Size Selectivity of 35-mm Square and Diamond Mesh Cod-Ends in Bottom Trawls for Parapeneopsis stylifera and Stolephorus indicus off the East Coast of India

ABSTRACT 
Trawling systems have been global topic with concern on sustainable fisheries and management due to non-selective and caught whatever it comes in the net. Pertaining to the issue n experimental fishing was conducted  to compare the selectivity of 35mm square and diamond cod-ends of commercial bottom trawl net using cover cod-end method on selected two species viz., Kiddi shrimp (Parapeneopsis stylifera) and the Indian anchovy (Stolephorus indicus) off Kakinada, Andhra Pradesh, India.  The L25, L50 and L75 values of P.stylifera for 35mm square mesh cod-end was 7.33, 11.0 and 14.6cm while the selection range (SR), selection factor (SF) and selection ratio (Sr) was 7.32, 0.31 and 0.20 respectively. From the 35mm diamond mesh cod-end for P.stylifera, the observed L25, L50 and L75 parameters was 3.70, 6.53 and 9.35cm while the selection ranges (SR), selection factor (SF) and selection ratio (Sr) was 5.64, 0.18 and 0.16 respectively. From the 35mm square mesh cod-end for Indian Anchovy (S.indicus), the observed L25, L50 and L75 values was 4.91, 8.07 and 9.79 cm while selection range (SR), selection factor (SF) and selection ratio (Sr) was 4.88, 0.23 and 0.13 respectively. From 35mm diamond mesh cod-end for P.stylifera, the L25, L50 and L75 value was 3.26, 6.50 and 9.71 cm respectively while selection range (SR), selection factor (SF) and selection ratio (Sr) was recorded at 6.45, 0.18 and 0.18 respectively. The observed results concluded that the 35mm square mesh have superior in selectivity with compared to 35mm diamond mesh cod-end of bottom trawl net.
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INTRODUCTION
The study on selectivity of fishing gears is vital to deal with over-exploitation of existing marine fish stocks; reduce by-catch by harvesting species specific, sustainable fish and spawning stock, gear mesh size regulation and implementation and policy decision making.  There have been keen global interests to developed selective fishing gears especially in trawl net due to non-selective nature of fishing and leading to contribution of major of the non-targeted catch and mortality in marine fisheries sector. Gear selectivity is crucial for designing of fishing gear, fish stock assessment, development of sustainable fishing gears and fisheries management. Knowledge on species-wise size selectivity details is crucial to determine the optimum mesh size of trawl net (ICNAF, 1963; DFO, 1995).   In Indian scenario, due to multi-species nature of marine fisheries, recommendation of optimum mesh size for different fishing systems face difficulty. Selectivity is influenced by the cod-end mesh size, mesh shape and shape of species available, size of the gear and nature of fishing ground (Brandt, 1963; Clark, 1963).  Fishes were observed to escape from forward panel and beneath the foot rope and hence, it is necessary to study the selectivity for entire trawls net (Ellis, 1963; Clark, 1963; Godo & Walsh, 1992).  However, most trawl selectivity experiments were largely carried out from the cod-end portion with logic behind that major species being escaped through cod-end. Small mesh size which are smaller than the main cod-end with diamond shape mesh are generally rigged at main cod-end to observed the retained and escape. 
Incidence of unwanted species catch generated are generally higher in trawl net due to the no legal minimum species landing size, usage of mesh size smaller than recommended for sustainable fisheries, lack of species specific selective fishing gear, non-selective nature of fishing gear, lack of affective juvenile sorting devices, by-catch reduction devices (BRDs) or if available no interest to used by fishermen and additionally shortages of knowledge among fishing communities (Madhu et al. 2011). Marine shrimps are targeted mostly by mechanized bottom trawler due to having high values in domestic and international markets. In 2020-2021, India exported 7,28,123 metric tonnes with worth value of 5,828.59 million USD by exporting frozen shrimp alone (MPEDA, 2021). An Indian anchovy is widely distributed and consumed in fresh and dried form throughout coastal states of India but no export still needs to be explored in India. 
