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Abstract 
 

Whitespotted bambooshark, Chiloscyllium plagiosum (Anonymous [Bennett], 1830), is a major shark species caught in 
waters off Sabah, Malaysia. Despite the massive landing amount, its biological and stock status information is limited. 
In 2015–2016, the elasmobranch data collection was conducted in Southeast Asia, including Sabah. A yield-per-recruit 
(YPR) and spawning-per-recruit (SPR) analyses were performed to assess this data-deficient species’ stock status. 
The growth parameter, average maximum length, L∞, and growth rate, K, for males and females were 81.13 cm and 
0.21 year-1, and 84.30 cm and 0.18 year-1, respectively. Limit and target biological reference points, maximum fishing 
mortality and fishing mortality corresponding to 10 % of YPR slope (Fmax and F0.1, respectively) for YPR, and fishing 
mortality corresponding to 20 % and 30 % of spawning stock remained (F20% and F30%, respectively) for SPR, were 
calculated. The results suggest neither growth nor recruit overfishing was occurring. Monitoring and surveillance of 
existing management measures are necessary to ensure sustainable utilisation of the stock. 
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Introduction 
 
The whitespotted bambooshark, Chiloscyllium 
plagiosum (Anonymous [Bennett], 1830), is widely 
distributed throughout tropical and subtropical Indo-
Pacific coastal waters to 50 m depth (Chen et al., 
2007; Kyne et al., 2021). This coral reef-dwelling 
species attains a maximum length of 95 cm of total 
length (TL) and is one of the dominant shark species 
after brownbanded bambooshark (Chiloscyllium 
Punctatum Müller & Henle, 1838) in the southeast 
Asian waters, including Taiwan as bycatch species 
(Arai and Azri, 2019; Wanchana et al., 2020; Ebert et 
al., 2021; Kyne et al., 2021). The Southeast Asian 
Fisheries Development Center (SEAFDEC) project 
regarding data collection on sharks, rays, and skates 
reported landings of whitespotted bambooshark in 
Sabah, Malaysia, to represent about 23 % (1,017.15 kg) 
of total elasmobranch landings from this area. The 
data collection period was 12 months in total for each 

landing site (Wanchana et al., 2020), similar to the 
report of Arai and Azri (2019), where the catch 
composition of whitespotted bambooshark was 
approximately 25 % of total sharks landed in Sabah. 
 
Shark catch has declined worldwide (Lam and Sadovy 
De Mitcheson, 2011), which is often thought to be 
related to the shark life cycle that cannot compensate 
for fishing pressure rather than effectiveness in 
implementing any fishing regulation (Davidson et al., 
2015). For example, sharks’ lower fecundity and late 
maturation may be vulnerable to fishing pressure. 
Accordingly, stock assessments for sharks are 
required. Yield-per-recruit (YPR) analysis has been 
implemented since the 1950s for various marine and 
freshwater fish and invertebrate species (Sun et al., 
2005; Peixer et al., 2007; Preecha, 2012; Zischke and 
Griffiths, 2015). In the 1990s, per-recruit analysis was 
improved to cover spawning stock and thereafter 
became known as ‘spawning-stock-per-recruit’ or 
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SPR (Prager et al., 1987; Goodyear, 1993; Mace and 
Sissenwine, 1993) analysis. These two analyses are 
often combined to assess yield- and spawning-stock 
biomasses (Sun et al., 2002).  
 
Even though the YPR and SPR were originally 
designed from the biological information of teleost 
fish these models are also widely applied to the 
elasmobranch (Griffiths, 1997; Chang and Liu, 2009; 
Jutan et al., 2018). Therefore, when data of 
elasmobranch in Southeast Asian waters, such as 
catch, effort, and some age-based biological 
parameters, are limited, YPR and spawning-per-
recruit (SPR) can be used to assess and provide the 
reference points related to yield and biomass. Since 
whitespotted bambooshark is also one of the 
elasmobranchs in Southeast Asia that lack stock 
status information. Thus, the objective of this study 
was to determine the stock status of this data-
deficient shark species using YPR and SPR analyses. 
 
Materials and Methods 
 
Length-weight and length-frequency data (LFD) were 
collected from August 2015 to July 2016 in Southeast 
Asian countries by the SEAFDEC sharks, rays and 
skates data collection project, in cooperation with the 
Convention of International Trade in Endangered 
Species of Wild Fauna and Flora, and the Japanese 
Trust Fund. For whitespotted bambooshark, the catch 
data were derived from the landing site in Kota 
Kinabalu, Sabah (Fig. 1). 
 
