Short Communication
Assessment of Catch Retention and Escapement in Square and Diamond Mesh Cod-ends along the East Coast of India
ABSTRACT
[bookmark: _GoBack]Trawling is a major fishing method prevailing in Indian marine fisheries contributing to major marine fish landing. The objectives of the present studied were to compare the selectivity characteristics of square and diamond mesh cod-ends for the 7 important marine fish species in conservation and management point of view.. Present studied observed higher in overall percentage of escapement from 35 mm square in comparison to diamond mesh cod-end. From square mesh cod-end, Indian anchovy (S. indicus) showed highest escapement percentage at 10.4 % (2.6 kg) and retained of 89.6 % (22.4 kg) while the lowest percentage of escapement (2.03 % (0.5 kg)) with retained of 97.9 % (24.1 kg) was recorded for I. megaloptera. From diamond mesh cod-end, highest escapement of 6.08 % (1.4 kg) and retained of 92.7 % (21.6 kg) was recorded for S. longiceps. The 0 % of escapement with 100 % retained was accorded for I. megaloptera from diamond mesh co-end. Overall square mesh observed better escapement in comparison with diamond shaped cod-end of commercial bottom trawl net. 
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INTRODUCTION
Trawling is a major concern in marine fishing sector due to the non-selective nature of trawls, as it tends to catch huge quantity of non-targeted species. Low value Unwanted catches are thrown back into the sea due to low market demand and limited space. Bottom trawling is considered detrimental to the marine environment due to its destructive effect on   to benthic flora and, fauna (Collies, et al. 2010). In India, bottom trawl nets targeting shrimps are mostly used with diamond mesh cod-end.  Usage of diamond shape cod-end trawl net leads to capture of juvenile’s fishes, by-catch and discard. Considering the negative impact of diamond shape cod-end the usage of square mesh cod-end has been suggested (Yang, et al. 2021; Yan, et al. 2023). Many authors cited the advantages of square mesh cod-end over diamond mesh cod-end in trawl net (Kunjipalu, et al. 1994; Guijjaro and Massuti, 2006; Ragonese and Bianchini, 2006; Remesan, et al. 2010; Madhu, et al. 2016; Madhu, et al. 2017). The lumen of the diamond mesh tends to close when tension is applied while the lumen of square meshes cod-end remains open (Kunjipalu, et al. 1994; Varghese, et al. 1988; 1996; Pillai, et al. 1998; Raghu Prakash, et al. 2022). The size and shape of meshes in the cod-end of trawl nets play a very important role in exclusion of under sized fishes (Boopendranath and Pravin, 2005; Bahamon, et al. 2006; Bullough, et al. 2007; Kamei, et al. 2024).
Several studies on square mesh cod-end have reported   improve selectivity, better efficiency, reduction in by-catch, reduced juvenile catch and reduced energy consumption. (Pope, 1966; Kunjipalu and Varghese, 1989; Thorsteinsson, 1992; Walsh, et al. 1992; Pillai, et al. 1996; Kunjipalu, et al. 1997; Varghese, et al. 1996; Boopendranath and Pravin, 2005; Bahamon, et al. 2006; Bullough, et al. 2007). Covered cod-end method is generally used   to estimate the selectivity   due to its reliability, adoptability in commercial fishing (Boopendranath & Pravin, 2005). A cover cod end of 20 mm diamond shaped mesh was rigged to the main cod-end to observe the excluded and retained catch. 
The present study was undertaken to study the retention and exclusion characteristics of 7 species namely Trichiurus lepturus, Photopectoralis bindus, Stolephorus indicus, Thyrssa mystax, Ilisha megaloptera, Sardinella longiceps and Loligo devauceli from 35 mm square and diamond shaped cod ends.
