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Background on Main factors affecting codend selectivity

STECF was requested to deliver its opinion on the findings presented in the report of the SGMOS –07-01 meeting held in Aberdeen from 11-15 June 2007, which had the following Terms of Reference: 

· Assess the influence on codend selectivity of mesh size, (mesh shape?), codend circumference as measured in maximum number of meshes round and twine materiel for different weights of catch. 

· The catch weights will be chosen in the range between 50  and  1000 kg, with prefixed levels at 50 kg, 100 Kg, 200 Kg, 400 Kg, 600 kg, 800 Kg and 1000 Kg. Additional intermediate weights could be used if considered  pertinent.  

· The tested mesh sizes, mesh shape, codend circumference, and twine diameter will be those currently in place in the European legislations; however, values greater and smaller of these reference values should be explored too.

· The indicator of codend selectivity will be either L50 for a given species or the average mesh opening in an area of the codend to be defined just in front of the catches. Experimental L50 estimates from scientific literature will be used for the validation of PRESEMO.

· Advice on which constructive elements, which results less relevant for the selectivity of a certain type of trawl net, could be ignored while emphasizing those constructive elements that need greater attention and need to be tackle in a legislation aiming to effectively improve codend selectivity.
The meeting was held at Fisheries Research Services, Aberdeeen and attended by scientists from UK, Italy, Greece, Turkey and Denmark.

STECF Opinion

STECF notes that the WG ran simulations on cod-end selectivity for a range of codend design parameters using the PRESEMO model, which is a predictive model that is based on an understanding of the physical, biological and behavioural mechanisms that underpin codend selection. Thus, it can be used to investigate the influence and predict the effect on codend selection of a whole range of biological, behavioural and gear design parameters. PRESEMO makes use of information on codend geometry, the fish behaviour, the escape process, fish population structure, and fish morphology. 

Simulations were run for North Sea haddock and Mediterranean red mullet using a range of codend design parameters. For each combination of parameters 1000 simulations were run and as a result, the haddock simulations took two days of computer time and the red mullet simulations were still being carried out when the meeting finished. Consequently, the group was unable to finalise its report by the end of the meeting and will be finalised by correspondence.

STECF was unable to provide an informed opinion on the work of the Subgroup because the subgroup report was unavailable at the time of the STECF plenary, which was held immediately following the Subgroup meeting. STECF will therefore provide its review of the work undertaken by he SGMOS-07-01 Subgroup in the report of its plenary meeting scheduled for 5-9 November 2007. 
ANNEX Report of the STECF Working Group on Main Factors Affecting Cod End Selectivity (SGMOS-07-06)
11th -15th June 2007
This report will be evaluated by the Scientific, Technical and Economic Committee for Fisheries (STECF)

This report does not necessarily reflect the view of the European Commission and in no way anticipates the Commission’s future policy in this area.

Chair: Barry O’Neill

A study group was held at Fisheries Research Services, Aberdeen, chaired by Barry O’Neill and attended by Antonello Sala, George Petrakis, Daniel Priour, Huseyin Ozbilgin, Bent Herrmann, Anna Cheilari, Alessandro  Lucchetti, Jacques Sacchi , Mike Breen, Francois Theret (DGFish) and Doug Beare (JRC) to address the following terms of reference:

Terms of reference

STECF is requested to 

· Assess the influence on cod-end selectivity of mesh size, (mesh shape?), cod-end circumference as measured in maximum number of meshes round and twine materiel for different weights of catch. 

· The catch weights will be chosen in the range between 50 and 1000 kg, with prefixed levels at 50 kg, 100 Kg, 200 Kg, 400 Kg, 600 kg, 800 Kg and 1000 Kg. Additional intermediate weights could be used if considered  pertinent.  

· The tested mesh sizes, mesh shape, cod-end circumference, and twine diameter will be those currently in place in the European legislations; however, values greater and smaller of these reference values should be explored too.

· The indicator of cod-end selectivity will be either L50 for a given species or the average mesh opening in an area of the cod-end to be defined just in front of the catches. Experimental L50 estimates from scientific literature will be used for the validation of PRESEMO.

· Advice on which constructive elements, which results less relevant for the selectivity of a certain type of trawl net, could be ignored while emphasizing those constructive elements that need greater attention and need to be tackle in a legislation aiming to effectively improve cod-end selectivity. 
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Background
The Commission is in the process of revising the technical measures in the North-East Atlantic. In order to simplify the technical measures the Commission wishes to focus the new technical rules on the main parameters which affect cod-end selectivity and to give less attention to the others. As part of this exercise, an evaluation of certain technical provisions established to improve cod-end selectivity is required, especially those on mesh size, cod-end circumference and twine diameter. 

To achieve this objective, an assessment of the respective influence on cod-end selectivity of the mesh size, mesh shape (diamond and square), the circumference (number of meshes round) and twine diameter used in the cod-end in relation to the volume or the weight of the catches is necessary.

This is not possible using sea trials because the gradual entrance of fish in the cod-end cannot be controlled. Software called PRESEMO has been developed through research projects PREMECS and PREMECS II and it allows this assessment to be carried out.

This meeting is set up to assess, using the predictive model PRESEMO, the respective influence of mesh size, cod-end circumference, twine diameter and catch weight on the cod-end selectivity of haddock.

New technical measures have been recently adopted for the Mediterranean (Council Regulation (EC)No 1967/2006) but improvement in knowing the effects that certain factors may have on the selectivity of trawl nets can be useful for further adjustments in this region. If time permits a similar analysis should be carried out on the cod-end selectivity of red mullet.
The study group ran simulations of cod-end selectivity using the PRESEMO model on haddock, as the indicator species for the North East Atlantic, and red mullet, as the indicator species for the Mediterranean. Priority was given to fulfilling the terms of references in relation to haddock in the North East Atlantic as it is here that the Commission is presently revising the technical measures legislation.

A full analysis was completed for haddock in the North East Atlantic and an analysis comparing preliminary simulations with experimental selectivity data was carried out for red mullet.

The PRESEMO model.
The PRESEMO model is an individual-based structural model of the selection process in the cod-end of a trawl fishing gear that has been developed over the course of the EU funded projects PREMECS and PREMECS II, Herrmann (2005a, 2005b). It models different populations of fish entering the cod-end during a tow. Each fish is assigned a weight and a maximum width and height dependent on its length, and is assumed to be of elliptical cross-section. Each is also allocated a travel time down the cod-end, a time it can swim in the cod-end without being exhausted, a time between escape attempts and a packing density for swimming in front of the catch. An escape attempt is deemed successful, if the fish can pass through the mesh opening at the point of the cod-end, where the attempt takes place. The openness of a mesh is a function of the cod-end geometry, and calculated using the methods of O’Neill (1997, 1999) and Priour (1999, 2001, 2005). Fish that do not escape fall back and become part of the catch when their exhaustion time is reached. The cod-end shape is continually updated, as the catch builds up during the tow. At the end of a simulation, a logistic function is automatically fitted to the simulated selection data to obtain estimates of the 50% retention length (l50) and selection range (sr). A detailed description of this model is given in Herrmann (2005a).

PRESEMO requires information on cod-end geometry, the fish behaviour, the escape process, the fish population structure, the fish morphology, the fish weight. It is also important to have sufficient experimental data sets with which to validate the PRESEMO predictions. The parameter settings/descriptions and data sets used for haddock in the North East Atlantic are presented in annex 1. Those for red mullet in the Mediterranean are presented in annex 2.

North East Atlantic cod-ends examined
The cod-ends examined for the North East Atlantic were made of 3, 4, and 5 mm double braided polyethylene netting; had 80, 100 and 120 open meshes around; and had mean inside mesh sizes of 60, 80, 100, 120 and 140 mm. All combinations of these design parameters were investigated giving 45 different cod-ends that were used in the simulations. One thousand simulations were carried out for each cod-end. 
Mediterranean cod-ends examined

The cod-end designs are much more varied than those used in the North East Atlantic and as a result it was a more difficult task to choose a range of design parameters that could be considered typical. It is possible, however, to identify a predominant range of design characteristics.

Those examined for the Mediterranean were made of 2, 3, and 4 mm single polyamide netting; had 150, 250 and 350 open meshes around; and had mean inside mesh sizes of 40, 45 and 50 mm. The geometry of cod-ends of all these design parameters combinations were investigated, giving 27 different cod-ends that were available for the simulations. 
In annex 6 we describe the full range of cod-ends used in the Mediterranean region.
Analysis of simulated data

In order to use and interpret the simulated data in a relatively straightforward way, a quadratic polynomial was fitted to the estimates of l50. This was expressed in terms of the mesh size, m, the number of open meshes around, n, the twine thickness, t and the total catch weight at end of the haul, w, as follows
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Results

 Simulated haddock selectivity data

Figure 1 plots the distributions of l50 for a selection of the simulated data. In Figure 1(a) the number of meshes around is 100 open meshes, twine thickness is 4 mm double PE and the mesh size is 60, 80, 100, 120 and 140 mm, respectively.  While it is clear the mean l50 increase with mesh size, there is considerable overlap of the frequency distributions. In Figure 1(b) the mesh size is 100 mm, the twine thickness is 4 mm double PE and the number of meshes around is 80, 100 and 120.  Here we see, as expected, a decrease in l50 with increasing number of meshes around and a greater degree of overlap. In Figure 1(c), the number of meshes around is 100 open meshes, the mesh size is 100 mm and the twine thickness is 3, 4 and 5 mm double PE. Although there is a considerable degree of overlap between the distributions, we can still identify that l50 decreases with increasing twine thickness. 

In figure 1(d) we plot the only the l50 estimates for the a cod-end with 100mm mesh size, 100 meshes around and twine thickness 4mm double PE, however, we partition the hauls according to whether the catch size is in the range 101 – 300 kg, 301 – 500 kg, 501 – 700 kg, 701 – 900 kg or 901 – 1100 kg. This figure clearly demonstrates the extent to which catch size may affect cod-end selectivity.
Analysis of simulated haddock data and comparison with experimental data.
The coefficient estimates of the quadratic model are contained in Table 1. Table 2 contains some comparisons of the predictions of the model with the average simulated values for all the cod-ends examined. These show that the quadratic model is a good fit to the simulated data. 

Some comparisons of predictions of this model with the experimental data of annex 1 are presented in Figure 4. The dashed lines are 95% confidence limits (i.e. ± 2sd) of the simulated average parameter estimates for each cod-end. The data points are the relevant individual experimental haul estimates of annex 1 and the continuous lines are the relevant empirical model predictions of the studies of Galbraith et al. (1994), Lowry and Robertson (1996) and Kynoch et al. (1999). The symbols □ are the predictions using the quadratic model where catch is assumed to be 450 kg (the average catch weight of the experimental hauls). 

In general the predictions of the quadratic model is a reasonable estimate of the experimental data and the empirical models in the literature. Most experimental data points are within the 95% range of the simulated data indicating that the simulations can explain a large portion of the variation found in the experimental data. 

A few experimental results are outside the predicted confidence bands. In Figure 4a, two l50 values are very small. Examining the experimental data in greater detail reveals that the catch weights in these hauls were 1390 and 1770 kg while the cover contained only 100 and 140 kg. 

