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W};eﬁ thc; sélection of a trawl is measured, eifhef bj the use of covers, or,
more particularly, when using alternate hauls, the results ére of'ten highly
variable, For the alternate haul method amajer source of variation is tho diffi-
culty of ensuring that successive hauls are made on the same population of fish.
This difficulty does not occur with cover-net experiments, but even these‘can be
extremely variable., The exten‘l; of "this variation can be dérived from the data
presented by ‘Ehe I.C.E.S. .Mesh Selectivity Working Group. For several species a
muber of cbservations (used here to refer to a set of one or more hauls made by
the same ship with thé same net) are Vavailable for the same material in the same
area, each giving an estimate of the selection factor., From these a mean selec~
tion factor, the variance, and the cocfficients of variation (standard deviation
dividéd by the mean x 100) have been calculated. Some of these are tabulated
below,

Table 1. Variation in selection factors from different experiments

Selection Factor
Spectos) deon | Ustoriel | fonse(rartancn SRS | Ooetlictent.
Whiting [N, Sea Manila/éisal 3.65 2.7_-4‘.5 0.153 0.39 11.1
" | iCottan/hemp {4.08 B;C—A.B 0.131 0.36. 8.9
" o Polyester/Polyanide| .02 {3.3-4.8| 0.149 0.39 |- 9.6
" " " |Polyethylenc 3.663.1-4.2{ 0.083 0.29 7.9
God Arctic|Manila 3.48(2,9-4.1| 0,086 0.29 8.4
" " |Polyamide 404 |3.,5~4.0] 0,098 | 0,31 7.8
" |Baltic|Cotton/hemp 3.24.{2.1-3.8] 0,191 | 0.4k | 13.5 ',
Plaice |N, Sea|Manils/sisal 2.19 1.7—2.3 0.061 0.25 " 1.3
Sole oo 3.3313.0-3.7| 0.029 0.17 5.1
Haddock n Polyes{:e:.r'/Polyamide 3.4912,8-4.4 ) 0,187 0.1;5 ' 12.4
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Though there are some differences , the coefficient of variation is generéi;ly. around
10 (only that for sole being substantially less).. The sources of variation may
be separated irit6 the following factors:- .

(2) Smell-number variation - if 100 fish at the 50k selection size enter

the net, it is unlikely that cxactly rifty will go through, and the
likely range is between forty and sixty individuals escaping through
the meshes, o M J\\

(v) Random haul to haul variation - e.g. due to catches of weed obstructing

the néf; or to a large shoal entering the net nearly at thé end of the
haul, and not having time to escape. | |

(¢) Changes in the selectivity of the gear - e.g. to different towing speeds.

(&) Changes in the selectivity of the fish - e.g. fatter when feeding and ® ‘

| - s0 escaping less easily. . | |

(¢) Experimental error ~ e.g. bad design of cover‘, or differences in methods

~of measuring the mesh size, ‘.

The last source of variation was probsbly quite considerable in early mesh
selection experimenté, when both the general‘expef‘imental technique and, e'specially,
methods of mesh measuring, were still far from being uniform, but is probably quite
small in recent work,

The first source might be estimated in quantitative terms directly by using
the binomial distribution, to give the variance of the proportion retained within
each length-group. vThis ﬁzay lead to rather extensive calculations, and another e
approach was used, .This was to fit the regression of proportion retaiﬁed against
length, for the data approximately between the 25k and 75% points. In this range
the regression may be token as linear, and the variances etd calculatéd in the
usﬁal way. This was spplied to data from a single haul with a 131 nm éovered
manila cod-end by R.V. JOHAN HJORT (given.in Toble 6 of the working group's report),
in vhich 601 fish (347 in cod-end and 25} .in cover) were caught 1n the selection
range (37—46 cm). The lengths at which two standard deviations shove .and beloﬁ
the mean value of y, the percentage retained, was 50/, were 38.0 cm and 42.2 cm,

This corresponds to a standard deviation in the selection factor: of 0.08 (= 2.65),

"i,e. a variance of 0,006 , which is much less than the observed variance betwgen

different observations given in Table 1 (0.086 for manila, =nd 9_._99_&_3___:_‘_or polyanide).

