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Abstract:

A general design for commercial groundfish survey sampling is derived and
analysed, The relation of the model to current Canadian groundfish sampling practice
is discussed.

Introeduction:

This document is a preliminary report concerning work in progress on the eval-
uation of the Canadian groundfish sampling schema.

Currently the selection of landings to be sampled and of a sample from a
landing is a haphazard process guided largely by convenience. The basic sampling
unit is a box of fish. This 1s selected by a fish plant employee at his convenience
and presented to the sampler who may accept or reject it. The landings to be sampled
are selected by the sampler who must travel from plant to plant and can only sample
when fish are being unloaded from boats.

Earlier authors, Brennanm (1) and Gulland (3), have assumed that the basic
sampling unit is a single fish and that the number of fish in a given length category
found in a box of fish has the binomial distribution. Since it is the sampling pro-
cedure that is under investigation, such an assumption is undesirable. Also, it is
preferable te consider all length classes together instead of separately as has been
done since the observed numbers in different length classes in a box of fish cannot
be statistically independent (a box of large fish cannot also be a box of small fish).

Currently, the sampling of commercial landings is aimed at providing estimates
of numbers of fish caught in all possible year classes for an ICNAF division and (most
frequently) a three month period for each species of interest, These estimates are
the raw material for virtual population analyses and catch per unit effort studies.

It was decided to construct a probability model similar in form to the
current haphazard scheme. There were two aims in view. One was to determine whether
such a scheme could be implemented at reasonable cost, and the other was to form guide-
lines for the allocation of sampling manpower in the curreat scheme,
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The Model:

The proposed model is a two-way stratified, two-stage cluster sampling
procedure. It is possible to simplify the structure by removing one or both of the
stratifications for applications to other sampling problems. The population consists
of all the boxes of fish landed from one ICNAY division and one three month period
of 2 single speciesn.

The population is divided into major strata comsisting of all ilandings
for a particular gear in a time period, The three month period must be subdivided
inte time perioda short enocugh that the number of landings within a period can be
predicted at the beginning of the period so that a random sample of those landings
may be chosen. From each gtratum, a simple random sample of landings 1is chosen.

The landinge are subdivided intoc sub-strata consisting of all boxes landed
in a market category. From each sub-stratum of a sampled landing, a elmple random
sample of boxes of fish is chosen and all fish 4in a box are meapured.

Note that all strata are represented in the sample and that all spub-strata
of a sampled landing are represented in the sample, Samples from different strata
are assumed to be drawn independently. The use of boxes is not easential; the landings
could be divided into any collection of equal, non-overlapping volumes and single
volume units could be the sampling units.

The conversion of lengths to ages 18 accomplished with an age length key
ﬁ : ﬁat = estimated proportion of fish of length class t that belong to age class =,
(The total number of age classes is S and of length classes is T.) X is Assumed
teo be distributed independently of the length samples. E[ﬁ] = X, the true age-length

relationship of the population. The columns of the matrix X are assumed to be mutually

independent and the within column dispersion matrix for column t is ﬂt.

Notation

No. in sample, No. in population, SBubscript

Strata (time period & gear) G G i
Clusters (landings 2y Ly 3
Sub-strata (market cat.) cij cij k
Units (boxes) bijk Bijk £
Observed variable Rijks ) Nijks

The weight of the contents of a box is wijkz and the total weight of a

gubatratum 1is Wijk .

The observed variable ie & column vector consisting of the numbers of fish
in the various length (or length-sex in the case of flatfish) categories.
Ly Ly €4y
Let By = I By, = LBy,
i=1 4=1 k=1

A3



¢ G Li G Ly cij G Li cijnijk

N~ I = I I N =L I I N = £ ¥ I § N

Iy Ny A 1] ik 11kt
i=] dml fwl 1=l j=] kel 1=1 j=1 k=] £=}

The estimation of the true age composition vector # (numbers of fish

landed in the various age categories) of the population ie as follows:

~A

a, = XN is estimated by
% = XN, where ﬁ,i' calculated in the following stages:

1 Within Sub-~strat N B oigk
. n Sub~strata: - I
Ad3k T 11k Ry
bijjk =1

Note that scalar multiplication is not given a special operation symbol since
the meaning is always clear from the context.

