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Abstract
The intensive fishing and lack of data for squid fisheries in Belitung waters have increased the risk of stock 
population decline, which could lead to large economic losses. Comprehensive studies on the biological aspects 
and stock status of squid were crucial to developing some management recommendations. This study investigated 
several population ecological characteristics (size distribution, length-weight relationship, condition factors, 
maturity stages, length at maturity, and growth parameters), the stock status, and the biological reference points 
of mitre squid (Uroteuthis chinensis Gray, 1849) in Belitung waters. The squid’s biological data were collected from 
August 2023 to March 2024. The stock status was investigated by several approaches, including length-converted 
catch-curve (LCC), yield per recruit (YPR) analysis, and length-based spawning potential ratio (LB-SPR). This study 
revealed that the mean size of male and female squid captured by squid jig was 16.22 ± 6.72 cm and 14.23 ± 3.65 
cm (Mean of mantle length ± standard deviation), with the length at first maturity (Lm50) of 19 cm for males and 
12 cm for females. Female gonadally mature squid were found throughout the year, with the largest proportion 
in January (93%). The overfishing condition of U. chinensis has occurred based on the current exploitation level for 
male (Ecur: 0.63; Fcur: 2.61 year-1) and female (Ecur: 0.72; Fcur: 4.39 year-1) that exceeds both the optimal exploitation 
rate (Eopt=0.5) and the fishing mortality given the maximum yield per recruit (Male Fmax: 2.08 year-1; Female Fmax: 
3.35 year-1). Recruitment overfishing has also occurred based on the current spawning potential ratio of 18%. 
Reducing the fishing trips by 24%, applying a season closure in January, and enlarging the selectivity to 15 cm 
were recommended to raise the squid stock and ensure the sustainability of squid fisheries in Belitung waters.
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Resumo
A pesca intensiva e a falta de dados sobre a pesca de lula nas águas de Belitung aumentaram o risco de declínio 
da população dos estoques, o que poderia levar a grandes perdas econômicas. Estudos abrangentes sobre os 
aspectos biológicos e o status dos estoques de lula foram cruciais para a formulação de algumas recomendações 
de manejo. Este estudo investigou várias características ecológicas da população (distribuição de tamanho, relação 
comprimento-peso, fatores de condição, estágios de maturidade, comprimento na maturidade e parâmetros de 
crescimento), o status do estoque e os pontos de referência biológicos da lula-mitra (Uroteuthis chinensis Gray, 1849) 
nas águas de Belitung. Os dados biológicos da lula foram coletados de agosto de 2023 a março de 2024. O status do 
estoque foi avaliado por meio de diversas abordagens, incluindo curva de captura convertida pelo comprimento 
(LCC), análise de rendimento por recruta (YPR) e razão potencial de desova baseada em comprimento (LB-SPR). 
Esse estudo revelou que o tamanho médio das lulas machos e fêmeas capturadas pelo gabarito de lula foi de 16,22 
± 6,72 cm e 14,23 ± 3,65 cm (média do comprimento do manto ± desvio-padrão), com o comprimento na primeira 
maturidade (Lm50) de 19 cm para os machos e 12 cm para as fêmeas. Lulas fêmeas com gônadas maduras foram 
encontradas durante todo o ano, com maior proporção registrada em janeiro (93%). A condição de sobrepesca da U. 
chinensis ocorreu com base no nível de exploração atual para machos (Ecur: 0,63; Fcur: 2,61 ano-1) e fêmeas (Ecur: 0,72; 
Fcur: 4,39 ano-1) que excede a taxa de exploração ideal (Eopt=0,5) e a mortalidade por pesca, considerando o rendimento 
máximo por recruta (Fmax masculino: 2,08 ano-1; Fmax feminino: 3,35 ano-1). A sobrepesca de recrutamento também 
ocorreu com base na atual taxa de potencial de desova de 18%. A redução das viagens de pesca em 24%, a aplicação 
de um defeso em janeiro e a ampliação da seletividade para 15 cm foram recomendadas para aumentar o estoque 
de lula e garantir a sustentabilidade da pesca de lula nas águas de Belitung.

