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Abstract 
This study presents a length-based stock assessment of Wahoo (Acanthocybium solandri) in the northern 

Oman Sea, revealing critical overexploitation signals. Biological data from 415 Wahoo specimens collected 

between 2021 and 2024 in the northern Oman Sea were analyzed using bootstrapped ELEFAN approaches. 
The present study provides key growth and mortality parameters for Wahoo (A. solandri) in the Oman Sea 

(Iran), estimated using the bootstrapped ELEFAN_SA approach. The asymptotic length (L∞) was 170 

(range: 146–181cm), with a growth coefficient (K) of 0.26 yr⁻¹ (range: 0.17–0.54yr⁻¹) and a theoretical age 

at zero length (t₀) of -0.72yr (range: 0.06–1.03yr). The growth performance index (Φ′) was 3.91 (range: 

3.76–4.11), indicating consistent growth characteristics. The ensemble natural mortality rate, integrating 

estimates from nine independent methods, yielded a mean (±SD) of 0.35±0.13 year⁻¹ (95% CI: 0.27–0.43), 

while fishing mortality (F) was considerably higher at 1.20yr⁻¹, leading to a total mortality (Z) of 

1.55±0.22yr⁻¹. The exploitation rate (E= F/Z) was 0.77, suggesting that the Wahoo population in this region 

is under fishing pressure, potentially nearing overexploitation. These findings highlight the need for 

improved fisheries management to ensure sustainable stock levels. The SPR, B/B0, B/BMSY and F/FMSY 

indices with uncertainty estimates calculated using bootstrap for Wahoo (A. solandri) in the northern Oman 

Sea 0.45 (95% CI: 0.35-0.55), 0.56(95% CI: 0.42-0.69), 1.10(95% CI: 0.90-1.30) and 3.42(95% CI: 2.82-

4.01), respectively. The results indicate severe overexploitation, with an exploitation rate (E= 0.77) and 

F/FMSY ratio (3.42) significantly exceeding sustainable thresholds. Immediate management 

interventions—including fishing effort reduction, strengthened Monitoring, Control and Surveillance 

(MCS) systems, and implementation of ecosystem-based fisheries management (EBFM)—are urgently 

required to comply with global sustainability targets, particularly SDG 14.4. Proactive measures are 

essential to restore the stock, safeguard marine biodiversity, and ensure the long-term viability of fisheries-

dependent communities in the region. This assessment establishes the first comprehensive baseline for 

Wahoo management in the northern Oman Sea, demonstrating the efficacy of length-based methods for 

data-poor fisheries while underscoring the necessity of regional cooperation to facilitate species recovery. 
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INTRODUCTION 

Global fisheries are confronting severe sustainability 

challenges, with the proportion of biologically 

sustainable fish stocks declining from 90% in 1974 to 

67% in 2022, driven by overexploitation, habitat 

degradation, and climate change (FAO 2024). 

Emerging projections (Sharma et al. 2025) indicate 

that nearly one-third of global fish stocks are now 

overfished, signaling a persistent decline in 

sustainable fisheries. This crisis is particularly acute 

in tropical regions such as the Oman Sea, where weak 

governance frameworks exacerbate stock depletion. 

Urgent interventions—including enhanced 

monitoring, control, and surveillance (MCS), 

combating illegal, unreported, and unregulated (IUU) 

fishing, and adopting ecosystem-based fisheries 

management (EBFM)—are essential to meet UN 

Sustainable Development Goal (SDG) 14.4, which 

targets the restoration of overfished stocks to 

maximum sustainable yield (MSY) levels by 2030. 

Data-limited assessment methods have become 

increasingly vital for sustainable fisheries 

management, particularly in regions where 

conventional stock assessments are constrained by 

insufficient biological or catch data. These approaches 

provide practical solutions for evaluating fish stocks 

when comprehensive datasets are unavailable, 

enabling managers to make informed decisions 

https://orcid.org/0000-0001-5071-4149
https://orcid.org/0000-0002-3901-6187
https://orcid.org/0000-0001-8292-8256


46 
 

Hashemi et al./ Length-based stock assessment of Wahoo in the Northern Oman Sea 

despite information gaps (Prince et al. 2015). 

Techniques such as catch-only models offer reliable 

alternatives for assessing stock status, especially for 

bycatch species or small-scale fisheries in developing 

nations. By incorporating life history parameters, 

environmental factors, and limited catch data, these 

methods help establish biological reference points and 

evaluate exploitation levels. Their flexibility allows 

application across diverse ecosystems, from coastal 

fisheries to large pelagic stocks, making them 

essential tools for preventing overfishing and 

promoting ecosystem-based management in data-poor 

scenarios. This approach is particularly relevant for 

emerging fisheries or regions with limited monitoring 

capacity, where traditional assessment methods would 

be impractical or cost-prohibitive to implement 

(Dowling et al. 2019; Kindong et al. 2022). 

The Oman Sea, a semi-enclosed marginal sea of the 

Indian Ocean, is one of Iran's most vital marine 

ecosystems, extending from the Strait of Hormuz to 

the Pakistan border. Covering approximately 181,000 

km² with depths exceeding 3,500 meters, it supports 

exceptional marine biodiversity (AminRad 2018; 

Taghvimotlagh et al. 2006). However, the region faces 

serious threats from overfishing, illegal fishing, and 

climate change. Urgent action is needed, including 

ecosystem-based management, expansion of marine 

protected areas, and stronger cross-border 

cooperation. Preserving this ecosystem is essential for 

local food security and its strategic role as a key 

maritime corridor. Sustainable management that 

balances economic use with environmental 

conservation is critical for regional stability and 

ecological integrity (Taghvimotlagh et al. 2006; 

AminRad 2018). Based on the study "Fishes of the Sea 

of Oman" (Eagderi et al. 2026), this marine basin 

covers approximately 181,000km² with depths 

exceeding 3,500 meters and supports high 

biodiversity. A total of 1,047 fish species (947 bony 

fishes and 100 sharks and rays) has been identified, of 

which 86 species are recorded for the first time in this 

sea. The order Acanthuriformes (225 species) and the 

family Carangidae (57 species) are the most diverse. 

