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Summary

The gill net selection have been estimated in accordance with the principle of geometrical similarity
which imply that selection is determined by the relation between fish size and mesh size.

Conceptually the work has been based on the classically methods of indirect estlmatlon of gill net
se1ect1v1ty but the actual estlmatlons have been carried out by the use of non-linear minimizations.

Nine dlfferent experimental fisheries has been analysed 1nc1udmg in some cases the by-catch
components. The selection has been described by the use of a common model whrch was
sufficiently flexible to describe the selection of the for species covered (cod, hake, plaice and sole).
However, uncertainties were found with regard to the selection towards the the larger individuals

which were scarce in the catches.

The se1ect1v1ty model developed has been unplemented to a fleet based predlctlon model enabhng
evaluat1on of the effects of changes of mesh size for North Sea gill net ﬁsherles on y1eld and

biomass of cod plaice, sole and hake.

The effect of mesh size changes has been evaluated for the Danish North Sea gill net ﬁshery, wh1ch
is the most important one in that area. The evaluation compared equthbnum yield and spawmng
stock biomass for a baseline characterized by unchanged mesh size and select1v1ty with scenarios
with mesh size change_s._ The equilibrium situations occur after about 10 years such that the

comparisons should be considered as medium term changes.




1.1 Introduction

1.1.1 Direct and indirect estimation methods. — -

The size selection of a ﬁshing gear may be defined by a curve expressing for each size group of
fish that encounters the gear the proportion of this size group which is bemg retained. In formal
notation the selection curve may be expressed as an array of proportionality constant (S,) relatmg
the product of fish abundance (N, )and ﬂshing effort (E) to the catch (C ) (Hamley, 1975)

C=S *N*E  (eq. 1.0)

_Selection may be estimated by direct or indirect methods. A method is called direct when an
estimate of the fish abundance is available. The most well known example of direct selection
estimates are the estlmates of trawl selectlon from covered cod end experiments when the
combined catch of the cod-end and the cover is used as an estimate of the fish encountermg the
gear (NL) In this case the selection may be directly estimated by S =C_ 4.4 /( Ccodmd +Coover)- Direct
estimates using the cover approach are, in prmcrple poss1ble for gears where the catch are

enc1rcled by the gear ie. trawls seines, purse seine and traps.

For gears where the catching depends on fish be1ng attached to the gear _]lgS long—llne and glll

nets the cover approach can not be applied and for these gears the selection must be estimated by

the use of mdlrect methods The 1nd1rect methods requlres that several gears differing by hookor

mesh size are used srmultaneous and further relies on a number of assumptions.

1.1.2 The conceptual framework of the present analysis

The most important assumption commonly made in work on gill net selection is that the selection
follows the principle of geometrical similarity formulated by Baranov (1948). This axiom states
that the selection only depends on the relative geometry of the fish relative to the mesh and implies

that the selection only depend on the ratio between fish size and mesh size.
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An hypothetical example of three different mesh sizes being in accordance with the principle of
geometrical similarity are shown in the upper panel of fig. 1.1. The modal _length (the length where

full éeleétion occurs which is set to 1}00%) are found at 25, 30 and 37.5 cm for the mesh sizes 10,
" 12and 15 cm, respectively, which implies that full selection are found when the ratio between fish
length and mesh size are 2.5. Similarly, the selection is the same for the three curvés whenever the
ratio between fish length and mesh size are the same. Therefore, when plotting the selection curves
against [fish length/mesh size] the three curves will be superimposed (fig 1.1, lower panel). Fish
length/mesh size is termed the transformed length. On the transform length axis full selection
occurs at the modal value (in some work called the selecfion factor). The modal length of any

mesh-size may be derived by multiplying the modal value by the mesh size.

The selection can not be directly observed. However; if imagining that an equél effort is exerted
on a uniform length distribution of fish the catch length distribution in the nets will bjc'proportional
to the selection (cf. Eq. 1.1). Considering the principle of geometrical similarity this implies that
the length frequency distributions will be identical when plotted against the transformed length.
This feature is illustrated in fig 1.2. where catches taken in three length groups are shown. In real
life, however, we will expect that the numbers will vary across the length spectre of the stock and
in that case the catches in the three length groups will show up as given in the lower panel of fig
1.2. This implies that when plotting the catches taken in different mesh sizes against the
transformed length this results in curves of the the same shape but differing with respect to
amplitude (in real life a considerable scatter around the curves is to be expectéd). It should be
noted that the relation shown in fig. 1.2 requirés that fish of the same size are equally available to
all mesh sizes (nets of the different mesh sizes should be of the same size; when tied together

different net sections should be randomly permuted to restrict possible border effects).

The simple example given above illustrates the conceptual framework used when basing indirect
estimation of gill net sélectivity on the principle of geometrical similarity. Many of the classical
methods of gill net selection methods are based on drawing the selection curves by eye through
the empirical plots similar to fig. 1.2 (e.g. McCombie and Fry (1960) , Kitahara (1970), Jensen
(1973).
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Fig. 1.1: An illustration of the principle of geometrical similarity. The upper part show the
selection curves for three different mesh sizes. The bottom part show than when selection is
' plotted versus the transformed length (length/mesh s1ze) the three curves have the exact same
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- Fig 1.2 : The number of fish caught by different meshes for three length classes of fish plotted

versus the transformed length. The upper part show the catches when the length distribution of

~ the stock is uniformly distributed. The lower part show the catches for the more reallstlc case

when the fish abundance differs between length classes.
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. The present analysis is also based on the principle of geometrical similarity but the estimates of the
selection parametefs and the stock abundance have been ‘derived by using a non-linear

minimization routine.

In the example given in fig. 1.1 all selection curves are given the same hight. This corresponds to
assuming that the different nets are of equal efficiency - i.e. that the nets have the same fishing

power. In the present work the power of different mesh sizes have been assumed equal.



1.2 Materials and Methods

1.2.1 The eiperiinents.

The experimental fisheries were carried out by DIFTA from Denmark, IFREMER from France
and SEAFISH from United Kingdom. Each institute conducted experiments covering three
concrete fisheries as defined by target species and by the type of gear used. Two different types
of nets were used - gill-nets and trammel nets. The riéfs were further chafacterized by the type of
material used in the twine (monofil, multimonofile and multiﬁlament)‘. Except for the sole
experiments carried out by DIFTA all fisheries were covered by several experiments. The gear
:fused and the operational procedures were kept constant over all the individual experiments. Table
2.1 pre_sentsién overview over the experiments listing target species, survey areas, gear-type, the
_ﬁumbe_r_s of different mesh-sizes used, the number of experiments and the total number of ﬁsh-of
the target species caught summed over all experiments. More detailed .inforrriation on the ‘rig’ging
of the different net secvtion‘s as well as the tfming and location of the individual experfments aré

available in the reports provided by the different institutes.

Table 2.1 : Overview over the experiments carried out on the nine fisheries covered by the project.
MM indicate multimonofilament, MF multifilament, Mono monofilament.

Species | Area of In- | Institute | Gear Twine Nos. of | Nos. of | Total -

~ | vestigation Type material | mesh- | Experi- | Catch

: - : -+ | sizes - | ments | inNos.

Cod |NorthSea |DIFTA |Gill-net |MM 6 4 | 7949
Cod North Sea | SEAFISH | Trammel { MF 4 7 3224
Hake |Biskay  |IFREMER | Gill-net |Mono 5 2 | 1604
Hake |W.Channel |SEAFISH |Gillnet |[Mono | 5 | 4 | 2938
Plaice |NorthSea |DIFTA | Trammel | MF 6 6 |17162
Sole North Sea | DIFTA | Gill-net | MM 7 1 10547
Sole E. Channel | IFREMER | Trammel | MF 5 4 4769
Sole E. Channel | IFREMER | Trammel | MM 5 4 3135
Sole North Sea - | SEAFISH | Trammel | MF 5 4 1945
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Except for the experiments carried out by DIFTA the number of fish taken as by catch in the
fisheries was too low to alow any evaluation of the gill-net selectivity. For the DIFTA experiments
the gear selection were estimated for the by catches of cod, plaice sole. Table 2.2 lists the number

of by catches of these species.

Table 2 2 Number of cod plalce and sole taken as the targeted specres and as by catch in
fisheries carried out by DIFTA..

. S Bycatch species
Targeted species ° : — T
R L cod plaice sole
cod 7949 1473 551
plaice 1488 - 17162 1701 = . .
sole - - o - 788 . 3405 10547

1.2.2 Measurements
Recording of catches
The catches were recorded by mes"h' size for eaCh 'indiyidual n'et setting. The CatCh data vlzére _
subsequently aggregated for each expenment which' constitutes the smallest unit used in the
analysns For all specres the length of the fish was measured to the nearest cm below Before the

analysrs the length were corrected to the m1dpomt of each cm s1ze-class by the addmg of 0.5 cm,

" The catch data for each ﬁshery are presented for each 1nd1v1dual expenment and aggregated over
all expenments in Appendlx A. For some of the ﬁsherles the length of the drﬂ"erent net-sectrons
differ consrderable whrch hampers a direct companson of the catch rates between mesh-s1zes For
these cases (IFREMER sole both MF and MM nets DIFTA-plarce) the catch data are also

presented by adjustmg the catch numbers to the mean net-section length

Girth and width measurements
In someexperiments girth"or width was measured for a sub-sarnple of the catch. For the round

fishes (cod and hake) girth measurements were made with a string perpendicular to the length
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axis of the fish using an instrument designed by IFREMER For.both species measurements were
made at the distal end of the Maxillae (Jaw), at the distal end of the gill-cover and at the maximal
girth. For sole and plaice the width were measured perpendicular to the length axis. For plaice the
with was measure at the ventral spine and at the maximum width. For sole the width was measured

at the pectoral spine and at the gill.
Except for IFREMER sole, which were recorded in %2 cm, all girth and width measurements were
made in mm. The measurements were only carried out on some of the experiments and never for

the by-catches. The number measured are given in Table 2.3.

Table 2.3 : Number of fish where girth or width have been measured.

‘Species Institute - Experiment no. Nos: Measured
“cod ‘DIFTA 1,3 520

cod SEAFISH 1 166
hake IFREMER 1,2 607
hake SEAFISH 1,2,4 420
plaice |prFTA 1,3 437
sole DIFTA 1 255

sole IFREMER 1,2,3 615

sole SEAFISH 3 100

Recordings of the way of attachments

Recordings on how fish was caught were made by DIFTA for cod. In the first cod experiment
carried out by DIFTA a significant number of cod too small to be gilled in any of the mesh-sizes
were caught and it was observed that these cod were attached to the net by their teeth. In
DIFTA’s 4th cod experiment a formal registration on how individual cod were entangled was

recorded. The cod were classified into groups by the following criteria : a) Attached by the teeth,
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b) Gilled, c) Attached by the maxillae (jaw) or d) otherwise entangled.

A somewhat different approach to relate mesh-size to-the size of ﬁsh caught were used by
SEAFISH on hake. The mesh-mark left by the net was measured after the fish had been removed
and these information were then recorded by mesh size. This procedure enabled a secondary

classification of the most likely plaice of entanglement of the individual fishés.
1.2.3 Theory

1.2.3.1 Exploratory analysrs
/In the indirect estimation of gill-net selectron curves the parameters of the selectron curve and the
size composrtron of ﬁsh available to the gear are estlmated concurrently. The ﬁmctronal form of
the selection curve must however be specified and it is obvrous that the choice of the form of the

selection curve will influence all subsequent results.

Finding the preper form of the Selection‘curVe is poorly cOvered in the literature. In most cases
the form of the selection curve is pre-assumed as following a normal.dlensity distribution (Helt,
11963) or some right skew distribution (eg. a 10é—normal distribution (l\/icCombie and Fry 1960 )
a skew normal distribution (Reiger and Robson 1966) or a gamma distribution (Hendersoh and

‘Wong 1991)).
 In'the present work the simple non-parametric method siggested by Jensen (1973) was used for
an explanatory data analysis prior to the actual analysis. The method utilises that for a grven
length group the ratio of the selection of two mesh-sizes (a b) can be written as o

R Sa’lj/sb,l = Ca,l /Cb,l B => » Sa,l = Sb,lt*ca,lv/cb’li EEE

which follows directly from eq. 1.1 when effort ‘is the same for 'thetWo meshes. This equat'io'n
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related by simply comparing their catches within length groups. Jensen further made the rough
approximation that the highest catch within each size class is fully selected ( i.e. that S, ;= 100 %).
This implies that selection can be expressed as S, ; =C, ; /Cyeqmesn ). TO derive a empirical graph of

selection all the S, ; are plotted versus the transformed length (length/mesh size).

The assumption of the highest catch corresponding to.a 100% selection is evidently very
misleading for some size classes. For instance, the smallest mesh is expected to be most efficient -
towards all length groups below its modal length but is certainly not catching very small fish with
at, 100 % selection (see fig. 1.1). However, when omitting length class below the last length where
the smallest mesh is most efficient mesh size and all length classes above the first length where the
largest mesh size is the most efficient mesh size the method provides a useful tool for over viewing

the pattern of selection.

Scrutinizing the Jensen plots for the various experiments showed in many cases a clear right skew
pattern in the selection whxch were poorly described by selection curves followmg the form of a
gamma-dlstnbutlon ora log- normal dlStl‘lbuthl‘l (fig. 2.1 ) The skewness was better described

when using a model where the selection to the leﬁ and to the nght of the modal length are

modelled mdependently

F_tg.Z...l. An example of the use of the method given by Jensen (1973) to explore the shape of the
selection curves.

DIFTA cod, Experiment no. 1 o . DIFTA cod, BExperiment no. 1
Modei= Gamma Distribution Model= Log—nommnal Distribution
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One clear limitation with the Jensen screening is that it only can be applied to-a subset of length-
groups. In the cod example given in fig. 2.1 a significant number‘of small cod (20-40 cm) were
excluded from the Jensen analysis. During the experimental fishing it was observed that these cod,
which were to small to be gilled in any of the mesh-sizes used, were attached to the net twine by
~ their teeth and also that these cod occurred in about equal number in the different mesh-sizes.
- This implies that the catch of these sizes of cod could not be attributed to mesh-size selection. To
~ account for such catches it is necessary to assume some sort of mesh-lndependent catch capacrty

“"of the nets. In selection terms this corresponds to a selection being constant.

1.2.3.2 Formulation of selection models

‘Gilling , i.e. fish being attached to the mesh somewhere between the gill cover and the location
~ having the maximal girth , is typically the most 1mportant catch process and is usually assumed
to produce some sort of bell shaped selectlon In its clearest form this may be descnbed by a
normal d1str1butlon as 1mtla]1y done by Baranov a 948) and Holt (1963) but it is more frequently
described by use of some nght skew dxstnbutxons Random entanglmg is recogmzed in several
works but does not seem to have been included in previous models of glll “net selectlon (1n some
case random entangled fish has been omitted from the analysrs eg. Helser et al, 1991) The

" entanglmg is usually assumed to be an almost non-selectlve catch process.

‘For the present study the-general form of the selection model was chosen to allow the gilling to-
be skew to either the nght or the left. This was archived by using two normal d1stnbutlons with
a common mean (k) descnbmg the modal value but with different standard dev1atlons (st1, st2)
for fish below and above the modal yalue, respectively. To this is added the effect of randomly

entangling. Which-'is assumed to be different for small and large fish as the level of entangling is .

expected to be smaller for fish of a size that allows themto swim through the meshes as compared

to fish whlch are stopped by the meshes The entangling catch processes can of course only be
discerned for sizes of fish not significantly influenced by the gilling process, i.e. for transformed

length < k -2*st1 or transformed length >k +2*s¢2. In the model the random entangling has been
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described by a step function assigning levels of random entanglement of CI and C2 for sizes of
fish below and above the modal value, respectively. In mathematical notation the basic model is

formulated as

Basic rhg’ del _ 4
forTI< k Selection= (1-CI) * exp (-'/z*((Tl-k)/stI)z) + C1

for TI>=k  Selection= (1-C2) * exp (-Vs*((T-k)/st2)?) + C2

where the terms (1-CI) and (1-C2) assures that the maximal selection is scaled to 100%, and TL
indicates the transformed length (fish length/mesh size).

The basic model is flexible as the part of the selection curve above and below the modal length is
described independently. The basic model contains 5 parameters. One may consider two ways

of reducing the number of parameters - by. assuming either that CI=C2 or stI=st2.

ModelR1 : C1=C2

This model contains 4 parameters : the modal value %, a spread of the selection curve to the left
of k of st1, a spread of the selection curve to the right of k of s£2 and a single constant accounting

for all catches taken non-selectively, ¢'. In formal notation

forTI< k - Selection= (I-c) * exp (-‘/z*((Tl-k)/stI)z) +c

for TI>=k Selection= (I-c) * 'exp (-‘/z*((Tl-k)/stZ)z) +c

Model R2 : st1=st2

In this model the selection is attributed to fish being selected by a normal distribution in
cémjunction with tv&o level.s‘ of the non-selective selection acco‘unti_ng‘ fdf the catéhes under and
above the modal length, respectively. This implies that any skewness is expiained by a different
level of the constant (mesh in-dependent) selection on the two sides of the modal length (CI and

C2). In formal notation this model is expressed as
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for TI< k  Selection= (I-cI) * exp (-%o*((Tl-k)/st)*) + c1

for TI>=k  Selection= (I-c2) * exp (-Vs*((TI-k)/st)?) + c2

The models are formulated by using the formulas of the normal distribution. However, the
selection curves are not distributions and to avoid possible conﬁrsrons k and the st’s will be termed

the modal value and the spread, respectlvely

1.2.3.3 Estimation procedures - - -

None of the three suggested models can be linearized but parameter estimates can be obtained by

non-linear regression techniques--Rewriting-eq--1.-1-by-expanding it-to-cover-several experiments-

(e) leads to the formulation

E (C ¢rus1) = Es+ S s+ Noy (Eq.2.1)

The effort component may be written as the product of net-size (length of nets) and time of use.
As all net-sections have been used concurrently and for the same duration the time aspect have
been disregarded in the model. For some of the experiments there have, however, been substantial
included as an exogenous parameter. This leaves the length d1str1but10n and the parameters

describing the selection curve is to be estimated

To estimate the length compos1tron of the fish encountermg the nets one may write the least "

square estunate of equatlon Q. 1) 1. e.

L- Ee stzl (Ce,ms,l -Ne,l Ems Sms,l)2
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which is to be minimized with respect to N, i.e

| oL/ 6Ne fns =2 st (Ce,ms,l | Ne,l Ems Sms,l) Ems Svms,l =0 (Eq.22)

Solving equation (2.2 ) with respect to N, leads to

2 2
Ne,l= 2ms ( Ce,ms,l Ems Sms,l) / 2ms (Ems Sms,l )

The estimates of the length distribution within each of the experiments is regarded as a nuisance
parameter and is introduced into equation (2.1 ) for the subsequent estimation of the parameters

“in the selection models. Eqﬁation (2.1) may therefore be reduced to -

”\

C e,ms,l = Ems— S ms,i"Ne,l - - : - (Eq 2.3)

Equation (2.3 ) have been solved by using the procedure NLIN within the SAS software package.
Scrutinizing the residuals showed that the variance increased with he size of the catch. In order
to keep the variances constant the non-linear regression was carried out after a square root

transformation of the data i.e. by the model

E (SQRT (C 1)) = SQRT (Bpus S e Nyy) (B, 2.4)

which resulted in a more evenly distribution of the residuals. Using a square root transformation

corresponds to an underlying assumption of the fish caught follows a Poisson distribution.
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As formulated the model estimate the set of selection parameters which fits best to the observed
catch distributions as found by the combined experiments but the model may also be applied to
experiments and subsequently to estimate selection on one common mesh-size-length matrix . The
by catch data from DIFTA, which were characterized by rather modest catch numbers within
experiments were analysed after being pooled. Trials on the main data using either non-aggregated

catches or catches aggregated over experiments resulted in almost identical parameter estimates.

The SAS procedure NLIN requires initial guesses of the parameters which are Subsequently
modified by a number of iterations until convergence or the procedure fails. Provided that not

grossly unreasonable initial values were used convergence was easily archived.

The output from the regression analysis contains the estimated selectioni “parameters and the
standard errors on the estimates. The removal of the population estimates as nuisance parameters
is however not taken ihto account.in the calculation of thé standard errors and these are therefore
underestimated. The number of nuisance parameters is relatively high (=number of length groups)
and will furthermore be correlated with the selection parameters. This implies that the effective
number of degrees of freedom will be substantially below the formal values given in the model
output. Inference on differences in parameter estimates should ‘"thé_‘r'e’fore not be based on the

standard error given in the output.

The length distribution of the fish encountering the gear is finally derived by inserting the. selection
—parameters.into.equation.(2.3.).-When the-abundance of-fish-within .each:length-group is-estimated

the selection by ‘mesh-sizes (ms), length (I) and experiment () can be calculated as : -
~ . « L o
Selection ¢y .= Catch i1 /N ¢ (eq2.5)
Plotting the selections from the individual len'gthj"groups enables an evaluation on the amount of

statistical scatter found around the selection curve. These plots are useful in judging the quality

of the estimated selection curve.
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1.2.4 Analyses of the relaﬁonship between Length -girth/width.

Fish is mainly caught in gill-nets by getting stuck by some part of the body in a mesh of a suitable
size. Therefore, the best size characteristics of a fish with respect to gill net selection is girth-
measures which may directly be related to the mesh penmeter ‘Compared to length measurements
the girth measurements are far more time consuming to carry out and therefore length is the
typically size measure used in gill-net selection work. However, if length and ,'g1rth is not related
by proportionality the use of length will introduce biases when using the Baranov theorem in
calculating the transformed size. For the flatfishes width were measured instead of g1rth for
reasons of convenience. Width is not as good a measure as guth as it can not be d1rect1y related
to mesh perimeter and excludes possible differences in the growth in the thickness of the flatfish.
However, if width is not proportional to length this may likely indicate a dis-proportionality
between length and girth. | -

It is usually found that the growth of fishes takes place in an approximal isometﬁcel way, i.e. that
all body proportions increases proportionally. In such cases girth measurements are expected to
be proportional to length i.e. Girth=Constant*length. However, plotting girth against length
indicated that the variability in the girth increased with length. For this reason the relationship
between length and girth were analysed after a log transformation, i.e. log (girth) = constant +
log (length). The analysis of the relationship between girth and length width in this model were
carried out an analyse of variance where the constant is spitted into effects of measure (i.e the

different positions where girth were measured) and experiments :

E (log(girth/length)y, o) = My, +E, + M*E,,,

were M,, indicates the site of measurement and the different experiment (E ).accounts for
possible differences between experiments attributed to for example season, sub-stock encountered

etc. The interaction term (M*E,, ) allows for differences in the different measurements between
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experiments. The model was used on the data from each of the different fisheries. In all cases the

model was reduced as far as possible by successive removing terms not being statistical different

from zero. -

However, fish may grow allometrically (i.e. in a non-isometrical fashion) and in that case it will
be appropriate to describe the relation between girth and length. by a power function, i.e.
girth=a*length b which may be linearized by a log transformation. Analysis of the relationship

within this model was carried out by the linear model
E( log(girth))= My, + E,+ (B + B + B.)* log (length)

where B is the parameter describing the overall slope whereas B _+ B, allows the slope to be
adjusted between experiments and measures. Also this model were reduced as far as possible by

successive removal of non-significant terms.
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1.3 Results

1. 3.1 Choice of model

The sum of squared residuals was used as a measure of the goodness of fit. In general little
difference was found in the fits from the three different models (table 3.1). For the data provided
by DIFTA an increase in the residual sum of squares were seen when reducing the basic model
by assuming a uniform level on non-selective catches over all sizes (i.e when C1=C2) Whereas the
basic model andl the model reduced by using the same s on both side of the modal yalue differ only
marginally. For the IFREMER and SEAFISH data the three ino_dels produced practically equal
fits. Overall the analysis indiéated that with the data available it is diﬂECult fo chose between
models by theif ability to fit the observations. For the final analysis the model using a common s
(model R2) were choéen as this model overall performed better than model R1 and contained one

parameter less than the basic mode.