 

 
Fig. 1. Map of Southeast Asia, with Malaysia in blue. The Kota 
Kinabalu landing site where the data of whitespotted 
bambooshark Chiloscyllium plagiosum is shown in a white 
circle. 
 
 
Data on whitespotted bambooshark fishing grounds 
were collected from Malaysian fisheries management 
zones B, C, C2, and C3 (Fig. 2), but 50 % of data were 
from zone C and 40 % from C2. A total of 1,017 kg of 
this species was landed during the survey period 
(Wanchana et al., 2020). 
 

 
Fig. 2. Malaysian fisheries management zonation scheme 
(Ramli, 2015). The fishing ground is divided into five zones 
based on the distance from the shoreline and gross tonnage 
of the vessel. The vessel from the inner zone can operate in 
the outer zone, but the vessel from the outer zone cannot 
operate in the inner zone. 
 
 
Two to four trawl vessels ported at the Sabah landing 
site were randomly selected every 12 days.month-1 to 
collect the data. Thus, there were 24 to 48 trawl 
vessels selected randomly every month. The species 
composition of elasmobranch, and the related catch 
statistics were collected simultaneously (Wanchana 
et al., 2020).  
 
Definitions for parameters used in this study are 
provided in Table 1. 
 
Length-weight relationship 
 
The length-weight relationship provides information 
about a species’ biological growth pattern. 
Parameters in equation (1) (Ricker, 1975) are estimated 
by linear regression after logarithmic conversion, 
following: 
 
𝑊 = 𝛼𝑇𝐿𝛽                            (1) 
 
 
Growth parameter estimation 
 
The von Bertalanffy’s growth curve is expressed as: 
 
𝐿𝑡 = 𝐿∞(1 − 𝑒−𝑘(𝑡−𝑡0))                                                           (2) 
 
Parameters 𝐿∞, 𝑘, and 𝑡0 are estimated by electronic 
length-frequency analysis, ELEFAN, provided in the 
package TropFishR (Taylor and Mildenberger, 2017). In 
this package, there are four ELEFAN functions: k-
Scan, response surface analysis (RSA), ELEFAN 
combined with simulated annealing (ELEFAN_SA), 
and ELEFAN combined with genetic algorithm 
(ELEFAN_GA). For ELEFAN_SA, a run time was set at 
5 min. For ELEFAN_GA, the calculation times of this 
function were set at 1000 times. The initial value for   
L∞ was set based on Powell and Wetherall’s method 
(Powell, 1979; Wetherall, 1986). 
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Table 1. Equation parameter symbols and their definitions. 
 

Symbol Definition 

Φ′ Growth performance index 

α Condition factor for length-weight relationship 

a The intercept of the linear regression for the observed probability of capture 

𝑎′ The intercept of the linear regression for the estimated probability of capture 

β Regression factor for length-weight relationship 

𝑏′  Regression factor for the estimated probability of capture 

c The intercept of the linear regression for total mortality estimation 

CL1, L2 Number of fish caught at length interval between L1 and L2 

E Exploitation ratio 

Fcurr Fishing mortality of the current situation (year−1)  

F0.1 Fishing mortality produced from the 10 % of the tangent of the YPR curve (year−1) 

Fmax Fishing mortality produced from the peak of the YPR curve (year−1) 

F30 % and F20 % Fishing mortality that spares 30 % and 20% of spawning stock (year−1) 

k growth coefficient of von Bertalanffy’s growth function (vBGF) (year−1) 

M Natural mortality (year−1) 

mL Mid-length between length interval (cm) 

L1 and L2 Lower and upper length interval of the length class (cm), respectively 

L25, L50, and L50 The length at 25 %, 50 %, and 75 % of size selectivity (cm), respectively 

Lm, and tm Length at first maturity (cm) and age at first maturity (year), respectively 

Lr, and tr Length at recruitment (cm) and age at recruitment (year), respectively 

Lt, and tL Length (cm) at age t (year) and age at length L (year), respectively 

L∞ vBGF parameter (asymptotic length) (cm) 

St, and 𝑆𝑡
′ Observed and estimated size selectivity, respectively 

TL Total length (cm) 

∆tL1,L2 The difference in age between lengths L1 and L2 (years) 

𝑡𝜆  Age endpoint (years) 

tmax Maximum age (years) 

tmL Age at mid-length from length interval (years) 

t0 vBGF parameter (theoretical age at length 0) (years) 

tc Age at first capture (years) 

