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Abstract 

Experimental fishing with bottom-set gill nets of different mesh sizes was carried 
out in Parakrama Samudra, a man-made reservoir in Sri Lanka, May to September 
1983. The optimum retention length of Oreochromis mossambicus, the dominant fish 
species in the reservoir fishery, was estimated for each mesh size using the Baranov
Holt method. The optimal length of 0. mossambicus is a function of mesh size and is 
described by the equation: Y = 3.4763 + 2.0237X (r = 0.992; p < 0.01) where Y = 
optimal total length in cm and X = strctchrid mesh size in cm. The desirable 
mesh size corresponding to the acceptable size of 0. mossambicus to the consumer 
(20-28 cm) is 10.2cm. 

Natural mortality (M) was estimated to be 1.10 using Loo = 31.3 cm and K = 
0.48 year-1 estimated from length-frequency data of the catches. The long-term 
biological effects of the increase in mesh size in the gill-net·fishery on the harvests 
and catch rates are discussed using length-structured yield-per-recruit and 
biomass-per-recruit analyses based on ko and M/K for different levels of exploitation 
rates and different sizes of first capture corresponding to various mesh sizes. 



Introduction 

Parakrama Samudra is an ancient man-made reservoir (2,662 ha 
at full supply level) in Sri Lanka. The trends in growth of the fishery 
after the introduction of Oreochromis mossambicus (Peters) in 1952 
have been documented by various workers (e.g., Fernando 1977; De 
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Silva and Fernando 1980). As in the other major reservoirs in Sri 
Lanka, 0. mossambicus is the mainstay of the fishery of Parakrama 
Samudra accounting for 70-90% by weight of the commercial catches 
(De Silva 1985; Amarasinghe and Pitcher 1986). The gill net is the 
predominant fishing gear. The stretched mesh sizes of gill nets used 
in this reservoir range from 7.6 to 14.0 cm. 

The Sri Lankan reservoir fishery has not been managed 
scientifically because it is a relatively recent development. However, 
the restriction upon the minimum mesh size (7.6 cm) of gill nets in 
Sri Lankan reservoir fisheries provides, to a certain extent, a 
management strategy to control the size of 0. mossambicus landed. 
The need for suitable management strategies for the reservoir 
fisheries in Sri Lanka has arisen due to their significance as a cheap 
protein source for rural communities. The present paper attempts to 
determine the desirable mesh size of the gill nets used in the 
Parakrama Samudra fishery from a selectivity experiment through 
biological and socioeconomic considerations. 

Materials and Methods 

Experimental fishing trials with bottom-set gill nets of stretched 
mesh sizes 5.1 cm (2"), 6.4 cm (2-1/2"), 7.6 cm (3"), 8.9 cm (3-1/2"), 
10.2 cm (4"), 11.4 cm (4-1/2") and 14.0 cm (5-1/2") were carried out 
from May to September 1983. The dimensions of the gill nets used 
and the number of trials are given in Table 1. 

The gill nets were set 26 times at night in the offshore waters of 
Parakrama Samudra. A total of 489 specimens of 0. mossambicus

caught in these trials were used to analyze data for gill-net 
selectivity. Excluded were the five specimens caught in the gill nets of 

Table 1. Dimensions of experimental gill nets and number of fishing trials. 

Stntcl,,d - Depth Le- Aiu N� 

mesh size�) ply ntio (No. meshes) (No. meshea) "-" ....... 
(m2) triala 

" 2 o.• 62 , .... 60.47 2 
6.4 2 0.5 62 , .... 95.23 • 

7,6 • o.• 37 , .... OOH 10 
8.9 • o., S7 , .... 109.90 • 

10.2 • o., 87 , .... 144.38 1 
11.4• • o .. .. 1,000 81.23 2 
14.0• 6 o .. .. 1,000 122.50 2 

"The fiahe1 caught in theee nets were ncluded from the stud,y aa. they we� very l'ew in number. 
••Area of net • mesh 1ize2 x hanging ratio2 1: depth x length. 
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11.4 cm and 14.0 cm mesh sizes. All 494 fishes were considered for 
estimating growth and survival parameters. The total length and the 
greatest depth of each fish caught in each mesh size were measured 
to the nearest 0.1 cm and the sex of each fish was determined. 