Contour plots for haddock 
In Figures 5 and 6 we use the quadratic model to generate iso-l50 curves. These are curves of constant l50 that can be used to identify the set of parameter pairs to achieve a given selective performance. They plot the iso-l50 curves in terms of the mesh size and the number of meshes around for cod-ends made from 3, 4 and 5 mm double braided polyethylene at catch sizes of 200, 400, 600 and 800kg. These figures are very informative and by looking along any horizontal or vertical line we can see how the selectivity parameters will vary with either mesh size or number of meshes around. 
Look-up tables for haddock
Table 3 contains l50 estimates, calculated using the quadratic model, and is in effect the numerical equivalent to the iso-l50 curves of figures 5 and 6.
Preliminary red mullet simulations
Figure 7 presents results of PRESEMO simulations of red mullet (∆) and compares them with some of the data (♦) and the empirical model developed in annex 7. The PRESEMO predictions are for a cod-end with 280 meshes in circumference and mesh sizes 45, 50 and 55 mm. One hundred simulations were carried out for each cod-end. For this limited range there is a good match between the predictions and the experimental values.
Cautionary note
In the study presented here we have only used experimental data from covered cod-end experiments to both parameterise and validate PRESEMO. As a result the model, as it is parameterised at present, may underestimate results from twin trawl experiments. While this may restrict the broader applicability of the results it does not affect the ability of the model to assess the relative influence on codend selectivity of mesh size, codend circumference as measured in maximum number of meshes round and twine materiel for different weights of catch.
Summary
- Haddock selectivity varied much more over the ranges chosen for the cod-end mesh size and the number of meshes around the circumference than the range chosen for twine thickness.
- twine thickness can still have a significant effect and we can see from table 3 that for a 100mm mesh size cod-end with a catch size of 600 kg a 1mm reduction in twine thickness can be offset by increasing the number of meshes around by 10.
- We must be cautious interpreting the results for twine thickness as the relationship with twine bending stiffness is based on netting materials tested during 2002, since when there have been many developments in twine manufacture. 
- Twine thickness is a poor proxy for twine bending stiffness as twine construction and twine manufacture can have a considerable influence on twine bending stiffness and it is possible that twines of similar thickness can have very different twine bending stiffnesses. 
- a comparison of experimental data and preliminary simulations of red mullet suggest that it will be possible to use PRESEMO to model red mullet selectivity. 

Recommendations
The study group recommends that:

- a full simulation study for red mullet be carried out; 

- a simulation study be carried out to compare the haddock and red mullet selectivity of diamond and square shaped mesh cod-ends;
- a simulation study be carried out (in relation to red mullet) to investigate the influence of material type (PA and PE) and the cod-end closure (codline, steel cable or zip) on cod-end selectivity;
- the twine bending stiffness for the netting materials currently being used by the fishing industry be measured;
- the development of simple methods to measure/compare the mesh resistance to opening laterally rather than focus on twine thickness and twine bending stiffness; 
- information on fish swimming performance and fish behaviour in the cod-end be further incorporated into PRESEMO;

- the selectivity of other species, both round and flatfish, be investigated using the PRESEMO model.
 Table 1: The coefficients of the quadratic expression regressed on to the simulated data. The mesh size, m, and the twine thickness, t, are measured in millimetres and the catch weight, w, is measured in tonnes. 
	Intercept
	m
	n
	t
	w
	m2
	n2
	w2
	mn
	mt
	mw
	nw
	tw

	-5.68
	0.604
	0.0738
	-1.84
	-5.94
	-0.00131
	-0.0000935
	-3.89
	-0.00201
	0.00648
	0.110
	0.0575
	0.0665

	
	
	
	
	
	
	
	
	
	
	
	
	


Table 2: Main simulation results for cod-ends having twine thickness of  3 mm, 4mm and 5mm double PE. Mean w is the mean total catch weight for the 1000 hauls simulated for the cod-end. sd w is the standard deviation for the catch weight. Mean l50 is a simple mean from the simulations while pl50 is an estimate based on the regression models for the mean catch weight for the specific cod-end design. dl50 is the difference between mean simulated and the regression estimates

	t
	m
	n
	Mean w
(kg)
	sd w
(kg)
	Mean l50

(cm)
	sd 50

(cm)
	pl50

(cm)
	dl50

(cm)

	3mm double PE
	60
	80
	823
	333
	18.76
	0.67
	19.05
	-0.29

	
	60
	100
	799
	323
	18.76
	0.90
	18.72
	0.04

	
	60
	120
	789
	337
	18.33
	1.06
	18.28
	0.05

	
	80
	80
	705
	308
	25.44
	1.09
	26.26
	-0.82

	
	80
	100
	739
	294
	24.35
	1.36
	25.11
	-0.76

	
	80
	120
	770
	297
	22.68
	1.61
	23.95
	-1.27

	
	100
	80
	558
	211
	32.27
	1.81
	31.63
	0.64

	
	100
	100
	608
	225
	29.80
	2.14
	29.73
	0.07

	
	100
	120
	654
	236
	27.10
	2.29
	27.82
	-0.72

	
	120
	80
	470
	188
	35.70
	2.17
	35.66
	0.04

	
	120
	100
	509
	185
	33.07
	2.48
	32.90
	0.17

	
	120
	120
	565
	197
	30.42
	2.72
	30.31
	0.11

	
	140
	80
	429
	159
	37.75
	2.37
	38.72
	-0.97

	
	140
	100
	469
	174
	34.99
	2.50
	35.21
	-0.22

	
	140
	120
	543
	185
	32.45
	2.81
	32.14
	0.31

	4mm double PE
	60
	80
	800
	344
	17.20
	0.86
	17.67
	-0.47

	
	60
	100
	823
	339
	16.55
	1.65
	17.33
	-0.78

	
	60
	120
	797
	336
	17.31
	1.24
	16.90
	0.41

	
	80
	80
	746
	301
	24.32
	1.24
	25.07
	-0.75

	
	80
	100
	755
	314
	23.07
	1.51
	23.89
	-0.82

	
	80
	120
	759
	308
	21.99
	1.57
	22.63
	-0.64

	
	100
	80
	563
	222
	30.99
	1.96
	30.51
	0.48

	
	100
	100
	623
	234
	28.23
	2.18
	28.68
	-0.45

	
	100
	120
	677
	255
	25.67
	2.48
	26.84
	-1.17

	
	120
	80
	488
	183
	35.05
	2.23
	34.78
	0.27

	
	120
	100
	529
	187
	32.37
	2.40
	32.06
	0.31

	
	120
	120
	598
	210
	29.29
	2.67
	29.61
	-0.32

	
	140
	80
	436
	169
	37.21
	2.44
	37.89
	-0.68

	
	140
	100
	482
	176
	34.44
	2.52
	34.47
	-0.03

	
	140
	120
	538
	186
	31.80
	2.76
	31.19
	0.61

	5mm double PE
	60
	80
	835
	334
	15.17
	0.99
	16.25
	-1.08

	
	60
	100
	829
	345
	15.28
	1.53
	15.94
	-0.66

	
	60
	120
	831
	339
	15.58
	1.72
	15.55
	0.03

	
	80
	80
	756
	306
	23.15
	1.36
	23.82
	-0.67

	
	80
	100
	753
	309
	22.53
	1.53
	22.61
	-0.08

	
	80
	120
	774
	324
	21.26
	1.54
	21.42
	-0.16

	
	100
	80
	596
	230
	30.28
	2.17
	29.54
	0.74

	
	100
	100
	649
	234
	27.61
	2.39
	27.69
	-0.08

	
	100
	120
	701
	259
	25.10
	2.58
	25.86
	-0.76

	
	120
	80
	500
	192
	34.26
	2.36
	33.85
	0.41

	
	120
	100
	558
	202
	31.10
	2.65
	31.29
	-0.19

	
	120
	120
	615
	219
	28.39
	2.90
	28.76
	-0.37

	
	140
	80
	463
	171
	36.71
	2.47
	37.28
	-0.57

	
	140
	100
	506
	183
	33.53
	2.52
	33.85
	-0.32

	
	140
	120
	574
	198
	30.51
	2.79
	30.74
	-0.23


Table 3: A look-up table calculated using the quadratic model displaying point estimates of l50 for a broad range of cod-end designs for a range of catch sizes.
	
	
	
	
	
	
	
	
	
	
	

	
	
	catch size = 100kg
	
	catch size = 200kg
	
	catch size = 400kg
	
	catch size = 600kg
	
	catch size = 800kg

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	mesh size (mm)
	
	mesh size (mm)
	
	mesh size (mm)
	
	mesh size (mm)
	
	mesh size (mm)

	
	
	60
	80
	100
	120
	140
	
	60
	80
	100
	120
	140
	
	60
	80
	100
	120
	140
	
	60
	80
	100
	120
	140
	
	60
	80
	100
	120
	140

	
	meshes around
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	3mm double PE
	120
	15.3
	19.5
	22.7
	24.8
	25.9
	
	16.0
	20.4
	23.8
	26.1
	27.4
	
	17.0
	21.9
	25.8
	28.5
	30.3
	
	17.8
	23.1
	27.4
	30.6
	32.8
	
	18.3
	24.1
	28.8
	32.4
	35.1

	
	110
	15.9
	20.5
	24.1
	26.6
	28.1
	
	16.5
	21.4
	25.2
	27.9
	29.6
	
	17.5
	22.8
	27.0
	30.2
	32.3
	
	18.2
	23.9
	28.6
	32.2
	34.8
	
	18.5
	24.7
	29.8
	33.9
	36.9

	
	100
	16.5
	21.5
	25.5
	28.4
	30.3
	
	17.1
	22.3
	26.5
	29.6
	31.7
	
	17.9
	23.6
	28.2
	31.8
	34.4
	
	18.5
	24.6
	29.7
	33.7
	36.7
	
	18.7
	25.3
	30.8
	35.3
	38.7

	
	90
	17.1
	22.5
	26.9
	30.2
	32.5
	
	17.6
	23.2
	27.8
	31.4
	33.9
	
	18.3
	24.4
	29.5
	33.4
	36.4
	
	18.8
	25.3
	30.8
	35.2
	38.6
	
	18.9
	25.9
	31.8
	36.7
	40.5

	
	80
	17.7
	23.5
	28.3
	32.0
	34.7
	
	18.1
	24.1
	29.1
	33.1
	36.0
	
	18.7
	25.2
	30.7
	35.0
	38.4
	
	19.1
	26.0
	31.9
	36.7
	40.5
	
	19.1
	26.4
	32.7
	38.0
	42.2

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	4mm double PE
	120
	13.9
	18.2
	21.5
	23.7
	25.0
	
	14.5
	19.1
	22.6
	25.1
	26.5
	
	15.6
	20.6
	24.6
	27.5
	29.4
	
	16.4
	21.9
	26.3
	29.6
	31.9
	
	16.9
	22.8
	27.6
	31.4
	34.2

	
	110
	14.5
	19.2
	22.9
	25.6
	27.2
	
	15.1
	20.1
	24.0
	26.8
	28.7
	
	16.1
	21.5
	25.8
	29.2
	31.4
	
	16.8
	22.6
	27.4
	31.2
	33.9
	
	17.1
	23.4
	28.7
	32.9
	36.0

	
	100
	15.1
	20.2
	24.3
	27.4
	29.4
	
	15.6
	21.0
	25.3
	28.6
	30.8
	
	16.5
	22.3
	27.1
	30.8
	33.5
	
	17.1
	23.3
	28.5
	32.7
	35.8
	
	17.3
	24.0
	29.7
	34.3
	37.8

	
	90
	15.7
	21.2
	25.7
	29.2
	31.6
	
	16.2
	21.9
	26.7
	30.3
	33.0
	
	16.9
	23.1
	28.3
	32.4
	35.5
	
	17.4
	24.0
	29.6
	34.2
	37.7
	
	17.5
	24.6
	30.6
	35.6
	39.6

	
	80
	16.2
	22.2
	27.1
	30.9
	33.7
	
	16.7
	22.8
	28.0
	32.0
	35.1
	
	17.3
	23.9
	29.5
	34.0
	37.5
	
	17.6
	24.7
	30.7
	35.7
	39.6
	
	17.7
	25.2
	31.6
	37.0
	41.4

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	5mm double PE
	120
	12.4
	16.9
	20.3
	22.7
	24.0
	