Regarding IUCN conservation status, 747 species are 

of Least Concern, 43 are Vulnerable, 26 are 

Endangered, and 21 are Critically Endangered.   

The Wahoo (Acanthocybium solandri) is a fast-

growing pelagic species from the Scombridae family, 

widely distributed in tropical and subtropical oceans. 

It can reach up to 2.5 meters in length and over 80 kg 

in weight, with swimming speeds up to 97km/h, 

making it a prized target for sport fishers. Although 

often confused with king mackerel, it can be 

distinguished by its sleeker body and distinct 

markings. Commonly caught as bycatch in 

commercial fisheries, it is also targeted recreationally. 

Females grow larger than males, with a female-biased 

sex ratio. Spawning seasons vary regionally (winter in 

the Eastern Atlantic, summer elsewhere). Sexual 

maturity occurs early, with females maturing at about 

90 cm fork length, typically within one year (Zischke 

et al. 2013; Kindong et al. 2022; Collette & Nauen 

1983; Froese & Pauly 2024). According to the 

checklist "Fishes of the Sea of Oman" (Eagderi et al. 

2026), Acanthocybium solandri, commonly known as 

the Wahoo, is a member of the family Scombridae and 

has been recorded in the Sea of Oman, with its 

occurrence in Iranian waters previously reported by 

Psomadakis et al. (2015). The species is classified by 

the IUCN as Least Concern (LC) and has a 

circumglobal distribution in tropical and warm 

temperate seas, including the Caribbean Sea and the 

Mediterranean Sea. Ecologically, the Wahoo is an 

oceanic, epipelagic species that is typically found 

either solitary or in small, loose aggregations, feeding 

on fishes and cephalopods, while its eggs and larvae 

are also pelagic. 

Management of wahoo fisheries is complicated by 

limited biological data, especially in less-studied 

regions like the in the northern Oman Sea. Recent 

research highlights the importance of using multiple 

assessment methods to accurately estimate key 

population parameters. For example, the ELEFAN-

Bootstrap approach has proven effective for growth 

analysis, while length-based methods like LBSPR 

provide valuable stock status indicators (Zischke et al. 

2013; Kindong et al. 2022). 

Although multiple studies have investigated 
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 biological and ecological aspects of Wahoo species 

(Hogarth 1976; Kishore & Chin 2001; Lee 2008; 

McBride et al. 2008; Zischke et al. 2013; Kindong et 
al. 2022), comprehensive stock assessment research in 

the northern Oman Sea remains absent. The Wahoo 

fishery in the northern Oman Sea exemplifies these 

global challenges, where overexploitation and lack of 

regional management threaten its sustainability. 

Current stock assessment challenges stem from data 

limitations, particularly in understudied regions. 

Modern analytical approaches, including integrated 

length-frequency analyses and Bayesian biomass 

estimation methods, have improved assessment 

accuracy. This study aimed to assess the stock status 

of wahoo (A. solandri) in the northern Oman Sea using 

length-based methods. By analyzing growth, 

mortality, and exploitation rates, we sought to 

evaluate the sustainability of current fishing practices 

and provide science-based recommendations for 

fisheries management to prevent overexploitation and 

support long-term resource conservation. 

 
MATERIAL AND METHODS 

Population dynamics parameters and exploitation 

ratio of Wahoo were studied from August 2021 to 

February 2024 and data were collected from three 

landing sites: Konark, Pozem, and Gowatar. Three 

fishing places in the ports of Pasabandar (61˚30´E, 

24˚44´N), Pozm (60˚28´E, 25˚14´N) and Konarak 

(60˚28´E, 25˚60´N) were chosen for the sampling of 

A.solandriin the northern Oman Sea (Iran) (Fig. 1). 

From March 2021 to March 2024, Wahoo landings 

at Gwarat, Pozem, and Konarak ports were 

systematically monitored. Random samples were 

collected from the catches landed at these fishing 

harbors for further analysis. Each sampled Wahoo 

underwent biometric assessment, with Fork length 

(FL) measured to the nearest 1mm precision using a 

calibrated ruler. 

Growth Studies: Asymptotic length (L∞, cm FL) and 

growth rate (K) were estimated using the Electronic 

Length Frequency Analysis (ELEFAN) technique, 

implemented in the TropFishR package 

(Mildenberger et al. 2017(with uncertainty addressed 

via 1,000 bootstrap iterations. The Pauly empirical 

equation (Froese & Binohlan 2000) was applied to 

calculate the theoretical age at zero length (t0) using 

the formula: 

1) t0 (Log (-t0)= -0.3922-0.2752 Log L∞-1.038 Log 

K) 

To compare growth performance across species, 

the growth performance index (Φ′) was computed as: 

2) Ф'= Log (K)+2 Log(L∞) 

The growth parameter estimation incorporated 

robust statistical approaches to enhance result 

reliability. Bootstrap resampling techniques 

(Schwamborn et al. 2018; 2019) were implemented to 

strengthen the precision of L∞ and K estimates. 

