
Abstract
Spadenose shark Scoliodon laticaudus is a common shark species landed as a bycatch from 
various gears used in the north-eastern Arabian Sea, India. Length-based stock assessment 
was done for S. laticaudus landed from trawl nets operated from New Ferry Wharf and 
Versova and trawled at 20-50 m depths from August 2016 to May 2018. Altogether 2237 
specimens of S. laticaudus were sampled for the study, of which males contributed 46.80% 
(n= 1047) and females 53.20% (1190) with a sex ratio of 1:1.3. Length range observed was 
170 to 590 mm for males and 163 to 610 mm for females. S. laticaudus has a relatively 
faster growth rate with a K value of 0.64 yr-1, t0 of -0.364 yr and an asymptotic length (L∞) 
of 674 mm.
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Introduction 
Elasmobranchs are born as well-developed 
young individuals of relatively large size 
as compared to teleost fishes. Natural 
mortality due to predation is less among 
elasmobranchs; hence fishing mortality is 
the leading factor for stock depletion. The 
recovery rate of these fishes is abysmal 
due to their physiology and life history 
parameters (Cortes, 1999; Heppell et al., 
1999; Cortes, 2002; 2004; Musick, 2005; 
Morgan and Burgess, 2007; Mandelman et al., 
2008). Most of the species in the Indian 
Ocean are categorised under the threatened 
categories of IUCN (Akhilesh et al., 2014; 
Dulvy et al., 2014; Jabado et al., 2017; 
Jabado et al., 2018).

Stock assessment studies evaluate the 
status of fish stock and predict the possible 
outcomes under different management 
scenarios. They provide information on 
whether the abundance of a stock is below 
a given reference point, helping determine if 
the stock is overexploited. They also indicate 
whether a particular catch level will maintain or 
alter the abundance of the stock (Bonfil, 2005). 
The main objective of stock assessment of 

exploited fish stocks is to predict future 
yields, biomass levels (sustainability) and 
the value of the catch  constant or varying 
levels of fishing effort changes. Progress 
in stock assessment of elasmobranchs 
is  critically hampered due to the lack of 
species-specific catch data (Camhi et al.,
2008). The size, structure, biological 
parameters and spatial dynamics of most 
stocks of elasmobranchs are unknown due 
to the non-availability of data (Bonfil, 2005).

The spadenose shark Scoliodon laticaudus 
Muller and Henle, 1838 is a small 
carcharhinid shark species distributed in 
tropical waters of the Western Pacific and 
Indian Oceans. The species forms large 
shoals in neritic waters and is usually 
found in a depth range of 10 to 13 m. 
It is an apex predator preying on large 
varieties of other fishes, crustaceans 
and molluscs (Compagno, 1984: Reide, 
2004). Like all other carcharhinid sharks, 
S. laticaudus exhibits viviparity, with  
4-6 months of gestation and complex 
placental connection. The species is often 
caught in different gears operated in the 
tropical seas, as bycatch. 
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Unlike other larger and slow growing shark species, this species has 
fast-growing life history parameters which helps to sustain the stock 
from overfishing (Sen et al., 2018). However, the lower fecundity of 
1 to 19 per female in a season and intense recruitment overfishing 
of the species may make them one of the most vulnerable groups in 
the ecosystem (Compagno and Niem, 1998, Fowler and Cavanagh, 
2005; Sen et al., 2018). Similarly, habitat degradation in inshore 
waters may affect the species in estuaries (Sen et al., 2018). The 
IUCN Red List has categorised this species as Near Threatened. 

The species is more common in the Maharashtra coast of India and 
contributed 87% to the total shark fishery (Thakurdas and Sundaram, 
2011). On account of their importance in fisheries, several 
studies have been conducted in India on taxonomy, length-weight 
relationship feeding and breeding biology, stock and population 
parameters from different parts of the Indian coast (Aiyar and 
Mahadevan, 1938; Setna and Sarangdhar, 1949; Nair et al., 1974; 
Nair, 1976; Devadoss, 1979, 1984; Kulkarni et al., 1988; Devadoss 
et al., 1989; Kasim, 1991; Chakraborty et al., 1997; Mathew and 
Devaraj, 1997; Abdurahiman et al., 2004; Raje and Sundaram, 2012; 
Fofandi et al., 2013; Sen et al., 2018; Thomas et al., 2020). 

The present study was carried out to update the available information 
on the stock status of S. laticaudus along the Maharashtra coast. 

