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ABSTRACT

An analysis of a trouser trawl experiment with multiple tows is‘presented..
The standard me£hod of analyeie involves combiniﬁg data from all tows and
conditioning on the total cateh. However, when the split of fish entering the
expariment;l and control codends varies between tows, this method 1is
inappropriate. A new model ie proposed to analyze this type of data. Confidence
bounds and likelihood ratio tests are developed aQ diagnostic tools for the
analysis. The new model is also appropriate for the analysies of multiple
7 The new model provides a

subsampled tows without subsampling fractions.

significantly better fit to the data.

INTRODUCTION
The trouser trawl (Cooper and Hickey, 1989; Walsh et al.,
1992) has largely replaced the use of the covered codend as the

preferred method for mesh selectivity studies. The trouser trawl

consists of two codends, one made from small mesh and the other

from a mesh for which selectivity is to be determined. Under the

assumption that both codends encounter exactly the same

distribution of fish lengths (i.e. an equal split), selectivity can
be deterﬁined relative to the distribution of fish that are caught
in the small mesh codend. However, observations indicate that the
split of fish entering both codends 1is not always equal
{Nicclajsen, 1988; Walsh et al., 1992).

The SELECT method of Millaf and Walsh (1992) corrects for the

potentially unequal split. This method conditions on the total

catch in both codends and estimates the selectivity for the




experimental codend while estimating and controlling for an unknown
proportion split.

A potential problem arises with the SELECT method when
camputing a common selectivity from multiple tows. It is possibile
that the proportion split is not constant, but widely‘vériablé
&Fross sets. The parameter estimates for the common éelectiyity
;gfve will be inaccurate if the data is combined without taking
into account the unequal splits.

The SELECT method can be modified to take into account a
different proportion split for each set while estimating a common
selectivity for all sets. This paper presents the f;amework and

methology for estimating this common selectivity curve.
MATERIALS AND METHODS

The standard SELECT method, which estimates the split of
fish into both codends, is first presented (Millar and Walsh,
1992). The split (p), refers to the proportion of fish which enter
the experimental codend from all the fish that enter the trouser
trawl.

Let N, and N, be random variables representing the number of
fish from length class 1 that are caught in the experimental and
control codends, respectively. Let A, be the rate at which fish of
length 1 énter the trawl. Let r(l) ﬁe the probability that a fish
of length 1 is caught in the experimental codend, given that it
enters this codena- Assuming that all the fish entering the control

codend are caught,

E(N,) = pr{l}i, and

E(N,) = (1-p)A,.

If N, and N, are Poisson random variables, then conditional

on N, + N, , N ,/(N, + N,), is a Binomial random variable with

expectation:

E [ N } = pr{l) = ¢(1). (1)
N_+ N 1 -p+ pr(l)
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Again, «r(l) is the probability of a fiph capture by the
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. experimental codend, given that it enters this codend and ¢(1) is

the probability that a fish of length 1 is caught  in the
experimental codend, given that it is caught. r(l) is generally

represented by the logistic function:

r(l)ﬂ e‘l+h’.]
Y 1 + e[-+b1)

' ANALYSIS OF DiTA FROM MULTIPLE SETS

If K tows are conducted in a selectivity experiment, then a
common r{l) for all tows can be coﬁpdted from all the data only if
the splits are the same for each tow. Otherwise, the estimaﬁes for
this commdn Belecti%ity will be inaccurate.

Let k index tows (i.e.k=1l,...,K). The model for the proportion
retained (¢{l)} in multiple tows with common selectivity but

different splits ié:

(1) = parlli . (2)
1 -p tpril)

P, in (2) allows the proportion split to vary with each tow; that
is, (2) has a split for each tow. An alternative procedure, and one
that is used in this paper, estimates a common split corresponding
to the split for one tow and K-1 deviations from the common split

for the remaining K-1 tows. In general,

p.=p +dp, [ for k<K, and
p,=p, if k=K,
where p is the common split and

dp, is the deviation of tow i from P-

The split for the last tow is used arbitrarily as the common split.
The varying split can be incorporated into the standard SELECT
methqdology by specifying K-1 categorical variables which index an
increment to be added to the common split (i.e. for two tows, say
p, = 0.40 = common split = p and p, = 0.60, dp = 0.20,'pk=‘p +dp cat,
= 0.4 +‘0.2cat1 {cat =1 if tow=2, cat =0 otherwise)).