Table 3.1 : Sum of squared residuals from the non-linear regressions for the three models
examined. N signifies the number of data points in the analysis (length groups by net-sections and
experiments). '

Model Basic model | R1 (cl=c2) R2 (st1=st2) | N
Species Institute . |

Cod DIFTA - 708.17- 731.81 712.52 1440
Cod SEAFISH 353.74 350.89 357.22 1580
Hake SEAFISH 413.83 414.43 414.73 1255
Hake -IFREMER 178.78 179.34 180.04 675
Plaice DIFTA 603.76 649.29 604.24 720
Sole DIFTA 188.26 211.66 191.27 189
Sole-MF IFREMER - 229.28 22.8.51 - 22943 530
Sole-MM IFREMER 181.70 183.68 187.44 505
Sole SEAFISH 13539 | 13539 135.46 481
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Fig 3.1. A comparison of the selection curves derived by using three different selection model for
DIFTA cod, DIFTA plaice and DIFTA sole.
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A scrutinization of the selection curves derived by the three models show that differences in
.selection is primarily found for fish above the modal value. Fig. 3.1 show this for the DIFTA
experiments. It appears that all three models result in an almost identical estimations of the
 selection at or below the modal length but that substantial difference may be found for sizes well
above the mode. The figure also show almost identical selection curves between the basic model

and model R2 which indicate that the basic model is over-parameterized.

1.3.2. Presentation of the results of the selection analysis

All fisheries have been analysed with the model given in equation (2.4) thus estimating the set of
selection parameters which describes the observed catch distribution over all experiments. This
constitutes the main results of the analysis. Besides this all individual experiments have be analysed
separately. The individual experiments can be considered as particular realisations of the selection
process and these analyses therefore allows for judgement of the between experiment variability

in the magnitude of the estimates.

For the ease of the presentation only the main results are presented in the text. The reggresion
tables and the fit between the model and the observations for the analysis using all catch
.information _is provided in Appendix A and Appendix B. The lay out of the text section and the

- appendices is described below.

1.3.2.1 Presentation in the text

In the description of the results the analysis are presented in a condensed form. The estimated
selection curve derived from the analysis utilizing the catch data from all experiments are shown
together with the estimated selections calculated from the individual length-groups (Catch ; \/
‘1\?1 -cf. Eq. 2.5). In the majority of the analysis these plots showed a considerable uncertainty on
the estimation of the part of the selection curve on the right side of the modal values. This

uncertainty derives typically from the fact that the right side of the selection curve is based on a
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rather low number of fish being caught. This is evaluated by splitting the observed catches into
size intervals based on the modal value (k) and spread (s?) as estimated from the analysis using
“catch data from all experiments. As size classes are chosen intervals of a size of st ranging from
k-5standto k+Sst . The proportion of the total catch taken above k+2st is used as a‘measure of

the amount of catch information for estimating the right most side of the selection curve.

A table is provided giving the estimated parameters and the calculated standard errors for the
analysis based on all dada as well as from the analysis where the parameters are estimated
seperately from each experiment.  As noted in section 1.2.2.4 the standard errors are
underestimated and should therefore not be used for formal inference on difference in estimates
‘between experiments. However, the calculated standard errors may be interpreted relatively, i.e.
that paraméters with higher calculated standard errors are determined with a higher relative
“uncertainty. - [

-Besides the parameters the selection curves for all individual experiments. are presented in a
figure. As each experiment can be considered as a particular realization of the selection process
between experiment differences in the selection curves provides a measure of the uncertainties in

the estimated selection.

When judging the parameters it should be noted that the parameters describing the modal value
(k) and the spread of the selection (s7) refers to the transformed length. The selection parameters

for individual meshes are derived by multiplying these values by the full-mesh given in cm . In the

- literature selection factors may be given the half-mesh length (bar-length) and the measuringmay -

be done in mm. Half mesh values may be derived by multiplying the values by 2, mm values may
be derived by dividing with 10. For instance, the modal value for DIFTA cod ,estimated at 4.33,
will correspond to 2*4.33/10= 0.87 when referring to bar-length measurement made in mm. The

values of CI and'C2 refers to the vertical axis and is hence not affected by the units used.
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1.3.2.2 Tabular output (Appendix A)

The tabular output consist of an analyse of variance table which provides on the sum of squares
as derived on the square-root scale. The regression effect is given with 4 Degrees of freedom
corresponding to the number of parameters explicitly given in the model. It should be remembered
that the analytical procedure contains the implicit estimation of the abundance of fish in all length

groups were catches are taken.

Below the ANOVA table the parameter estimates are given with their calculated Std. Error and
associated confidence intervals. The last part of the output tables contains the information on the

correlation between the parameters.

Tables are provided for each fishery and also includes the analysis of the 6 by catches provide by
DIFTA. ‘

1.3.2.3 Graphical output (Appendix B)

Graphical output is produced for all the analysis carried out. The species in question and the
institute providing the data are given in the first line of the heading on each sheath. The graphical

presentation is separated into sheets presenting catch/stock information and selection information
The graphical sheets of catch and stock features includes the following information: = -

1) The fit between the observed catch (presented as dots) and the catch estimated from the
regression analysis (presented by a line). These plots are provided for the individual experiments
and by mesh-sizes (the mesh size is labelled as MS and given in mm stretch mesh). These plots

enables a evaluation of the quality of the model fit.

2) An residual plot given for each experiment and including information on mesh-sizes. These

plots refers to the residuals as given in the square-root scale and enables an evaluation of patterns
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in the residuals.

3). A plot of the estimated length distribution of the stock given for each experiment. As the size

of net-sections is included in the model the abundance is expressed in nos. of fish per m of net.
‘The graphical sheets of selection features includes the information :

4) A plot of the selection curve (presented by a line) for each mesh-size overlaid with the
estimated selection derived from the individual length (observed catch in mesh/estimated stock
abundance - presented by dots). The selection axis is constrained to values below 2.0 to facilitate
the evaluation between individual data points and the selection curves: A few outlying points were
typically found within each fishery deriving from lehgth-classes estimated at very low values.

5) A plot of selection given on the transformed length-scale and showing the selection for all cm-
groups and mesh-sizes versus the selection curve. The plot is given in 2 versions. In the first
version the selection axis is constrained to values between O - 2 as in 4) above. In the second
version no constrains was placed on the selection axis which implies that all outlying points within

the analysis may be spotted on this graph.

1.3.3 Results of the Length -Girth and Length- Width relationships - - -

The results of the-analysis of therelation “between length-and Girth/width s giveninAppendix C.

Tables providing the results from the analysis are given for each fishery assuming both isometrical
and allometrical growth - these analysis being labelled ANOVA and Regression, runs respectively.
- Plots of the observations and the estimated values derived from the two analytical approaches is
also given for each fishery, experiment and position where the Girth/Width were measured. The
estimated values assuming allometrical growth is shown with full lines whereas the estimates based

on the the isometrical assumption is marked by the broken lines.

The analysis showed for all fisheries, except for DIFTA plaice, that the relation between log
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(Length) and log(Girth) or log (Width) were best described with slopes statistical different from
1.0 - this implying allometrical growth. In four of these seven cases where the slope differt from
1.0 the terms including Bm or B, were found to be statistical different from zero. This implies that
the best statistical fit required adjustment of the slope for individual experlment and/or for the

different positions where Girth/Width were measured.

Considerable differences in the slopes was found for the same speciés when estimated by data from
‘the different inst_itUtes. For Hake the analysis of the IFREMER data showed a slope below 1
whereas the analysis of the SEAFISH data resulted in 2 slope above 1. A similar pattern appeared
for sole where the SEAFISH data lead to a slope below 1 whereas the slopes found from
DIFTA’s and IFREMER’s data resulted ina. slope above 1. . '

‘When scrutinizing the plots showing the observations and the estimated lines from the two sets
of analysis it appeared that the fit based on the ANOVA analysis was only marginally inferior to
the descriptions from the regression analysis. A measure of the statistical loss associated with
using the ANOVA approach can not be directly'derlved by comparing the multlplé correlatien
coefficients (R-squares) as two analysis uses different dependent variables. HoWever the squared
resrduals derived from the fit between the parameters derived from the ANOVA can be used to
estlmate R-square (table 3 2) The reduction in R-square is generally found to be very small.

Larger dlfferences in the two fits was basically confined to the very small and very 1arge fish
measured. The small and large fish will have a drsproportronate effect on the magmtude of the
slope of the regression due to their high leverage and one may question wether fish-size found
outside the range delimited by the modal length of the smallest and largest mesh-size should in fact

be omitted from the analysis.

Overall, the analysis indicate that the errors associated with assuming a isometrical growth will
be small and hence that the Baranov transformation is justified. A slightly better description may
be derived when allowing for allometrical growth , i.e. by allowing the slopes between length and
girth to deviate from the value of one. Allometrical growth can be included in the selection model
by introducing the slopes estimated in the regression as exogenous given parameters. However,
as Girth/Width measurements were only available from some experiments this approach was not

attempted.
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The analysis and the model fits are shown.in Appendix C.

‘Table 32 The R? found by the analysis assuming either allometrical or isometrical growth.

Institute Species Allometric growth | Isometric rowth
DIFTA Cod 0.943 0.938
SEAFISH Cod 0.951 0.946
IFREMER Hake 0.845 0.844
SEAFISH Hake 0.950 0.939
|DIFTA | Plaice 0.883 | o882
DIFTA Sole 0907 | os0
IFREMER Sole 0.948 0.944
'SEAFISH - - - -~ {Sole . --0907 - - | 0.902- - - - —

The ginh/yvidﬂ) informaticn has also been used to evaluate at what part of the body that accounts

for the majority of catches For the round fishes this has been dcne by calculating the ratio

between the various girth measurements and mesh-perlmeter whereas for flatfishes the ratlo

between 2*w1dth and mesh-penmeter was used. These calculatlons were restrlcted to the modal

length found for each mesh-size and included girth mformatxon for the two adJacent length groups

For instance, for DIFTA cod where the modal value were estrmated at 4 33 the modal length of

the 108 mm mesh may be calculated as 46. 7 cm. F or thlS mesh the glrth mformatlon from the

:length groups 46.5 and 47 5 were averaged
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'1.3.4 Selection estimates for the different fisheries -

1.3.4.1 DIFTA cod

‘The expenmental ﬁshery was conducted by multlmonoﬁlament gill-nets utlllzmg six dlﬁ'erent
mesh-sizes rangmg from 90 mmto 151 mm stretched mesh. Four experiments were avallable with

a total catch of 7949 cod

The fit betwecn the obseﬁed and the esﬁrhated catches may in 'gvene.ral be described as bcihg god
for all experiments and mesh-sizes (Apperidix B). The fit between the selection curve and the
selection calculated on individual data points (cf. Eq. 2.5) show the highest amount of variaﬁoh
around the selection curve for cod of a transformed length above a value of approximately 5 (fig.
3.3). A scrutinization of the more detailed diagnostics on the selection of individual mesh-sizes
presented in Appendix B show that this high variability can mainly be attributed to cod of sizes
above 55 cm . The estimated length distribution of cod available to the nets showed a low

abundances of cod above this size for all expenments (Appendlx B)

The modal value %) were‘ ‘found at 4.33 W_hen being 'estimat_ed: on the data from all four
experiments (table 3.3). When estimated on the individual experiments the modal value varied
between 4.21 to 4.50. 'Thc' Sprcad (st) were estimated between 0.26. to 0.27 in the individual
experiment and at 0.28 when being estiméfcd from the cctChes' available frcmvall experiments.
That the overall spread is larger than found in any of the single e}cperimcnts is caused by the fact
that the overall spread absorbs the variability found between the modal values in the individual
experiments. “The constants (C1,C2) accounting for the non-selective catches below : cnd above
the modal values was estimated at 0.07 (range 0.05 to 0.12 in individual experiments) and at 0.21
(range 0.07 to 0.28 in individual experiments), respectively. The estimated selection curves from
experiment 1 and 4 and from experiment 2 and 3 were pair-wise found rather similar (fig. 3.3).
The selection curve estimated on all data was found in between the selection curve from these two

groups of experiments.

Table 3.4 show the proportions of the catches taken in different parts of the selection curve. About
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13 % of the total catch were taken above a transformed length of k+2st . When multiplying this
proportion with the total number of cod caught this imply that about one thousand fish were

available to the estimation of the right most part of the selection curve.

The proportionality constants relating length to gill-girth, to maximal girth and to maxillar girth
'»'i(e'ré estimated at 0.47, 0.48 and 0.31; respectively. No stai;‘s'ticat1§‘s;gﬁiﬁ¢aﬁf differences were
fbuhd between the proportioriality constants.estir'-riated for different e.xperiments‘ (Appeﬁdix C).
The ratio between the girth and the mesh perimeter for fish at the modal length show that the
maximal girth and the gill girth exceeds the mesh perimeter by 4 and 1 percent, respectively (table
3.5). This indicate that the modal length is composed of cod being entangled at or slightly

posterior to the gills.

Table 3.3 : DIFTA cod. Selection parameters estimated from all the available catch information
and from the catch information from individual experiments.

A et | oee2 | exp3 | expd.

Estim-| Std. |Estim-| Std. [Estim-| Std. |Estim-| Std. |Estim-| Std.
ate Err. ate Err. ate Err. ate Err. ate
------ R S S it St it St

Trans. |Trans.

Trans.|Trans. Trans. |Trans. |Trans. |Trans.|Trans. |Trans.
.......... Jf‘ff?-J?‘E?E'.3-J?f?f?-*.55?2?-155?2?;4.5535f;l?‘fi’f?‘.af‘.:?E?-lf’f?f?-l?f?ff-
Parameter o
K | 4.331] 0.009| 4.495| 0.016| 4.209| 0.012| 4.234| 0.010| 4.520] 0:019} .
|87 ozzBe] .07 0:260] 0.0iz] 0.zés] 0.010] 0.267] 0.008] 0.256] 0.017|
L 1.0.065] 0.004] 0.055] 0.005] 0.052] 0.007] 0.050] 0.004] 0.124] 0.015

“[e2- ¢+ ] 0.210] 0.013] 0.282| 0.023] 0.066] 0.011] 0.177| 0.017| 0.158] 0.020



29

Table 3.4 : DIFTA cod. Proportions (%) of the catches taken in various parts of the selection curve.
The selection curve is divided into size intervals of one spread measure (st ) arrangéd relative to the
modal value (‘0 st’ correspond to the modal value).

Catch proportions by size classes
<-4 st|<-3 st{<-2 st|<-1 St < 0 stj< 1 stf< 2 st]< 3 st|< 4 st|<5 St
<-5 St|>-5 St|>-4 St|>-3 St|>-2 St|>-1 St|> 0 St|> 1 St|> 2 St|> 3 St|> 4 St|> 5 st| Total
------ +------+------+------+------+------+------+------+------+------+------+------ cmmeeeee
Nos in|Nos in|Nos in|Nos in|Nos in|Nos in|Nos in|Nos in|Nos in|Nos in|Nos in|Nos in| Nos in
------ +------+------+------+—----~+------+------+------+------+------+------+------+--------
| Pet. | Pet. | Pct. | Pct. | Pct. | Pct. | Pct. | Pct. | Pct. | Pct. | Pct. | Catch
------------ +------+------+------+------+------ L R e an LA EEL TR P Y TET R TP
Experiment i
no. 1 16.9] 5.3] 3.9 2.61 4.6] 16.31 21.1 9.4 .5.1 4.0 3.4] 7.3 2608
no. 2 5.0 2.70 3.2 6.2] 21.5| 33.6| 16.4] 4.6 2.4 1.6/ 0.8} 1.9 1101
no. 3 5.0 2.4 2.9 5.4 19.8| 32.4| 20.2] 5.4 2.6 1.4 1.0 1.3 3230
no. 4 11.3] 5.7 3.8 341 6.7] 15.0] - 23.3] 11.3 5.5 3.8)] 3.9] 6.6 1010
------------ LR e e A bt St R e e LT LR
All | 9.7] 3.8] 3.4] 4.3] 13.4] 25.1] 20.3] - 7.4] 3.8] 2.6] 2.1} 4.1 7949

Table 3.5 : DIFTA cod. The ratlo between the measured glrth at the modal length and the
mesh perimeter for the different mesh sizes used. “Nos’ indicate the number of girth

measurements.
""""""""""""""""" Measurement at | |
Een | Giedn | MELE
A | v | e
Wesh-size mmy | 1 T
0 1.0401 1.013| 0.6 72
9 s o] oses|
08 el 1. 2.0s0) 1.021)  0.679] 39
B . J...1.072|  .027]  o0.680) 19
L 1., 2.0%8) 1.010]  0.693] 8
B L L. .ner) o ov.0e4)  0.841) 2
Overall average |  1.043]  1.013 0.675] 217
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Fig. 3.2 : DIFTA cod. A comparison between the estimated selection curve and the selection

calculated for individual data points (cf. eq. 2.5) .

Selection

Transformed Length

Fig. 3.3 : DIFTA cod. Plots of the selection curve estimated on the basxs of all expenments and

for the selection curves estlmated from the mdmdual expenments

Selection
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1.3.4.2 DIFTA cod from fisheries targeting plaice and sole

The plaice fishery, which were carried out with mu1tiﬁlamént trammel nets, resulted ina by-catch
of 1488 cod. The catch data for the three plai'ce éxp.eriments were pooled prior to analysis. A
significant proportion of the catches (approx1mate1y 40 %) were cod of a size between 20 and 35
cm which were to small to be gilled in any of the mesh-sizes used. These cod were found across

all mesh sizes and in fact dominated the catches in the four _largest mesh-sizes (Appendix B).

The sole fishery were carried out with multimono filament gill-nets i.e. with the same gear type
which were used in the directed cod fishery. However, the rigging of the nets differ especially
in regard to héhging ratio. Only one sole éﬁcperimenf was condﬁcted which lead to a cod by-catch
of 788 individuals. Also in the sole fishery a notable number of small cod (20-30 cm in length)

were caught in all mesh-sizes (Appendix B).

'An eva]uatlon of the ﬁt between the predlcted and the observed catches (Appendlx B) mdlcates
an acceptable ﬁt for all mesh-51ze for both species. However, the companson between the
iestlmated selection curve and the estimated selection for 1nd1v1dual data pomts (cf. Eq. 2. 5) reveals
'a pronounced uncertainty regardmg the selection for fish above the modal values (fig. 3.4 and fig
3.5). When evaluating the selection plots from the dlfferent mesh sizes (Appendix B) it appears
that the high scatter ardund the selection curve can be attributed to cod above ca. 50 cm. The

availability of cod of this size were estimated to be low in both the plaice and in the sole fisheries.

The estimated selection parameters are presented in table 3.6 and the selection curves are shown
in fig 3.6. The largest discrepancy between the two selection curves are found on the right side
of the curves relating to the constant C2 . This may be attributed to the low number of cod
available to the estimation of the right most part of selection curve (table 3.7) as the split of the
catches on relative size categories show that only 70 and 87 cod were useful to estimate the part

of the selection curve to the right of k+2s¢ in the plaice and sole fisheries, respectively.
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Table 3.6 : DIFTA cod by-catches.. Selection parameters estimated from the by-catches in the
plaice and sole fisheries.

Plaice. | "sole - | oI
Estim-{ Std. |Estim-| Std.
ate |.Err. ] ate | Err.

Trans.|Trans.{Irans.|Trans.
|Scale }Scale |Scale 8ca e

ool R R I R
K .| 4.4c2] 0.036] 4.624] 0.02
st | 0.211] 0.023] 0.259] 0.020
c1 0.112] 0.011] 0.104} 0.012
T 6-508] 66551 0.358] 0.04d

Table 3.4 ; DIFTA cod. Proportlons (%) of the. catches taken in various parts of the selectlon
curve. The selection curve is divided into size intervals of one spread measure (st ) arranged
relative to the modal value (‘0-st’ correspond to: the modal value). - :

<-4 St}1<-3 St]<-2 St]<-1 St]|< 0 St]< 1 St|< 2 Sti< 3 St]< 4 Stj< 5 St
<=5 St|>-5 s‘J"‘ St >-3 St|>-2 St|>-1 St|> 0 St]|> 1 Stj> 2 St|> 3 s‘J’ 4 St|> 5 st| Total

------------ § SRR D P ,.-------1-------.1.------ cvvcoveadracnnafeennm. ------4------- B LT T
Bycatch in .

Plaice fish.J 61.8 4.1 2.0 3.2 6.7 7.9 6.2 3.3 1.6 0.5 0.5 2.1 1488
------------------------- 4------,-4.------4.----.- S L e i DR SR L Rt Ll D el lt SR AL L
Sole fishery| 16.0] - 4.3 4.6] 10.9] 24.7} 15. 5| 9. 0] 6.1] 2.5 1.4] 1.1] 788

Fig. 3.4 : DIFTA cod by-catch in the plaice fishery. A comparison between the estimated selection
curve and the selection calculated for individual data points (cf. eg. 2.5) . .
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Fig. 3.5 : DIFTA cod by-catch in the sole fishery. A comparison between the estimated selection
curve and the selection calculated for individual data points (cf. eq. 2.5) . ‘
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Fig . 3.6 : DIFTA cod bycatches. Plots of the selection curve esﬁmated from the by-catches in the
plaice and sole fisheries. ' : .
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1.3.4.3 SEAFISH cod

The SEAFISH cod éxpériments were 'c,_agiéd out by thé use of net—sebﬁons of multifilament
trammel-net using four mesh-sizes ranging from 103 to 136 m, stretchéd length. Seven
experiments were carried out yielding a total catch of 3224 cod. The catches in some of the
experiments were very low - in two cases below 200 fish. The smallest mesh-size used was larger
than the two smallest mesh-size used by DIFTA. Scrutinizing the catches pooled over all
experiments showed that the highest catches were found for the length groups 42 and 43 cm
which is below the modal length of the smallest mesh-size (estimated at 46.8 cm). This indicate

a poor match between the mesh-sizes used and the size distribution of the stock.

For the experiments yielding low catches it is difficult to evaluate the fit between the observed and
the estimated catches. For experiments 2,4,5 and 7, where':the catches were the highest “an
acceptable fit is found between and observed and the estimated catches (Appendix B). The
comparison between the selection curve and the selection values for individual data points (fig 3.7)
show a fair correspondence for length below the selection value but a very noisy relation for
lengths above this value. Referring to the selection plots from individual mesh-sizes (Appendix B)
show that the high 'variability is found for cod about 50 cm.. The abundance of these size of cod

were found to be low in all experiments (Appendix B).

The modal value and the spread, estimated from the data from all experiments , were found at
4.55 and 0.35, respectively (table 3.8). When estimated from the individual experiments k rahged
from 4.42 to-4.90 and st. from.0.28 to.0.50. The. parameter describing the non mesh size -
dependent catches below the modal valqe (C1) were overéll estimated at 0.08 - ranging from 0.01
to 0.10 when determined from individual experiments.‘ Th‘e“,“constant relating to the non size
dependent catches above the modal value (C2) were errall estimated at 0.55 but showed vei'y
considerable differences between experiments (range 0- 0.9). The estimated selection curves for
the various analysis (fig. 3.8) show that the major differences in'the estimated selection is found

to the right of the modal length.

The distribution of the catches on taken in different part of the selection curve show that 13%
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equ1valent of some 430 ﬁsh, ‘were available to estimate the selection to the nght of. k+2st (table

3.9).

The proportionality constants relating length to gill-girth, maximum girth and maxillar girth were
estimated at 0.48, 0.48 and 0.32, respecti\tely.ri The girth measurements show that the girth:'
_'friéasured at the gill or at the position where girth was at its maximum exceeded the mesh
‘. penmeter by 9% and 10%, respectively (Table 3.10). This mdlcate that the catch at the modal‘
| _length correspond to fish bemg entangled close to the gllls

i
i

Table 3.8 : SEAFISH cod. Selection parameters estimated from the total catch information and

from the individual experiments.

