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ABSTRACT

Article History

Scarus psittacus, or the common parrotfish, has an ecological role in coral reef ecosystems.
However, this species is also a target of artisanal fisheries, including in the Karimunjawa Islands,
where expanding tourism has intensified demand for reef fish and heightened pressure on
coastal resources. This research aims to assess the stock status of S. psittacus resources in the
waters of the Karimunjawa Islands, including analyzing growth and mortality parameters. Data
collection was carried out from July 2024 to May 2025 from 259 fish samples. The growth rates,
recruitment peak, mortality, and exploitation level were measured using FiSAT Il. The results
showed that the length-weight relationship of S. psittacus fish in the Karimunjawa Islands was
rather negative isometric (b=2.43). The first size caught (Lcsos) was 22.94cm TL, with a total
infinite length (Lo) of 29.9cm TL. The peak recruitment period is estimated to occur in June-July.
The exploitation rate of 0.18 indicates that the utilization of S. psittacus in Karimunjawa waters
remains underexploited. Therefore, fish production can be increased by carefully applying
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environmentally friendly and sustainable management principles.
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INTRODUCTION

Parrotfish (Scarus psittacus) are important to the coral
reef ecosystem and are widely captured for their high
economic value (Sitorus et al.,, 2020; Annandale et al., 2024;
Husain et al., 2025). Parrotfish are herbivorous fish that feed
on algae attached to coral reefs, thereby improving the health
of these reefs (Viviani et al,, 2022; Taylor et al., 2022). Dead
coral consumed by parrotfish is later excreted in coastal areas
and forms white beach sand (Russ et al., 2015; Holbrook et al.,
2016; Yarlett et al., 2018; Asriyana et al.,, 2020; Deeng et al.,
2022; Dafitri et al,, 2023; McClanahan et al., 2025).

S. psittacus fish is widely distributed across tropical
Indo-Pacific waters, from the Red Sea and East Africa to the
Central Pacific Islands, southern Japan, and the northern
coast of Australia (Borsa et al., 2016; Amin et al., 2019; Xiao
et al, 2022; Mar'ie & Welson, 2025). Parrotfish generally
inhabit shallow waters up to 30m deep around coral reefs,
seagrass beds, mangroves, and algae beds (Minton et al,
2022; Arungla'bi et al., 2025). S. psittacus fish live in groups,
have a relatively fast growth rate, and can live up to 5 years.
S. psittacus are protogynous hermaphrodites, beginning life
as females and transitioning to males at a certain age and
size (Morgan et al., 2016; Tambunan et al., 2020; Rumping
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et al.,, 2023; Vidal et al., 2023; Hernandez & Shervette, 2025).

The Karimunjawa Islands are a marine conservation
designated in 1986 under the Decree of the Minister of
Forestry Number 123/Kpts 11/1986 (BTNKJ, 2019). The
development of the Karimunjawa Islands as a tourism area
poses risks to the conservation program. Tourism activities
may interfere with the coral reef ecosystems and increase
the exploitation of fish resources for consumption, including
parrotfish (Vanderklift et al, 2019; Zega et al, 2024
Charendoff et al., 2023; Wibowo et al., 2024; Wijayanto et
al, 2025b; Ayu et al, 2025). It is necessary to keep the
exploitation of S. psittacus under control to preserve
ecosystem sustainability. This study was conducted to test
the hypothesis that the stock of Scarus psittacus in the
waters of Karimunjawa remains sustainably exploited under
current fishing pressure. Accordingly, the objectives of this
research were to estimate key population parameters of S.
psittacus, including growth, mortality, recruitment pattern,
and exploitation rate; This study also aimed to determine
the first capture size (Lcso%) in relation to biological
characteristics; and evaluate the stock status of S. psittacus
as a scientific basis for developing sustainable and
ecosystem-based fisheries management in the Karimunjawa
marine conservation area.
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MATERIALS & METHODS

Research Location and Time

This research was conducted at Karimunjawa
Archipelago, Central Java, Indonesia (Fig. 1), which lies
within the geographic coordinates of approximately 5°45'-
5°55'S and 110°30'-110°37'E. These coordinates cover the
main coastal zone surrounding Karimunjawa Island and
Kemujan Island, including the Karimunjawa Coastal Fishing
Port (CFP) where all observations were carried out. The CFP
serves as the central hub for fish landing and trading
activities in the archipelago, making it the primary location
for collecting biological and fisheries information. Surveys
and interviews with fishermen and fish traders were
conducted to gather data on fish stocks. At the same time,
measurements of the total length and weight of S. psittacus
were recorded over 11 months from July 2024 to May 2025.
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Fig. 1: Karimunjawa Islands.
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Fig. 2: S. psittacus.

Research Materials
A total of 259 individuals, representing 10% of the
estimated total fish caught in the research area at the time
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of sampling, were randomly selected to measure the total
length and weight of S. psittacus (Fig. 2) (King, 1995; Sparre
& Venema, 1998).

Analysis Method

This quantitative descriptive research employed a fish
population dynamics approach, based on direct
observations and field surveys. Several parameters were
analyzed: length-weight relationship, growth, mortality, and
exploitation rate (Sparre & Venema, 1998; Bhakta et al,
2024; Wijayanto et al, 2025a). Each fish sample was
measured for total length (TL in cm) and weight (in g) to
assess the population dynamics of the species.

The length-weight relationship was analyzed to
determine the growth pattern of fish using the following
formula (Le Cren, 1951; King, 1995; Effendie, 1997; De
Robertis & William, 2008):

Wt = a.Lt? Q)
InWt=1ILna + b.LnLt 2)
where:

Wt = fish weight at age "t” (in g);
Lt = fish length at age "t" (incm);
a = intercept; and
b =slope

The growth parameters (Loo, K, and to) were estimated
using the ELEFAN | (Electronic Length Frequency Analysis)
method based on the von Bertalanffy growth model. Data
analysis was conducted using FISAT Il software. Several
standard formulas were applied in the analysis (Gulland,
1983; Gayanilo et al., 2005) as follows.
Lt = Ly, (1 — e~k(tto) (3)
Log(—ty) = —0.3922 — 0.2752 Log L, — 1.038 Log K (4)

where:

L. = asymptotic total length (incm);

K = growth coefficient (year™);

t = age of fish (years);

to = the fish age when it is 0 mm in total length (year).