Palavras-chave: ponto de referência biológico, sobrepesca, fechamento da temporada, lula-mitra.
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(2024) found that U. chinensis reached the maximum size at 
about 175 days. In short-lived fisheries, reproduction occurs 
faster, and natural mortality is high after reproduction 
(Villegas, 2001). These optimal conditions meant the 
number of efforts and size of fish catch at the threshold 
aligned with fisheries management objectives, aiming 
for maximum sustainable yield and maximum economic 
values while ensuring stock sustainability (Tirtadanu et al., 
2021). Therefore, studying optimal effort level and optimal 
size is important so that fishers can reach the yields at a 
profitable and sustainable level. Moreover, the spawning 
stock biomass of squid in nature needs to be maintained 
at optimal conditions so that recruitment can continue 
and contribute to the fishery (Caddy, 1983). Biological 
reference points are used to determine the stock status 
of a fishery based on limit reference points and target 
reference points from several stock assessment models 
(Hordyk et al., 2016). Biological reference points that can 
be used to develop management tools include fishing 
mortality that produces maximum yield per recruit and 
a 40% spawning potential ratio (Clark, 2002; Widiyastuti 
and Tirtadanu, 2024). The length-based spawning 
potential ratio was performed in this study to measure 
the level of recruitment overfishing of the squid fishery, 
that indicated by the ratio of spawning stock biomass 
per recruit in the fishery conditions and in the absence 
of fishery (Goodyear, 1993). The rich data assessment of 
squid fishery in Belitung waters was challenging, due 
to the lack of time-series catch and effort data, and the 
complexity of multiple gear and fisheries. However, LB-
SPR can be performed using limited data input, which 
includes length data and some life history parameters of 
the target species (Hordyk et al., 2016). The outputs can 
be beneficial to understand the current status, related to 
the recruitment overfishing conditions, which will be used 
to develop some management tools. Some management 
tools that can be used include season closure, minimum 
legal size, and effort limitation (Arkhipkin et al., 2021). 
This information can be investigated by exploring the 
squid population’s ecological characteristics, stock status, 
and biological reference points.

Some previous studies have reported the sexual 
dimorphism of U. chinensis and their hatching periods 
that occur in a fast period until entering the recruitment 
phase (Sukramongkol  et  al., 2007; Bat  et  al., 2009). 
Other studies were related to its distribution, which is 
also influenced by depth, where larger populations were 
caught in deeper waters (Islam et al., 2017; Tirtadanu and 
Suprapto, 2016). Evidence of sexual dimorphism in squid 
indicates the consideration of separating data by sex in 
the stock assessment conducted in this study. Previous 
studies on squid reproduction and distribution contributed 
to understanding life history factors relevant to stock 
assessment and squid fisheries aspects. An advanced 
analysis of stock assessment on U. chinensis has not yet 
been conducted in Belitung waters. Stock assessment 
is crucial to investigate the stock status and to decide 
the optimal fishing level. This study investigated some 
population ecological characteristics (size distribution, 
length-weight relationship, condition factors, maturity 
stages, length at maturity, and growth parameters) and the 

1. Introduction

Squid fisheries in Indonesia have contributed greatly 
to national economic growth. The squid fisheries have 
contributed for the main livelihood of local fishers, 
employment in the squid industry, export products, and 
protein sources. The total annual production of squids 
in Indonesia reached 234,681 tons (India, 2024). One of 
Indonesia’s largest producers of squid was from Belitung 
waters, which are part of the Fisheries Management Area 
(FMA) 711. The production of squids in Belitung waters 
was 59,784 tons or about 25% of the total production of 
squids in Indonesia. The most dominantly captured and 
economically important species in Belitung waters was 
the mitre squid (Uroteuthis chinensis).

U. chinensis is a neritic species that lives in shallow 
coastal areas of up to 170 m (Carpenter and Niem, 1998). 
Due to its neritic characteristics and high economic value, 
this species has become a common target for artisanal 
squid jig fisheries in Belitung waters. Small-scale fishers 
have more access to shallow coastal waters, causing U. 
chinensis a commonly targeted species. Other fishing 
gears targeting U. chinensis as a target were the lift net 
and ‘bouke ami’. However, the landing information has not 
been well recorded. Some landing data remain unreported, 
particularly from the small-scale fishers, due to a lack of 
facilities and landing site area. Many fishers landed their 
catch directly to the middleman. This condition can inhibit 
the implementation of management regulations, such as 
catch quotas, protected areas, and closed seasons.

The intensive fishing and lack of data have raised 
the vulnerability of the squid stock, which can lead to 
economic loss. The unregulated fishing pressure will lead 
to the growth overfishing and recruitment overfishing 
conditions. The growth overfishing meant that the squid 
has been caught before they can reach the optimal condition 
to contribute the biomass (Pauly, 1983). In the growth 
overfishing condition, the fishery will be more profitable 
if the squid size was enlarged to the optimal length at first 
capture, which can be indicated by the maximum length at 
first capture (Lmax) (Tirtadanu et al., 2021). The recruitment 
overfishing condition meant that the spawning stock 
biomass was too low, which can reduce the squid’s stock 
due to the decline in recruitment. This condition can 
be affected by the high fishing pressure that reduces 
the spawners to less than optimal levels. A prior study 
indicated that the fish aggregated device (FAD) contributes 
to recruitment overfishing, as it captures numerous squid 
spawners (Sasikumar  et  al., 2015). Wang  et  al. (2021) 
also found the overfishing condition of U. chinensis in 
Northeastern South China Sea due to the increasing of 
fishing intensity. Those overfishing conditions will lead 
to declining the squid’s stock and economic loss, as well 
as the squid fishery business. Therefore, in-depth studies 
on population ecological characteristics (size distribution, 
length-weight relationship, condition factors, maturity 
stages, length at maturity, and growth parameters) 
and stock status are crucial to developing management 
recommendations for squid fisheries in Belitung waters.