Most 0. mossambicus were enmeshed at the region of the 
greatest depth of the fish. The relationship between the greatest 
depth (Y) and the total length (X) for fish of each sex was found to be 
linear (p < 0.001) according to the following relationships: 

For males: Y = -0.2431 + 0.3718X (r = 0.897) 
For females : Y = -0.2420 + 0.3657X (r = 0.849) 

These relationships were compared by the t-test and found to have no 
significant difference at the 95% confidence level (tobs. = 0.149). The 
remaining analysis was performed using the combined data for both 
sexes. 

The total length at intersection of adjacent distributions (optimal 
length) of fish captured by each mesh size was determined by the 
Baranov-Holt method (Baranov 1914; Holt 1957; Gulland 1969, 1983; 
Hamley 1975; Jones 1984). For this purpose, the length-frequency 
distributions in each mesh size were standardized according to the 
area of net and total fishing time. The area of each gill net (Table 1) 

was calculated using the dimensions of the net (i.e., mesh size, 
hanging ratio, depth and length). The frequencies in each length 
group in each mesh size were then adjusted to obtain the numbers 
per unit area of net per fishing trial. These standardized length
frequency distributions (expressed as numbers per fishing trial per 
1,000 m2 of gill net) for each mesh size were used to estimate the 
optimal length by the Baranov-Holt method. The step-wise procedure 
for this computation was as follows: 

1. Relating the logarithms of ratios of catches by two adjacent
mesh sizes to fish length (L) using linear regression methods 
according to the relationship: Y =a+ bL where Y = logarithm of ratio 
of catches at length L. It should be noted that the fish which 
appeared to be entangled (not gilled) were not considered to obtain 
the catch ratios (see Table 2). 

2. Estimating the selection factor (SF) from the above regression
coefficients (a and b) and the relationship 

SF = -2a , b•l , (m1 + m2)-l 

where m1 and m2 are the mesh sizes of the two gill nets. 
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Table 2. Standardized length-frequency dlstn"lmtions of 0 . .,..,._,..mbicus caught in each 
mesh size (expressed as numbers per fishing trial per 1,000 m2 of gill net). The 
frequencies marked with asterisks appeared to include entangled fish. 

Midpoint of 
(totaD'-1> 

FOUP (cm) 

11.5 1, .• 

12.5 272.8 

13.5 99.2 

14.5 99.2 

16.5 49.6 
16.!5 8.3 

17.5 

18.5 

1s.s a.a• 
20.5 

21.fi 

.... 

.... 

.... 

25.5 

.... 

27.5 

.... 

u 

16.8 

715.8 

114-.8 

39.7 
.... 

7.0 
••• 

1.2 

Meab. size (cm) 

•-• 

.... 

.... 

ik.9 

13.7 
11.2 

12.&• 

. ... 

... 10.2 

... 

., .... 

13.6 
22.7 ,a.s• 
18.2 13.9 
27.3 76.2 

... •u

... 76.2 

.... 55,4• 

27.7 
13.9 

3. Determining the optimal length (Lopt) using the relationship:
Lopt = SF - m where m is the mean value of mesh sizes in each pair 
of gill nets. Here, the mean value of the two mesh sizes was used to 
reduce an error which has arisen from one of the assumptions in the 
Baranov-Holt method (i.e., the selection factors for the two mesh sizes 
are the same). According to this assumption, the differences in the 
selection factors in two adjacent mesh comparisons give two different 
values of optimal lengths for the same mesh size. 

4. Estimating the standard deviation (S.D.) of the selection
curve from the equation: S.D. = ((L:! - Li) - b-1)0.5 where L1 and L2 are 
optimal lengths, calculated as above, for mesh sizes of m1 and m2, 
respectively. 

The relationship between the mesh size of gill net and the 
optimal length of 0. mossambicus caught in each mesh size was 
computed. Based on consumer preference for 0. mossambicus, the 
desirable mesh size was determined. Yield-per-recruit computations 
were then used to investigate its biological effect. 