Advanced analytical procedures from the fishboot 

package were utilized, including two distinct 

computational approaches: 1) the ELEFAN_GA 

method employing genetic algorithm optimization, 

and 2) the ELEFAN_SA technique based on simulated 

annealing principles (Schwamborn et al. 2018; 2019). 

These sophisticated analytical frameworks enabled 

comprehensive examination of length-frequency 

distributions while simultaneously evaluating 

parameter estimation uncertainties. Parameter space 

was carefully delineated based on biological 

plausibility, with growth coefficients (K) restricted to 

0.1-0.8 per annum and maximum length parameters 

(L∞) bounded between 140-180cm FL. These 

biologically meaningful constraints were derived from 

systematic evaluation of contemporary research on 

wahoo population dynamics (Kindong et al. 2020, 

2022), ensuring the ecological validity of model 

outputs while maintaining statistical rigor. 

Fig.1. Map shows the area of Wahoo (Acanthocybium 

solandri) sampling sites in the northern Oman Sea (Iran). 
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Ensemble-based natural mortality (M) estimation: We 

employed a multi-model ensemble approach to 

estimate natural mortality (M), combining nine 

established methods (Gislason et al. (2010), Chen & 

Watanabe (1989), Brodziak et al. (2011), Pauly 

(1980), Alverson & Carney (1975), two variants from 

Then et al. (2014), and Hewitt & Hoenig (2005) and 

Hoenig (1983) to account for methodological 

uncertainty. Each method’s point estimate was 

converted into a distribution by simulating 1,000 log-

normal random samples (SDlog= 0.25) to reflect 

inherent variability (Karp et al. 2022). The ensemble 

estimate was derived as the arithmetic mean of all 

simulated values, providing a robust, integrated 

estimate with quantified uncertainty (SD and 95% CI). 

This approach mitigates reliance on any single method 

and better captures the true range of plausible M 

values for stock assessment. The ensemble mortality 

estimate (M ensemble) was calculated by combining 

simulations from k different methods: where Msim, j 

is the j-th log-normal random sample from method i, 

with σ=0.25representing methodological uncertainty 

(Dietterich 2000). 

3)  Mensemble =
1

N.k
∑ ∑ M𝑠𝑖𝑚(𝑗)𝑁

𝑗=1
𝐾
𝑖=1  

Total mortality (Z) was derived from length-

converted catch curve analysis. Fishing mortality (F) 

was then calculated as: F= Z−M. The exploitation rate 

(E), defined as the proportion of fishing mortality 

relative to total mortality (Sparre & Venema 1998), 

was computed as: E=F/Z. Additionally, the maximum 

lifespan of the fish (tmax) was estimated following 

Froese & Pauly (2017) using the equation: 

tmax=t0+K3. 

Determination of Maturity Length (Lmat = L50): 

Maturity length (Lmat= L50) was estimated from 

asymptotic length (L∞) using the empirical formula 

(Froese & Binohlan 2000):  

(4)   log(L50) =0.8979×log(L∞) −0.0782 

Length-based spawning potential ratio (LB-SPR) 
model: There is a need for several bio-factors related 

to WHA species to estimate the LB-SPR, including L 

(asymptotic length calculated using the growth curve 

of von Bertalannfy), M/K (M= instantaneous natural 

mortality rate; K= the growth coefficient of von 

Bertalannfy), L95 (lengths at 95% maturity) and L50 

(lengths at 50% maturity). Size at 50% and 95% 

maturity were considered as 85 and 90cm, 

respectively. The WHA species asymptotic growth 

averages the highest size of 65cm according to the 

Lm/L∞ value of 0.51. The specific estimated 

parameters SL50, SL95, F/M ratio and SPR by year 

are presented in Figure 3. According to 95% 

confidence intervals (95%CI) regarding SPR 

estimates, the estimates of relative fishing pressure 

and selectivity are presented below. Most SPR values 

were estimated in different years to be below 0.40 

which is the proxy for BMSY. This population might be 

experiencing overfishing based on these results.  Key 

experimental references established empirical 

relationships between B/B0, B/BMSY, F/FMSY, and  

Fig.2. The length frequency data of Wahoo (Acanthocybium solandri) in the northern Oman Sea. 
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spawning potential ratio (SPR) in fish stock 

assessment (Froese et al. 2019; ICES, 2021). These 

relationships were defined as: FMSY = M (natural 

mortality rate), B/B₀ = SPR/0.8, and B/B₀= 0.5 × 

B/BMSY. 

Statistical analysis: To quantify uncertainty, mean 

values and corresponding confidence bounds were 

calculated across all bootstrap iterations. For this 

species, 1,000 bootstrap samples were generated by 

resampling the original dataset with replacement 

(DiCiccio & Efron 1996). The TropFishR, data-

limited, forecast, fish boot packages and R (4.2.0) 

software (R Core Team. 2022), and R studio 

(2024.12.1) were used to analyze the data. Normality 

of the data was assessed using the Kolmogorov–

Smirnov test, and a significance level of 0.05 was 

adopted. To compare population dynamic values 

between male and female lengths the student’s t-test, 

including both paired and independent versions, was 

employed.  
 

RESULTS 

During the study period, we analyzed 415 Wahoo 

specimens in the laboratory. The Fork length (FL) and 

total weight (TW) ranged from 66–140 cm and 2375-

15000 gr, the average Fork length (±SD) and average 

A B 

Fig.3. Growth curve (A= bootstrapped ELEFAN_GA, B= bootstrapped ELEFAN_SA) derived from frequency data of 

Wahoo (Acanthocybium solandri) length in the northern Oman Sea. 
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total weight (±SD) for Wahoo was 113±11 and 

9444±2333, respectively (Fig. 2).  