Most squid species have a short lifespan of about 
1-2 years (Bat et al., 2009; Wang et al., 2010). Liu et al. 
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stock status of U. chinensis in Belitung waters. This study 
discussed some key information related to stock status, 
spawning season, optimal size, and optimal fishing level 
as a basis for developing squid fisheries management 
recommendations in Belitung waters.

2. Materials and Methods

2.1. Data collection

Samples were collected from August 2023 to March 
2024 in Belitung waters, and there were 1,063 squid 
samples captured by local fishers using squid jigs. The squid 
jig artisanal fishery used 1-2 GT wooden vessels with 
14 horsepower engines. The fishery was one-day fishing, 
and the setting was operated at night for approximately 
seven hours. The frequency of fishing trips ranged from 
20 to 26 times each month. The fishing ground areas were 
around Kampit, Pering Beach, Sijuk, Seliu, and Tanjung 
Pandan (Figure 1). The samples were collected from some 
landing sites in Kampit, with coordinates 2.63°S and 
107.95°E, Tanjung Pandan (2.72°S and 107.62°E), Pering 
(2.65°S and 108.15°E), Manggar (2.88°S and 108.27°E), Selat 
Nasik (2.88°S and 107.46°E), Sijuk (2.56°S and 107.75°E). 
The average values of some environmental variables for 
the fishing ground areas have been reported from the 
previous study as a mean depth of 10 m, sea surface 
temperature 29 °C and salinity of 31 ppt (Puspasari et al., 
2025). Measurements of squid characteristics included 
mantle length in cm, weight in grams, sex, and gonad 
maturity stages.

2.2. Data analysis

Population ecological characteristics of U. chinensis 
included length frequency data visualized by histograms, 
length-weight relationship, monthly relative condition 

factor, monthly gonad maturity proportion, the length at 
first maturity (Lm50), and growth parameters. The length at 
first maturity is an essential parameter for obtaining direct 
knowledge of the optimal selectivity of squid fishery. As the 
multiple spawning tropical squid, U. chinensis should be 
captured larger than the length at first maturity to allow 
the adult squid to reproduce at least once to sustain the 
recruitment (Sajikumar et al., 2022). Therefore, the length at 
first maturity can also be a rough estimate of the minimum 
legal size for management purposes. The length at first 
maturity (Lm50) was estimated using a logistic model based 
on the Schnute and Richards (1990) Equation 1:

( )1 i
i A B x

GP
e −

=
+

	 (1)

P is the proportion of gonadally mature squid at length 
xi; Gi is the maximum achievable proportion of gonadally 
mature squid; A and B are parameters estimated from the 
logistic function.

The length-weight relationship could be used as 
an indicator of the proportional body weight of squid. 
The negative allometry growth pattern reflects the 
comparatively slender body shape, whereas the positive 
allometry highlights the larger fatness. The isometric 
growth pattern indicates the proportional body weight 
of the squid. Negative allometry may indicate low food 
availability, stress level, drained energy, and changes in 
environmental conditions (Siddique et al., 2014). Length-
weight relationships and relative condition factors were 
estimated through Equations 2 and 3 (Ricker, 1975; Le 
Cren, 1951):

bW aL= 	 (2)

and

n
WK
W

=
′ 	 (3)

Figure 1. Fishing ground areas of squid fisheries in Belitung waters.
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a is a constant, b is the growth coefficient, L is the mantle 
length (cm), W is the observed weight (g), and w is the 
calculated weight of squids. The relative condition factors 
(Kn) were calculated monthly with a 95% confidence interval.

Growth parameters of male and female squid, including 
asymptotic length (L∞), growth rate (K) and theoretical age 
at zero length (t0) were estimated using the electronic 
length frequency analysis with simulated annealing 
(ELEFAN GA) method in the TropFishR programme package 
of the R programme (Scrucca, 2013; R Development Core 
Team, 2008; Mildenberger et al., 2017). This study used 
a length class of 2 cm, with a moving average (MA) of 
5, which is sufficient to show the growth movement of 
squid as a short-lived species. The moving average helps 
to see the growth pattern from each length frequency 
peak (Mildenberger et al., 2017).

The theoretical age at zero length (t0) was estimated 
by following Pauly’s (1983) Equation 4:

( ) ( ) ( ) ( )0   0.3922  –  0.2752  –  1.038  Log t log L log K∞− = − 	 (4)

The stock status of U. chinensis was obtained through 
several approaches, including the length-converted catch 
curve (LCC) method, yield per recruit (YPR) analysis, and 
length-based spawning potential ratio (LB-SPR). The LCC 
model provides the rough status of fishery based on the 
ratio of natural mortality and fishing mortality. The yield 
per recruit model assess the growth overfishing level of 
the fishery, which is linked to the optimal selectivity that 
can be reached to obtain the maximum yield per recruit. 
The spawning potential ratio assesses the recruitment 
overfishing level, which is related to the optimal spawning 
biomass per recruit that should remain in the sea 
(Tirtadanu et al., 2022; Hordyk et al., 2016).