The residual va.riance in cthe'proportion retained about the regression liné\yvas

0.0093. The expected variance, from the binomial distributj.ori; d’.s"}z(%':-?-l ;5 here
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P is between 0.3 and OA 7, and n (num'bers caught in each length group) about fifty,
S0 thc expected variance is about ‘"“"‘5 = 0.005.. This ig rather less than the
calculated variéncci, but both agx:ee in sﬁowing that variation due to uncertain
definition of the 50/ point from any haul with a fair nurber of fi_sh canaccount for
only a very suall part of the total variance. Even vhen the numbers of fish are
quite.‘small the variance ‘does not increase very much, Por instance, using data for
whiting w;vith manila cod-ends the variances of s'elec:taion factoré from différent
experiments are:-

A1l hauls ~ | o.{53

E;;périments with at least 30Q fish within the sclection

range in cod-cnd and cover ' , \ 0.112

Experiments with under 300 fish within the selection

range in cod-end or cover ‘ - 0.163

The varlance betwcen hauls during the same experiment was calculated for two
sets of d.ata from R.V. SIR LANCELOT when fishing for whiting -~ one in the North Sea
using 74 mm cod-end, and the other off Southern Irecland, using 69_ and 76 mm cod-
ends, The varianc‘es :Ln the seclection factorks were 0,030, 0,038 and 0.0Sé respec-
{:ively, corresponding to coefficients of variation of 5.2, 5.3 and 7.3k, Theéé are
'consi‘d.erably 1a;rger than can be accounted for by the va.fiance ﬁithin a single haul,
but are also smaller than the variance between cxperimeﬁts, especially considering
that the selection :f'a.ctor‘ for any onc experiment will have been cbtained frém the
pooled data from several hauls,

The major sburces of \fariation lie therefore in real differences between
experinents., Some measure of the causes 1s given by analysing the differences
between -experinents nade by £he sanme person or on the same ship, Such an analysis
of variance was made for the data of North Sca whiting using manila or sisal cod-

ends, using the data 1n the I.C.E.S. report.

Sum of Squares | Degree of Frcedom | Mean Square

Within authors 3,267 37 0.088
Between authors L..695 15 | 0.313
Total 7.962 52 0.153

The result, showing the significantly greater variance between authors, is not

very surprising, as data presented by the same author are likely to be derived from
3



observations on_‘ the same ground as well as with nuch the same gear. Perhaps more
interesting is the fact that the vithin-author variance is_.still quite considerable,
Variations due to the fish ~ e.g. fatter when feeding - will presunably occur
as much among the commercial fleets as in éxperiments. Provided therefore the
-experiments arc spread through the different grounds and seasons in approximately
the same proportion as the commercial operations, the mean selectivity obtained
from the experiments will be fhe same as the sclectivity of the commercial fleet -
the latter » of course, is the quantity which has to be mecasured.
Variations in the gear are norec serious, as the nean selectivity of a series
of experiments is nost unlikely to be the same as that of the commercial fleet.
It is also possible that the selectivity of the commercial fleet may change fron
year to year with changes in the gear - e.g. different tx_-eatmc_nt of the twine. .

Differentials

Much recent selectivity work has been done to establish differences in selec-
tivity between different materials, usually testing some new material against the
traditional manila. This may be done in two ways; either to carry out the experi-
ments using only the new..r:;aterial , and comparing the selection factor as fopnd v;i’ch
that established for the standard material from all previous experiwents, or 130
caxrry out alternate hauls, or -sets of hauls, with the old and new materials and
compare the selection factors so found. The latter method means that fewer hauls
can be made with the new naterial, but it should be less subject to variations in
fish or gear other than that being tested (the ma‘terial). Assuming that the‘ 6
selection factor for manila has been established closely, with little vaxfiance,’
the variance in the first method i;‘s simply the variance in selection factors giyen
in Table 1, i.e. a coefficient of variation for one experiment of about .107'6‘. Ihe
variance from the second method has been estimated for North Sea whiting (cot‘qor;/
hemp v, manila and polyester/polyanide v. manila), and for Arctic cod (polyester/
polyanide v. manila) , using the data from the working group's repoff, and éalcula—
ting the variances of the differences in selection factors reported f‘or‘the_ two
pairs of nmaterials in the same. set of experiments. These are given b‘élow, as are
the variances of the selection factors for the cotton/hemp or synthetics taken

fron Table 1.
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Table 2. Variance in differsnces between selection factors of different materials