W Individual weight (kg) 

W∞ Average maximum weight (kg) 

Z Total mortality (year−1) 
 

 
The inverse von Bertalanffy’s growth function (Mackay 
and Moreau, 1990) was used for age estimation as 
follows: 
 
𝑡 = 𝑡0 − (

1

𝑘
) ln (1 −

𝐿𝑡

𝐿∞
)                                                           (3) 

 
Using growth parameters from von Bertalanffy’s 
growth equation, the growth performance index, Φ′, 
was calculated (Pauly and Munro, 1984) to compare 
growth curves between the same species or species 
with similar shapes using the following equation: 
 
Φ′ = log 𝑘 + 2 log 𝐿∞                                                           (4) 
 
Results from each function were scored by the 
 

goodness of fit (Rn) based on Gayanilo et al. (2005) and 
Taylor and Mildenberger (2017), as follows: 
 
𝑅𝑛 =

10ESP ASP⁄

10
                                                                             (5) 

 
This equation compares the number of peaks that 
pass by the growth curve in length-frequency data. 
Each peak in LFD is assumed to correspond to a 
different age group; the total number of peaks with 
the potential to be passed by the growth curve is 
denoted by the ASP (available sum of the peak). The 
number of peaks actually ‘passed’ by the growth curve 
denotes the ESP (explained sum of peaks). The result 
indicates the quality of the growth parameter 
estimation (Brey and Pauly, 1986). 
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Estimation of mortality, gear 
selectivity, and maturation size by age 
 
The length-converted catch curve, LCCV (Pauly, 1983, 
1984), was applied to estimate mortality and gear 
selectivity. Total mortality (Z) was estimated from a 
linear regression between catch for each age class 
and the estimated age from mid-length of each size 
class using the following equation: 
 
ln

𝐶L1,L2

∆tL1,L2
= 𝑐 − 𝑍 ∗ 𝑡𝑚𝐿        (6) 

 
where 𝑡𝑚𝐿  is estimated from the length between 
lengths 𝐿1 and 𝐿2 using equation (3). 
 
The duration of age between the lower and upper 
limits of the length interval 𝐿1 , 𝐿2, ∆𝑡𝐿1,𝐿2

, was 
calculated using equation (7): 
 
∆𝑡𝐿1,𝐿2

=
1

𝑘
ln (

𝐿∞−𝐿1

𝐿∞−𝐿2
)         (7) 

 
Natural mortality is estimated using Tanaka’s 
equation (Tanaka, 1960), 
 
𝑀 =

2.5

𝑡max
         (8) 

 
We used the median value of four results when their 
values were ranked from highest to lowest from the 
following four methods to calculate tmax. 
 
1) Lmax was estimated from a parameter of von 
Bertalanffy’s growth function (vBGF), 𝐿∞. 𝑡max was 
estimated using equation (3) and estimated Lmax 
(Froese and Binohlan, 2000) 
 
𝐿max = exp (

log𝐿∞−0.044

0.9841
)          (9) 

 
2) Taylor’s method (Taylor, 1958) 
 
𝑡max = 𝑡0 +

2.996

𝑘
               (10) 

 
3) Pauly’s method (Pauly, 1983) 
 
𝑡max =

3

𝑘
                                           (11) 

 
4) tmax was estimated from equation (3) with the 
observed maximum body length. 
 
Current fishing mortality Fcurr was estimated as 
𝐹curr = 𝑍 − 𝑀. The exploitation ratio E was estimated 
from the ratio of Fcurr /Z. The observed selection curve 
(known as selection ogive), St, was estimated as 
follows: 
 
𝑆𝑡 =

𝐶𝐿1,𝐿2

∆𝑡𝐿1,𝐿2𝑒𝑎−𝑍𝑡𝑚𝐿
                        (12) 

 
and the estimated selection ogive 𝑆𝑡

′  was calculated. 
The regression parameter 𝑎′ and 𝑏′ were estimated 

from the regression between tmL and ln (
1

𝑆𝑡
− 1) as 

follows: 
 
𝑆𝑡
′ =

1

1+𝑒𝑎′+𝑏′
        (13) 

 
Size selectivity for YPR and SPR analyses was 
assumed to be knife-edged at L50 and was converted 
to tc using equation (3). 
 
Age at first maturity (Lm) was assumed to be 4.5 years 
for both male and female bambooshark following 
Chen et al. (2007). 
 