S T
2. Within Cluaters: ﬂdj = z ﬁijk
k=l
. o TN
3. Within Strata: Ni - Ly L Hij
T im1
~ G oy
4., Whole Population: N = I 1 i
i=1
N ¢ Ly e P13k
Thus { - I 2y r I Bijk ﬂijkl.
1=1 j=1 k=1 Pk A=l

Expectations:

As a straightforward generalization of standard univariate sampling
theory (e.g. Hauaen'ﬂurwitz, and Madow (4)) it can be shown that the estimators
at each stage are unbiased.

E [ Bygpe 1 = ¥ijk

E DNy T = Ny

E LR )=y

E[il-ﬂ,

E [41=E(X]E [}
- R

Dispersion Matrices:

The multivariate generalization of a varifance ig a dispersion (variance-
covarlance)matrix. The following formulae can be derived by calculating a typical
diagonal term (variance) and a typical off-diagonal term (covariance),
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Lo Var [ Nyu 0 = Biy, (L= £y4) Siyy

where fijk - bijk / Bijk

and
2 Bijk T
“Siye " T (Mggpe v Nage / Bygr)  Oygpe - Negy / Bagk )
im]
B:I.jk -1
N Cij ,.
2. Var [ ﬂij ] = I Var [ Nijk ]
K=l v
cij
k=1 by
-1 L c
2 ¢ 2 1 1] 2 2
3. Var [Ni] = Ly (L - fi) sil + Ly z L B k (l-fijk) s 13k
e I=1 k=1 by4y
wvhere £, = 2y 1 Ly
L1 T
and s*,; = 21 Mgy = Na/Lg) Wy - Wa/lyp)
j-

-~ G
4, Vvar [N] = L Var [Ny]

" i=]
C Lo -t Ly Cyy
= I 1 (1-£,) s*gy + Ly L I By (1-£ijk}szijk
1=l 24 j=1 k=1 T
1k
- 3%

Note: Dispersion matrices are distinguished from summatioan signs by
a vertical bar (} va I).

5. Since a 18 the matrix product of two estimators, an exact variance formula
is complicated. " However, a second order approximation is available.

var (a] ~ §
A i T .
where sntry s, 8 of $ 18 I - N(t) I, (s,8) N(t) + X(e) i XT(s )
, X(8) represents row @ othhe matrif?&, v
and entry s, s' of ) ST E_Hﬂt) tt (a,8') ()} + X(s) x* X* (8')

1f the B known ,but all boxes in & substrat had cons weigh
i were ot sbut a um tant weight
Wyqp them Bijk -w13i7wijk defines then.

T
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As was described in Doubleday [2]), estimation procedures at the
St. Andrews biological stationm involve a length-weight key i. a column vector,
whose t'th entry is the estimated average round weight of all fish in length

group t in the population (as defined above). We shall assume that E[i}- % the true
length-weight key for the population and that Var [3] = $ 1f the key is determined
by a regression of lopg (weight) on log {(length) as is often the case, E[ﬁj+ &, but
the bias 1s small and we shall not investigate it further.

The estimation procedure 1s ldentical to the earlier case except
at the first stage:

b
n bijk ijk n
Naje = Wigx T Wayx / i{T z " §k
g=1" =1

The new “djk is a ratio estimator of R1 The bilas of this estimator
was examined in a univariate Dénner in Doubleday 1? In vector notation, we have

the following second order approximation to bias.