) Experiment _
ALl | exp1 | exp2 | exp3 | exp4d | exp5 exp_6 exp_7
I R L T R LT B L T e L et DL LR L teemeo- ——-=
Esti-|std. |Esti-|Std. |Esti-]|Std. |Esti- Std Esti-|Std. |Esti-|Std. |Esti-|Std. |Esti-|Std.
mate |Err. |mate |Err. |mate |Err. |mate |Err. |mate |Err. |mate |[Err. |mate |Err. |mate |Err.
----- R et T e LR D R bt it At SELETY TERERY TP EY e
Tran.|Tran. |Tran. |Tran. |Tran. [Tran. |Tran. |Tran.|Tran. |Tran. |Tran. [Tran. |Tran. [Tran. |Tran. |Tran.
Scale|Scale(Scale ScalelScale ScalelScale Scale|Scale ScalelScale Scale|Scale|Scale|Scale|Scale
.......... Lt L L L R R R T T A R L R R il Ll el bl LT RY TP TP
Parameter
K 4.54810.025|4.74310.03214.431{0.094 4. 899 0.06414.572[0.066)4.424[0.038{4.839(0.069)4.753|0.047
.......... B L LT L R R e s il LT T A R Rl il LT LY T A A e
ST 0.3540.015]|0. 333|0 019[0 283]0. 055[0 478]0.043 0 400|0 040|0 293|0 024|0 431|0.035}0.495]0.028
---------- B Lkt L L T L R T L L L R R i bt it Sl b: S th: ST
c1 * ]0.082]0.006]0. 00510 00310 08410 .018]0.061 0.019 0. 096 0.015]0.095|0.011]0.032]0. 01010 .072]0.015
---------- LA El DAL AR bl Sttt Al it AL ERL LEAEAL S e bl s DELREL DAL Ll et bl DRt aaleb L LR A
c2 0.551]0.041[0.000]0.000]0.904]0.154]0.141}0.072|0.669]0.096]0. 561|0 067}0.009]0.040|0.008|0.008
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Table 3.9 : SEAFISH cod. Proportions (%) of the catches taken in various parts of the selection
curve. The selection curve is divided into size intervals of one spread measure (st ) arranged
relative to the modal value (‘0 st’ correspond to the modal value).

l<-4$t<3st<-25t 1Stl<05t<.1St<25t<35t<4‘5t <58t

<-5 St|>-5 St[>-4 St|>-3 St|>-2 St|>-1 St|> 0 St|> 1 St|> 2 St|> 3 St|> 4 st|> 5 st| Total
------------ R St et L T R R L L LT T R
Nos ‘in|Nos in|Nos 1n|Nos in|Nos 1n|Nos in|Nos in[Nos in|Nos in|Nos 1n|Nos in|Nos ‘in| Nos in
............ B S L LT TP iy P or AUt gyt |y gy gy RN R R NP
Pct. L Pct. ] Pct, L Pct. ] Pct. | Pct. ] Pct. ] Pct. ] Pct. ] Pct. J Pct. ] Pct. | Catch
------------- EIET R Y PR YL IEE PR TR R LTS PEEEEEY LR R Y L Ry o R A R T T
Experlment
no. 1 0.9 3.6 4.5 s.4| - 6.3] 21.6] 28.8] 13.5| 11.7| ‘2.7 0:9| ~+0.00 111
no. 2 0.4 3.4 4.6 6.51 13.1} 28.5| 18.8 9.1 7.1 3.4 2.2 2.8 495
no. 3 1.6 1.6 6.5 5.6 9.7 28.2] 19.0f 11.3 6.9 4.4 2.8 2.4 248
no. 4 1.0 3.4 6.5 8.41 14.2] 24.2] 16.9 8.9 7.1 3.6 2.8 3.0 774
no. 5 1.1 3.9 5.1 7.6 13.7| 32.5| 17.0 8.0 4.1 3.1 2.4 1.3 1021
no. 6 1.3 5.8{ 10.3 7.7 14.8]{ 31.6] 12.9 5.8 4.5 2.6 1.9 0.6 155
no. 7 2.1 2.6 6.9 8.3] 16.2] 27.6] 18.3 8.3 3.8 2.6 0.7 2.4 420
AL | 1.1] 3.4] s5.9] 7.5 13.6] 28.5| 17.8] 8.8 5.7| 3.3] 2.2] 2.1 3224]

Table 3.10 : SEAFISH cod. The ratio between the measured girth at the modal length and the
mesh ‘pe.rim‘e.t‘er for thej”diﬂ'erent ‘me‘sh. sizes ,us\ed.‘_fNos,’. i'nd.ic.atev.the number -of girth

T

- measurements.

Ratio Ratio Ratio Nos.
+
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Fig. 3.7 : SEAFISH cod. A comparison between the estimated selection curve and the selections

calculated for individual data points (cf. eq. 2.5) .
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Fig . 3.8 : SEAFISH cod. Plots of the selection curve estimated on the basis of all experiments and

-from the individual experiments.
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1.3.4.4 IFREMER hake

The fishery were carried out by monofilament gill-nets using five mesh-sizes ranging from 80 to

122 mm, stretched mesh. Two experiments were conducted yielding a total catch of 1694 hake.

In general the fit between the observed and estimated catches was found adequate for both
experiments (Appendix B). However, the fits found for the two largest mesh-sizes in't‘ﬁé first
experiment where the catches were low, were somewhat imprécise. The relation between the
selection curve and the estimated selection for individual data points indicate a relative fair
correspondence below the modal value (ﬁg. 3.9) with éomeWhat more scatter above this value.
This pattern appears more clear when vi_eWing the s'ev::vlectji'on plots from the individual méshesizes
(Appendix B) where an increase in the scatter around the selection curves is found for hake

exceeding ca. 70 cm. According to the estimated populatio’nj‘si‘ze structure (Appendix B) the

number of hake above 70 cm was low in both experiment.

The estimated modal value and spread differed little in the two experiments (table 3.11). A
somewhat larger difference were seen in the constants CI, C2 which were estimated as (0.12;
0.22) and as (0.02 ; 0.35), respectively. However, the selection curves for the two experiments

have been estimated to be very similar (fig 3.10).

Few hake were available to estimate the right most part of the selection curve as only 6%,

equivalent to 95 hake, were taken at a size exceeding k+2st (Table 3.12).

~ The proportionality constant between the length and gill?*girth;Tmaxim'um' girth and maxillarj"gii'th e

were estimated at 0.34, 0,34 and 0.28, respectively. The girth information showed that thé hake
caught at the modal length were characterised by a girth to perimeter ratio of 1.10 when measured
at the gill or at the maximum (table 3.13). This indicate that the modal values may be related to

fish being entangled close to the gill .
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Table 3.11 : IFREMER hake. Selection parameters estimated from the total catch information and
from the individual experiments. ‘ .

Estim-| Std. |Estim-| Std. |Estim-| Std.
ate l Err. l ate l Err. l ate l Err.
Trans. |Trans. |Trans. |Trans. | Trans. |Trans.
. JRee Rt Rt Reste RSt Rt
parameter | . 1 1 1 1 1
' 6.429| 0.049] 6.381] 0.068] 6.442] 0.060
S| 0.771] 0.036] 0.805] 0.059] 0.707] 0.040
o ].0.049] 0.010] 0.122] 0.025] 0.015] 0.007
c2 | 0.299] 0.045] 0.216] 0.057] 0.350] 0.056

Table 3.12: IFREMER hake. Proportions (%) of the catches taken in various parts of the
selection curve. The selection curve is divided into size intervals of one spread measure (s¢ )
arranged relative to the modal value (‘0 st’ correspond to the modal value).

<-4 St|<-3 st|<-2 st|<-1 St|< 0 St]|< 1 St|< 2 st|< 3 St|< 4 St|<5 st '
<-5 St|>-5 St|>-4 St|>-3 St|>-2 St|>-1 St|> 0 St|> 1 St|> 2 St|> 3 St|> & St|> 5 St| Total

| Pet. | Pet. | Pet. | Pet. | Pet. | Pet. | Pet. | Pct. | Pet. | Pet. | Pet. | Pet. | Catch
oo 1l 3al e.2] 21.7| 3209 21.3| 2| 30| 1.0l 04| 01 7es
02| 03| el 2.3 91| 357 63| 109] ai2| 8| o4l oo 900

| 0.1 0.7] 2.3] 5.5 20.3] 32.8] 26.0] 8.7 3.7 1.4] 0.4] 0.1] 169

Table 3.13 : IFREMER hake. The ratio between the measured girth at the modal length and the
mesh perimeter for the different mesh sizes used. ‘Nos’ indicate the number of girth

measurements.

) Measurement at

Gill Maxil. Pect.

Girth Girth ) Girth

Average | Average | Average

Ratio Ratio Ratio Nos.
------------------ B R it it i et
Mesh-size (mm)
80 1.104 0.906 1.099 34
------------------ L L et it el
89 l 1.093 0.887 1.086 42
99 | 1.130| 0.915] 1.143| 52
------------------ e R et Lt e Tt
110 l 1.069 0.883 1.102 27
122 | 1.023| 0.846[ 1.059| 5
------------------ R L L LR T R i
Overall average | 1.101| 0.898] 160
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Fig. 3.9 : IFREMER hake. A comparison between the estimated selection curve and the selections

calculated for individual data points (cf. eq. 2.5) .
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1.3.4.5 SEAFISH hake

The experiments were conducted with monofilament gill-nets using 5 mesh-sizes ranging from
92 to 143 mm, stretched mesh. The mesh size chosen was relatively large with the smallest mesh-
size used being larger than the two smallest mesh-size used by IFREMER. Four experiments were
carried out yielding a total catch of 2938 hake. Catches were rather unevenly distributed on
experiments with less than 200 hake taken in the first experiment. In the fourth experiment, a small
number of hake of a size between 25 and 40 6m were taken across all mesh sizes. These hake were

far to small to be gilled in any of the mesh-sizes.

The fit between the observed and predicted catches were réaSonable although there are a slight
tendency for the model to underestimate catches for the two largésf mesh-sizes (Appendix B). The
comparison between the selection curve and the selection values estimated for the individual data
points (fig. 3.11) show overall a considerable amount of scatter around the selection curve. The
modal value was estimated at 6.81, ranging from 6.56 to 7.05 in the individual éxperiments (table
3.14). The overall spread were found at 1.01 whereas both CI and C2 were estimated at zero.
The plot of the seléction curves (fig. 3.12) indicate a fair resemblance of the ascending parts of
the various selection curves whereas the descending parts diﬁ‘ers. conéiderable between

experiments

As shown in table 3.15 a very limited amount of information. was available to estimate the right
most part of the selection curve as only 0.8% of the catches , corresponding to 24 fish, were
caught at sizes exceeding k+2st. This may be attributed to the relatively large mesh-sizes used in

the experiments.

The analysis of the girth-length relations showed significant differences between experiments (girth
was measured at the first tree experiments). The proportionality constants between length and
girth was found at 0.36 (gill girth), 0.38 (maximum girth) and at 0.29 (maxillar girth) in the first
experiment (Appendix C). The similar proportionality constants were estimated 2 and 6 % below
these values, for the second and third experiment, respectively. This should imply that the modal

value should be expected found at higher values in experiment 3 compared to experiment 2
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(experiment 1 is not considered as the estimated parameters are assumed unreliable due to the low
catches in this experiment). However, in the estimations the modal value was in fact estimated
‘higher in experiment 2 c;ompared to experiment 3. Relating girth to mesh perimeter for the -
mo_dal lengths in each mesh indicate that the girth measured at the gill and the pectoral fin exceeds
‘the mesh perimeter with 22% and 32 % , respectively, whereas the maxillar girth almost

approaches the mesh perimeter (table 3.16).

'Table 3.14 : SEAFISH hake. Selection parameters estimated from the total catch information and
from the md|v1dual expenments

ate Err. ate Err. ate Err, ate Err. ate Err.

---------- L s it el et T Y et SEEEEPY ST
Parameter
K 6.807] 0.038] 6.556| 0.069] 7.052| 0.180] 6.645} 0.069| 6.670] 0.057
---------- B L R LR L R ey ST TEE LT
ST | 1. 006[ 0. 021] 0. 666[ 0. 040| 1. 192| 0. 093| 0. 811| 0. 051| 0. 798| 0.041
---------------------------------------------------- Fomcmmmdmoems g s
‘1€1 - '| 0. 001] 0. 000] 0. 000| 0. 000| 0. 000] 0 000| 0. 017] 0. 005[ 0. 014[ '0.009
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Table 3.15: SEAFISH hake. Proportioris (%) of the catches taken in vériéus parts of the selection
curve. The selection curve is divided into size intervals of one spread measure (st ) arranged relative

to the modal value (‘0 st’ correspond to the modal value).

<-3 St
>-4 St

<-2 St
>-3 st

.......

<-1 Stj< 0 S
>-2 St[>-1'S
...... j S
Nos in|Nos i
Pct. | Pct.
.............
18.0| 45.
26.3] 39.
21.9] 47.
17.31 41.
22.4| 42.

tf< 1 Stf< 2 Stf< 3 Stj< 4 Stf< 5 st

t|> 0 Stf> 1 St|> 2 St|> 3 St|> 4 St{>5 St | Total
P TETRETRY TR LR trecacaa tecccnulccccac |cacanaa
n|Nos in|Nos in|Nos in|Nos in|Nos injNos in|Nos in
J Pct l.Pct. Pct. l Pct. |Pct. Pct. | Catch
-------- L ---‘---q-----—-* EEERERE Y TEE RN R E - -
5| 17.4 3.0 0.0 0.0 0.0 0.0 167
71 12.4 2.5 0.2 0.0 0.0 0.0 1329
11 15.8} 4.0 1.1 0.2 0.0 0.0 631
6| 21.5| 4.8 0.9 0.5 0.0 0.0 811
1] 15.9] .- 3.5| 0.6] 0.2] 0.0] 0.0] 2938

Table 3.16 : SEAFISH hake. The ratio between the measured girth at the modal length and the
mesh perimeter for the different mesh sizes used. ‘Nos’ indicate the number of girth
measurements : :

Measurement at
Teitt | Maxilar| Maximum
Girth Girth Girth
“Average | Average | Average
Ratio Ratio Ratio Nos.
;;-EQQ;----* .......... ) SR S, ool
'''''''' 1.189]  o.938|. 1.266] 20
"""""" 17 oes] 1.336] 29
e s e
| 1.211 0.915] 1.343]
e s
average | 1.215 0.931] 1.324] 56
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F1g 3.11: SEAFISH hake. A companson between the estunated selectlon curve and the selectlons

calculated for mdmdual data points (cf. eq. 2. 5)

Selection -

7 8 9 © " 2
Transformed Length

Fig . 3.12 : SEAFISH hake. Plots of the selection curve estimated on the basis of all experiments

and from the individual experiments.
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1.3.4.6 DIFTA plaice

The fishery were carried out by multifilament trammel nets using six mesh-sizes in the range 98
mm to 151 mm measured as stretch mesh. Three experiments were conducted resulting in a total
catch of about seventeen thousand fish. Catches were unevenly distributed between experiments

with the catches accounting for 10%, 20% and 70% of the total in experiment 1 to 3, respectively.

Evaluating the fit between the observed and the estimated catches show an unsatisfactory fit for
the first experiment, a moderate fit for the second experiment and an god fit for the third
experiment (Appendix B). However, when evaluation the fit between the estimated catches and
the observations from the analysis of the individual experiments all fits were found to be adequate
‘(Appendix B). This indicate that the unsatisfactory fit for the first experiment when using all data
is caused by the fact that the model tries to fit all observed data and that little weight is given to

the first experiment were low catches were made.

'The correspondence between the estimated selection curve and the selection for the individual cm.
groups a moderate level of scatter for both the ascending part and for the descending part of the
selection curve until a transformed length of approximately 3.0 (fig.3.13). Scrutinizing the
relations for the individual meshes indicate that the scatter increases for plaice sizes above about
35 cm. Plaice above this size were rare in all experiments (Appendix B). Fig 3.13 also show that
for sizes around the modal value the selection curve tend to fall below the estimates derived from
the individual points. This is not seen when evaluating the selection plots found when analysing
the experiment one by one which indicate that it is difficult to fit the tree experiments with a

common set of selection parameters. -

The parameters estimates are summarized in table 3.17. The parameters found for the analysis
using all data differs butylittle from the param:eters found in the third experiment. This is to be
expected due to the high propoi'tion of the total éatches taken in that experiment. The modal
values estimated in the three expeﬁménts are almost équal Whereas,considerable differences are
‘seen between the spreadé whiéh ranges from 0.15 fo 0.32. -C1 éccounting for the non mesh

dependent catch below the modal value were found low in all experiments (0.00 to 0.02) and were
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estimated at zero for the analysis using all data. C2 were estimated at 0.14 (range 0.03 to 0.16).
A comparison of the estimated selection curves show that the estimates derived from experiment

2 and 3 were rather similar whereas experiment 1 deviates with regards to both the ascending and

-descending part of the selection (fig. 3.14).

Splitting the catches on size groups relative to the modal value show that only about 3% of the
catches were taken to the left of k+2st (table 3.18). However, due to the high numbers caught

this never the less corresponds to 480 fish .

Width information were available from the first and third experiments and showed that the width
were about 3% larger in experiment 1 as compared.to experiment 3.(Appendix C).. This should
argument a lower rﬁo_dal value in experiment 1. However, the opposite was seen in the estimated
values. The ratio between-2*width and-mesh-perimeter-for-size-groups -adjacent to-the modal
length of the different mesh sizes show average values of 0.833 and 0.917 for measurements made
at the location of the ventral spine and made at the maximal with, respectively (table 3.19).
Interpreted at face value this ratio suggest that the plaice were tWo small to be entangled. To some
extent this may be caused, by the 2*width underestimates the girth. However, it was also observed
that the enmeshment often took plaice with the meshes found diagonally across the body of the

plaice.

Table 3.17 : DIFTA Plaice. Selection parameters estimated from the total catch information and
from the individual experiments.

Parameter . .

kK 2.513| 0.008| 2.533| 0.009| 2.540| 0.007| 2.463| 0.010
T e s sl s sim s o]

et _..:.].0.009) 9.001] 0.020).0.003] 0.019] 0.005) 0.000] 0.000
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Table 3.18: DIFTA Plaice. Proportions (%) of the catches taken in various parts of the selection
curve. The selection curve is divided into size intervals of one spread measure (st ) arranged
relative to the modal value (‘0 st’ correspond to the modal value).

<-4 Stf<-3 stf<-2 St]<-1 St|< 0 St|< 1 Stf< 2 Stf< 3 Stf< 4 St|< 5 St
>-5 St|>-4 St|>-3 St|>-2 St|>-1 St|> 0 St|> 1 St|> 2 St|> 3 St|> 4 St|> 5 St| Total

------- SOt DEELERE LEELAES SRR IR EL R TEREEES TR Rt DL Y R LR TR R e

Nos in|Nos inlNos in|Nos in|Nos in|Nos in|Nos in[Nos in|Nos in|Nes inlNos inl Nos in

------ L I R R R SRR L D et L R S RSl L At L R R L e R L T R

Pct. | Pct. | Pct. | Pct. | Pct. | Pct. | Pct Pct. | Pct. | Pect. | Pct. | Catch"

............ L LR LY T Y R it il it il il L
EXP
no. 1 0.0 0.0 1.0 411 3631 43.21 11.3 2.7 0.9 0.3 0.3 1741
no. 2 0.0 0.0 0.5 9.8 41.2] 36.8 8.6 1.9] 0.8 0.2 0.2 3270
no. 3 ] 0.0 0.1 3.2 24.1* 38.8] 24.8 6.5 1.7 0.6* - 0.2 0.0 12151
................... R R R L R R R L Ry L R A Ll Lt SR T R
All 0.0 0.1] 2.4 19.4| 39.0] 28.9 7.4 1.8[ 0.7 0.2} 0.1] 17162

Table 3.19 : DIFTA plaice. The ratio between 2* measured width at the modal length and the

mesh perimeter for the different mesh sizes used. “Nos’ indicate the number of girth

measurements

Average | Average
Ratio Ratio Nos
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Fig. 3.13 : DIFTA Plaice. A comparison between the estimated selection curve and the selections

calculated for individual data points (cf. eq. 2.5) .
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Fig . 3.14 : DIFTA plaice. Plots of the selection curve estimated on the basis of all experiments

and from the individual experiments.
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1.3.4.7 DIFTA plaice by-catches in fisheries targeting cod and sole

By catch information was available from DIFTA’s four cod experiment and from DIFTA sole
experiment yielding plaice catches of 1473 and 3405, respectively. Prior to the analysis, the plaice
catches in the cod experiments were aggregated over experiments leading to a single length by

mesh-size matrix.

For both sets of by catch data the fit between the obsetv_ed'and the predicted catches were found
to be acceptable (Appendix B). For the by-catches in the cod-fishery , the correspondence between
the selection curve and the selection estimated from the individual data points was found adequate
for transformed length below approximately 3 (ﬁg 3 15 ). Evaluatmg the selection plots by mesh-
“sizes (Appendix B) show the high level of scatter around the selection curve was found for plaice
exceeding the length of about 35 cm. Few plaice of thi's Size were taken in the cod experiments
For the by catch in the sole fishery little scatter was seen for both the ascending and the

descending leg of the selection curve (ﬁg 3 16)

The estimated selection parameters were estimated at rather similar values (table 3.20) with the
largest difference found for the parameter C2 which ranged from 0.14 to 0.23. The similarity of

the two estimated selection curves also appears from fig. 3.17. |

About 7 % of the catches in each fishery were taken at fish sizes exceeding k+2st corresponding

to 105 and 235 individuals in the cod and sole fishery, respectively (table 3.21).
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Table 3.20 : DIFTA Plaice by-catches. Selection parameters estimated from the total catch
information and from the individual experiments.

. Fishery for -

s ] sele )
Estim-} Std. |Estim-| Std.
-?Ef--l.?ff:-l.-?f?--l-?ff:-
Trans.|Trans. |Trans.|Trans.

.......... ,.§f?5'il.?f?!':’-l.?f?f':il?f?!':‘_

Parameteér

" 2.532| 0.026 2.636 0.017

st T 0.369| 0.016] 0.355 0.014

a | 0.000| 0.000] 0.000] 0.000

.. | 0.227| 0.046] 0.141] 0.027

Table 3.21: DIFTA Plaice by catches. Proportions (%) of the -catches taken in:various-parts of
the selection curve. The selection curve is divided into size intervals of one spread measure (s?)
arranged relatlve to the modal value (‘o st correspond to the modal value)

......................................

Nos in[Nos in|Nos ln Nos' ln Nos ln Nos 1n Nos in[Nos ln Nos in]Nos’ ln Nos in

................................................... i Retfiisl Rinsgigippiet hpubutiiubiyl Bibiub b

Pct. | Pct. | Pct. | Pct. | Pct. | Pct. ] Pet. | Pct. | Pct. | Pct. | Catch
............ § Btuli Bpipafte i Npiobebeil Wit Fibute i SLIE-uiepit! SES it St dutuieit Sipdputhfulil HR it Fipupar:upb i

.............................................................................................

Fig. 3.15. DIFTA plaice by catches in the cod fishery. A comparison between the estimated
selection curve and the selection calculated for individual data points (cf. Eq. 2.5)
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Fig. 3.16. DIFTA plaice by-catches in the sole fishery. A comparison between the estimated
selection curve and the selection calculated for individual data points (cf. Eq. 2.5)
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Fig 3.17 : DIFTA plaice by catches. Plots of the selection curve from the by—catcheé in the cod and
sole fisheries. o
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1.3.4.8 DIFTA sole

Only one experimental fishery was carried out targeting sole this,"however, yielding a catch of
10547 hundred individuals. The gear used was a multimonofilament gill-net with seven mesh-sizes
ranging between 81 mm and 118 mm, stretched mesh. The size distribution caught in individual
mesh-sizes were generally uni-modal but a distinct shoulder appears to the left of the modél length

in the three largest mesh-sizes (Appendix B).