Experimental fishing was undertaken onboard private commercial mechanized bottom trawler along the East coast off Kakinada, Andhra Pradesh during March, 2020. The length overall (LOA) of the trawler was 9.7 m fitted with 106 horse power (Hp) engine. A 35 mm square and diamond mesh cod-end   was fabricated using 1mm high density polyethylene (HDPE) twisted twine. Length of trawl net deployed was 32 m. Cover cod end was fabricated with 20 mm diamond mesh with 1 mm diameter HDPE webbing. Total of 10 hauls (5+5) was undertaken simultaneously for 5 days with square and diamond mesh cod-end respectively. Towing duration of 1 hour was uniformly maintained. Speed of trawling during fishing was maintained within 1.2-2.5 knots. All experimental fishing were undertaken during day time. Rectangular shaped wooden otter board of 80 kg with dimension of 1.5x1 m (length*breadth) was employed. The operation depth ranged from 28-42 m. After each haul, catch from cod-end and cover cod-end were segregated and sorted into species wise for square and diamond mesh cod-ends and cover cod-ends. Total catch quantities from square and diamond mesh cod-ends and cover cod-ends were recorded for the selected commercial species. The length-frequency for each species was also recorded.  The catch in the main cod-end is the retained catch and catch from the cover cod-end represent the escaped catch. 
The total catch from square mesh was 295 kgs while the retained catch was 278.1 and escaped catch was 17.05 kgs. The retention percentage from square mesh was 94.2 and the escarpment percentage was 5.7. The total catch from diamond mesh was 270.2 kgs while the retained catch was 260.5 and escaped catch was 9.77 kgs. The retention percentage from diamond mesh was 96.4 and the escarpment percentage was 3.6 (Table 1).
Bigeye ilisha, (I. megaloptera) showed highest retained catch at 97.9 % while the lowest retained catch was observed in Indian anchovy Stolephorus  indicus (89.6 %) from square mesh cod end. In diamond mesh cod end, highest retained catch of 97.4 was recorded for silver bellies while   lowest retained catch of 92.7 % was observed for Oil sardine (S. longiceps). The highest escapement of 10.4 % was observed for S.longiceps and lowest escapement (2.03 %) was observed for I. megaloptera from square mesh cod end.  The highest escapement was recorded for S.longiceps (6.08 %) and lowest escapement was observed for P.bindus (2.52 %) from diamond mesh cod-end. In diamond mesh I.megaloptera showed 100 % were retained, while in square mesh cod-end, no species showed 100 % retained in the present studied (Fig. 1). 
The retained and escaped catch percentages in square mesh cod-end for T. lepturus were 92.9 and 70.8. Retained and escaped catch percentages of T.lepturus in diamond mesh cod-end were 95.3 and 4.44 respectively. The retained and escaped catch percentages for P.bindus in square cod-end and cover cod-end were 95.8 and 4.4. In diamond mesh cod-end and cover, the retained and escaped percentages of S. indicus were 95.0 and 4.98 respectively. From square mesh cod-end and cover cod-end, the T.mystax retained and escaped percentage was 92.7 and 7.25 while from the diamond mesh cod-end and cover cod-end, the retained and escaped percentage was 95.9 and 4.10 respectively.  From square mesh cod-end, the percentages of retained for S.longiceps and L.devauceli was 93.4 and 94.4 while the escaped percentage in square cover cod-end was 5.55 and 5.77 (Fig.2). The retained and escaped of L.devauceli in diamond mesh cod-end and cover cod-end shown 96.0 and 3.93 % respectively. 
From square mesh cod-end, the maximum retained length of 90.6 cm was observed in ribbon fish and the minimum retention length of 3.1 cm was observed in P. bindus. From diamond mesh cod-end, the maximum retained length of 97.3 cm was recorded similarly for ribbon fish and the minimum retained length of 1.6 cm was observed for silver bellies (P. bindus). 
From square mesh cover cod-end, the maximum escaped length of 21.0 cm was observed similarly for ribbon fish and the minimum escapement length of 1.1 cm was also similarly observed P. bindus respectively. From diamond mesh cover cod-end, maximum length of retention was observed for ribbon fish (16.0 cm) and minimum retention length was observed for S. indicus (1.0 cm) respectively (Table 2). 