Materials and methods
A total of 2237 specimens of S. laticaudus were collected from the 
shrimp trawlers of the New Ferry Wharf and Versova fish landing 
centres of Mumbai from August 2016 to May 2018, which comprised  
1047 males and 1190 females. The vessels operated trawl nets 
(with cod end mesh size of 17-30 mm) in the depth range of  
20-50 m. The total length (TL) range observed was 170 to 590 mm 
for males and 163 to 610 mm for females.  The total length (TL) 
frequency data of S. laticaudus were recorded weekly from the two 
landing centres. Length-weight relationship (LWR) was calculated 
using log-transformed data, log W= log a+ b log L (Le Cren, 1951; 
Froese, 2006), where W is total weight (g), L is the total length (cm), 
log a is the intercept and b is the slope. The log-transformed data 
was applied to linear regression, and values of “a” and “b” were used 
for loading data into FiSAT II software. The frequency was raised to 
that of the day and the month  following Sekharan (1962). Growth, 
mortality and exploitation parameters were estimated using FiSAT II 
programme developed by ICLARM (Gayanilo et al., 1988; Gayanilo  
et al., 2005). The von Bertalanffy growth parameters (von 
Bertalanffy, 1934) viz. asymptotic length (L∞) and growth  
co-efficient (K) were estimated using monthly raised frequency 
data in the ELEFAN- I module of FiSAT II. Age-at-length zero (t0) was 
back-calculated using a modified von Bertalanffy growth equation 
suggested by Alagaraja (1984) i.e., t0= -1/K loge [1-(L0/L∞), where, 
t0 is theoretical age at which the length of the shark is zero, K is 
the growth co-efficient, L0 is length at birth and L∞ is asymptotic 
length. For the calculation of t0, 140 mm was used as the total 
length at birth (L0), which was assumed from the length of the 
largest embryo and smallest free-swimming individuals observed 
from the fishery. Mortality and exploitation parameters were derived 
from the growth parameters. According to Cushing (1968), natural 
mortality, M was calculated as M = ln 100/(Tmax - 1) where, Tmax 
denotes longevity of the fish; M was also calculated by the method 
of Rikhter and Effanov (1976), M = 1.521/(Tm50% ^0.720) - 0.155 per 

year which showed a close association between M and Tm50%, the 
age when 50% of the population is mature (also called “the age of 
massive maturation”). Total mortality, Z was calculated based on 
the length-converted catch curve with the help of FiSAT II (Pauly, 
1983; 1984). The selection curve was created from the cumulative  
length-frequency data and LC50 was obtained. 

The relative yield per recruit (Y/R) and relative biomass per recruit 
(B/R) at different exploitation levels (Beverton and Holt, 1966) were 
estimated by the FiSAT II package.  Exploitation rate (E) = F/Z and 
Exploitation ratio (U) = (F/Z) * [1- exp –z] were calculated, where  
F is fishing mortality and Z is total mortality. Total stock = Y/U, where  
Y is the  yield (annual catch) of the fish in tonnes; U the exploitation 
ratio, standing stock (BV) = Y/F, where Y is the yield (annual catch) of 
the fish in tonnes and F is  fishing mortality. Maximum sustainable 
yield (MSY) was estimated with the help of Cadima’s formula,  
MSY = 0.5 x Z x Bv, where, Bv is virgin biomass (Average standing 
stock), Y is yield and M is natural mortality. 

Results and discussion
Length-based population studies are considered robust methods 
for fish stock assessment in tropical waters (Pauly and Morgan, 
1987). The length-based model is advantageous due to its fast and 
easily reliable data collection approach than age data collected 
from the hard parts. For tropical fishes, hard parts ageing methods 
are difficult due to lack of clear-cut seasonal demarcation (Morgan, 
1987). Hence the present study focused on length-based data 
collection and estimation of stock parameters.

The L∞ and K values of 674 mm and 0.64 yr-1, respectively obtained 
using t0 of -0.36 yr-1 were selected as the best fitting estimates of 
growth parameters for S. laticaudus. The von Bertalanffy growth 
curve (Fig. 1) constructed using the above parameters gave 
an L0 of 140 mm. The growth performance index and tmax of  
S. laticaudus were estimated to be 3.46 and 4.69 yr, respectively. 
The growth curve constructed using these parameters showed 
that S. laticaudus grows to a TL of 225 and 437 mm at the end 
of 1st and 2nd year respectively after which the growth slows down 
considerably registering a TL of 550 mm in 3rd yr, 601 mm in  
4th year and 640 mm in 5th year. 

The length at birth (L0) for S. laticaudus in the present study was 
estimated at 140 mm. Since direct estimation of L0 was difficult, the 
largest embryo and smallest free-swimming individuals taken out 
from the pregnant female were used to arrive at the L0. The value 
recorded is similar to that reported by Setna and Sarangdhar (1948), 
Nair (1976), Chakraborty et al. (1997), Mathew and Devaraj (1997) 
from Mumbai waters and Devadoss (1979; 1998) from Calicut waters. 