Adequate fits were found between the observed and predicted _caiches for the five smallest mesh-
sizes whereas somewhat inferior fits were experienced for the two largest mesh-sizes (Appendix
B). The fit between the selection curve and the estimated selection for the individual data points

show a reasonable fit with a moderate amount of scatter for transformed length below

approximately 3.5 (fig 3.18"). When evaluating the selection fits by me.s,'h-”s'izc—it appears that the
increased variability is found for sole above ca. 35 cm. Sole of this size were rare in both catches

and in the estimated length distribution of the stock (Appendix B).

The estimated selection parameters and the selection curve are shown in table 3.22 and fig 3.18

respectively.

The proportion of the total catch taken in various parts of the selection curve are given in table
3.23 Only about 2 % of the catches were taken to the right of k+2st. However, due to the high
catch this correspond to about 230 fish.

The proportionality constant between length and gill—wi&fh and bectoral fin width was estimated
at 0.19 and 0.26, respectively (Appendix C). The ratio between 2*width and mesh perimeter at
the modal length show values of 0.85 and 0.63 for gi_rfh measured af the pectoral fin an at the gill
cover, respectively (table 3.24). It is difficult to interpret tl;e relation between length and girth for

reasons similar to those stated for plaice. ~
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Table 3.22 : DIFTA sole. Selection parameters estimated from the sole experiment.

Experiment
""" ALl
Estim-| std.
ate l Err.
e i
parameter | |
K 3.2911 0.013
ST | 0.2k 0,008
c1 0.044| 0.004
2 | 0.231] 0.038

Table 3.23: DIFTA Sole. Proportions (%) of the catches taken in various parts of the selection
curve. The selection curve is divided into size intervals of one spread measure (st) arranged
relative to the modal value (‘0 st’ correspond to the modal value). ‘

<=4 Stf<-3 Stf<-2 Stf<-1 St]< 0 Stf<.1 St]< 2 Stf< 3 Stf< 4 St|j< 5 St
<=5 St|>-5 St|>-4 St|>-3 St|>-2 St|>-1 St|> 0 St|> 1 St|> 2 St|> 3 St|> 4 St|> 5 St| Total

Pct. | Pct. 1 Pct. 1 Pct. 1 Pct. l Pct. | Pet. | Pct. l Pct. 1 Pct. 1 Pct. 1 Pct. | Catch

Table 3.24 : DIFTA sole. The ratio between 2* measured width at the modal length and the
mesh perimeter for the different mesh sizes used. ‘Nos’ indicate the number of girth
measurements

Max. Spine
Girth Girth

Average l Average

Ratio Ratio Nos

98 0.940 0.862 43
.................. e S
L S 1...0:%12]  0.851] 102
119 0.9171 0.830 88




Fig. 3.18. Difta Sole. A comparison between the estimated selection curve and the selection:
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calculated for individual data points (cf. Eq. 2.5)
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1.3.4.9 DIFTA sole by-catches in fisheries targeting cod and plaice

By-catch information is available from the gill-net experiments after cod and for the trammel-net
experiments after plaice. In total 501 and 1701 sole were taken in the cod and plaice fisheries,
respectively. The catch data from each fishery were aggregefed across experiments prior to

analysis.

Considering the low amount of catches takeri.'.che fits between 'the observed and the predicted
catches may be described as reasonable for both fisheries (Appendix B). The fit between the
selectron curve and the selectron estimated from the individual data points show a number of
selectron points at values of zero in the rage between 2 and 4 on the transformed scale (fig 3.19-
3.20). Referring to the selection plots by mesh-sizes show that these points stems from the larger
mesh-srze which caught few sole (Appendrx B) These plots also show that the scatter around the

nght most part of the selection curve is assocrated with the large soles of which few were taken. .

The estimated modal length (k)and spread (st) were estimated at slightly higher in the ﬁsh'e'ur'y’ 'a'ﬁer |
plaice than in the sole fishery (table 3.25). The constants CI and C2 were estimated at low values

in both experiments. The two selection curves are compared in fig 3.21.

For both sets of experiments the proportion of the catches taken to the right of k+2st were low

-3 % and 0.3% of the total catches for the two fisheries (table 3.26). As the numbers caught was

low this implies that the right most part of the selection curve is based on few individuals.
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Table 3.24 : DIFTA sole by-catches. Selectlon parameters estimated from the by-catches in the
cod and plaice fisheries.

Fishery for
B T Cod - | Plaice .
Estim-| Std. |Estim-] std.
ate | Err. | ate | Err.
‘ I0ans- [Seane- |Scans- [Eeare:
Parameter | 17 | N
k 3.034| 0.021| 3.181] 0.022
st T 0.248] 0.015] 0.298] 0.012
ca T 0.023] 0-007] 0.035] 0.004
c2 | 0.067] 0.045] 0.00] 0,036

Table 3.25: DIFTA Sole by-catches Proportlons (%) of the - catches taken in various parts. of the
selection curve. The selection curve is divided into size intervals of one spread measure (st)
arranged relative to the modal value (‘0 st> correspond to the modal value) o

-------

........

--------

........

--------

T e Lk e e

---------

Fig. 3.19. DIFTA sole by-eatch inv fhe cod ﬂshery A cbmparisbn befween the estimated selection
curve and the selection calculated for individual data points (cf. Eq. 2.5)
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Fig. 3.20. Difta Sole by-catch in the plaice fishery A comparison between the estimated selection
curve and the selection calculated for individual data points (cf. Eq. 2.5)

20—

Selection

" Transformed Lengﬂ't

Fig 3.21: DIFTA sole by catches Plots of the selectlon curves estimated from the by-catches in
the cod and sole fisheries.
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1.3.4.10 IFREMER sole (Multifilament nets)
Four experimental fisheries after sole were conducted by IFREMER using multifilament trammel
nets using 5 mesh-sizes ranging from 84 mm to 111 mm, stretched length. The total numbers of
sole caught amounted to 4769. The catches was unevenly distributed with small catches taken in

the second and third experiment.

Except for the third experiment were the numbers caught was low an acceptable fit is found
between the estimated and the observed catches (Appendix B). The comparison between the
estimated selection curve and the selection values estimated from the individual data points show
a considerable scatter for ﬁsh sizes exceedmg the modal value (fig. 3. 22) When comparmg the
selection plots by mesh s1zes 1t appears that the hlgh scattet polnts are assoc1ated with sole above
about 35 cm. The abundance of sole above this size were estimated at low values for all

experiments (Appendix B).

The modal value (k), the spread (sf) and the constant relating to the non mesh-size dependent .
catches below the mode (CI) were estlmated at rather similar values i in all experlments (table
3.25). The constant relating to the non mesh-size dependent catches above the mode (C2) showed
considerable between experiment dlﬁ'erences ranging from 0.41 to 0.83. This is reflected i in the

comparison of the selection curves presented in fig 3.23.

The distribution of the catches available to estimate the different part of tf'xe"seleétion curve show
that about 13% of the catches (equivalent of about 600 ﬁsh) were ava11able to estimate the

selection of the right most part of the selection curve (table 3. 26)

The ratio between 2*width and mesh perimeter at the modal 1ength show values of 0.93 and 0.65
for girth measured at the pectoral fin an at the gill cover, respectively (table 3. 27) As for the other
flatfish it is difficult to interpret the relation between length and girth for reasons similar to those

stated for plaice.
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Table 3.25 : IFREMER sole, MF-nets. Selection parameters estlmated from the total catch
information and from the individual experiments.

Experiment
BT exp1 | exp2 | exp3 | expb
ot g i e Tl ] B e B e
Trans. [Trans. [Trans. |Trans. [Trans. |[Trans. |Trans. | Trans. [Trans. [Trans.
Scale lScale Scale lScale‘ Scale Scate lSSale ?ca&e_ ?ea&e lScale
parameter | | [ 7 77T R A
K 3.263| 0.013] 3.284) 0.022| 3.307| 0. osol 3.186| 0.073| 3.209| 0.019
ST lo.226] 0.007] 0.210] 0.0%2| 0.253] 0,022 0,224 0,042] 0.223] 0.011
L 0.013] 0.002] 0.015] 0.003] 0.020] 0.014] 0.005] 0.008] 0.014] 0.004
c2 [ 0. 523| 0.040] O. 616| 0.076| O. 416| 0. 090| 0. 834[ 0. 180| 0.413] 0.049

Table 3.26: IFREMER Sole, MF-nets. Proportions (%) of the catches taken in various parts of the
selection curve. The selection curve is divided into size intervals of one spread measure (sf) arranged
relative to the modal value (‘0 st’ correspond to the modal value)

------------ B T T L T R A L T L R T e A T R A R T e R e
Experiment _ ‘ - . - O
no. 1 0.3 0.9 1.5 4.4 19.11 29.8| 23. 8.8 6.4 2.7 1.4 0.9 2202
no. 2 0.0 0.3 0.8 2.31 16.1| 33.2| 22.91 12.5 7.5 2.9 0.8 0.8 385
no. 3 0.0 0.3 1.6 3.2] 15.7] 26.8| 19. 12.5 9.6 4.8 3.2 2.6 313
no. 4 0.6 1.3 1.8 8.7 25.3| 22.5| 17. 7.9 5.9 3.8 3.0 2.1 1869
All | o0.4] o0.9] 1.6] 5.8] 21.1] 27.0] 20.8] 9.0] 6.5] 3.3] 2.1] 1.4] 4769

Table 3.27 : IFREMER sole , MF-nets. The ratio between 2* measured width at the modal length
and the mesh perimeter for the different mesh sizes used. ‘Nos’ indicate the number of girth

measurements.

Gill Pect.
Girth Girth

...................

Average l Average

Ratio Ratio Nos
Mesh-size (my | | 7T
& 0.6461 0.914| 69
90 1 T0eei] To.937] ee
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Fig. 3.22. IFREMER sole, MF-hets. A compérison between the estimated selection curve and the
selection calculated for individual data points (cf. Eq. 2.5)
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1.3.4.11 IFREMER sole (Multimonofilament nets)

The experiments were carried out at the same time and at the same locations as the experiments
using the multifilament nets and ﬁsed similar mesh sizes. The number caught in the
mutimonofilament nets, 3135 soles, was considerable below what was found in the multifilament
nets. As the mesh sizes were the same and they encountered the same population one may relate
the power of the two net types by comparing the catch rates. Considerable difference were found
in the net dimensions of the 5 different multimonofilament nets but after an adjustment to a
average net length the fishing power of the multimonofilament nets may be estimated as being

only 0.72 times the power of the multifilament nets.

A scrutinization of the multimonofilament catch data revealed that there were con51derable
differences regarding the fishing power between the various mesh-size sections. An equal fishing
power, corresponding to the selection curves being of equal height (cf. fig. 1.1), implies that the
mesh-size having the highest selection gradually changes with fish length. As the different mesh
sizes encounters the same population‘ this imply that the largest catches within cm-groups should
shift gradually from the smallest mésh-_size to the largest mesh-size. This pattern is not
recognized for the IFREME MM—nets (téble 3.28). This is most notable for the 96 mm mesh-size
where the numbers caught is lower than what is taken in the two adjacent mesh-sizes. A similar
under performance seems to appear for the largest mesh size which generally catches less fish than

the 100 mm mesh.

The differences regarding' the fishing power of the multimonofile nets is also indicated when
comparing the catches from this net material with the catéhes taken in the same mesh sizes in the
multifilament nets. Based on the aggregated catches over the four experiments the ratios between
the catches in the multimonofilament and the multlﬁlament nets were found at 0,53 (84 mm mesh
size), 0,82 (90 mm mesh size), 0.60 (96 mm mesh size), 1.13 (100 mm mesh size), and 0.74 (111
mm mesh size). This comparison élso suggest that the irregularities in the catches in the
multimonofile nets may be caused by the fishing power of the 96 mm mesh beinr_.gv éubstantially
below the two adjacent mesh sizes. The comparison moreover indicate that the power of the

smallest mesh may well be below the average.
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As the assumption of equal power is violated in the multimonofile experiments the estimated
selection curves from this fishery can not be considered reliable. However, the results of the

 analysis may be found in Appendix-A and B.

The multimonofile nets are constructed of different materials: the 84, 96 and 110 mm mesh size
using 6*1.5 multimono as opposed to 8*1.1 for the 90 and 100 mm mesh size. The researchers
conducting the experiments noted that the 6 filament material was stiffer than the 8 filament
material. It appears that the 8 filament material performs the best when being compared to the
mulfifilament experiments. This indicate that the power differences could be associated with the

net material.

Table 3.28 : The aggregated catch of sole taken in IFREMER’s four experiments using
multimonofile nests given by length and mesh size. Due to the dlfference in net size the catches
has been adjusted to a common net length of 39. 64 m.

Experlment All

Mesh size 8.38 | 8.99 l 9.56 | 9.96 [11.04
Net length : 39.64 |39 64 139 .64 |39 64 |39 64 . Total
.............................. domcmcecnm—a-
‘ Catch_ Catch [Catch Catch .Catch Catch [Max.
(nos.)|(nos.)|(nos.)|(nos.)|(nos.)|(nos.)|Catch’
---------------- L L e A R bk, T Y Rupupupeyt SUPHpEPRP JEpEyEpa
Length.(cm) 1 ‘ . : -
19.5 0 1 0 0 0 1 1
20.5 0 1 1 3 1 6 3
21.5 S 1 0 -4 - 1 7 4
22:5 12 13 4 - 8 4 41 13
23.5 16 11 4 10 7 47 16
24.5 3471 - 22 9 11 -9 85 34
25.5 - .80 45 8 16 6 154 80
26.5 148 69 15 29 6 267 148
27.5 166 139 34 20 5 363 166
28.5 117 146 44 12 363 146
29.5 58 99 59 68 12 295 99
30.5 50 69 67 97 24 307 97
31.5 44 56 46 82 25 253 82
32.5 25 46 38 6 51 236 76
thoes 3325, s i s @D ). 34 33 61}nis Tz 200 ] r. 2. 61 - = = =
34.5 8 30 30 41 45 155 45
35.5 17 29 20 38 32 136 38
36.5 Ml 17 14 31 25 98 31
37.5 6 11 9 21 22 69 22
38.5 4 4 7 10 21 45 21
139.5 Tl 4 3 10 5 30 104 :
40.5 4 2 6 6 8 - 25 8
41.5 | 2 7 3 2l . 5 19 .7
42.5 20) 2 3 2y ... 3 10 3
43.5 1 2 1 4 4 12 4
44.5 1 1 1 1 11, 5 1
45, i -0 22 0 b 1 -7 4
46. 0 0 0 1 0 1 1
|47, 1 0f. .0l 0 0 1 1
48.5 0| 0 0 ol 0 ] 0
49.5 0 0 0 0 0 0 0
150.5 0 1 0 0 0 1 1
' |Total’ 838 867 460 699 378| 3242 :
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1.3.4.12 SEAFISH sole

The experimental fisheries were conducted with multimonofilament trammel nets using 5 mesh-
sizes between 97 mm and 128 mm..This imply that the smallest mesh-size used in SEAFISH’s
experiments were considerably higher than what was used in the sole experiments of the two
other participating institutes ( the smallest mesh-size was larger than the tree smallest mesh-sizes
used by DIFTA and IFREMER). The mesh-sizes are also large when judged in relation to the
catches as more than 50% of the catches deriyed from- length groups below the estimated modal
length of the smallest mesh-size. A total catch of 1945 sole were taken in four experiments. The

catches were rather low in the first and fourth experiment (_321 and 177 fish, respectively).

The fit between the observed and predlcted catches were of varylng quahty but generally
acceptable for the experiments and mesh-size were a reasonable number of sole were taken
(Appendix B). When companng the selectlon curve with the estlmated selectron from individual
length groups a fair correspondence was found for the ascendmg part of the selectlon (fig. 3.24).
~ However, for length exceedlng the modal length a very considerable amount of variability is seen
‘m the selectlon estimates derived from the individual data pomts When scrutinizing the selectlon
‘plots from the individual mesh sizes (Appendix B) it appears the hlgh variability stems from cm

groups from 33 cm and above. Few soles of this size were taken in the catches (Appendlx B).

The overall modal value was estimated at 3.11 ranging from 3.03 to 3.18 in individual experiment
(table 3.29). The overall spread was found at 0.33 (range 0.26 to 0.36). CI and C2 were both
estimated at low values for all experiments. In general , the selection curves estimated from the

individual experiments are fund relative similar (ﬂg.3_.25).'

The use of large mesh sizes in the expenments is reﬂected when compllmg the amount of .
information available for estimating the nght most part of the selection curve (table 3.30). Only

0.7 % of the total catch (equ1valent of 14 soles) were taken to the right of k+2st.

Width information available from the third experiment showed that the ratio between 2*width and

the mesh perimeter for sole taken at the modal size were found at 0.66 and 0.93 for width




measured at the gill and at the pectoral fin, respectively (table 3.31).  These values are similar to
what was estimated by DIFTA and IFREMER. That 2*width is found smaller than the mesh

perimeter may be caused by the enmeshment not taking place with the mesh perpendicular to the

length axis of the fish.

Table 3.29 - SEAFISH sole. Selection parameters estimated.from the tptal catch infqnnation and

from the individual experiments.
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Experiment
All exp_1 -L exp_2 1 exp_3 1 exp_4

-------------------------- LR Rt L L R P Y T L LR L
Estim-| Std. |Estim-| Std. |Estim-| Std. Estlm Std. [Estim-| Std.
ate Err. ate, Err. ate Err. | ate Err. | até | Err.
...... F et Nppaty Bnrui A Npnpiupaytyl SERERgaPINY SUupeiy SR B O
Trans. |Trans.|Trans. |Trans. {Trans. |Trans. {Trans. |Trans. |Trans. jTrans.
Scale |Scale |Scale [Scale |Scale |Scale |Scale |Scale |Scale |Scale
...... L L e R L il Sl Sl LT TR Y T
3 112 0 018 3. 088 0. 037 3.129| 0.033] 3. 182| 0. 049 3 031 0.030
...................................................................
0. 333 0. 010 0. 3291 0. 022 0.343 0.018 0. 3631 0. 024 0. 259L 0.020
0. 006 0. 0021 0. 0021 0. 009| 0. 000 0. 000 0.009] 0.004] O. 000 0.000

Table 3.30: SEAFISH Sole. Proportions (%) of the catches taken in various parts of the selection
‘curve. The selection curve is divided into size intervals of one spread measure (s¢) arranged

relative to the. modal value (‘0 st’ correspond to the modal value).

Nno.
no.
no.

<-4 St}<-3 St <=1 st< 0 St|< 1 St|< 2 St(< 3 Stf< 4 st
>:5;St >=A:St >=3.St|>=2- St.>’1ust >-0.8t)>.1.5t}>..2. 8¢ |>. 3. §t.
P L LT TR, e Y LT e ma- L L L L
Nos 1n|Nos ln Nos in|Nos 1n|Nos in|Nos in Nos ln[Nos in
------------ b bttt Selabiadint Sefebii oottt dedefoiuindoh St Eedots talefet it 4
Pct. LPct. LPct. Pct. LPct. j Pct. J‘Pct.“ Pct. LPct.

--------------------- L L LT TR TRY T s

0.3 0.9 6.91 19.9| 45.8| 19.6 5.6 0.6 0.3

0.0f . 0.9 5.6 ~19.8].51.8] 17.2 3.9 0.6 0.1

0.3 2.7 13.6} 28.5| 40.6| 12.3 1.7 0.2 0.2

0.0 1.1 1.7] .20.9] 44.6] 24.3 5.6 1.1 0.6
s amaa L T T SEL TR R ST L TR e IE TR T L

0.2 1.5 8.2| 22.9| 46.4| 16.6 3.6/ '0.5] 0.2

|Nos 1n|Nos ln

< 5 St
>4 St .3
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Table 3.31 : SEAFISH sole. The ratio between 2* measured width at the modal length and the

mesh perimeter for the different mesh sizes used. ‘Nos’ indicate the number of . girth
measurements ' ’ ' o

Measurement at
TEill | Pect.
Girth l Girth
“Average | Average
Ratio l Ratio Nos
Mesh-size camy | | 7
or 0.6611 0.940| 22
O O N
L |08 o.9m| .7
L |08 o.es4] ¢
L J...0:8%9) o957
Overall average |  0.662] 0.932| 52
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Fig. 3.24. SEAFISH sole. A comparison between the estimated selection curve and the selectlon
calculated for md1v1dual data points (cf. Eq. 2.5)
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Fig 3.25 : SEAFISH sole. Plots of the selection estimated on the basis of all experiments and from
the individual experiments.

Selection
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1.4 Discussion

1.4.1 Model and estimation

Gill-net selection is usually estimated by indirect procedures. These methods are based on
comparison of catch at size information from several mesh-sizes fishing simultaneous. Its is
further necessary to assume how the catches in different mesh sizes are related. The present

analysis makes three assumptions:

1) The selection curves, i.e. retention as a function lengtﬁ,' for different mesh sizes have the same
form when normalized with a function of mesh-size. This means that the selection process can be
described by the principle of geometrical Similérity as formulated by Baranov (1948). The simplest

assumption is that gill-net selection only depends of the ratio between length and mesh size.

2) Fishes of the same size are equally available to all the mesh-sizes used and that the catch is

proportional to the effort exerted by the different mesh-size.

3) The fishing power of different net sections, i.e. the catch efficiency per net-unit and per time

unit should be equal.

The first assumption, the principle of geometrical similarity, can be derived from isometric growth,
i.e. when all body proportions grow with the same rate. The isometric growth assumption was
checked through a number of fish where length, girth and width was measured. The statistical fit
to an allometric growth model, however, while being significant at a 5 % level, was only marginal
better than the fit to an isometrical growth model (table 3.2, figugres in Appendix C). This imply
that the errors associated with assuming an isometrical growth will be small and hence that the

Baranov transformation is justified.

‘The second assumption, the equal availability of fish of similar size to all nets, was achieved by
including the net length in the model assuming a direct proportionality between nét length and

effort. Also, in all e’xperimehts the order of nets of different mesh sizes have been arranged at
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random to restrict any effects regarding the position of mesh sizes within the net series.

The third assumption, the equal power between nets, is usually made in gill-net selection work
but may be questionable in some situations. Hamley (1975) notes that the changes of cotton yarn
to nylon yarn and later to monofile could be attributed to an increasing fishing power of these new
materials. For _g'ill nets Baranov (1948) assumed that the fishing power depended on the ratio
between twine diameter and mesh size. A number of comparative studies using simi]ar mesh sizes
of different twine thickens indicate that gill-nets of thinner twines catches better than coarser
twine (see Hovgard, 1996b, for a review). Hovgard inferred large power differences from
substantial differences in the catch rates from gill-nets of rather similar mesh-sizes and estimated
the power differences but had to rely on auyriliary;assumptions.-ln the present study differences in
power were found between the two types of trammel nets u:sed for sole by IFREMER and power
differences were also inferred between the different meshrsizes. of the multimonefile nets. Very
little is known on the factors of importance to the fishing power of trammel nets and it is therefore

not possible to adjust the catches in the multimonofile experiments to common power standard.

Gill-net selection has been modelled by uni-modal selection curves either being symmetrical (e.g.
Holt, 1964) or skew to the right (e.g. McCombie and Fry, 1960, Gulland and Hardlng, 1961,

Reiger and Robson 1966). Bi-modal selection curves have been suggested i in, several studies
(Hamley and Reiger, 1973, Hovgard, 1996 a,b). The present study uses a flexible formulation of
an .uni-modal selection curve which can take both a symmetrical and a skew form. In contrast to

previous. approaches the model includes factors to describe catches taken non-selectlvely, ie.

- where the ﬁsh srze do -not. relate to. the mesh-size.- ThlS was mtroduced to account for catches of . . .

fish below the modal size of the smallest mesh whlch occurred across all mesh sizes.- Such catches
were seen in several expenments most notably in the experiments for cod. In the first and forth
cod experiment conducted by DIFTA it was observed that these small cod was attached to the
netting by their teeth. The model formulation used in the ﬂnal analysis includes two constants C1
and C2 to describe non-selective catches below and above the modal length, respectively. This
formulation was argued because it was found unreasonable to assume the same probabilities of
non-selective catchabilities for sizes of ﬁsh which could pass throug_h the mesh and fishes which
were hindered in such a passage by their size. From the present data it can not be ascertained that

the catches of fish considerable larger than the modal size is taken non-selectively as almost
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equally good fits could be derived by modelling the selection to the right of the modal length by
‘assuming a continuos declining selectivity (table 3.1, fig 3.1). However, in experiment targeting
juvenile cod by using small mesh-sizes (3.3-6.8 cm, stretched mesh) Hovgard (1996b) found no
trait of mesh selection in the by-catch of large individuals of American plaice (Hippoglossoides

Dlatessoides) and hence described these catches by as being caught by constant non-selective rate.

