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INTRODUCTION 

Following the report of its Subcommittee on Fishing Gear and Selectivity, the Standing 
Committee on Research and Statistics (R&S) at the 18th Annual Meeting of ICNAF held in London from 
4 to 8 June 1968 recommended: 

i) that an ICNAF Working Group on Selectivity Analysis be formed to undertake a review 
of variability in selection data, including the scientific basis of mesh size differ
entials for different twine materials; 

ii) that the Chairman of R&S appoint a convener for this Working Group; 

iii) that experts he appointed to the Working Group by interested member countries; 

iv) that ICES be invited to participate, in order to make a joint study of these problems; 

v) that the Working Group meet at a mutually convenient time so that its report could 
be available for the next meeting of both ICNAF and NEAFC. 

(ICNAF Redbook 1968. Pt.I. p.12) 

At its 56th Annual Meeting held in Copenhagen from 30 September to 9 October 1968, ICES 
accepted ICNAF's invitation to take part in the activities of the Group (C.Res.1968/3:3). 

A preparatory meeting was held in Copenhagen on 4 October 1968 attended by representatives 
of those countries which expressed their wish to participate in the activities of the Group. at 
which time, place and program of work were agreed upon. 

The Joint ICES/ICNAF Working Group on Selectivity Analysis held its meetings at VNIRO, 
Moscow, from 26 to 29 March 1969 and at ICES, Charlottenlund, from 2 to 6 September 1969. 

The Working Group was to prepare working papers covering the following subjects, 

1) Comparison of the properties of net materials of trawls in the North Atlantic and 
investigation of the effect of trawl construction on selectivity; 

2) Analysis of the variability of marine experiments on selectivity and the validity 
of selectivity data; 

3) Compilation of the selectivity data for cod, haddock and redfish, including a 
tabulation of equivalents for different net materials. 

Prof. von Brandt was asked to prepare the first working paper, Hr Pope the second, and 
Dr Treschev the third. These three papers appear as Parts A, B, and C of this report. A biblio
graphy was prepared by Dr Bohl and Mr Holden which appears as Part E. 

The meeting participants were as follows: 

Both meetings 
Dr A.I.Treschev, USSR (Chairman) 
Mr M.J.Holden, UK (Secretary) 
Mr J.A .Pope, UK 
Dr H. Bohl, FRG 
Prof. A. von Brandt, FRG 

First meeting only 
Dr J. Reuter, Netherlands 
Mr S. PrUffer, Po~and 
Dr W. Strzyzewski; Poland 
Dr G.N.Stepanov, USSR 
Mr B.I.Danilov, USSR 
Mr A.A.Volkov, USSR 

Second meeting only 
Mr V.S.Belov, USSR 
Mr L.M.Zheltov, USSR 
Mr J. M~ller Christe,nsen, Secretary of the Liaison Committee 

\r\ 
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PART A 

COMPARATIVE EVALUATION OF THE PROPERTIES OF NET MATERIALS USED FOR MAKING TRAWLS 

by 
A. von Brandt 

Institut fur Fangtechnik, Hamburg 

According to different investigations, the selectivity of codends in trawls may be influ
enced by different facts: 

a) fish (species, quantity, behaviour); 
b) gear (material, rigging, hanging, mesh size, shape of the mesh); 
c) operation of the gear (speed, towing force, towing time). 

Most lnves tigations underline that the net material has a decisive influence on the selec
tivity of a trawl. However, there are a1eo examples, e.g. size of the catch or shape of the mesh, 
that may have an influence. 

The selection factor, sf., that means the relation between fish length and mesh size, is 
considered to be more or less constant' for the different net" materials used for codends in bottom 
trawling. According to the results of many tests for the same material (e.g. polypropylene), the 
construction (e.g. twisted.or plaited) and the type of material (e.g. fibre or film) have no 
influence. 

It has been found that different net materials used for codends in the ICNAF and ICES 
areas have similar or the same selection factor. There are at least two groups: 

1) manila, sisal, polyethylene (PE), and polypropylene (PP); 
2) cotton, hemp, polyamide (PA), and polyester (PES). 

Nevertheless, sometimes doubt arose about the classification of' some-materials. There may 
be some overlapping according to the complexity of the problem. 

The different selectivity of different net materials used for codends in trawling has been 
explained by other authors with the different properties of the net materials. Extension, flexibil
ity, and roughness have been mentioned as the main reasons for different selectivity. 

The difficulty is that the properties of a netting twine are changeable in some degree with 
the type of manufacture. A hard twisted twine can have not only less strength but also less flexi
bility compared with a soft twisted one. The tension of netting twines increases with their numbers 
or diameters, etc. This means that there must be more than one property responsible for the selec
tivity, even when the net material is taken into consideration. 

In the case where different net materials have almost the same selectivity as mentioned 
before, and their properties are responsible for the selectivity, they must have similar properties. 
To find them could give an explanation for the theory of the selection process in codends. 

Only those net materials which can be exchanged with each other are comparable. According 
to the differences of properties, it seems unwise to compare net materials used for inshore fishing 
with small boats with those used for deep sea fishing with big trawlers. Therefore, member countries 
have been asked for materials used for bottom trawls in the ICES or ICNAF areas only. It may be 
useful to limit the net materials to R 2,500 tex and 400 m/kg. 

The following countries have been kind enough to send samples of net materials: Belgium; 
Canada; Denmark; Finland; France; Germany, Fed. Rep.; Iceland; Ireland; Italy; NetherlandB; Poland; 
Portugal; Romania; Spain; Sweden; UK; USA; USSR. Samples are missing from Norway only. 
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The data for the properties of the netting twines are given in Tables A-I to A-7. These 
tables show the local designations of the materials and the real ones in R.tex and m/kg (yd./lb.). 
Moreover, the following.propertles.are included: diameter, knot breaking load. elongation at a load 
corresponding to the half knot breaking load .in percent and the flexibility. The testing methods 
follow the rules under discussion in the International Organization for Standardization (ISO), Tech
nical Committee 38/Textiles, Subcommittee 9: Textile Products for Fishing Nets. For the test of 
the flexibility, a method not yet accepted has been used in spite of some objections made in a 
,previous ICES paper 10 years ago. 

A preliminary comparison between the properties of the net materials used for codends and 
the two groups of similar selectivity mentioned above show some relation with the flexibility (Fig. 
A-I). ~e net materials made of PA, PES, and also unexpectedly PP have almost the same range of 
flexibility in contrast to net materials made of manila and PE, though there are some extreme values 
outside the main range, shown by dotted lines. 

Moreover, a diagram with the relation of tension and flexibility shows on one side PA and 
PES and on the other manila and PE with some overlapping by the data for PP in both areas (Fig. A-2). 