Standard methods for estimating asymptotic length (Loo) are not 
reliable for the length-frequency data. of 0. mossambicus caught in 
experimental gill nets due to the selectivity of gill nets used and the 
relatively short sampling period (May to September). As such, the 
available information on Loo of 0. mossambicus populations in Sri 
Lankan reservoirs (De Silva et al. 1988) and an estimate based on the 
maximum length (Lmax) of the catch sample were used to determine 



63 

L,., of 0. mossambicus in Parakrama Samudra. The mean of L.., 
values of twelve Sri Lankan reservoirs (De Silva et al. 1988) and 
Lmax/0.95 (Pauly 1981) were averaged and used as the L,., of 0.

mossambicus in the reservoir. The growth constant (K) of 0.

mossambicus was estimated by the following equation (Pauly and 
Munro 1984; Moreau et al. 1986). 

Log10 K = cl>' - 2Log1 o Loo 

where cj)' is a species-specific index of growth performance. Natural 
mortality (M) was estimated using the following empirical equation 
(Pauly 1980): 

Logio M = -0.0066- 0.279Logio Loo+ 0.6543Log10 K + 0.4634Logio T 

where T is the annual mean water temperature. 
Relative yield-per-recruit and relative biomass-per-recruit 

analyses (Beverton and Holt 1964; Pauly 1984; Pauly_ and Soriano 
1986) were performed using these estimated parameters for 0.

mossambicus. 

Results 

The length (total)-frequency distributions of catches of 0.

mossambicus by mesh size are shown in Fig. 1 for males and females 
separately. Standardized length-frequency distributions according to 
the areas of gill nets and total fishing time for each mesh size are 
given in Table 2. Relationships between the logarithm of ratios of 
catches by two adjacent mesh sizes and total length are shown in Fig. 
2 for each mesh comparison. Linear regression equations of these 
logarithmic plots, selection factors, estimated optimal lengths and 
selection range (optimal length ± S.D.) are given in Table 3. The 
relationship of the estimated optimal length of 0. mossambicus to the 
mesh size was found to be linear (Fig. 3) and is described by the 
equation: Y = 3.4763 + 2.0237X (r = 0.992; p < 0.01) where Y = 
optimal length in cm and X = stretched mesh size in cm. 

The range of acceptable sizes of 0. mossambicus to the consumer 
is 20-28 cm with a mean value of 24.5 cm (pers. obs.). Using the 
relationship between the optimal length and mesh size, the minimum 
desirable mesh size for the gill-net fishery of Parakrama Samudra is 
found to be 10.2 cm (4") stretched mesh size. 
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Table 3. Linear regression equations of the logarithmic plots of catch ratios in each mesh 

_ comparison, selection factor, estimated optimal lengths and selection ranges.

Mesh Mean e.p..1on lqUailan � Optimal 
compariaon mah.tile cY•lncatdantia; raetar miath 

(cm) (cm) L • Jmd.lengtlu:m) (em) 

8.4/5.1 5.'1'11 Y • .SS.9230 + 2.21ML ... , ..
(1' • 0.9999; p < 0.GOOl) 

7.618.4 7.00 Y • -8.2997 + O.fMSL .... lU 

(l' - -0.9670; p < O.o5) 

8.911.6 ... Y •-18.0983 +0.8'1'14L ... ... 

(r ■ 0.9979 ; p < 0.01) 

10.2111.9 .... Y • -29.12" + 1.2819L .... 22.7 

(r .. 0.9975;pc0.01) 

-

....,,.., 
(OpUm.l 

lmatb:t:8.D.) 

U.06-16.58 

14.86-1U8 

18.'JU.tuf 

21.18-Sf.23 

The value of ko obtained from Lmax of the length distribution 
and the mean of ko values (30.1 cm) of twelve Sri Lankan reservoir 
populations of 0. mossambicus (De Silva et al. 1988) is 31.3 cm (total 
length). The cl>' value for 0. mossambicus in Sri Lanka was considered 
as 2.67 by taking the average cj>' value for eleven 0. mossambicus

populations in Sri Lanka (De Silva and Senaratne, in press). Using 
this value and ko calculated above, K was determined to be 0.48 
year-1. These growth parameters and the mean annual water 
temperature of 28.SOC, calculated using the available information 
(Amarasinghe et al. 1983), were used in the equation of Pauly (1980) 
and M was estimated to be 1.10 year-1. Hence, M/K for 0.