The procedure used to estimate the selection parameters is based on the approach used by
Hovgédrd (1996a). However, the non-linear regression used differed as a square root
‘transformation was applied in the present analysis. This change implied a considerable

improvement in the distribution of the residuals.

The observed caches and the catches predicted from the non-linear regression generally
- corresponded reasonably well. There were however considerable uncertainty on the estimate of
the part of the selection curve to the right of the modal value due to relatively few fish taken at
sizes above the modal length. The scarcity of these sizes of fish is attributed to a non optimal
‘match between the mesh-sizes chosen and the stock size distribution, i.e. that too large mesh-sizes

were used.
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1.4.2 The estimated selection curves for the individual species

Gill net selection of cod have been estimated by using uni-modal selection curves by Hylen and
Jacobsen (1979) and Clay (1981) and by bi-modal seléction curves by Hovgard (1996 a).
Hovgérd argumented the bi-modal selection by the fact that two peaks were apparent-in the catch
length frequency distributions and that these two peaks could be associated with cod being gilled
and wedged by their maxillae (Hovgard 1988, 1996a). He noted that the identification of the
mode associated with the maxillar catching was made possible by the fact that he, in contrast to

Hylen and Jacobsen and Clay (op cif) used small mesh-sizes which resulted in that a large number

“of cod were available to estimate the part of the selection curve to the right of the modal value of

the gilling catch process.

During DIFTA’s forth cod experiment it was observed that the smallest cod were attached to the
nets by their teeth, that medium size cod were gilled and that the larger cod were wedged around
their maxillae. For this reason attempts were made to describe the selection by a model

accounting for the three observed ways of catching, :

Selection= (g +B *Q,, + Cl (Eq.4.1)

where @y | Paxilae Signifies normal distributions (N(kZ,s¢1) and N(k2,s¢2) ) describing cod
being gilled and enmeshed around their maxillae. The parameter ‘B’ indicate the efficiency of

maxillar catching relative to gilling and C1 is used to account for the non-selective catches.

The selection plot derived from this model (fig. 4.1) show a considerable amount of scatter around
the selection curve to the right of the first mode and it seems questionable to apply a model using
three parameters (B, k2, st2) to describe this part of the selection curve. The uncertainty regarding
the right portion of the selection curve is also evident when comparing the estimated parameters

and the selection curves derived from the analysis of the individual experiments where
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considerable differences are seen between the four experiments (fig. 4.2 and table 4.1).

Table 4.1 Parameters estimated for DIFTA’s cod fisheries by the two modal selection model given
in equation 5.1.

Scale |Scale [Scale |Scale |Scale |Scale |Scale |Scale Scale |Scale

---------- L e L R et SEL LR R ERE PR T
Parameter

K1 4.324] 0.011] 4.4851 0.016} 4.213] 0.012] 4.234] 0.012] 4.531] 0.018
---------- R D bl bl e ik DL L R Dl L bbbl Akt b
K2 | 5. 463[ 0. 095| 5. 6C°' 0. 100] 5. 175] 0. 044[ 5. 351| 0. 170| 5. 698| 0.083
---------- Feocvmcnpemecna ------+------ R Ry L s L E LR T
ST1 | 0. 278[ 0. 010| 0.232 | 0. 016| 0. 269] 0. 010] 0. 268[ 0. 012[ 0. 268| 0.017
---------- LR L S L R R AL s L Rl SRR SEEE LR SRR R SRR EEL S LR
ST2 | 0. 620] 0. 099] 0.&- :[ 0. 095] 0. 119[ 0. 045] 0. 642| 0. 202] 0. 277[ 0.107
---------- Ea e LR et Lt Al DRl At et Sl O DEL DAL L SE LDt
B | 0. 257] 0. 021] 0.-.1] 0. 038] 0. 121| 0. 047] 0. 184] 0. 024| 0. 222] 0.066
---------- LR LR LR Lt L R el DL R e SR P E RS R R s L L
c1 ] 0 069] 0 004[ 0.,'01 0 006[ 0 050] 0 006| 0 052[ 0 004] 0 120| 0.015

Fig. 4.1 : The estimated s=lection curve and the selectlon values calculated for individual data
points when using the model given in eq. 4.1.
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Fig 4.2. Plots of the selection curves estimated by the model given in eq. 4.1 based on all

experiments and from analysis of the individual experiments

44—

Salaction

The bi-modal model is argumented by fish being caught at two positions of the body and one may .
hence evaluate wether the girth at the two estimated modal lengths matches the rnesh perimeter.
Assuming that the gilled and the maxillar caught cod in a particular mesh size (MS) have the same
girth (i.e. Girthy = Girth, .5, ) one may relate the girth at the two modal values by the eqﬁation

MS*k1*ay = MS*k2*a,,, g, => k2/k1 = ay /2

where a; and a,,,,, are the proportionality ccnstants betweenl,ength and girth measured at the
gills and the maxillaries, respectively. The ratio ay /ag,mﬂar ere found at 1.50 for DIFTA’s
measurements (in comparison SEAFISH’s cod data leads to a ratlo "cf 1.51) which implies that one
from geometrical considerations of the fit between glrth and mesh perimeters should expect that
the modal size of the maxillar cod isto be found at-1. 50 t1mes the modal size of gilling -In the
work on cod in Greenland waters Hovgard ( 1996a) estlmated the modal values of gilling and
maxillar enmeshing at 4.74 and 6.99, respectlvely, leadmg to a ratio of 1 48 i e. at the expected
value. However the analysis of DIFTAS’s data leads to a ratio between the estlmated modal

values of 1.26. The estimated modal value for gilled cod is reasonable as it corresponds to a girth-
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perimeter ratio of 1.01, i.e. that peak gilling occurs when the girth slightly exceeds the mesh
perimeter. The estimated maxillar modal value corresponds to a girth-perimeter ratio as low as
0.85, i.e. that the girth at the estimated modal lengthlis to small to small to allow the fish to be
retained by the mesh. This indicate that the modal value of the maxillar catch process is
significantly underestimated. This may be related to the lack of the la’rgerv fish available. The
expected modal value associated with maxillar enmeshment corresponds to a size of cod 7.6
spread measures above the modal size of gilling. Only 4% of the total catch catches was taken

above the modal value of gilling plus 5 spread measures

Although it is quite likely that the larger cod are selectively taken by enmeshing around the
maxillae as suggested by DIFTAS visual observations and as seen for the cod in Greenland this
catch process can not be adequately estimated from the present data. For this reason the bi-modal

model was not used in the final analysis.

The estimated selégtion curves ffom,DIETA and SEAFISH directed cod fisheries and from the by-
catches in DIFTA’s plaice and sole fisheries show considerable differences with regard to the level
of non-selective catches taken to the right side of the modal value (fig.4.3). As described in section
3 this part of the selection curve is estimated with a considerable uncertainty especially for the
SEAFISH data and for the two by-catches. This uncertainty is also evident when comparing the
estimates derived from the individual experiments (table 4.2) where the parameter C2 ranges ffom
0.07 to 0.28 and from 0 to 0.90 for DIFTA’s and SEAFISH data respectively. The modal length
(k) is estimated at 4.33 for the DIFTA data as opposed to 4.55 for the SEAFISH data but an
overlap in modal values is seen when comparing in the estimates derived from the individual
experiments. The spread of the selection curve (s7) is found soméwhat higher for the SEAFISH
data (range 0.28 to 0.49) than for the DIFTA ‘c.iat.a”(range 0.26 to 0.27). The estimated levels of
non-mesh size dependent selection below the‘rhodal‘ value (CI) is found similar for all four

fisheries studied with averages rariging from 0.07 to 0.11.

The modal values estimated in the present study agrees whit what have been found previously for
cod. Hylen and Jacobsen (1979) estimated the modal value between 4.61 and 4.83 dependent on
the net material. Clay (1981) estimated it in the range 4.1-4.6 dependent on the estimation

procedure. For cod in Greenland Hovgard (1996a) estimated the modal value for gilled cod at
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4.74 and the spread associated with the gilling at 0.33.

Table 4.2 . Estimated selection parameters from the analysis carried out on the cod data.

Institute  Target species Gear Experiment K st Ci c2
DIFTA  Cod " Gillnet Al - 433 028 0,07 021
1 450 026 - 0.06 0.28
2 421 027 0.05 0.07
3 423 027 . 005 0.18
4 452 026 0.12 0.16
DIFTA Plaice Trammel ~ All 446 021 0.1 0.51
DIFTA  Sole ~  Gillnet A~ 462 026 010 035
SEAFISH = Cod = ~ Trammel Al =~ 455 035 008 055
N | 1 474 033 0.0l . 000
2 443 028 0.08 0.90
3 489 048 006 __ 014
4 457 7040 010 " 0,67
5 442 029 0.10 0.56
6 484 043 0.03 0.01
7 475 049 007 001

Fig 4.3 : The estimated selection curves from the different cod fisheries.
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1.4.2.2 Hake

The data available for éétimating the selection curves for hake most be considered as of poor
quality. For the data provided by IFREMER this is caused by the low number of fish caught (1645
ﬂsh). For the catch data provided by SEAFISH a poor match was found between the mesh-sizes
used and the size composition of the catches (table 3.15) which resulted in a considerable scatter
around the selection plot (fig. 3.11). The estimated selection curves must therefore be cbnéidered

as being imprecise.

The estimated selection curves based on the data provided by the two institutes differs
considerable with respect to the right most part of the selection curves due to different levels of
non-selective catches (C2) above the modal values (fig.4.4). As described in section 13 this part
of the selection curve is estimated on a low number of fishes caught - 95 and 24 hake, respectively.
Both the modal value (K) and the spread (s?) is estimate somewhat higher .fo'r the SEAFISH data
than for the IFREMER datar (fablle 4.3). For both data sets the levels of non-mesh size depended

selections below the modal value (C1) are found low.

Table 4.3 . Estimated selection parameters from the analysis carried out on the hake data

Institute | Ta‘rg.et species Gear E".xpérirrflent‘ K St cTL  C2
TFREMER  Hake Gilnet Al 643 0.77 0.05 023
1. 638 081 . 012 022
| | 2 644 071 0.02 0.35
SEAFISH Hake Gill-net  all 681 101  0.00 0.00
' 1 656 - 0.67 000 .- 0.00
2 705 119 0.00  0.00
3 665 081 002 005
4 667 079 001 008
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Fig 4.4. The estimated selection curves from the different hake fisheries.
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1.5.2.3 Plaice

The selectton curves for plalce are found smnlar for the d1rected ﬁshenes and the by-catches in the

~cod and sole ﬁshenes (fig. 4. 5) -Except for the lst expenment in the dlrected plalce ﬁshery thlS -

sumlanty is also found in the parameter estimates of the individual expenments (table 4.4). The
number of platce caught was very h1gh in both the directed fisheries and in the by-catch in the
sole ﬁshery (17162 and 3405,, respectlvely) and for this reason an reasonable number of plaice
were.available to estimate thele_vel of non-selective catches (C2) above the modal length ( 480 and
23 5 “pléi‘ce, ,respectively‘).. I‘n‘all experiments the level of nen_—selective catches to the left of the

modal value were found very low - CI ranging from 0 to 0.02.

The aggregated catches for the first and second directed plaice experiments have previously been
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analysed by applying a range of different estimation procedures (Holst and Moth-Pbulsen, 1995).
In these analysis the estimated modal value ranged from 2.40 to 2.69. Besides this work no other
_ estimafes of gill-net selection of plaice is available in the literature. Compared to other flatfishes
the modal value for plaice is found low as the modal value for halibut is found at 3.2 (Olsen and
- Tjemsland, 1963) for Greenland halibut at 3.4 (Boje and Hovgard, 1995) and for sole at about 3.2
(this report).

Table 4.4 . Estimated selection parameters from the analysis carried out on the plaice data

Institute  Target species Gear - Experiment K St. Cl Cc2
DIFTA Plaice Trammel All 2.51 0.31 0.00 0.14
1 2.53 0.14 0.02 0.39
-2 '2.54 0.23 0.02 0.16
| ‘ 3 2.46 0.32 0.00 0.14
DIFTA Cod Gill-net  All 2.53 0.37 0.00 0.23
DIFTA Sole Gill-net All 2.63 0.36 0.00 0.14

Fig 4.5. The estimated selection curves from the different plaice fisheries
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1.4.2.4 Sole

Several problems were encountered in the analysis of the sole data sets. For the IFREMER
multimono nets the assumption of equal fishing power between nets was not full-filled and the
estimated selection curves from: this fisheries were “therefore considered unreliable. For
SEAFISH’s sole fisheries the mesh sizes were large in relation to the stock size composition as
revealed by the fact that more than 50% of the catch were taken below the modal length of the
smallest mesh. Considering the relative low catches in this fishery (1945 fish) this implies that only
about 400 fish were available for estimating the selection at or above the modal value and the
estimates may therefore be considered imprecise. Also the analysis based on DIFTA’s by-catch

in the cod fishery.should be interpreted with great care as it is based on a catch of only 551 fish.

. The Tésiimated :séléction curves and Ms'él:éction pafameters are given in fig 4.6 and table 4.5
respectively. The estimated modal values (K) ranges from 3.03 to 3.29 where the lower value
étexﬁs ﬁ'bm' the qﬁésfionabié.eé-ti-l;\a;te ﬁ'orﬁ the by-catchm fﬁe cod ﬁ‘shery. The spread (s¢) and the
level of ‘non-mesh dependent selection of the fish below the modal value (CI) are estimated at
abouit equal levels in all experiments at values of 0.25 and 0.02, respectively. The level associated
with of non-selective catches (C2) is estimated in ranges from 0.00 to 0.52. However, only the
data from DIFTA’s directed fishery and for the fishery by IFREMER contain a reasonable

numbers of fish relevant for the estimation of C2.

Fig 4.6 . The estimated selection curves from the diferents sole fisheries.
12
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Table 4.5 . Estimated selection parameters from the analysis carried out on the sole data.
The estimates from the Multimonofilament experiments conducted by IFREMER is not
included as these estimates are not considered reliable.

Institute  Target species Gear Experim_enf K st.  Cl . C2
DIFTA Sole - Gillmet 1 - 329 025 0.04 023
DIFTA Cod Gillnet  All 303 025 0.02 0.07
DIFTA Plaice Trammel All 318 030 0.04 0.01
IFREMER Sole .  Trammel Al 326 023 001 052
o T 1 328 021 002 0.61
20 331 024 002 042
3 319 022  0.00 0.83
4 321 022 0.01 0.41
SEAFISH Sole . . = Trammel Al 3.11 033 ... .0.01 0.00
SR e 1 3.09 033 0.02 0.00.
2 313 - 034 0.00 0.01
3 318 036 . 0.01 0.00
4 - 303 026 - 000 007

143 ,The match between the stock size composition'and.the. mes_h_‘]s'iz,es o

Con51derab1e uncertainties have been found with regard to the estimates of the part of the
 selection curve to the right of the modal value This was most thoroughly mvestlgated for the cod
catches prov1ded by DIFTA (section 5.2.1) where auxiliary observations on how individual fish
were caught could argument a bimodal selection curve as previously used on cod by Hovgard
(1996a) However, the estimated parameters relatlng to the maxﬂlar enmeshment were found
: unreahstlc which could be attributed to the very hmlted amount of catches avallable for estlmatlng
the selection of the maxillar caught cod The uncertamtles were however found for all ﬁshenes
studled as revealed by the selection plots and seen when companng the selectlon curves
estlmated from 1nd1v1dual experiments which commonly dlﬂ‘ered con51derably for fish sizes ab ove

the modal value.

In the resuth section the scarcityof the larger fish available to estimate the right most part of the
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selection curve have been expressed by the number of fish taken to the right of the modal value
plus 2 spread measures as these sizes'constitutes,the part of the catch data which mainly inﬂuence
form of the right most section of the selection curve. In most cases references were also made to-
the estimated stock s1ze distributions given in Appendix C. The match between the mesh sizes used
and thestock size distribution is presented in a more con.densed form in table 46 Except for
DIFTA cod less than 6% of the estimated stock are available for estimating the right most part of

the selection curve.

Table 4. 6 The proportlon of the total estlmated stock abundances available to estimate various parts
of the selection curves for the experiments covered in the present study. The selection curve is
divided.into size intervals of one spread measure (sf) arranged relative to the modal value (‘O st’
correspond to the modal value).

Size'classes T >=5 St]>-4 St|>-3 st|>-2"st]>-1 st|> 0 st]> 17st|> 2 st]> 3 st]> 4 st|>5 st
‘ <=5 St|<-4 St|<-3 St|<-2 Stf<-1 St|< 0 St|< 1 St|< 2 Stf< 3 St|< 4 St|< 5 St
------ L i ettt T R T LT T T rr Sy ap AR Uy U S
Pct. | Pet. | Pet. | Pct. | Pct. ‘| Pct. | Pct. | Pet. | Pet. | Pet. | Pet. | Pet.
---------------------- B e e et T et r L L rort TURIEpR P SupRp RS SRR SA R
Species | Institute
Cod IDIFTA 32.0] 12.2} 10.9 8.6 8.0 7.1 6.0 3.6 3.0 2.0 1.9 4.8
Cod ISEAFISH 5.2 16.2{ 20.2| 19.3} 14.7| 10.0 5.0 3.6 2.5 1.5 0.9 1.0
Hake |IFREMER 0.4 3.7 12.5] 19.7] 22.1} 17.6] 11.6 6.7 3.4 1.5 0.5 0.3
Hake ISEAFISH 3.4 58.7]1 27.1 4.6 2.9 1.9 0.9 0.3 0.1 0.0f 0.0 0.0
Hake ]IFREMER'“" ol 3cr s ear |z sl s sirl s 1s) os) 03
Plaice |DIFTA 0.0 0.8 5.6 14.6] 25.6| 21.3] 16.7 8.4 3.5 1.9 0.8 0.8
Sole |orm - 5.9| 15.7| 20.6] 19.3| 15.0f 11.8] 6.5 3.2| 1.3] 0.5 o0.2|. 0.1
Sole-MF IIFREMER 8.2 13.3] 21.6 » 17.7f 11.6 9.6 7.1 4.4 2.8 1.7 1.0 1.0
Sole lSEAFISH 0.0 9.0] 21.6] 20.0] 18.9] 1.3| 4.7] 1.8] 04| 0.2] 0.1] 0.0

At the initial prOJect meetlng where the expenmental planmg was d1scussed 1t was notlced that 1f
small mesh-s1ze was included thrs would possrble lead to hlgher catch numbers (as small ﬂsh are
generally more abundant than larger ones) and that 1t would also lead to a better resolutlon of the
part of the selectlon curve to the nght of the modal value However at the same time 1t was felt :
unreasonable to base the study on mesh sizes srgnrﬁcantly below those used commercxally asit
could be questioned wether parameters derived from small mesh-sizes could be applled to the

mesh sizes actually used in the fisheries. For this reason the actual choice of mesh sizes were to
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be chosen by the institutes conducting the practical fisheries as these institutes had the best

knowledge of size structure of the various stocks and the mesh sizes used in the fisheries.

The present study indicate that for future studies more emphasis should be given to optimizing the
ranges of mesh-sizes used in relation to the actual stock size distribution. This may require trawl
trials using small meshed cod-ends to indicate the abundance of various sizes of fish in the areas

where the gill net selection experiments are to be carried out.
1.4.4 Evaluation of differences between net types.

The fisheries have been conducted with net types and net riggings that is typically used in the
commercial fisheries in the different countries. This implies that the nets have differed with respect
to a range of factors such as net dimensions, net material, hanging-ratio, net types (gill-net vs.
trammel nets). Therefore, it is not possible to relate the differences in the estimated parameters

- found between the experimental fisheries to particular aspect of the net design.

In most cases, however, systematic differences are found between the estimated parameters
derived from the analysis on the data from the different institutes. This is indicated in fig. 4.7
which summarize the spread and modal value estimated for the individual experiments by specie
and institute. For sole, for instance, the estimates based on the SEAFISH data show larggr spread
and smaller modal value than the estimates from DIFTA and IFREMER. For cod the estirhates
from DIFTA’s experiment may‘ generally be distinguished from the SEAFISH estimates by a
lower modal value and a lower spread. It is probable that these differences are caused by the

physical differences in the net construction.

It is a general held opinion that trammel nets are much less selective than gill-nets which is
argumented by differences in the catching processes - i.e. fish are enmeshed in gill nets whereas
the catch in the trammels are caused by the fish being held in pockets of inner net pushed through
the larger meshes of the outer net. In the present study little difference is seen between gill-nets
and trammels with regards to the selection below the modal value. This is reasonable as the lower

boundary of the selection is related to the ability of the fish to pass through the net openings. As
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for the selection above the modal values there are indications of a higher level of selection in the
trammels for both cod and sole but an unambiguous inference is impeded by the uncertainties in
the estimation of the right moét part of the selection curve. For plaice, where large catches was

available from the directed fisheries using trammel nets as well as from the by catch in the sole éill |
net fishery, little differences is seen between the estimated parameters obtained from gill-net and

trammel net (table 4.4).

Fig4.7. The estimated modal values and spreads from the individual experiments in the fisheries
for cod, hake, plaice and sole. The estimates derived from the by-catch data is not included.
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1.4.5 Future research

Gill nets have traditionally been used in most European fisheries and have been increasing in
importance in several European fisheries in the most resent years. From a management point of
view gill net posses the virtue of being highly selective which implies that mesh size regulations .
may be expected to be efficient in the regulation of the fisheries. However, surprisingly few studies
have been carried out on the mesh size selection of gill nets towards the corﬁmercia] important
marine fishes found in European waters. For these reasons more research effort may well be
directed to estimate the mesh size selection of gill nets. More research should also be considered
regarding the importance of the design parameters of gill nets and ffammel _ﬁets_ vx"here‘ little is

known both with regard to selection and to fishing power.
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2. Evaluation of effects of mesh size changes in North Sea gill net

fisheries

2.1 Introduction

The present section contains an evaluation of the effects of mesh size changes for North Sea
gill net fisheries on yield and biomass of cod, plaice and sole usmg the above analyses of gill

net select1v1ty and the se1ect1v1ty model developed

The eﬂ‘ect of mesh size changes is evaluated for the Danish North Sea g111 riet ﬁshery, thch

the most important one in that area.

Total landings and the value of the Danish North Sea gill net fishery landings for 1987-1995
are shown in Table 2.1.1 and Figure 2.1.1. It appears that both the weight and the value of the
landings have been increasing since 1990. In 1995 the landings were about 21000 tonnes with

a corresponding value of 293 millions DKK.

The evaluation compares equilibrium yield and spawning stock biomass for a baseline
characterized by using the present mesh size where scenarios with mesh size is changed. The
equilibrium situations occurs after about 5-10 years such that the comparisons should be

considered as medium term changes.

2.2 Material and methods

2.2.1 Identification of gill net fisheries

The Danish gill net fisheries have been analysed and-described for the period 1987-1993. The
analyses are based on a comprehensive database describing the Danish North Sea fishery by
each individual trip. The database is established by a cooperation of the Danish Ministry of
Fishery and DIFRES. Data stem from four main sources: 1. Sales slip for landings providing
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catch data by vessel trip, marked size category and species. 2. A vessel register containing
vessel characteristics. 3. Log books including spatial distribution of catches, effort and gear
information. 4. Biological data providing data for age length keys and species composition in
industrial landings. These four databases were combined. The combined database used in the

present analyses contains the following information by each vessel trip:

Vessel size category

Gear and mesh size

Year, month and date of the landing

Landing category (human consumption or industrial fishery)
Landings by weight and value by species

Days absent by ICES statistical rectangle

Only vessels greater than 10 GT are included in the database. The landings corresponding to

these vessels constituted the main part of total landings. -

Cluster analysis was used for classification of landings into groups homogeneous with respect

to the species compositions in terms of weight. Only the relative distributions were considered.

