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Abstract. Rahman MA, Harlyan LI, Sambah AB, Setyanto A, Qonitah AF, Aji MWP, Yulianti E. 2025. Length-weight relationship, 

condition factor, and reproductive biology of the bigeye thresher Alopias superciliosus in Southern Java, Indonesia. Biodiversitas 26: 

2557-2564. The bigeye thresher shark Alopias superciliosus is one of two known Alopiidae species lived in Indonesian waters. This 

species was usually captured in southern waters of Indonesia (Indian Ocean) by various fishing gears. This study aims to investigate size 

structure, length-weight relationships, relative condition factor, and length at first maturity of A. superciliosus landed at Cilacap Ocean 

Fishing Port, Central Java, Indonesia, providing data for sustainable management. Sampling was conducted monthly over seven months, 

documenting fork length, body weight, and identifying sex through external examination from 484 sharks (241 males and 243 females). 

Results revealed a wide size range (77-256 cmFL) of samples and a balanced overall sex ratio, although monthly fluctuations were 

observed. Growth pattern was negative allometric with value of b: 2.871, 2.789, and 2.936 for combined sex, males, and female, 

respectively. Relative condition factor predominantly exceeded 1.00. The length at first maturity for males was 150.61 cm, with around 

40% of sampled individuals caught prior to sexual maturity. These results underscore the vulnerability of A. superciliosus populations 

and highlight the urgent need for management measures such as size-limit regulations and modifications of fishing operations to reduce 

bycatch. Overall, this study provides crucial baseline data for policymakers, laying the groundwork for more effective conservation of 

bigeye thresher sharks in Indonesian waters and beyond. 
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INTRODUCTION 

Far beyond the past decade, shark fisheries have 

exhibited significant global and local trends characterized 

by overfishing, regulatory challenges, and evolving 

conservation efforts. Worldwide, shark populations have 

experienced alarming declines, with estimates indicating a 

reduction of over 70% in oceanic shark abundance since 

the 1970s, primarily due to unsustainable fishing practices 

and inadequate management systems (Dulvy et al. 2021; 

Pacoureau et al. 2021; Braccini et al. 2024). Sharks are 

often referred to as keystone species due to their significant 

impact on the structure of marine communities (Stevens et 

al. 2018; Hasan and Widodo 2020; Hasan et al. 2021a). 

The removal or decline of shark populations can lead to 

trophic cascades, where the absence of these apex predators 

results in unchecked growth of prey species, ultimately 

disrupting the entire ecosystem (Hasan et al. 2021b; 

Pontavice et al. 2021). Alopias superciliosus (Lowe, 1841) 

is a pelagic shark species inhabits a broad depth range from 

the surface to approximately 500 meters (Coelho et al. 

2015), occupying both coastal and oceanic environments 

associated with continental and insular shelves (Fernandez-

Carvalho et al. 2015). As a specialized yet opportunistic 

predator, it primarily consumes teleost fish, cephalopods, 

and crustaceans (González‐Pestana et al. 2020; Arnés-

Urgellés 2024). This predatory role helps regulate the 

populations of its prey species, thereby maintaining the 

balance within the marine ecosystem. 

Length-weight relationships, relative condition factors, 

and length at first maturity are critical information in shark 

fisheries management, offering essential data for assessing 

population dynamics, sustainability, and conservation 

strategies (Bouyoucos et al. 2018; Simeon et al. 2018; 

Booth et al. 2019; Sherman et al. 2022; Smukall et al. 

2022; Temple et al. 2024). Each metric contributes 

uniquely to understanding shark populations and informing 

management decisions. Length-weight relationships are a 

fundamental parameter for modeling biomass dynamics. It 

provides essential insights into the condition and status of 

fish populations, supporting stock assessments and 

informing management decisions for the sustainable 

exploitation of species (King 2007; Logan et al. 2018). The 

relative condition factor indicates fish health and signals 

environmental or fishing impacts, prompting necessary 

interventions (Bouyoucos et al. 2018; Smukall et al. 2022). 

Moreover, length at first maturity is fundamental 

information for implementing size limits that protect 

juveniles (Booth et al. 2019; Temple et al. 2024). 

