
Introduction

Conventional otter trawls indiscriminately catch 
undersized fish by using smaller meshes in codends and 
huge quantities of bycatch are discarded at sea.  The size 
and shape  of meshes in the codend of trawls play a very 
important role in the exclusion of under sized fishes.  
When compared to diamond mesh, square mesh codend 
has been reported to be more selective, for several species 
(Stergiou et al.,  1997). Impact of codend mesh size on 
trawl fishery has been studied by Rajeswari et al. (1998).  
Lumen of the diamond meshes tend to close under tension, 
particularly, at the middle of the codend and prevent 
escapement of small fishes during trawling.  In the square 
mesh codends, the mesh will remain open and facilitate the 
escapement of juvenile fish (Robertson,1983; Robertson 
and Ferrow, 1988; Kunjipalu et al., 1994; Varghese et al, 
1996; Boopendranath and Pravin, 2005; Raghu Prakash 
et al., 2008; 2010; Rajeswari et al., 2010). Selectivity 
information is an important tool for fishery managers 
for regulating the mesh sizes for fisheries conservation 
purposes.   

The ribbonfishes of the family Trichiuridae are an 
important group of food fishes in India, forming 4.8% of 
the total marine fish production and 9.3% of the pelagic 
resources (Reuben et al., 1997). Ribbonfishes are widely 
distributed throughout tropical and temperate waters. 
It forms a major component of trawl catches along 
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Visakhapatnam coast. Largehead hairtail Trichiurus 
lepturus Linnaeus, 1758, forms the mainstay of the 
ribbonfish fishery, contributing to the bulk of the landings 
along the coastline (James et al., 1986). In Andhra 
Pradesh, T. lepturus is targeted by commercial trawlers 
using demersal trawls and drift gill nets. The present study 
was undertaken to compare the size selectivity of diamond 
and square mesh codends for the ribbon fish, Trichiurus 
lepturus 

Material and methods
Codends of 40 mm diamond mesh and 40 mm square 

mesh were fabricated out of 1 mm dia polyethylene 
(PE) netting. The experiments were carried out onboard 
CIFT Research Vessel CIFTECH-I (15.5 m LOA; 
122 hp) in commercial fishing grounds off Visakhapatnam 
coast (lat.17°38’-17° 42; long. 83°21’-83°30). Selectivty 
experiments were conducted using a 28 m demersal trawl 
rigged with a pair of V- form otter boards. The covered 
codend method was used to assess the selectivity of the 
codends (Pope et al., 1975; Sparre et al., 1989). The 
codend cover was about one and half times the codend in 
dimensions. Forty hauls of one hour duration each were 
taken with the trawl rigged with diamond and square 
mesh codends with small mesh cover at depth range of  
40-50 m. The towing speed was maintained at 2.1-2.3 kn. 
The quantity and size of the fishes retained and excluded 
in both the codends  were recorded.  The length frequency 
data were collected for the catch in the codend and cover.
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The logistic model commonly used to describe trawl 
selectivity ogive (Sparre et al., 1989) was used in the 
study. 

SL = 1/ 1+ exp (S1-S2*L) 

where SL is the function of the ogive defining for 
each length L, the fraction of fish retained in the codend. 
S1 and S2 are constants determined by linear least square 
estimation for each species.  

L25, L50, L75, selection range, selection factor and 
selection ratio were calculated as below: 

L50 = (S1/S2)