Hierarchical cluster analysis was applied. The basic idea in hierarchical cluster analysis is that
~ each observation (the relative catch composition) forms a cluster by itself. The two closest
clusters are merged to form a new cluster that replaces the two older clusters. Merging of the

two closest is repeated until only one cluster is left.
The SAS centroid CLUSTER procedure (Anon., 1989) was used for the calculations.
In the calculations it has been assumed that the distance between two clusters is defined as the

squared Euclidian distance between their centroids or means. The methods used has been
described in detail by Lewy et Vinther (1994) and Anon. (1989).
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2.2.2 Evaluation of effects of mesh size changes

The Danish gill net fleet, which is the most important one in the North Sea, has been selected
for the evaluation of effects of mesh size changes in North sea gill net fisheries. The evaluation

of these effects has been Carried out by comparing long term yield of a baseline situation;

where no future change in mesh size is assumed, and scenarios with specified mesh changes.

The comparisons of baseline and the scenarios have been conducted as follows:

1. The comparisons have included the species cod, plaice and sole, which are the

most important species in the Danish North sea gill net fishery.

2. A multispecies VPA has been run in order to estimate stock size and fishing
-mortality for the 10 species included. This. VPA. corresponds to the keyrun of -
- ICES Multispecies Working Group in 1993 described by Anon. (1994), which
gives the input to the model and assumptions made. The terminal year of this

analysis is 1991. Stock number at the start of 1992 and fishing mortalities for

1991 estimated and used for predictions are shown in the Tables 2.2.1 and 2.2.2. . .

3. In order to estimafe partial fishing mortality for the Danish gill net fisheries for
cod, plaice and sole the catch in numbers by fishery, quarter and age have been
calculated for 1991 using the cluster analysis described above for defining the
fisheries. As the by-catches of other species than the target species was negligible

only the target species in the three fisheries have been considered. Catchin = .: . =

numbers by fishery, quarter and age for the Danish gill net fisheries in 1991 are
given in Table 2.2.3. ‘ ‘

4. ‘Partial fishing mortality by target species, quarter and age for the Danish gill net
... . fisheries -has.been calculated as the proportion.of:the Danish.gill net-catchin - ...
numbers to total international catches multiplied with total international fishing

mortality.

5. The evaluation of the effects of mesh size changes in the three gill net fisheries on
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_ cod, plaice and sole has been carried out in the following way:

For the baseline situation fishing mortality has been assumed to be unchanged in
the predictions such that the rate of exploitation and the exploitation pattern as
estimated for 1991 have been assumed to constant for both the Danish fisheries

and the rest of the fleets.

Scenarios defined by specified mesh size changes in the three fisheries considered
-‘have been defined. For each scenario and target species fishing mortality at age

- has been changed according to the change in selectivity caused by change of

" mesh size. This change of fishing mortality utilizes the gill net selectivity models
developed in section 1, the parameters estimated for the target species considered

and the mean length at age shown in Table 2.2.3.

The change in fishing mortality for a specified scenario is simply calculated as

Fminsge= Fonstnnags * S0 g » TS SiZ€ i) / (1, Mesh 5iZ8,0)
where |
Fbas¢1ine,age indicates fishing mortality at age in the baseline
situation

F conario age indicates fishing mortality at age in the scenario

s0 | indicates the estimated selection model

g indicates mean lehgth at_agé :
mesh Size_ . . indicates mesh size for the scenario defined

For the baseline situation and for each of the s‘cénarios}'ﬁred'ictionsﬁof yield and
biomass have been made for ‘ea'c‘h- }of the tafget species.. Tﬁe prediétions are
equilibrium predictions carried out for a range of year where the stock has
reached the state of equilibrium. For each of the scenarios and target species
equilibrium biomass and yield for the Danish fleet and the rest of the fleets have

been compared to the equilibrium of the baseline situation.
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The so-called 4M model developed and described by AIR-project (1994) has
been used to make the predictions. In this prediction model the gill net selectivity

- model developed has been implegented enabling evaluatlon of the effect of mesh

© size changesin g111 net fisheries.

!

In principle the model is a standard Thompson and Bell prediction model

(Thompson and Bell, 1934). However, it is a fleet based model where species

- interaction is included. For the species plaice and sole the predictions do not

- include species interactions effects as these species are not prey or predators with

- 1espect to-the species-included in the multispecies model. For cod species

interactions have been included as cod both is a prey species eaten by predators

-as for instance whiting and large cod (the cod is a cannibal) and is also a predator

itself. ...

The following scenarios have been considered:

Mesh size applied by the Danish North Sea gill net fleet in baseline and scenarios for cod,

plaice and sole

Baseline Suggested EU Low High

Cod 170 mm 120 mm 145mm | 190 mm
Plaice | 150mm | 100mm |  125mm 160 mm
R B e e e A e S S

The mesh s1zes glven for the basehne are based on the gear survey carned out 1n phase 1 of

the pl'O_]eCt and represent the average mesh size found
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2.3 Results

2.3.1 Identification of gill net fisheries

The analyses of the Danish North sea gill net fisheries showed that five North Sea gill net

fisheries could be identified. These were: -

Cod fishery
Plaice fishery
Sole fishery
Turbot fishery
Hake fishery

The species distribution by fishery and the development of landings, effort and CPUE are given
in Tables 2.1.2 and 2.1.3 and Fig. 2.1.2

Figure 2.1.2 shows that the landings of cod in the gill net fishery in general decreased since
1988; that the plaice fishery has increased since 1990 while the remaining three fisheries have
been rather stable. The effort decreased for the cod and plaice fisheries while no changes have
taken place for'the other fisheries. CPUE decreased for the cod fishery and increased for the
sole fishery. | - 4

2.3.2 Evaluation of effects of mesh size changes

Fishing mortality rate at age for baseline and the scenarios for the target species of the three
gill net fisheries considered are given in Table 2.2.5 while predicted yield and spawning stock
‘biomass are given in Table 2.2.6. It should be stressed that the results assume that all other
factors, except for mesh size changes in the Danish gill net fishery, affecting future yield and
stock size remains unchanged. This means, for instance, that the effort of all fishing fleets, the

spatial distribution of effort relative to the stock and the selectivity of other gears used remains
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unchanged in the prediction period.

Cod

The yield of the Danish gill net fleet increases when the mesh size decreases, especially the ..
yield will more than double if the mesh size is reduced to 145 mm. The gain of the Danish gill -
net fishery corresponds to minor reduction of the yield of other fleets. The reason for that can
be explained by the trade-off of growth and exploitation pattern on cod. Table 2.2.4 shows that
the cod catches mainly consist of the 2- and 3-group (51%). Furthermore, Table 2.2.5 shows
that fishing mortality for these two age groups decreases for the suggested EU minimum

scenario while they increase for the “Low” scenario.

With respect to the Spawninghstockbiomaés» only-relative small changes takes place. The

biggest change is a decrease of about 16% in the “Low” scenario.

Plaice

For the Danish gill netters the long term yield relative to the baseline is reduced for_thc
suggested EU minimum, it increases for the ”Low” scenario and it decreases again for the
“High” scenario. The reason"for the increase found in the “Low” scenario is the combined -
effect of increasing fishing mortality for the 4- and 5-group and decreasing mortalities on age
groups 6 to 8. (Age group 4 to 8 are the important age groups, see Table 2.2.4). The reduction

__in yield in the two other scenarios is due to that fishing mortality for most of the age-groups 4 .

to 8 is reduced compared to baseline.

Spawning stock biomass is only marginally affected by the change in the Danish plaice fishery
as this only make up a minor part of the total fishery (about 16 per cent in 1991).

Sole

Although the exploitation patterns are changing for the three scenarios (Table 2.2.5) it is
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remarkable that the long term yield is almost unchanged. This is due to that fishing mortality -

for some age groups goes up and some down in such a way that total yield remains constant.

2.4 Discussion

The results of the present analysis show relatlve little unpact of changes in the mesh-sizes used
in the Damsh gill net fisheries with respect to the overall y1e1d and spawning stock biomass in
the North Sea This is to some extent to be expected due to the magnitude of thJS ﬁshery in ’
relation to size of the overall international fishery. This is most evident for the sole ﬁshery

where the Danish gill net fishery is insignificant relative to the important beam trawl fishery.

For cod it was found that a considerable increase in yielci in'the gi]l—het ﬁshery 'should be
expected if the mesh-sizes were reduced. A natural question is therefore why the’ present
fishery is carried out with the use of large mesh-sizes. As far as can be inferred from talks with
the Danish commercial fishermen this is caused by the fact that the gill net ﬁshery for cod is
specifically targeting concentrations of large cod found in non-trawlable areas especially
around wrecks. For the practical fisheries it may not be economical feasible to nse small mesh-
size to target the more abundant recruiting cod which is probably mush more efficiently
harvested by the use of trawls. Similar considerations may be raised regarding the flat-fishes

where the fishing grounds to some extend is divided among the diﬂ'erent ﬂeet categones

In general, the present choice of mesh-sizes use in the fisheries (the baseline in the analysis)
must be expected to have been optimized in relation to the concrete fisheries taken the species
mixture, the market prices and alternative uses of the vessel into account. As a consequence,
the suggested mesh size changes used in the alternative scenarios may not be realistic seen

from a practical and an economical point of view.

Many sources of errors may affect the predicted effect of mesh size changes on catch and

biomass. Important factors are:

- estimated baseline mesh size
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- estimated selection parameters
- the selection model

- baseline fishing mortality at age for the Danish gill net fleet and the “other” fleet

Except for the selection parameters the uncertainty on these factors has not been treated in the
present report. An overall.sensitivity analysis requires that the uncertainties of the factors.
mentloned is descnbed and quantified.. Several sensitivity methods exist for instance the .
method descnbed by Prager and MacCall (1988) and the FAST method of Cukier ef al. (197 8).

Monte Carlo simulation is another posslblhty. :

Asa pragmatic alternative te’ such comprehenswe methods an immediate impressien of the
variability of the selection ogives can be obtained by considering the variation of the estimated
selection ogives fot each "of 'the 'selectivity -experiments.'canied eut : Such variations are shown-
in the Figures 3. 3 3.8 and 3.14 for DIFTA/cod SEAFISH/cod and DIFTA/plaice respectlvely .
The Flgures 1ndlcate that the prec1s1on of the nght most part of the selection curve is low. This
is mainly caused by the fact that expenments were carried out with the commerc1al used mesh-

sizes targeting relative large 1nd1v1dua1s. ‘

Asa consequence the estunated changes of ﬁshlng mortahty for the larger ﬁsh are relatlvely
poorly determined. However for the predlctlons the uncertamtles regardmg the selectlon of
fish above the sizes actual targeted is of limited importance as these large fish contributes little
to the total yield in the present. North Sea fishery. ... =
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3. Finalization of tasks

All tasks allocated to the institute under the work programme have been completed and all

work foreseen under the contract has been terrmnated

31 October 1996

Peter Lewy'
Project Manage
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f the Danish North Sea gill net fishery 1987-

1995 |
Year Landings in 1000 tonnes Landings in million DKK
1987 14 202
1988 16 218
1989 13 213
1990 12 222
1991 17 292
1992 18 296
1993 19 272
1994 22 326
1995 21 293

ible 2.1.2 Classification of individual trip landings according to species composition (% of total landings weight)
ing cluster analysis for the Danish North Sea gill net vessels larger than 10 GT in the period 1987-93.

Monk

Hake

Other

Haddock

Ling

Pollack

Saithe

turbot

Plaice

Cod Total
landings
weight

(tonnes)

Ister No. of
ishery) trips
er 1,247
i 18,818
ce 2,161
aice 8,662
le 4,105
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Table 2.1.3 Key figures of the Danish North Sea gill net ﬁsherieé 1987-93.

1. ) . No of Effort . Trip Total % of

B TR trips - (days duration-| landings CPUE CPUE, —target sp
Absent)| (days) weight (kg/day) target in

Fishery Year : ) (tonnes) : species | landings
------------------ D L L LT T s bt b T e SR LT
Cod 87 1,989 7,954 4.0 10,369 1,304 1,181 87
88 2,347 8,884 3.8 12,427 1,399 1,262 88
89 2,479 8,132 3.3 10,002 1,230 1,105 89
90 2,706 7,725 2.9 8,250 1,068 951 88
91 2,734 7,751 2.8 7,354 949 800 85
92 3,125 8,939 2.9 7,773 8701 . 734 85
93 3,438 10,554 3.1 9,035 856 724 85
------------------ R b St Sttt Sttt At ittt DL L EE P LS TR P PP
Hake 87 121 294 2.4 348 1,184 597 54
88 1241 . 335 2.7 352 1,051 559 61
89 221 560 2.5 484 866 539 64
90 244 545 2.2 316 582 409 75
91 402 1,049 2.6 877 837 511 63
92 529 1,293 2.4 1,068 826| 625 73
93 520 1,672 3.2 1,153 690 465 70
------------------ L T el St S R et
Plaice 87 812 2,456 3.0 1,803 734 626 84
88 590 1,612 2.7 1,314 816 627 75
89 447 .. 1,129 2.5 1,005 891§ 642 67
90 627 1,377 2.2 1,132 822 597 72
91 1,805 4,618 2.6 4,484 971 743 75
92 2,391 5,960 2.5 5,532 928 710 75
93 1,990 4,853 2.4 4,614 951 736 75
------------------ L L L R TR s CEE LT R L LS
Sole 87 112 504 4.5 141 280 149 55
88 314 796 2.5 258 325 207 64
89 539 1,624 3.0 560 345 220 67
90 396 1,237 3.1 681 551 409 72
91 664 1,590 2.4 680 428 340 82
92 924 1,484 1.6 357 241 176 78
93 1,156 2,689 2.3 720 268 196 77
------------------ L e L et e PR e LD L LIl LD DL EED D bl
Turbot- 87 - 279 1,821 6.5} 863 474 309 64
T 88 330 2,135 6.5 826 387 237 61
89 239| 1,555 6.5} 506 326 199 62
90 364 1,963 5.4 698 356 244 72
91 376 1,876 5.0 832 444 287 66
92 375 1,587 4.2 681 430 286 69
93 247 1,432 5.8 673 470 343 72
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Table 2.2.1 Stock numbers ('000) at age in 1992 v

Species: Cod-

Age Quarter
1 | 2 3
memdeccncnona- e R Fommenaemen R it
0 805250
1 433786 359402 297645
2 60393 47224 30955
3 12582 9307 6323
4 9839 7525 5362
5 1418 1035 746
6 8371 562 431
7 524 357 254
Species: Plaice
Age Quarter
1 | .2 3
cemdecmmananna Feommmme femonmenaaa e L
0 683944
1 800332 780539 761200
2 550568 535875 517869
3 342122 319508 289861
4 183969 166829 142335
5 136329 115297 94561
6 76781 63323 53067
7 80228 66747 58238
8 17856 15260 13446
9 8933 7752 6978
10 6752 6044 5517
Species: Sole
Age Quarter
1 | 2 3
~emdeccccnnmmn Fmmmmmmmaea fomemmmaan domcammaena
o 149391
1 423074 412628 402440
2 33267 32369 31347
3 97586 87701 79803
4 36581 31633 27964
5 92026 79476 67724
6 7179 6344 5481
7 8044 7144 6284
8 2063 1842 1597
9 1065 933 814
10 1284 1178 1044

478790
249000
19103
4618
4069
588

345|

199

667057
742235
486191
253268
116653
79318
45801
51642
12407
6458
5064

145703
391725
29024
68297
23978
59500
4880
5757
1463
742
947
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Table 2.2.2 Total international fishing mortality rate in 1991

Age Cod ‘Plaice . Sole
1 - 0.179 0.003 0.005
2 1.006 0.109 0.135
3 1.009 0.325 0.415
4 1.002 0.539 . ..0.457
5 0.865 0.627 0.483
6 0.819 0.586 0.394
7 0.885 0.492 0.419
8 - 0.382 0.387
9 - 0.334 ~ 0.355
10 - 0.272 0.279
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Table 2.2.3 Catch in numbers, mean weight and mean length at age by fishery, quarter and age of
the target species cod, plaice and sole in the Danish North Sea gill net fishery 1991.

Cod : :
numbers in 1000' mean weight in kg mean length in mm
Cod guarter
fishery |-===memcccmerocommmcmc oo e e s m e e s e secseot e e oo
. 1 I 2 | 3 I 4
----------------------- e R L L L L D T T T
mean  |mean mean  |mean : mean  |mean mean  |mean
age number |weight length| number [weight length| number [weight length| number |weight length
---------- LR e e L e L Ry L LRt S e SR Dl Sl S e s SR L LRl SR L L LR SR TR LT
1 o 0| 0.583|380.0 51 0.832(423.7 .-82] 0.823(413.7
2 61| 0.953|441.7 110 1.362)492.3 92| 1.922|567.1 406| 2.6101609.7
3 366| 2.705|623.8 216 2.965)629.6 1591 3.400|684.8 226| 3.764}1709.9
4 2261 4.346{752.0 108 4.528|764.0 63| 5.604|793.4 64| 5.440(789.6
5 98] 6.200|834.0 67f 5.256]814.6 14| 8.426(899.8 34| 7.758{875.4
6 1221 7.520}895.6 261 7.780{890.9 11| 10.444(989.7 25| 9.133(916.3
7 31{ 9.797(982.0 6{ 10.541{ 1015 - 2{ 12.6351 1035( -
8 9| 11.085| 1043 61 10.519( 1020 - 2| 12:318( 1085 3| 12.473] 1010
9 : . ‘ 3| 15.799] 1010
10 3| 16.968] 1220] :
1. ) : 2| 15.576| 1190 e :
12 : 0| 1.107/500.0 31 13.700} 1200
Total 914| 4.338(718.6 541 3.665(673.9 349 3.926|693.4 849| 3.538{658.1
Plaice
numbers in 1000' mean weight in kg mean length in mm
Plaice guarter
fishery [-====--=ccccmmmmcrrmmcmo e r oo oo m e oo mm e oo sommmsoma o m e oo oo o
1 | 2 | 3 . ] 4 :
----------------------- R it et Lttt
mean |mean mean |mean mean |mean | mean |mean
age number {weight length| number |weight length| number |weight length| number [weight Llength
---------- B b et T R L e Y st TEEEEEE LR PP EPE T E
2 . 11] 0.187|260.0 8| 0.272]297.5 - 57| 0.2611284.9
3 161} 0.209|276.9| 211 0.288|301.7 239} 0.255(291.9 130] 0.306|303.0
4 628| 0.314]314.7 985| 0.277(298.5 797  0.323]312.9 147 0.330]313.7
5 1513| 0.393(338.6 1232 0.336(321.6 655 0.426(343.2 69| 0.403{336.9
6 2043 0.446]349.7 1249 0.422(344.9 748| * 0.574]378.1 74| 0.482|355.4
7 604] 0.630|384.9 192 0.578({386.7 228| 0.6491391.1 17| 0.528(369.4
8 . 322| 0.761}414.5 112] 0.749)423.9 73| 0.797]|422.1 -3| 0.778(415.9
9 260 0.718(411.3 68} 0.840]432.2 59| 0.906(439.4 - 2| 0.907|435.9
10 99| 0.858(438.2 52 0.979{450.8 38| 0.939|454.7 1 1.204}462.6
1 25| 0.995]461.3 18] 1.029|466.4 8| 1.040(461.3 1| 0.786|422.4
12 381 0.890(458.3 41 1.191|496.7 61 1.1131478.3 0| 1.468(505.0
13 6] 1.226}480.0 4] 1.385/518.3 61 1.1161476.7 0] 0.916)451.7
14 2| 1.286]465.0
15 13| 0.947{472.5 1| 0.6481440.0 0] 1.586(560.0
16 6| 0.981]475.0 11 1.182]465.0 2| 1.274]515.0 0| 1.272(480.0
19 2| 1.8661540.0
Total 5718| 0.475(354.3 4142 0.389{332.3 2871| 0.472(350.0 501 0.363|320.4
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Table 2.2.3 cont.

Sole
numbers in 1000' mean weight in kg mean length in mm

Sole - quarter -
fishery P L L R e L L L L T T PN g g g g
1 | 2 | 3 | 4
----------------------- L e L N it Sl e T T,
: mean  |mean mean  |mean : mean  [mean mean  |mean
age number [weight length number |weight length| number - [weight length number |weight length
PER TR LTS fommmme e Lt T Frmmmmaean EEL L e LT Fremmam——— L Rt TR e L e
2 51 0.222}297.5 10| 0.222]297.5 0| 0.222(297.5 0| 0.222]297.5
3 109| 0.217|286.6 2761 0.209(283.0 0{ 0.221({288.6 3} 0.2391292.8
4 . 228| 0.294|314.4 989 0.295(313.6| 1 0.295]316.3 5] 0.339(326.4
5 . 78| 0.371}341.8 . 429] 0.361{338.6 0| 0.401(350.9 11 0.432]351.4
6 - 42| 0.465|368.7 ©.303| 0.465|368.4 0| 0.467|374.5 0] 0.482(369.6
7 46| 0.507|376.4 348| 0.507]376.4 0| 0.582{385.0 0| 0.582|385.0
8 37 0.7174425.01 = 25} 0.717]425.0 0| 0.851|420.0 0| 0.851]420.0
9 10| 0.595(410.0| - 741 0.595}410.0 0{ 1.090(455.0 0] 1.090]455.0
10 3] 0.700}(425.0 25] 0.700)425.0 B .
11 3| 0.527{385.0| - 25| 0.527]385.0
12 3] 0.699{445.0 25| 0.699445.0
Total 532| 0.336|326.7 2530 0.369]336.6 1} 0.280]310.0 9| 0.3271320.6

- Table 2.2.4  Annually proportion by age and target species of total yield of the Damsh North Sea
gill net fishery 1991 in the baseline situation

Age Cod Plaice Sole
0 0.7 0 0.0
1 14.3 0 0.0
2 29.8 : 0.3 0:3
3 | 214 33 | 74
4 13.2 132, | 324"
5 14.4 224 | 165
6 3.9 325 | 144
7 2.2 114, | 179
8| 00 1720 ] c114
" Total - | 100.0 100.0- | - '100.0
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Table 2.2.5 Fishing mortality rate for the Danish North Sea gill net fleet for and the remaining part
of the North Sea fleets

Cod in the North Sea - :
Danish gill net fleet in the North Sea | Other fleets
Baseline | Suggested Low High
_ v v EU minimum ‘
Mesh size 170 mm 120 mm 145 mm 190 mm -
Age
1 0.001 ~0.001 0.001 0.001 0.179
2. 0.032 - 0.144 0.229 0.024 .- - 0.974
3 0.071 0.054 - 0.220 0.022 0.938
4 . 0.214 -~ 0.060 0.061 : 0.199 - -0.788
5 0.168 0.117 0.117 . 0.473 0.697
6 0.215 - 0.212 0.212 0.489 0.604
7 0.233 . 0.233 0.233 0.236 0.652
Plaice in the North Sea :
o Danish gill net fleet in the North Sea - | Other fleets -
Baseline Suggested Low High Baseline
EU minimum
Mesh size 150 mm 100 mm 125 mm 160 mm -
Age '
1 0.000 0.000 0.000 0.000 0.003
2 0.000 0.001 0.001 0.000 0.109
3 0.003 0.007 0.011 0.001 0.323
4 0.010 0.012 0.031 0.005 0.528
5 0.027 0.007 0.039 0.016 0.600
6 0.029 0.005 0.021 0.021 0.557
7 0.027 0.004 0.008 0.027 0.464
8 0.026 0.005 0.006 0.035 0.356
9 0.030 0 .006 0.007 0.042 0.304
10 0.011 0.005 0.005 0.020 0.261
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‘Table 2.2.5 cont.
Sole in the North Sea
Danish gill net fleet in the North Sea - | Other fleets
Baseline | Suggested EU Low High |  Baseline
.| minimum S .
Mesh | 108 mm 10mm | 104mm | 120mm | -
S1Z¢ ‘ Lo o ) ‘
Age ‘ . Iy
1 0.000 0.000 0.000 0.000 . | . 0.005
2 0.000 0.000 0.000 | - 0.000 0.135
3 0.004 - 0012 | ~0006. | 0002 | 0411
4 0.005 | 0012 0008 . | 0001 | 0453
5 0030 | 0037 ©0.037 ©0.007 0.453
6 0.026. 0.013 . 0.020 0.017 0.368
7 0085 | 0038 0.059 0.084 ° 0.334
8 0.009 0.008 0.008 0.024 0.378
9. 0.032 0.025 0.027 0092 | 0323 |
10 0.017 ~0.014 0014 | 0.049 0.262
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Table 2.2.6 Relative scenario changes in equilibrium yield and spawning stock biomass (SSB)
compared to baseline

Cod in the North sea
Baseline Sugg. EU min. Low High

Mesh size 170 mm 120 mm 145 mm 190 mm

Yield : ' ' . "

Danish gill net 100 135 221 99

Other fleets 100 96 1 90 100

SSB 100 . 100 84 - 96

Plaice in the North sea
Baseline Sugg. EU min. Low ' ngh

Mesh size 150 mm 100 mm 125 mm 160 mm
Yield : ' - '

Danish gill net 100 56 134 83
Other fleets 100 101 98 101
SSB 100 102 99 101

Sole in the North sea
Baseline Sugg. EU min. Low High

Mesh size 108 mm 100 mm 104 mm 120 mm
Yield .
Danish gill net 100 99 98 96
Other fleets 100 100 100 101
SSB 100 100 100 102
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Figure 2.1.1 Landings by weight and value of the Danish North Sea gill net fishery
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Figure 2.1.2 Effort, Total landings and CPUE for the Danish North Sea gill net fisheries

Effortin the Danish North Sea gili net CPUE of target species of the Danish North Sea gill
fsheries netfisheries
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Appendix A

Results from the non-linear regressiﬁn analysis



Appendix A

Model output Difta Cod, experiment all

Non-Linear Least Squares Summary Statistics

Source

Regression
Residual
Uncorrected Total

(Corrected Total)

Parameter

K 4,331379043
ST 0.281570874
cl 0.065482203
c2 0.210480481

DF:.Sum of Squares -

4
1436
1440

1439

Estimate

0.00902430470
-.0.00712458019
0.00377384952
0.01269286572

7236.4766939
712.5233061 -
7949.0000000

4178.5989890

Asymptotic
std. Error

OO ON

Asymptotic Correlation

Dependent Variable SQANT
Mean Square

1809.1191735
0.4961861

Asymptotic 95 %
Confidence Interval

Lower Upper
.3136765028 :4.3490815826
.2675949315 -0.2955468168
.0580792258 0.0728851803
.1855815034. - 0.2353794590
Matrix

cl c2

1

0.51853243 .

