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 The highest and the lowest catch quantity of S. longiceps was observed in 1993, 92704 Mg, and 2010, 20127 Mg 

respectively, whereas average catch quantity of this fishery resource remained 44265 Mg year-1 during the study period 

(1990-2010). To estimate MSY we applied IP (B1/K) of 0.7 because the initial catch was about 70% of the maximum catch. 

For Fox model computed values of MSY, CV and R2 by using log and log-normal assumption were 21734 Mg, 0.2180, 

0.841 and 27477 Mg, 0.1033 and 0.815 in that order. Calculated figures of same parameters for Schaefer model were 27609 

Mg, 0.1925, 0.838 and 32665 Mg, 0.1217, 0.815 respectively, while for Pella-Tomlinson model their values were 27609 

Mg, 0.2062, 0.838 and 32665 Mg, 0.1173, 0.815 correspondingly. Gamma error assumption did not produce rational results 

in all the three models used. Fox model appeared to be more conservative as compared to other models in terms of MSY 

calculation and produced higher R2 values. Obtained results suggest that fishery stock of this aquatic resource is in safe 
condition and therefore harvest should be kept at the current level. 

[Keywords: Fishery management, Fish stock assessment, Sardinella longiceps, Maximum sustainable yield, CEDA, 

Surplus production models, Pakistan] 

Introduction 

Fishes belonging to genus sardine are 

considered very important and their contribution 

in total pelagic catch is 30%
1
. Amid marine 

production, S. longiceps is listed amongst the 

important commercial fishes of Pakistan. It is 

not only consumed locally but also a large 

volume of revenue is earned by its export. S. 

longiceps belongs to the family Clupeidae. This 

fish is commonly known as Lee-gur in 

Pakistan
2
. Among small pelagic fishes S. 

longiceps is the main targeted fish. It is used in 

multiple ways. Its fresh consumption is preferred 

or it is sundried to be used as fertilizer or cattle 

feed.  

 

In order to hunt larger fish species S. 

longiceps is also used as bait. This fish is 

marketed in various forms such as smoked, 

canned, dried, fresh etc.
3
. It forms schools and 

show migratory behavior. It breeds once in a 

year during monsoon months with a peak 

spawning in August and September. It prefers to 

live at 22 – 28 
O
C. Breeding grounds are near 

western coasts of India
4
. Its average catch from 

Pakistan marine waters is 44265 Mg year
-1

. The 

maximum and minimum catches of S. longiceps 

were recorded in 1993 and 2010 having catch 

quantity of 92704 Mg and 20127 Mg 

respectively. Unfortunately, catch quantity of  
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this fish is continuously decreasing with the 

passage of time.  

For maximum utilization and conservation of 

fishery resources it is necessary to evaluate 

them. Surplus production models (SPMs, 

sometimes are referred as biomass dynamic 

models) are the statistical tools based on certain 

assumptions and are used to access fishery 

resources. Obviously, they are the most popular 

models used in fisheries management and 

plethora of literature is available related to 

them
5-12

. Their popularity stems into their ease 

of use. They require simple data of catch and 

effort or catch per unit effort (CPUE). Generally 

they involve two to four parameters; however 

seven parameters were also presented for the 

analysis of catch and effort data
13

. The 

interpretation of data by SPMs is easy to 

understand and less problematic. The main 

parameters computed by the use of SPMs 

include maximum sustainable yield (MSY) and 

optimum fishing effort (Emsy). Classical 

production models were based on assumption 

that fishery stocks are at equilibrium state and 

employed linear regression technique. But with 

the advent of modern fishery science non linear 

regression models are used now which are based 

on non equilibrium state of the fishery stock. 

The software CEDA
14

 assumes non-equilibrium 

state and relatively difficult to interpret.  

Many researchers have evaluated stock status 

of many fishes
15-19

 dwelling Pakistani marine 

waters. Stock assessment of S. longiceps is also 

conducted before
20

. The need of this fishery 

stock reevaluation of this marine resource relies 

on three reasons. First, data source is different 

and length of data series is longer used in this 

study as compared to the pervious study. 

Second, the reliability of the data used in the 

previous study is debateable
21-22

 which compels 

to conduct this study. Third, recent available 

data should be used and frequent stock 

assessment analysis should be done for effective 

fishery management
23

. In the light of these cited 

reasons this research project is conducted. 