L25 = (S1-In 3) / S2

L75 = (S1+ In 3) / S2

Selection range = L75-L25

Selection factor = L50/mesh size

Selection ratio = Selection range / mesh size

Results and discussion
During the field trials, a total of 80 valid hauls, 

40 each for diamond and square mesh codends, were 
carried out. The selectivity parameters are given in Table 
1.  The length frequencies of Trichiurus lepturus  retained 
and excluded from 40 mm square mesh cod end are given  
in Fig. 1. The selectivity curve of T. lepturus with 40 mm 
square mesh codend is given  in Fig. 2. The L25, L50  and  
L75 values in respect of T. lepturus for 40 mm square mesh 
codend were 30.75, 36.2 and 41.65 mm, respectively 
(Table 1). The selection range, selection factor and 
selection ratio were 10.9, 9.05 and 0.30,  respectively.  The 
length frequencies of  T. lepturus  retained and excluded 
from 40 mm diamond mesh cod end is given  in Fig. 3.  
Selectivity curve of T. lepturus with 40 mm diamond 
mesh codend  is given  in Fig. 4. The  L25, L50 and L75 
values for 40 mm diamond  mesh codend in respect of  
T. lepturus were 25.96, 33.4 and 40.95 mm, respectively. 
The selection range, selection factor and selection ratio 
were 14.9, 8.35 and 0.44 respectively. The retention lengths 
of T. lepturus in square mesh codends are comparatively 
higher than in diamond mesh codend. 

Pope et al. (1991) reported that the lumen of the 
diamond mesh becomes narrow during trawling. The 
shape of the mesh affects the selectivity of codend and 
further, the flow of the water through netting also depends 
on the shape of mesh (Pope,1966). The size composition 
of fish in commercial landings are affected by mesh size.  
However, the effect of mesh shape on codend selectivity 
depends on the body shape of the target species. Square 
mesh codends have generally been found to be more 
selective than the diamond mesh codends of similar mesh 

Fig. 2. Selectivity curve of  Trichiurus lepturus  in respect of  
40 mm square mesh codend

Fig. 3.  The length frequencies of  Trichiurus lepturus  retained 
and excluded from 40 mm diamond mesh cod end

Fig. 1.  The length frequencies of  Trichiurus lepturus  retained 
and excluded from 40 mm square mesh cod end

Selectivity parameters   40 mm                  
square mesh

40 mm
diamond mesh

L25, TL cm  30.75 25.96
L50, TL cm  36.2 33.4

L75, TL cm  41.65 40.95
Selection range, cm  10.9 14.9
Selection factor  9.05 8.35
Selection ratio 0.30  0.44

Table 1. Selectivity parameters   of 40 mm square and diamond 
mesh codends for Trichiurus lepturus

G. Rajeswari et al.

Fr
ac

tio
n 

re
ta

in
ed

Length class (TL) cm

250 

200 

150 

100 

50

0

N
um

be
r

N
um

be
r

20.5 22.5 24.5 26.5 28.5 30.5 32.5 34.5 36.5 38.5 40.5 42.5 44.5 46.5 48.5 50.5
Length class (TL), cm

Retained

Excluded

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

10                  20                  30                  40                   50                   60

Length class (TL), cm

Observed
Estimated

Retained Excluded
40
35
30
25
20
15
10
5
0

22   24    26  28    30    32   34    36   38    40   42    44   46   48   50    52



15

size for round fish such as haddock and whiting (Robertson 
and Stewart, 1988). In the case of flat fishes, square mesh 
codend has been reported to be less efficient in excluding 
juveniles (Walsh  et al.,1992)

The escapement through the codend meshes depends 
on several factors such as maximum girth, body shape, 
stiffness of twine, swimming ability and reaction to the 
gear panels (Campos and Fonseca, 2003; Campos et al.,  
2003). The mean selection lengths were reported to be 
higher for square meshes compared to diamond mesh 
of same size (Kunjipalu et al., 1994). Pillai et al. (1994) 
observed that percentage escapement of smaller size 
groups of Nemipterus sp., Decapterus sp., Priacanthus sp. 
and Saurida sp. were more in square meshes, compared to 
diamond meshes of same size.  It is widely reported that 
the square mesh codends facilitate escapement of small 
sized fishes (Robertson, 1983; Robertson and Ferrow, 
1988; Robertson and Stewart, 1988; Varghese et al., 1996; 
Boopendranath and Pravin, 2005;  Raghu Prakash et al., 
2008; 2010., Rajeswari et al., 2010). The results on the 
selectivity characteristics of square and diamond mesh 
codends in the present study demonstrated that 40 mm 
diamond codend is less selective than 40 mm square mesh 
codend.    