The present study provides key growth and 

mortality parameters for Wahoo (Acanthocybium 
solandri) in the northern Oman Sea (Iran), estimated 

using the bootstrapped ELEFAN_SA approach 

(Table1). The asymptotic length (L∞) was 170cm FL 

(range: 146–181cm), with a growth coefficient (K) of 

0.26yr⁻¹ (range: 0.17–0.54yr⁻¹) and a theoretical age at 

zero length (t₀) of -0.72yr (range: 0.06–1.03yr). The 

growth performance index (Φ′) was 3.91 (range: 3.76–

4.11), indicating consistent growth characteristics. 

The natural mortality rate (M) was 0.35±0.13yr⁻¹, 

while fishing mortality (F) was considerably higher at 

1.20 yr⁻¹, leading to a total mortality (Z) of 1.55±0.22 

yr⁻¹. The exploitation rate (E= F/Z) was 0.77, 

suggesting that the Wahoo population in this region is 

under fishing pressure, potentially nearing 

overexploitation. These findings highlight the need for 

improved fisheries management to ensure sustainable 

stock levels (Table 2). 

The comparison between the bootstrapped 

ELEFAN_GA and ELEFAN_SA methods for 

estimating the growth parameters of Wahoo 

(Acanthocybium solandri) reveals notable differences 

in their results. The ELEFAN_GA method estimated 

a lower asymptotic length (L∞= 158cm, range: 147–

161mm) compared to ELEFAN_SA (L∞= 170cm, 

range: 146–181mm), suggesting potential variability 

in length predictions. The growth coefficient (K) was 

slightly higher in ELEFAN_GA (0.29yr⁻¹) than in 

ELEFAN_SA (0.26yr⁻¹), indicating faster growth 

under the GA approach. Both methods produced 

similar growth performance indices (Φ′≈ 3.91), 

though ELEFAN_SA showed a wider range (3.76–

4.11). The AIC and BIC values were lower for 

ELEFAN_SA (103 and 104, respectively) compared 

to ELEFAN_GA (125 and 126), suggesting better 

model fit and parsimony with the simulated annealing 

(SA) approach. However, the broader confidence 

intervals for SA’s parameters (e.g., t₀) may reflect 

higher uncertainty (Fig. 3 and Table. 1). The lower 

AIC and BIC values for ELEFAN_SA suggest its 

superior fit, though the wider confidence intervals 

indicate higher uncertainty in parameter estimates 

compared to ELEFAN_GA. Overall, while 

ELEFAN_SA appears statistically preferable, further 

validation is needed to assess biological plausibility 

(Fig.3). 

The Table 2 presents various methods and 

equations used to estimate natural mortality (M) for a 

fish species, along with their corresponding mean 

values and 95% confidence intervals (95% CI). The 

ensemble natural mortality rate (Mensemble), 

integrating estimates from nine independent methods, 

yielded a mean (±SD) of 0.35±0.13 year⁻¹ (95% CI: 

0.27–0.43). Individual methods produced estimates 

ranging from 0.13 (Brodziak et al. 2011) to 0.52 year⁻¹ 

(Then et al. 2014 v1), reflecting methodological 

divergence. The ensemble means closely aligned with 

the central tendency of constituent methods (median: 

0.36; overlapping CIs of Hoenig 1983, Chen & 

Watanabe 1989; Hewitt & Hoenig 2005,), while its 

broader uncertainty interval (SD= 0.13 vs. method-

specific SDs of 0.03–0.13) captured cross-method 

variability. This synthesis suggests that the true M for 

this stock likely falls within 0.27–0.43 yr⁻¹, with the 

ensemble providing a more robust estimate than any 

single method alone (Fig. 4). 

LB-SPR model: Last year, biometric measurements 

were used to estimate the life history parameters of 

Wahoo (A.solandri). The size at 50% and 95% (1.1 

Method 
L∞ 

(cm FL) 
K 

(yr -1) 
to 

(yr -1) 
Ф' AIC BIC 

bootstrapped 

ELEFAN_GA 

158 
(147-161) 

0.29 

(0.2-0.46) 

-0.4 

(0.15-0.62) 

3.91 

(3.71-4.04) 
125 126 

bootstrapped 

ELEFAN_SA 

170 
(146-181) 

0.26 

(0.17-0.54) 

-0.72 

(0.06-1.03) 

3.91 

(3.76-4.11) 
103 104 

 

Table 1. Contrast of biological characteristics of Wahoo (A. solandri) with other studies. 
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size at 50%) maturity was determined to be 84cm and 

92cm, respectively. Based on the ratio of Lm/L∞= 

0.49, the asymptotic growth (L∞) for this species was 

estimated at 170 cm, representing the maximum 

theoretical size. Current fishing pressure is alarmingly 

high, with F/M>2.5, exceeding the level associated 

with maximum sustainable yield (MSY; F/M=1.0). 

The spawning potential ratio (SPR) of the population 

is estimated at approximately 45%, indicating full 

exploitation. The 95% confidence intervals (95% CI) 

for SPR estimates suggest that relative fishing 

pressure and selectivity have remained high across 

multiple years. Most SPR values were consistently 

below 0.40, the commonly used proxy for BMSY 

(biomass at MSY).  

