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Abstract: Population parameters of Harpadon nehereus were estimated using 
FiSAT-II. length-frequency data collected from different landing centers along the 
coast of Bangladesh. The Von Bertalanffy growth parameters L and K for the 
species were 45.05 cm and 1.30/year, respectively. The annual rate of natural 
mortality (M) and fishing mortality (F) were found to be 1.86 and 2.58, 
respectively. The estimated value of the exploitation rate (E) using the length-
converted catch curve was 0.58 and E max was found to be 0.582. The 
recruitment pattern of this species was continuous and two peaks per year. The 
present investigation clearly showed the over fishing (E > 0.50) condition for             
H. nehereus in Bangladesh. The estimated length-weight relationship for the 
combined sex was found to be W = 0.003199 L3. 
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INTRODUCTION 
 Harpadon nehereus (Hamilton 1822) is one of the highly esteemed table fish 
at home and abroad, but little work has so far been done on it in the field of 
population dynamics. It is popularly known as Bombay duck. It is distributed in 
the inshore shallow water and estuarine fish of the Bay of Bengal, Indian Ocean 
and the Arabian sea. This fish is locally familiar as ‘Lotiya Machh’ or ‘Loitta’ 
around the coastal areas of Bangladesh. Growth and mortality aspects of 
Bombay duck of Bay of Bengal have been studied by many authors. Mustafa        
et al. (1998), Khan (1989) reported that for H. nehereus K = 0.76/year, L∞ = 425 
mm along the Saurashtra coast, India. Kurian and Kurup (1992) reported                 
K = 0.52/year, L∞ = 426 mm along the Maharastra coast, India. Mustafa (2003) 
reported L∞ = 24.48 cm K = 1.50 per year in the Bay of Bengal. 
 The present study was undertaken to estimate the key parameters of stock 
assessment and its population dynamics like asymptotic length (L∞), growth co-
efficient (K), total mortality (Z), natural mortality (M), fishing mortality (F), 
exploitation rate (E), recruitment pattern, relative yield/recruit (Y/R), relative 
biomass/recruit (B/R) and virtual population analysis (VPA) etc. for H. nehereus. 
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MATERIAL AND METHODS 
 Length-frequency data of Harpadon nehereus were collected weekly from the 
commercial catches from 35 different landing centers of Bangladesh coastal 
districts from September, 2013 to August, 2014. Samples of H. nehereus were 
mainly caught by set bag net, seine net and gill nets. Random samples of 6,411 
specimens were collected.  The length-frequency data were pooled month-wise.  
 Study area: The study area was from Cox’s Bazar to Satkhira. Data collected 
from 35 selected marine fish landing stations under 49 upazilla of 14 districts 
along the coastal belt of the Bay of Bengal. 
 Data processing and analysis: Estimation of Asymptotic length (L∞) and 
Growth co-efficient (K): Month-wise length-frequency data  were used to estimate 
the total asymptotic  length  (L∞  cm) and growth co-efficient (K/year) of the Von 
Bertalanffy growth equation  (Bertalanffy 1938, Beverton and Holt, 1957). The 
data collection period started from September and continued up to August 2013. 
The ELEFAN I and ELEFAN II routines incorporated in FiSAT II (FAO ICLARM 
Stock Assessment Tools) Software (Gayanilo et al. 2005) were used to determine 
L∞ and K  values following the Powell-Wetherall method (Wetherall et al. 1987). 
This method was used to provide an initial estimate of L∞. This initial estimate of 
L∞ was then used as seed value to determine the value of K (Silvestre and Graces 
2004). Minor adjustments to L∞ and K were made to maximize the ‘goodness of 
fit’ criterion built in to ELEFAN I (Pauly 1987). This led to a preliminary estimate 
of L∞ and K that were used to obtain “probability of capture” by length class 
using the routine in FiSAT. These “probability of capture” were used to correct 
the length-frequency distribution data to account for incomplete selection and 
recruitment and the final estimate of L∞ and K were obtained by using the 
corrected  length-frequency data through  ELEFAN I (Silvestre and Graces, 
2004).  ELEFAN I    was used to estimate the growth parameters based on the 
Von Bertalanffy Growth Formula (VBGF) expressed in the form (Pauly and 
Gaschutz 1979):  
 Lt = L∞ {1 – exp [–K (t – t 0)]} 
 where,  Lt  is the predicted length at time t, L∞ is the asymptotic length or 
maximum length of a given stock of a fish, K is the growth constant , also called 
‘stress factor’ by Pauly 1980 and  t0  is the “age” the fish would have been at zero 
length. 
 Growth performance:  The growth performance of H. nehereus population in 
terms of length was compared using the index of  Pauly and Munro (1984),  
 = Log10 K   + 2 Log10 L∞    
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[Phi prime  is much used as the probably best means of averaging growth 
parameters of a particular species.  is calculated for each datum set and 
averaged. Inserting a value L∞ for instances the mean of all estimates gives a 
value of K corresponding to the L∞ inserted, whenever L∞  and K are estimated 
from a new set of datum for the same species calculation of   indicates if the 
new pair of  L∞  and  K is in accordance with previous result. The new  should 
be close to the previous estimate, because  is the constant in the regression of 
Log K + 2 log L∞. (Sparre and Venema 1998).  
 Mortality estimation: In FiSAT II software package  (Gayanilo et al, 2005, 
ELEFAN II was used to estimate the total mortality Z (per year) using the length 
converted catch curve by means of final estimates L ∞ and  K and length-
frequency data (Beverton and Holt 1957, 1966) for the species H. nehereus. The 
rate of natural mortality M (per year) for the species was calculated by using 
Pauly’s empirical equation (Pauly 1983): 
 Ln M = – 0.0152 – 0.279 Ln [L ∞] + 0. 6543 Ln [K] + 0.463 Ln [T]   
 This formula was used to obtain the estimate of M, given L∞ in cm, K the 
growth constant and T the mean environmental temperature 0C. Once Z and M 
were obtained, then fishing mortality F was derived from the relationship F = Z – 
M (Silvestre and Graces 2004). The exploitation rate E was obtained by the 
relationship:  E = F/Z = F/ (F + M) (Beverton and Holt 1956, Ricker 1975). 
 Probability of capture: Probability of capture calculated from the length 
converted catch curve routine and estimated the final L25, L50 and L75 (Length at 
which 25, 50 and 75% of fish would be vulnerable to the gear (Pauly 1984). 
 Recruitment pattern: Recruitment Pattern was obtained by the backward 
projection of the frequencies on the time axis of a time series of samples along a 
trajectory defined by the Von Bertalanffy growth equation (Moreau and Cuende 
1991). This routine reconstructs the recruitment pulses from time series of 
length-frequency data to determine the number of pulses per year and the 
relative strength of each pulse (Gayanilo et al. 2005). 
 Virtual population analysis (VPA): The terminal population (NT) was estimated 
from Nt = Ct (M + Ft)/Ft. Where Ct is the terminal catch, and Ft is the terminal 
fishing mortality and M is the natural mortality. Starting from N0 successive 
value of F was estimated by iteratively solving: 
 Ci = Ni + ∆t(Fi/Zi) (exp(Zi∆ti)–1  (Gayanilo et al. 2005).   
 Where Ci = Catch (in number) for a population during a unit time period i,  
 ∆ti = (t i+1 – ti) and ti = [t0 – (1/K)Ln (1–Lt/L∞ )]. 
 The population size Ni was computed from Ni = Ni + ∆ti exp (Zi). The last two 
equations were used alternatively until the population sizes and fishing 
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mortality for all length groups have been computed (Jones and van Zalinge, 
1981, Moreau and Cuende 1991). 
 Relative yield-per-recruit and relative biomass-per-recruit: The Relative Yield-
per-Recruit (Y/R) was computed using the following formula (Gayanilo and 
Pauly 1997, Beverton and Holt 1966): 