The size at first maturity of T. lepturus in 
Visakhapatnam waters have been reported as 42.5 cm 
(Reuben et al., 1997). The optimum mesh size was 
estimated as 47 mm for square mesh codend and 51 mm 
for diamond mesh codend, based on the value of length at 
first maturity for  T. lepturus in Visakhapatnam waters and 
the selection factor determined through trawl selectivity 
experiments.

The size and shape of the meshes in the codend 
predominantly determine the selectivity of trawl gear in 
respect of trawl caught resources.  Results of the  present  
study show that the 40 mm square mesh codends have 
better selective characteristics than 40 mm diamond mesh 
codend with respect to T. lepturus, caught by trawling 
off Andhra Pradesh.  Based on the results of selectivity 

experiments, it is evident that mesh sizes not less than 
47 mm and 51 mm, respectively, are appropriate for 
square mesh and diamond mesh codends, for protection 
of the juveniles and   sub-adults of T. lepturus, caught in 
Visakhapatnam waters.

Acknowledgements
The authors are thankful to the Director, CIFT for 

encouragement in carrying out the work.  Thanks are also 
due to Dr. M. R. Boopendranath  Principal Scientist, CIFT 
for his valuable suggestions.  The assistance rendered by 
Technical Officers and crew members of Research  Vessel 
CIFTECH-I are gratefully acknowledged.

References
Campos, A. and Fonseca, P. 2003. Selectivity of diamond and 

square mesh codends for horse mackerel (Trachurus 
trachurus), European hake (Merluccius merluccius) 
and axillary seabream (Pagellus acarne) in the shallow 
groundfish assemblage off the south-west coast of Portugal. 
Sci, Mar., 67 (2): 249-260.

Campos, A., Fonseca, P. and Erzini, K. 2003. Size selectivity 
of diamond and square mesh codends for four by-catch 
species in the crustacean fishery off the Portuguese south 
coast. Fish. Res., 60 : 79-97.

Boopendranath, M. R. and Pravin, P. 2005. Selectivity of trawls, 
Fish. Technol., 42(1): 1-10.

James, P. S. B. R., Narasimham, K. A., Meenakshisundaram, P. T. 
and Appanasastry, Y. 1986. The present status of ribbonfish 
fishery in India.CMFRI Special Publication, 24 : 1-49.

Kunjipalu, K. K., Varghese, M. D. and Nair, A. K. K. 1994. 
Studies on square mesh codend in trawls - II, Observations 
with 30 mm mesh size, Fish. Technol., 31(2): 112-117.

Pillai, N. S, Varghese, M. D., Syed Abbas, M. and Krishna 
Iyar, H. 1996. Advantages of square mesh cod end on 
the conservation of demersal fisheries in Indian EEZ.   
In: Pllai., V. K., Abidi, S. A. H, Ravindranathan, V. and 
Vikram  V. Agadi (Eds.), Proceedings of the second 
workshop on Scientific results of FORV Sagar Sampada, 
15th to 17th   February, Cochin. Department of Ocean 
development, Govt. of India. 

Pillai, N. S., Varghese, M. D. and Mathai, T. J. 1998. Performance 
evaluation of different selective devices for the reduction 
of bycatch in shrimp, In: Somavamshi, V. S.  (Ed.), Large 
marine ecosystems: Exploration and exploitation for 
sustainable development and conservation of fish stocks, 
Fishery Survey of India, p. 569-576.

Pope, J. A., Margetts, A. R., Haley, J. M. and Akyuz, E. F. 1975. 
Manual of methods for stock assessment, Part 3: Selectivity 
of fishing gear, FAO Fisheries. Technical Report,  
No. 41, rev 1.