Stock Haterial | Variance of |[Variance of cotton
. (compared vith manila) | differences or synthetic
North Sea whiting | Cotton/henp 0.085 | 0.131
North Sea Whiting | Polyestexr/polyamide 0.311 (0.076) 0.149
Arctic cod Polyester/polyanide 0.055 0.098

(For the synthetics in the North Sea in one experiment the selection factor for
manila was extrenely l'ow,. and this caused a very large Adifferen’cial for that experi-
nent, and hence a large variance; the variance omitting that comparison has‘"‘also
been calculated, and is given in brackets). Accepting the value in brackets as
the better value, all the variances in the first column are smaller than those in
the second, showing that, in analysing a past experiment, the differential is most
accurately cbtained by comparisons of the selection factors in the same set of
experiments, ﬁmvever , vhen designing future experiments, it is reasonable to
suppose that if no tests ;x,'ith nanila sre nade then the nwnbér of sets of hauls with
the synthetics could be doubled, i.e. the variances in tﬁe last column approximately
halved. This is less than the variances in the middle colwm; i.e, it is slightly
better to do as many sets of hauls os possible, all with the synthetic material
(spread over as many grounds as possible) , and compare the average selection factor
so obtained with the mean s.f, for manila obtained from all previous experinents,
Whatever experinental des:Lgn or nethod of’ Eln&lyolu is used the resulting
estinate of the chfferentlal wlll not be exact, U51ng the values in the centre
column of Tezble 2, the siandaid deviations of the difference in the selection
factors are 0.29, 0,28 and 0. 23, equal to 'betWeen €% and 8k of‘ the s.f. . for manila;
i.c. the usual 95/: confldence llmlts for the dlfferentlal for a 31ngle experlment
are about 15/a each side. For example, the llm:.ts for the differential in selec-
tion factor ‘bketween nonila and polyester/polyanide for North Sea ‘wl'ylifing are
0;11-75 t2x ‘Qg'glé = 0475 % 0;191+; i.e. the synthetics are between 86 and 15
moré selective thén hénila; This result is quite satlsfuctory in establlshlng
that the sy‘nthetlcs are more .;electlve than manila, and also that one of the
exis‘h:l.nb d_lfferentlals in mesh size (70 v, 80 mnn = 12% foxr single t\nnes) 11‘35 |
within the probable range. Hovever the coni’:.dence lun.t.g are \Jlde compared w:.th
the vidth of the steps (5 mm or c. €5) in the mesh dif‘ferentlals - that is,
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'i:griorn‘_ng differencés , if any, between single end double twines , the data are not
) ‘é‘ui’h:f‘icvi.ent to determine whether or not 65 mm, i.e. a difference of 1%, or 70 mn
(12%) Wouldi be the more appropriate mesh size, This .difficulty may not be serious
for polyesters/polyam.des , where the differentinls are certainly large, but may
['gf"qulte serious for other materials (e.g. polyethylenes) vhere the differentials
may ‘be qulte small (e.g. 3%). Thus the data for courlene are probably only good
fmcugh to answer definitely oné important question = is courlenc statistically
significantly less éelective thaon the polyamide/polyester group? (it is); it is
- 2lso not significently different frou manila, but the latter is not an important
- point. VM&t is dmportant is to determn;.rie how big (or how small) is the difference

between nmanila and courlope, and in particular whether it is big enough to deserve
ﬁ o) :

]_

tamdifferentlal-of 5 or 10 ma (6 or 12%). The report of the Liaison Committee to
t] 1e 1962 meeting of the Permanent ‘Commission gave on estimate of njmplex and
'courle:ne being 3% more selective thén manila » based on five hauls. The data are
‘no‘l_; good encugh to estimate a variance satisfactorily , but using that fo‘r the
po]_.yester-manila comparison of 7w, the 95% confidence linits are 3 '.t 2 x 7/\/-—5' s
A i.e:. 3 &+ 3.1, i.e. courlene nay be just less selective than manila, or more than