	13.1
	17.8
	21.4
	24.0
	25.6
	
	14.2
	19.3
	23.4
	26.5
	28.5
	
	15.0
	20.6
	25.1
	28.6
	31.0
	
	15.5
	21.5
	26.5
	30.4
	33.3

	
	110
	13.0
	17.9
	21.7
	24.5
	26.3
	
	13.6
	18.7
	22.8
	25.8
	27.8
	
	14.7
	20.2
	24.7
	28.1
	30.5
	
	15.3
	21.3
	26.3
	30.1
	33.0
	
	15.7
	22.1
	27.5
	31.8
	35.1

	
	100
	13.6
	18.9
	23.1
	26.3
	28.5
	
	14.2
	19.7
	24.1
	27.5
	29.9
	
	15.1
	21.0
	25.9
	29.8
	32.6
	
	15.7
	22.0
	27.4
	31.7
	34.9
	
	15.9
	22.7
	28.5
	33.2
	36.9

	
	90
	14.2
	19.9
	24.5
	28.1
	30.7
	
	14.7
	20.6
	25.5
	29.3
	32.0
	
	15.5
	21.8
	27.1
	31.4
	34.6
	
	16.0
	22.7
	28.5
	33.2
	36.8
	
	16.1
	23.3
	29.5
	34.6
	38.7

	
	80
	14.8
	20.9
	25.9
	29.9
	32.8
	
	15.2
	21.5
	26.8
	31.0
	34.2
	
	15.9
	22.6
	28.3
	33.0
	36.6
	
	16.2
	23.4
	29.6
	34.6
	38.7
	
	16.3
	23.9
	30.5
	36.0
	40.5

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Figure 1: l50 distributions for different selections of the simulated data. Plots b, c and d examine departures from a 100mm mesh cod-end, 100 meshes around and made from 4mm double PE.
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Figure 2: l50 distributions for different selections of the simulated data. Plots b, c and d examine departures from a 80mm mesh cod-end, 100 meshes around and made from 4mm double PE.
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Figure 3: l50 distributions for different selections of the simulated data. Plots b, c and d examine departures from a 80mm mesh cod-end, 100 meshes around and made from 4mm double PE.
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 [image: image14.emf]L50 for different ranges of catch weight for a cod-end with 120mm mesh, 

100 meshes around and made from 4mm double PE
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Figure 4. Comparisons of the predictions of the quadratic model with some of the experimental data presented in annex 1.
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Figure 5. iso-l50 curves in terms of the mesh size and the number of meshes around for cod-ends made from 3, 4 and 5 mm double braided polyethylene at catch sizes of 200 and 400kg.
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Figure 6. iso-l50 curves in terms of the mesh size and the number of meshes around for cod-ends made from 3, 4 and 5 mm double braided polyethylene at catch sizes of 600 and 800kg.
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Figure 7. Some preliminary predictions of red mullet selectivity using PRESEMO (∆) in comparison to experimental data (♦) and the statistical model derived in annex 7. The PRSEMO predictions here are for a cod-end with 280 meshes in circumference and mesh sizes 45, 50 and 55 mm. One hundred simulations were carried out for each cod-end.
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Figure 8: Simulations of the geometry model for a typical North East Atlantic cod-end at different catch sizes.
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Figure 9: Simulations of the geometry model for a typical Mediterranean cod-end cod-end at different catch sizes.
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ANNEX 1

PRESEMO setting for simulating haddock selectivity – North East Atlantic
Cod-end geometry
The cod-ends examined were made of 3, 4, and 5 mm double braided polyethylene netting; had 80, 100 and 120 open meshes around; and had mean inside mesh sizes of 60, 80, 100, 120 and 140 mm. All combinations of these design parameters were investigated giving 45 different cod-ends that were used in the simulations. The following relationships were used to relate the knot-centre to knot-centre mesh size, mkc, and the twine bending stiffness, EI, with the twine thickness, t, and the inside mesh size, mi, 

mkc = 2.8t + mi (mm) 

EI = 12 x 10-6 t2 (Nm2) 

where t, mkc and mi are all measured in millimetres, and mi is assumed to be normally distributed and have a standard deviation of 3% of its mean value (Herrmann and O’Neill, 2006). These relationships are from an unpublished analysis of 3mm, 4mm, 5mm and 6mm double braided polyethylene (O’Neill pers. comm.) using the analysis of O’Neill (2002). Estimates of the geometry of these cod-ends, for a range of catch weights, were then calculated using the methods of O’Neill (1997, 1999) assuming a 3.0 knot towing speed. As no cod-end shape data was available for zero catch, the shape for zero catch was assumed to be the same as for 20 kg catch. 

Target and by-catch population size

The haddock population is drawn randomly from three normal distributions with mean lengths 16, 30 and 35 cm and standard deviations 2.4, 2.7 and 7.5 cm. In a similar manner the by-catch population comprises normal distributions with means 24, 29 and 50 cm and standard deviations 4.0, 3.5 and 4.0 cm. For the base case, the number of fish in each of these populations is given in Table 2.
Spatial distribution of target and by-catch populations

The spatial distribution of the target and by-catch species was modelled by varying the time fish enter the cod-end. In all simulations, a towing time of 120 min and a hauling time of 15 minutes were assumed. For the base case, each fish was assigned a random entry time chosen from the interval 0 to 120 min (Table 2).
Target and by-catch population structure
The population structure is modelled in a similar manner to how we model the population size. Here, however, instead of ensuring that the three normal length frequency distributions (of both the target and by-catch species) remain proportional to each other, we permit them to vary randomly. Thus, not only will the length frequency of a population vary but also the number of fish that enter the cod-end.
Modelling between haul variation.
Between haul variability is taken into account using the protocol of Herrmann and O’Neill (2005). They show how, by varying the population density, the population structure and the spatial distribution of both the target and by-catch species fished, the between-haul variability of cod-end selectivity can be simulated. The parameter setting are such that both the target and by-catch populations can vary by as much as ±90% of the base population; and the interval during which fish enter the cod-end can vary by between 50 and 100% of the haul length. We do not permit any variation of the population structure i.e. we assume that during these simulations the same population is fished. 
Fish Behaviour
PRESEMO models fish behaviour in the cod-end by assigning to each fish a time it takes to travel down the cod-end, a time to exhaustion, a time between escape attempts and a packing density for fish swimming in front of the catch (Herrmann, 2005a). Since no direct measurements of these parameters are published, assumed values for both haddock and by-catch fish were used. The time it takes to travel down the cod-end and exhaustion time were assumed to be directly proportional to the length of the fish, and the time between escape attempts was assumed to be constant. The packing density for fish swimming just in front of the catch was set at 0.5, meaning that these fish occupy a space twice their own body volume and the catch packing density was set to 1.0, so that fish in the catch occupy a space equal to their volume. The behaviour parameter values are presented in Table 2.
Model of fish escape
In general, an escape attempt is deemed successful if the fish can pass through the mesh opening at the point of the cod-end where the attempt takes place, without having to deform the mesh. At the beginning of a tow, however, when the catch is small this description is not adequate. Herrmann (2005b) discusses the importance of understanding the escape process during the initial stages of a tow when the catch size is small. Under these circumstances, when the hydrodynamic forces and consequently the tensions in the mesh bars at the aft end of the cod-end are small we assume that escaping fish can, to a certain extent, deform the meshes. As the catch builds up, the hydrodynamic forces acting on the cod-end netting and the tensile forces acting in the mesh bars increase, making it more difficult for the fish to deform the meshes when trying to escape. To model this we have assumed that, during the initial stage of the tow, escaping fish can deform the mesh opening ratio by as much as 17, 15 and 13% for cod-ends made from 3, 4 and 5mm  double PE twine respectively (see Herrmann and O’Neill, 2006 for details). The extent to which they can deform meshes then decreases linearly with increasing catch size until the catch size reaches 5 kg, after which escaping fish are not be able to deform the meshes. Fig. 1 portrays these two situations. In the first case the catch is small (<5 kg) and escaping fish can deform the mesh bars so that the fish can fit through. In the second case there is no deformation of the mesh bars and fish can only escape if they can fit through the diamond shaped mesh opening at that point. Table 3 contains the parameters and their values that PRESEMO uses to simulate the escapement model here. 

Fish morphology and weight/length relationship
Morphology data for haddock from Scottish waters were used to derive the following expressions for height, width and weight in terms of fish length
height = 1.63 length 
width = 1.07 length 
weight = 0.00964 length3 
where height, width are measured in millimetres, weight in grams and length in centimetres. A detailed analysis of the data and the derivation of theses expressions is presented in Annex 4.

 Simulation of selection

For each cod-end design 1000 such simulations are made from which 1000 estimates of l50, sr and total catch weight are calculated. As there are 45 cod-end designs, 45000 hauls are simulated. 
Experimental data

For the comparison of simulated results with similar experimental ones we have chosen published haddock selectivity data from Galbraith et al. (1994), Lowry and Robertson (1996), O’Neill and Kynoch (1996), Kynoch et al. (1999), Dahm et al. (2002), Kynoch et al. (2004) and Allan (2006). These data are summarized in Table 2 and represent results from a number of different cruises and a number of different cod-end designs. To facilitate sufficient comparisons, the experimental data are from cod-ends whose mesh size, number of meshes around and twine thickness differ from the simulated cod-ends by as much as ±5mm, ±5 meshes and ±1 mm respectively. These studies provided selectivity estimates for 152 individual covered cod-end hauls.