When the selectivity data is based .on subsampled catches , a

modification of the standard method is required. Typically,




subsampled catches are scaled by the sampling fractions and the
.standard method is applied or the methods developed in the previous
papér by Cadigan and Hiéke{ fMS-modified SELECT) can be'used.
However, sampling fractions are usually based on total weights
caught . 7 .

and Hickey show that the standard SELECT‘methdq can be applied
;ithout knowledge of the subsampling fractions; For multiple tows;‘
the method developed here can also be applied to sﬁbsampléd data
without knowledge of subsampling fractions. This is advantageous if
subsampling fractions are unceitain, unavailable or difficult to
obtain.

¢

The MS procedure involves a modification of {(2):

$(1) = _ £ pr(l) g . (3)
A l_p:’ +£f .p,r( 1)

Let P, = N < N
£ (1P )+, P,
then ¢.(1) = ___p x(l} . (4)

(1-p", ) +p", £ (1)

The f,, and f,, refer to the subsampling fractions by number or by
weight for the experimental and control ccdends, respectively. Note
from (4} that selectivity can be estimated even without the
subsampling fractione, i.e. estimate (2}). -

Asymptotic standard errors fgf parameter eStimates, where tow
specific gplits are estimated, are derived from the covariance
ma;rix for pérameter V
Appendix of Millar and ﬁalsh {1992). Racall that for K tows, theré
is a common split (p) for all togs ;nd K-1 téw specific deviations
(dpl,...(dp;dj which result in K+2 parameters and a (K+2) x (K+2)
covariance matrix tc be egtiméied.

The covariance matrix is fir:t derived for the model with a
split for each tow. Usinq_basically the same notation of Millar and
Walsh (1992), define I to be the information matrix and €'={a, b,
P,r-++.B,). The COV(Q)=I“, where ﬁ is the maximum likelihood

to be the (j,k)}* element of I, i i

estimate of @. Define i iyt by,

1.k

:'t.,'2 are computed éxactly the same 'as' in Millar and Walsh (1992}.

i and i

For each tow, the elements Lgar 4., yoz, o2t

i=1,...,K, are




cbtained by-summipg ilﬂ; i, and i, in Miller énd Waléh (1992) over--
the 3" tow. Note that i;, = 0 for j > 3, k > 3 and j%k. If
fractions subsampled are used (i.e. the MS method), then i, ,,, and
iy, 5, MusSt be mulﬁiplied by op*,/dp, and i,,,,;,, Must be multiplied by
(ap*j/apjji, j=1,...K.  In addition, p*, replaces p, in all the
formulas in the Appendix of Millar and Walsh (1992).

The parameter ea£imatea for the model considered, where one
common split and K~1 deviations (instead of K sélits) are to be
determined, can be obtained by a suitable linear transformatiomn.
Let é"sta, b, p, dp,yev.s dphli be the parameter estimates for the
deviation model and §'=(a, b, ps+v+«, P,) be the parameter estimates
for the K separate split model. The linear transformation &' =—Gé
shows how éf can be formed from ﬁ. For the example considered in

this paper (5 tows) G is a 7x7 matrix:

160000 0
10000 0
00000C0C 1

G = 001000 -1
000100 -1
000010 -1
000001 -1 .

The covariance matrix for the estimates is then GI™'G'.

Simultaneous confidence bounds for r(l) are generated to
analyze the assumption that selectivity is constant between tows.
These confidence bounds are interpreted such that the pfobability
that é éelectivity curvé lies outside it's confidence bounds is at
most o. Let 8' ={(a,b), where a and b are parameters from the
logistic model for selectivity. The method involves constructing
{l-a)100% Bimultaneéus confidence bounds for the Logit{r(l)} = a +
bl uéing the asymptétic normality of the maximum 1likelihood
estimates for a and b. The reverse Logit £ransformation is then
applied to these bounds to yield simultaneocus confiéence bounds for -
the retention lengths or selectivities.