The exploitation rate (E) was used in the LCC method 
to indicate the fisheries status. The E value was obtained 
by comparing fishing mortality (F) and total mortality (Z). 
Total mortality is obtained from the LCC analysis with the 
Formula 5 (Sparre and Venema, 1992):

( )
( )

1, 2 1 2
21, 2

C L L L Lln C Zt
t L L

+ = −  ∆  
	 (5)

where C is the frequency of each length class, Z is total 
mortality, t is age, L1 and L2 are the lengths of squid in 
the upper and lower interval classes.

Fishing mortality was obtained from the difference 
between total mortality (Z) and natural mortality (M). 
Natural mortality was estimated based on Pauly (1983) 
and Then et al. (2015) Equations 6 and 7:

1log 0.0066 0.279log 0.6543log 0.4634logM L K T∞= − − + + 	 (6)

0.73 0.33
2 4.188M K L −

∞= 	 (7)

where M1 and M2 are the natural mortality from Pauly 
(1983) and Then et al. (2015), K is the growth rate, T is the 
average of sea surface temperature of the coastal area as 
29 °C, L∞ is the asymptotic length. The more conservative 
results from the natural mortality will be used as the 

precautionary approach to the stock assessment of squid 
fishery.

The YPR in this study was performed to estimate 
the fishing mortality level that produced the maximum 
yield per recruit (Fmax) and the fishing mortality level that 
corresponds to 10% of the slope of the yield per recruit 
(F0.1) (Gulland and Boerema, 1973). The reference point of 
Lmax was also used to assess the growth overfishing level 
of the squid fishery in Belitung waters. YPR was obtained 
based on the Thompson and Bell model using TropFishR in 
the R program (Thompson and Bell, 1934; R Development 
Core Team, 2008; Mildenberger et al., 2017).

The spawning stock biomass condition of U. chinensis 
in Belitung waters was estimated using the length-based 
spawning potential ratio with the LBSPR package in R 
program (R Development Core Team, 2008; Hordyk et al., 
2016; Mildenberger et al., 2019). The spawning potential 
ratio (SPR) is the ratio between spawning stock biomass 
per recruit in the presence of fishing and spawning stock 
biomass per recruit in the absence of fishing (Goodyear, 
1993). The length-based spawning potential ratios depends 
on several assumptions: (i) the stock is in a steady state, (ii) 
the length composition accurately reflects the population 
size, (iii) recruitment stands constant, and (iv) growth 
follows to the Von Bertalanffy growth curve (Hordyk et al., 
2016). The selectivity of squid jig, which targets specific 
sizes, can influence the sensitivity of the length-based 
spawning potential ratio. The selection of natural mortality 
parameters may affect the sensitivity of the LB-SPR results; 
hence, this study used more conservative natural mortality 
as precautionary management. The reference point for 
overfishing status is at the 40% SPR threshold.

3. Results

3.1. Population ecological characteristics

Male U. chinensis is larger than females. The mantle 
length of male squid ranged from 4 to 38 cm with a mean 
size of 16.22 ± 6.72 cm (Mean ± standard deviation), while 
female sizes ranged from 4 to 26 cm with an average of 
14.23 ± 3.65 cm. The most squid size captured by squid 
jig was 12 cm, with a proportion of 27% in males and 15% 
in females (Figure 2).

The length at first maturity (Lm50) for male and 
female U. chinensis was 19 cm and 12 cm, respectively. 
By comparing the length frequency data with the length 
at first maturity, the proportion of male and female squid 
captured before reaching their gonadal maturity size was 
71.4% and 44.74%, respectively.

The mean weight of male U. chinensis in Belitung waters 
was 88.71 ± 64.99 (Mean ± SD) g, and the mean weight of 
females was 85.21 ± 48.86 g. The length-weight relationship 
between male and female squid was W=0.5326(L)1.7948 and 
W=0.2212(L)2.2028, respectively (Figure  3). The growth 
patterns of males and females were negative allometric, 
indicating relatively lean weight proportions. The growth 
coefficient b at a 95% confidence interval was 1.79 ± 
0.05 and 2.20 ± 0.06.
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Figure 3. Length-weight relationship of (a) male and (b) female mitre squid (Uroteuthis chinensis) in Belitung waters.

Figure 2. Length frequency of (a) male and (b) female mitre squid (Uroteuthis chinensis) in Belitung waters. The red dash line represents 
the length at first maturity (Lm50) of mitre squid.
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The condition factor of female squid in Belitung waters 
fluctuated monthly. The condition factor ranged from 
0.87 to 1.09 (Figure 4). The lowest condition factors were 
found in August (Kn=0.89) and December (Kn=0.87), 
while the peaks were found in November (Kn=1.06) and 
March (Kn=1.09).