 

Materials and Methods  
Fishery statistics on catch and effort, 1990-

2010, of Indian Oil Sardine S. longiceps, were 

obtained from Food and Agriculture 

Organization of the United States (FAO) website 

by using specialized software for fisheries data 

procurement viz. FishStatJ – FAO Global 

Fishery and Aquaculture Statistics Software
24

 

and by contacting FAO. Catch is in the form of 

megagrams (Mg) whereas effort is in number of 

fishermen. The highest catch was observed in 

1993 with a capture biomass of 92704 Mg. The 

maximum CPUE, 0.185, was also observed in 

the same year.  

Data was analyzed through biomass surplus 

productions models or biomass dynamics 

models (SPMs or BDMs). Three SPMs of Fox, 

Schaefer and Pella-Tomlinson were used 

through CEDA (Catch and effort data 

analysis)
14

. Among these three models, the 

Schaefer model is frequently used and based on 

logistic population growth: 

( )
dB

rB B B
dt

 
  

25
 

While Fox model is relied on Gompertz 

growth equation: 

(1 1 )
dB

rB nB nB
dt

 
 
26

 

Pella-Tomlinson model is based on 

generalized production equation.  

1 1( )n ndB
rB B B

dt

 

 
 
27

 

Where B is fish stock biomass; t, time (year); 

B, carrying capacity; and r, intrinsic rate of 

population increase.  

CEDA has the ability to calculate MSY 

through non-equilibrium Fox, Schaefer and 

Pella-Tomlinson models by assuming three error 

estimates i.e. log, log-normal and gamma. MSY 

estimation further requires confidence interval 

input. Estimated key parameters by using CEDA 

are K (carrying capacity), MSY (maximum 

sustainable yield), q (catchability coefficient), r 

(intrinsic growth rate), Ryield (replacement 

yield), R
2 

(coefficient of determination), final 

biomass and CV (coefficient of variation) of the 

estimated MSY. SPMs used in fishery 

management are based on certain assumptions. 

CEDA software also assumes some supposition. 

Among these assumptions one is that there exists 

no inter species interaction. In addition to this 

several other assumptions are also made. These 

are that no environmental factor affects 

population, r is independent of age composition, 
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there exists a single stock unit i.e. no multi 

stocks exist, q (catchability coefficient is 

constant), fishing mortality and natural mortality 

take place simultaneously and finally catch 

statistics are reliable an accurate.  

 

Results 

Major landing sites in Pakistan are shown in 

Figure 1. Overall, there is a decreasing trend in 

catch. Staring with, in 1990, the catch quantity 

of 63743 Mg ended up, in 2010, with 20127 Mg. 

The catch quantity has decreased, 1990 – 2010, 

more than 50% of the initial catch. The 

calculated difference between first and last catch 

was 43616 Mg. The maximum recorded catch, 

92704 Mg, was observed in 1993. The lowest 

catch was recorded in 2010 i.e. 20127 Mg, while 

average catch value remained 44265 Mg. 

Computed CPUE is graphically presented in 

Figure 2. CPUE, average value is 0.111, also 

showed declining trend. It’s maximum and 

minimum values, 0.186 and 0.060, were 

observed in 1993 and 2010 in that order.  

Graphical representation of estimated and 

observed catches computed by using CEDA 

software showed no visual difference between 

log and log-normal error assumptions 

anticipated for all the three SPMs that were  

 

 

 

 

used. However, gamma estimation graph gave 

different picture.  

 It indicated greater value of expected catch 

against observed catch in contrast to log and log-

normal assumption values (Figure 3). 

Estimated MSY along with coefficient of 

variation (CV) values by using CEDA software 

are listed in Table 1. This software requires an 

input of initial proportion. It can be noted that 

CEDA package shows sensitivity towards input 

value of initial proportion, IP (B1/K, starting 

biomass over carrying capacity). With different 

IP inputs, diverse estimated values for various 

parameters were obtained. Estimation of MSY 

with gamma error assumption in all the three 

Fox, Schaefer and Pella-Tomlinson models 

sometimes resulted in unreliable output values 

or showed minimization failure. On the other 

hand, log and log-normal estimation of MSY 

and other parameters, for all the SPMs used, 

gave more rational results.  

An IP of 0.7 was used because the initial 

catch was about 70% of the maximum catch.  

Concluded results of CEDA for IP 0.7 are 

presented in Table 2. It can be noted that gamma 

assumption in terms of MSY, CV or R
2
 

calculation did not computed reliable results.  