mossambicus in Parakrama Samudra is 2.29. 
For the 0. mossambicus fishery in Parakrama Samudra, 

isometric von Bertalanffy growth was assumed and M, fishin_�
mortality (F) and total mortality (Z) were assumed to be expressed by 
negative exponential curves. Knife-edge recruitment was also 
assumed for the fishery and the age of recruitment was set at zero in 
computing relative yield per recruit and relative biomass per recruit. 
Lengths of first capture (Le) for various mesh sizes were calculated 
using the relationship between the optimal length and mesh size (Fig. 
3). Relative yield-per-recruit {Y'/R) values (Fig. 4a) and relative 
biomass-per-recruit (B'/R) values (Fig. 4b) were computed for 
different levels of exploitation rates (E) or F/Z for the Le values 
corresponding to different mesh sizes using the parameters Le/I-, E 
and M/K These analyses indicate that Y'/R declines with increasing 
mesh size and that only a slight increase occurs in B'/R with 
increasing mesh size. 
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Discussion 

One of the limitations in this study is that some fishes were 
entangled in the meshes because of the low hanging ratio (0.5) of the 
experimental gill nets which were identical to those used by the 
commercial fishermen in the reservoir. The proportion of entangled 
(nongilled) fish could probably have been reduced by using a hanging 
ratio of 0.6. 

The low gradient of catch ratios of the 7.6/6.4 cm mesh nets (Fig. 
2) and the greater selection range (Table 3) may be due to the
differences between the filament characteristics (ply) of these gill
nets (see Table 1). The selection range of a gill net increases with the
flexibility of the netting material (Gulland 1983). However, this will
not affect the calculations in the present study because the optimal
length of fish caught by gill nets is independent of the flexibility of
netting material. The estimated optimal lengths in the present study
compared well with the values determined for 0. mossambicus

caught i� different mesh size gill nets in Plover Cove reservoir in
Hong Kong (Hodgkiss and Man 1977).

With regard to the estimation of parameters for yield-per-recruit 
analysis, Loo (31.3 cm) and K (0.48) values for 0. mossambicus are 
biologically reasonable. Also, a high value of M can be expected for 
the 0. mossambicus population in Parakrama Samudra where a high 
predatory pressure occurs due to fish-eating birds. Winkler (1983) 
has estimated that cormorants consume 112-161 kg• ha-1 annually in 
Parakrama Samudra of which 0. mossambicus forms a major part. 

From the relationship between the optimal length of 0.

mossambicus and mesh size which has been determined by the gill
net selectivity experiment, the desirable mesh size (10.2 cm) was 
determined depending on the acceptable size of 0. mossambicus to 
the consumer. Usually the management strategies for the artisanal 
fisheries have to be viewed in the sociological context (Marr 1982). In 
the fishery of Parakrama Samudra, consumer preference on the 
landing size of 0. mossambicus seems to be a crucial factor in 
developing management strategies. Also in the gill-net fishery of 
Pimburettewa Wewa, another Sri Lankan reservoir where the 
fishermen have restricted themselves to catching 0. mossambicus

above 24.6 cm, overexploitation is not evident as indicated by a yield
per-recruit analysis (Amarasinghe 1987). 

However, relative yield-per-recruit analysis (Fig. 4a) indicates 
that a decline in harvest could result by increasing the minimum 
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permissible mesh size from 7.6 cm to 10.2 cm. From the relative 
biomass-per-recruit analysis (Fig. 4b), only a slight increase is 
evident in the catch rates by increasing the mesh size in the gill-net 
fishery. However, consumer-determined mesh size may be 
worthwhile for assuring a large spawning biomass. The mean sizes of 
maturity for male and female 0. mossambicus in Parakrama 
Samudra in 1979 were recorded to be 27.5 cm and 17.0 cm, 
respectively (De Silva and Chandrasoma 1980). Hopefully, this 
analysis will be of use for planning management measures for the 
reservoir fishery through mesh size regulations. 
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