Gonadally mature females were found throughout the 
year, with monthly proportions ranging from 32.5 to 93.02% 
(Figure  5). The lowest proportion of gonadally mature 
squid was found in August (32.5%), while the largest was 
in January (93.02%). The proportion of mature U. chinensis 
tended to increase starting from September 2023 (42.11%) 
to the peak in January 2024 (93.02%). The proportion of 
mature squid from December to March was in the range 
of 57.89 to 93.02%, higher than in August to November, 
with a range of 32.5-42.86%.

The asymptotic length of males U. chinensis was 37.30% 
larger than females, and the growth of females was slightly 
faster than males (Figure 6). The asymptotic length (L∞), 
growth rate (K), and theoretical age at zero length (t0) 

of male squid were 40.49 cm, 1.36 yr-1, and -0.1064 year, 
respectively. The asymptotic length (L∞), growth rate (K), and 
theoretical age at zero length (t0) of females were 29.49 cm, 
1.40 year-1, and -0.1126 year, respectively. The growth of 
male and female squid followed the Equations 8 and 9:

( )1.36 0.106440.49 1 t
tL e− + = −  

	 (8)

and

( )1.40 0.112629.49 1 t
tL e− + = −  

	 (9)

respectively.
Based on the Von Bertalanffy growth equation, the 

length at first maturity (Lm50=19 cm) of male squid was 
reached at 4 to 5 months, and the maximum size was 
attained at 2.21 years (Figure 7). The length at first maturity 
of females (Lm50=12 cm) was reached at 3-4 months, and 
the maximum size was attained at 2.14 years.

Figure 5. Monthly proportions of immature and mature female mitre squid (Uroteuthis chinensis) in Belitung waters, August 2023–
March 2024.

Figure 4. Monthly condition factors of female mitre squid (Uroteuthis chinensis) in Belitung waters, August 2023–March 2024.
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3.2. Stock status

The natural mortality of male and female squid by using 
Pauly (1983) method (Mmale=2.04 year-1; Mfemale=2.27 year-1) was 
larger than the natural mortality by using Then et al. (2015) 
method (Mmale=1.52 year-1; Mfemale=1.73 year-1). The higher 
natural mortality will lead to a lower estimate of the fishing 

pressure. Some previous studies have suggested using the 
more conservative M values as the precautionary approach 
for management actions (Tirtadanu et al., 2023; Widiyastuti 
and Tirtadanu, 2024). Therefore, this study used the natural 
mortality from Then et al. (2015) as the precautionary 
approach to the stock assessment of squid fishery.

Figure 6. The monthly length frequency and the growth of (a) male and (b) female mitre squid (Uroteuthis chinensis) in Belitung waters, 
August 2023–March 2024. Data were analyzed by the ELEFAN TropFishR packages in the R Program.

Figure 7. The Von Bertalanffy Growth Curve of male and female mitre squid (Uroteuthis chinensis) in Belitung waters.
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The total mortality of female squid (Z=6.11 year-1) was 
higher than the total mortality of males (Z=4.13 year-1) 
(Figure 8). Natural mortality (M) and fishing mortality (F) 
of male squid were 1.52 year-1 and 2.62 year-1, respectively. 
Natural mortality and fishing mortality of females were 
1.73 year-1 and 4.39 year-1, respectively. Fishing mortalities 
(F) of both sexes were higher than their natural mortalities 
(M), so the exploitation rate (E) of squid in Belitung waters 
was above its optimal point (E>0.5). The current exploitation 
rate of males is 0.63, and the exploitation rate of females is 

14.29% larger than the exploitation rate of males. Based on 
the catch-curve approach, the optimal exploitation level 
of squid can be attained by reducing the exploitation rate 
by 20-31% from the current condition.

Under current conditions, with a fishing mortality (F) of 
male squid of 2.61 year-1 and a length at first capture (Lc50) 
of 8 cm, the yield per recruit of males in Belitung waters 
was 44.57 g recruit-1 (Figure 9). The maximum yield per 
recruit of males can be reached by enlarging selectivity 
to Lcmax or reducing fishing mortality to Fmax. The yield 

Figure 9. The isopleth of the yield per recruit analysis as a function of fishing mortality and length at first capture for (a) males and 
(b) females mitre squid (Uroteuthis chinensis) in Belitung waters. The circle dot represents the current yield per recruit. Lc is the length 
at first capture of mitre squid.