 

Table 1— MSY values for all the three SPMs along with error assumptions computed by using CEDA (IP 0.1 – 0.9) 

Models 

IP Fox                            Schaefer Pella-Tomlinson 

 Log Log-normal Gamma Log       Log-normal Gamma Log Log-normal Gamma 

0.1 78973 90723 MF 655378 183291 676174 655378 183291 676174 

 0.0894 0.0005 MF 4359.0230 0.0000 0.4885 8962.6130 0.0000 0.2779 

0.2 47883 54530 734186 100339 101098 MF 100339 101098 MF 

 0.1186 0.0478 1383.6050 0.0099 0.0000 MF 0.0089 0.0000 MF 

0.3 36331 40889 734186 68008 74538 316798 68008 74538 316798 

 0.1307 0.0711 1924.2000 0.0488 0.0000 482.4796 0.0478 0.0001 1287.5700 

0.4 30173 35326 34101 51126 61665 MF 51126 61665 MF 

 0.1477 0.0838 0.1221 0.0979 0.0007 MF 0.0978 0.0006 MF 

0.5 26307 31728 MF 40468 38408 44225 40468 38408 44225 

 0.1894 0.1014 MF 0.1376 0.0854 0.0919 0.1432 0.0997 0.0966 

0.6 23655 29031 250793 33050 34567 37651 33050 34567 37651 

 0.2091 0.1111 3176.1468 0.1609 0.1111 0.1296 0.1618 0.1006 0.1199 

0.7 21734 27477 609242 27609 32665 225727 27609 32665 225727 

 0.2180 0.1033 2774.8540 0.1925 0.1217 3023.4450 0.2062 0.1173 4268.0570 

0.8 20286 26612 MF 23493 31848 MF 23493 31848 MF 

 0.2503 0.1004 MF 0.2511 0.1186 MF 0.2507 0.1064 MF 

0.9 19155 25401 253874 20305 28427 26353 20305 28427 26326 

 0.2835 0.1163 0.1711 0.2992 0.1462 0.1588 0.3018 0.1459 0.1755 
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Fig. 1— Major landing sites (circles) along the coastline of 

Pakistan. 

For gamma, MSY and CV values are too high 

while coefficient of determination of goodness 

of fit R
2
 is very low. Log and log-normal 

assumptions for all the SPMs produced good 

results. Estimated MSY values by Fox model for 

log and log-normal assumptions were 21734 Mg 

and 27477 Mg respectively. Schaefer and Pella-

Tomlinson models computed same MSY for 

both the assumptions i.e. log and log-normal. 

Fox model remained a bit more conservative in 

MSY calculation as compared to other models. 

R
2
 value calculated for log and log-normal 

assumption for all the three SPMs remained 

same, except Fox (log) value. CV values 

remained 0.2180, 0.1033 and 0.1925, 0.1217 and 

0.2062, 0.1173 for log and log-normal 

assumptions used in Fox, Schaefer and Pella-

Tomlinson models.  

 

 
 

Fig. 2— Graphical representation of CPUE of S. longiceps 

fishery from 1990-2010 in Pakistan. 

 

Discussion 

In fishery management science the concept of 

MSY is crucial. Sometimes MSY is regarded as 

biological reference point (BRP). BRPs play 

central role in long term fishery management 

objectives. By considering this point maximum 

capture production or sustainable yield is 

predicted
7
. BRPs tell about fishing mortality or 

of biomass and predict sustainable catch by 

indicating best possible catch values
28

.   

Surplus production models just need catch 

and effort data, other data such as of age 

structure etc. is not required, and are used for 

fishery resource administration
29

. They give us 

the output in the form of estimated MSY. Thus, 

surplus production models forecast about the 

fate of the fishery stock. Commonly, when 

computed output value of surplus production 

model is higher than catch figure we say fishery 

stock is flourishing. However, when both values 

are equal the stock is at constant or equilibrium 

state. But, if calculated surplus production figure 

is lower than catch then the stock is 

overexploited. 

To meet the demands of domestic 

consumption and fulfill export orders in the 

pursuit of earning extra money more and more 

effort is done to increase catch. Pakistani fishery 

is rich in biotic diversity and has tremendous 

export potential
30

. Mechanized fishing vessels 

with bigger nets having small mesh size are used 

without considering ecological harms. 

Overexploitation of fishery resources causes 

irreparable loss due to genetic drift.  