The value of the total mortality index (Z) was estimated
using FiSAT Il software. The natural mortality value (M) was
calculated based on Pauly's empirical formula (1980) using
the following formulas (Sparre & Venema, 1998; Dutta,
2023; Wijayanto et al.,, 2025a):

Log (M)=-0.0066-0.279 Log L»+0.6543 Log K+0.4634 Log T (5)

F=Z-M ©)
=F

E=; @)

If Emsv=0.5 (8)

Fmsy=0.5Z 9)

Fumsy _ Cmsy (10)

cmsy=222.C (1

where:

M = natural mortality index;

T = average water temperature (°C), assumed to be 30°C.

F = fishing mortality index;

Z = total mortality index;

E = exploitation rate;

Emsy = exploitation rate at MSY;

Fusy = fishing mortality index at MSY;
Cwmsy= capture production at MSY (kg); and
C = existing capture production (kg)
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RESULTS

The results of the analysis of the length-weight
relationship of S. psittacus fish are presented in Fig. 3.
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Fig. 3: Weight-length relation of S psittacus.

The length-weight relationship of S. psittacus fish
caught in Karimunjawa waters indicates a negatively
allometric growth rate (b value less than 3). Body length
tends to grow faster than body weight. The detailed size
composition of S. psittacus fish is shown in Table 1.

Table 1: Composition of S. psittacus size caught in Karimunjawa waters
Total length interval (cm) Median Frequency Percentage Cumulative

percentage
16.0-17.9 17.0 3 1.16 12
18.0-19.9 19.0 30 11.58 127
20.0-21.9 21.0 44 16.99 29.7
22.0-23.9 23.0 54 20.85 50.6
24.0-25.9 25.0 63 24.32 74.9
26.0-27.9 27.0 23 8.88 83.8
28.0-29.9 29.0 19 7.34 91.1
30.0-31.9 31.0 9 3.47 94.6
32.0-33.9 33.0 9 3.47 98.1
34.0-35.9 35.0 5 1.93 100.0

The size of S. psittacus is within a range of 17cm TL and
34cm TL. Medium-sized fish with TL length class of 24.0-
25.9cm were found dominant (24.32% of the total samples).
The results of the Lc50% analysis of 22.94cm TL fish are
presented in Fig. 4.

The Lcso% value is essential for sustainable fisheries
management, as it sets the minimum catch size to
prevent harvesting fish before they reach gonadal
maturity, allowing them to reproduce (King, 1995; Sparre
& Venema, 1998; Wijayanto et al., 2025a). The results of
the mortality and exploitation rate analysis are shown in
Table 2.

Int J Agri Biosci, 2026, 15(3): 1088-1094.

This research found that the growth rate (K) of S.
psittacus is 1.19 per year, with a total mortality rate (Z) of
2.53 and an exploitation level (E) of 0.18 (Table 2). An E
value below 0.5 indicates that S. psittacus in Karimunjawa
waters is still under-exploited, with most mortality
attributed to natural causes. The estimated maximum
sustainable vyield (MSY) is 11,325kg, valued at IDR
906.01million. To ensure effective management, further
studies are needed to inform policies on catch quotas,
minimum size limits, fishing seasons, and the protection of
spawning stocks and habitats (Zhang et al., 2021; Ondes &
Unal, 2023). Fish growth based on the von Bertalanffy
model is shown in Fig. 5, while recruitment patterns are
presented in Fig. 6.
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Fig. 4: Lc 50% analysis.
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Table 2: Estimation of L, K, mortality, and exploitation rate

Parameter Value

Lo 29.9cm TL

K 1.19

to -0.25

Total mortality (Z) 2.53+0.08 (R*=0.91)
Fishing mortality (F) 0.46

Natural mortality (M) 2.07

Exploitation rate (E)

Assumption of fishing mortality*

Estimated maximum sustainable yield (MSY)
production**

Estimated economic value of MSY production IDR. 906.01 million
Note: * using average production data during the research converted into
production in a year; ** using the assumption of fish price at fishermen of IDR
80,000/kg.

0.18 (under-exploited)
4,118kg
11,325kg

The peak of recruitment is estimated to occur in June-
July. Based on the results of age estimation using the von
Bertalanffy growth equation (Lt=29.9 (1-¢119®02%) g
psittacus fish with a total length of around 25cm (the
dominant median value) are estimated to be five months
old. With this assumption, the peak spawning time of this
population is likely to occur in January to February.

DISCUSSION

The Karimunjawa Islands in Jepara Regency, Central
Java Province, face complex development challenges due to
the involvement of multiple stakeholders across fisheries,
marine culture, tourism, and conservation sectors. Effective
conservation must go hand in hand with the welfare of local
communities, as conservation programs risk failure without
addressing local livelihoods (Yuliana et al.,, 2016; Fafurida et
al., 2020; Kennedy et al., 2020; Wijayanto et al., 2023).

Overfishing is a global threat to the marine resources
that should be carefully prevented and addressed, including
in Karimunjawa waters (Pereira et al., 2021; FAO, 2022;
Setiyanto et al, 2024). In Karimunjawa waters, S. psittacus
catch is dominated by fish of 20.0-25.9cm TL (44.6%), with
Lc50% value of 22.94cm TL (Fig. 1). The Lcso% value is
22.94cm TL, which exceeds the length at first maturity (Lm)
of 15cm TL reported by the Hawaii Cooperative Fisheries
Research Unit (2008). This suggests that the regeneration of
S. psittacus stocks in Karimunjawa is likely being maintained
(Ramadhan & Apriliani, 2016; Wibowo et al, 2022;
Wijayanto et al., 2025a).