Figure 8. The length-converted catch curve of (a) males and (b) females mitre squid (Uroteuthis chinensis) in Belitung waters.
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per recruit of males will increase to the maximum value, 
or 23.37% greater than the current yield per recruit, by 
enlarging the selectivity from 8 cm (Lccur) to 15 cm (Lcmax). 
At the current selectivity, the yield per recruit of male squid 
can be increased to 46.17 g recruit-1 by reducing the fishing 
mortality at the Fmax level by 2.08 year-1, or 20.31% lower 
than the current condition (Table 1). A reference point of 
F0.1 in male squid (F0.1=1.31) can be achieved by reducing 
fishing mortality by 49.81% from current conditions.

At the current condition of length at first capture (Lc50) 
as 12 cm and a fishing mortality of female U. chinensis as 
4.39 year-1, the current yield per recruit of female squid in 
Belitung waters was 38.51 g recruit-1 (Figure 9). By raising 
the squid’s selectivity from 12 cm (Lccur) to 15 cm (Lcmax), 
the yield per recruit of female squid can be reached at 
the maximum, or 12.62% larger than the current yield per 
recruit. At the current selectivity, the yield per recruit of 
female squid can be increased to 38.59 g recruit by reducing 
fishing mortality at the Fmax level by 3.35 year-1, 23.69% 
less than the current condition (Table 1). A reference point 
of F0.1 on females (F0.1=1.75) can be achieved by reducing 
fishing mortality to 60.14% from current conditions.

Some input parameters used in the spawning potential 
ratio analysis for female squid were the length-frequency 
data, asymptotic length of 29.49 cm, M/K ratio of 1.23, and 
the length at 50% and 95% maturity of 12 cm and 18 cm, 
respectively. The gear selectivity of female squid captured 

Table 1. Some biological reference points based on the catch-curve, yield per recruit, and length-based spawning potential ratio analysis 
for mitre squid (Uroteuthis chinensis) in Belitung waters.

Catch curve
YPR

SPR
YPR at

Sex Z M F E F0.1 Fmax Lccur Lcmax Fcur Fmax Lcmax SPRcur

(year-1) (year-1) (year-1) (year-1) (year-1) (cm) (g recruit-1) (g recruit-1) (g recruit-1) (g recruit-1)

Male 4.13 1.52 2.61 0.63 1.31 2.08 8 15 44.57 46.17 54.99 -

Female 6.11 1.72 4.39 0.72 1.75 3.35 12 15 38.51 38.59 43.37 0.18

Figure 11. The selectivity, ratio of fishing mortality and natural mortality (F/M), and spawning potential ratio (SPR) of mitre squid 
(Uroteuthis chinensis) in Belitung waters. Data were analyzed by the LBSPR package in the R Program. SL50 is the mantle length at which 
50% of squids are retained by the fishing gear and SL95 is the mantle length at which 95% of squids are retained by the fishing gear.

Figure 10. The length at maturity and selectivity of females mitre 
squid (Uroteuthis chinensis) in Belitung waters.

by squid jig was the same as the length at first maturity 
(Figure 10). The current spawning potential ratio of U. 
chinensis in Belitung waters is 0.18, which is smaller than 
the optimal spawning potential ratio of 40% SPR (Figure 11).
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4. Discussion

The maximum size of male squid in Belitung waters 
was 46% larger than the size of females. Previous studies 
have also reported sexual dimorphism in U. chinensis 
(Bat  et  al., 2009). The size ranges of male and female 
squid in Belitung waters were 4 to 38 cm and 4 to 26 cm, 
respectively. Those size ranges were relatively small 
compared to the size ranges of U. chinensis in the China 
Seas, which were from 6.6 to 47.5 cm for males and 8.8 to 
41.7 cm for females (Jin et al., 2019). The length at first 
maturity (Lm50) of male and female U. chinensis in Belitung 
waters were 19 cm and 12 cm, respectively. The proportion 
of immature squid captured by squid jig was also relatively 
high, ranging from 44.7 to 71.4%. To enhance recruitment 
through reproduction, the size of the catch is recommended 
to be larger than the length at first maturity. Tokai and 
Ueta (1999) found that the size of the squid jig will affect 
the size of the catch (Tokai and Ueta, 1999). Therefore, 
enlarging the jigs is recommended to allow the squids to 
reproduce and raise the recruitment.

U. chinensis in Belitung waters has a negative allometry 
growth pattern, indicating a relatively thin body weight 
pattern (b<3). Previous research has found the same 
condition for commercial squid fisheries in some areas, 
including U. chinensis in Malaysia, U. duvaucelii in India, 
and U. edulis in Japan (Siddique et al., 2014; Tehseen et al., 
2019; Yamaguchi et al., 2020). The growth coefficient b of 
female squid (b=2.2028) was larger than that of male squid 
(b=1.7948), indicating higher fatness in females than males. 
Those can be affected by the energy allocation of females 
towards gonad development and multiple spawning events, 
whereas males allocate energy towards competition and 
movement (Chiang and Wang, 2025). However, both male 
and female squids have the allometry growth pattern that 
indicates a thin body shape. The allometry growth pattern 
can be affected by some factors, including the lack of food, 
high stress, and environmental changes. This finding 
can be linked to the contribution of biomass, where the 
decreasing body weight will impact the amount of catch 
in weight. The length at first maturity of male and female 
squid was reached at 52.7 (~18 squids per kg) and 105.1 g 
(~9 squids per kg), respectively. The body weight patterns 
can also fluctuate monthly, influenced by food availability, 
environmental factors, and gonadal maturity conditions 
(Mulyono et al., 2017).