These findings indicate that the Wahoo population 

is likely experiencing overfishing, necessitating 

immediate management interventions to ensure 

sustainable harvest levels. The SPR, B/B0, B/BMSY 

and F/FMSY indices with uncertainty estimates 

calculated using bootstrap for Wahoo (A. solandri) in 

the northern Oman Sea 0.45 (95% CI: 0.35-0.55), 

0.56(95% CI: 0.42-0.69), 1.10(95% CI: 0.90-1.30) 

and 3.42(95% CI: 2.82-4.01), respectively (Fig. 5).   
 

 

A B 

C 

Fig.4. Exploitation coefficient curve (A), output of LBSPR model (B) and Ensemble Natural Mortality (M) methods(C) of 

Wahoo (Acanthocybium solandri( in the northern Oman Sea. 
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DISCUSSION 

The AIC and BIC values were lower for ELEFAN_SA 

compared to ELEFAN_GA, suggesting better model 

fit and parsimony with the simulated annealing (SA) 

approach. The bootstrapped ELEFAN approach, to 

estimate life history parameters for data-limited 

fisheries like the wahoo (A. solandri) in the Tropical 

Eastern Atlantic Ocean. The Bootstrap ELEFAN 

method is a powerful tool for estimating growth 

parameters in data-limited fisheries, as it incorporates 

uncertainty into the analysis through resampling 

techniques. By applying bootstrapping, this method 

provides confidence intervals for key parameters like 

asymptotic length (L∞) and growth rate (K), 

enhancing the reliability of the results. This approach 

is particularly valuable for species such as wahoo, 

where traditional aging methods (e.g., otolith analysis) 

may be impractical or unavailable. The Bootstrap 

ELEFAN method also allows for model comparison 

using criteria like AIC and BIC, ensuring that the best-

fitting growth model is selected. Its ability to handle 

limited and noisy length-frequency data makes it 

indispensable for fisheries assessments in regions 

where comprehensive data collection is challenging  

References Equations for M Mean (95% Cl) 

Gislason et al. (2010) 
M= exp (0.55-1.61×log (current length)+1.44×log 

(Linf)+log(K)) 
0.37±0.09 (0.31-0.42) 

Chen & Watanabe (1989) M= K/(1-exp (-K×(tmax/2-0))) 0.34±0.08 (0.28-0.39) 

Brodziak et al. (2011) M= K×(L50/Linf) 0.13±0.03 (0.10-0.15) 

Pauly (1980) 
M= exp (-0.0152-0.279×log (Linf)+0.6543×log (K)+ 

0.4634×log(temp)) 
0.45±0.11 (0.37-0.51) 

Alverson & Carney (1975) M= (3×K)/(exp (0.38×tmax×K)-1) 0.35±0.09 (0.28-0.42) 

Then et al. (2014) M_then1= 4.899×tmax(-0.916) 0.52±0.13 (0.43-0.60) 

Then et al. (2014) M_then2= 4.118×K0.73×Linf (-0.33) 0.28±0.07 (0.23-0.33) 

Hewitt & Hoenig (2005) M= exp (1.44-0.982×log(tmax)) 0.38±0.09 (0.37-0.51) 

Hoenig (1983) M= exp (1.46-1.01×log(tmax)) 0.36±0.09 (0.29-0.42) 

- Ensemble M (Mensemble) 0.35±0.13 (0.27-0.43) 
 

Table 2. Natural mortality (M) methods and equations used. L∞ (170cm FL), K (0.26) and t0 (-0.72) are von Bertalanffy growth 

function parameters, Tmax (12) is the maximum observed age. L50 (84cm FL) is length at first maturation, L (113cm FL) is the 

observed length mean, T is temperature (°C), and t is age. In this study, the temperature was T= 26°C. 

 

 

 

 
 

Fig.5. The SPR, B/B₀, B/BMSY and F/FMSY indices for Wahoo (Acanthocybium solandri) in the northern Oman Sea, with 

associated uncertainties estimated by non-parametric bootstrapping (1000 replicates). 
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0.45±0.11 (0.37-0.51) 

Alverson & Carney (1975) M= (3×K)/(exp (0.38×tmax×K)-1) 0.35±0.09 (0.28-0.42) 

Then et al. (2014) M_then1= 4.899×tmax(-0.916) 0.52±0.13 (0.43-0.60) 

Then et al. (2014) M_then2= 4.118×K0.73×Linf (-0.33) 0.28±0.07 (0.23-0.33) 

Hewitt & Hoenig (2005) M= exp (1.44-0.982×log(tmax)) 0.38±0.09 (0.37-0.51) 

Hoenig (1983) M= exp (1.46-1.01×log(tmax)) 0.36±0.09 (0.29-0.42) 

- Ensemble M (Mensemble) 0.35±0.13 (0.27-0.43) 
 

Table 2. Natural mortality (M) methods and equations used. L∞ (170cm FL), K (0.26) and t0 (-0.72) are von Bertalanffy growth 

function parameters, Tmax (12) is the maximum observed age. L50 (84cm FL) is length at first maturation, L (113cm FL) is the 

observed length mean, T is temperature (°C), and t is age. In this study, the temperature was T= 26°C. 
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(Schwamborn et al. 2018, 2019; Mildenberger et al. 

2017). The comparative analysis of Wahoo 

(Acanthocybium solandri) populations across 

different regions reveals significant variations in 

growth and mortality parameters. While Zischke et al. 