De Martini & Howard (2016) mentioned that S. psittacus
undergoes sex change at a size of 258g. Using the length-
weight relationship W=2.24 1243, the length of S. psittacus in

Int J Agri Biosci, 2026, 15(3): 1088-1094.

Karimunjawa waters is estimated to be approximately
24.6cm TL. To compare, the daisy parrotfish (Chlorurus
sordidus) changes sex at a size between 35.1 and 47.2cm (De
Martini et al., 2005). The L maximum size of C. sordidus is
40cm TL, while the L maximum of S. psittacus is 43cm TL
(Matthews et al, 2019). The alleged sex change of S.
psittacus at a size of 24.6cm TL (greater than Lc50%) needs
to be taken into consideration in the policy design (harvest
strategy).

The male and female broodstock in nature affect the
success of the reproduction process and regeneration of
fish resource stocks, including S. psittacus (Achmad et al.,
2021; Wijayanto et al., 2025a). The body size relationship
pattern varies in different fish. Hawaii Cooperative Fishery
Research Unit (2008) found that the relationships between
total length (TL), fork length (FL), and standard length (SL)
of S. psittacus are: FL = 0.957 TL; SL = 0.784 TL; and SL =
0.819 FL. Meanwhile, the length-weight relationship of S.
psittacus in Hawaiian waters has a b value of 3.005
(isometric). The length-weight relationship of S. psittacus in
this study is characterized by a b-value of 2.43 (negative
allometry). Whereas, Matthews et al. (2019) in Samoa found
the b-value of S. psittacus to be 3.03 (isometric), with a
maximum length of 43.0cm TL. Gust et al. (2001) showed
that S. psittacus in Australia exhibits positive allometric
growth, with a b value of 3.1. Meanwhile, Choat et al. (1996)
in Australia and Amin et al. (2019) in the Red Sea found a
relatively similar growth pattern of S. psittacus to this
research (negative allometry), where the increase in length
is faster than the increase in weight, with b values of 2.9 and
2.2, respectively. Zulfahmi et al. (2024) examined several
types of parrotfish in Aceh (Sumatra Island). They found a
negative allometric growth pattern, including S. quoyi, S.
rubroviolaceus, and S. niger, with b values between 2.44 and
2.54. The length-weight relationship of fish is influenced by
multiple complex factors, including feeding habits, food
availability, water depth, oxygen levels, water temperature,
season, predators, gonad development, spawning season,
and water quality, which affect fish growth. Parrotfish eat
green algae (including Caulerpa racemosa and Ulva lactuca),
brown algae (including Padina australis), and seagrass
(including Thalassia hemprichii) (Froese, 2006; Asriyana et
al, 2020; Li et al., 2023; Wijayanto et al., 2024).

In this research, the K value of S. psittacus fish was 1.19
while L, was 29.9cm TL. According to Sparre & Venema
(1998), the lower the growth coefficient (K), the longer the
time required for a fish species to reach its asymptotic
length (Lw). Fish species with a growth coefficient (K) greater
than 1 are generally classified as fast-growing. Typically,
juvenile fish grow more rapidly than adults. As fish mature,
a portion of their energy intake is redirected toward gonad
development, reducing body weight growth. Consequently,
growth slows as fish approach their asymptotic length
(Nadiarti et al., 2015; Muller-Karanassos et al., 2021).

This research indicates that the recruitment of Scarus
psittacus occurs year-round, with a peak in June—July, while
spawning is estimated to peak in January-February. Further
research on gonadal maturity is necessary to support the
development of evidence-based fishing season policies. In
2009, the density of S. psittacus in the waters of Karimunjawa
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was estimated at 900 individuals per hectare (Choat et al.,
2012; Zhang et al., 2021). Updated data are needed to assess
current stock conditions and trends (Houk & Taylor, 2025).

Natural mortality (M) and fishing mortality (F) are the
primary causes of S. psittacus mortality. Sustainable
exploitation is generally achieved when F does not exceed
50% of total mortality (Z), or E<0.5 (Tuda & Wolff, 2018;
Wijayanto et al., 2025a). This research found an E value of
0.18, indicating underexploitation. However, increasing
production must still consider habitat carrying capacity,
population dynamics, and interspecies ecological
interactions on coral reefs.

Environmentally friendly fishing practices are essential
and should include protecting spawning and nursery
grounds, enforcing minimum size limits, banning
destructive fishing gear, and releasing egg-bearing
broodstock if caught. Production targets must align with the
ecosystem'’s carrying capacity and the principles of
Maximum Sustainable Yield (MSY) (Shimose et al., 2019;
Gatouillat et al., 2024). Additionally, the growth of marine
tourism in Karimunjawa must be carefully managed to
prevent degradation of coral reefs (Schligler et al., 2021;
Gernez et al.,, 2023). With coral reef health declining globally,
parrotfish conservation has become increasingly critical
(Welsh & Bellwood, 2012; Santi et al., 2019; Ross et al., 2020).

Despite providing important insights into the biological
characteristics and stock status of S. psittacus in
Karimunjawa, this study has several limitations that should
be acknowledged for future improvement. First, the
analyses rely solely on fish sampled from landing sites,
which may not fully represent spatial variability in the
natural population across different reef habitats. Second,
the absence of sex-ratio and gonadal maturity data limits
the ability to evaluate reproductive dynamics, particularly in
relation to sex change and spawning patterns. Third,
habitat-specific density surveys were not conducted,
preventing direct comparison with historical density
estimates and limiting the assessment of current abundance
across reef zones. Addressing these limitations in future
studies will strengthen the foundation for developing more
comprehensive and  ecosystem-based management
strategies for S. psittacus in the Karimunjawa Islands.