-0.014000986
-0.252459933

0.51853243

1
~0.011142595
-0.112656675

=0.014000986
-0.011142595
1

. 0.0588029302

-0.252459933
-0.112656675
0.0588029302

1




Appendix A

Model output : Difta Cod, Bycatch in metier=Plaice

-—-Non-Linear Least Squares Summary Statistics

Source

Regression
Residual
Uncorrected Total

(Corrected Total)

Parameter

K - 74.462272850
ST 0.211248233
"cl 0.111589971
c2 0.508368412

Asymptotic Correlation -

DF Sum of Squares

4
428
432

431

Estimate

0.03551612887
0.02345458275
0.01106353961
0.09262201325

'1365.6035680

—-"122.,3964320"

'1488.0000000

-.796.8508658

Asymptotic

std. Error

O OO

.3924640631
.1651470379
.0898440124
.3263150564

.Dependent Variable SQANT

Mean Square

341.4008920

0.2859730"

Asymptotic 95 %
Confidence Interval

Lower

Matrix

Upper

4.5320816378
0.2573494277
0.1333359304
0.6904217670

c2 -

1

0.8051366917

-0.229303689

-0.365449634

- 0.8051366917

1
-0.019599105
-0.221821614

-0.229303689
-0.019599105

A
0.231789155

-0.221821614
0.231789155
: 1



Appendix A

Model output Difta cod, Bycatch in metier=sole

Non-Linear Least Squares Summary Statistics

Dependent Variable SQANT

Mean Square

175.84888534
0.21045885

Asymptotic 95 %
- Confidence Interval

Lower

.5762251837
.2199864712
.0790915252
.2630461828

Matrix

-0.002376711
-0.120240819
- 1

Upper
4.6723364674
0.2982575708

0.1281879828

0.4523561243

-0.3740956

'-0.182125912

Source DF Sum of Squares
Regression 4 703.39554137"
Residual _ 402 - 84.60445863
Uncorrected Total 406 788.00000000
(Corrected Total) 405 480.64315470
Parameter Estimate Asymptotic
L std. Error:
K 4.624280826 0.02444445411 4
ST 0.2539122021 0.01990707260 0
ox | 0.103639754 0.012486394281 ©
Cc2 0.357701154 0.04814812578 ' 0
Asymptotic Correlation
Corr K ST
'K , 1 0.6231799752
ST - 0.6231799752 1
ox -0.002376711 -0.120240819

-0.3740956

-0.192125912

0.1090327173

- 0.1090327173

1




Appendix A

Model output SEAFISH Cod, experiment all

Non-Linear Least Squares

Summary Statistics

Dependeﬁt,Variable SQANT

Asymptétié 95 %
Confidence Interval

- Upper
4.5960204801

'0.3835521818

0.0937095109
0.6319145733

-0.334083716
-0.241627669

Source DF Sum of Squares Mean Square
Regression 4  2866.7806108  716.6951527
Residual 1576 357.2193892 - - 0.2266620
Uncorrected Total 1580 3224.0000000
(Corrected Total) 1579  1887.3907669
Parameter  Estimate Asymptotic
‘ Std. Error
wEe L e me st a s+, 4. - - . . Lower
K 4.547837467.0.02455411693  4.4996944542
ST '0.353822241 0.01515670239 0.3240922983
Cl 0.081948447 0.00599593986 .. 0.0701873838
c2 0.551457847 0.04101786287 0.4710011210
Asymptotic Correlation Matrix
Corr K ST Cl
K B | 0.8245195054 -0.370781846
ST ,.0.8245195054 1 -0.288986506
. Cl —0.370781846 -0.288986506

-0.334083716

-0.241627669

1 ‘ oA

0.1549736985

0.1549736985
1



Appendix A

Model output Ifremer Hake, experiment all

Non-Linear Least Squares Summary Statistics

Dependent Variable SQANT

Mean Square

378.4906997
0.2683118

Asymptotic 95 %
Confidence Interval

Lower

.3325986413
.6999293988
. 0297857000
.2113324672

Matrix

Upper

6.5245409615
0.8425044335
0.0686357183
0.3863949512

Source DF Sum of Squares
Regression - 4 1513.9627987
Residual 671 180.0372013 -
Uncorrected Total 675 1694.0000000
(Corrected Total) 674 908.0344570
Parameter Estimate Asymptotic
: sStd. Error
K 6.428569801 0.04887666172 6
ST 0.771216916 0.03630565543 0
cl 0.049210709 0.00989286363 0
c2 0.298863709 0.04457833896 O
Asymptotic Correlation
Corr K ST
K 1 0.6924048155
ST 0.6924048155 1
cl -0.14348721 -0.378148274

-0.458285313

-0.384015885

-0.14348721
-0.378148274
1

0.126536232

-0.458285313
-0.384015885
1 0.126536232

1




Appendix A

Model output Seafish Hake,' experiment all

Non-Linear Least Squares Summary Statistics
Source

Regression

Residual

Uncorrected Total

(Corrected Total)

DF Sum of

4 '2523.2741614-

Squares.

Mean Square

630.8185403
0.3315155

Asymptotic 95 %

1251 414.7258386
1255 2938.0000000
1254 1560.7201986
Estimate Asymptotic
e sStd.: Error :

6.807165692

1.005812739
:0.001285848

0.000000000

'0.03825409770
©0.02133537768 -

0.00039699830
0.00000000000

Confidence Interval

Lower
6.7321151371

0.9639549499

0.0005069784
0.0000000000

Asymptotic Correlation Matrix

Upper
6.8822162478

1.0476705276

0.0020647170
0.0000000000

Dependent Variable SQANT

Parameter
K
g
Cl
c2
Corr
K
ST

1

0.6323919998
-0.015264412

0.6323919998
1

0.2533171666 -

-0.015264412
0.2533171666



Appendix A

Model output : Difta Plaice, experiment all model

Non-Linear Least Squares Summary Statistics

Source

Regression
Residual
Uncorrected Total

(Corrected Total)

Parameter

K 2.51331327%
8T ° 0.314150025
‘cl- .0.00000010%
C2.  .0.137646466

Asymptotic Correlation.

DF Sum of Squares-

4

716
720. -

719

Estimate

- '16557.756633

604.243367
17162.000000

11525.043542

Asymptotic
Std. Error .

0.00826582614 2.
0.00591730064 .: 0.
0.00087473096 -0.
0.02760114702 0.

Dependent Variable SQANT

4139.439158
0.843915

Mean Square

Asymptotic 95 %
Confidence Interval

Lower
4970848601
3025325007
0017173813 .
0834567243 .

Matrix

Upper

'2.5295416982
0.3257675489
0.0017175988
0.1918362070

0.6968811835 .

0.6968811835
-0.294198933
-0.461784382

1

-0.437578344
-0.532412507

~—0.294198933
-0.437578344.

1

0.7852159522

-0.461784382

. =0.532412507

0.7852159522
1




Appendix A

Model output Difta Plaice, Bycatch in Metier=Cod

NonéLinearvLeaétWSquares Summary Statistics

~~ 'Dependent Variable SQANT
Mean Square

354.,6003223

0.29

Asymptotic 95 %

Confidence Interval

Lower Upper
.4799041671 °2.5840240371
.3383695688 '0.3998832618
.0000000000 0.0000000000
.1352892436 - 0.3180727660
Matrix

cl c2

~-0.631890022
-0.421709%47

Source DF sum of Squares -
Regression 4 '1418.4012893
Residual " .~ 182 . -54.5987107 " -
Uncorrected Total 186 1473.0000000 -
(Corrected Total) 185 652.3178391
Parameter: Estimate Asymptotic.
. ' std. Error
K~ 2.531964102 0.02638476656 2
ST. '0.369126415 0.01558803744 0
. ¢l.. °0.000000000 0.00000000000 0
C2. 0.226681005°0.04631873408 0
AsYﬁétbtié»berelatidn
Corr K ST
K ol - 0.6492178136
ST 0.6492178136 1
o1 .

-0.631890022

-0.421709947

1



Appendix A

Model output Difta Plaice, Bycatch in metier=Sole

Non-Linear Least Squares Summary Statistics
- . Source

Regression

Residual
Uncorrected Total 224 3405.0000000

DF Sum of Squares. . Mean S
4 3288.9436434 822.23
220 116.0563566 0.52

(Corrected Total) 223  1614.8931880

quare

59108
75289

 Asymptotic 95 %

dence Interval
Upper
2.6701164800
0.3821545179
0.0000000000
0.1931741707

Dependent Variable SQANT

-0.445020958
-0.483048738

JParameter Estimate Asymptotic
std. Error Confi
; Lower
K 2.635653266 0.01748665377 2.6011900518
ST 0.355133863 0.01371029514 0.3281132081
Ccl 0.000000000° 0.00000000000 0.0000000000
c2 0.140609762 0.02667120995 . 0.0880453530
Asymptotic Correlation Matrix
Corr K ST
K . 1 0.5004538832
8T 0.5004538832- - - 1
Cl
cz’

-0.445020958 =  -0.483048738

1




Appendix A

Model output Difta Sole, experiment all

Non-Linear Least Squares Summary Statistics

.2649394250

Dependent Variable SQANT

Mean Square

2588.932191
1.033899

Asymptotic 95 %
Confidence Interval

Lower

Upper

3.3166200643

Source DF Sum of Squares
Regression 4 = 10355.728766
Residual 185 191.271234
Uncorrected Total 189 10547.000000
(Corrected Total) 188 5740.768017
Parameter ‘Estimate Asymptotic
ceTERT R e Std. Brror
UK 3.290779745 0.01309768689 3
ST 0.246277980 0.00846909115 0O
Cl 0.044443973 0.00381462089 0
c2 0

0.230905317 0.038293139764

Asymptotic Correlation

2295693792
0369181386
-1553569795

U

Matrix

0.2629865809
0.0518698079
0.3064536541

1l
0.7660006785
-0.240697986

~-0.4570156

0.7660006785

‘ 1
~0.275611359
-0.387753761

-0.240697986

-0.275611359 °

1
0.1435150781

-0.4570156
-0.387753761
0.1435150781

1



Appendix A

Model output Difta Sole, Bycatch in Metier=Cod

Non-Linear Least Squares Summary Statistics

DF Sum of Squares

Mean Square

Dependent Variable SQANT

127.42559933 -
0.33850494

Asymptotic 95 %
Confidence Interval

Lower

.9934634229
.2178528592
..0097814240
.0229297654

Matrix

-0.032367571
-0.18381613

Upper
3.0752003086
0.2777300460
0.0369946986
0.1569365108

-0.442005142

—=0.413480695

Source
Regression 4 509.70239730
Residual 122 41.29760270 -
Uncorrected Total 126 551.00000000
(Corrected Total) 125 298.81289560
Parameter ' Estimate Asymptotic
- o Std. Error
;K 3.034331866 0.02064463660 2
ST+ 0.247791453 0.01512343848 0
cl 0.023388061 .0.00687337376 - 0
c2 0.067003373 0.04542959861 -0
Asymptotic Correlation
Corr K ST
K -1 0.5397964658
ST 0.5397964658 S 1
cl -0.032367571. ~0.18381613

-0.442005142

-0.413480695

1
0.0719315293

0.0719315293
1




Appendix A

Model output : Difta Sole, Bycatch in metier=Plaice

Non-Linear Least Squares Summary Statistics

Source

DF sum of Squares

Dependent Variéble_SQANT

Mean Square

409.2994196

0.3393741 -

Asymptotic 95 %
‘Confidence Interval

Lower

.1365177041
.2736467921
. 0277542423
.0622686949

Matrix =

-0.310567911
-0.251156817
1

Upper
3.2251521476

'0.3223318591

0.0426026446

~0.0812507849

~0.324256892
-0.30485523
0.1048827726
1

Regression 4 1637.1976783
Residual .. 188 63.8023217
Uncorrected Total - 182 --"1701,0000000 -
(Corrected Total) 191  977.3372515
Parameter Estimate Asymptotic
Std. Error
K  3.180834926 0.02246543488 3
ST 0.297989326 0.01233979881 O
cl1  0.035178443 0.00376350096 0
C2  0.009511045 0.03638682681 —0
Asymptotic Correlation
Corr K ~ sT
K . 1 0.8016044336
ST. 0.8016044336 1
c1 -0.310567911 -0.251156817
c2 -0.324256892

-0.30485523

. 0.1048827726



Appendix A

Non-Linear Least Squares Summary Statistics

DF Sum of Squares

4568.9051976
+200.0948024
4769.0000000

2566.2113762

Asymptotic

std.. Error

Asymptotic Correlation

0.01328435684

0.00740308766
0.00218531667

0.04014613999

OO OW

Model oututput : IFRMER Sole-MF, experiment all

.Dependent Variable SQANT

Mean Square

1142.2262994
0.3804084

Asymptotic 95 %
Confidence Interval

Lower

.2373674660
.2111963164
.0082461578
.4445025432

Matrix

Upper

3.2895621017
0.2402832694
0.0168323324
0.6022379289

Source
Regression 4
Residual - 526
Uncorrected Total 530
(Corrected Total) 529
‘Parameter Estimate
K. '3.263464784
‘ST 0.22573979%3
cl 0.012539245
c2 0.523370236
Corr K
K 1
ST 0.8190602386

-0.199595765
-0.30629508

0.8190602386 .

T
-0.188938517
-0.229451783

-0.199595765

-0.188938517 -

1
0.0706937347

--0.30629508

. =0.229451783

0.0706937347
1




Appendix A

Non-Linear Least Squares Summary Statistics

Source

Regression - - - .0 ¢

Residual L
Uncorrected Total

(Corrected‘Total)

Parameter

. Ko 3.254300140 0.01562562273
-~ 8T 0.244206572 0.01097477793 "
-Cl 0.051335165 0.00811238571
c2 0.397765757 0.03998743210

'~ Asymptotic Correlation

Estimate

DF Sum of Squares

4 ---2947.5608307

501 187.4391693
505 3135.0000000

504 1551.5106387 .

Asymptotic
std.. Error:

coow

.2235998410
2226439781
. 0353964336
.3192008173

Model output IFRMER Sole-MM, experiment all

Mean Square

736.85902077

0.3741301

--Dependent Vafgéble SQANT

Asymptotic 95 %
Confidence Interval

Lower

Matrix

Upper

3.2850004383
0.2657691663
0.06727395042
0.4763306967

0.7150479564
-0.174662487
-0.276244267

0.7150479564

ST
-0.305453899
-0.220935933

-0.174662487
-0.305453899%

1 .

0.0723825003 -

-0.2762442867
-0.220935933
0.0723825003

1



Appendix A

Model output Seafish Sole, experiment all

Non-Linear Least Squares Summary Statistics

Source

Regression 4
Residual - - 481
Uncorrected Total 485
(Corrected Total) 484
Parameter Estimate

K 3.111611143
ST 0.332898426 0.00976121804 .
cl 0.005747745
c2 0.003768789

DF Sum of Squares

0.01809164790

0.00242730424
0.03066049465 -

1809.5365580
135.4634420
1945.0000000

1108.7201128

Asymptotic
sStd. Error

OO0 W

Asymptotic Correlation

Dependent Variable SQANT
Mean Squaré

452.3841395
i 0.2816288

Asymptotic 95 %
Confidence Interval

Lower . Upper
.0760621686 3.1471601170
.3137182338 -0.3520786187- .
.0009782413 0.0105172481
.0564771951 0.0640147732
Matrix

Cl Cc2

1
0.9817579899
-0.203405562
-0.536696911

0.9817579899

1
-0.204468186
-0.377167646

-0.203405562
-0.204468186
1
0.130346693

-0.536696911
-0.377167646
0.130346693
1




Appendix B

Graphical display of the regression results.

T’wo'types of graphical sheets are provided.
Catch and stock featz)res are given on pages labelled “Estimated catch and stock’. The

observed catch are shown by dots and the estimated catch by a line. |

Selection features are glven on pages labelled ‘Estlmated selectlon The calculated selection

for individual pomts is shown as dots and the estxmated selectlon curve by a lme
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Difta Cod Exberiment all
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- Difta Cod Experiment all
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Difta Cod Experiment all
Estimated Catch and Stock
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Difta Cod Experiment all

Estimated Catch and Stock
Model= ND+ 2C .
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Appendix C

Analysis of the relation between length and girth/width.

Analysis are provided for isometrical and allometrical growth. On the graphs the fit of the
Allometrical growth model is indicated by full lines whereas the fit of the isometrical growth

model is indicated by the broken line.




Appendix C

DIFTA Cod. Isometric growth model.

Final ANOVA Model log(Girth/length)= Intercept + Mesure

General Linear Models Procedure
Class Level Information
Class Levels Values

MEASURE 3 gill max maxil
EXP 2 12

Number of observations in data set = 1560

General Linear Models Procedure

Dependent Variable: LOGA

- Sum of "Mean
Source DF Squares Square F Value Pr > F
Model 2 60.92422424 30.46211212 6226.91 0.0001
Error 1557 7.61686227 0.00489201
Corrected Total 1559 68.54108650
R-Square Cc.V. Root MSE LOGA Mean
0.888872 -7.888539 0.069942° -0.8866397
Source DF Type I SS Mean Square F Value Pr > F
MEASURE 2 60.92422424 30.46211212 6226.91 0.0001
Source DF Type III SS Mean Square F Va;ue Pr > F
~MEASURE 2 60.92422424 -30.46211212- 6226.91 0.0001..
T for HO: Pr > |T]| Std Error of
Parameter Estimate Parameter=0 Estimate
INTERCEPT -1.165646750 B -380.04 0.0001 0.00306720
MEASURE gill 0.404464153 B 93.24 0.0001 0.00433768
max 0.432556882 B 99.72 0.0001 0.00433768
maxil B .

0.000000000



Appendix C

DIFTA Cod. Allometric growth model.

Final reggression Model: Log (Girth)= Int. + Measure +b* log (Igd)

General Linear Models Procedure

Class

MEASURE

EXP

Number of observations in data set = 1560

Class Level Information

Levels Values
3 gill max maxil
2 12

General Linear Models Procedure

Dependent Variable: LOGGIRTH

F Value Pr > F

8527.60 0.0001

LOGGIRTH Mean

2.8895957
F Value Pr > F
12238.47 0.0001
6672.16 0.0001
“F- Value Pr > F
12238.47 0.0001
6672.16 0.0001

' std Error of

Sum of Mean
Source DF Squares . Square
Model 3 116.79962266 38.93320755
Error 1556 7.10400325 0.00456555
Corrected Total 1559 123.90362591
R-Square C.V. Root MSE
0.942665 2.338351 0;0675689
Source DF Type I SS Mean Square
LOGLGD 1 55.87539843 55.87539843
MEASURE 2 60.92422424 30.46211212
Source DF Type III S8 Mean Square
LOGLGD 1 55.87539843 55.87539843
MEASURE 2 60.92422424 30.46211212
T for HO: Pr > |T|
Parameter Estimate Parameter=0
INTERCEPT -1.565762548 -41.35 0.0001
LOGLGD 1.105956263 110.63 0.0001
MEASURE gill 0.404464153 96.52 0.0001
max 0.432556882 103.22 0.0001
maxil 0.000000000 .

Estimate

0.03786754
0.00999711
0.00419044
0.00419044
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Appendix C

SEAFISH Cod. Isometric growth model

Final ANOVA Model log(Girth/length)= Intercept + Mesure

General Linear Models Procedure

Class

MEASURE

Levels

Class Level Information

Values

3 gill max maxil

Number of observations in data set = 498

NOTE: Due to missing values, only 497 observations can be used in this

analysis.

General Linear Models Procedure

Dependent Variable: LOGA

Source
Model
Error

Corrected Total

Source
MEASURE
Source

.MEASURE

Parameter

INTERCEPT
MEASURE gill
max

maxil

~—Meanh - ——— =

Pr > F

F Value

2102.73 0.0001
LOGA Mean
-0.8702000 .

F Value Pr > F

2102.73 0.0001

‘F Value Pr > F

2102.73

0.0001

0.000000000

X sum-of— - =
DF Squares ~Square
2 18.50653612 9.25326806
494 2;17389989 0.00440061
496 20.68043601
R-Square C.V. Root MSE
0.894881 -7.623198 0.0663§7lw
DF Type I SS Mean Square
2 18.50653612 9.25326806
DF Type III SS Mean Square
2 18.50653612 9.25326806
T for HO: "~ " Pr > |T|
Estimate Parameter=0" Co
-1.142683561 B -221.93 0.0001
0.410154983 B 56.33 0.0001
0.408112691 B 55.96 0.0001
B

Std Error of

Estimate

0.00514876
0.00728144
0.00729246



Appendix C
Seafish cod. Allometric growth model

Final reggression Model: Log (Girth)= Int. + Measure +b* log (lgd)

General Linear Models Procedure
Class Level Information

Class Levels Valueé

MEASURE 3 gill max maxil
Number of observations in data set = 498

NOTE: Due to missing values, only 497 observations can be used in.this
analysis.