(2013) reported the highest growth coefficient (K= 

1.58 yr⁻¹) in the Coral Sea, indicating rapid growth, 

studies from the West Central Atlantic showed much 

slower growth rates (K= 0.15–0.34 yr⁻¹). The present 

study in the Oman Sea estimated an asymptotic length 

(L∞= 170cm FL) and a moderate growth rate (K= 

0.26yr⁻¹), closely resembling findings from the 

Northwest Atlantic (McBride et al. 2008). The growth 

performance index (Φ′) further highlights these 

regional differences, with higher values in the Coral 

Sea (4.55) compared to the Oman Sea (3.91). These 

discrepancies likely arise from environmental 

conditions, methodological approaches (otoliths vs. 

length frequency), and sample size variations. The 

consistency in Φ′ values across studies suggests that 

growth patterns are more stable than mortality rates, 

which are heavily influenced by fishing pressure. To 

ensure long-term stock viability, management 

measures such as reducing fishing effort, 

implementing size limits, and enhancing international 

collaboration for data-poor regions are essential. 

Future research should adopt multi-method 

approaches, as demonstrated by Kindong et al. (2022), 

to improve stock assessment accuracy in data-limited 

fisheries. 

Mortality and exploitation rates provide crucial 

insights into fishery sustainability. In the Oman Sea, 

the high total mortality (Z= 1.55yr⁻¹) and exploitation 

rate (E= 0.77) exceed natural mortality (M= 0.35yr⁻¹), 

suggesting potential overfishing. In contrast, Kindong 

et al. (2022) reported a more balanced exploitation 

rate (E= 0.52) in the Tropical Eastern Atlantic, 

indicating relatively sustainable fishing pressure. The 

lack of mortality data in earlier otolith-based studies 

limits comprehensive comparisons, but the 

alarming E value in the Oman Sea underscores the 

urgent need for stricter fisheries management. The 

observed regional differences in Wahoo biology likely 

stem from complex interactions between 

environmental and anthropogenic factors. While 

fishing pressure remains the primary threat, climate-

driven changes in sea surface temperature and prey 

availability (Cheung et al. 2016; Hashemi et al. 2020) 

may further impact population dynamics. Integrating 

climate projections (e.g., IPCC scenarios) with stock 

References Region Method 
L∞ 

(cm) 

K 
(yr -

1) 

to 

(yr -1) 

tmax 

(yr) 
Φ′ 

M 

(yr -1) 

F 

(yr -

1) 

Z 

(yr -1) 
E 

Hogarth (1976) 

West 

Central 

Atlantic 

OT 215 0.15 -3.67 4 3.21 - - - - 

Kishore & Chin (2001) 

West 

Central 

Atlantic 

OT 153 0.34 -1.54 10 3.76 - - - - 

Lee (2008) 

waters off 

eastern 

Taiwan 

OT 156 0.24 -1.63 9 3.43 - - - - 

McBride et al. (2008) 
Northwest 

Atlantic 
OT 170 0.38 -1.63 9 4.04 - - - - 

Zischke et al. (2013) 

Coral Sea 

off 

eastern 

Australia 

OT 149 1.58 -0.17 7 4.55 - - - - 

Kindong et al. (2022) 

Tropical 

Eastern 

Atlantic 

LF 161 0.47 -0.64 12.1 3.97 0.36 0.39 0.75 0.52 

Present study 
Oman Sea 

(Iran) 
LF 

170 
 

0.26 

 

-0.72 

 
11.5 

3.91 

 
0.35±0.13 1.20 1.55±0.22 0.77 

 

Table 3. Contrast of biological characteristics of Wahoo (Acanthocybium solandri) with other studies (LF= length frequency, OT= 

Otoliths). 
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assessments could help predict long-term population 

trends under changing environmental conditions. 

Table 3.  

The natural mortality (M) estimates for this fish 

species, derived from multiple established methods, 

exhibit a moderate range of variation. These findings 

highlight the influence of methodological differences 

on M estimates, emphasizing the need to consider 

species-specific life history traits—such as growth 

parameters (L∞, K), maximum age (Tmax), and 

maturation size (L50)—when selecting an appropriate 

model. Given the consistency among key methods, the 

mean value of 0.35yr⁻¹ appears reliable for fisheries 

management applications, though the associated 

uncertainty (95% CI: 0.27–0.43) should be accounted 

for in risk assessments. Accurately quantifying M is 

challenging due to its dependence on species biology, 

environmental factors, and ecosystem dynamics. 

Reliable M estimates are essential for setting 

sustainable fishing limits, evaluating stock health, and 

designing management strategies. Overestimating M 

can lead to overly permissive fishing quotas; while 

underestimating it may result in overly restrictive 

measures. Thus, using a suite of methods to derive a 

range of M values ensures more robust and 

precautionary management decisions, particularly for 

data-poor fisheries like wahoo in the Eastern Atlantic 

(Kindong et al. 2022).  

Ensemble methods play a critical role in modern 

fisheries stock assessments by integrating multiple 

models or estimation approaches to account for 

structural uncertainty and improve the robustness of 

management advice. As highlighted in the NOAA 

Technical Memorandum (Karp et al. 2022), ensemble 

approaches are increasingly adopted for species like 

Pacific blue marlin and tropical tunas, where 

divergent model structures or data conflicts exist. By 

combining outputs from multiple models—each 

representing plausible hypotheses about stock 

dynamics—ensembles provide a more comprehensive 

estimate of natural mortality (M), biomass trends, and 

fishing mortality rates, while quantifying uncertainty 

through variance across models. Ensemble-

derived M estimates often fall within narrower 

confidence intervals than individual methods, 

enhancing decision-making for overfishing limits 

(OFLs) and acceptable biological catches (ABCs). 

The approach also supports adaptive management in 

data-limited scenarios, as seen in reef fish 

assessments, where ensemble weights are informed by 

cross-validation or likelihood profiles (Han et al. 