Conclusion

The first capture size (Lcsow) of Scarus psittacus in
Karimunjawa waters was 22.94cm TL, with an asymptotic
length (L) of 29.9cm TL. Peak recruitment occurred in June—
July, and the exploitation rate (E) of 0.18 indicates that the
population remains underexploited. The growth coefficient
(K) was 1.19, and the theoretical age at zero length (to) was
estimated at -0.25. These findings suggest that the
exploitation of S. psittacus can be increased; however, any
such increase must be guided by sustainable management
principles. These include enforcing minimum catch sizes,
promoting the use of environmentally friendly fishing gear,
and protecting broodfish during spawning seasons.
Effective resource management must also involve local
communities, incorporating local wisdom to support coral
reef conservation and ensure the long-term sustainability of
S. psittacus populations.

Int J Agri Biosci, 2026, 15(3): 1088-1094.

DECLARATIONS

Funding: LPPM Universitas Diponegoro funded this
research under contract number 222-
281/UN7.D2/PP/IV/2025 (RP Scheme).

Acknowledgement: Gratitude is expressed to the Institute
for Research and Community Services (LPPM), all
colleagues, and the enumerators who contributed to the
completion of this study.

Conflict of Interest: The authors declare there is no conflict
of interest.

Data Availability: All the data is present inside the article.

Ethics Statement: This study did not involve any
experimental procedures on live animals. All fish samples
were obtained from routine fish landing activities at the
Karimunjawa Coastal Fishing Port. Therefore, ethical
approval was not required for this research.

Author’s Contribution: DW, FK, and HAS designed the
study. DW and FK collected and analyzed the data, DW and
DJK wrote the manuscript.

Generative Al Statement: The authors declare that no Gen
Al/DeepSeek was used in the writing/creation of this
manuscript.

Publisher’'s Note: All claims stated in this article are
exclusively those of the authors and do not necessarily
represent those of their affiliated organizations or those of
the publisher, the editors, and the reviewers. Any product
that may be evaluated/assessed in this article or claimed by
its manufacturer is not guaranteed or endorsed by the
publisher/editors.

REFERENCES

Achmad, D.S., Nurdin, M.S,, Yasin, LA, Indrianti M.A., Mokoginta, M.M,,
Fahrullah, F., Suparwata, D.O., Gobel, Y.A,, Djibran, M.M., & Mokoolang,
S. (2021). A preliminary study on the size structure and sex ratio of
orange-spotted grouper (Epinephelus coioides Hamilton, 1822)
harvested from Kwandang Bay, Sulawesi Sea, Indonesia. Aceh Journal
of Animal Science, 6(2), 34-38.

Amin, A, El-Ganainy, A., & Sabrah, M.M. (2019). Length-weight relationships
of thirteen species of parrotfish (family Scaridae) inhabiting the
Egyptian coasts of the Red Sea. Egyptian Journal of Aquatic Biology and
Fisheries, 23(5), 357-366. https://doi.org/10.21608/ejabg2019.67370

Annandale, S.F., Turner, J.P., Lippi, D.L, Dance, M., Wells, R.J.D., & Rooker, J.R.
(2024). Habitat use and movements of parrotfish in a Hawaiian coral
reef seascape. frontier in  Fish  Science, 2, 1448809.
https://doi.org/10.3389/frish.2024.1448809

Arungla’bi, Y., Suparno & Damanhuri, H. (2025). A meristic study of parrotfish
(Scarus sp.) in the Mentawai Islands, Sest Sumatra, Indonesia. Journal of
Marine and Estuarine Science, 1(2), 61-66. [in Indonesian].

Asriyana, Asrin, L., & Irawati, N. (2020). [Food habit of rivulated parrotfish
(Scarus rivulatus) in Tanjung Tiram, North Moramo District, South
Konawe, Southeast Sulawesi]. SAINTEK PERIKANAN: Indonesian Journal
of Fisheries Science and Technology, 16(1), 8-14.
https://doi.org/10.14710/ijfst.16.1.8-14 [in Indonesian].

Ayu, LT, Munasik, Trianto, A., & Munru, M. (2025). Comparison of coral reef
conditions and their relationship with reef fish in the waters of
Karimunjawa and Bali coastal community. Jurnal Kelautan Tropis, 29(2),

355-366. https://doi.org/10.14710/jkt.v28i2.22473 [in Indonesian].



https://doi.org/10.21608/ejabg2019.67370
https://doi.org/10.3389/frish.2024.1448809
https://doi.org/10.14710/ijfst.16.1.8-14
https://doi.org/10.14710/jkt.v28i2.22473

1093

Bhakta, D., Dutta, S, & Mondal, S. (2024). Estimation of growth and
exploitation rates of Indian mackerel (Rastrelliger kanagurta) using
length-based models. Marine and Fishery Science, 38(2), 211-224.

Borsa, P., Durand, J.D., Chen, W.J.,, Hubert, N., Muths, D., Tham, G.M., &
Kulbicki, M. (2016). Comparative phylogeography of the western Indian
Ocean reef fauna. Acta Oecologic, 72, 72-86.
http://dx.doi.org/10.1016/j.acta0.2015.10.009

BTNKJ (2019). [Statistic of Karimunjawa National Park Office 2019]. Balai
Taman Nasional Karimun Jawa (BTNKJ), 154 pp. [in Indonesian].