Per-recruit analysis 
 
YPR was calculated as follows: 
 
Y

R
= 𝐹𝑊∞𝑒−𝑀(𝑡c−𝑡r) × ∑

𝐴𝑛𝑒−𝑛𝑘(𝑡c−𝑡0)

𝐹+𝑀+𝑛𝑘

3
𝑛=0 {1 − 𝑒−(𝐹+𝑀+𝑛𝑘)(𝑡λ−𝑡c)}    (14) 

  
{

𝑛 = 0, 1, 2, 3
𝐴𝑛 = 1, −3, 3, −1

} 

 
The 𝑡λ for YPR and SPR was assumed to be 20 years to 
include the possible range of the maximum age of the 
species. 𝑊∞ was calculated using 𝐿∞ from equation 
(1). 
 
SPR analysis was conducted using the following 
equations: 
 
For tc ≤ tm, 
 
SPR =

𝑊∞𝑒−𝑀(𝑡c−𝑡r)−(𝐹+𝑀)(𝑡m−𝑡c) ∑ 𝐴𝑛𝑒−𝑛𝑘(𝑡m−𝑡0)3
𝑛=0 {

1−𝑒−(𝐹+𝑀+𝑛𝑘)((𝑡λ−𝑡m)

𝐹+𝑀+𝑛𝑘
}, 

 
For tc > tm, 
 
SPR = 𝑊∞𝑒−𝑀(𝑡m−𝑡r) ∑ 𝐴𝑛𝑒−𝑛𝑘(𝑡m−𝑡0)3

𝑛=0 {
1−𝑒−(𝑀+𝑛𝑘)(𝑡c−𝑡m)

𝑀+𝑛𝑘
}

+ 𝑊∞𝑒−𝑀(𝑡c−𝑡r) ∑ 𝐴𝑛𝑒−𝑛𝑘(𝑡c−𝑡0)3
𝑛=0 {

1−𝑒−(𝐹+𝑀+𝑛𝑘)(𝑡λ−𝑡m)

𝐹+𝑀+𝑛𝑘
}
   (15)                      

 
{

𝑛 = 0, 1, 2, 3
𝐴𝑛 = 1, −3, 3, −1

} 

 
The % SPR was estimated as follows: 
 
% SPR = 100 % ×

SPR

SPR𝐹=0
      (16) 

 
 
Biological reference points (BRPs) 
 
For fishery management, two BRPs have been 
proposed: the limit reference point, which usually 
refers to the biological limit of fishing mortality; and 
the target reference point, which is set as the 
precautionary point of the limits (Caddy and 
McGarvey, 1996; Prager et al., 2003). For YPR, values 
for F0.1, the fishing mortality with a 10 % tangent of the 
YPR curve from the origin, is used as a target BRP, 
and Fmax, the fishing mortality that maximises the YPR 
at a given tc, as a limit BRP (Beverton and Holt, 1957; 
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Goodyear, 1993; Grabowski and Chen, 2004; Zhou et 
al., 2020).  
 
For SPR, it is the spawning unit available for each 
recruitment which the BRPs were set as 𝐹𝑋 %𝑆𝑃𝑅 , the 
fishing mortality produces X % of the expected 
spawning-stock biomass per recruit in the absence of 
fishing (Goodyear, 1993; Mace and Sissenwine, 1993; 
Katsukawa, 2005). The critical level is usually set 
between 20 % and 30 % because Zhou et al. (2020) 
noted that the F% SPR for elasmobranchs should be 
higher than that for teleosts. Values for F30 % and F20 % 
were used as a target and limit BRPs, respectively 
(Zhou et al., 2020). 
 
Results 
 
A total of 356 male and 366 female whitespotted 
bamboosharks were caught by trawlers operated 
from fishing zone B to zone C2 and measured. 
Average ± standard deviation, maximum, and 
minimum lengths were 69.61 ± 7.09 cm, 87 cm, and 25 
cm TL for males, and 67.33 ± 9.02 cm, 96 cm, and 42 
cm TL for females, respectively. Cumulative length-
frequency data are shown in Figure 3. 
 
 

Fig. 3. Length-frequency data for male and female 
whitespotted bamboosharks Chiloscyllium plagiosum in 
Sabah, Malaysia. 
 
 
The length-weight relationship using equation (1) for 
males 𝑊 = 1.82 × 10−6𝐿3.11, R2 = 0.82, and females was 
𝑊 = 2.97 × 10−7𝐿3.55, R2 = 0.89. Growth parameter 
estimation results and the Rn score is presented in 
Table 2. 
 