                            Y/R= E.U M/K {1–   +   –  } 

 Where, U = 1–(Lc/L ), m = (1–E)/(M/K) = K/Z, Lc = length of fish at first 

capture i.e. length at which 50% of the fish are retained by the gear and E = 
F/Z. 
Relative biomass/recruit B/R was estimated from the relationship B/R = 
(Y/R)/F 
 The values of Emax, E0.1 and E0.5 were estimated by using the first 
derivative of this function, where, Emax = Maximum sustainable exploitation 
rate, E0.1= Exploitation rate at which the marginal increase of relative 
yield/recruit is 1/10th and E0.5 = Value of E under which the stock has been 
reduced to 50% of its unexploited biomass.   
 

RESULTS AND DISCUSSION 
 Growth parameters:  Growth parameters of the VBGF were estimated as L∞ = 
45.05 cm and K =1.30/year. For these estimates “K Scan” option of the FiSAT II 
was used as recommended by Gayanilo et al. (2005). The computed growth 
curve produced with those parameters is shown over its restructured length 
distribution in Fig. 1. The t0 value was taken as 0. Mustafa et al (1998) reported 
L∞ = 24.48 cm and K = 1.50/year  and Mustafa et al. (1994) reported L∞ = 29.00 
cm and K = 0.9/year for H. nehereus from the Kumira estuary and Islam (1995) 
also reported that L  = 30.00 cm of the species in the Karnafully estuary of 

Bangladesh.  Khan (1989) reported that for H. nehereus K = 0.7618, L∞ = 425 
mm  along the Saurashtra coast, India. Kurian and Kurup (1992) reported that 
K=0.52/year, L∞ = 426 mm along the Maharashtra coast, India. Calculated 
growth performance index  was found to be 3.42.  
 Mortality: The mortality rates M, F and Z computed are 1.86, 2.58 and 4.44, 
respectively. Fig. 2 represents the catch curve utilized in the estimation of Z. The 
dark circles represent the points used in calculating Z through least square 
linear regression. The blank circles represent points either not fully recruited or 
nearing to L∞ hence discarded from calculation. Good fit to the descending right 
hand limits of the catch curve was considered. Mustafa et al. (1994) computed 
M, F and Z were 2.46, 3.27 and 5.73, respectively from Kumira, Chittagong in 
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the Bay of Bengal. Balli et al. (2011) estimated M, F and Z were 1.30, 3.03 and 
4.33, respectively from Mumbai waters, India. Khan (1989) estimated Z, M and F 
2.784, 1.572 and 1.212, respectively along the Saurashtra coast, India. 
 