Table 2: Haddock selectivity results from covered cod-end experiments. m is the mesh size, n is the number of meshes around, t is the twine thickness and w is the weight of catch in the cod-end. 
	data source


	m

(mm)
	n


	t

(mm)
	w

(kg)
	l50

(cm)
	sr

(cm)
	data source


	m

(mm)
	n


	t

(mm)
	w

(kg)
	l50

(cm)
	sr

(cm)

	Galbraith et al 1994
	82.6
	104
	3.5
	680
	20.52
	6.68
	Dahm et al 2002
	94.6
	100
	4
	352
	26.95
	5.42

	
	85.5
	64
	3.5
	950
	28.7
	8.14
	
	94.6
	100
	4
	196
	27.43
	4.47

	
	82.6
	104
	3.5
	1360
	22.43
	8.9
	
	94.6
	100
	4
	311
	22.53
	2.82

	
	85.5
	64
	3.5
	100
	29.87
	3.48
	
	94.6
	100
	4
	172
	28
	5.13

	
	85.5
	64
	3.5
	1560
	30.37
	3.67
	
	94.6
	100
	4
	265
	24.48
	3.41

	
	82.6
	104
	3.5
	1390
	16.57
	5.58
	
	94.6
	100
	4
	254
	25.83
	3.81

	
	85.5
	64
	3.5
	2240
	27.78
	6.26
	
	94.6
	100
	4
	171
	28.39
	7.46

	
	82.6
	104
	3.5
	1770
	17.41
	6.78
	
	94.6
	100
	4
	186
	27.56
	3.32

	
	85
	134
	3.5
	5100
	18.57
	3.49
	
	94.6
	100
	4
	385
	27.42
	5.25

	
	96.3
	114
	3
	2650
	20.98
	9.35
	
	94.6
	100
	4
	758
	31.25
	4.54

	
	85
	134
	3.5
	1770
	18.58
	6
	
	94.6
	100
	4
	512
	32.58
	5.50

	
	96.3
	114
	3
	650
	29.5
	5.02
	
	94.6
	100
	4
	771
	28.37
	5.02

	
	85
	134
	3.5
	1600
	16.43
	6.12
	
	94.6
	100
	4
	683
	28.22
	7.04

	
	96.3
	114
	3
	610
	23.72
	11.5
	
	95
	100
	4
	822
	23.52
	6.15

	
	98.6
	84
	3
	580
	31.82
	6.05
	
	95
	100
	4
	685
	23.02
	4.42

	
	108.7
	84
	4
	710
	37.42
	4.89
	
	95
	100
	4
	1233
	30.78
	5.90

	
	98.6
	84
	3
	650
	29.97
	6.19
	
	95
	100
	4
	573
	25.29
	3.99

	
	108.7
	84
	4
	410
	25.44
	7.71
	
	95
	100
	4
	673
	28.11
	4.50

	
	108.8
	104
	4
	1500
	26.76
	5.39
	
	95
	100
	4
	574
	27.95
	4.79

	
	108.8
	104
	4
	1330
	31.24
	5.15
	
	95
	100
	4
	370
	27.02
	5.39

	
	110.6
	64
	4
	1700
	34.77
	10.08
	
	95
	100
	4
	1056
	28.79
	4.95

	
	98.5
	54
	3.5
	1160
	37.19
	4.47
	
	95
	100
	4
	490
	26.92
	4.29

	
	110.6
	64
	4
	270
	39.64
	7.18
	
	95
	100
	4
	321
	27.20
	5.73

	
	98.5
	54
	3.5
	240
	30.17
	4.12
	
	95
	100
	4
	319
	28.65
	4.94

	
	108.8
	104
	4
	370
	28.36
	4.51
	
	95
	100
	4
	408
	27.95
	3.89

	
	108.7
	84
	4
	240
	35.58
	7.13
	
	95
	100
	4
	519
	27.27
	4.48

	
	108.8
	104
	4
	710
	28.14
	8.9
	
	95
	100
	4
	840
	27.38
	7.74

	
	108.7
	84
	4
	340
	38.57
	4.55
	
	95
	100
	4
	596
	26.73
	4.45

	
	108.8
	104
	4
	200
	25.78
	6.72
	
	95
	100
	4
	339
	26.67
	3.57

	
	110.6
	64
	4
	1330
	31.71
	6.05
	
	95
	100
	4
	351
	28.67
	4.49

	
	110.6
	64
	4
	710
	39.54
	9.19
	
	95
	100
	4
	370
	27.67
	3.73

	
	98.6
	84
	3
	1970
	30.65
	6.84
	
	95
	100
	4
	325
	27.27
	3.76

	
	98.6
	84
	3
	850
	34.47
	3.61
	
	95
	100
	4
	836
	27.76
	3.45

	
	98.5
	54
	3.5
	820
	29.59
	5.27
	
	95
	100
	4
	583
	26.50
	4.81

	
	98.5
	54
	3.5
	850
	29.38
	5.49
	
	95
	100
	4
	773
	25.20
	3.80

	
	96.3
	114
	3
	1260
	28.32
	4.39
	Kynoch et al 2004
	111
	100
	5
	411
	29.07
	3.85

	
	108.7
	84
	4
	880
	35.77
	6.12
	
	111
	100
	5
	506
	30.18
	3.79

	
	85
	134
	3.5
	2210
	21.16
	4.39
	
	111
	100
	5
	573
	28.10
	4.89

	
	85
	134
	3.5
	2450
	20.78
	3.12
	
	111
	100
	5
	545
	30.99
	4.04

	
	82.6
	104
	3.5
	1460
	24.65
	3.76
	
	111
	100
	5
	336
	30.75
	4.06

	Lowry & Robertson 1996
	95.1
	100
	3.5
	196
	24.9
	4.7
	
	111
	100
	5
	708
	31.40
	4.61

	
	95.1
	100
	3.5
	213
	25.2
	3.5
	
	111
	100
	5
	549
	30.15
	3.95

	
	95.1
	100
	3.5
	182
	25.8
	3.4
	
	111
	100
	5
	486
	29.87
	4.11

	
	95.1
	100
	3.5
	130
	24.8
	4.1
	
	111
	100
	5
	567
	29.86
	3.42

	
	95.1
	100
	3.5
	177
	25.2
	3.7
	
	111
	100
	5
	433
	31.07
	4.11

	
	95.1
	100
	3.5
	149
	25.2
	4.9
	
	111
	100
	5
	502
	32.85
	5.89

	
	95.1
	100
	3.5
	149
	24.7
	4.1
	
	111
	100
	5
	544
	30.86
	5.46

	
	100
	100
	5.2
	211
	23.9
	3.1
	
	111
	100
	5
	422
	32.00
	5.52

	
	100
	100
	5.2
	207
	24.5
	4.1
	
	111
	100
	5
	639
	29.60
	5

	
	100
	100
	5.2
	212
	24.4
	4
	
	121
	100
	5
	522
	31.97
	6.37

	
	100
	100
	5.2
	172
	23.2
	4
	
	121
	100
	5
	720
	32.26
	5.09

	
	100
	100
	5.2
	172
	22.3
	4.7
	
	121
	100
	5
	425
	32.44
	5.17

	
	100
	100
	5.2
	192
	23.9
	6
	
	121
	100
	5
	519
	33.48
	5.44

	O'Neill & Kynoch 1996
	100
	100
	3.5
	359
	30.32
	5.91
	
	121
	100
	5
	466
	32.02
	5.42

	
	100
	100
	3.5
	342
	29.3
	4.83
	
	121
	100
	5
	483
	32.70
	5.51

	
	100
	100
	3.5
	191
	28.16
	4.35
	
	121
	100
	5
	336
	33.72
	5.02

	
	100
	100
	3.5
	270
	29.4
	4.12
	
	121
	100
	5
	365
	34.20
	4.54

	
	100
	100
	3.5
	245
	28.25
	4.09
	
	121
	100
	5
	329
	34.97
	4.68

	
	100
	100
	3.5
	294
	27.49
	4.28
	
	121
	100
	5
	314
	35.36
	4.68

	
	100
	100
	3.5
	275
	26.99
	4.77
	
	121
	100
	5
	247
	35.11
	5.69

	
	100
	100
	3.5
	396
	28.93
	5.11
	
	121
	100
	5
	525
	32.78
	4.9

	
	100
	100
	3.5
	377
	30.22
	4.72
	Allan 2006
	119.3
	100
	4.1
	638
	35.17
	4.25

	
	100
	100
	3.5
	254
	29.64
	4.18
	
	119.3
	100
	4.1
	517
	36.23
	4.93

	
	100
	100
	3.5
	171
	27.8
	4.75
	
	119.3
	100
	4.1
	630
	35.09
	4.36

	
	100
	100
	3.5
	137
	26.83
	4.98
	
	119.3
	100
	4.1
	504
	35.07
	6.05

	
	100
	100
	3.5
	217
	27.23
	4.87
	
	119.3
	100
	4.1
	593
	35.79
	4.73

	
	100
	100
	3.5
	205
	28.82
	6.46
	
	119.3
	100
	4.1
	551
	35.57
	4.61

	
	100
	100
	3.5
	113
	28.19
	7.82
	
	119.3
	100
	4.1
	513
	35.21
	4.50

	
	100
	100
	3.5
	221
	28.53
	5.06
	
	119.3
	100
	4.1
	617
	35.69
	4.09

	
	100
	100
	3.5
	280
	28.44
	6.02
	
	119.6
	100
	4.6
	807
	35.49
	3.88

	
	100
	100
	3.5
	279
	29.33
	4.32
	
	119.6
	100
	4.6
	518
	35.27
	3.93

	O'Neill & Kynoch 1996
	100
	100
	3.5
	122
	29.46
	7.37
	Allan 2006
	119.6
	100
	4.6
	542
	36.04
	3.64

	
	100
	100
	3.5
	237
	28.61
	5.28
	
	119.6
	100
	4.6
	517
	35.21
	3.66

	
	100
	100
	3.5
	407
	30
	5.56
	
	119.6
	100
	4.6
	636
	35.22
	5.23

	
	100
	100
	3.5
	247
	29.14
	6.3
	
	119.6
	100
	4.6
	584
	34.66
	4.27

	
	100
	100
	3.5
	302
	28.79
	5.91
	
	119.6
	100
	5.1
	813
	34.78
	4.61

	Kynoch et al 1999
	96.7
	100
	3.66
	507
	29.62
	4.06
	
	119.6
	100
	5.1
	979
	33.73
	4.16

	
	96.7
	100
	3.66
	559
	32.38
	3.81
	
	119.6
	100
	5.1
	741
	33.66
	5.06

	
	96.7
	100
	3.66
	617
	31.96
	5.52
	
	119.6
	100
	5.1
	529
	32.49
	4.19

	
	93.7
	100
	5.47
	2763
	24.21
	6.21
	
	119.6
	100
	5.1
	482
	32.08
	4.52

	
	93.7
	100
	5.47
	536
	25.64
	2.97
	
	119.6
	100
	5.1
	476
	30.63
	3.77

	
	93.7
	100
	5.47
	579
	26.01
	3.34
	
	119.6
	100
	5.1
	627
	33.44
	4.33

	
	93.7
	100
	5.47
	593
	27.82
	3.23
	
	129.4
	100
	4.6
	338
	36.10
	4.85

	
	93.7
	100
	5.47
	376
	26.06
	3.32
	
	129.4
	100
	4.6
	434
	36.00
	3.73

	
	93.7
	100
	5.47
	661
	27.03
	3.47
	
	129.4
	100
	4.6
	652
	36.61
	3.95

	Dahm et al 2002
	94.6
	100
	4
	323
	27.68
	6.32
	
	129.4
	100
	4.6
	549
	35.65
	4.35

	
	94.6
	100
	4
	662
	31.77
	5.6
	
	129.4
	100
	4.6
	405
	36.68
	4.81

	
	94.6
	100
	4
	94
	26.47
	4.61
	
	129.4
	100
	4.6
	455
	36.82
	4.84

	
	94.6
	100
	4
	190
	28.59
	5.04
	
	129.4
	100
	4.6
	491
	35.39
	5.07

	
	94.6
	100
	4
	315
	24.65
	4.65
	
	129.4
	100
	4.6
	267
	36.49
	4.81

	
	94.6
	100
	4
	167
	24.45
	5.55
	
	129.4
	100
	4.6
	296
	34.92
	3.93


ANNEX 2.

PRESEMO setting for simulating red mullet selectivity – Mediterranean
Due to the time limits for the work generally very little attention was given to simulating red mullet selectivity. The base line for the simulations was identical for those used in Sala et al. (2006).