A shrimp caught by the targeted shrimp trawlers was 25-30% while approximately 70% of non-shrimp catch have been discarded in the sea but the commercial fishes, crabs, squids, cuttlefish and demersal teleosts etc. are brought to shore and sale in certain local markets and utilized for the production of fish meal thus compensate the wages for the boat crew members and miscellaneous expenses (Dineshbabu et al. 2013).  It is also observed that smaller species which considered as by-catch are dried onboard during fishing trip or brought to the landing centre in fresh form and dried and further meet the local consumption and dried fish markets. Discards and incidental capture consist of commercially important juvenile species of fishes and unwanted benthic organisms (Gibinkumar et al. 2012; Dineshbabu et al., 2013; Madhu et al. 2015).  Trawlers have higher capability to capture and have lower nature of exclusion which lead to high quantity of by-catch and discard (Kennelly, 1995; Hill & Wassenberg, 2000). Kelleher, 2005 quantified the discarded quantity of 18.6 million tones of marine shrimps that reckon to 27.3% of the total catch discards. Najmudeen & Sathiadhas, 2008 estimated an economic loss of US$ 19,445 million from mechanized and motorized sectors due to juvenile’s marine fishes landing in India. Alverson et al. 1994 estimated the discarded quantity of 17.9-39.5 million tonnes of fish each year in the commercial global fisheries. 
Development of effective and selective fishing gears is the need of the hour in order to minimize the quantity of by-catch, discard, and to sustained fish stock and management from the trawling systems in India. The fishing gear selectivity using square mesh cod-end have been proven to be superior by several authors (Robertson, 1983; Robertson, 1986; Robertson et al. 1986; Robertson & Stewart 1988; Robertson & Ferrow, 1988; Robertson, 1993; Kunjupalu et al. 1994; Varghese et al. 1996; Raghu et al. 2010; Rajeshwari et al. 2013; Madhu et al. 2015). In this juncture, a legalized and enforcement of square mesh from the existing diamond mesh cod-end in trawling systems would drastically reduce the catch of unwanted species. In this article, selectivity of 35 mm square and diamond mesh cod-ends of commercial bottom trawl net experimental fishing was undertaken off Kakinada with respect to P. stylifera and S. indicus are discussed. 
MATERIALS AND METHODS
Field trials were undertaken off Kakinada, Andhra Pradesh in East Coast of India during March, 2022 onboard commercial trawler.  Square and diamond mesh cod-ends were fabricated using 1mm diameter twisted Polyethylene (PE) twine. Smaller diamond mesh cover of 20mm mesh size was fabricated with 1 mm diameter PE twine and rigged at cod-end portion. Total of 24(12+12) hauls was conducted using 35mm square and diamond mesh cod-end bottom trawl net. Fishing craft and gear employed are given in Table 1. Uniform method of shooting and hauling was adopted in all fishing operation. Shooting and hauling speed maintained between 0.6-1.2 and 0.2-1.2 knots respectively while towing speed was in the range of 2.3-2.6 knots at depth of 30-45 m. All the experimental fishing operations were carried out during daytime at commercial fishing grounds. The head rope length of the trawl net was 32m rigged with rectangular shaped pair wooden otter board with weight of 85kg and size of 1.5x1m (length x breadth). Twenty-four (24) hauls of 1 hour duration of each haul were undertaken simultaneously for bottom trawl net where other commercial trawlers were also operating in the vicinity of the sampling ground. After each haul, the catch was segregated from main cod-end and cover. It was sorted into species-wise and total quantity of catch was recorded from cod-end and cover. The quantity and size of the fishes retained and excluded in both the cod-ends were recorded. The length-frequency data were collected for each haul from the cod-end and cover. The logistic model commonly describes trawl Selectivity Ogive by Sparre et al. 1989 was fitted.
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 cod-end and S1 and S2 are constants determined by linear least square estimation for each species.
The length classes retention of 25, 50 and 75% are represented as L25, L50 and L75, respectively throughout the studied. The selection range (SR), Selection factor (SF) and Selection ratio (Sr) was calculated from cod-ends of square and diamond mesh trawl net. Considering the nominal mesh size, the calculation of SF and SR were done. The estimation of L25, L50, L75, selection range (SR), selection factor (SF) and selection ratio (Sr) were done using given equation 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 
The estimated L25, L50 and L75 values of P.stylifera for square mesh cod-end were 7.33, 11.0 and 14.6cm respectively. Selection range (SR), selection factor (SF) and selection ratio (Sr) with respect to 35mm square mesh cod-end was 7.32, 0.31 and 0.20. The estimated L25, L50 and L75 values for 35mm diamond mesh cod-end were 3.70, 6.53, and 9.35cm respectively. The selection range (SR), selection factor (SF) and selection ratio (Sr) was 5.64, 0.18 and 0.16 for diamond mesh cod-end. The selection range (SR), selection factor (SF) and selection ratio (Sr) have shown greater span in square over diamond shaped cod-end for P.stylifera (Table 2) that proven to provide preferable chance for undersize fishes to escape and further revitalize into matured stage. Smooth sigmoid curves were obtained for P.stylifera from both the selected cod-ends however; the length-frequency obtained from square mesh cod-end showed greater peak compared to diamond shaped cod-end (Figures. 1 & 2).  