General Linear Models Procedure

Dependent Variable: LOGGIRTH

Sum of ' © Mean
Source DF Squares " 'Square F Value Pr > F
Model 3 . 38.01785654 12.67261885 3159.86 0.0001
Error 493 1.97717822 0.00401050
Corrected Total 496 39.99503475
R-Square C.V. Root MSE LOGGIRTH Mean -
0.950564 2.078638 0.0633285 3.0466355
Source DF Type I SS Mean Square F Value Pr > F
LOGLGD 1 19.51641432 19.51641432 4866.33 . 0.0001 .
MEASURE 2 18.50144222 9.25072111. 2306.62 0.0001
Source DF Type III SS Méan Square F Value Pr > F
LOGLGD 1 19.46590862 19.46590862 4853.73 0.0001
MEASURE 2 18.50144222 9.25072111 2306.62 0.0001
T for HO: Pr > |T] Std Error of
Parameter Estimate Parameter=0 Estimate
INTERCEPT -1.580406579 B -25.21 0.0001 0.06269193
LOGLGD 1.111763839 69.67 0.0001 0.01595786
MEASURE gill 0.410154983 B 59.00 0.0001 0.00695121
max 0.407999575 B 58.61 0.0001 0.00696175
maxil 0.000000000 B . .
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Appendix C

IFREMER Hake. Isometric growth model

Final ANOVA Model log(Girth/length)= Intercept + Mesure

General Linear Models Procedure
Class Level Information

Class

MEASURE

Number of observations in data set = 1821

Levels

Values

3 gill maxil pect

General Linear Models Procedure

Dependent Variable: LOGA

F value Pr > F .
1417.84 0.0001
LOGA Mean.
-1.1354246
F Value Pr > F
1417.84 0.0001
F Value Pr > F
1417.84 0.0001

Sum of Mean
Source DF Squares Square.
Model : 2 17.69353884 8.84676942
Error - 1818 -11.34358965 0.00623960
Corrected Total 1820 29.037128459
R-Square C.V. Root MSE
0.609342 -6.956968 0.0789911
Source DF Type I SS Mean Square
MEASURE 2 17.69353884 8.84676942
Source _ DF Type III SS Mean Square
MEASURE 2 17.69353884 8.84676942
T for HO: Pr > |T|
Parameter - Estimate Parameter=0
INTERCEPT -1.065379840 B ~-332.29 0.0001
MEASURE.  gill -0.000688656 B -0.15 0.8793
o ‘maxil ~0.209445694 B -46.19 0.0001
0.000000000 B

pect

Std Error of

Estimate

0.00320615
0.00453418
0.00453418




Appendix C

IFREMER Hake. Allometric growth model

Final reggression Model: Log (Girth)= Int. + Measure +b* log (lgd)

General Linear Models Procedure

Class

MEASURE

Number of observations in data set = 1821

" Levels

Values

Class Level Information

3 gill maxil pect

General Linear Models Procedure

Dependent Variable: LOGGIRTH

» N ‘ Sum _of.. e Mean - - . . .
Source ‘ DF Squares Square F Value Pr > F
Model 3 61.36377896  20.45459299 3311.26 0.0001
Error 1817 11.22411586 0.00617728
Corrected Total 1820 72.58789482
R-Square C.V. Root MSE LOGGIRTH Mean
0.845372 2.662274 0.0785957 2.9522008
Source : ~ DF Type I SS ‘Mean Sgquare F Value Pr > F
LOGLGD : : 1 43.67024012 - '43.67024012 7069.49 0.0001
MEASURE 2 17.69353884 8.84676942 1432.15 0.0001
Source DF Type III SS Mean Square F Value Pr > F
oeLGD . 1 1 43.67024012 143.67024012 7069.49  0.0001
MEASURE' ) 2 17.69353884 8.84676942 1432.15 0.0001
| T for HO:  Pr > |T| Std Error of
Parameter Estimate Parameter=0 Estimate
INTERCEPT -.8622035748 B -18.62 0.0001 0.04630929
LOGLGD 0.9502947934 84.08 0.0001 0.01130223
MEASURE gill -.0006886563 B -0.15 0.8787 0.0045114s8
maxil -.2094456939 B -46.43 0.0001 0.00451148
pect 0.0000000000 B
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Appendix C

SEAFISH Hake. Isometric growth model

Final ANOVA Model log(Girth/length)= Intercept + Mesure + Experiment

Dependent Variable:

Source
Model

Error

Corrected Total

Source
MEASURE
EXP
Source
MEASURE
EXP
Parameter
INTERCEPT
MEASURE gill
max
pect
EXP 1
2

3

General Linear Models Procedure

Class Level Information

Class Levels Values
MEASURE 3 gill max pect
EXP 3 1

Number of observations in data set = 1260

General Linear Models Procedure

LOGA o L A
Sum of Mean
DF Squares Square F Value Pr > F
4 19!955141101 4.98878527  564.57 0.0001
1255 11.08979588 '0.008$3649
1259 31.04493697
R-Square cC.V. Root MSE " LOGA Mean
0.642782 -8.491118 0.0940026 -1.1070699
DF Type I SS Mean Square F Value Pr > F
2 19.14335245 9.57167623 1083.20  0.0001
2 0.81178864 0.40589432 45.93 0.0001
DF Type III SS Mean Square F Value Pr > F
2 19.14335245 .. . 9.57167623 .1083.20. . 0.0001
2 0.81178864 0.40589432 . 45.93 0.0001
... T for HO: Pr > |T| Std Error of
Estimate | . Parameter=0 Estimate
-1.023376751 B -176.73 . 0.0001 0.00579075
-0.061987823 B -9.56. 10.0001 0.00648680
-0.286898675 B -44.23 0.0001: .  0.00648680
0.000000000 B . . S
0.061112508 B 9.03 0.0001 0.00676799
0.043620418 B 7.05 0.0001 0.00618609
0.000000000 B



Appendix C

SEAFISH Hake. Allometric growth model

Final reggression Model: Log (Girth)= Int. + Mea. +Exp. + (b+bgy)* log (igd)

General Linear Models Procedure

Class Level Information

Class Levels Values
MEASURE 3 gill max pect
EXP 3 123

Number of observations in data set' = 1260.

Dependent Variable: LOGGIRTH
Sum of Mean
Source DF Squares Square F Value Pr > F
Model 7 173.06243502 24.72320500 3362.50 0.0001
Error 1252 9.20549252 0.00735263
Corrected Total 1259 182.26792754
R-Square cC.V. Root MSE LOGGIRTH Mean
0.949495 2.906452 0.0857475 2.9502454
Source DF Type I SS Mean Square F Value Pr > F
LOGLGD 1 151.88934519 151.88934519 20657.83 0.0001
MEASURE 2 19.14335245 9.57167623 1301.80 0.0001
EXP 2 0.65868652 0.32934326 44.79 0.0001
LOGLGD*MEASURE 2 1.37105087 0.68552543 93.24 0.0001
Source DF Type III SS Mean Square F Value - Pr > F
LOGLGD 1 146.03891075 ‘146.03891075 19862.13 0.0001
MEASURE 2 0.68233823 0.34116911 46.40 0.0001
EXP 2 0.65868652 0.32934326 44.79 0.0001
LOGLGD*MEASURE 2 1.37105087 0.68552543 93.24 0.0001
T for HO: Pr > | T| StdrError of
Parameter Estimate Parameter=0 Estimate
INTERCEPT -1.7349908945 B ~32.94 0.0001 0.05267429
LOGLGD 1.175980720 B 90.75 0.0001 0.01295879
MEASURE gill 0.312403417 B 4.21 0.0001 0.07428765
max 0.713794288 B . 9.61 0.0001 0.07428765
pect 0.000000000 B . . .
EXP 1 0.053466119 B 8.57 0.0001 0.00624110
2 0.042559469 B 7.54 0.0001 0.00564427
3 0.000000000 B . . .
LOGLGD*MEASURE gill -0.092275611 B ~-5.06 0.0001 0.01825139
max -0.2466338196 B -13.51 0.0001 0.01825139
pect 0.000000000 B . . R
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Appendix C

DIFTA Plaice. Isometric growth model

Final ANOVA Model log(Girth/length)= Intercept + Mesure + Experiment

General Linear ‘Models Procedure
Class Level Information

Class Levels
MEASURE - 2
EXP -2

values
max spin

13

Number of observations in data set = 874

General Linear Models Procedure’

Dependent Variable: LOGA

Source’
Model

Error

Corrected Total

Source

MEASURE
EXP

Source

MEASURE
EXP

Parameter

INTERCEPT
MEASURE max
spin
EXP 1

3

0.000000000

Sum of Mean
DF Squares Square
2 2.29104172 1.14552086
871 1.98646799 0.00228068
873 4.27750971
R-Square S C.V. Root MSE
0.535602 -4.519748 0.0477564
DF Type I SS Mean Square
1 2.07390562 2.07390562
1 0.21713610 0.21713610
DF Type III SS Mean Square
1 2.07390562 2.07390562
1 0.21713610 0.21713610
T for HO: Pr > |'T|
Estimate Parameter=0
-1.123384334 B -382.12 0.0001
0.097424632 B 30.16 0.0001
0.000000000 B . .
0.031815225 B 9.76 0.0001
B

F Value Pr > F
502.27 0.0001
.LOGA Mean
-1.0566167
F Value Pr > F °
909.34 0.0001
95.21 0.0001
F Value Pr > F
909.34 0.0061
95.21

0.0001
Std Error of
-Estimate

0.00293990
0.00323077

0.00326062




Appendix C

DIFTA Plaice. Allometric growth model

Final reggressiOn'ModéI: Log (Girth)= Int.+ Mea. +Exp. + b* log (Igd)

Dependent Variable: LOGGIRTH

Source
Model
Error

Corrected Total

Source

LOGLGD
MEASURE
EXP

' Source

LOGLGD
MEASURE
EXP

Parameter

INTERCEPT
LOGLGD
MEASURE max
spin
EXP 1

3

General Linear Models Procedure

Levels

MEASURE 2

2

Class Level Information

Values

max spin

1

3

0.000000000

Number qprbservations,in data set = 874
General Linear Models Procedure
‘sum of ‘Mean
. DF Squares Square
3 14.83478523 4.94492841
870 1.98254729 0.00227879
873 16.81733252
R-Square . C.V. Root MSE
0.882113 2.057777 . 0.0477367
DF Type I SS Mean Square
1 12.54914543 12.54914543
1 2.07390562 2.07390562
1 0.21173418 0.21173418
DF i'Type'III SS Mean Square
1 12.72102798 12.72102798
1 2.07390562 2.07390562
1 0.21173418 0.21173418
T for HO: Pr > |T|
Estimate Parameter=0
"711.064952943 B -23.85 0.0001
0.982747087 74.72- 0.0001
0.097424632 B 30.17 0.0001
0.000000000 B . .
0.031501474 B 9.64 0.0001
B

F Value Pr > F

2169.98 0.0001

LOGGIRTH Mean

2.3198180
F value Pr > F
5506.93 0.0001 -
910.09 0.0001
92.92 0.0001

F value Pr > F -
5582.36 0.0001
910.09 0.0001
92.92 0.0001

Std Error of
Estimate . -
0.04464363
0.01315324
0.00322943

0.00326804
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Appendix C

DIFTA Sole. Isometric growth model

Final ANOVA Model log(Girth/length)= Intercept + Mesure

General Linear Models Procedure

Levels

MEASURE 2

Number of observations in data set = 510

Class Level Information
Values

gill pect

Final ANOVA, quel a=log(Girth/length) for DIFTA Sole 356

General Linear Models Procedure

Dependent Variable: LOGA

sum of

Source DF Squares

Model 1 10.41097461

Error o . 508 2.06249815

cOrfected fﬁtal 509 12.47347275

| | .R—Squaréi C.V.

' 0.834649 -4.248895

Source DF Type I SS

MEASURE 1 10.41097461

Source DF Type III SS

MEASURE 1 10.41097461

Parameter “Estimate

INTERCEPT ~1.356770296 B

MEASURE  gill

T for HO: Pr > |T}
Parameter=0

-0.285752870 B

pect 0.000000000 B

-340.03
-50.64

Mean
Square

10.41097461

0.00406004

Root MSE

0.0637184

Mean Square
10.41097461
Mean Square

10.41097461

0.0001
0.0001

F Value Pr > F
2564.26 0.0001

LOGA Mean

~1.4996467
F Value "Pr > F
2564.26 0.0001
F Value Pr > F
2564.26 0.0001

sStd Error of
Estimate

0.00399020
0.00564300




Appendix C

DIFTA Sole. Allometric growth model

Final reggression, Model: Girth=a*lgd“b for DIFTA Sole

Class Levels' Values
MEASURE 2 gill. pect
Number of'observations in data Seﬁ = 510
.Generaleinear Models. Procedure
Dependent Variable: LOGGIRTH
Sum of Mean
Source DF Squares Square
Model 2 18.69541855 9.34770927
Error 507 1.92244568 0.00379181
Corrected Total 509 20.61786423 '
"R-Square LGl Root MSE
0.906758 3.238003 0.0615776
Source DF Type I SS Mean Square
LOGLGD 1 8.27414112 8.27414112
_ LOGLGD*MEASURE 1 _10,42127742 10.42127742
Source Df Type III SS Mean Square
LOGLGD ' 1 8.27414112. - 8.27414112
LOGLGD*MEASURE 1 10.42127742 10.42127742
T for HO: Pr > |T|
Parameter Estimate Parameter=0
INTERCEPT -1.986556351 -23.85 0.0001
LOGLGD 1.185155209 B 48.40 0.0001
LOGLGD*MEASURE gill -0.084007777 B ~-52.42 0.0001
pect 0.000000000 B

General Linear Models Procedure
Class Level Information

F Value

2465.24

359
Pr > F
0.0001

LOGGIRTH. Mean

F Value

2182.11
2748.37

F Value

2182.11

2748.37

1.9017164

Pr > F
0.0001
0.0001

Pr > F

0.0001
0.0001

std Error of
Estimate

0.08328201
0.02448488
0.00160244
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Appendix C

IFREMER Sole. Isometric growth model

Final ANOVA Model log(Girth/length)= Intercept + Mesure+ Mes*Exp

General Linear Models Procedure
Class Level Information

Class Lgvels Values
MEASURE 2 gill p

EXP

ect

3 12434

Number of observations in data set = 1230

General Linear Models Procedure

Dependent Variable: LOGA

Source
Model

Error

Corrected Total

Source
MEASURE

EXP
MEASURE*EXP
Source
MEASURE

EXP
MEASURE*EXP

Parameter

INTERCEPT
MEASURE

‘EXP

MEASURE*EXP

gill
pect

2+3

gill
gill
gill
pect
pect
pect

F Value"

.2224.58

F Value
9927.22
571.19
26.69
F Value

9560.75
571.19

0.000000000
0.000000000
0.000000000
0.000000000

4.23

0.0001

sum of Mean
DF Squares Square
5 47.53555801 - - 9.50711160
1224 5.23093643 0.00427364
1229 52.76649445
R-Square C.V. Root MSE
0.900866 -4.491499 0.0653731
DF Type I SS Mean Square
1 | 42.42536704:  42.42536704
2 4.88208029 2.44104014
2 0.22811068 0.11405534
DF Type III SS Mean Square
1 40.85922449 40.85922449
2 4.88208029 2.44104014
2 0.22811068 0.11405534
T for HO: Pr > |T}
Estimate Parameter=0
-1.328124398 B -270.29 0.0001
-0.411973785 B -59.28 0.0001
0.000000000 B . ;
0.044064865 B 7.02 0.0001
0.149740159 B 20.89 0.0001
0.000000000 B . .
0.064730472 B 7.30 0.0001
0.042918393 B
B
B
B
B

26.69

Pr > F
0.0001 .

LOGA Mean

-1.4554850

Pr > F

0.0001
0.0001
0.0001

Pr > F
0.0001

"0.0001
0.0001

std Error of

Estimate

0.00491374
0.00694908

0.00627324
0.00716697

0.00887170
0.01013563



Appendix C

IFREMER Sole. Allometric growth model

Final reggression Model: Log (Girth)= Int. +Exp+Exp*Mes+( b+bp,c+beyp,)*log(lgd)

General Linear Models Procedure
Class Level Information

Dependent Variable: LOGGIRTH

Source
Model
Error

Corrected Total

Source

LOGLGD

EXP
LOGLGD*MEASURE
LOGLGD*EXP
MEASURE*EXP

Source

LOGLGD

EXP
LOGLGD*MEASURE

LOGLGD*EXP
MEASURE*EXP

Parameter
INTERCEPT
LOGLGD

EXP
LOGLGD*MEASURE

LOGLGD*EXP

MEASURE*EXP

F Value

2449.83

Pr > F

0.0001

LOGGIRTH Mean

F Value

0213.
603.
0556.
10.
17.

52
15
28
19
34

F Value

8437.
i8.
38.
10.
17

22
70
60
19
.34

'1.9936612

Pr > F

.0001
.0001
.0001
.0001
.0001

OCOO0OO0OO0O

Pr > F

.0001
.0001
.0001
.0001
.0001

[=jolole N

Class Levels Values
MEASURE 2 gill pect
EXP 3 1l 2+3 4
Number of observations in data set = 1230
General LinearhModels Procedure
Sum of Mean
DF Squares Square
S 88.97559433 9.88617715
1220 4.92324666 0;00403545
1229 93.89884099
R-Square C.V. Root MSE
0.947569 3.186358 0QQ635252
DF Type I SS Mean Square
1 41.21613647 41.21613647 1
2 4.86793840 2.43396920
1 42.59931745 42.59931745 1
2 0.08227031 0.04113515
3 0.20993170 0.06997723
DF Type III SS Mean Square -
1 34.04797407 34.04797407
2 0.15092980 0.07546490
1 0.15577143 0.15577143
2 0.08227031 0.04113515
3 0.20993170 0.06997723
T for HO: = Pr > |T|
Estimate Parameter=0 -~
-1.912571597 B -24.26 0.0001
1.168774715 B 51.42 0.0001
1 0.260743286 B 3.05 0.0024
2+3 0.629936640 B 5.90 0.0001
4 0.000000000 B . .
gill -0.129389951 B -6.21 0.0001
pect 0.000000000 B . .
1 -0.061566770 B -2.49 0.0130
2+3 ~-0.138706729 B -4.51 0.0001
4 0.000000000 B . .
gill 1 0.096619168 B 1.35 0.1777
gill 2+3 0.079561135 B 1.10 0.2731
gill 4 0.036088559 B 0.50 0.6184
pect 1 0.000000000 B . .
pect 2+3 0.000000000 B .
pect 4 0.000000000 B

Std Error of
Estimate

.07885024
.02272832
.08561602
.10669745

.02082584

.02473795
.03072445

.07164221
.07256176
.07243291
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Appendix C
SEAFISH Sole. Isometric growth model
Final ANOVA Model log(Girth/length)= Intercept + Mesure

General Linear Models Procedure
Class Level Information

Class Levels Values

MEASURE 2 gill pect
Number of observations in data set = 200

General Linear Models Procedure

Dependent Variable: LOGA -
Sum of Mean

Source DF Squares Square F Value Pr > F
Model 1V 5.55365622 5.85365622 1261.20 0.0001
Error 198 0.91898583 0.00464134 |
Corrected Tofal 159 6.77264205
| R-Square v, Root MSE LOGA Mean
0.864309 —4.975219 ' 0.0681274 —1.3693347
Source . - DF Type I SS Mean Square F Value Pr > F
MEASURE - 1 : 5.85365622 5.85365622 1261.20 0.0001
Source DF Type III SS Mean Square F Value Pr > F
MEASURE | 1 5.85365622 5.85365622  1261.20 0.0001
T for HO: Pr > |T| Std Error of
Parameter Do Estimate Parameter=0 ' Estimate -
INTERCEPT : . .=1.198254983 B -175.88 0.0001 0.00681274

MEASURE gill - . —=0.342158501 B -35.51 0.0001 0.00963467
pect 0.000000000 B . . .




Appendix C
SEAFISH Sole. Allometric growth model

Final reggression Model: Log (Girth)= Int. +Measure +b* log (Igd)

General Linear Models Procedure
Class Level Information

Class Levels Values

MEASURE 2 gill pect

Number of observations in data set = 200

IQeneral Linear Models_Procedure

Dependent Variable: LOGGIRTH

sum of Mean
Source : : IR DFE . SquaresA Square . F Value Pr > F
Model i 2 8.47236610 4.23618305 960.39 0.0001
Er;or 197 0.86894528 0.00441089
Corrected Total 199 9.34131138
R-Square C.V. Root MSE LOGGIRTH Mean
0.906978 3.302771 0.0664145 2.0108731
Source ' ‘ , DF Type I SS Mean Square F Value _Pr > F
LOGLGD 1 - 2.61870988 2.61870988 593.69 0.0001
MEASURE 1 5.85365622 5.85365622 1327.09 0.0001
Source : DF Type III SsS Mean Square F Value ‘Pr > F
,HLQGLgp o o1 2.61870988 2.61870988 593.69 -7 0.0001
MEASURE -1 ““’5185365622f '“f5785365622 1327.09+ =0 0001
T for HO: Pr > |T| Std Error of
Parameter Estimate Parameter=0 Estimate
INTERCEPT -.7877401038 -6.45 0.0001 0.12206040
LOGLGD 0.8785533630 24.37 0.0001 0.03605683
MEASURE ~.3421595014 ~36.43 0.0001 0.00939243
0.0000000000



o wf N T

Girth length relation for SEAFISH Sole
MEASURE=Gill EXP=3 . -. .

2.3
2.2

2.1

1.5 —
I T T I T I ’ 1 T I ! I
3.2 3.3 3.4 3.5 3.6 3.7
Log (Length)

Girth length relation for SEAFISH Sole
MEASURE= Pect, EXP= 3
2.7+

2.6

3.1 3.2 3.3 3.4 3.5 3.6 3.7
Log (Length)




DFU-rapporter

or. 5

or. 6

1r. 1‘0

or. 17

nr. 20

En undersegelse af maveindholdet af @stersplaks i 1994-1995
Ole Christensen

Uds=ztningsforseg med Osterselaks
Heine Glitsing, Gorm Rasmussen

Kampen om Limfjorden - Livsformer, miljeverdier og reguléringsfonner
Kirsten Monrad Hansen

Tangetrappen 1994-95
Anders Xoed, Gorm Rasmussen, Gert Holdensgéard, Christian Pedersen

Status over bundgarnsfiskeriet i Danmark 1994
Anders Koed, Michael Ingemann Pedersen

Mailing af kvalitet med funktionelle analyser og protein med nzrinfrared refleksion (NIR) pa frosne
torskeblokke
Niels Beknzs

Acoustic monitoring of herring
J. Rasmus Nielsen

Blamuslingers vakst og dzdelighed i Limfjorden
Per Dolmer ..

Mezrkningsforseg med erred og regnbueprred i Arhus Bugt og Isefjorden
Heine Gliising, Gorm Rasmussen '

Jomfruhummerfiskeriet og bestandene i de danske farvande
Mette Bertelsen

Berekapaciteet for haverred (Salmo trutta L.) i Limfjorden
Kaare Manniche Ebert '

Sild og brisling 1 Limfjorden
Jens Pedersen

Produktionskeden fra frysetrawler via optening til dobbeltfrossen torskefilet. Opteningsrapport (del 1)
Niels Beknzs '

Produktionskaden fra ﬁyseh'awler via optening til dobbeltfrossen torskefilet. Opt@nmgsrapport (del 2) . ‘

Niels sznaes

Automatisk inspektion og sor§ering af sﬂdeﬁleter
Stelia Jonsdéttir, Magnus T. Asmundsson, Leif Kraus

Udsztning af helt, Coregonus lavaretus L., i Ring Sg ved Bradstrup
Thomas Plesner, Seren Berg

Udsetningsforspg med erred, (Salmo trutta L.) 1 jyske og sjeliandske vandleb
Heine Glising, Gorm Rasmussen

Kwvalitetsstyring og méilemetoder i den danske fiskeindustri. Resultater fra en spergebrevsunderspgelse
Stella Jénsdottir

Quality og chilled, vacuum packed cold-smoked salmon
Lisbeth Truelstrup Hansen (Ph.D. thesis)

Investigations of fish diseases in common dab (Limanda limanda) in Danish Waters
Stig Mellergaard (Ph.D. thesis)