Herman, et al. 2009 cited that the morphology of fishes is crucial for selection of cod-end of trawl net that might be the reason in present study that ribbon fish, squid and anchovy show higher length of escapement catch from both the square and mesh cod-ends.  Increasing the number of meshes in the circumference in place of increase in mesh size would improve mesh angle opening in diamond shape net (Sala,et al. 2016). In present study, a retained and escapement quantity of catch was higher in square over diamond mesh cod-end, supporting the few others authors research finding (Halliday, et al. 1999; Halliday and Cooper, 2000; Macbeth et al., 2005; Bahamon, et al. 2006; Guijjarro and Massuti, 2006; He, 2007; Macbeth, et al. 2007; Tosunoglu, et al. 2009; Sala, et al. 2015). 
Huge quantities of by-catch in shrimp trawl occurred due to operation of smaller mesh size near the shore (Andrew and Pepperell, 1992; Kelleher, 2005). Sala, et al. 2008 cited that the dorso-ventrally flatted body shape fishes’ escapement is poor in both the square and diamond mesh shape cod-end of trawl net; this might be the reason that a retained catch percentage of P. bindus and I. megaloptera was higher from square as well as diamond mesh cod-ends. Ribbon fish (T.lepturus) observed higher escapement but lower rate of retained catch which might due to morphological structure of tapering body shape. Zero percentage of I. megaloptera escapement in diamond mesh cod-end observed might also relate to its morphological structure as cited by Sala, et al. 2008. Ordines, et al. 2006 reported that higher escapement ratio from Mediterranean Sea (75 %) from square compared to diamond mesh cod-end (15 %) on Spicara smaris. Increase in escapement ratio permit large portion of immature fishes to escape and would compensate to the future catch (Holden and Conrad, 2015). Ordines,et al. 2006 also reported that square mesh cod-end also not only minimized unwanted or unintended species caught but also reduce impact on algae at near shore. 
Though, cover cod-end method is used as a conventional and easily adoptable method but it has lacunae due to masking effect that may affect the selection pattern (Pope,et al. 1975; Madsen and Holst, 2002). Observing the length-frequency of catch, a square mesh cod-end and its cover cod-end showed higher length of fish caught in comparison to diamond mesh cod-end. The size and mesh shape of the cod-end have vital role to influence the species selectivity of trawl net (Robertson and Stewart, 1988; Reeves, et al.1992). Robertson and Stewart, 1988 stated that diamond-shaped of trawl net attribute more to capture of smaller sizes fishes than square mesh cod-end. Capture of several immature commercial species could be reduced to some extent by converting diamond to square mesh cod-end (Petrakis and Stergiou, 1997; Campos,et al. 2003; Bahamón, et al. 2006).Changes of using smaller mesh to larger cod-end mesh size and appropriate shape of mesh used would minimize the capture of juveniles; improve the yield per recruit of species, minimize by-catch and discards and reduce the impact of fishing on ecosystems (Armstrong, et al. 1990; MacLennan, 1992). Overall investigation observed that the 35 mm square mesh cod-end facilitated better opportunities for smaller fishes to escape in comparison to 35 mm diamond mesh cod-end in commercial bottom trawl net.  
CONCLUSION
Currently the majority of the fishermen are using conventional diamond shaped cod-ends in commercial trawl system which might due to less idea or awareness about sustainable fishing practices. Replacing of existing diamond mesh cod-end to square mesh cod end in trawling system will help in sustaining and conserving the over exploiting marine fish stock and further replenish the available marine stocks. 
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Table 1. Percentages of retained and escaped from 35 mm square and diamond mesh cod-end
	Cod-end types
	Square
	