Charendoff, J.A,, Edwards, C.B., Pedersen, N.E,, Petrovic, V., Zgliczynski, B.,
Sandin, S.A., & Smith, J.E. (2023). Variability in composition of parrotfish
bite scars across space and over time on a central Pacific atoll. Coral
Reefs, 42, 905-918. https://doi.org/10.1007/s00338-023-02392-6

Choat, J.H., Axe, LM., & Lou, D.C. (1996). Growth and longevity in fishes of
the family Scaridae. Marine Ecology Progress Series, 45, 33-41.
https://doi.org/10.3354/meps145033

Choat, J.H., Myers, R, Russell B., Clements, K.D., Rocha, LA, Lazuardi, M.E.,
Muljadi, A, Pardede, S., & Rahardjo, P. (2012). Scarus psittacus. The
IUCN Red List of Threatened Species 2012, e T190736A17780233.

Dafitri, R.R,, Zamdial, & Sugara, A. (2023). Analysis of the ecobiological
aspects of parrotfish (Scaridae) in the Waters of Tikus Island, Bengkulu
City. Journal of Marine and Aquatic Sciences, 9(2), 317-327.
https://doi.org/10.24843/jmas.2023.v09.i02.p17 [in Indonesian].

De Martini, E.E., & Howard, K.G. (2016). Comparisons of body sizes at sexual
maturity and at sex change in the parrotfishes of Hawaii: Input needed
for management regulations and stock assessment. Journal of Fish
Biology, 88(2), 523-541. https://doi.org/10.1111/jfb.12831

De Martini, E.E., Friedlander, A.M., & Holzwarth, S.R. (2005). Size at sex change
in protogynus labroids, prey body size distributions, and apex predator
densities at NW Hawaiian atools. Marine Ecology Progress Series, 207,
259-271. https://doi.org/10.3354/meps297259

De Robertis, A, & William, K. (2008). Weight-length relationship in fisheries
studies: The standard allometric model should applied with caution.
Transaction of the American Fisheries Society, 137(1), 707-719.
https://doi.org/10.1577/T07-124.1

Deeng, RB. Kusen, J.D., Kumampung, D.R.H.,, Ompi, M., Paruntu, C.P.,, &
Tombokan, J. (2022). Analysis of gonad maturation phases | and gonad
somatic indices in parrotfish Family Scaridae. Jurnal Pesisir dan Laut
Tropis, 10(3), 231-240. [in Indonesian].

Dutta, S. (2023). Age and growth study of two fin fish species from a tropical
estuary. Regional Studies in Marine Science, 62, 102952.
https://doi.org/10.1016/j.rsma.2023.102952

Effendie, M.I. (1997). Fisheries Biology. Gramedia Pustaka Utama,Jakarta, 112
pp. [in Indonesian].

Fafurida, Oktavilia, S., Prajanti, S.D.W., & Maretta, Y.A. (2020). Sustainable
strategy: Karimunjawa National Park marine ecotourism, Jepara,
Indonesia. International Journal of Scientific and Technology Research,
9(3), 3234-3239.

FAO (2022). Parrotfish in the Caribbean: A regional review with
recommendations for management, 69 pp.

Froese, R. (2006). Cube law, condition factor and weight-length relationships:
History, meta-analysis and recommendations. Journal of Applied
Ichthyology, 22, 241-253. https://doi.org/10.1111/j.1439-
0426.2006.00805.x

Gatouillat, H., Gairin, E., Minier, L., Gourlaouen, A., Carpentier, C., Berthe, C.,
Teraaitepo, A, Maueau, T. Sturny, V. Bambridge, T., Galzin, R, &
Lecchini, D. (2024). Study of the coastal reef fishery pressure in a South
Pacific Island (Bora-Bora, French Polynesia). Aquatic Living Resources,
37(3). https://doi.org/10.1051/alr/2024001

Gayanilo, Jr. F.C, Sparre, P, & Pauly, D. (2005). FAO-ICLARM Stock

Assessment Tools (FiSAT) Il. Users guide. FAO Computerized
Information Series (Fisheries) No. 8, Revised version. FAO, Rome, 168
pp.

Gernez, M., Champagnat, J., Rivot, E., & Le Pepe, O. (2023). Potential impacts
of the restoration of coastal and estuarine nurseries on the stock
dynamics of fisheries species. Estuarine, Coastal and Shelf Science, 295,
108557. https://doi.org/10.1016/j.ecss.2023.108557

Gulland, J.A. (1983). Fish stock assessment: a manual of basic methods.
FAO/Wiley Series on Food and Agriculture. John Wiley & Sons,
Chichester, 236 pp.

Gust, N., Choat, J.H., & McCormick, M.I. (2001). Spatial variability in reef fish
distribution, abundance, size and biomass: A multi-scale analysis.
Marine Ecology Progress Series, 214, 237-251.
https://doi.org/10.3354/meps214237

Hawaii Cooperative Fishery Research Unit (2008). Biology of parrotfish in
Hawaii. Final Report. Western Pasific Regional Fishery Management
Council. Hawaii Cooperative Fishery Research Unit, University of Hawaii.

Hernandez, J.M.R, & Shervette, V.R. (2025). Addressing life history

Int J Agri Biosci, 2026, 15(3): 1088-1094.

information gaps for Caribbean parrotfishes: Quen parrotfish Scarus
vetula and spotlight parrotfish Sparisoma viride. Environmental Biology
of Fishes, 108, 179-198. https://doi.org/10.1007/s10641-024-01651-x

Holbrook, S.J., Schmitt, R.J.,, Adam, T.C, & Brooks, A.J. (2016). Coral reef
resilience, tipping points and the strength of Herbivory. Scientific
Report, 6, 35817. https://doi.org/10.1038/srep35817

Houk, P., & Taylor, B. (2025). Comparing data-poor and data-rich stock
assessment to generalize guidance for Pacific coral reef fisheries. Fish
and Fisheries, 26, 636-650. https://doi.org/10.1111/faf.12903

Husain, R., Masambe, S.R., Mile, L, & Harmain, R.M. (2025). Evaluating the
impact of palm vinegar (Arenga pinnata) concentration on the chemical
and physical characteristics of parrotfish (Scarus sp.) scale gelatin. Food
Chemistry Advances, 7, 100959.
https://doi.org/10.1016/j.focha.2025.100959