PA 

PES 

PP ----------:J 
----------

Manila • 
PE 

.- I I I i I 
10 50 100 500 1000 5000 9 

FI.xibility 

Fig. 1. Comparison of flexibility of net materials used 
for codeftds. 
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PART B 

THE STATISTICAL ANALYSIS OF SELECTIVITY DATA 

by 
J.A.Pope 

Marine Laboratory, Aberdeen, Scotland 

1. Introduction 

The length-selection curve of a trawl codend gives the relationship between the probability of retention of a fish by that codend and its length. Expressed in general mathematical terms, the form of the relationship is P - f(ll2), where P is the probability of retention, f is some function of the length of fish (1) and 6 is a vector of parameters defining the characteristics of the length-selection curve. -

From both theoretical considerations and practical evidence, the function f(II!) is taken to be monotonic increasing with f • 1 and fmin - O. Largely because of these mathematical pro-max 
perties, it has been.generally .accepted. that f (l.~). can be realistically and accurately described by some continuous probabilitY.distribution function-and, in particular, by the symmetr1cdi~Jribution function of. the Normal (Gaussian) frequency distribution. Jones (1957) has shown how, on the basis of some specific assumptions concerning variation in codend mesh size and fish body girths, the length-selection curve is exactly expressible as a Normal distribution function. However, this result is entirely dependent on the assumed normality of the frequency distributions of both mesh size in the codend and fish body girth. Other assumptions would lead to other expressions for the length-selection curve. 

Pope and Hall (1960) expressed f(ll!) as a logistic function which is also symmetric and, in fact, differs little from the Normal distribution .function. These writers did not attempt nor imply any theoretical justification for this form of curve. A full description of the fitting of this form to experimental data is given by Pope (1964). 

Both the Normal distribution function and the logistic function are completely specified by two parameters 6
1 

and 6
2 

(say) in terms of which all points on the selection curve (in particular 
the 56% selection length) may be determined. 

There does exist, however, an extensive body of experimental data indicating that a selectfon curve is not necessarily symmetric about the 50% selection length. A more suitable and flexible mathematical model for the selection curve is clearly desirable. 

In practice, however, interest is generally confined to the 50% selection point rather than to the curve as a whole. Little attention appears to have been paid to the selection range (i.e. the length interval between the 25.and 75% selection points). The most important practical problem has, therefore, been that of estimating'50% selectionpoints-from-experimental results. 

2. Estimation of a Single Selection Curve 

Before attempting any estimation, cons.ideration ought to be given to whether the data to be used are sufficiently reliable to warrant any form of treatment at all. Such consideration, of course, begs the questions, "What is to be estimated?" and "what accuracy is required in the estimates?" Although a complete selection curve is usually desired, the main requirement, 8S already noted, is an estimate of the 50% retention length and accordingly particular attention will be paid to methods of achieving this. 

First we must distinguish between various sources of statistical error. We consider the results from a single covered codend haul as being a single realization of how the codend selects fish under the' conditions' pertaining at the time of towing. These conditions refer to the composition of the fish population encountered, the flow of water through the codend during towing, the 
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speed of the vessel, etc. Another haul with the Bame codend will not be made under precisely the same conditions and it must be regarded as a single realization of another situation-. Whether the two sets of conditions re:sult"1.n "closely similar or widely d±nsimilar avers"ge selection curves depends simply on how similar the different conditions are on these two occasions. If Pj(lk)' k = 
1,2, 3, •..• are the observed proportions retained at lengths 11' 12, 13 , ..• in a particular haul, 
say haul j, and fj(~I~ the expected proportions derived on the basis of some theoretical law (e.g. 
that the probabilities of retention follow a Gaussian distribution function law), then we may write 

Pj (lk) = fj (1kl~ + Ejk (2.0 

The fitting of f (lkI6) to the data from this single haul consists of finding estimates of j - • 
the parameters~. Such estimates (~, say) will be functions of the statistical errors (Ejk) and the 
be.at estimates are those which involve these errors in such a way as to make their generalized variance (given by detIE(~-~'(!-~t) as small as possible. Maximum likelihood estimators have this property in large samples, but, in general, it is not difficult to find, by simpler methods, estimates of the parameters, or functions of them, which have sufficiently small variance. 

Whilst the Gaussian distribution function, fG(ll~ say, or the logistic, fL(ll~ say, are 
strictly at best only assumed forms for the function f(ll~, these curves are, at least on empirical evidence, sufficiently realistic for them to be regarded as equally plausible "true" models in a great many situations. The fitting of either curve may thus be regarded as being the most advanced form of treatment of the data. The parameters of these curves may be estimated by maximum likelihood using suitable routines and their variances, or more often the variances of functions of them (e.g." their ratio), evaluated. For example, the logistic curv~ is given by 

l/fL (11~·{l+eXp(el-82l)} 
and the ratio 6/62 is the 50% retention length. 

(2.2) 

Any method of fitting other than maximum likelihood will not be more efficient, in the sense that it will lead theoretically to variances "of the"estimates as large as or larger than those of the maximum likelihood eetimates. Also, any form of curve other than fL(ll~ or fG(ll~ can be 
regarded as an approximation to the true model and, like all approximations, will theoretically be less accurate than the true model. Nonetheless, the amount of calculation involved in the maximum likelihood approach and the need for epecial tables makes it very desirable to seek alternative si~pler ways of treating the data. 

Simpler approaches are 

i) curve fitting by eye 
ii) approximating to the middle part of the curve by a straight line and fitting by weighted or unweighted least squares 

iii) using moving averages of the observed values of fj(lk) to estimate the 50% point only. 
The results of two sets of comparisons of different methods of fitting curves are given in Tables B-1, B-2, B-3 and B-4. The first two tables are taken from Pope (1966) and give the estimated 50% points and variances respectively of 15 actual selection curves provided by (a) the logistic curve fitted by maximum likelihood, (b) the fitting of an unweighted regression line to the observed proportions retained over approximately the 25-75% range, (c) the 3-point moving average method. Tables B-3 and B-4 give similar data for 9 actual curves provided by methods (a), (b) and (c) above, and (d) eye-fitted curves. These sets of data were taken from two series of replicate hauls made by the same research vessel during two cruises. Within each set the results refer to the same codend. The average values of the variances of the maximum likelihood estimates of 81/62, the 50% retention 

lengths, are 0.1023 and 0.0968. These figures imply a percentage standard deviation of between 1.1 and 1.3% on average in the maximum likelihood estimates of a 50% retention length (and hence of a selection factor) from a single set of data (e.g. single haul). This is a very small component of ~rror. 

The unweighted linear regression estimates are satisfactorily close to the maximum likelihood estimates and, although all but one of the estimates in Table B-3 are below the maximum likelihood values, there is no reason to suspect bias in this method. The variances of the regression estimates differ appreciably from those of the maximum likelihood estimates in some, but certainly 



14 

not all, cases. The average value of the regression variances in Tables B-2 and 0.1202 respectively, corresponding, on average, to percentage standard errors of respectively, that is, slightly larger than the maximum likelihood estimates. 

B-4 are 0.1758 and 
1. 7 and 1.2% 

The estimates provided by the use of 3-point moving averages are, like the regression estimates, close to the maximum likelihood values with no evidence of bias. The variances are similar in some cases to those for the above methods but are generally higher, sometimes appreciably 
so. 