ELEFAN_SA provided the maximum Rn and was 
selected as the best fitting curve growth parameter. 
The selected growth curve equation using equation (2) 
was 𝐿𝑡 = 81.13(1 − 𝑒−0.21(𝑡−(−0.63))) for males, and 
𝐿𝑡 = 84.30(1 − 𝑒−0.18(𝑡−(−0.70))) for females. The fitting 
score is based on the ratio between the total available 
peak of the curve and the total peaks passed by the 
growth curve. The fitting of the growth curve to 
length-frequency data for male and female 
bamboosharks is shown in Figure 4. 
 
Total mortality is estimated from the negative slope  

Table 2. Growth parameter estimates for male and female 
whitespotted bamboosharks, Chiloscyllium plagiosum, 
caught in Sabah, Malaysia. 
 

 k-Scan RSA ELEFAN_
SA 

ELEFAN_
GA 

Male      
𝐿∞ (cm TL) 77.68 77.90 81.13 77.82 

k (year−1) 1.12 1.11 0.21 0.29 

t0 (year) −0.12 −0.12 −0.63 −0.47 

Φ′  3.83 3.83 3.15 3.24 

Rn 0.28 0.28 0.36* 0.33 

Female      

𝐿∞ (cm TL) 80.25 81.60 84.30 80.46 

k (year−1−) 0.40 0.51 0.18 0.22 

t0 (year) −0.33 −0.26 −0.70 −0.60 

Φ′  3.41 3.53 3.11 3.16 

Rn 0.27 0.31 0.37* 0.35 

*maximum Rn  
**ELEFAN: electronic length-frequency analysis, GA: 
genetic algorithm, RSA: response surface analysis, SA: 
simulated annealing. 

 
 

 
 
Fig. 4. Length-frequency data fitted with the selected 
growth curve of male and female whitespotted 
bambooshark, Chiloscyllium plagiosum, from electronic 
length-frequency analysis (ELEFAN_SA) using package 
TropFishR provided in R program. 
 
 
of the catch (Fig. 5). The X-axis is the estimated age at 
mid-length, and Y-axis is the natural logarithm scale 
of cumulative catch at each length class. 
 
From Figure 5, the catch curve of males and females 
provides different ages corresponding to the fully 
captured by fishing gear. The female bambooshark 
was entering fully captured at a younger age 
compared to the male bambooshark.  
 
Maximum ages (tmax) for males and females estimated 
from four methods and summarised using the median 
of tmax from each model, and natural mortality based 
on the finalised tmax calculated using equation (8), are 
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Fig. 5. Length-converted catch curve for male and female whitespotted bambooshark, Chiloscyllium plagiosum, from Sabah, 
Malaysia. 
 
 
 
presented in Table 3. 
 
 
Table 3. Summary of maximum age (tmax) and natural 
mortality estimation of male and female whitespotted 
bambooshark, Chiloscyllium plagiosum. 
 

 

tmax (years) 
M  
(year−1) VBGF Taylor 

(1958) 
Pauly 
(1983) 

LCCV Median 

Male  15.85 13.64 14.27 30.02 15.07 0.17 

Female  18.63 15.94 16.67 22.48 17.65 0.14 

*VBGF: von Bertalanffy, LCCV: length-converted catch curve. 
 
 
Exploitation ratios (E), the ratio between current 
fishing mortality, Fcurr, and total mortality, Z, for male 
and female bamboosharks, were 0.59 and 0.41, 
respectively (Table 4). 
 
 
Table 4. Summary of total, natural, and current fishing 
mortality estimation, respectively, and exploitation ratios (E) 
of male and female whitespotted bambooshark, 
Chiloscyllium plagiosum. 
 

 Z (year−1) M (year−1) Fcurr (year−1) E 

Male  0.41 0.17 0.24 0.59 

Female  0.24 0.14 0.10 0.41 

 
 
Gear selectivity from age at first capture, Lc, age at 25 
% captured, L25, and age at 75 % captured, L75, for 
trawlers using a length-converted catch curve are 
presented in Table 5. Regarding the model, the age at  
 
 
Table 5. Gear selectivity for whitespotted bambooshark with 
the size at 25 %, 50 % (size at first capture), and 75 %, 
Chiloscyllium plagiosum, in Sabah, Malaysia. 
 

 L50 (cm) L25 (cm) L75 (cm) 

Male  68.20 65.07 70.72 

Female  47.17 42.92 50.98 

first capture refers to the age at which the observed 
fishing gear can catch 50 % of the population. The 
probability of capture is shown in Figure 6. The tc for 
males and females was estimated to be 8.12 and 3.15 
years, respectively. 
 