The condition factor of female squid in Belitung waters 
fluctuated, influenced by environmental factors, food 
availability, and reproductive aspects. The peak condition 
factor was found during the rainy season in November and 
March. Wang et al. (2021) stated that the distribution of 
U. chinensis was influenced by the primary productivity of 
the waters. The high condition factor in the rainy season 
was caused by the high density of plankton, which is the 
preferred food for squids.

The study of the proportion of gonadally mature females 
can be an indicator of the spawning season (Liu et al., 2024). 
The hatching season of U. chinensis in China was found in 
the Spring season in April (Jin et al., 2019). Based on the 
proportion of gonadally mature squid in Belitung waters, 
the spawning season was concentrated from December to 

March, with a peak in January. The sea surface temperature 
for Belitung waters ranged from 27.1 to 30.9°C (World Sea 
Temperatures, 2025). The warmest temperature occurred 
in November and April to June, which ranged from 28.3 to 
30.9°C. The spawning peak of U. chinensis in this study 
was found in February, with the sea temperature ranging 
from 27.9 to 29.1°C. This condition can be the optimal 
temperature for the hatching period. Another study also 
found that U. chinensis in China was primarily hatched 
in Summer at 29°C (Wang et al., 2020). A management 
strategy with seasonal closure during the spawning 
season can be one of the alternatives to enhance squid 
reproduction in nature.

Female squid in Belitung waters had slightly faster 
growth and a smaller size than males. The asymptotic 
length (L∞) of male and female U. chinensis were 40.49 cm 
and 29.49 cm, respectively. The growth rate (K) of male and 
female squid were 1.36 year-1 and 1.40 year-1, respectively. 
The findings indicate evidence of sexual dimorphism in U. 
chinensis. The males showed a larger size than females, as 
evidenced by the maximum length and asymptotic length 
of males (Lmax=38 cm; L∞=40.49 cm), which exceeds that 
of females (Lmax=26 cm; L∞=29.49 cm). The coefficient 
of growth b for females (b=2.20) was greater than that 
for males (b=1.79), indicating a higher level of fatness 
in females than males. This may result from the energy 
allocation of females towards gonad development and 
multiple spawning events, whereas males allocate energy 
towards competition and movement. Moreover, the growth 
rate for females (K=1.40) was slightly greater than that for 
males (K=1.36), which may contribute to a longer lifespan 
for females than males. As a multiple spawner, the female’s 
prolonged lifespan will allow squids to release the egg 
and aid in recruitment.

The length at first maturity of U. chinensis in this 
study (Lm50[male]=19 cm; Lm50[female]=12 cm) was close to 
U. chinensis found in Bangka waters (Lm50[male]=19 cm; 
Lm50[female]=15 cm) and larger than that found in Banyuasin 
waters (Lm50[male]=11 cm; Lm50[female]=10 cm). Some factors 
affected the variation of length at first maturity across 
regions. The availability of rich food can induce squid to 
grow faster and reach maturity earlier. Another study also 
linked it to higher water temperature, leading to achieving 
the earlier length at first maturity (Lavin  et  al., 2022). 
The length at first maturity (Lm50) was attained at 3 to 
4 months for males and 4 to 5 months for females. Similar 
conditions were also found for females U. edulis in China, 
with the length at first maturity attained at 4 to 5 months of 
age (Wang et al., 2010). Bat et al. (2009) found that warmer 
water conditions can increase squid’s growth. Tropical 
water conditions are indicated as a factor that caused a 
relatively fast growth of squid in Belitung. In addition, 
Rodhouse (2001) suggested that effort limitation is the 
most effective management tool for short-lived species. 
Rapid growth and a relatively short lifespan will lead to 
high natural mortality. At the same time, an intensive 
fishing pressure that exceeds optimal conditions will cause 
a decrease in spawning stock biomass that can inhibit 
the recruitment of stocks in nature. Some management 
actions that can be applied include (i) community-based 
management to connect the government, the fishers, the 
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squid fishery business and scientists regarding how to 
implement the optimal efforts (24% reduction on fishing 
trips) and selectivity (enlarging selectivity to 15 cm) for the 
squid fishery (ii) After the cooperation was agreed upon all 
the stakeholders, the regulation should be strengthened, 
and supported by data monitoring.