The estimates from eye-fitted curves, given in Table B-3, were obtained by asking seven peopl&: to draw curves by.eye, independently.,af one another, to each of the nine sets of points. None of the seven people had previously. drawn a selection curve so that it was necessary to give them Borne gui.dance. beforehand... This~ consisLed of outlining, the principles of curve fitt;f.ng to any sort of data, ,giving a brief acco.unt of codend mesh selection and stating simply the properties of the logistic and Normal dis.tribution function curves. Each person was asked to fit a curve to all the points over the whole range, not merely in the neighbourhood of the 50% point. Thus the deviations of each observed proportion 'from each eye-fitted curve could be measured and compared. The Sums of squares of these deviations are given in Table B-5. 

It will be seen immediately from the last column of Table B-3 which gives the averages of the seven eye estimates for each haul, that eye estimation can give 50% points very close to maximum likelihood estimates. What is interesting and of significance in this context is that differences between the seven estimates are small in each of the nine cases. This is reflected in the variances calculated from the seven estimates and shown in the last column of Table B-4. These variances are not estimating precisely the same thing as the variances in the first three columns of Table B-4. They do indicate the degree of reproducibility of eye estimates, however, which is the important point here. 

We may conclude from the results of this investigation that, with data of the type examined here, unbiased estimates of 50% points can be obtained by eye. Such estimates are very close to those obtained by the method of maximum likelihood and differences between individuals are likely to be very small indeed so that eye estimation provides a satisfactory substitute for the maximum likelihood approach. Fitting a straight line by least squares is slightlY easier and quicker than a complete maximum likelihood approach-but this method cannot· really be preferred to eye estimation and is not a completely satisfactory substitute for maximum likelihood fitting of either fL(ll~ or 
fG(ll~. The moving-average method is not to be-recommended generally. It can, even with moderately 
good data, give occasional rise to ambiguity by providing more than one 50% point for a given set of points. It only estimates the 50% point without bias and the calculation of the variance of the estimated 50% point is tedious. 

A further interesting feature of the eye method is brought out in Table B-5 which gives the mean squared deviations of the eye-fitted curves, i.e. the values of n 2 
I (Pj(lk)-f*(lk» In, 

k=l f*(lk) being the eye-estimated proportion at length lk' It will be seen that differences between 
the eye-fitted curves are not too large, indicating that all seven people drew fairly similar curves over the whole range. These mean squared deviations are also similar to the same quantities calculated for the logistic curves fitted by maximum likelihood. Despite this the selection ranges estimated by the two methods do show consistent differences, the maximum likelihood estimates being larger in seven out of the nine cases (see Table B-6). The variances of the maximum likelihood esti~tes were obtained using 

2 2 2 Var (11-12) = (11-12) Ib S(nwl ) (2.3) 
and are shown in Table B-6. The variances of the average eye-fitted values, also shown in Table B-6, were obtained in the usual way from the seven estimates for each haul. The variances of the eyeestimated selection ranges are more homogeneous than those of the maximum likelihood estimates, but both methods give similar percentage standard errors of around 10%. 

This study has shown that the percentage standard error in the 50% retention length (or selection factor) estimated by somewhat elaborate statistical techniques is of the order of 1-2%, while that of the selection range is of the order of 10%. This sort of accuracy can be obtained, in general, without recourse to statistical procedures, simply by drawing free-hand curves by eye, although there is evidence that selection ranges estimated from eye-fitted curVes may be smaller than by other methods, particularly for curves fL(ll~ and fG(ll~. 
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These results give some. guidance in answering the problem posed at the beginning of this 
section, namely, how good are the basic data? Any set of data giving a percentage standard error in 
an estimate of the 50% retention length much in excess of 2%, say ~ 5%, may be taken as unreliable. 
Any data suspected of being. unreliable would have to have the accuracy of any estimate drawn from 
it estimated, and this could be done by either submitting the data to a complete statistical treat
ment or by having several people independently fitting curves by eye. 

The studies discussed here were based on relatively good data, and the number of fish in 
each haul in the estimated selection ranges was in most cases quite large. For example, in the data 
corresponding to Tables B-3.and B-4, the numbers in the selection range varied between 273 and 4,160 
fish. The variances of the'maximum likelihood estimates quoted in Table B-4 are almost perfectly 
correlated with the number of fish in the selection range, but, even for the haul with the smallest 
number of fish, the percentage standard errors of the 50% point and the selection range are 1.3 and 
13.5% respectively, both close to the average values quoted above. 

In the next section it is pointed out that hau1-to-hau1 variability is a much larger com
ponent of error than within-haul variability so that errors of estimation for a single haul are 
relatively unimportant in comparison with other er~ors. 

"3. l!mI1:-to-Hau1 Variability Within Experiments 

It is customary to make replicate hauls for selectivity study on the same ground and within 
a short space of time. Such replication is necessary if data are to be useful. The bauls to which 
the data in Tables B-1, B-2, B-3, and B-4 refer, for instance, were made within a space of three 
weeks, in both cases on the same fishing ground. They indicate the sort of variability encountered 
in such replicate hauls. 

With Pj(lk) and,fj (lk ) defined as at equation (2.1) we may write for the jth haul 

Pj (lk) • f j (\) + Ejk 

= f(lk) +{ fj (lk) - f(lk)}+ Ejk 

D f(lk) + aj + Ejk (3.1) 

wher.e f (lk) denotes the "true" selection curve for the conditions of the experiment and e
j 

• fj - f 

is the deviation of the expected curve for haul j from-f(l
k
). The random"term Sj'is the hau1-to-hau1 

error. An equation,. similar to (3.1), may be written in terms of any parameters estimated from 
individual haul data. Thus. without introducing any modification to the notation we might write 

1j (SO) • ~(SO) + ej + Eie 

where Ej represents the error of estimation in the fitted 50% 
. e 

sents. as before. hau1-to-hau1 variability in the SO% points. 

the true variances· of the errors Eje-and B respectively, then 

2 2 
Var(lj (50» • De + °Ej 

(3.1) 

th point for the j haul and e
j 

repre-
2 2 

If DEj and De are used to denote 

(3.2) 

and. if 11(50). 12 (50) ••••• 1n (SO) are the estimated SO% lengths from n replicate hauls. on average 

the following equation is true. 

n:1i{lj (SO) - l(SO)}2 -
2 De + 

n 2 (I 0 j lIn 
j-1 E 

_0
2 +0- 2 

e E (3.3) 

where a 2 is the average variance of the errors of estimate for each haul. Using the maximum like~ E 

1ihood estimates of the SO% points given in Tables B-1 and B-3. We find that the value of the 2 
quantity on" the 1eft-hand"side of (3.3) is 14.2407 and 2.4225 respectively. The estimates of D and 
- 2 a a for Sets 1 and 2 are therefore 

E 
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2 sB = 14.1384 

-2 
s 

E 
0.1023 

2 
sB 2.3257 

-2 s = 0.0968 
E 

-2 respectively, the quantities B being calculated from the variances given in the first columns of 
E 

Tables B-2 8Qd B-4. The var~ance pf the between-haul component within an experiment is thus seen to 
be considerably.larger than the within-haul component and, clearly, errors of estimation of the 50% 
point are insignificant. As pointed out by Pope (1966), in such situations, the most appropriate 
way to combine estimates from replicate observations is to employ a simple unweighted mean. 