E [ 1 N
Mgkl & ) Rave Mgk (14 hijk 1jk(1 Y gs? e &t N* NS 1 Yoy
8Ty,
a Wik

(5 Kijk)z

T
# Ni3x)?
-1
It is small comfort that the bias 1s proportional to bijk since

byyi 1= uwsually 1 or 2 in practice. If $i 18 negligible and Nigeg = %13kt Nijx
T
(scalar multiple of its mean) then szijk = S5x2 Wiy N 15k and the bias is

zaro. If &' Nitxt = counst. then the bias i{s again zero.
~

If we write E{ﬁ ] = N + A then
mijk mijk mijk

the bias in the estimator of % can be calculated

[ o4
z[;] -a+ x7¥ ‘12 e P
n L!l
4=1 =1 kel

Thus, the biases are summed in the estimation of 4+ One would expect most of
the A 11k to point in the same general direction. The approximation to bias

A
is based on the assumption that the coefficient of variation of the denominator

is small (0.1 is reasonable).
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It is also possible to give second order approximations to the
(mean squared error) dispersion matrices, although the expressions are much

more complicated than those given above,

T.2

- - 2
Var Ieged %/ Wige Bogu Dogge Boage(iofyy) 8787, 8

T T 2
R Nije Pigk & Wiy

T T
Ry 3 Mage \ Mo Nagk Dogqe

B4k
2
* by -fyy) 87504,
- b (1-F,,.) T g2
14k 19 Wage & 57ggx
T

& Nigx

) T
g g 3% ¥ Bage [ g‘
11k

& Najk

If anijkE is8 constant (coastant weight), this expresasion reduces

2

(-4 ST 450

to < Wik By .S LI
T
% Mk Pag

If “djkl = xijkl Ndjk' then the variance (although not the approximatioen)

is zero.

if wijk ~ 1, then approximate mean squared errors may be calculated to be.

T
5 Nk

1. Var [ﬁdjk] X $1jk
Cc

. . il 1
k=1
- 2 -t b P
3, Var [Q;l > 2~£ { (1-£,) 5211 L o2 i‘li;jk }
24

1=1 k=1
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4, var [§] 2 I L -1 L c
i 2 i i1 .,
1m1 . (1-£,) 8741 + L, b b 19k
i
y=1 k=l

The approximation to Var (a) is similar in form to the earlier
case and is not repeated.

If the size of samples permitted, the various parameters (dispersion
matrices) could be estimated using the corresponding sample values.

Practical Observations:

Now that a probability sampling design has been developed, it 18 possible
to compare it with the current scheme and to examine the practical difficulties
of implementation.

The first observation is that a large part of some populations is hardly
ever sampled. The landings of the mobile fleet in Quebec and the inshore fish-
eries are rarely sampled. Thus, the selection of landings to sample is far from
ideal.

The next observation is that the firet and last few boxes of fish im
a landing are never sampled. This means that any estimate of a within landings
variance is likely to be too emall, and that serious biases in numbers at length
may exist in some instances.

The third observation is that a market category from a landing 1s usvally
represented in the sample by a single box of fish., Thia means that it is impossible
to estimate even roughly the within landingse variance.

The fourth observation is that the landing weights wi % currently used
are usually the nominal landing weights calculated at the fish piants as the product
of Bijk times a nominal box weight multiplied by a correcting factor to change

gutted weight to round weight. The length-weight key requires round weights since
it 18 based on research vessel catches. This process generates unknown bilases.

The fifth obeervation is that even if the current sampling effort were
evenly diatributed, it would be impossible to obtain more than one sample from a
stratum in most populations.

These observations are quite general since detailed figurea are not
yet fully compiled. However, the available tabulations are sufficient to raise
the question of whether it is too ambitious to implement a probability sampling
scheme aimed at producing both estimates and reliable confidence intervals withount
much greater rescurces, A random sample of size three or four from even a moderately
variable population has a sampling error greater than the bias involved in selecting
a representative sample from the middle of the range of variation in the population,
The current scheme is intended to take at least one sample from each major segment
of the populations and to weight these observations according to the size of the
corresponding segment. This is a reasonable objective when resources are so limited.

Conclusion:

A probability sampling scheme has been developed to form a framework
for atudy of the current haphazard scheme and to investigate the costs of imple-~
mentation. The madel has demonstrated some inadequacies 1n the current Canadian
commercial groundfish sampling scheme. Further experimentation using the new sampling
design on a small scale is necessary before the costs of implementation can be de-
termined. It 1a evident, however, that several times the current rescurces will
be necessary for implementation.
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