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Abstract 

To reduce by-catch of trawl, many selectivity studies have been done.  In recent years, many types of selective fishing gear have been developed.  Very little is however known about the selective performance of these gears.  As far as the gears have separator net-panel or grid-panel, they have size-selectivity as a sieving process, e.g. mesh selectivity and bar-spacing selectivity of the grid.  The size selectivity of the panel is valid only for fishes encountering it.  In encounter probability model introduced here, probability of fish encountering the separator panel was employed with size selectivity parameters.  Selective performance of Nordm(re grid and square mesh window panel would be shown as an example of the encounter probability model.  Encounter probability model would be useful for improving the design of gear with separator.  


Many studies on trawl gear selectivity have been done for reducing by-catch and discards, of which some focussed on mesh selectivity of trawl codend for by-catch reduction of juvenile of target fish, especially in mono-species fisheries (e.g. Jean, 1963).  Moreover, to improve selective performance, some factors which have an effect on codend selectivity, e.g. cod-end extension length and cod-end diameter (Reeves et al., 1992), twine diameter are studied in ICES member countries.  In multi-species trawl gear, to reduce the by-catch of juvenile of commercial species, mesh selectivity is also important.  It is pointed out that shrimp trawl in subtropical and tropical area, one of a typical multi-species fisheries, usually has codend of small mesh to catch shrimp and it therefore cause by-catch and discards of fish less than marketable size.  Many studies of mesh selectivity of shrimp beam trawls have been undertaken in the Inland Sea of Japan (Tokai and Kitahara, 1989, 1991; Tokai et al., 1990; Tokai and Sakaji, 1993; Tokai et al., 1994).  Tokai and Kitahara (1991) revealed that an increase of mesh size to release shrimp smaller than marketable size would lead to reduction of by-catch without any loss of shrimp landings.  However some of fish are retained even by the enlarged codend-mesh and its discards issue still remained unsolved.

Then, the selective fishing gears have been developed to separate target species from by-catch, e.g. selective shrimp trawl (High et al., 1969; Siedel, 1975; Watson, J. W. and C. McVea, 1977), Two-level trawl (Main and Sangster, 1985; Galbraith and Main, 1989); TED net (Watson et al., 1986), Square mesh window panel (Robertson and  Stewart, 1988; Glass and Wardle, 1995; Broadhurst et al., 1996), Nordm(re grid (Isaksen et al., 1992), and Sort-X (Larsen and Isaksen, 1993).  From the point of view of fisheries management, it is necessary to evaluate the selective performance of a new fishing gear.  Very little is however known about the selective performance of these gears.  The most successful ones of these gears have incorporated a type of separator panel or grid.  Initially these panels were made from netting, and in recent years separator grids (grates) made of rigid metal bars have been used.  Isaksen et al. (1992) suggested that a given bar spacing of the grid is analogous to a given mesh size of the codend in separating shrimp from fish in the shrimp trawl fishery in Norway.  Tokai et al. (1996) demonstrated the grid-selectivity is expressed as a function of fish length and bar-spacing and could be analyzed in the same fashion as mesh selectivity with master curve analysis method (Tokai and Kitahara,1989; Tokai et al., 1994).  Isaksen et al. (1992) also showed that the grid with a guiding funnel was more effective.  What is the role of the guiding funnel for separation?  In square mesh window trawl, as far as separator panel is made from netting, it must also have size-selectivity by mesh size.  This paper presents encounter probability evaluating selectivity of square mesh window trawl.

Encounter probability model

Size-selectivity, in other words, retention probability of separator panel like grid and square mesh net panel is valid only for fish encountering (being aware of) it.  Some of underwater TV observations around separator panel showed that not all fish encounter the panel.  This implies the probability that a fish encounters the grid (or panel) should be considered.  Encounter probability model is proposed for estimating the encounter probability with size-selectivity of the panel from the data of cover-net fishing experiments

Case 1; Nordm(re grid

Grid size-selectivity for 6 species were obtained from a fish-outlet cover fishing experiment of grid separator with three bar spacings ( 8, 10 an 15 mm ) in small beam trawls ( Tokai et al., 1996 )  In this result, while for 5 species except southern rough shrimp proportion retained by the grid increase from 0 to 1, proportion retained of southern rough shrimp does not approach to zero in the body width range of enough small compared with bar-spacing.  Hence, Tokai et al. (1996) expressed grid selectivity curve for this shrimp not by the logistic curves, but by the equation as follows;

S( R ) = pg / [ 1 + exp(  - R )] + 1 - pg


(1),
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where R = body width of shrimp / bar-spacing of the gird.  These parameters ,  and pg were estimated as 14.8, 17.0 and 0.152, respectively.  This equation is specified bt the encounter probability pg, and a logistic equation, 1 / {1 + exp( - R)} which is usually used for size-selectivity of trawl codend (Fig. 1).  Tokai et al. (1996) confirmed that the logistic equation with these parameter values indicated the retention probability on grid when fish encountering the gird, from the result of a fishing experiment using normal fish outlet and blocked fish outlet, respectively.