 
 

Fig. 1. Growth curve of H. nehereus from Bangladesh by ELEFAN I superimposed 
on the restructured length-frequency (L=45.05 cm and K=1.30/yr) 

 
 

 
 

Fig. 2. Length converted catch curve of  H. nehereus. 
 

 Exploitation rate: The exploitation rate (E) has been estimated from the 
Gulland’s (1971) equation, E = F/F + M. From these range of values of F and Z it 
can be shown that the rate of exploitation (E) is 0.58. It appears that the stock of 
H. nehereus of the coastal area of Bangladesh is under fishing pressure. This 
assumption is based on Gulland (1971) who stated that suitable yield is 



106 Sarker et al. 

 

optimized when F=M and when E is more than 0.5, the stock is generally 
supposed to be over fishing. Mustafa et al. (1994), Islam (1995) and Mustafa et 
al. (1998) also reported the over exploitation of the species in the coastal region 
of Bangladesh. Balli et al. (2011) observed the exploitation rate 0.66 in Mumbai 
waters in India. 
 Probability of capture: The estimated length sizes for 25% (L25), 50% (L50) and 
75% (L75) probabilities of capture would be 13.76, 17.50 and 19.80 cm, 
respectively for H. nehereus (Fig. 3). Mustafa et al. (1998) found Lc i.e., L50 as 
6.747. But this is likely to differ in case of commercial fish trawlers having 
different mesh size in the cod end. 
 

 
 

Fig. 3. Probability of capture of H. nehereu. 
 

 Recruitment pattern:  Two recruitment peaks were found for H. nehereus one 
in March-May and another in August-November (Fig 4). Two peaks in 
recruitment for several fishes were reported by Russell et al. (1977), Williams 
and Sale (1981) and Mustafa et al. (1998).   
 Virtual population analysis (VPA): The Length-structured VPA is a powerful 
tools for fish stock assessment by which the size of each cohort is estimated 
along with the annual mortality caused by fishing. The F at length array showed 
in (Fig. 5) that the maximum fishing mortality occurring in the length between 
10 to 32 cm with a maximum value in the length of 32 cm that repeatedly 
indicate high fishing mortality  in the H. nehereus. Large quantities of juveniles 
are caught particularly during February-May as a result the Z is high. The 
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commercial sized fish in the catch is very poor during February-May. The 
commercial size (210 and above) is much below the size at first maturity 250 
mm (Khan 1989). 
 
 

 
 

Fig. 4. Recruited pattern of H. nehereus on the basis of data of one year starting 
from September to August. 

 
 

 
 

Fig. 5. Length-structured virtual population analysis  of H. nehereus. 
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Fig. 6. Relative yield/recruit and biomass/recruit of H. nehereus. 

 
 Yield/recruit and biomass/recruit: The relative Yield-per-recruit and 
Biomass-per-recruit were determined as a function of Lc/L∞ and M/K were 
0.388 and 1.430 respectively. The E0.1 and E0.5 were found to be 0.466 and 0.325 
respectively (Fig. 6) showed that the present exploitation rate E = 0.58 exceeds 
the optimum exploitation rate E = 0.50. The studies on yield per recruits 
indicate 6 - 9% higher yield from 25 and 27 mm cod end dol net, respectively 
which is already in vogue at Satpati, Maharashtra (Khan 1989). It is evident that 
whenever the catch has exceeded the estimated MSY there has been a decline in 
the catch in succeeding year. It may appear, because of self regulatory nature of 
dol net fishing, that no management policies are needed. But the following 
observations have to be taken into consideration before coming to any 
conclusion (Khan 1989). 
 

CONCLUSION 
 The Bay of Bengal is being considered with vast biodiversity and it is capable 
of supporting various fish species including H. nehereus. From the findings of 
the present study it can be concluded that the stock of H. nehereus is in over-
exploitation level. Any major change in the existing fishing level/exploitation will 
most likely result in a reduction in the yield per recruit and thereby hamper the 
MSY. Therefore, protection from any over exploitation, prohibition of 
indiscriminate fishing with non-allowable mesh size gears/nets, banning of 
fishing particularly during the spawning season of the studied species are 
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recommended, which in turn will help to manage this fishery in a more 
sustainable way. The findings of the present study will help to formulate the 
management and conservation policies of this species and would be helpful for 
further development of this species in Bangladesh. 
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