2 The value of sa for the two sets treated here are quite different and reflect the much 

greater variability in the 50% points quoted in Table B-1 than in those quoted in Table B-3. In set 
1 there is one quite low value (namely 18.2) and three relatively high values (namely 28.2, 31.2, 
and 32.9). Naturally the question ,arises whether or not one or more of these estimates should be 
rejected before calculating the experimental mean. 

There are many possible reasons for encountering outlying observations. Selection may be 
reduced, for example, by quantities of weed blocking the codend ,meshes, etc. On the other hand the 
50% point may be raised because of tears or large holes in the codend meshes, etc. It is clearly 
necessary in selection experiments to keep accurate records at the time, to which reference may be 
subsequently made for the possible elucidation of abnormal results. Of course this procedure is not 
without its pitfalls as it is deceptively easy to find, after an outlying observation has been 
observed, plausible reasons for its occurrence. Probably the most common situation is that in which 
there is no real evidence of a causal mechanism for the occurrence of a divergent observation and in 
such situations the idea of a test procedure for deciding whether to reject an observation or not has 
some apparent attractions. Howev_er, uncritical use of any such procedure is clearly dangerous. It 
is always advisable, wherever possible, to carry out any projected analysis of data both with and 
without the outlying observations. If the general conclusions are different in the two analyses 
then clearly the outlying observations are in a posit.ion to sway action one way or another. In such 
a situation no firm conclusion is warranted. 

Reference has already been made to the extreme observations of Set 1 given in Table B-I. 
Tha unweighted mean and standard deviation of all 15 values of the 50% pOint are 25.3 and ± 3.77 
respectively. The observation with the maximum deviation is 32.9 and the deviation (+7.6) is twice 
the observed standard deviation. This is in no sense a large deviation, but, for interest, the mean 
and standard deviation have been recalculated omitting this observation. They are found to be 24.7 
and ± 3.25 respectively, not very different from the previous values. 

The percentage standard deviations for the two sets of data considered here are 14.9% and 
5.2% for Set 1 and Set 2 respectively. The latter figure is close to values quoted by Gulland (1964) 
for three sets of data obtained by the English research vessel Sir LanaeZot, namely 5.2, 5.3, and 
7.3%, and also to a value of 6.1% obtained by the author from a set of 20 replicate hauls. The aver
age of these figures is 7.3% which may be taken as the percentage standard· deviation of a single 50% 
point or selection factor within an experiment. The percentage standard error of the mean of a set 
of n r!plicate hauls (i.e. hauls within an experiment on the same ground) is then of the order of 
(7.3/ln)%. The actual standard errors of the mean 50% points for Sets I and 2 (data of Tables B-1, 
B-2, B-3, and B-4) are ± 0.973 and ± 0.519 respectively. These give rise to 95% confidence limits 
of 23.2 to 27.4 for Set 1 and 28.2 to 30.6 for Set 2. In terms of selection factors these limits 
are 3.31 to 3.91 for Set 1 and 3.48 to 3.78 for Set 2. 

4. Variability Between Experiments 

When several experiments have been conducted on the same codend material, the mathematical 
model given by equation (3.1) may be extended to include a component accounting for differences 
between experiments. Thus we may write 

Pij(lk) • f(lk) +{ fi(lk) - f(~) }+{ fi/lk) - fi(lk) }+ Eijk = f(lk) + a i + Bij + Eijk 

where now f(lk) represents the 

sents the true selection curve 
th haul of the i experiment and 

true "globaltt selection curve for the codend material, fi(lk) 
th . ) for the i experiment, fij(lk repres~nts the true curve for 

Eijk is the true deviation of Pij(lk) from fij(lk)' 

(4.1) 

repre

the j th 
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The component-at may be a function of a large number of factors, e.g. season of year in 

which experiment was conducted, particular research vessel employed, experimental techniques such 8S 

duration of hauls, rigging of codend covers, etc. Gulland (1964) in a study of North Sea whiting 
selection factors for manila and sisal codends found significant differences between results reported 
by different scientists. Quoting. Gulland, this "is not very surprising, as data presented by the 
same author are likely to be derived from observations on the same ground as well as with much the 
same gear". As an example of the sort of variation encountered in different experiments, the data 
given in Table B-7, taken from Pope and Hall (1964), are considered. These data refer to experiments 
using double polypropylene codends and the selection factors are for haddock. 

The final column in Table B-7 gives the actual coefficients of variation for each separate 
set of results and they average about 5%. This agrees well with the between-haul within-experiment 
figure given in the previOUS section. 

From equation (4.1), expressed in terms of selection factors xij instead of proportions 

Pij(lk)' the variance of a randomly selected value is given by: 

2 2 2 2 
Var(xij ) • 0a + as + a

E 
or aa 

2 
+ as (4.2) 

·2· 
(a being small, as we have already seen). The variance of the unweighted mean selection factor of 

E th 
the i experiment is: 

- 2 2 
Var(xi ) • aa + aS Ini (4.3) 

where-D! is the number 

the quantities ° 2 and a 
below, the quantity no 

of replicate hauls in the ith experiment. For the data given in Table B-7, 

0S2 may be estimated from a one-way analysis of variance. This is shown 

being {Eni - £n/IEni }/ll = 3.53 

df S. of S. m.s. E(m.s.) 

Between experiments 11 1.22 0.1109 0/ + n a 
2 

a a 
Within eX2eriments II .Ll!!. 0.0278 2 

Total· 52 2.36 
aS 

The estimates of 0S2 and 0a2are 0.0278 and 0.0235 respectively. Thus the component of 

variance between experiments is comparable with that within experiments. From these figures the 
variances of the experiment means are estimates as: 

Experiment 

1.1 
1.2 
2.1 
2.2 
3.1 
4.1 
5.1 
6.1 
1.1 
8.1 
9.1 
9.2 

Var(~i) 
(0.0235 + 0.0278/n

i
) 

0.0235 + 0.0139 - 0.0374 
" + 0.0139 a 0.0374 
" + 0.0139 - 0.0374 
" + 0.0070 a 0.0305 
" + 0.0139 • 0.0374 
~ + 0.0139 - 0.0374 
" + 0.0218 - 0.0513 
" + 0.0093 - 0.0328 
" + 0.0139 - 0.0374 
" + 0.0011 • 0.0246 
" + 0.0070 • 0.0305 
" + 0.0093 • 0.0328 

Since the values of nt are, with one exception, much the same in each experiment, the values 

of Var(~i) are very nearly equal. Hence a satisfactory mean for double polypropylene based on the 12 

sets of data discussed here is an ordi~ary unweighted mean. In this case, the mean selection factor 
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is 3.47 with a variance given bY{ Var(~l) + var(~2) + .,. + var(~12)}/122 ~ (0.0235 + 0.0121)/12 ~ 
0.002967. The square root of this quantity is ± 0.0545. Thus approximate 95% confidence limits for the mean selection factor are 3.47 ± 0.11 3.36 and 3.58. The two variance components, 0.0278 and 0.0235, correspond to percentage standard deviations of about 5%, thus confirming the magnitudes quoted in Section 3. 