Integrating these metrics into management frameworks 

helps identify overfishing, maintain healthy stocks, and 

support shark conservation efforts worldwide, ensuring 



 BIODIVERSITAS  26 (6): 2557-2564, June 2025 

 

2558 

long-term viability and recovery of vulnerable species. 

The conservation status of A. superciliosus has been 

assessed by various international bodies, highlighting its 

vulnerability and the need for protective measures. 

According to the International Union for Conservation of 

Nature (IUCN), A. superciliosus is classified as Vulnerable 

(VU) on the IUCN Red List (Rigby et al. 2019), reflecting 

concerns about its declining populations primarily due to 

overfishing and bycatch in tuna longline fisheries (Anderson 

et al. 2022; Kanedi et al. 2023). This classification indicates 

that the species faces a high risk of extinction in the wild if the 

factors contributing to its decline are not addressed. In 

addition to the IUCN assessment, A. superciliosus is listed 

under Appendix II of the Convention on International 

Trade in Endangered Species of Wild Fauna and Flora 

(CITES). This listing means that while the species is not 

currently threatened with extinction, it may become so if 

trade is not regulated (Bramasta et al. 2021; Kanedi et al. 

2023). The CITES Appendix II designation requires that 

international trade in this species be controlled to ensure 

that it does not threaten its survival in the wild. In 

Indonesia, this species is regulated under ministerial regulation 

No.12/2012. This regulation requires the release of captured 

Alopiidae sharks when alive, and to report the incidental catch 

to the port officer when the sharks are retrieved dead. 

The biological aspects of a species are fundamental 

information for its management. The previous studies 

regarding the biological aspects of A. superciliosus have 

been conducted worldwide, such as Fernandez-Carvalho et 

al. (2015) in the Atlantic; Briones-Mendoza et al. (2021) in 

the Ecuadorian Pacific; Calle-Morán et al. (2023a) in the 

Tropical Eastern Pacific Ocean; Ramadhani et al. (2023) in 

Muncar Fishing Port, Indonesia; Mohanraj et al. (2024) in 

the Southern Coast of India; Raharjo et al. (2024) and 

Nurastri et al. (2024) in the Southern Java Seas, Indonesia. 

However, few studies have considered the condition factor 

in the analysis. This analysis complements the length-

weight relationship, as the condition factor serves as 

indicators of fish welfare and the overall health of fish 

populations within their habitats, offering insights into 

environmental quality and habitat suitability (Ragheb 

2023). This research aimed to determine the length-weight 

relationship, the relative condition factor, and length at first 

maturity of A. superciliosus landed in Cilacap Ocean 

Fishing Port, Central Java, Indonesia. The outcome is 

expected to provide updated information for fisheries 

managers to sustainably manage the shark fishery. 

MATERIALS AND METHODS 

Study area 

This study was conducted at Ocean Fishing Port 

Cilacap, Central Java, Indonesia. Most sharks at Cilacap 

Ocean Fishing Port were landed from long line, hand line, 

and gill net fishing vessels operating in the Indian Ocean, 

managed by the Indonesian Fisheries Management Area 

(FMA) 573 (Figure 1). In Cilacap, sharks are primarily 

caught as bycatch of tuna longline and gillnet fishery 

(Fahmi and Dharmadi 2015). There are two species of 

Alopiidae landed in this fishing port, which are the pelagic 

thresher Alopias pelagicus (Nakamura, 1935) and big eye 

thresher shark A. superciliosus. The visual morphological 

characteristics to distinguish these species were conducted 

by examining its head profile, eyes, dorsal fin, and white 

part of belly (Carpenter and Niem 1998; White et al. 2006). 

These morphological characters are fit with Carpenter and 

Niem (1998) and White et al. (2006). The head profile of A. 

superciliosus is nearly straight between the eyes, with a 

deep groove on both sides of the nape. The eyes are very 

large, positioned so that the upper part is almost level with 

the dorsal surface of the head. The first dorsal fin is 

situated closer to the base of the pelvic fin than to the rear 

tip of the pectoral fin. The white portion of the belly does 

not extend over the base of the pectoral fin (White et al. 