For YPR, the analyses provide the contour line plots at 
various F and tc values, which, for YPR, are shown in 
Figure 7. The results indicate that both male and 
female sharks have not reached maximum YPR yet. 
Target and limit reference points are estimated from 
the YPR and SPR for the current tc, indicating that the 
current F was not reached for both target and limit 
reference points (Table 6). 
 
At current tc, the Fcurr are smaller than F0.1 for 60 % of 
male and 54 % of female sharks. For Fmax, the Fcurr is 66 
% smaller for female sharks and <12 % for male sharks 
because the peak of the YPR curve for males is >2.0. 
The YPR curve for males and females is shown in 
Figure 8. The figure shows no peak found for males as 
the YPR seems to get higher at this tc. For females, 
the peak corresponds to a smaller tc than for males. 
However, the current F still be in the acceptable range 
as lower than BRPs. 
 
For SPR, results focus only on the female stock 
capable of producing offspring. The SPR contour line 
of tc against F is shown in Figure 9, and the contour 
line for % SPR at constant tc is presented in Figure 10. 
The smaller current F than those limit and target 
BRPs of YPR and SPR indicate that the whitespotted 
bambooshark stock is healthy in growth and 
recruitment overfishing. 
 
Figure 10 shows that the fishing ground’s current 
spawning biomass was approximately 50 % during the 
study period. This result indicates that the stock of 
whitespotted bambooshark in Sabah water is still in 
abundance compared to the target reference point. 
 
Discussion 
 
The information on the population structure of the 
whitespotted bambooshark is still now limited. 
However, the study of the related species, such as 
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Fig. 6. Probability of capture with the size at 25 %, 50 % (size at first capture), and 75 % of whitespotted bambooshark, 
Chiloscyllium plagiosum, in Sabah, Malaysia. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7. Yield-per-recruit contour lines for male and female whitespotted bamboosharks, Chiloscyllium plagiosum, in Sabah, 
Malaysia. The oval represents the situation at current tc and Fcurr. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8. Yield-per-recruit curve at current age at first capture (tc) the black dot is the SPR at current fishing mortality (Fcurr) for 
male and female whitespotted bambooshark, Chiloscyllium plagiosum, in Sabah, Malaysia. 
 
 
Table 6. Age at first maturity, age at first capture, current fishing mortality, target, and limit reference points for whitespotted 
bambooshark, Chiloscyllium plagiosum, in Sabah, Malaysia. 
 

 
tm 
(years) 

tc (years) 
Fcurr 
(year−1) 

YPR SPR 

Target  Limit  Target  Limit  

Male  4.5 8.1 0.24 0.40 >2.0 - - 

Female  4.5 3.8 0.10 0.21 0.34 0.21 0.31 

YPR: yield-per-recruit, SPR: spawning-per-recruit. 
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Fig. 9. Contour plot of per cent spawning-per-recruit for 
whitespotted bambooshark Chiloscyllium plagiosum in Sabah, 
Malaysia. 

Fig. 10. Line plot of per cent spawning-per-recruit (SPR) at current 
age at first capture (tc) the black dot is the SPR at current fishing 
mortality (Fcurr) for whitespotted bambooshark, Chiloscyllium 
plagiosum, in waters off Sabah, Malaysia. 

 
 
brownbanded bambooshark, provided that the 
population distributed around the Sabah waters is 
uniquely distinct from the other populations 
distributed in the Southeast Asian waters (Fahmi et 
al., 2021a). Thus, the population of whitespotted 
bambooshark in this study is also assumed to be unit 
stock for the Sabah area. 
 
While the migratory pattern of demersal 
elasmobranchs remains unclear, only larger 
individuals migrate short distances from the shoreline 
to forage (Speed et al., 2016). As reported in 
Taiwanese waters, the small whitespotted 
bambooshark prefers shallower water (Chen et al., 
2007). Thus, the fisheries data collected in this study 
covered all possible ranges of adult sharks. The length 
composition of this shark in this study is deemed to 
represent the adult population occurring in coastal 
waters and recruited into the fishing ground from 
within 30 nm to the high sea according to fishing zone 
C. 
 