When combining the results of several experiments, especially in those cases where individual haul values are not available, a sufficiently reliable weighting system may be derived by assuming average percentage standard deviations for the within-experiment and the between-experiment components of 7% in both cases. For example, the ICES Cooperative Research Report, No.2 (1964) quotes an experimental value obtained by G. Saetersdal of 4.2, based on 11 hauls, for the selection factor of cod by a double nYlon codend of l40-mm mean mesh size. The variance of this value may be 
taken as being approximately (0.294)2 + (0.294)2/ 11 ~ 0.0943. This method has been applied to data compiled by Treschev (see Part C) for double polyamide codends. Treschev divided published figures for this material into two groups which he referred to as polyamide A and polyamide B. The values of the cod selection factors and their estimated variances are shown in Table B-8. The latter will be seen to be fairly uniform, largely because the number of hauls in each experiment was reasonably large and similar from experiment to experiment. The inverses of the variances are quoted in Table B-8 and the weighted mean selection factors (Ewixi/rwi ) for po1yamides A and B are respectively 3.90 
and 3.57. The weighted mean for both sets of data combined is 3.83. The variance of such a type of 
weighted mean is l/Iw'and so the standard errors of these values are roughly ± 0.051 and ± 0.097 for 
po1yamides A and B respectively and ± 0.045 for both combined. This indicates approximate 95% confidence limits of 3.83 ± 0.09 = 3.74 and 3.92 for double polyamide codends. 

An additional form of weighting, not related to the accuracy of determinations of selection factor, may be deemed necessary when combining results derived from different experiments. It was painted out that a
i 

may be a function of a number of factors-operating during any experiment. Thus, 
for example, suppose it were known that the selection factor for a particular species was definitely lower in spring (say during February, March and April) than at any other time of year. If the majority of experimental results available referred to the spring period it might be more appropriate t£ calculate, in the above manner, two weighted ~eans, one from experiments conducted in the spring (Xl 
say) and one from the remaining experiments (x

2 say). If, for some purpose, an average figure for 
the year as a whole were required and if the fishing effort_by the c£mmercia1 fleets was uniform throughout the year, a possible weighted mean would be 0.25xl + Q.75x2 • Similar considerations 
would apply ~f it were known that selection factor was related to size of catch. 

5. Mesh Differentials 

We have seen in the preceding sections that the two main components of variance in an experimental value of a 50% selection length, or a selection factor, are the between-haul withinexperiment and the between-experiment components. The coefficients of variation of both components are of the order of 5-10%, say 7% on average. Thus, for a codend material with an average selection factor' of 3.3, the variance of a single determination would be 0.1067. If we assume that experimental values are normally distributed and further that such values are representative of the actual factors operating in the commercial fleets then 95% of all hauls made in a given period of time would have actual selection factors lying approximately between 2.7 and 3.9. Furthermore, if the average selection factor for another codend material were 3.6, and if selection factors for this material were also normally distributed with a variance of 0.1067 (standard deviation ~ 0.33), then some 18% of all commercial hauls by the second material would have actual selection factors below 3.3, the mean of the first material. There will in fact be a considerable overlap of two distributions with means differing by only 10%. This is quite a different matter from the question as to whether or not the mean selection factors for two different materials are really different or not, on which basis present mesh differentials have been established. But the existence of such overlapping distributions should not be lost sight of in defining mesh differentials. The problem of establishing the existence of differences in mean selection factors for different materials has been discussed by Gu1land (1964) who noted that, with the data available to him at the time, confidence limits were wider than the actual differentials than in existence. 

should be 
With the accumulation of more and more data, however, greater precision achieved. In the previous section the average cod selection factor for 

in mean values 
double polyamide was 
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given as 3.83 ± 0.09. 
with the same accuracy, 
5-6% higher or lower. 

If the mean selection factor for another codend material were established then it would be deemed to differ significantly from 3.83 if it were some 

The establishment of mesh differentials does not rest solely on statistical considerations, of course. Questions of distinguishing between different materials, and law enforcement are also very relevant. 
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Table B-1. Comparison of 50% points obtained by 
different methods of estimation. 

Maximum Linear Moving 
likelihood regression averages 

24.6 24.5 24.5 
26.5 26.5 26.6 
25.5 25.6 25.7 
21. 9 21. 7 20.7 
23.0 23.0 23.0 
25.5 25.4 25.7 
18.2 18.2 18.2 
21.7 21.7 21.6 
27.5 27.5 27.5 
22.0 22.1 21.8 
25.6 25.6 25.6 
24.7 24.4 24.5 
28.2 28.2 28.5 
31. 2 31.1 31.1 
32.9 32.6 32.5 

Table B-2. Comparison of variances of 50% points 
obtained by different methods of 
estimation (Set 1). 

Maximum 
likelihood 

0.0395 
0.0530 
0.2707 
0.1377 
0.0905 
0.1810 
0.0046 
0.0134 
0.0629 
0.1423 
0.0533 
0.1469 
0.0776 
0.2154 
0.0453 

Linear Moving 
re2ression averages 

0.0757 
0.0350 
0.3922 
0.9239 
0.0182 
0.3094 
0.0038 
0.0045 
0.0471 
0.0319 
0.1166 
0.5138 
0.0708 
0.0182 
0.0759 

0.0371 
0.0645 
0.0557 
0.6999 
0.1713 
0.4199 
0.0053 
0.0161 
0.0784 
0.2515 
0.0593 
0.2356 
0.0876 
0.1970 
0.0305 

Table B-3. Comparison of 50% points obtained by different methods of estimation (Set 2). 

Maximum 
likelihood 

28.2 
29.6 
29.7 
26.3 
29.0 
30.5 
31.6 
29.2 
30.8 

Linear Moving Eye fitting 
renessio!L a"er-'!8eIL tl) . J2J . Dl(4) (5) (6) (7) Avg 27.6 28.3 28.2 27.8 28.1 27.7 28.1 28.1 27.6 27.9 29.4 29.8 29.8 29.7 29.7 29.8 29.7 29.9 29.7 29.8 29.5 29.3 29.3 29.4 29.0 29.4 29.4 29.4 29.4 29.3 26.6 26.2 26.5 26.3 26.6 26.4 26.4 26.2 26.4 26.4 28.5 29.2 29.2 29.1 29.2 29.2 29.3 29.0 28.9 29.1 30.4 30.4 30.8 30.5 30.7 30.4 30.6 30.7 30.5 30.6 30.8 31.1 30.5 30.6 30.5 30.3 30.4 30.4 30.7 30.5 28.9 29.1 29.6 29.2 28.9 28.9 28.8 28.4 28.8 28.9 30.5 30.9 30.8 30.9 30.8 30.8 30.8 30.9 30.8 30.8 
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Table B-4. Comparison of variances of 50% points obtained by different 
methods of estimation (Set 2). 