2006; Briones-Mendoza et al. 2021).  

 

 

 
 

Figure 1. Fishing Ground of Longline (LL), Handline (HL), Gillnet (GN) and Location of Cilacap Ocean Fishing Port, Central Java, 

Indonesia 
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Data collection 

The samplings were carried out monthly between July 

2023 and January 2024. During the seven-month period, 

samples were obtained from local fishers immediately upon 

landing. Each landed shark was identified to species level, 

ensuring a focus on A. superciliosus. The sampling was 

conducted on a weekly basis, depending on vessel arrival 

schedules. In total, 484 individuals of bigeye thresher 

sharks were collected to measure their weight (kg) and fork 

length (cm). The presence or absence of claspers was used 

to determine the sex of each shark, while for males, the 

stage of clasper calcification was observed to categorize 

maturity status. 

Data analysis 

Length-weight relationship 

The length-weight relationship was evaluated using the 

standard power function (King 2007) with the formula: 

 [1] 

Where, W is total weight (kg) and L is Fork Length 

(cm) of A. superciliosus. The constant a is the intercept, 

while b is the slope of the linear regression model. The 

constant a and b were used to estimate the formula was 

transformed into a linear regression model: 

 [2] 

The constant of b value was tested by the student’s t-

test to identified whether the growth pattern was isometric 

(b=3) or allometric (b≠3; negative allometric b<3, and 

positive allometric b>3) growth (Tsikliras and 

Dimarchopoulou 2021). The formula of t-test is: 

 [3] 

Where, Sdb is standart deviation of b, and n is total 

samples of A. superciliosus. 

Relative condition factor 

The relative condition factor (Kn) was calculated to 

evaluate the health and nutritional status of the sampled 

sharks, following established models by Le Cren in 1951. 

The formula of Kn is: 

  [4] 

Where, Kn is relative weight condition factor, Wo is the 

observed weight of shark, and Wc is predicted weight of 

shark from length-weight regression. A Kn value of 1 or 

higher signifies that the shark is in good growth condition, 

meaning its weight aligns with its length as expected for a 

healthy individual. Conversely, a Kn value below 1 

indicates poor growth condition compared to an average 

shark of the same length (Jisr et al. 2018; Ragheb 2023). 

Sex ratio 

The ratio between male and female was calculated 

using formula (Khouw 2016): 

 [5] 

Where, NK is sex ratio, Nf/m is number of females or 

males shark, N is total number of shark observed. The 

balanced of sex ratio was investigated using the Chi-square 

test (X2) with the equation (Wulandari et al. 2021): 

 [6] 

where fo is the frequency observed, and fe is the 

frequency expected. The expected sex ratio of male:female 

was 1:1 (equal or balanced). 

Length at first maturity 

Maturity stages was calculated from male shark by 

observing the clasper. Shark with either Non-Calcified 

(NC) or Not-Fully Calcified (NFC) claspers were 

considered as immature, while those with Fully Calcified 

(FC) claspers were considered as mature shark. The length 

at 50% maturity (L50 or Lm) was then calculated using a 

logistic function (King 2007): 

 [7] 

Where, P is the proportion of sexually mature 

individuals, r is the steepness of the curve, L is sharks’ fork 

length, and Lm is the fork length at which 50% of sharks 

are mature. Since Lₘ (L50) is estimated from logistic 

regression, the bootstrapping was used to estimate its 95% 

Confidence Intervals (CI) using R software. 

RESULTS AND DISCUSSION 

Sample composition and size distribution 

A total of 484 bigeye thresher sharks were sampled 

during the study period. This species was distinguished by 

its very big eye and nearly level with the head's dorsal 

surface, the shape of the head is almost straight between 

the eyes with a deep curve at the nape of the neck, the first 

dorsal fin is closer to the base of the ventral fin than to the 

rear tip of the pectoral fin, and white part of belly not 

extending over pectoral fin base (Figure 2). Samples 

consisted of 241 males and 243 females with a wide range 

of fork length and weight (Table 1). On average, male 

sharks were longer and heavier than female. Moreover, the 

length frequency distribution demonstrates that the 

dominant size of males and females was 151-160 and 141-

150 cm FL length class, respectively. Meanwhile, the very 

large individuals exceeding 230 cm FL for both sexes 

constituted less than 1% of the samples (Figure 3). 
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Figure 2. Alopias superciliosus landed at Cilacap Fishing Port, 