Cod-end geometry
The cod-ends examined were made of 2, 3, and 4 mm single polyamide netting; had 150, 250 and 350 open meshes around; and had mean inside mesh sizes of 40, 45 and 50 mm. All combinations of these design parameters were investigated giving 27 different cod-ends that were used in the simulations. The following relationships were used to relate the knot-centre to knot-centre mesh size, mkc, and the twine bending stiffness, EI, with the twine thickness, t, and the inside mesh size, mi, 

mkc =  t + mi (mm) 

EI = 7.85 x 10-6 t2 (Nm2) 

where t, mkc and mi are all measured in millimetres, and mi is assumed to be normally distributed and have a standard deviation of 3% of its mean value (Herrmann and O’Neill, 2006). These relationships are from an unpublished analysis of PA netting (Priour pers. comm.). Estimates of the geometry of these cod-ends, for a range of catch weights, were then calculated using the methods of Priour (1999, 2001, 2005) assuming a 3.5 knot towing speed. As no cod-end shape data was available for zero catch, the shape for zero catch was assumed to be the same as for the minimum calculated catch (generally 10 Kg). 

Target and by-catch population size

The red mullet  population is drawn randomly from three identical normal distributions with mean length 11.2 cm and standard deviations 2.1 cm. In a similar manner the by-catch population comprises normal distributions with similar settings (see Sala et al. (2006) for details). 
Spatial distribution of target and by-catch populations

The spatial distribution of the target and by-catch species was modelled by varying the time fish enter the cod-end. In all simulations, a towing time of 60 min and a hauling time of 20 minutes were assumed. Each fish was assigned a random entry time chosen from the interval 0 to 60 min.
Target and by-catch population structure
The population structure is modelled in a similar manner to how we model the population size. Here, however, instead of ensuring that the three normal length frequency distributions (of both the target and by-catch species) remain proportional to each other, we permit them to vary randomly. Thus, not only will the length frequency of a population vary but also the number of fish that enter the cod-end.
Modelling between haul variation.
Between haul variability is taken into account using the protocol of Herrmann and O’Neill (2005). They show how, by varying the population density, the population structure and the spatial distribution of both the target and by-catch species fished, the between-haul variability of cod-end selectivity can be simulated. The parameter setting are such that both the target and by-catch populations can vary by as much as ±90% of the base population; and the interval during which fish enter the cod-end can vary by between 50 and 100% of the haul length. We do not permit any variation of the population structure i.e. we assume that during these simulations the same population is fished. 
Fish Behaviour
PRESEMO models fish behaviour in the cod-end by assigning to each fish a time it takes to travel down the cod-end, a time to exhaustion, a time between escape attempts and a packing density for fish swimming in front of the catch (Herrmann, 2005a). Since no direct measurements of these parameters are published, assumed values for both red mullet and by-catch fish were used. The time it takes to travel down the cod-end and exhaustion time were assumed to be directly proportional to the length of the fish, and the time between escape attempts was assumed to be constant. The packing density for fish swimming just in front of the catch was set at 0.5, meaning that these fish occupy a space twice their own body volume and the catch packing density was set to 1.0, so that fish in the catch occupy a space equal to their volume. The behaviour parameter values are presented in Sala et al. (2006).
Model of fish escape
In general, an escape attempt is deemed successful if the fish can pass through the mesh opening at the point of the cod-end where the attempt takes place, without having to deform the mesh. At the beginning of a tow, however, when the catch is small this description is not adequate. Herrmann (2005b) discusses the importance of understanding the escape process during the initial stages of a tow when the catch size is small. Under these circumstances, when the hydrodynamic forces and consequently the tensions in the mesh bars at the aft end of the cod-end are small we assume that escaping fish can, to a certain extent, deform the meshes. As the catch builds up, the hydrodynamic forces acting on the cod-end netting and the tensile forces acting in the mesh bars increase, making it more difficult for the fish to deform the meshes when trying to escape. To model this we have assumed that escaping fish can deform the mesh opening ratio by as much as 20% during the initial stage of the tow. The extent to which they can deform meshes then decreases linearly with increasing catch size until the catch size reaches 70 kg, after which escaping fish are not be able to deform the meshes. 
Fish morphology and weight/length relationship
Morphology data for red mullet from Greek, Italian and Turkish waters was used to express height and width data in terms of fish length. The following expressions were used.

A detailed analysis of the data used is presented in Annex 4.

 Simulation of selection

For each cod-end design it was planned to carry out 1000 such simulations are made from which 1000 estimates of l50, sr and total catch weight are calculated. As there are 27 cod-end designs, 27000 hauls should be simulated. But due to the time contains this was not possible to complete. Only a few preliminary runs were done with out optimizing the PRESEMO settings. 
Experimental data

For the comparison of simulated results with similar experimental ones, data sets which had individual haul analyses and pooled haul analyses were considered. In order to have sufficient data where the selectivity of a large number of cod-ends could be explored it was decided to use the mean selectivity results although some of these data may have been obtained through a pooled analyses. The analysis of this data is contained in annex 7.

ANNEX 3. 

Cod-end geometry modelling

Two cod-end geometry models were used to calculate the geometry of cod-ends investigated in this study. Although these models were developed independently and differ in derivation their predictions are very similar as shown in a recent study and comparison with analytic solutions (O’Neill and Priour, in prep). 
The model of O’Neill has been already used for cod-ends calculations devoted to selectivity studies (O’Neill, Herrmann 2006; Herrmann, O’Neill 2006; Herrmann, O’Neill 2005); the same thing has been done for the model of Priour (Herrmann, Priour, Krag 2006; Sala, Priour, Herrmann, 2006; Priour, Herrmann, 2005; Herrmann, Priour, Krag 2007).

In order to optimise time and also maintain consistency within a species it was decided that O’Neill’s model would be used for the haddock selectivity simulations while the Priour’s model would be used for the red mullet ones.

O’Neill’s model
The model of O’Neill is based on equations governing the deformation of a particular type of pure axisymmetric network such as a cod-end and more specifically by examining the balance of forces on one mesh where a mesh is defined to be the quadrilateral formed by four twine elements (O’Neill, 1997, 1999). The model uses an iterative finite difference scheme to solve the governing set of differential equations that have been derived by considering the limiting case of the force balance on an infinitesimal mesh. This model takes into account the tension of inner twines, the drag force on the net due to the current, the pressure created by the fish in the cod-end, and the stiffness of mesh opening stiffness. Examples of a typical cod-end for the North East Atlantic with four different catches sizes are shown in figure 8.
Priour’s models
FEMNET is a 3D Finite Element Method model of the net based on a triangular element (Priour 1999, 2001, 2005). The triangle was chosen for being the simplest shape to describe a surface element. 

FEMNET takes into account the tension of inner twines, the drag force on the net due to the current, the pressure created by the fish in the cod-end, the twine contact between them when the meshes are closed, the mesh opening stiffness and the bending stiffness of the net. 

FEMNET is able to describe nets, cables and bars, which means that for a cod-end, the nettings, the selvedges, and the cod-line are taken into account. The net is modelled by triangular elements whereas cables are modelled by linear element (bars). 

Examples of a typical cod-end for the Mediterranean with four different catches sizes are shown in figure 9.
ANNEX 4 Analysis of morphological and weight data
Analysis of Morphological Data

The models describing the relationship the length (l) and head height or width (h) were fitted using simple linear regression (using the statistical package “R” – R Development Core Team, 2005).  Two models were used: i) the simple linear relationship without an intercept parameter (equation 1):
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And ii) a standard linear relationship with an intercept (equation 2).
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To test assumptions about the significance of other potential explanatory variables (A) the following derivation of equation 2 was used:
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(3)
The variance in the data was generally shown to increase with length, so a weighting factor (W) was applied with respect to the inverse standard deviation of the response variable (girth) for each centimetre length class (l) (where n > 4).  
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Where the number of fish per length class (n) was less than 5, a weighting of approximately four times the maximum Wl for the data set was substituted.
Analysis of the Length-Weight Data

The standard model for describing the relationship between total length and weight of an individual fish is:
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As with the morphological data, PRESEMO requires a simpler input, assuming a cubic relationship between weight and length:
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To test assumptions about the significance of other potential explanatory variables (A) the following derivation of equation 4 was used:
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Datasets

The analysis of Haddock morphology utilised the data collected by the PREMECS II project.  Where swimbladder status was shown to be a significant explanatory variable, analysis was performed using data from fish with a “normal” swimbladder status.  Although this dataset also included information on season, sex, maturity, parasite loading, stomach fullness and swimbladder status, this data was not utilised in this analysis because the PRESEMO determinative model required only a multiplicative factor (in terms of length) as input for these relationships.

Data for determining the relationship between length and weight in haddock was obtained from Project SURVIVAL (Breen et al, 2007).  This data was obtained from a population on the west coast of Scotland (ie. not the North Sea) but represented the most complete dataset available at the time of writing.

The Red Mullet data – for the morphological analysis - came from four separate sources (see table 1), in three different locations.  These samples were all collected during the late summer/early autumn, however there were temporal differences between each of the sub-sets, which would be confounded with any area effects.  Length-weight data was only available for red mullet in the Aegean Sea, however this data included sub-samples from four periods throughout the year (spring n=98; summer n=100; autumn n=100; winter n=100).

Table 1 – Source details for the Red Mullet data-sets.

	Source
	Country
	Area
	Collection Period
	No. of samples
	Reference

	Ege University
	Turkey
	Aegean
	August 2002
	715
	Őzbilgin, H

	CNR-ISMAR
	Italy
	Adriatic
	September 2004
	379
	Sala, A

	HCMR
	Greece
	Ionian
	November 1996
	38
	Petrakis, G

	HCMR
	Greece
	Ionian
	November 1997
	92
	Petrakis, G


Results - Haddock 

When describing the morphology of haddock in terms of length, it is important to remember that there is a skeletal spinal deformity, occurring naturally within in a small but significant proportion of the population, which can substantially reduce the growth potential of a fish without limiting its girth.   An individual with this deformity is known colloquially as a “stumpy”.  The presence of this “stumpiness” within a population therefore has the potential to bias any description of a morphological characteristic in terms of length (see figures 1 and 4).  The approach taken in this study was to include “stumpy” fish in the sampled population – excepting the natural bias and variance they introduce – while presenting the same morphological relationship excluding “stumpy” fish, for comparison.

Haddock - relationship between head height and length

The potential for the “stumpy” haddock data to bias the relationship is illustrated in Figure 1.  Swimbladder status had a significant effect on head height (p<0.0001),  therefore the dataset was restricted to fish that only had “normal” swimbladders (n = 237). 

Details of the models describing the relationship between Head Height and Length in Haddock (including “Stumpies”) are shown in table 2a&b.  Figure 2 shows how the simple model relates to the raw data (with both confidence and prediction intervals plotted) and how it deviates from the standard linear model (red bold line).  It is clear that the standard linear model differs significantly from the simple model (ie. lies outside the confidence interval) but remains within the limits of prediction.  

Table 2a – Summary Table of Model Coefficients for the simple linear relationship between Head Height and Length in Haddock (including “Stumpies”).

       

Estimate 
Std. Error 
t value 

Pr(>|t|)   

Length 
1.627386   
0.006406   
254.0   
<2e-16 ***

Table 2b - Summary Table of Model Coefficients for the standard linear relationship between Head Height and Length in Haddock (including “Stumpies”).