Linear Mov i ng EYl' Maximum 
likelihood regression avera~es fitting 
0.2715 
0.0072 
0.0234 
0.0500 
0.0211 
0.0329 
0.2500 
0.0632 
0.1521 

0.1663 4.7599 0.0')62 
0.0524 0.0124 0.0062 
0.0173 0.2567 0.0224 
0.0536 0.0602 0.0167 
0.0648 0.0225 0.0190 
0.0535 0.0301 0.0200 
0.1935 0.0942 0.0181 
0.1604 0.0825 0.1395 
0.0794 0.2495 0.0024 

Table B-5. Mean squared deviations from eye-fitted and logistic 
selection curves. 

(1) (2) (3) (4) (5) (6) (7} 
Maximum 

likelihood 
0.0110 0.0108 0.0058 0.0101 0.0079 0.0086 0.0080 
0.0005 0.0022 0.0002 0.0009 0.0008 0.0016 0.0010 
0.0008 0.0014 0.0013 0.0013 0.0098 0.0014 0.0009 
0.0017 0.0020 0.0023 0.0026 0.0013 0.0015 0.0024 
0.0032 0.0022 0.0009 0.0035 0.0016 0.0054 0.0018 
0.0018 0.0013 0.0011 0.0003 0.0012 0.0016 0.0009 
0.0057 0.0072 0.0053 0.0099 0.0062 0.0097 0.0063 
0.0091 0.0085 0.0066 0.0086 0.0075 0.0103 0.0090 
0.0019 0.0011 0.0015 0.0011 0.0008 0.0010 0.0012 

0.0091 
0.0013 
0.0012 
0.0027 
0.0031 
0.0014 
0.0062 
0.0068 
0.0017 

Table B-6. Comparison of selection ranges estimated from logistic 
curves and eye-fitted curves. 

Logistic curve 
{maximum likelihood) 

S. R. Variance 
6.35 2.7217 
5.17 0.0455 
5.87 0.1273 
5.13 0.3647 
6.27 0.1800 
4.05 0.0890 
9.97 2.0325 
5.22 0.4380 
5.16 0.4841 

Eye-fitted 

Mean S.R. 
4.34 
4.86 
5.96 
4.30 
5.26 
4.06 
6.07 
4.31 
4.90 

curve 

Variance 
0.2162 
0.0662 
0.1262 
0.0600 
0.1462 
0.31Q5 
0.1290 
0.1581 
0.1533 
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Table B-7. Haddock selection factors for double polypropylene codends from different experiments. 

Coefficient 
Exper- Selection of 
jm~Dt Ci[QWUI§ f§~tors Mean Varianc~ variation 

1.1 Fair Isle 3.5 3.7 3.6 0.0200 3.9 
1.2 Buchan Deeps 3.5 3.8 3.6 0.0450 5.9 

2.1 Buchan Deeps 3.5 3.6 3.6 0.0050 2.0 
2.2 Auskerry 3.7 3.9 3.6 3.8 0.0167 3.4 

3.8 

3.1 Orkney/Shetland 3.4 3.0 3.2 0.0800 8.8 

4.1 Scalloway 3.0 3.0 3.0 

5.1 Moray Firth 3.7 3.7 

6.1 Buchan Deeps 3.5 3.2 3.3 3.3 0.0234 4.6 

7.1 Moray Firth 3.4 3.3 3.4 0.0050 2.1 

8.1 Faraes 3.2 - 3 
3.3 - 1 
3.4 -10 
3.5 - 4 3.5 0.0298 4.9 
3.6 - 4 
3.7 - 1 
3.8 - 3 

9.1 Auskerry 3.7 3.6 3.4 
3.3 3.·5 0.0333 5.2 

9.2 Scalloway 3.5 3.3 3.2 3.3 0.0234 4.6 

Table B-8. Average cod selection factors, variances and weighting factors for double polyamide 
polyamide codends. 

S.F. (!Ei~) V \xi) 
~al Double Po1Iamide A 

w· l/V(xi ) S.F.(x
i

) V (Xi) w = l/V(x
i

) 

4.0 0.0844 11.8 3.2 0.0753 13.3 
4.2 0.0943 10.6 3.7 0.0894 11.2 
4.4 0.1186 8.4 3.5 0.0720 13.9 
4.2 0.0951 10.5 4.0 0.0941 10.6 
4.4 0.1044 9.6 3.8 0.0849 11.8 
4.3 0.0951 10.5 4.0 0.0941 10.6 
4.1 0.0865 11.6 3.9 0.0894 11.2 
4.2 0.0951 10.5 3.5 0.0675 14.8 
4.3 0.0997 10.0 3.9 0.0870 11.5 
3.8 0.0778 12.9 3.7 0.0745 13.4 
4.4 0.1044 9.6 3.8 0.0825 12.1 
4.4 0.1044 9.6 3.4 0.0629 15.9 
4.0 0.0862 11.6 4.1 0.0855 11. 7 
4.2 0.0951 10.5 3.8 0.0729 13.7 
4.0 0.0862 11.6 3.7 0.1006 9.9 
3.6 0.0762 13.1 3.5 0.0686 14.6 
4.1 0.1098 _ 9.1 

3.7 0.0805 12.4 
(b) Double Polyamide B 

3.6 0.1270 7.9 
3.7 0.0783 12.8 3.51 0.0679 14.7 
3.6 0.0688 14.5 3.38 0.0700 14.3 
3.8 0.1061 9.4 3.38 0.0840 11.9 
3.5 Q.1200 8.3 



22 

PART C 

COMPILATION OF SELECTIVITY DATA FOR COD, HADDOCK AND REDFISH 

by 
A.I.Treschev 

All-Union Research Institute of Marine Fisheries and Oceanography, (VNIRO), Moscow 

Introduction 

The Working Group decided at a preliminary meeting held at ICES in October 1968 to restrict 
its analyses to data obtained from bottom trawl selectivity experiments made in reNAF Subareas 1, 2, 
and 3 and ICES Sub-area I and Divisions IIa, lIb and Va in which cod, haddock, and red fish were the 
species being studies. Tabulation of the data was also limited to experiments· conducted with double
braided twines because few, if any, trawls used in the above-mentioned areas of the North Atlantic 
are made of single-braided twines. All the data collected are given in Tables C-I to C-12. 