Indonesia 

 

 

 

Table 1. Descriptive data for Alopias superciliosus during the 

study 

 

Parameter 

Male (n: 241) Female (n: 243) 

Fork length 

(cm) 

Weight 

(kg) 

Fork length 

(cm) 

Weight 

(kg) 

Minimum 94 8 77 10 

Maximum 237 150 256 165 

Std.Dev. 28.83 27.39 29.19 30.56 

Average±S.E 156.14±1.86 55.19±1.76 147.6±1.87 48.3±1.96 

 

 

Sex ratio 

A total of 241 males (49.8%) and 243 females (50.2%) 

were recorded, resulting in an overall sex ratio of 

approximately 1:1. A chi-square goodness-of-fit test 

yielded no significant deviation (X2: 0.008, p>0.05) from 

the expected 1:1, indicating that both sexes have equal 

representation in the sampled catches. Despite the overall 

balance, monthly comparisons revealed instances where 

females outnumbered males or vice versa (Table 2). 

Length-weight relationship 

The length-weight relationship of A. superciliosus for 

the combined sexes presented the following parameters: a: 

0.00003, b: 2.871 (R2: 0.86, n: 484), resulting the estimated 

equation W: 0.00003*FL2.871. The b coefficient value 

showed a significant deviation from the isometric value of 

3 (p<0.05). Similar value of b coefficient was also 

observed in male (W: 0.00004*FL2.789, R2: 0.84, n: 241) 

and female (W: 0.00002*FL2.936, R2: 0.88, n: 243). The b 

slope indicated negative allometric growth (b<3), 

suggesting that weight gain occurred at a slower rate 

compared to the increase in length. 

Relative condition factor 

The relative condition factor (Kn) was computed for 

each shark to evaluate its nutritional and physiological 

status. Overall, Kn-values were ranged from 0.53 to 3.23, 

with an average of 1.02 (±0.01, SE). The condition factor 

of males was ranged from 0.64 to 3.23 (1.03±0.02; 

Average±S.E), and females from 0.53 to 2.57 (1.01 ± 0.02; 

Average ± S.E). In average, A. Superciliosus presented a 

healthy nutritional condition since values larger than the 

threshold (1). 

At a monthly scale, the highest average Kn values for 

males was observed in July (Kn: 1.28) and August (Kn: 

1.02). Meanwhile, the highest average of Kn values for 

females were recorded in December (1.26), followed by 

July, November, and October with Kn value 1.13, 1.04, and 

1.02, respectively (Figure 4). 

Length at first maturity 

In this study, data on the sexual maturity of female 

thresher sharks was not available. Hence, the analysis 

focused solely on male maturity. Macroscopic inspection of 

claspers enabled the classification of maturity stages for 

210 males. Logistic regression analyses indicated that the 

length at which 50% of males reached sexual maturity 

(Lm) was 150.61 cm FL (95% CI: 146-154.81) (Figure 5) 

with value of a: -10.3 and b: 0.069. According to length at 

first maturity, more than half of male sharks were caught in 

mature condition (n: 146; 61%) and the rest were immature 

(n: 95; 39%). 

Discussion 

This study investigated A. superciliosus Indonesian 

waters, providing insights into the species’ life history and 

population structure in a tropical environment. Size 

distribution of individuals in the present study exhibited a 

wide range of fork lengths (77-256 cm FL), with the largest 

female reaching 256 cm FL (Table 1). This broad size 

range reflects the presence of various age groups within the 

fishery landings. Similar patterns were noted in other 

studies, such as Ramadhani et al. (2023) in Muncar, 

Indonesia, Mohanraj et al. (2024) in the Southern coast of 

India, and Briones‐Mendoza et al. (2021) in Ecuador, 

which also observed considerable variation in specimen 

lengths. This variation is particularly noteworthy because 

A. superciliosus is known for its late maturity, around nine 

to ten years for males and up to thirteen years for females 

(Liu et al. 1998). Combined with irregular breeding cycles, 

this slow growth makes the species especially vulnerable to 

overfishing. The presence of large individuals in the catch 

suggests that certain adults survive to older ages, although 

the extent to which these adults contribute to recruitment 

remains unclear. 
 