            
Estimate 
Std. Error
 t value 
Pr(>|t|)  
(Intercept)  
6.93278    
1.96470   
3.529 

0.000502 ***

Length       
1.39586    
0.06591  
21.179  
< 2e-16 ***

Figure 1 – The relationship between Head Height and Length for North Sea Haddock.
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Figure 2 – The relationship between Head Height and Length for North Sea Haddock (including “Stumpies”), showing both the simple model (with confidence and prediction intervals) and the standard linear model (bold red line).
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Details of the models describing the relationship between Head Height and Length in Haddock excluding “Stumpies” are shown in table 3a&b.  Figure 3 shows how the simple model relates to the raw data (with both confidence and prediction intervals plotted) and how it deviates from the standard linear model (red bold line).  It is clear that the standard linear model differs significantly from the simple model (ie. lies outside the confidence interval) but remains within the limits of prediction.  

Table 3a – Summary Table of Model Coefficients for the simple linear relationship between Head Height and Length in Haddock (excluding “Stumpies”).

       

Estimate 
Std. Error 
t value 

Pr(>|t|)   
Length  
1.62395    
0.00616   
263.6   
<2e-16 ***

Table 3b - Summary Table of Model Coefficients for the standard linear relationship between Head Height and Length in Haddock (excluding “Stumpies”).

            
Estimate 
Std. Error 
t value 

Pr(>|t|)  
(Intercept)  
4.24135    
1.99751   
2.123   
0.0348 *  

Length       
1.48263    
0.06683  
22.184   
<2e-16 ***

Figure 3 – The relationship between Head Height and Length for North Sea Haddock (excluding “Stumpies”), showing both the simple model (with confidence and prediction intervals) and the standard linear model (bold red line).

[image: image41.emf]20 25 30 35 40

20

40

60

80

Relationship between Head Height and Length

Haddock - excl. Stumpies

Length (cm)

Height (cm)


Haddock - Relationship between Head Width and Length

The potential for the “stumpy” haddock data to bias the relationship is illustrated in Figure 4.  Swimbladder status did not have a significant effect on head width (p=0.1583), therefore the full dataset was used (n = 743).  

Details of the models describing the relationship between Head Height and Length in Haddock (including “Stumpies”) are shown in table 4a&b.  Figure 5 shows how the simple model relates to the raw data (with both confidence and prediction intervals plotted) and how it deviates from the standard linear model (red bold line).  It is clear that the standard linear model differs significantly from the simple model (ie. lies outside the confidence interval) but remains within the limits of prediction.  

Table 4a – Summary Table of Model Coefficients for the simple linear relationship between Head Width and Length in Haddock (including “Stumpies”).

       

Estimate 
Std. Error 
t value 

Pr(>|t|)

Length 
1.076086   
0.002672   
402.7   
<2e-16 ***

Table 4b - Summary Table of Model Coefficients for the standard linear relationship between Head Width and Length in Haddock (including “Stumpies”).

            
Estimate 
Std. Error
 t value 
Pr(>|t|)    
(Intercept)  
4.46400    
0.78206   
5.708 

1.65e-08 ***

Length       
0.92831    
0.02602  
35.675  
< 2e-16 ***

Figure 4 – The relationship between Head Width and Length for North Sea Haddock.
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Figure 5 – The relationship between Head Width and Length for North Sea Haddock (including “Stumpies”), showing both the simple model (with confidence and prediction intervals) and the standard linear model (bold red line).
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Details of the models describing the relationship between Head Width and Length in Haddock excluding “Stumpies” are shown in table 5a&b.  Figure 5 shows how the simple model relates to the raw data (with both confidence and prediction intervals plotted) and how it deviates from the standard linear model (red bold line).  It is clear that the standard linear model differs significantly from the simple model (ie. lies outside the confidence interval) but remains within the limits of prediction.  

Table 5a – Summary Table of Model Coefficients for the relationship between Head Height and Length in Haddock (excluding “Stumpies”).

       

Estimate 
Std. Error 
t value 

Pr(>|t|)   

Length 
1.073813   
0.002527   
424.9   
<2e-16 ***

Table 5b - Summary Table of Model Coefficients for the standard linear relationship between Head Height and Length in Haddock (excluding “Stumpies”).

            
Estimate 
Std. Error 
t value 

Pr(>|t|)    
(Intercept)  
2.73702    
0.74706   
3.664 

0.000267 ***

Length       
0.98299    
0.02492  
39.454  
< 2e-16 ***

Figure 6 – The relationship between Head Width and Length for North Sea Haddock (excluding “Stumpies”), showing both the simple model (with confidence and prediction intervals) and the standard linear model (bold red line).
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Haddock - relationship between total weight and length 

Details of the models describing the relationship between Total Weight and Length in Haddock are shown in table 6a&b.  Figure 7 shows how the simple cubic model relates to the raw data (with both confidence and prediction intervals plotted) and how it deviates from the standard log-linear model (red bold line).  It is clear that the standard log-linear model deviates significantly from the simple model (ie. lies outside the confidence interval) at lengths of greater than 30cm and then exceeds the limits of prediction at lengths of greater than 35cm.  However, the simple cubic model correlates well with the Coull et al (1989) model, with a small deviation in the 15 to 30cm length range.

Table 6a – Summary Table of Model Coefficients for the simple cubic relationship between H Total Weight and Length in Haddock.

       

Estimate 
Std. Error 
t value 

Pr(>|t|)   

TL_Cube 
9.638e-03  
6.269e-05   
153.7   
<2e-16 ***

Table 6b - Summary Table of Model Coefficients for the standard log-linear relationship between Total Weight and Length in Haddock.

              
Estimate 
Std. Error 
t value 

Pr(>|t|)  

(Intercept) 
-5.746e+00  
1.406e+00  
-4.087  
5.8e-05 ***

TL_Cube      
9.915e-03  
9.103e-05 
108.919  
< 2e-16 ***

Figure 7 – The relationship between Total Weight and Length for Haddock, showing: the simple model (with confidence and prediction intervals); the standard linear model (bold red line); and the Coull et al (1989) model (bold green dashed line).
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Results - Red Mullet

Some of the data from the Ionian Sea (year = 1996) only had details for fork length.  To utilise this data, total length was estimated for these observations from the relationship between total and fork length, which was defined from the 1997 Ionian Sea data and the Aegean Sea data (see tables 7a & b).  Geographical differences in this relationship were tested for and found to be non-significant (p = 0.1221).

Table 7a – Summary Table of Model Coefficients for the relationship between Total and Fork Length in Red Mullet (Ionian Sea (1997) and Aegean).

             
Estimate 
Std. Error 
t value 

Pr(>|t|)  
(Intercept) 
-0.085188   
0.043709  
-1.949   
0.0517 .  

Fork_Length  
1.137747   
0.004193 
271.366   
<2e-16 ***

Table 7b - ANOVA Table of model parameters for the relationship between Total and Fork Length in Red Mullet (Ionian Sea (1997) and Aegean).

             
Df  
Sum Sq 
Mean Sq 
F value    
Pr(>F)  
Fork_Length   
1 
18913.1 
18913.1   
73639 

< 2.2e-16 ***

Residuals   
676   
173.6     
0.3   

Red Mullet - relationship between maximum height and length

Details of the models describing the relationship between maximum height and length in red mullet are shown in table 8a&b.  Figure 9 shows how the simple model relates to the raw data (with both confidence and prediction intervals plotted) and how it deviates from the standard linear model (red bold line).  It is clear that the standard linear model differs little, but significantly, from the simple model (ie. lies outside the confidence interval) and remains well within the limits of prediction.  

Table 8a – Summary Table of Model Coefficients for the simple linear relationship between Maximum Height and Total Length in Red Mullet.

        

Estimate 
Std. Error 
t value 

Pr(>|t|)    
Length 
0.2016999  
0.0003976   
507.3   
<2e-16 ***

Table 8b - Summary Table of Model Coefficients for the standard linear relationship between Maximum Height and Total Length in Red Mullet.

             
Estimate 
Std. Error 
t value 

Pr(>|t|)  
(Intercept) 
-0.102590   
0.019219  
-5.338 

1.12e-07 ***

Length       
0.210028   
0.001609 
130.543  
< 2e-16 ***

Figure 8 – The relationship between Maximum Height and Length for Red Mullet.
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Figure 9 – The relationship between Maximum Height and Length for Red Mullet in the Mediterranean, showing both the simple model (with confidence and prediction intervals) and the standard linear model (bold red line).
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Further analysis of the data revealed that the relationship between maximum height and length varied significantly (p=<0.0001) between of the area based samples (Table 10).  It should remember that the differences between each of the samples were both geographical and temporal.  In addition, more detailed analysis of the Ionian data revealed a significant difference in the maximum height/fork length relationship between the two samples (1996 & 1997)(Table 11). 

Table 10 - ANOVA Table of model parameters for the relationship between Maximum Height, Area and Total Length in Red Mullet.

            
Df  
Sum Sq 
Mean Sq  
F value    
Pr(>F)  

Length       
1 
3001.14 
3001.14 
19911.79 
< 2.2e-16 ***

Area         
2   
31.37   
15.69   
04.08 

< 2.2e-16 ***

Residuals 
1222  
184.18    
0.15     

Table 11 - ANOVA Table of model parameters for the relationship between Maximum Height, Year (1996 & 1997) and Fork Length in Red Mullet in the Ionian Sea.

             

Df 
Sum Sq 
Mean Sq 
F value    
Pr(>F)    
Fork Length   

1 
9.5709  
9.5709 
323.202 
< 2.2e-16 ***

Year         

1 
0.5972  
0.5972  
20.167 
1.557e-05 ***

Residuals   

129 
3.8200  
0.0296         

Red Mullet - relationship between maximum width and length

Data on maximum width was only available from the Adriatic and Aegean Seas (Figure 10).  Details of the models describing the relationship between maximum width and length in red mullet are shown in table 12a&b.  Figure 11 shows how the simple model relates to the raw data (with both confidence and prediction intervals plotted) and how it deviates from the standard linear model (red bold line).  It is clear that the standard linear model differs significantly from the simple model (ie. lies outside the confidence interval), but remains within the limits of prediction.  There was no significant difference in the maximum width and total length relationship between the Adriatic and Aegean Seas (p=0.4959).

Figure 10 – The relationship between maximum width and total length for Red Mullet in the Adriatic and Aegean Seas.
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Table 12a – Summary Table of Model Coefficients for the simple linear relationship between Maximum Width and Total Length in Red Mullet.

        

Estimate 
Std. Error 
t value 

Pr(>|t|)   
Length 
0.1191443  
0.0003133   
380.3   
<2e-16 ***

Table 12b - Summary Table of Model Coefficients for the standard linear relationship between Maximum Width and Total Length in Red Mullet.

             
Estimate 
Std. Error 
t value 

Pr(>|t|)   
(Intercept) 
-0.269816   
0.014105  
-19.13   
<2e-16 ***

Length       
0.140983   
0.001173  
120.14   
<2e-16 ***

Figure 11 – The relationship between Maximum Width and Length for Red Mullet in the Adriatic and Aegean Seas, showing both the simple model (with confidence and prediction intervals) and the standard linear model (bold red line).
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Red Mullet - relationship between total weight and length

Data on total weight was only available from the Aegean Sea, but for all four seasons (Figure 12).  Details of the models describing the relationship between total weight and length in red mullet are shown in table 12a&b.  Figure 13 shows how the simple cubic model relates to the raw data (with both confidence and prediction intervals plotted) and how it deviates from the standard log-linear model (red bold line) and the Coull et al (1989) model.  It is clear that the standard log-linear model correlates well with the simple cubic model; only differing significantly from the simple cubic model (ie. lies outside the confidence interval) for lengths greater than 18cm.  The Coull et al (1989) model does not correlate as well, deviating outside the limits of prediction at lengths greater than 17cm; with the simple cubic model underestimating the length-weight relationship, in comparison.  There was a highly significant difference in the total weight and total length relationship between the four seasons (p<0.0001).