The procedure is highlighfed as follows:

a) From asymptotic theory for maximum likelihcod estimates,
ﬁ - N(8,L) , where L is the 2x2 covariance matrix for a and b.
Also, (@ -8)' L' @ -8 -y, -

b) The following probability statements can be made:




a(2) ] r

Prob [ max Lﬁ;iézz“ﬁllf = 2 ] '
- keo k'L k . (Graybill, 1976),

Prob [-JK'E k%0,

t-a = Prob [ (@ -8)' T2 (B -80) sy

k'8 - 0)s k'L k o

- = u(:.l

for all k«0 ].

c) Let d= J&'E k x%,;, r then
- prob| k'8 -d=k'BskB+d] = 1-a.

This statement holds for any k0. In particular, let k'= [1,1],

then the simultaneous confidence bounds for r(l) are given by:

Prob [ _et® -4 s r(l) s _eu*d |2 1-q
1 + gl - d 1 + aivbl) +d

DATA .

A selectivity study for Atlantic cod, Gadus morhua, using

nominal 135 mm sguare mesh was conducted in NAFO Subdivisions
2J3KL. The study was acpomplished in February, 1992 ‘and was
performed_qn the "ZANDVOORT", a 52 meter commercial ste?n trawler.
This vessel carried a 47 m Hampijhan trawl which héd been ¢onverted
to a trouser trawl with a vertical divider panel and twin codends.
The foctrope lengﬁh was 61 m and the headlige length was 47 m. The
mesh size was 160 mm (k.c.) in the wings, square and first belly
énd 160 mm in the twin extensions.

Fivé‘aeta or tows were performed witﬁ this tréwl and sampling

was pérried out by two fisheries repreaentativea. Samples were

obtained on deck when possible; however, when temperatures were
below freezing, sampling was carried out on the ramp. The lengths
were measured to the nearest cm and length fregquencies were used to

create three cm groupings on which the anaiysis was performed.

RESULTS
Figure 1 is used in anal&zing' the . éssumption of common
selectivity among tows. The estimated selectivities for each tow
(éarametet estimates are in Table 1) and 95% confidence bounds are

plotted as points and dotted lines, reepectively. The solid line is




the estimated selectivity from the toﬁ whose number is indicated in
the upéer left hand corner of each plot. If the selectivity from
one tow exceeds the confidence bounds’ from another tow then that is
evidence that the selectivities are different. It appears that
selectivity is different between tows 9 and 13; 9 and 14, as well

as 14 and 15. These are not statistical tests however, because the

1 i
variapility in the estimated selectivity indicated by the solid
TR

iine is ignored. A better procedure will follow .
Four models are estimatéd, they are:
(i} Tow specific splits and selectivities using MS.
{ii}) Tow specific splits and a common selectivity using M5, (3}).
{iii) Tow specific splits and a common selectivity using the raw
data, i.e..no sampling fractions, (2).
(iv) Common split and selectivity using MS.
The estimates from analysis (i) are presented in Table 1. The

splits are quite variable, especially for tows 9 and 13. The

estimates from analysis (ii} are presented in Table 2. Table 3
contains the estimates from analysis (iii) and is presented to
illustrate that subsampliﬁg fraction are not required as ({iii)
produces the same common selectivity estimate as (ii). The only

difference in Table's 2 and 3 is the interpretation of the p

estimatea. The parameter estimates for analysis (iv) are presented

in Table 4.

The three estimates of selectivity for each tow are presented
in Figure 2 (recall that the selectivity in (ii) and (iii) are the
same). The common selectivity for tows 13 and 14 computed using
(iv) appear to be inaccurate, while the selectivity estimated from
{ii) is more similar to the tow specific fits from (i).

Statistical comparisons between fits are made with likelihood
ratio tests or, equivalently, deviance tests (see Millar and Walsh,
1992). A schematic diagram of the hypotheses tested is presented in
Figure 3. The deviance for (i) can be used as a goodness of fit
test; it indicates whether the logistic model is appropriate. The
p-value is iarge which suggeste that the logistic model provides an
adequate fit. The difference in deviances (x?) between (i) and (ii)

-is large and statistically significant, i.e. p-value < 0,05. This
suggests that selectivity is statistically different between tows.
Similarly, the p-value < 0.05 for the comparison of (ii) and (iv),

indicating that the splits are not egual among tows.