 

 

 
 

Figure 3. Length frequency distribution of Alopias superciliosus 

by sexes 
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Table 2. Monthly sex ratios of Alopias superciliosus during study. Degrees of freedom: 1 

 

Months n Males Females Expected value X2 p 

July 75 27 48 37.5 5.9 < 0.05* 

August 217 94 123 108.5 3.9 < 0.05* 

September 44 20 24 22 0.4 > 0.05 

October 44 24 20 22 0.4 > 0.05 

November 10 3 7 5 1.6 > 0.05 

December 4 0 4 2 4 < 0.05* 

January 90 73 17 45 34.8 < 0.05* 

Total 484 241 243 242 0.008 > 0.05 

Note: * significant differences 

 

 

 

 
 

Figure 4. Monthly variations in the relative condition factor of 

Alopias superciliosus by sexes (white circles means, sticks: 95% 

confidence intervals for the mean) 

 

 

 
 

Figure 5. Length at first maturity (black dot) for males Alopias 

superciliosus. Dashed line: IC 95% 

In addition, the sex ratio observed in this study was 

generally balanced but showed noticeable monthly 

fluctuations. Compared to other studies in the southern 

Java Sea, this result was similar with Chodrijah et al. 

(2020), but different from Nurastri et al. (2024). The 

variation of sex ratio indicating that local fishing practices 

and environmental factors can play a significant role in 

influencing the balance between male and female bigeye 

thresher sharks (Márquez-Farías et al. 2023). Likewise, 

Kanedi et al. (2023) emphasized the importance of 

understanding sex ratios in Indonesian shark populations 

for effective conservation strategies, highlighting the 

critical need for continuous monitoring to support long-

term sustainability. 

The present study investigated the length-weight 

relationships of A. superciliosus estimating a 

hypoallometric or negative allometric growth. The b value 

was commonly reported falls within range of 2.5 to 3.5 

(Froese 2006; Calle-Morán et al. 2023b). Studies on A. 

superciliosus reported growth pattern that are similar to 

those found in this study, though some studies have shown 

different results (Table 3). The length-weight relationship 

in sharks is influenced by a complex interplay of factors, 

including life stage, sex, and reproductive status, which can 

cause growth patterns to shift between isometric and 

allometric (Logan et al. 2018; Thomas et al. 2021). 

Resource competition within the study area may further 

affect weight gain, highlighting the role of biotic 

interactions in shaping growth trajectories (Ramses et al. 

2019), while environmental factors like temperature, 

salinity, and prey availability may also impact the length-

weight relationship (Drymon et al. 2020). 

This study evaluated the health and nutritional status of 

the sampled shark population using relative condition 

factor. There are three kinds of condition factors, which are 

Fulton’s condition factor or Fulton’s K (Kc) developed by 

Fulton, the allometric condition factor (Ka) by Bagenal and 

Tesch, and the relative weight condition factor (Kn) by Le 

Cren. In this study, the relative condition factor (Kn) was 

used as Kc assumes isometric growth (Hards et al. 2019), 

which may not be strictly applicable to species exhibiting 

allometric growth patterns, while Ka was less commonly 

used in practice (Ragheb 2023). 
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Table 3. Length-weight relationship of A. superciliosus from some studies 

 

Location Sex a b R2 Type of growth Kn Authors 

Indian coast, India* Pooled 0.000003 2.98 0.87 Isometric - Varghese et al. (2015) 

Cilacap, Indonesia** Male 0.00005 2.835 0.91 Isometric - Chodrijah et al. (2020) 

Cilacap, Indonesia** Female 0.00006 3.209 0.94 Allometric (+) - Chodrijah et al. (2020) 

Cilacap, Indonesia** Pooled 0.00007 2.667 - Allometric (-) - Raharjo et al. (2024) 