Squid fishing pressure is currently in an overfishing 
condition based on the exploitation rate (E) indicator from 
the catch-curve approach, which is 0.63 year-1 for males 
and 0.73 year-1 for females. Overfishing conditions for 
squid fisheries have also occurred in the northern waters 
of Java (Puspitasari and Fahrudin, 2019; Wagiyo  et  al., 
2021). The same fishery status was also found in the 
yield per recruit model with current fishing mortality 
(Fcur[male]=2.62 year-1; Fcur[female]=4.39 year-1), which has 
exceeded the reference point of Fmax (Fmax[male]=2.08 year-1; 
Fmax[female]=3.35 year-1). This yield per recruit result indicated 
that the current exploitation level is not in the biomass-
optimal condition. Fishermen will obtain biomass-optimal 
fishery conditions by reducing effort by about 24% from 
the current effort. Moreover, capturing small squid has a 
negative impact on the biomass and the optimal catch of 
the fishery. Capturing small-sized squids will inhibit them 
from growing larger. If the small-sized squids remained 
in nature until they reached the optimal length at first 
capture (Lcmax), the squids would grow larger to contribute 
to the biomass, and the fishery would be more profitable 
(Pauly, 1983; FAO, 2011; Tirtadanu et al., 2021). The squid 
fishery will be more profitable if the selectivity is enlarged 
from 12 cm to 15 cm, as the reference Lcmax. Ulas and Aydin 
(2011) reported that the use of red squid jigs could increase 
the selectivity and catch rate of squid compared to other 
colors. In addition, enlarging mesh selectivity from 20 mm 
to 35 mm also successfully increased the squid catch in 
India (Kasim, 1985).

Based on the current spawning potential ratio (SPR) of 
18%, which is lower than the reference point of 40% SPR, 
the mitre squid stock status in Belitung waters has been in 
a state of recruitment overfishing. This condition indicates 
that the spawning stock biomass of U. chinensis is too low, 
which can inhibit recruitment due to low reproduction. 
The environmental condition of Belitung waters was still 
appropriate for the growth and reproduction of U. chinensis, 
with a potential spawning habitat close to 84 thousand ha 
(Puspasari et al., 2025). Therefore, the stock population 
of U. chinensis in Belitung waters seems affected mainly 
by fishing activities. The recruitment overfishing as the 
low spawning stock biomass of U. chinensis was caused 
by the high fishing pressure and high number of small-
size captured.

The continuous fishing pressure at the current level 
could lead to a declining population and economic 
losses to the squid fishery in the future. Caddy (1983) 
suggested leaving 40% of the biomass in nature each year 
to enhance recruitment. Various fisheries management 
measures have also been discussed in several previous 
studies. Arkhipkin et al. (2021) suggested a combination 
of several management tools, including effort-based 
management, spatial and seasonal fishing restrictions, 
mesh size restrictions, and individual transferable quotas. 
Moreover, Rodhouse (2001) recommended effort limitation 

as the best management tool for short-lived fisheries. 
The combination of effort limitation and seasonal closure 
has been applied as an effective management strategy to 
improve the spawning stock biomass of Loligo gahi squid 
in the Falkland Islands. Effort limitation was implemented 
through a reduction in fishing licenses, permitting fishing 
operations for only 6 to 8 months annually (Barton, 2002). 
Additionally, New Zealand has successfully boosted 
the stock biomass of the squid Nototodarus gouldi by 
establishing an annual Total Allowable Commercial 
Catch (TACC) and conducting regular stock assessment 
monitoring (Lischka et al., 2020; Cryer et al., 2016). Due to 
the overfishing condition of the mitre squid in Belitung 
waters based on stock assessment approaches LCC, YPR 
analysis, and LB-SPR, some management recommendations 
that can be developed to restore the squid’s stock include 
reducing about 24% of fishing trips; fishing closure based 
on area and season, especially in January; modifying fishing 
gear to increase selectivity to 15 cm. Those management 
measures need to be well socialized to fishers, traders, 
squid industries, and other stakeholders to enhance the 
sustainability of squid fisheries in Belitung waters.

5. Conclusion

Squid fisheries in Belitung are currently in an overfishing 
condition based on the current exploitation rate (E) 
indicator, which has exceeded the threshold of 0.5 of E, 
and the current fishing mortality indicator, which has 
exceeded the reference point of Fmax. The growth of the 
overfishing condition has occurred based on the current 
selectivity, which is below the optimal size, which can 
produce the maximum yield per recruit at Lcmax of 15 cm. 
The current spawning stock biomass is also relatively low 
(SPRcur=18%), which indicates a recruitment overfishing 
state. The spawning season was found from December 
to March, with the peak in January. Based on the current 
stock status and some biological reference points, some 
management measures need to be developed, including a 
24% reduction in the fishing trips, the fishing closure during 
the spawning area and season, especially in January, and 
enlarging selectivity to 15 cm. Those management tools 
needed to be developed by the government cooperatively 
by involving various stakeholders, including local 
communities, fishers, traders, the squid industry, and 
fishery researchers.
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