The L25, L50 and L75 values of 35mm square mesh cod-end with respect to S.indicus were 4.91, 8.07 and 9.79cm while selection range (SR), selection factor (SF) and selection ratio (Sr) was 4.88, 0.23 and 0.13 respectively. For 35mm diamond mesh cod-end the L25, L50 and L75 values were 3.26, 6.50, and 9.71cm. The selection range (SR), selection factor (SF) and selection ratio (Sr) was 6.45, 0.18 and 0.18 respectively (Table. 3). 
Discussion
Comparing the present studied estimated values from both the cod-ends, a square mesh shown better selectivity compared to the diamond mesh cod-end which might due to square mesh lumen remained opened at the initial stages of fishing and facilitated to escape immature fishes (Stergiou et al. 1997; Sala et al. 2016).  The square mesh remained opened when tension applied and allowed certain unwanted mud and debris filtered through the net as a result the operational engine speed employed square mesh trawl net is better. The diamond shaped lumen remained closed from the initial stage of fishing hence, provide minimal chance of escapement.  Varghese et al. 1996 evaluated L25, L50 and L75 values of 3.4, 5.3 and 6.6 cm from 20 mm square mesh cod-end off Kochi for P.stylifera, however, present studied showed higher ranges which might due to larger mesh size employed. Present studied estimated L25, L50 and L75 for P.stylifera were 7.33, 11.0 and 14.6 cm for square while for diamond cod-end were much lower (3.70, 6.35 and 9.35cm). No direct reference is available to relate for present studied on P.stylifera using 35mm square and diamond mesh cod-end from Indian water as well as in global context.  Selection factor (SF), selection range (SR)
and selection ratio (Sr) were observed to be slightly higher from over diamond mesh cod-end that showed positive sign that certain fraction of fishes are permit to escaped. Slight variation in SF (7.32), SR (0.31), Sr (0.20) from the square shape over diamond cod-end SF (5.64), SR (0.18) and Sr (0.16) were observed in present investigation that conclude some section of population escaped through cod-end.  Santhianandan, 2017 cited that larger sizes fishes are selective by trawl net that may be the assuming reason for observing larger size or mature fishes retained in the cod-end and smaller fish or immature fishes escaped through cod-end and retained in the cover cod-end. 
Silvestre, 1986   estimated L25, L50, and L75 values of 9.2, 10.3 and 11.5cm using 40mm diamond mesh cod-end from the Samar sea, Phillipine for Stolephorus spp. which were slightly higher in compared to present studies which might due to usage of larger cod-end mesh size, varies seasonal and geographical location, varies in craft and net dimension, speed of fishing, and other unknown factors.  In the present study, SF (0.23) in square mesh cod-end was greater in comparison with diamond mesh cod-end however selection ratio (Sr) was lower (0.13) in square mesh that agreed with studied undertaken by Sun et al. 2006 for hairfin anchovy Setipinna taty in Chinese stow net fisheries using 35 mm square mesh size. The SF was 0.23 and 0.18 for square and diamond mesh cod-end that showed slightly higher for square shaped cod-end and that also predicted the changes of mesh size.  The length-classes retained from both square and diamond mesh cod-ends were given in figures 3 and 4.  Zhang, 2004 cited that mesh with larger meshes provide easy way to escape that lead to relatively lower catch. Many authors have proven that square mesh cod-end have more selective than conventional diamond shaped cod-end of trawl net for many species (Robertson, 1983; Robertson & Stewart, 1988; Varghese et al.1996; Raghu et al. 2022; Kamei et al. 2024).  Gear selectivity and suggestion on optimum cod-end mesh size for certain species is vital to capture for the judicial exploitation of the stock (Santhianandan, 2017).
However, there is a scanty of literature to refer on size selectivity of S.indicus from the Indian waters. From the present studied it has shown that when more fishes were caught and accumulate, the cod-end portion of net is clogged and it blocked the juveniles fishes to escaped and hence minimize the selectivity in diamond shaped trawl net. In square shaped cod-end, at initial stages it facilitates to escape juvenile fishes however, when more fishes are accumulated then clogged the cod-end and similarly provide less opportunity to escape. In this case it is necessary to maintain optimum of 1.2-1.5 knot during fishing. Overall square mesh cod-end proven to be more selective over diamond mesh cod-end in bottom trawl net off Kakinada, Andhra Pradesh. 
Conclusion
Present studied observed that the usage of square over diamond mesh cod-end of trawl net will definitely reduce the capture of juvenile fishes and revitalize the over-exploited marine fish stock. The stringent implementation and enforcement on the usage of square mesh cod-end also help in better management of sustainable aquatic fauna. It will also reduce the sorting time of fish caught and provide quality and clean catch.
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Table 1. Fishing craft and gear details
	Vessel