Tamil Nadu, India** Male 0.517 2.49 0.99 Allometric (-) 1.77 Mohanraj et al. (2024) 

Tamil Nadu, India** Female 0.530 2.48 0.99 Allometric (-) 1.73 Mohanraj et al. (2024) 

Cilacap, Indonesia** Pooled 0.00003 2.87 0.86 Allometric (-) 1.02 This study 

Cilacap, Indonesia** Male 0.00004 2.79 0.84 Allometric (-) 1.03 This study 

Cilacap, Indonesia** Female 0.00002 2.94 0.88 Allometric (-) 1.01 This study 

Note: * TL; ** FL 

 

 

 

The average of Kn results suggest that the sampled 

individuals had values exceeding 1.00, implying that these 

sharks were in better physical condition than predicted by 

the general length-weight regression. These findings align 

with Pulapparambil et al. (2020), who note that a Kn 

greater than 1 to favorable environmental or nutritional 

conditions that enable enhanced weight to gain relative to 

length. The Kn values provide a more nuanced indication 

of the sharks’ condition. These values capture deviations 

from the expected weight for a given length based on the 

specific length-weight relationship observed (Gichuru et al. 

2019).  

In this study, the length at first maturity (Lm) for male 

A. superciliosus was estimated at 150.61 cm FL. When 

compared to previous research in similar location, this 

length was within the range of Lm reported by Nurastri et 

al. (2024) (145.97 cm FL), and Raharjo et al. (2024) (160.8 

cm FL). Looking at the length frequency analysis for male 

sharks (Figure 2), around 60.5% of A. superciliosus were 

harvested above the size of maturity. However, the capture 

of approximately 40% of sharks below their estimated 

length at maturity (Lm) raises concerns, as it may adversely 

affect the sustainability of shark populations in this area. 

This practice poses a risk to the long-term viability of the 

species, potentially disrupting their reproductive capacity 

and overall population dynamics. In addition, Lm 

estimation for female A. superciliosus was 315.7 cm TL ≈ 

186.97 cm FL (conversion equation: TL: 1.7273 (FL) - 

7.2529) (Calle-Morán et al. 2023a). Implementing this 

estimation into female length frequency distribution 

resulting only 11% of female harvested above Lm. This 

condition could be an indication that the thresher shark 

fishery is experiencing growth overfishing, where a 

significant number of small individuals are being harvested 

before they reach optimum size for mating (King 2007). 

In summary, this study enhances the understanding of 

A. superciliosus biology in Indonesian waters and 

emphasizes its susceptibility to overexploitation. By 

analyzing key parameters such as the length-weight 

relationship, relative condition factor, and length at first 

maturity, fisheries managers are equipped with valuable 

insights to design more sustainable management strategies. 

Results indicated that the habitat and environmental 

conditions in which A. superciliosus live support their 

growth. However, the present of sharks harvested below 

Lm (around 40% for males and 89% of females) raises 

concerns regarding potential overexploitation. 

Implementing a size-limit policy for A. superciliosus, 

which was also suggested by Raharjo et al. (2024), 

represents a management strategy that warrants 

consideration for sustainable fisheries management. In 

addition, given that A. superciliosus is primarily caught as 

bycatch in tuna longline, handline and gillnet fisheries, 

implementing policy measures related to fishing gear 

operations could be another viable approach. Strategies 

such as adjusting fishing grounds or modifying the depth at 

which fishing gears are deployed in areas with lower shark 

presence may help mitigate bycatch and contribute to more 

sustainable fisheries management for shark. According to 

Ministerial Regulation No. 12/2012, the capture of 

Alopiidae (A. pelagicus and A. superciliosus) species is 

prohibited in Indonesia, and these sharks should only be 

landed at fishing ports if they cannot be safely released 

from fishing gear. However, enforcing this regulation 

remains challenging, especially since Alopiidae has been 

included in the benchmark price list for the utilization of 

protected and/or regulated fish species under Ministerial 

Decree No. 40/2024, raising concerns that this may lead to 

increased catches in the future. Therefore, continuous 

monitoring is essential to track shark populations and 

support future management and conservation efforts.  
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