The LFD of a sample reflects growth. In this study, 
various models provided in the R-package have been 
selected by Rn score. The score in equation (5) is 
based on the number of monthly peaks in the LFD to 
peaks crossed by the growth curve. Growth 
parameters are more reliable if the score is higher 
(Gayanilo et al., 2005; Taylor and Mildenberger, 2017). 
Because the highest ELEFAN_SA male and female 
scores were 0.36 and 0.37, these two parameters 
were set as the highest Rn scores. 
 
ELEFAN_SA uses a simulated annealing optimisation 
algorithm. It examines the range of growth 
parameters and finds the most reliable results in a 
shorter simulation time, even if the function is not 
linear or smooth (Xiang et al., 2013; Taylor and 
Mildenberger, 2017). Taylor and Mildenberger (2017) 
also suggest that an advantage of using ELEFAN_SA 
is its ability to find the best set of 𝐿∞ and 𝑘. 
 
The previous study about the growth of whitespotted 

bambooshark was provided by Chen et al. (2007). Their 
study was conducted in Taiwanese waters, where all 
of the sharks were caught by longline and lobster trap 
fisheries. The growth parameter determination 
showed that L∞ and k of Taiwanese male and female 
sharks were 98.5 cm and 0.212 year-1 for males and 
93.2 cm and 0.224 year-1 for females, respectively, 
using age determination method from vertebrae. The 
larger L∞ and k compared to the present study can be 
influenced by the difference in geographic 
distribution (Yamaguchi et al., 1998) and the size 
composition of the catch, which can be affected by 
the size distribution of the species in the natural 
habitat. The maximum size can be roughly observed 
from the fit plot of the growth curve (Fig. 4) as well. As 
the fish grow older, the growth rate will become 
slower, and the growth curves become closer around 
the large individual (Campana et al., 2002), which, in 
the present study, was the size larger than 70 cm.  
 
Moreover, the age determination in the elasmobranch 
can be difficult, especially for those species without a 
dorsal spine, since the growth band from the 
vertebrae can be hard to find the true centric area 
(Goldman, 2005). Thus, in the tropical region where 
age determination is difficult to be determined, the 
length-based growth parameter determination can be 
an appropriate alternative method (Sparre and 
Venema, 1998; Zischke and Griffiths, 2015). 
 
Length-converted catch curves have been widely 
used in various regions because models can estimate 
mortality and gear selectivity based on LFD, including 
elasmobranchs in the tropical region (Pauly, 1983, 
1984; Cortés and Parsons, 1996; Özbilgin et al., 2004; 
Chang and Liu, 2009; Windsland, 2014). For gear 
selectivity, the Lc can be affected by sex dimorphism 
between male and female size and the differences in 
habitat usage, as reported for leopard shark, Triakis 
semifasciata Girard, 1855 (Carlisle and Starr, 2009) 
sicklefin lemon shark, Negaprion acutidens (Rüppell, 
1837) (Pillans et al., 2021) and Haller’s round stingray, 
Urobatis halleri (Cooper, 1863) (Mull et al., 2010).  
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The fitting of female selectivity in Figure 6 resulted 
from the number of sharks in each length class where 
the smallest length class was far from the next larger 
length class without any sample shown in between. 
The length-converted catch curve was used to 
reconstruct the catch’s size composition by pooling 
the number of each length class from each observed 
month (Zischke and Griffiths, 2015). This was done to 
enable the model to estimate the selectivity based on 
the major pooled size classes available. 
 
The natural mortality was estimated from maximum 
age (tmax), although information on tmax values for 
Hemiscyllid elasmobranchs is limited. In the results, 
LCCV provided the highest tmax for both sexes 
compared to the other models. This is because LCCV 
estimates the age based on the length of the 
individual using equation (3) which the estimated age 
can be increased as long as the input length does not 
exceed the L∞, thus, the value can be increased 
depending on the increasing length and lead to 
overestimation. Therefore, the results from other 
models were essential to compare the results 
together.  
 
Chen et al. (2007) suggest that the longevity of 
whitespotted bambooshark using the traditional von 
Bertalanffy growth function is 13.7 years for males and 
14.2 years for females. Krajangdara (2017) indicates 
this species lives for 15 to 22 years, with a maximum 
reported age of 25 years in captivity (Chen et al., 
2007). A median tmax was used of 15.07 years for males 
and 17.65 years for females. These values were 
slightly greater than Chen et al. (2007) reported but 
within the range of those reported by Krajangdara 
(2017). This age range was similar to that of the 
relative species occurring in the same area, C. 
punctatum, in which the tmax was up to 14 years (Fahmi 
et al., 2021b). 
 