Figure 12 – The relationship between total weight and length for Red Mullet in the Aegean Sea.
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Table 13a – Summary Table of Model Coefficients for the simple linear relationship between Total Weight and Total Length in Red Mullet.

         

Estimate 
Std. Error 
t value 

Pr(>|t|)  

TL_Cube 
1.085e-02  
3.475e-05   
312.1   
<2e-16 ***

Table 13b – Summary Table of Model Coefficients for the standard linear relationship between Total Weight and Total Length in Red Mullet.

              
Estimate 
Std. Error 
t value 

Pr(>|t|)    

(Intercept) 
-1.758e+00  
2.164e-01  
-8.125 

5.78e-15 ***

TL_Cube      
1.139e-02  
7.472e-05 
152.491  
< 2e-16 ***

Figure 13 – The relationship between Total Weight and Length for Red Mullet in the Aegean Sea, showing: the simple model (with confidence and prediction intervals); the standard linear model (bold red line); and the Coull et al (1989) model (bold green dashed line).

[image: image51.png]Weight (g)

100

80

60

40

20

Relationship between Total Weight and Length

10 15 20

Length (crn)
Red Mullet






Discussion

The linear models presented here, describing the relationships between length and head height or width, are deliberately restrictive.  That is, they include only one explanatory variable (length) and they have no intercept parameter, forcing the relationship through the origin.  The reason for this limiting approach is that the determinative model (PRESEMO) used in this study requires only a multiplicative factor (in terms of length) as input for these relationships.  This discussion will highlight the potential biases that may result because of this approach.

Discussion - Haddock
Analysis by the PREMECS II Project, of the same dataset used here, demonstrated that there were a number of other explanatory variables and factors: swimbladder status (p=<0.0001), parasite loading (p=0.0117), season (p=<0.0001), sex (p=0.0330) and maturity (p=<0.0001).  Head width however had fewer additional explanatory variables: season (p=<0.0001) and maturity (p=<0.0001).  

With respect swimbladder status, this was accounted for here by using only data from haddock with “normal” swimbladders.  Any seasonal and maturity effects should be averaged out in the simple models here, assuming the representation of data from each of the seasons in proportion.  However, the pre-spawning and spawning are disproportionately represented in comparison to the post-spawning season (pre-spawning n=354; spawning n=300; and post-spawning n=89).  Therefore, there may be an over-estimation of the mean height and width parameters, along with their respective variances, which will be larger during the pre-spawning season and more variable during spawning.  The influence of parasite loading is unclear, as this will be dependent upon geographical and temporal differences in the parasite loading in the haddock population, for which we have no information at present.  Finally, the two sexes were represented in the data in approximately equal proportions (male:female = 1:0.91), which can be assumed to be representative of the population as a whole.

The simple cubic model used in the PRESIMO application to describe the relationship between total weight and length appears to describe the data and correspond well with the better fitting log-linear model at lengths up 35cm.  Beyond this range it appears that the simple cubic model underestimates the total weight of the larger haddock.  The data used in this analysis was collected from haddock caught on the west coast of Scotland.  At the time of writing no raw data was available for North Sea haddock, but the models described here correspond well with another model fitted to North Sea haddock data (Coull et al, 1989).

Discussion – Red Mullet
The data sets used in this analysis provide a geographically diverse source of biological information for the morphological analysis, which is of course of benefit to this modelling exercise.  However, temporally these data are rather limiting, particularly with respect to any seasonal variation in morphology, as the data was collected on in the months of August-November.  Tables 10 and 11 show that maximum height can vary both temporally and geographically.  Therefore the variance for this parameter estimate will tend to be under-estimated.  For maximum width, there appeared to be no significant geographical variation but there was no information on potential temporal differences. The effect on parameter means is unclear, as there was no information available on when these parameters will be at their maxima and minima during the year.

The length-weight relationship data was well balanced, giving information for all four seasons, but it was confined geographically to the Aegean Sea.  Without further information on geographical variation, it is difficult to predict what effect this may have upon the parameter means, but it is likely to underestimate the parameter variance.  The simple cubic model used in the PRESEMO application appears to correspond well with log-linear model for lengths <18cm.  Beyond this range it appears that the simple cubic model underestimates the total weight of the larger fish.  These models do not correlate well with a model for Red Mullet in the North Sea (Coull et al, 1989), however this may be due to geographical differences in the two populations.

ANNEX 6 Mediterranean cod-ends

The data presented here concerning the technical characteristics of the Mediterranean bottom otter boards cod-ends come from the STECF meetings (Brussels 2003, 2004) and from information collected by the GFCM/TECHNOMED network for the 2nd GFCM workshop on bottom trawls selectivity (Atselmed 2, Barcelona  April 2007). These data must be completed for some areas and for some important characteristics missing as material type and twine diameter.
Excepted for some fisheries in some areas most part of cod-ends used in Mediterranean sea are cylindrical and own extension piece preceding the sensus-stricto cod-end. The netting used for the construction is generally made of diamond meshes, mainly in braided PA twines of around 3 mm of diameter, knotted or knotless (Raschel type). However the use of braided PE is increasing mainly according its costs and is today commonly employed by Spanish, Greek, Turkish and Israeli fleets.

The length of the extension piece is when it is existing from 5 to 12 m and the length of the sensus stricto cod-end is commonly between 3 to 6 m.

The stretched mesh size of the extension piece is generally the same as the cod-end one or slightly larger as in Balearic Islands or for Egyptian fleet (South Levante area). The stretched cod-end mesh size is mainly 40 mm and ranged from 28 to 46 mm.

The circumference of the cod-end is between 7 to 18 m with a modal value around 12 m corresponding to 300 meshes of 40 mm. The ratio between this circumference and the extension piece one or the rearmost part of the body is between 0,7 and 1,2 and commonly of 1.

The usual cod-end closure is a codline type made of a simple rope fastened around the rearmost part of the cod-end; except for the French trawlers of Gulf of Lions and Corsica which use a system of steel cables threaded through the last ranges of cod-end meshes or for the Spanish trawlers which use the  “zip” system fixed transversally 20 or 30 cm above the end the cod-end.

Table 1: The cod-end designs of the Mediterranean. The different closures refer to (A) steel cables threaded through the last few rows of the cod-end meshes and (B) the standard pulled cod-line.
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ANNEX 7.  Mediterranean red rullet selectivity data.

During the SCSA/SCESS/SCSI Transversal ATSELMED-2 workshop on selectivity in the Mediterranean trawl fisheries (Barcelona, Spain 2007) and the ICES WGFTFB (Dublin, Ireland 2007) a critical review of the effects of some parameters (e.g. mesh size, mesh configuration, twine diameter, mounting ratio, etc.) on cod-end selectivity have been investigated for red mullet (Mullus barbatus) and European hake (Merluccius merluccius).

This synopsis presents an updated literature review of the Mediterranean bottom trawl selectivity, discusses and summarises the data and the work presented in several papers/reports. The following main information of the literatures reviewed were collected: 

· name of the authors;

· sampling periods and areas;

· explored bathymetry ranges; 

· technical parameters of the net: cod-end mesh size (MS), number of mesh around the cod-end (MA), cod-end net material (NM), thickness of the twine in the mesh cod-end (TD), number of mesh around the extension (CE) and mesh sizes in the extension (ME);

· towing speed (TS);

· joining ratio (JR), which is (MS x MA) / (CE x ME);

· selectivity parameters (L50, SR and SF).

The review of the literature was undertaken during 2006 and further technical information on the gear characteristics were subsequently obtained contacting by correspondence the authors (Table 1). The scarcity of review papers demonstrated the need for this review. In particular, between 1969 and 2007, only 20 relevant papers were found for red mullet. Updating of published literature is on going and needs to be extended to other main commercial species. 

During the STECF/SGMOS-07-06 meeting an explorative analysis was conducted at the aim to find out missing values, outlier or unreliable nominal values. The final dataset used in the analysis is reported in Table 2. Many experiments have been removed because reported nominal values of cod-end mesh size or number of mesh around the cod-end circumference.

Legend 1: Mediterranean areas studied.

	Acronym
	Description
	Acronym
	Description

	TS
	North Tyrrhenian Sea 
	IS
	North Ionian Sea

	TC
	Central Tyrrhenian Sea
	I
	Ionian Sea

	TM
	South Tyrrhenian Sea
	Eg
	Egean Sea

	GdV
	Gulf of Valencia
	MLig
	Ligurian Sea

	CoS
	Spanish coasts 
	
	

	MO
	Western Mediterranean Sea
	
	

	Ad
	Adriatic Sea
	
	

	AdM
	South Adriatic Sea
	
	

	CdS 
	Sicilian Channel 
	
	

	GdL
	Gulf of Lion
	
	

	Alb
	Alboran Sea
	
	


Table 1: Mullus barbatus (red mullet). Selectivity studies in the Mediterranean Sea. Date and Area of the studied period (see Legend 1); BD: bottom depth; C_TOT: total cod-end catch; C_RM: red mullet catch; L50: length at 50% retention; SR: selection range; SF: selection factor; MS: cod-end mesh size; MA: number of meshes around the cod-end circumference; CM: nominal cod-end circumference; TD: twine diameter of the cod-end mesh; TS: towing speed; NM: cod-end netting material.
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Lembo et al.,  2002 10/2001 TC 20-142 - - 89.0 2.23 18.0 40.00 315 12.60 2.50 3.35 PA

10/2001 TC 20-142 - - 132.0 2.20 41.0 60.00 210 12.60 2.50 3.35 PA

Baino, 1998 12/1997 TC - - - 92.2 2.31 21.6 40.00 300 12.00 2.50 3.00 PA

Voliani and Abella, 1998 09/1991 TS 9-32 - - 93.0 2.45 15.0 38.00 300 11.40 2.50 3.00 PA

11/1994 TS - - - 99.0 2.61 - 38.00 300 11.40 2.50 3.00 PA

10/1995 TS - - - 86.0 2.26 - 38.00 300 11.40 2.50 3.00 PA

11/1994 TS - - - 80.0 2.11 - 38.00 300 11.40 2.50 3.00 PA

10/1995 TS - - - 61.0 1.61 - 38.00 300 11.40 2.50 3.00 PA

Sala et al.,  2005 09/2004 Ad 15-20 100 70 78.9 2.04 18.5 38.70 280 10.84 2.61 3.00 PA

Priour et al.,  2000 09/1998 Ad 12-16 77 41 108.4 2.37 62.3 45.70 280 12.80 2.37 3.10 PA

09/1998 Ad 12-16 47 21 60.4 1.32 12.6 45.90 326 14.96 2.37 3.10 PA

09/1998 Ad 12-16 36 11 134.7 2.39 55.9 56.40 240 13.54 2.37 3.10 PA

09/1998 Ad 12-16 39 16 97.2 1.75 12.3 55.40 280 15.51 2.37 3.10 PA

Sala et al.,  2006 09/2004 Ad 18-24 249 175 89.1 1.99 26.5 44.73 280 12.52 2.38 3.20 PA

09/2004 Ad 18-24 251 190 71.0 1.60 16.3 44.33 280 12.41 2.89 3.20 PA

Lök et al.,  1997 09/1994 Eg 40-100 100 30 136.8 3.11 29.3 44.00 150 6.60 0.85 2.25 PAK