	Diamond

	Species
	Cod-end (kg)
	Cov-er
(kg)
	Total catch
(kg)
	Retained
(%)
	Escaped
(%)
	Cod-end
(kg)
	Cov-er
(kg)
	Total catc-h
(kg)
	Retain-ed
(%)
	Escap-ed
(%)

	T.lepturus
	59.7
	4.55
	64.2
	92.9
	7.08
	47.3
	2.2
	49.5
	95.5
	4.44

	L.bindus
	90.1
	3.9
	94.0
	95.8
	4.14
	74.0
	1.92
	75.9
	97.4
	2.52

	S.indicus
	22.4
	2.6
	25.0
	89.6
	10.4
	28.6
	1.5
	30.1
	95.01
	4.98

	T.mystax
	17.9
	1.4
	19.3
	92.7
	7.25
	22.2
	0.95
	23.1
	95.9
	4.10

	I.megalopte-ra
	24.1
	0.5
	24.6
	97.9
	2.03
	22.9
	-
	22.9
	100
	0.0

	S.longiceps
	26.5
	1.9
	28.4
	93.3
	6.69
	21.6
	1.4
	23
	92.7
	6.08

	L.devauceli
	37.4
	2.2
	39.6
	94.4
	5.55
	43.9
	1.8
	45.7
	96.06
	3.93

	Total retained & escaped
	278.1
	17.05
	295.1
	94.2
	5.77
	260.5
	9.77
	270.2
	96.4
	3.6















Table 2. Maximum and minimum length classes of the species
	Gear types parts of gear
	Square mesh
	Diamond mesh

	
	Cod-end (cm)
	Cover (cm)
	Cod-end (cm)
	Cover (cm)

	Species
	Max.
	Min.
	Avrg.
	Max.
	Min.
	Avrg.
	Max.
	Min
	Avrg.
	Max.
	Min.
	Avrg.

	.T.lepturus
	90.6
	4.9
	47.7
	21.0
	3.8
	12.4
	97.3
	4.2
	32.2
	16.0
	2.2
	9.1

	L.bindus
	10.1
	3.1
	70.5
	6.2
	1.1
	36.5
	21.3
	1.6
	11.4
	4.2
	1.5
	2.8

	S.indicus
	13.6
	4.2
	89.5
	8.9
	2.6
	57.5
	13.9
	3.9
	8.9
	3.1
	1.0
	2.0

	T.mystax
	16.2
	4.1
	10.1
	8.1
	2.0
	50.5
	17.0
	7.0
	1.2
	4.2
	1.1
	2.6

	I.megalopte-ra
	18.1
	5.3
	11.7
	7.5
	3.2
	53.5
	8.3
	5.5
	6.9
	-
	-
	-

	S.longiceps
	18.6
	6.8
	12.7
	6.7
	3.2
	49.5
	10.8
	6.8
	8.8
	8.2
	3.9
	6.0.

	L.devauceli
	20.8
	3.6
	12.2
	8.9
	2.2
	55.5
	17.1
	2.5
	9.8
	4.2
	1,7
	2.9




















Fig.1. Percentages of escaped from square and diamond mesh cod-ends 

Fig. 2. Percentages of retained from square and diamond mesh cod-ends




Square mesh cod-end (%)	T.lepturus	L.bindus	S.indicus	T.mystax	I.megaloptera	S.longiceps	L.devauceli	0	7.08	4.1399999999999997	10.400000000000006	7.25	2.0299999999999998	6.6899999999999995	5.55	Diamond mesh cod-end (%)	T.lepturus	L.bindus	S.indicus	T.mystax	I.megaloptera	S.longiceps	L.devauceli	4.4444444444444571	2.5289778714436295	4.9833887043189424	4.1036717062634978	0	6.0869565217391264	3.9387308533916752	species

Percentages of escapement

Square (%)	T.lepturus	L.bindus	S.indicus	T.mystax	I.megaloptera	S.longiceps	L.devauceli	92.918287937743187	95.851063829787236	89.6	92.746113989639198	97.967479674796763	93.309859154928958	94.444444444444727	Diamond (%)	T.lepturus	L.bindus	S.indicus	T.mystax	I.megaloptera	S.longiceps	L.devauceli	95.555555555555458	97.471022128556058	95.016611295681074	95.896328293736488	100	93.913043478261727	96.061269146608325	Species

Percentages of retained