Only results from experiments based on the covered cod end method were used. Experiments 
in which a topside chafer of any deSign was used were not included in the analysis. Experiments in 
which the selection factor was given in brackets or followed by a question mark were included but 
not those in which the number of fish in the selection range formed a very small proportion of the 
total catch. In those experiments in which the average duration of tow was not given, it was 
assumed to be 60 min. In the three component method of analysis described below, the total number 
of fish caught of the species studied was used as a weighting factor if the number of fish in the 
selection range was not stated; otherwise the result was not used in any of the four methods of 
analysis. Insofar as possible, all experiments made on one ground at one time were combined, that 
is, single hauls were grouped. This gave the following number of experiments which could be used: 

Manila PP PE PES PA 

Cod 69 27 6 2 33 

Haddock 47 16 1 2 16 

Redfish 25 0 0 0 12 

The Working Group was unable to investigate the effect of trawl construction on selectivity 
because there were insufficient data. 

The Three Component Method of Weighting 

In determining the mean value, the "weight" of the values investigated is usually deter
mined·by their frequency of occurrence and the mean is obtained from the formula: 

x 

where Xi is the value investigated, 

~(ximi) 

~ m
i 

m
i 

is frequency of occurrence (weight) of value. 

(1) 

From the mathematical (statistical) viewpoint, this method of obtaining the mean value is 
fully justified. However, a more penetrating insight into the essence of the averaged trawl selectiv
ity data obtained from different experiments easily'shows that the true "weight" of each value of 
the selection factor is determined not only by its frequency of occurrence but also by the conditions 
of the experiment under which it is obtained. The most important factors are the number of fish 
within the selection range, which is a f,actor characterizing in each experiment the relation between 
the fish and the gear, and the duration of the experiment, i.e. the number and the duration of hauls. 

Proceeding from this t a method of combining experimental data on trawl se1ect,ivity has been 
developed in the USSR (A. 1. Treschev, VNIRO Proceedings, v. LXI, .1966). 
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According to this method, the mean weighted value of the selection factor is obtained from the formula: 

where 

ks 
EnitiNiki 

EnitiNi 

ks 

n
1 , n2 nn 

t l , t2 tn 

Nl , N2 Nn 

kl , k2 '" kn 

nltlNlkl 
+ n

2
t
2

N
2

k2 + 

nltlNl + n
2

t
2

N
2 + 

+ n t N k n n n n 
+ n t N n n n 

is the mean weighted trawl selection factor; 

are the number of hauls in the first, second and nth experiments; 

th are the durations of haul in the first, second and n experiments; 

are the numbers of fish within the selection rang_e in the first, second and nth experiments; 

th are selection factors in the first, second and n exp~riments. 

(2) 

It follows from (2) that the mean selection factor is directly dependent on the number of hauls, the duration of hauls and the number of fish within the selection range, and , through all specific selection faetors (1<1' k2 '" kn), on all other factors involved. 

Thus, in applying this formula the numerical values of the selection factors obtained by the experimenters are taken as they are and in so doing it is assumed that the value of each specific selection factor reflects the heterogeneity of the populations fished, the size of catch, the peculiarities of the trawl design and the fishing process as well as the method of combining data from different hauls, the method of constructing graphs and calculating selection factors, and many other factors. As far as the reliability (weight) of each specific selection factor is concerned, it is assumed that in all experiments it is mainly dependent on the duration of the experiment (the number of hauls multiplied by their durations) and on the number of fish involved, i.e. the number of fish within the selection range. The higher these two values, the greater its share of influence on the mean value of the selection factor. 

Tables of Selectivity Data 

The following notes explain the headings of some of the vertical columns in Tables C-l to 
C-12: 1) SOURCE - refers to Bibliography, Part E; 

2) Number of fish in selection range - refers to the total number of fish of the species studied in the selection range from all hauls combined. 
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According to this method, the mean weighted value of the selection factor is obtained from the formula: 

where 

k 
s 

rnitiNiki 

rnitiNi 

k s 

n
1

, n
2 nn 

t l , t2 tn 

Nl , N2 Nn 

k l , k2 ••• kn 

nltlNlkl + n2 t 2N2k2 + 
nltlNl + n2t 2N2 + 

+ n t N k n n n n 
+ n t N n n n 

is the mean weighted trawl selection factor; 

are the number of hauls in the first, second and nth experiments; 

th aTe the durations of haal in the first, second and n experiments; 

are the numbers of fish within the selection range in the first, second and nth experiments; . 

are selection facLars in the first, second and nth experiments. 

(2) 

It follows from (2) that the mean selection factor is directly dependent on the number of hauls, the duration of hauls and the number of fish within the selection range, and, through all specific selection factors (kl , k2 ••• k
n
), on all other factors involved. 

Thus, in applying this formula the numerical values of the selection factors obtained by the experimenters are taken as they are and in So doing it is assumed that the value of each specific selection factor reflects the heterogeneity of the populations fished, the size of catch, the peculiarities of the trawl design and the fishing process as well as the method of combining data from different hauls, the method of constructing graphs and calculating selection factors, and many other factors. As far as the reliability (weight) of each specific selection factor is concerned, it is assumed that in all experiments it is mainly dependent on the duration of the experiment (the number of hauls multiplied by their durations) and on the number of fish involved, i.e. the number of fish ~ithin the selection range. The higher these two values, the greater its share of influence on the mean value of the selection factor. 

Tables of Selectivity Data 

The following notes explain the headings of Borne of the vertical columns in Tables C-l to 
C-12: 1) SOURCE - refers to Bibliography, Part E'; 

2) Number of fish in selection range - refers to the total number of fish of the species studied in the selection range from all hauls combined. 
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PART D 

CONCLUSIONS AND RECOMMENDATIONS 

Conclusions 

The Working Group accepted that the minimum mesh size of codends made from different 
materials should be determined in accordance with the principle" of equivalent selectivity. 

The selectivity equivalent of a given material is defined here to be the ratio of the 
average selection factor for that material to the average selection factor for double manila. The 
basic data available to the Working Group for the calculation"of average selection factors were 
those listed in Tables C-l to C-12. 

Although the Group agreed that more work is needed on this problem, it decided to separate 
the selection factors in the tables of selectivity results for cod and haddock into two groups, 
those in which the polyamide used had an elongation of greater than 25% and those which had a lower 
elongation. The former was called polyamide A and the latter polyamide B. The division was made 
on the basis of the results given in Part A of this report, and it was necessary to assume for this 
purpose that the polyamide used was produced in the country conducting the experiment. This break
down is shown in the tables of selectivity data (Tables C-l to C-12). 

The Working Group spent some time considering the most appropriate-method of evaluating 
the average for each material. Besides the methods described in Parts B and C of this report, two 
other types of average were considered, namely the unweighted mean and the mean weighted by the 
number of hauls corresponding to each selection factor. The Working Group decided to use all four 
methods, and accordingly four mean values were calculated for each material. These mean values are 
listed in Table D-l, where it will be seen that, in general, they are in close agreement. 

The selectivity equivalents for each material, obtained from the results shown in Table 
D-l, are given in Table D-2. 

Unweighted selection factors for the experiments used are given in the form of a frequency 
distribution in Table D-3. 

The Working Group discussed the selection results in relation to the physical properties 
of the various twines. It considered that there might be a relationship between elongation and 
selection factor and it noted that in the case of polyamide there is a wide range in elongation as 
defined i4 Part I of this report. 