DISCUSSION
A procedure has been presented to estimate a common
selectivity curve from a trouser trawl selectivity study with
multiple tows, and Qhere the split varies among tows. The procedure’
may also be used to estimate a common gelectivity from multiple

subsampled tows even without the subsampling fractions. This could

RN

pég advantagecus if subsampling fractions do not exist, are
difficult to obtain, or are measured pooxrly. The procedure should

not be applied routinely if splits are not different between tows
because unnecessarily estiﬁating tow specific splits reduces the
overall precision of parameter estimates. It is not recomménded to
stop Sgtéiﬁing subéaﬁﬁiiﬁérfraétibﬁém}dé-ﬁhié feéﬁgn. 'éGEEBéf
research about subsampled‘expe;iments is required.

The confidence bounds presented are useful tocls to analyze
between tow variability in selectivity but they do not provide
statistical tests. The likelihood ratioc statistical tests give
overall measures of between tow véfiability in nglectivity;
however, when the number of fish in' a tow is large, even small
differences in selectivities and splits will be significant. 1In
this case, determining if selectivities are practically ccmmon
among tows is subjective.

The data analysis is unsatisfactory in the sense that there
appears to be between tow variability in selectivity and the
methods developed here assume that selectivity is constant. Further
work in the direction of Fryer {1992} is required. For this reason
the estimates presented are recommeﬁded only for comparative

purposes, not for general use.
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Table 1. Tow specific split and selectivity parameter estimates

I and standard errors (in parentheses) for proportion-
retained. S.R. is the selection range, the range in fish
lengths over which selection occurs. L50 is the 50%
retention length, and the length of fish at Wthh 50% are
.retained by a fishing gear and 50% escape.

Tow a b L50 S.R. P
7 -17.9 0.34 52.44 6.43 0.51
(2.00}  (0.05) {1.52) (0.86) (0.11)
9 -15.6. 0.31 50.82 7.14 -0.34
(1.40}  (0.04) (1.78) (0.84) (0.31)
i3 -16.6 0.30 55.08 7.30 0.75
{1.25) {0.03) (2.35) {0.78) {0.10)
14 -21.4 0.40 54.17 5.55 0.49
{1.68) (0.04) (1.41) (0.54) {0.20)
15 -12.13 0.22 54.59 9.79 0.43

(1.05)  (0.03) (3.62) (1.34) (0.37)

o [ a

Table 2. Tow spec1f1c SplltS and Commen select1v1ty parameter
estimates and standard errors (in parentheses), using
fractions. subsampled, for the proportion retained. §.R.
is the selection range and L50 is the 50% retention
length.

215.7 0.29 54.58 7.63 0.55 0.02 =0.03 0.16 =-0.16
(0.56) (0.01) (1.00) (0.37) (0.11) (0.08) (0.08) {0.08) (0.10)

Table 3. Tow specific splits and common selectivity parameter
estimates and standard errors (in parentheses), without
using fractions subsampled, for the proportlon retained.
S5.R. is the selection range and L50 is the 50% retention
length.

~-15.7 0,29 54.58 7.63 0.92 -0.07 0.01 -0.03 -0.06
(0.56) (0.01) (1.00) (0.37) .(0.01} (0.02) (0.01) (0.01) (0.01)

Table 4. Tow common split and common selectivity parameter
: estimates and standard errors {in parentheses}, using
fractlons subsampled, for the proportlon retained. S.R.

is the sglect;on range and .L50 is. the 50% retention
length.

-16.0 ©0.29 54.38 7.45 0.55
(0.57) (0.01) (0.81) (0.35) (0.06)
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Figure 1. A tow by tow comparison of selectivity. The estimated
selectivity (points) and 95% confidence bounds (dotted
lines) for each tow are plotted in different rows and
every column. The estimated selectivity (solid line) is
plotted for each other tow, whose number is represented
in the upper left hand corner.
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Estimated proportion retained (solid line) and observed
proportion retained (points) for each tow and different
(1) Tow specific splits and selectivities using
{ii) Tow specific splits and a common selectivity

(iv) Common split and selectivity using

models:
MS.

using MS, (3).
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(i)
D = x%, = 193.2
p-value = 0.543

Xg —_ 4 4 0 X¥2 ==
p-value < 0.000 |

(iv)
D =307.3

X2 = 66.10
p-value = 0.000

Figure 3. Likelihood ratio tests of model fits. The p-value comes
from a Chi-square distribution with degrees of freedom as
indicated. The models fit are: (i) Tow specific splits
and selectivities using MS. (ii) Tow specific splits and
a common selectivity using MS, (3). (iv) Common split and
selectivity using MS. '
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