The natural mortality rate (taken for further calculation) (M), 
the total mortality rate (Z), the fishing mortality rate (F), current 
exploitation rate (E) and exploitation ratio (U) for S. laticaudus were 
0.98 yr-1, 2. 39 yr-1, 1.41 yr-1, 0.58 and 0.54 respectively (Table 1). 
The length-based cohort analysis showed that F exceeded M after 
the shark attained 384 mm TL (Fig. 1) From the length-frequency 
data, a cumulative frequency curve was constructed to find the LC50 
(Length at which 50% of the fish became vulnerable to the gear). 
The value of LC50 obtained as 350 mm (Fig. 1) is slightly nearer to the 
length at first maturity of the species (344 mm) (Sen et al., 2018). 
i.e. 50% of fish get an opportunity to breed once in its life span.
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The coefficient of growth (K) estimated as 0.64 yr-1 in the present 
study closely matches the values 0.68 and 0.63 yr-1 respectively, 
reported by Mathew and Devaraj (1997) and Chakraborty et al. 
(1997) from Mumbai waters, while the growth rates recorded by 
Devadoss (1998) from Calicut waters were 0.41 yr-1 (male) and 

0.36 yr-1 (female). Kasim (1991) recorded the fastest growth rate of 
0.88 yr-1 from Veraval, Gujarat. Branstetter and Musick (1994) also 
endorsed a fast growth rate for this species. The value of t0 of the 
fish was calculated from the L0 by using the inverse Bertalanffy’s 
equation and was estimated as -0.364 yrs, while Devadoss (1988) 
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Fig. 1. Growth, mortality and exploitation parameters of S. laticaudus in north-eastern Arabian Sea, (a) and (b) von Bertalanffy growth curve, (c) Selection 
ogive of fish landed in trawl net (d) Length structured virtual population analysis, (e) Relative yield per recruit and relative biomass per recruit analysis using 
knife edge selection

Lt = L∞* (1-e(-K(t-t0))
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Table 1. Growth, mortality and exploitation parameters of S. laticaudus

Parameters Value
L∞ (mm) 674 
K (yr-1) 0.64
t0 (yr) 0.36
L0  (mm) 140
tmax (yr) 4.69
Φ’ 3.46
M (yr-1) 0.98
F (yr-1) 1.41
Z (yr-1) 2. 39
E 0.58
Emax 0.57
E0.1 0.50
E0.5 0.33
U (yr-1) 0.54
Total stock ,Y/U (t) 1146.78
Standing stock ,BV = Y/F (t) 439.19
MSY = 0.5*Z*B (t) 524.83

ELEFAN I: Electronic Length Frequency Analysis - I method; VBGF: von Bertalanffy 
growth curve (equation); DW∞: Maximum theoretical disk width, the animal can reach; 
K: Growth coefficient; t0: Time when length of the animal is theoretically zero; DW0: Disk 
width of animal at birth and tmax: Longevity of the fish, Φ’ :Growth performance index,  
M: Natural mortality, F: Fishing mortality, Z: Total mortality, E: Exploitation rate 
(current), Emax: Maximum exploitation rate of the fishery, E0.1: The exploitation level at 
which the marginal increase in yield per recruit reaches 1/10 of the marginal increase, 
E0.5:  The exploitation level that could result in the reduction of B/R to 50% compared to 
virgin biomass, U: Exploitation ratio

recorded 0.59 yrs. The asymptotic length (L∞) calculated is 674 mm 
i.e. it is one of the smallest groups of sharks. Similar studies in 
Mumbai recorded a size range of 726 to 755 mm as L∞ (Nair,1986; 
Chakraborty et al., 1997; Mathew and Devaraj, 1997). The smaller 
size of L∞ in the present study may be the result of increasing 
fishing pressure over the years. A comparison of growth, mortality 
and exploitation parameters obtained from the present study and 
previous studies are given in Table 2.

The estimation of M appears to be reasonable and M/K value is 
1.53 which is within the range of 1 to 2.5 as suggested by Beverton 
and Holt (1957). The analysis indicated that the exploitation rate 
that maximises the yield per recruit (Emax) was 0.57 for S. laticaudus. 
However, exploitation of the stock at Emax can decrease the biomass 
to a critically low level and hence should not be necessarily used 
as a target reference point (TRP). Therefore, as a precautionary 

Table 2. Comparison of growth, mortality and exploitation parameters of S. laticaudus recorded from different parts of the Indian coast

Authors Year Sex Region L∞ (mm) K  (yr-1) t0 (yr) L0 (mm) Z  (yr-1) F (yr-1) M  (yr-1) E Lc (mm)
Nair 1976 Pooled Mumbai 755 0.27 -0.566 140
Kasim 1991 Female Gujarat 749 0.88 0.012 - 3.32 1.79 1.53 0.54 288.7

Male 680 1.08 -0.012 - 3.39 1.63 1.76 0.48 335
Chakraborty et al. 1997 Female Mumbai 726 0.48 - - 3 2.1 0.9 0.7 559

Male 740 0.63 - - 3 2.1 0.9 0.7 340
Mathew and Devaraj 1997 Pooled Mumbai 740 0.68 -0.01 140 4.15 2.2 1.95 0.53 270
Devadoss 1998 Female Calicut 715 0.36 0.59 140 1.45 0.73 0.72 0.5 185

Male 676 0.41 0.59 140
Present study 2018 Pooled Mumbai 674 0.64 -0.364 140 2.39 1.41 0.98 0.58 350

approach, it is recommended that the exploitation should be 
reduced to a level where the yield per recruit reaches 1/10 of the 
marginal increase computed at a very low level of exploitation (E0.1) 
which was found to be 0.50 for S. laticaudus, and therefore this 
value may be used as a relatively safer TRP. 
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