2021). Ultimately, ensembles bridge gaps between 

conflicting data sources, improve diagnostic 

transparency, and reflect the NOAA’s emphasis on 

"using all available information" to advance 

sustainable fisheries management (Karp et al. 2022). 

Martell and Froese (2013) developed a 

foundational framework for catch- and growth-based 

stock assessment methods, which was later refined by 

researchers to address the critical need for fisheries 

reference points in data-poor stocks (Froese et al. 

2016). This approach has proven particularly valuable 

for data-limited fisheries, yielding reliable and 

scientifically credible estimates of stock status. In the 

northern Oman Sea, the Wahoo stock exhibits 

concerning trends based on key indicators: 

the B/BMSY index shows a consistent decline, while 

the F/FMSY ratio exceeds maximum sustainable yield 

(MSY) levels and continues to rise. These patterns 

suggest the population is transitioning from fully 

exploited to overexploited (Arrizabalaga et al. 2012). 

Fishery status is commonly evaluated using 

the B/BMSY ratio, with stocks categorized as: Under-

exploited: B/BMSY≥1.2 Fully exploited: 

0.8≤B/BMSY<1.2, Overexploited: 

0.2≤ B/BMSY<0.8, Collapsed:  B/B MSY<0.2.  This 

classification system is widely adopted in fisheries 

science and management, supported by extensive 

research (Branch et al. 2011; Anderson et al. 2012) 

and institutional guidelines (Hilborn 2021; ICES 

2023; NOAA 2023). The Wahoo’s trajectory in the 

northern Oman Sea underscores the urgency of 

implementing science-based management measures to 

prevent further depletion. 

The biomass-to-carrying-capacity ratio (S= B/K= 

B/B0≈ 0.5 B/BMSY) serves as a critical biological 

reference point for stock assessment. In the northern 

Oman Sea, this ratio was estimated at 56% for Wahoo 
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 (Acanthocybium solandri), indicating moderate 

population depletion (Palomares & Froese 2017; 

Sharma et al. 2025). Optimal B/K values vary across 

species, typically ranging between 30–60%: Fast-

growing species (e.g., small pelagic) thrive at lower 

ratios (~30–40%). Slow-growing species require 

higher ratios (~50–60%) to maintain sustainable 

populations. A minimum threshold of 20–30% is 

widely accepted; values below this range signal severe 

depletion (Gabriel & Mace 1999). Exploitation rates 

and biomass levels directly modulate population 

growth and B/K dynamics (Zhou et al. 2017). Current 

data reveal that Wahoo harvests in the northern Oman 

Sea exceed maximum sustainable yield (MSY), 

underscoring the need for: 1) Reduced fishing effort to 

align with sustainable catch limits. 2) Rebuilding 

strategies, as recovery of overexploited stocks are 

slow—often requiring 2–3 times the species’ lifespan 

(FAO 2018; Sharma et al. 2025). Proactive 

management measures are imperative to halt further 

decline and initiate stock recovery, ensuring 

ecological resilience and long-term socioeconomic 

benefits for fishing communities. 

The length-based spawning potential ratio (LB-

SPR) analysis estimated an SPR of 0.45 (45%) for this 

population, indicating the stock currently maintains 

biologically sustainable levels, though showing 

concerning declines in recent decades. While LB-SPR 

benchmarks classify stocks with SPR<0.2 as depleted 

and those >0.4 as sustainable, the model output 

revealed unusually narrow 95% confidence intervals 

that approached near-definitive ranges. Despite an 

SPR of 45%, which is marginally above the 40% 

precautionary benchmark, excessive fishing pressure 

indicates the population is on the brink of collapse. 

This anomaly likely contributed to the model's 

suboptimal fit score and suggests potential limitations 

in the current assessment. The LB-SPR approach 

quantifies the impacts of fishing pressure on 

population age and size structure. This provides 

valuable insights for fisheries management (Froese et 
al. 2016). However, unregulated fishing poses 

significant risks, particularly when combined with 

elevated natural (M) and fishing (F) mortality rates 

affecting pre-recruit stages (Froese et al. 2017). 

Length-frequency indicators have proven effective for 

informing management strategies (Froese et al. 2016), 

yet the LB-SPR method remains underutilized in 

research applications. To enhance the reliability of 

stock assessments, future studies should: 1-Validate 

LB-SPR outputs through comparison with 

independent assessment methods. 2-Investigate the 

causes of unrealistically narrow confidence intervals. 

3-Expand application of the method to additional case 

studies. This multi-method verification approach 

would strengthen confidence in LB-SPR results and 

promote broader adoption in fisheries management 

frameworks. 

 

CONCLUSION 

This study reveals a critical status for Wahoo 

(Acanthocybium solandri) stocks in the northern 

Oman Sea, with key indicators—including an 

exploitation rate (E= 0.77), fishing mortality (F = 1.20 

yr⁻¹), and spawning potential ratio (SPR= 45%)—

signaling full exploitation and imminent overfishing. 

The ensemble-based natural mortality estimate (M= 

0.35±0.13yr⁻¹) was pivotal in quantifying uncertainty 

and integrating diverse methodological perspectives, 

offering a more reliable foundation for management 

than any single method.The F/FMSY ratio (3.41) and 

B/BMSY (1.10) further demonstrate that current 

harvest levels far exceed sustainable thresholds. These 

findings expose the inadequacy of existing 

management measures to curb fishing pressure. 