Kennedy, E.V., Vercelloni, J., Neal, B.P., Ambariyanto, Bryant, D.E.P., Ganase,
A, Gartrell, P., Brown, K., Kim, C.J.S., Hudatwi, M., Hadi, A, Prabowo, A,,
Prihatinningsih, P., Haryanta, S., Markey, K., Green, S., Dalton, P., Lopez-
Marcano, S., Rodriguez-Ramirez, A, Gonzalez-Rivero, M., & Hoegh-
Guldberg, O. (2020). Coral reef community changes in Karimunjawa
National Park, Indonesia: assessing the efficacy of management in the
face of local and global stressors. Journal of Marine Science and
Engineering, 8(10), 760. https://doi.org/10.3390/jmse8100760

King, M. (1995). Fishery biology: assessment and management. Fishing New
Books, United Kingdom, 341 pp.

Le Cren, E.D. (1951). The length-weight relationship and seasonal cycle in
gonad weight and condition in the perch (Perca fluviatilis). Journal of
Animal Ecology, 20(2), 201-219. http://dx.doi.org/10.2307/1540

Li, Y., Feng, M., Huang, L, Zhang, P., Wang, H., Zhang, J., Tian, Y., & Xu, J.
(2023). Weight-length relationship analysis revealing the impacts of
multiple factors on body shape of fish in China. Fishes, 8(5), 269.
https://doi.org/10.3390/fishes8050269

Mar‘ie, Z., & Welson, M. (2025). Genetic diversity in mitochondrial control
region among some parrotfish species from Egyptian Red Sea. Egyptian
Journal of Aquatic Biology & Fisheries, 29(4), 5069-5082.

Matthews, T., Ochavillo, D., Felise, S., Letalie, T., Letuane, M., Schuster, E.,
Soonaolo, A, Tofaeono, S., Tua, A, & Tuilagi, F. (2019). Length-weight
relationships for 71 reef and bottomfish species from Tutuila and
Aunu’u, American Samoa. NOAA Administrative Report H, 19-03. NOAA.
9pp. https://doi.org/10.25923/r3wq-ax31

McClanahan, T.R, Kosgei, J.K, & Humphries, AT. (2025). Fisheries
sustainability eroded by lost catch proportionality in a coral reef
seascape. Sustainability, 17, 2671. https://doi.org/10.3390/su17062671

Minton, D., Falinski, K., Carr, R, Lynch, H., Rose, J.,, Stark, T., Wirt, J., & Conklin,
E. (2022). Coral reef and water quality surveys of the Keomuku Reef
Tract, Lana'i. The Nature Conservancy, pp. 101.

Morgan, K.M., & Kench, P.S. (2016) Parrotfish erosion underpins reef growth,
sand talus development and island building in the Maldives.
Sedimentary Geology, 341, 50-57.
https://doi.org/10.1016/j.sedgeo.2016.05.011

Muller-Karanassos, C., Filous, A., Friedlander, A.M., Cuetos-Bueno, J., Gouezo,
M., Lindfield, S.J., Nestor, V., Marino, LL., Mereb, G., Olsudong, D., &
Golbuu, Y. (2021). Effects of habitat, fishing, and fisheries management
on reef fish populations in Palau. Fisheries Research, 241, 105996.
https://doi.org/10.1016/j.fishres.2021.105996

Nadiarti, Jompa, J., Riany, E., & Jamal, M. (2015). A comparison of fish
distribution pattern in two different seagrass species-dominated beds
in tropicals waters. Journal of Engineering and Applied Sciences, 10(6),
147-153. https://doi.org/10.3923/jeasci.2015.147.153

Ondes, F., & Unal, V. (2023). The dominance of non-indigenous species in the
catch composition of small-scale fisheries: A case study from the Kas-
Kekova Special Environmental Protection Area, Turkiye, Eastern
Mediterranean. Acta Ichthyologica Et Piscatoria, 53, 27-35.
https://doi.org/10.3897/aiep.53.96788

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

Pereira, P.H.C., Ternes, M.LF, Nunes, JACC, & Giglio, VJ. (2021).
Overexploitation and behavioral chanes of the largest South Atlantic
parrotfish (Scarus trispinosus): Evidence from fishers’ to knowledge.
Biological Conservation, 254, 108940.
https://doi.org/10.1016/j.biocon.2020.108940

Ramadhan, A., & Apriliani, T. (2016). Characteristics of catching fish resources
in Karimunjawa. [Karakteristik penangkapan Sumberdaya lkan di
Karimunjawal]. Marina, 2(1), 9-17.
https://doi.org/10.15578/marina.v2i1.3279 [in Indonesian].

Ross, N.C., Taylor, B.M,, Carvalho, AR., & Longo, G.O. (2020). Demography of
the largest and most endangered Brazilian parrotfish, Scarus



http://dx.doi.org/10.1016/j.actao.2015.10.009
https://doi.org/10.1007/s00338-023-02392-6
https://doi.org/10.3354/meps145033
https://doi.org/10.24843/jmas.2023.v09.i02.p17
https://doi.org/10.1111/jfb.12831
https://doi.org/10.3354/meps297259
https://doi.org/10.1577/T07-124.1
https://doi.org/10.1016/j.rsma.2023.102952
https://doi.org/10.1111/j.1439-0426.2006.00805.x
https://doi.org/10.1111/j.1439-0426.2006.00805.x
https://doi.org/10.1051/alr/2024001
https://doi.org/10.1016/j.ecss.2023.108557
https://doi.org/10.3354/meps214237
https://doi.org/10.1007/s10641-024-01651-x
https://doi.org/10.1038/srep35817
https://doi.org/10.1111/faf.12903
https://doi.org/10.1016/j.focha.2025.100959
https://doi.org/10.3390/jmse8100760
http://dx.doi.org/10.2307/1540
https://doi.org/10.3390/fishes8050269
https://doi.org/10.25923/r3wq-ax31
https://doi.org/10.3390/su17062671
https://doi.org/10.1016/j.sedgeo.2016.05.011
https://doi.org/10.1016/j.fishres.2021.105996
https://doi.org/10.3923/jeasci.2015.147.153
https://doi.org/10.3897/aiep.53.96788
https://doi.org/10.1093/icesjms/39.2.175
https://doi.org/10.1016/j.biocon.2020.108940
https://doi.org/10.15578/marina.v2i1.3279