YPR indicates that the stock status of whitespotted 
bambooshark is healthy in terms of growth 
overfishing. Exploitation obtains a high yield of males, 
and higher fishing pressure with lower tc is acceptable 
(Fig. 6). The YPR curve at the current tc (Fig. 7) has no 
peak within F < 2.0 at this selectivity. Age at first 
capture, tc, is a controllable parameter in YPR and 
SPR. For a healthy stock, a reduction in tc will not 
negatively affect YPR and SPR because recruitment 
compensates for a catch from fishing. According to 
Figure 6, the whitespotted bambooshark stock off 
Sabah can handle higher F with a lower tc to reach 
maximum YPR. YPR and SPR suggest the stock is also 
healthy for female stock SPR, but with less room to 
increase Fcurr at the current tc. 
 
Despite the useful amount of data input into the 
model, the per recruit method still has the 
disadvantage on the equilibrium fishery condition, 
which assumes that the Fcurr will be constant 
throughout the stock. However, the compensation 
between natural and fishing mortality is also involved 

in the realistic condition model (Sparre and Venema, 
1998; Chang and Liu, 2009). For the large size with low 
fecundity, such as the thresher shark (Alopias spp.) or 
other large-pelagic shark species, conservative BRPs 
for per recruit model such as F50 % and F60 % were 
suggested. However, it is known that the small-
benthic or coastal shark species, such as the family 
Hemiscyllium have more resilience toward fishing 
pressure regarding the higher fecundity. Thus, the per 
recruit model can be applied for these species with 
less conservative BRPs than the usually 
recommended level, which is used for 30–40 % or 
more of BRPs for elasmobranch species (Tsai et al., 
2011; Liu et al., 2015).  
 
Most YPR and SPR, and other related models such as 
length-based spawning potential ratio, are applied to 
teleost species (Griffiths, 1997; Peixer et al., 2007; 
Zischke and Griffiths, 2015; Charernnate et al., 2021) 
or invertebrate, such as freshwater shrimp, and sea 
scallop (Etim and Sankare, 1998; Hart, 2003), proves 
that the model is flexible and can be applied to a wide 
range of species and at various stages of the life 
cycle. The per recruit model has also been suggested 
for elasmobranchs as well with some modifications of 
the reference points (Zhou et al., 2020). For example, 
the stock assessment of shortfin mako, Isurus 
oxyrinchus Rafinesque, 1810, uses a combination of 
YPR and virtual population analysis (Chang and Liu, 
2009), YPR for grey sharpnose shark, Rhizoprionodon 
oligolinx Springer, 1964 (Purushottama et al., 2017), 
and the YPR for Halmahera epaulette shark 
Hemiscyllium halmahera Allen & Erdmann, 2013, in 
Indonesia (Jutan et al., 2018). Therefore, YPR and SPR 
for elasmobranch are applicable under some 
assumptions (Sparre and Venema, 1998).  
 
For the fishery management measures in the area, 
catch quota system, and coastal states with 
jurisdiction over waters have recently implemented 
fisheries zonation, and fisheries data are now 
continuously collected for particular taxa 
(Department of Fisheries Malaysia, 2014; Abd Haris 
Hilmi et al., 2020). Monitoring and surveillance of 
these activities could assist with the maintenance of 
healthy regional elasmobranch stocks. However, 
should the stock decline, control overfishing effort, 
measured using F, could be implemented by 
establishing marine protected areas (MPAs) 
(MacKeracher et al., 2019; Dwyer et al., 2020). 
 
Conclusion 
 
The length-based growth parameter estimation is one 
of the important alternatives for fish stock 
assessment in Southeast Asia, as the age data for fish 
is limited and difficult to achieve. Results of stock 
assessment using yield-per-recruit (YPR) and 
spawning-per-recruit (SPR) suggest that stocks of 
whitespotted bambooshark, Chiloscyllium plagiosum, 
remain in good condition with Fcurr lower than any 
reference points (F0.1 and Fmax for YPR and F30 % and   
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F20 % for SPR). This also suggests that the manage-
ment of this species in the study area could continue 
at current levels of fishing pressure. Moreover, this 
approach can work together with the other 
approaches as the monitoring model, for example, the 
amount of spawning stock of a particular species that 
remained in the area or the current level of fishing 
pressure. However, the stock status of this shark 
species can vary by area based on the natural habitat, 
local fishing pressure, and local management 
measure. Thus, the stock status determination of 
whitespotted bambooshark and other elasmobranch 
species should be expanded into other parts of the 
region. 
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