R 6% more sensitive, and hence deserving a 5 mm mesh differential,
-t

. Another aspect of this variance is the number of observations required to

determine a differencein selectivity with'any desired precision, The precision
1 pequired is not known exactly, but with mesh differentials in €% steps in the
80 mm area, it is reasondble to require that the confidence linits (i.e. two stan-
| dard deviations on each side) should be no wider than this, i.e. that the standard
deviation should be less than 1.5%. The mininum nurber of cbservations is there-
fore ( )2 22, - As each observations involve: several hauls, preferably ‘spread
=over several grounds and scasons, the work involved in determining the correct
3d:»&'.ff‘erentia\:l. , €ven for one naterial on one species, is very considerable.

With the continual introduction of Vnev"r materials, or materials in new forms
‘(monofi'lament or braided, etc), the big ‘research effort required to> determine the
rlght differential (if _:any) would in itself be a strong srgument against having

, ;ﬁe'sh differentials, rather ‘bhén having a unif‘onﬁ mesh size, appropriate to the

) least selective material. |

| CA nore basic obJjection tox nesh diffei‘entials, or at least those based solely
on the material, is that the material by itself is not likely to be the only factor

——————

in the gear causing differcnces in selcctivity.Theo earlier analysis showed a very

6.




large variation in the selection factors determined in different experinents,
much larger in fact than that between even such different materials as terylene
and sisal; a pair of extrenc exsuples betwcen two sets of data en North Sea

whiting is given below:-

: . Total No, of fish

5 . Mesh - Selection Hauls
ate Material Sire Length Tactor au.ls Cod—end - Cover
- 1
9/1956 | Double sisal 72.6 29,3 4. ” 3 1,175 535
6/1958 | Single Terylenc | 82,5 26.9 3.3 . I 988 4,979

Some of the variation in the experinents, due to differences in the activity oi~
girth of the fish, clogging by weed, large catches etc, are likelylto be reflected
by equal variation in comercial fishing, and the mean value from the experiments
will be close to the nean value in the fishery. These causes probably do not
account for oll the variation, and soue is due to variation; 1n the gear - either
in the rigging of the net as a wholé, or in thc treatment of the material, These
are likely not to be the sane in the conzercial fishery as in the experimental
tests, and the mean differential for the counercial fleet nay be quite different
fron the nean experimental differential, possibly even outside the experimental
range. This déngcr would be reduced by careful planning, and by collecting good
and full information on present commercial practice. There is, however, no
guarantece that counercial practice will not change, so that the effective differen-
tial in the commercial fleet in future years‘could be different from the présen’c
differential,
Sumnaxry

The sclection factor obtained fros any one set of coveréd net hauls is gquite

varisble, with typically e coefficient of variation of around 10%. Only a small

part of this variation can be ascribed to small numbérs of fish in cod-end and
cover, at least for numbers over300-500, A rather greater variance occurs between
successive hauls, but even this gives a coefficient of variation of no more than
5-T/%#. The biggest source of variation is a real difference between sets of hauls,
ei:tller in the fish (fatter when feeding, etc) or in the gear, e.g. different
treatnent of the twine, |

A corresponding variation occurs in the estimates of the differential between,

e.g. manila and polyesters. If the sclection factor for manila has been reasaably
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well estimated, it is slightly more efficient to carry out tests on the synthetic
alone, and compargygelection factor so ocbtained with the standard manila s.f.,
rather than to‘tgst thé~maniia and synthetic in parallel., This is true provided
that the extra hauls nade available for testing synthetics are made under a range
of conditions.

If the selectivity differential is to be estimated with a p?ecision reasonably
in agrécment with the size of the steps iﬁ.the nesh differentials, particularly

in the 80 mm area, something of the order of twenty independent observations are

required.
It is suggested that because some of the observation variation in selectivity
is due to real differences in the gear, other than the actual material, e.g. in

its treatment or in the way it is braided, the mean selection factor determined

(even with good precision) from a set of research experiments may be quite

different from thé‘mean selection factor of the material as used in the comnercial
\w

en o e a1t A e
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fleet, and that thls latter nay 1tself change frcm year to year.
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