Raghu Prakash,  R., Rajeswari, G. and Sreedhar, U. 2008. Size 
selectivity of 40 mm square mesh codend with respect  

Fig. 4. Selectivity curve of  Trichiurus lepturus  in respect of 
40 mm diamond mesh codend

Size selectivity of diamond and square mesh codends for Trichiurus lepturus 
Fr

ac
tio

n 
re

ta
in

ed

Length class (TL) cm



16

to yellow striped goatfish, Upeneus vittatus (Forsskal, 
1775) and Orangefin ponyfish, Leiognathus bindus 
(Valenciennes,1835),  Fish.Technol., 45(1):  29-34.

Raghu Prakash,  R., Rajeswari, G. and Sreedhar, U. 2010. Size 
selectivity of  40 mm square mesh cod end with respect 
to Japanese threadfin bream and moustached Thryssa. 
In: Meenakumari, B., Boopendranath, M. R., Leela  Edwin, 
Sankar, T. V, Nikita Gopal and George Ninan (Eds.),  
Coastal fisheries resources of India: Conservation and 
sustainable utilisation, Society of Fisheries Technologists, 
Cochin, p. 352-359.  

Rajeswari, G., Sreedhar, U., Rama Rao, S. V. S. and 
Narayanappa, G. 1998. Impact of codend mesh size for 
trawl fishery,  Proceedingsof the Symposium on Advances 
and Priorities in Fisheries Technology, Society of Fisheries 
Technologists, Cochin, p. 165-169. 

Rajeswari, G., Raghu Prakash, R. and Sreedhar, U. 2010. 
Evaluation of square mesh cod ends for bycatch reduction 
in demersal trawling off Andhra Pradesh, India. In: 
Meenakumari, B., Boopendranath, M. R., Leela   Edwin, 
Sankar, T. V, Nikita Gopal   and   George Ninan (Eds.), 
Coastal fisheries resources of  India: Conservation and 
sustainable utilisation, Society of Fisheries Technologists, 
Cochin, p. 341-351.

Reuben, S. K., Vijayakumaran, K.,  Achayya, P. and Prabhakar, 
R. V. D. 1997. Biology and exploitation of Trichiurus 
lepturus Linnaeus from Visakhapatnam waters. Indian J. 
Fish., 44(2): 101-110.

Robertson, J. H. B and Ferrow, R. S. T. 1988. Mesh size selection 
within codend of trawls-The effect of narrowing the codend 
and shortening the extension, Scot. Fish. Res. Report,  
No. 34.

Robertson, J. H. B. 1983. Square mesh codend selectivity 
experiments on whiting (Merlangius  merlangus) and 
haddock (Melanogrammus aeglefinus L.), International 
Council for Exploration of the Sea, CM 1983/B:25: 13 pp.

Robertson, J. H. W. and Stewart, P. A. M. 1988. A comparison 
of size selection of haddock and whiting by square and 
diamond mesh codends, J. Cons. int. Explor. Mer., 44:  
148-161.

Sparre, P., Ursin, E. and Venema, S. C. 1989. Introduction to 
tropical fish stock assessment. FAO Fish. Tech. Pap., 
306/1: 337 pp. 

Stergiou, K. I., Petrakis, G. and Politou, C. Y. 1997. Size 
selectivity of diamond and square mesh cod-ends for 
Nephrops norvegicus in the Aegean Sea. Fish. Res., 
29: 203-209.

Varghese, M. D., Kunjipalu, K. K. and Nair, A. K. K. 1996. 
Studies on square mesh codend in trawls - II, Observations 
with 20 mm mesh size, Fish. Technol., 33(2): 96-100.

Walsh, S. J., Miller, R. B., Copper, C. G. and Hickey, W. M. 
1992. Codend selection in American plaice: diamond 
verses square mesh, Fish. Res., 13: 235-254

Date of Receipt 	 :	 08.04.2013 
Date of Acceptance	 :	 19.08.2013

G. Rajeswari et al.