09/1994 Eg 40-100 100 30 143.2 3.25 21.5 44.00 120 5.28 0.85 2.25 PAK

Tokaç et al ., 1998 10/1995 Eg 30-110 100 30 110.2 3.06 17.6 36.00 182 6.55 0.97 2.25 PA

10/1995 Eg 30-110 100 30 121.9 3.05 21.5 40.00 162 6.48 0.97 2.25 PA

10/1995 Eg 30-110 100 30 135.0 3.07 26.5 44.00 150 6.60 0.97 2.25 PA

Jukic and Piccinetti, 1987 - Ad 50-200 - - 114.0 2.85 - 40.00 240 9.60 2.50 3.50 PAK

- Ad 50-200 - - 116.0 2.83 - 41.00 240 9.84 2.50 3.50 PA

Ferretti and Froglia, 1975 10/1969 Ad 14-16 - - 77.0 2.03 14.0 38.00 185 7.03 2.20 4.10 PA

09/1970 Ad 12-16 - - 85.0 2.39 16.0 35.50 360 12.78 2.32 4.00 PA

09/1970 Ad 14-15 - - 83.0 1.98 19.0 42.00 240 10.08 2.18 4.00 PA

08/1972 Ad 10-11 - - 78.0 1.83 26.0 42.70 240 10.25 2.18 4.00 PA

08/1972 Ad 10-11 - - 85.0 1.99 20.0 42.70 240 10.25 2.18 4.00 PA

09/1972 Ad 10-11 - - 70.0 1.64 22.0 42.70 240 10.25 2.18 3.90 PA

09/1974 Ad 12-16 - - 88.0 2.11 29.0 41.80 240 10.03 2.18 4.40 PA

Tokaç et al ., 2004 03/2002 Eg 25-30 75 30 128.0 3.46 18.0 37.00 200 7.40 0.97 2.40 PA

03/2002 Eg 25-30 75 30 107.0 2.55 19.0 41.90 200 8.38 1.20 2.40 PE

Baro and Muñoz de los Reyes, 

submitted

03/2004 AlB 50-100 - - 80.7 2.03 22.0 39.73 330 13.11 3.00 3.00 PA

Soldo, 2004 06/1995 Ad 70-90 - - 135.0 2.81 17.0 48.00 100 4.80 2.50 PE

Ozbilgin and Tosunoğlu, 2003 04/2002 Eg 25-30 40 15 101.0 2.38 23.0 42.40 200 8.48 1.27 2.50 PE

Tosunoğlu et al. , 2003a 09/2002 Eg 35-55 150 25 106.0 2.53 17.1 41.90 200 8.38 1.27 2.35 PE

Tosunoğlu et al. , 2003b 02/2002 Eg 25-30 70 35 107.0 2.52 19.0 42.40 200 8.48 1.27 2.50 PE

Belcari et al , 2006 04/03-05/04 TS 14-280 - - 110.0 2.75 26.0 40.00 300 12.00 2.50 3.30 PA

Belcari et al , 2007 09/03-05/04 TS 15-200 - - 166.3 2.77 30.1 60.00 200 12.00 2.50 3.30 PA

Ozbilgin et al. , 

unpublished data

04/2002 Eg 25-30 40 16 101.0 2.38 22.0 42.40 200 8.48 1.27 2.40 PE

07/2002 Eg 25-30 50 25 111.0 2.62 22.0 42.40 200 8.48 1.27 2.40 PE

09/2002 Eg 25-30 100 54 107.0 2.52 23.0 42.40 200 8.48 1.27 2.40 PE

01/2003 Eg 25-30 60 42 110.0 2.59 20.0 42.40 200 8.48 1.27 2.40 PE

Chilari and Petrakis, 

unpublished data 

09/2003 Io 31-217 17 5 130.5 3.26 46.6 40.00 300 12.00 2.50 2.80 PE

09/2003 Io 31-200 30 6 129.3 3.23 37.4 40.00 300 12.00 2.50 2.80 PE

09/2003 Io 35-100 38 10 110.3 2.76 38.0 40.00 300 12.00 2.50 3.00 PA

09/2003 Io 40-200 46 5 111.6 2.79 42.2 40.00 300 12.00 2.50 2.80 PA

06/2004 Io 33-146 12 1 120.4 3.01 29.8 40.00 300 12.00 2.50 2.90 PE

06/2004 Io 45-200 38 5 87.8 2.20 31.4 40.00 300 12.00 2.50 2.90 PA

Sala and Lucchetti,

unpublished data

09/1996 Ad 15-16 151 105 97.8 2.28 26.7 43.00 290 12.47 2.37 3.09 PA

Sala and Lucchetti,

unpublished data

08/2005 Ad 21 102 59 116.7 2.68 23.6 43.50 208 9.05 2.56 3.50 PA

08/2005 Ad 21 235 143 100.6 2.25 28.4 44.75 280 12.53 2.38 3.50 PA


Table 2: Mullus barbatus (red mullet). Selectivity studies in the Mediterranean Sea. Date and Area of the studied period (see Legend 1); BD: bottom depth; C_TOT: total cod-end catch; C-RM: red mullet catch; L50: length at 50% retention; SR: selection range; SF: selection factor; MS: cod-end mesh size; MA: number of meshes around the cod-end circumference; CM: nominal cod-end circumference; TD: twine diameter of the cod-end mesh; TS: towing speed; NM: cod-end netting material; JR: joining ratio; CE: number of meshes around the extension circumference; MEU and MEL: extension mesh sizes in the upper and lower panel respectively. 
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[m] [kg] [kg] [mm] [mm] [mm] (Nr) [m] [mm] [kn] (Nr) [mm] [mm]

Sala et al.,  2005 09/2004 Ad 15-20 100 70 78.9 2.04 18.5 38.70 280 10.84 2.61 3.00 PA 0.90 280 42.57 46.44 DM

Priour et al.,  2000 09/1998 Ad 12-16 77 41 108.4 2.37 62.3 45.70 280 12.80 2.37 3.10 PA 0.99 280 45.70 47.77 DM

09/1998 Ad 12-16 47 21 60.4 1.32 12.6 45.90 326 14.96 2.37 3.10 PA 1.16 280 45.70 47.77 DM

09/1998 Ad 12-16 36 11 134.7 2.39 55.9 56.40 240 13.54 2.37 3.10 PA 1.05 280 45.70 47.77 DM

09/1998 Ad 12-16 39 16 97.2 1.75 12.3 55.40 280 15.51 2.37 3.10 PA 1.20 280 45.70 47.77 DM

Sala et al.,  2006 09/2004 Ad 18-24 249 175 89.1 1.99 26.5 44.73 280 12.52 2.38 3.20 PA 0.99 280 44.73 47.77 DM

09/2004 Ad 18-24 251 190 71.0 1.60 16.3 44.33 280 12.41 2.89 3.20 PA 0.98 280 44.73 47.77 DM

Lök et al.,  1997 09/1994 Eg 40-100

100 30

136.8 3.11 29.3 44.00 150 6.60 0.85 2.25 PAK 1.01 164 40.00 - DM

09/1994 Eg 40-100

100 30

143.2 3.25 21.5 44.00 120 5.28 0.85 2.25 PAK 0.80 164 40.00 - DM

Tokaç et al ., 1998 10/1995 Eg 30-110

100 30

110.2 3.06 17.6 36.00 182 6.55 0.97 2.25 PA 1.00 164 40.00 - DM

10/1995 Eg 30-110

100 30

121.9 3.05 21.5 40.00 162 6.48 0.97 2.25 PA 0.99 164 40.00 - DM

10/1995 Eg 30-110

100 30

135.0 3.07 26.5 44.00 150 6.60 0.97 2.25 PA 1.01 164 40.00 - DM

Tokaç et al ., 2004 03/2002 Eg 25-30 75 30 128.0 3.46 18.0 37.00 200 7.40 0.97 2.40 PA 0.93 200 40.00 - DM

03/2002 Eg 25-30 75 30 107.0 2.55 19.0 41.90 200 8.38 1.20 2.40 PE 1.05 200 40.00 - DM

Baro and Muñoz de los Reyes, 

submitted

03/2004 AlB 50-100 - - 80.7 2.03 22.0 39.73 330 13.11 3.00 3.00 PA 0.79 330 50.00 - DM

Soldo, 2004 06/1995 Ad 70-90 - - 135.0 2.81 17.0 48.00 100 4.80

-

2.50 PE 1.00 100 48.00 - DM

Ozbilgin and Tosunoğlu, 2003 04/2002 Eg 25-30 40 15 101.0 2.38 23.0 42.40 200 8.48 1.27 2.50 PE 1.06 200 40.00 - DM

Tosunoğlu et al. , 2003a 09/2002 Eg 35-55 150 25 106.0 2.53 17.1 41.90 200 8.38 1.27 2.35 PE 1.05 200 40.00 - DM

Tosunoğlu et al. , 2003b 02/2002 Eg 25-30 70 35 107.0 2.52 19.0 42.40 200 8.48 1.27 2.50 PE 1.06 200 40.00 - DM

Ozbilgin et al. , 

unpublished data

04/2002 Eg 25-30 40 16 101.0 2.38 22.0 42.40 200 8.48 1.27 2.40 PE 1.06 200 40.00 - DM

07/2002 Eg 25-30 50 25 111.0 2.62 22.0 42.40 200 8.48 1.27 2.40 PE 1.06 200 40.00 - DM

09/2002 Eg 25-30 100 54 107.0 2.52 23.0 42.40 200 8.48 1.27 2.40 PE 1.06 200 40.00 - DM

01/2003 Eg 25-30 60 42 110.0 2.59 20.0 42.40 200 8.48 1.27 2.40 PE 1.06 200 40.00 - DM

Sala and Lucchetti,

unpublished data

09/1996 Ad 15-16 - - - - - 43.00 290 12.47 2.37 3.09 PA 1.09 260 44.00 - DM

JR MC Reference Date Area SF NM
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Figure 1: Pairplot of L50, Cod-end mesh size (MS), mesh around (MA), Twine diameter, (TD), Cod-end netting material (MAT: -1=PE; +1=PA).

Table 3: Generalised Linear Model. L50: length at 50% retention; MS: cod-end mesh size; MA: number of meshes around the cod-end circumference; NM: cod-end netting material.
	Parameter Estimates
	 
	 
	 
	 
	 
	 
	 

	L50
	 
	 
	 
	 
	 
	 
	 
	 

	Parameter
	B
	Std. Error
	t
	Sig.
	95% Confidence Interval 

	 
	
	
	
	
	Lower Bound
	Upper Bound
	Noncent. 
Parameter
	Observed 
Power

	Intercept
	139.043
	20.792
	6.687
	0.000
	95.923
	182.164
	6.473
	1.000

	MS
	1.039
	0.450
	2.310
	0.031
	0.106
	1.972
	2.289
	0.584

	MA
	-0.329
	0.036
	-9.228
	0.000
	-0.403
	-0.255
	8.926
	1.000

	[NM=PE]
	-11.998
	4.467
	-2.686
	0.013
	-21.263
	-2.734
	2.384
	0.619

	[NM=PA]
	0.000
	.
	.
	.
	.
	.
	.
	.
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Figure 2: First row: L50 grouped for similar Mesh around (MA).  Second row: the same data are plotted against Mesh size (MS).
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Figure 3: Second row: L50 grouped for similar Mesh size (MS).  First row: the same data are plotted against Mesh around (MA).
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