Recommendations 

The selectivity equivalents for mesh sizes of trawls made from different materials 
obtained as a result of the analysis of selectivity data and of the tests of the physical properties 
of trawl twines and mentioned in the conclusions are recommended to be introduced in the Conventions 
for the North-East and Northwest Atlantic Fisheries in place of the present rules for establishing 
mesh sizes of trawls made from synthetic materials, insofar as the Commissions consider these group
ings enforceable. 

The Working Group recommends that for all future selectivity experiments the following 
information about the codend material used should be tabulated: 



TWINE DATA 

* a. Material 

* b. Type of fibre 

* c. Construction 

* d. Rtex 

* e. Rumage 

f. Treat ...... t 

g. Wet flexibility 

* h. Wet weaver-knot breaking load 

i. Wet load elongation curve 

.* 
j. Wet breaking lengths (baaad on 

dry IMW.iJ!ll _ 

NET DATA 

a. Method of manufacture 

b. Treat_nt , 

49 

Chemical nature 

Hulti-filament, mono-filament, 
staple fibre, film (- split fibre) 

Twisted, plaited 

(m/kg) 

Untreated, thermo-fixed, chemically 
treated, etc. 

(a) during breaking load test, 
(b) after some repeet loadings 

Hand or machine made (knotted, 
knotleas, sinale or double braided) 

Untreated, thermo-fixed, chemically 
treated. ,etc. 

c. Wet _h sbe uaina ICES ... ah sause 

* d. Wet _h breaking load 

e. Wet load elonsation curve (a) during breaking load test, 
(b) lifter some_ repeat 10lldinas 

These tests lire proposed in the present state of knowledge. The list is not exclusive 
and should be supplemented by other teata as and when they bacome-available. 

Tests marked with an IIsteriak (*) should be·carried-ont-according to· ISO standards. 

The following laboratories sre prepared to undertake theae teats, free of charge, for 
those institutions which do not have the necaasary facilities, 

tnstitut fUr Fangtechnik, Haaburg (Germany), Palmaille 9 (marked to the attention of 
Prof. A. von ,randt); 

Laboratorium voor Hateriaal Onderzoek THO, IJmuiden (marked to the attention of 
Dr J. Reuter). 

A sample of 100-. twine (minimu.) and a piece of netting measuring 20 meshes by 20 meshes 
should be sent. To facilitate receipt it ia ebsolutely esaential that the customs declaration 
should be marked '~ Coe.ercial Value". 

As far as other dete are concerned, the WOrking Group recommended that the modified ICNAF 
form of tabulation used in.thia report should be adopted. 

Because manila is no lonler used coe.ercially and becauae it is not readily available, 
the Working Group reco ... nda that a new standard material be introduced. 

The standard netting yarn choa.a ia made of PA-fibres and is manufactured by Apeldoornse 
Nettenfabriek in Apeldoorn, Netherlanda. It is a twisted trawl yarn with the designation 3/500. 
The following list indicate. the properties' 



Designation 

Twist direction 

mlkg 

Diameter 

Twist level 

Breaking load (dry) 

Breaking load (wet) 

Knot breaking load (wet) 

Breaking length (dry) 

Breaking length (wet) 

1/2 knot breaking length 

50 

Extension (1/2 knot breaking load, wet), 

R 6484 tex 

Z 

154 mlkg (= 77 yards/lb) 

2.87 mm 

185 approximately 

355 kp'approxlmately 

315 kp 

299 kp 

54.9 km 

48.6 km 

23.1 km 

23.8% 

The factory mentioned above offers this PA standard netting yarn for 7.75 hfl (cif) in 
bunches of 2.2 kg. Customers are asked to order quantities of not less than 50 kg. 

To ensure the uniformity of the Properties on the one hand and to avoid deterioration 
during storage on the other, the factory intends·to produce the netting yarn in quantities of 300 
kg at a time. 

If the relevant committees of ICES and ICNAF agree to adopt the new standard net yarn, 
the Working Group recommends that the committees take steps to determine whether a standard netting 
can also be manufactured, and, if so, that it be introduced for selectivity experiments. 

The Working Group recommends that further work is needed to determine the relationship 
between elongation and selection factors. 
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Table D-2. Characteristics of different net materials and equivalents. 

Characteristics 
of material Egui valenta 

Percentage 
elongation at 
the load of the 
half knot 

Material breaking load Cod Haddock Meao 

Double manila 6.5- 7.8 1.00 1.00 

Double polyethylene 8.4-22.2 (1) 0.97 0.98 
(2) 0.98 1.01 
(3) 0.98 1.04 
(4) 1.00 0.99 

Mean 0.98 1.00 0.99 

Double polypropylene 10.4-21. 3 (1) 1.06 1.07 
(2) 1.06 1.09 
(3) 1.04 1.11 
(4) 1.06 1.07 

Mean 1.06 1.08 1.07 

Double polyester 8.3-12.3 (1) 1.12 1.04 
(2) 1.14 1.08 
(3) 1.14 1.11 
(4). 1.15 1.05 

Mean 1.14 1.07 1.10 

Double polyamide 15.5-47.0 (1) 1.11 1.10 
(2) 1.15 1.16 
(3) 1.17 1.17 
(4) 1.14 1.13 

Mean 1.14 1.14 1.14 

Double polyamide A >25.0 (1) 1.16 1.13 
(2) 1.18 1.22 
(3) 1.17 1.21 
(4) 1.19 1.14 

Mean 1.18 1.18 1.18 

Double polyamide B ~ 25.0 (1) 1.04 1.04 
(2) 1.05 1.05 
(3) 1.03 1.14 
(4) 1.06 1.06 

Mean 1.04 1.07 1.06 

(1) • unweighted mean; 

(2) = weighted by number of hauls only; 

(3) = weighted by method described in Part C; 

(4) = weighted by method described in Part B. 
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Table D-3. Frequency distributions of unweighted selection factors 
for cod, haddock, and redfish. 

Cod Haddock Redfish 
S.F. Manila 1'1' PE PES PA Manila 1'1' PE PES fA Manila PA 

2.1 1 
2.2 2 

2.3 a 
2.4 1 

2.5 3 
2.6 3 1 

2.7 1 3 4 
2.8 3 a 2 1 

2.9 3 4 5 2 
3.0 2 5 2 a 
3.1 2 3 1 2 2 
3.2 2 3 1 7 1 1 a 1 a 
3.3 4 5 1 11 2 1 a 1 
3.4 15 a 2 1 6 6 a 2 a 
3.5 7 4 1 5 6 1 1 3 1 
3.6 7 1 a 2 2 3 5 

3.7 6 1 a 3 1 2 1 
3.8 8 1 1 4 1 1 3 
3.9 a a 1 2 a 
4.0 5 3 1 5 1 
4.1 3 3 2 
4.2 a 4 4 
4.3 2 1 2 
4.4 1 3 

Total 69 27 6 2 33 47 16 1 2 16 25 12 
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