1094

trispinosus, reveals overfishing. Endangered Species Research, 41, 319-
327. https://doi.org/10.3354/esr01024

Rumping, A.M.V., Rondonuwu, A.B., Kondoy, K.F.l, Lalita, J.D., Rangan, J.K., &
Tombokan, LJ. (2023). Types and size distribution of parrotfish (family
Scaridae) caught with gillnets in the Waters off Taduna Village,
Kabaruan Island. Jurnal Ilmiah  PLATAX, 11(2), 646-656.
https://doi.org/10.35800/jip.v10i2.52035 [in Indonesian].

Russ, G.R, Questel, S.L.A, Rizzari, J.R., & Alcala, A.C. (2015). The parrotfish-
coral relationship: Refuting the ubiquity of a prevailing paradigm.
Marine Biology, 162, 2029-2045. https://doi.org/10.1007/s00227-015-
2728-3

Santi, Y., Anggoro, S., & Suryanti, (2019). Management of capture fisheries in
the area of Karimunjawa National Park. Journal of Maquares, 8(2), 102-
110. [in Indonesian].

Schligler, J., Cortese, D., Beldade, R., Swearer, S.E., & Mills, S.C. (2021). Long-
term exposure to artificial light at night in the wild decrease’s survival
and growth of a coral reef fish. Proceedings of the Royal Society B:
Biological Science, 288, 1952, 20210454.
https://doi.org/10.1098/rspb.2021.0454

Setiyanto, |, Wijayanto, D. Wibowo, B.A, & Dewi, D.AN.N. (2024).
Compliance of fishermen and tour guides with zoning in the
Karimunjawa Marine Protected Area. AACL Bioflux, 17(3), 1019-1025.
https://bioflux.com.ro/home/volume-17-3-2024/

Shimose, T., Kanaiwa, M., & Nanami, A. (2019). Influence of the flesh quality
and body size on the auction price of parrotfish (Scaridae) at tropical
island, southern Japan: Implications for fisheries management. Regional
Studies in Marine Science, 25, 100489.
https://doi.org/10.1016/j.rsma.2018.100489

Sitorus, H., Julyantoro, P.G.S., & Pebriani, D.A.A. (2020). Abundance and
prevalence of ectoparasites of parrotfish (family Scaridae) at
Kedonganan Fish Market, Badung Regency, Bali. Current Trends in
Aquatic Science, 3(2), 92-99.

Sparre, P, & Venema, S.C. (1998). Introduction to tropical fish stock
assessment. Part I: Manual. FAO Fisheries Technical Paper No. 306/1
Rev. 2. FAO, Rome, 407 pp.

Tambunan, F.C., Munasik, & Trianto, A. (2020). Abundance and biomass of
Scaridae family of coral fish in the coral reef ecosystem in the Waters
of the Twin Islands, Karimunjawa, Jepara. [Kelimpahan dan biomassa
ikan karang famili Scaridae pada ekosistem terumbu karang di
Perairan Pulau Kembar, Karimunjawa, Jepara]. Journal of Marine
Research, 9(2), 159-166. https://doi.org/10.14710/jmr.v9i2.26706 [in
Indonesian].

Taylor, B.M., Duenas, AEEK., & Lange, I.D. (2022). Decadal changes in
parrotfish assemblages around reefs of Guam, Micronesia. Coral Reefs,
41, 1693-1703. https://doi.org/10.1007/s00338-022-02315-x

Tuda, P.M., & Wolff, M. (2018). Comparing an ecosystem approach to single-
species stock assessment: The case of Gazi Bay, Kenya. Journal of
Marine Systems, 184, 1-14.
https://doi.org/10.1016/j.jmarsys.2018.04.004

Vanderklift, M.A,, Babcock, R.C., Boschetti, F., Haywood, M.D.E., Pillans, R.D.,
& Thomson, D.P. (2019). Declining abundance of coral reef fish in a
World-Heritage-listed marine park. Scientific Reports 9: 15524.
https://doi.org/10.1038/s41598-019-52016-9

Vidal, M., Mills, S.C., Gairin, E., Bertucci, F., & Lechini, D. (2023). Validation of
a novel immersive virtual reality set-up with responses of wild-caught
freely moving coral reef fish. Animal Behaviour, 206, 99-123.
https://doi.org/10.1016/j.anbehav.2023.09.013

Viviani, J., Le Blanc, A, Rurua, V., Mou, T, Liao, V., Lecchini, D., Galzin, R., &
Viriot, L. (2022). Plicidentine in the oral fangs of parrotfish (Scarinae,
Labriformes). Journal of Anatomy, 241, 601-615.

Int J Agri Biosci, 2026, 15(3): 1088-1094.

https://doi.org/10.1111/joa.13673

Welsh, J.Q., & Bellwood, D.R. (2012). Spatial ecology of the steephead
parrotfish (Chlorurus microrhinos): An evaluation using acoustic
telemetry. Coral Reefs, 31, 55-65.