	Type of craft
	Mechanized Wooden Trawler

	LOA
	12.6

	Engine
	Shok Leyland Marine Diesel

	Horse power (HP)
	102

	Navigation and electronic equipments
	Compass, GPS, Echo sounder, VHF

	No. of crew members
	8-12

	Gear

	Type of gear
	Bottom Trawl Net

	Head rope length (m)
	105

	Cod-end mesh size (mm)
	35 both square and diamond

	Cover mesh size (mm)
	20 diamond mesh

	Otter board (m)
	1.5-1 (Length x breadth) wooden (85 kg)



Table 2. Selectivity parameters of P.stylifera
	P. stylifera
	Square mesh cod-end 
	Diamond mesh cod-end

	L25 (cm) 
	7.33
	3.70

	L50 (cm)
	11.0
	6.35

	L75 (cm)
	14.6
	9.35

	Selection Range (SR)
	7.32
	5.64

	Selection Factor (SF)
	0.31
	0.18

	Selection Ratio (Sr)
	0.20
	0.16








Table 3. Selectivity parameters of  S.indicus
	S.indicus
	Square mesh cod-end
	Diamond mesh cod-end

	L25 (cm)
	4.91
	3.26

	L50 (cm)
	8.07
	6.50

	L75 (cm)
	9.79
	9.71

	Selection Range (SR)
	4.88
	6.45

	Selection Factor (SF)
	0.23
	0.18

	Selection Ratio (Sr)
	0.13
	0.18




Figure 1. Selection curve, Observed value (Obs), Estimation (Est) and length-frequency distribution from square mesh main cod-end  (SM CD) and cover (SM C) of P.stylifera





Figure 2. Selection curve, Observed value (Obs), Estimation (Est) and length-frequency distribution from diamond mesh main cod-end  (DM CD) and cover (DM C) of P.stylifera



Figure 3. Selection curve, Observed value (Obs), Estimation (Est) and length-frequency distribution from square mesh main cod-end  (SM CD) and cover (SM C) of S.indicus






Figure 4. Selection curve, Observed value (Obs), Estimation (Est) and length-frequency distribution from diamond mesh main cod-end  (DM CD) and cover (DM C) of S.indicus
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Proportion retained
Frequency

Est.	1.5	2.5	3.5	4.5	5.5	6.5	7.5	8.5	9.5	10.5	11.5	12.5	13.5	14.5	15.5	16.5	17.5	18.5	19.5	0.11405238127979088	0.14804719803169608	0.19000156601531287	0.24048908305089564	0.29943285752602705	0.36586440898921491	0.43782349911422069	0.51249739648421033	0.58661757891730815	0.65701046267353092	0.72111517802286307	0.7772998611747125	0.82491373183594197	0.86412710299090578	0.89566877688099866	0.92056145081602159	0.93991334982597419	0.95478252651671269	0.96610483584082185	Obs.	1.5	2.5	3.5	4.5	5.5	6.5	7.5	8.5	9.5	10.5	11.5	12.5	13.5	14.5	15.5	16.5	17.5	18.5	19.5	0.14285714285714793	0.17391304347826794	0.27777777777778584	0.28000000000000008	0.35294117647058826	0.37500000000000488	0.58139534883719957	0.78125	0.78947368421052633	0.8	0.87500000000001432	0.88888888888888884	0.95000000000000062	1	DM CD	1.5	2.5	3.5	4.5	5.5	6.5	7.5	8.5	9.5	10.5	11.5	12.5	13.5	14.5	15.5	16.5	17.5	18.5	19.5	2	4	10	7	12	9	25	25	15	4	21	8	19	1	DM C	1.5	2.5	3.5	4.5	5.5	6.5	7.5	8.5	9.5	10.5	11.5	12.5	13.5	14.5	15.5	16.5	17.5	18.5	19.5	12	19	26	18	22	15	18	7	4	1	3	1	1	Total length classes (cm)

Proportion retained

Frequency
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