Urgent interventions are required to prevent stock 

collapse, including: 1) Reduction of fishing effort, 2) 

Enhanced monitoring, control, and surveillance 

(MCS) systems, 3) Implementation of ecosystem-

based fisheries management (EBFM) and 4) 

Prioritizing ensemble methods in future assessments 

to enhance robustness to align with SDG 14.4 targets. 

This study not only provides the first scientific 

baseline for Wahoo stock assessment in the Oman Sea 

but also underscores the effectiveness of length-based 

methods in data-limited contexts. Proactive 

governance is critical to rebuilding stocks, conserving 

marine biodiversity, and supporting fishing 
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communities. 
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 کاملمقاله 

 هایداده اساسرب Acanthocybium solandri Cuvier, 1832 ماهی ذخایر ارزیابی

 حفاظتی اقدامات ضرورت و کنندهنگران برداریبهره نرخ: عمان دریای شمال در سنجیطول

 فوری
 

 3اکبری پریا ،2دوستدار مسطوره ،*1هاشمی احمدرضا سید
 .ایران چابهار، ،(AREEO) کشاورزی ترویج و آموزش تحقیقات، سازمان کشور، شیلاتی علوم تحقیقات موسسه دور، هایآب شیلاتی تحقیقات مرکز۱

 .ایران تهران، ،(AREEO) کشاورزی ترویج و آموزش تحقیقات، سازمان کشور، شیلاتی علوم تحقیقات موسسه۲

 .ایران چابهار، چابهار، دریایی علوم و دریانوردی دانشگاه شیلات، گروه دریایی، علوم دانشکده3

 

پردازد که نتایج سنجی میهای طول( در شمال دریای عمان براساس شاخصAcanthocybium solandriاین مطالعه به ارزیابی ذخایر ماهی شیر اقیانوسی ) چکیده:

از شمال دریای عمان  ۲۲۲۵تا  ۲۲۲۱های عدد ماهی که طی سال ۵۱۴های زیستی مربوط به برداری بیش از حد است. دادهدهنده پیام های بحرانی از بهرهآن نشان

ومیر با تحلیل قرار گرفتند. در این پژوهش، پارامترهای کلیدی رشد و مرگومورد تجزیه الفانترپ در رویکرد اسهای بوتآوری شده بودند، با استفاده از روشجمع

در سال )در  ۲۱/۲( معادل K(، ضریب رشد )۱۵۱–۱۸۱متر )در محدوده سانتی ۱۷۲معادل ( L∞استرپ شده برآورد گردید. طول نهایی )گیری از رویکرد الفان بوتبهره

محاسبه گردید که  1۱/3( نیز Φ'( تخمین زده شد. شاخص عملکرد رشد )۱/۲-3/۱سال )در محدوده -۷۲/۲( معادل 0t( و سن صفر در طول صفر )۱۷/۲-۴۵/۲محدوده 

 3۴/۲±۱3/۲میانگین دست آمد، روش مستقل به 1(، که از تلفیق نتایج M ensembleومیر طبیعی ترکیبی )های رشد ثابت در منطقه است. نرخ مرگدهنده ویژگینشان

در سال گردید.  ۴۴/۱±۲۲/۲( برابر با Zومیر کل )در سال بود که منجر به مرگ ۲۲/۱مراتب بالاتر و معادل ( بهFومیر صیادی )در سال را نشان داد، در حالی که مرگ

 های وضعیترویه است. شاخصبرداری بینزدیکی به وضعیت بهرهبرآورد شد که حاکی از فشار شدید صیادی بر جمعیت این گونه و  ۷۷/۲( معادل Eبرداری )نرخ بهره

( و نسبت B/BMSYتوده در سطح حداکثر محصول پایدار )توده به زیست(، نسبت زیست0B/Bتوده )(، نسبت زیستSPRریزی نسبی )ذخیره شامل پتانسیل تخم

ترتیب به های شمالی دریای عماندر آب (Acanthocybium solandriشیر عمانی )ماهی  ٪1۴( همراه با فواصل اطمینان F/FMSYومیر صیادی به سطح بهینه )مرگ

برداری شدید و فراتر از حد مجاز از این دهنده بهرهبرآورد شدند. نتایج نشان ۵۲/3( ۸۲/۲-۲۱/۵، )۱۲/۱( 1/۲-3۴/۱، )۴۱/۲( ۵۲/۲-۱1/۲)، ۵۴/۲( 3۴/۲-۴۴/۲)برابر با 

مداخلات مدیریتی فوری شامل کاهش تلاش  .اندداری از حدود پایداری فراتر رفتهطور معنی، به۵۲/3برابر با F/ FMSYو نسبت  برداریبهرهکه نرخ طوریذخیره است، به

ویژه ر جهانی )به( برای انطباق با اهداف توسعه پایداEBFM( و اجرای مدیریت شیلاتی مبتنی بر اکوسیستم )MCSهای نظارت، کنترل و بازرسی )صیادی، تقویت سیستم

د در مدت جوامع وابسته به صیشدت مورد نیاز است. اقدامات پیشگیرانه برای بازسازی ذخایر، حفظ تنوع زیستی دریایی و تضمین بقای طولانی( بهSDGاز  ۱۵۴۵هدف 

های مبتنی بر طول را برای ای عمان فراهم کرده و کارایی روشمنطقه ضروری است. این ارزیابی، اولین ارزیابی جامع را برای مدیریت ماهی شیر اقیانوسی در شمال دری

 کند.های محدود  اثبات میشیلات با داده

 شیلات پایدار مدیریت حد، از بیش برداریبهره عمان، دریای طول، بر مبتنی ذخایر ارزیابی ،Acanthocybium solandriکلیدی: کلمات

 

 