Wibowo, B.A., Wijayanto, D., Setiyanto, I, & Dewi, D.A.N.N. (2022). Important-
performance analysis of capture fisheries development in Karimunjawa
Islands. AACL Bioflux, 15 (5:2396-2404.
https://bioflux.com.ro/home/volume-15-5-2022/

Wibowo, B.A., Wijayanto, D., Setiyanto, I, & Dewi, D.AIN.N. (2024). Fish
marketing analysis in Karimunjawa Islands. AACL Bioflux, 17(5), 2199-
2206. https://bioflux.com.ro/home/volume-17-5-2024/

Wijayanto, D., Bustamam, A., Arkerman, Y., Amri, K., Tirtadanu, Winarso, G.,
Hermadi, I., Kailaku, S.I., Kurohman, Putranto, M.R., & Kurnia, D.J. (2025).
Exploitation status and stock assessment of daisy parrotfish (Chlorurus
sordidus) in Karimunjawa Marine National Park, Central Java, Indonesia.
Biodiversitas, 26(9), 4821-4827.
https://doi.org/10.13057/biodiv/d260950

Wijayanto, D., Kurohman, F., & Nugroho, R.A,, (2023). The fishermen’s socio-
economic characteristics that support conservation among the
community in Karimunjawa Marine Protected Area. AACL Bioflux, 16(5),
2517-2527. https://bioflux.com.ro/home/volume-16-152023/

Wijayanto, D., Kurohman, F., Nugroho, R.A,, & Nursanto, D.B. (2024). The
effects of shallots (Allium cepa L. var. aggregatum) on growth, survival
and BCR of TGGG hybrid grouper (2 tiger grouper x & giant grouper).
AACL Bioflux, 17(4), 1396-1403. https://bioflux.com.ro/home/volume-
17-4-2024/

Wijayanto, D., Kurohman, F., Wibowo, B.A., Dewi, D.AN.N., Aprijanto, Irfani,
M., & Santosa, M.A. (2025). The exploitation status of white-streaked
grouper (Epinephelus ongus) in Karimunjawa waters. AACL Bioflux,
18(2), 744-752. https://bioflux.com.ro/home/volume-18-1-2025/

Xiao, Y. Li, C, Wang, T, Lin, L, Guo, J, Quan, Q, & Liu, Y. (2022). DNA
barcoding revealing the parrotfish (Perciformes: Scaridae) diversity of
the coral reef ecosystem of South China Sea. Sustainability, 12, 15386.
https://doi.org/10.3390/su142215386

Yarlett, R.T., Perry, C.T., Wilson, RW., & Philpot, K.E. (2018). Constraining
species-size class variability in rates of parrotfish bioerosion on
Maldivan coral reefs: Implications for regional-scale bioerosion
estimates. Marine  Ecology Progress Series, 590, 155-169.
https://doi.org/10.3354/meps12480

Yuliana, E., Fahrudin, A, Boer, M., Kamal, M.M., & Pardede, S.T. (2016). The
effectiveness of the zoning system in the management of reef fisheries
in the marine protected area of Karimunjawa National Park, Indonesia.
AACL Bioflux, 9(3), 483-497. https://bioflux.com.ro/home/volume-9-3-
2016/

Zega, A, Zebua, R.D., Gea, AS.A, Telaumbanua, B.Z,, Mendrofa, J.S., Laoli, D.,
Lase, R.C,, Dawolo, J., Telaumbanua, D.D., & Zebua, O. (2024). Anatomy
of grouper fish (Epinephelus sp.): Understanding the organs in the fish
body and their positions. [Anatomi ikan kerapu (Epinephelus sp.):
Memahami organ dalam tubuh ikan dan posisinyal. Samakia: Jurnal
llmu Perikanan, 15(1), 105-111.
http://dx.doi.org/10.35316/jsapi.v15i1.4733 [in Indonesian].

Zhang, A., Luo, W., Wang, J., & Zhou, Z. (2021). The time-area fishing closure
impacts on a fish stock: Qiantang River before and after a four-month
fishing closure. Acta Ichthyologica Et Piscatoria, 51(4), 349-356.
https://doi.org/10.3897/aiep.51.63815

Zulfahmi, 1, Isna, N.A, Agustina, |, Maghdiriadi, F., Nafis, B., Nur, FM., &

Latuconsina, H. (2024). [Morphometric comparison, growth patterns
and condition factors of fish of the genus Scarus from the waters of Weh
Island, Aceh]. Journal of Indonesian Tropical Marine, 27(1), 17-27.
https://doi.org/10.14710/jkt.v27i1.20746 [in Indonesian].



https://doi.org/10.3354/esr01024
https://doi.org/10.35800/jip.v10i2.52035
https://doi.org/10.1007/s00227-015-2728-3
https://doi.org/10.1007/s00227-015-2728-3
https://doi.org/10.1098/rspb.2021.0454
https://bioflux.com.ro/home/volume-17-3-2024/
https://doi.org/10.1016/j.rsma.2018.100489
https://doi.org/10.14710/jmr.v9i2.26706
https://doi.org/10.1007/s00338-022-02315-x
https://doi.org/10.1016/j.jmarsys.2018.04.004
https://doi.org/10.1038/s41598-019-52016-9
https://doi.org/10.1016/j.anbehav.2023.09.013
https://doi.org/10.1111/joa.13673
https://bioflux.com.ro/home/volume-15-5-2022/
https://bioflux.com.ro/home/volume-17-5-2024/
https://doi.org/10.13057/biodiv/d260950
https://bioflux.com.ro/home/volume-16-152023/
https://bioflux.com.ro/home/volume-17-4-2024/
https://bioflux.com.ro/home/volume-17-4-2024/
https://bioflux.com.ro/home/volume-18-1-2025/
https://doi.org/10.3390/su142215386
https://doi.org/10.3354/meps12480
https://bioflux.com.ro/home/volume-9-3-2016/
https://bioflux.com.ro/home/volume-9-3-2016/
http://dx.doi.org/10.35316/jsapi.v15i1.4733
https://doi.org/10.3897/aiep.51.63815
https://doi.org/10.14710/jkt.v27i1.20746

