com/S1687-4285(25)00011-1/h0225
https://doi.org/10.13057/biodiv/d180405
https://doi.org/10.14710/jkt.v23i1.7149
https://doi.org/10.14710/jkt.v23i1.7149
https://doi.org/10.33997/j.afs.2006.19.1.005

	Length-based stock assessment of Scylla serrata (Forskål, 1775) in Indragiri Hilir, Riau Province, Indonesia
	Introduction
	Materials and methods
	Study site
	Sample collection
	Data analysis

	Results
	Discussion
	Conclusion
	Ethical clearance
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgments
	References