Removal of large number of genes from gene 

pool leaves few to manipulate in the next 

generation. Future generations suffer from bottle 

neck effect and face low disease resistance and 

less biomass production. On the other hand if the 

stock is underexploited we suffer from economic 

loss and do not get full benefit of natural 

blessing. Thus it is of utmost importance to 

evaluate fishery resource status.  

In a nut shell, we can say that the best fishery 

management practice must involve what type of 

data to be collected, which statistical technique 

is used to analyze the data and finally what 

management proposals are followed. In SPMs, 

MSY or BRP gives us the direction for further 

fishery management
31-32

.  

CEDA software is menu driven and can 

guess customized parameters. It estimates 

parameters by using confidence intervals, 95%, 

through bootstrapping and has useful analytic 
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tools such as residual plots and goodness of fit. 

It is not only limited to just three SPMs i.e. Fox, 

Schaefer and Pella-Tomlinson but each of these 

models further have three error assumptions i.e. 

log, log-normal and gamma.  

It requires simple data and calculates MSY 

for different error assumptions and does not 

assume that the fishery stock is at a stable state. 

As temporal and spatial distribution of fish 

stocks does not remain constant rather it 

fluctuates under the effect of biotic or abiotic 

factors. MSY, 21734 Mg, calculated through 

Fox with log assumption was the most 

conservative. Fox, Schaefer and Pella-

Tomlinson models with log-normal assumption 

produced almost same estimated MSY such as 

27477 Mg, 32665 Mg and 32665 Mg in that 

order.  

The concept of MSY implies the resource 

exploitation under the sustainable level. That is 

why MSY is also called as target biological 

reference point (BRP). SPMs are also referred to 

as Biomass Dynamic Models and are considered 

as basic fishery management models
14

. 

In common, when catch quantity is higher 

than estimated MSY value then the population 

size of the stock is decreasing. When, it equals 

to the MSY value, the stock is at sustainable 

state so the catch should neither be increased nor 

decreased rather maintained at computed MSY 

level. When, the catch quantity is smaller than 

the computed MSY value then the stock 

population is flourishing and more exploitation 

is possible. Hence, MSY is crucial in making 

fishery management decision, in the light of  

 

 

 

which sustainable exploitation can be decided
32-

33
, however caution is required in decision 

making otherwise modelling approach may go 

wrong
34

. 

 

 
Fig. 3— Comparison of observed and estimated catches 

computed for all the SPMs used along with their error 

assumptions by using CEDA package for S. longiceps 

fishery in Pakistan.  
 

Conclusion 

For IP = 0.7, CEDA computed MSY of S. 

longiceps in a range between 21000 to 33000 

Mg. Log error assumption remained 

conservative as compared to log-normal error 

assumption but showed higher R
2
 values. Thus, 

by considering estimates of log error 

assumption, MSY of S. longiceps is 21000 – 

27000 Mg in Pakistani marine waters. In order 

to conserve this fishery resource it must not be 

harvest beyond this range rather harvest should 

be kept at current level. 
 

 

 

Table 2—  Various parameters estimated for IP = 0.7 because the initial catch was about 70% by using CEDA 

Model K q r MSY Ryield CV R2 Biomass 

Fox (log) 1085259 2.69E-07 5.44E-02 21734 20180 0.2180 0.841 258125 

Fox (log-normal) 878059 3.42E-07 8.51E-02 27477 26145 0.1033 0.815 227800 

Fox (gamma) 621543 2.18E-07 2.66E+00 609242 81726 2774.8 0.295 590059 

Schaefer (log) 914258 3.20E-07 1.21E-01 27609 19996 0.1925 0.838 217086 

Schaefer (log-normal) 754015 3.94E-07 1.73E-01 32665 24856 0.1217 0.815 192665 

Schaefer (gamma) 298623 4.52E-07 3.02E+00 225727 127389 3023.4 0.276 247863 

Pella-Tomlinson (log) 914258 3.20E-07 1.21E-01 27609 19996 0.2062 0.838 217086 

Pella-Tomlinson (log-normal) 754015 3.94E-07 1.73E-01 32665 24856 0.1173 0.815 192665 

Pella-Tomlinson (gamma) 298623 4.52E-07 3.02E+00 225727 127389 4268.0 0.276 247863 

Note:  K: carrying capacity; q: catchability coefficient; r: intrinsic growth rate; MSY: maximum sustainable yield;  Ryield: replacement yield; 

CV: coefficient of variation; R2: goodness of fit. 
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