The fact that the parameter 1- pg is 0.152 significantly larger than zero indicates a 15.2 % loss of shrimp.  The usual Nordm(re grid separator system consists of a grid, a fish outlet, and a funnel or flapper which guides fish and shrimp against the grid.  Isaksen et al. (1992) reported a very high shrimp loss ( 40 % ) in tests without any guiding funnel or flapper.  Similarly Renaud et al. (1993) found that, for Georgia TEDs, a mean loss of shrimp of 3.6 % when funnels were used was significantly less than the loss of 13.6 % when funnels were not used.  In this regard, the parameter pg as a measure of the proportion of fish which encounter the grid could be used to quantify the effectiveness of the guiding funnel or flapper.
Case 2; square mesh window
A similar model is proposed in Fig. 2 for evaluating the retention probabilities of a square mesh window alone and of the whole codend and square mesh window together (Tokai et al., 1996; Anon, 1996).  This model requires the data collected during a fishing experiment using separate covers over codend and window. 

Because several underwater TV observations of fish behavior around a window showed that not all fish encounter the square mesh window, the probability that a fish encounters the window can be described as the encounter probability, pW.  Thus, the retention probability of the window, rW(l) is,

rW(l) = [ pWN(l) - NW(l) ] / pWN(l)



(2),
where N(l) and NW(l) are the number of fish of length l that enter the gear and that escape through the window, respectively.  Some fish also escape from the codend, i.e. the codend has another size-selectivity for fish of length l, rc(l) which is estimated from the covered-codend catch.  Overall selectivity of the codend with the window r(l) is described as:

r(l) = [ 1 - pW + pWrW(l) ] rC(l)



(3),
where rC(l) is the codend selectivity.  This equation means that the overall selectivity of the codend with the window is specified by the two retention probabilities and the encounter probability.  In this paper, we are concerned with the selective process around the window.  Either fish retained by the window panel or having avoided the window panel will enter the codend.  Using a logistic models for rW(l), proportion of fish entering the codend to the total fish is expressed as 

NW(l) / N(l) = pW rW(l) + 1 - pW
         = pW / [ 1 + exp( w - wl )] + 1 - pW.

(4),
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which is the same form as equation (1).  
The parameters of logistic equation  w and w and encounter probability pW were determined from the data in the covered window and codend selectivity experiment carried out in Scotland by SOAFED Marine Laboratory (Tokai et al., 1996; Anon, 1996).  The estimated values of encounter probability for haddock are 0.26 - 0.76 (mean value 0.49), which is not so high as expected.  A more interesting result is the difference in encounter probability between haddock (0.49) and whiting (mean value of 0.76).  It is known by the under-water TV observation that whiting can be active in the codend extension and cod-end where they take up a nose-up attitude to the netting along the top panel as they fall back into the codend (Anon, 1996).  In a square mesh window panel trawl fishing experiment in Argentina, square mesh panel did not contribute significantly to the escape process of juvenile hake, probably due to the window position in the forward part of the codend, and it was proposed that the area of the square mesh panel should be enlarged(Ehrhard et al., 1996).  Thus, encounter probability varies by species as well as by gear configuration.


Encounter probability model reviewed in this paper would be useful for evaluating selective performance in modifying the design of gear with separator panel.  At the moment, the parameters of this model can easily be estimated by maximum likelihood analysis with SOLVER on MS-Excel just as mesh selectivity analysis (Tokai, 1997), if no particular statistics software, e.g. S-plus.  In addition, separation efficiency between two species, including between wanted and unwanted fish was defined by Tokai et al. (1997).  As far as separator panels have size-selectivity on net-panel by mesh size (and on grids by bar-spacing), separation efficiency depends not only on mesh size (and bar-spacing) but also on the fish-size frequency of the stock of each species. The appropriate mesh size (and bar-space) should therefore be determined for better sorting, by maximizing separation efficiency (Omoto and Tokai, unpublished).  The master curve analysis method of mesh selectivity (Tokai and Kitahara, 1989; Tokai et al., 1994) and grid selectivity (Tokai et al., 1996) is also useful in determining the appropriate bar spacing.
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