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Abstract

, This paper contains a brief description of the ains and procedures of fish
market sampling in Scotland, with enphasis on sampling at Aberdeen Market. The
authors present formilae for an estimate and its varianee of the total landings
of fish in any specified sige range. 'The results are given for a special samp~
ling study designed to provide estimstes and varisnces of the total nunbers of
haddock in ten centimetye groupings for trawlers fishing on Faroe Platean and
lending in Aberdeen. These results sre diacussed in relation to the recommended

arbitrary minimm level of 200 fish measured per 1,000 tons landed.

Introduction

The statistical information required for a full understanding of the pop-
ulation dynamics of exploited fish stocks ipeludes reliable data on the amount
of fish removed by fishermen together with the associated fishing effort and
the size and age distribution of the individuale in the stock.’ "In Scotland a
‘complete record of all landings by cormercial fishing vessels aud the smount
of fishing effort expended is maintained {Pope and Saville 1973). The sige
and age compositions of tha landings themselves heve to be estinated- by .
sampling.,

Regular sampling of landings is ecarried on at & number of porte in Seotland,
being most intemsive ot Aberdeen, .Here landings are sampled by membera of the
seientific staff ‘from the nearby Marine Laboratory, currently for cod, haddoek,
whiting, saithe,.lake, lehon sole, Plaice and megrim. In this paper attention
will be confined to haddock sapling on Aberdeen fish mnrket. The sampling
Drocedures used at Aberdeon are similar to thoae at ‘other Scottish ports,

The objeetive of thia sampling is +o provide, for ench of a number of
defined areas, estimatcs of the absoluts number of hnddock of diffcrent lengths
ond ages lended in a month by corinereial fishermen. From these, using informn-
tion on fishing effort, indices of the abundanee of the exploited componente of
the stock are determined. The arens used nrd groups of ICES statistical ree-
tangles, chosen. se a3 to reflect regions of different grovth rote in the haddeck
populations exploited and alsp tiie pattern of Scottish fishing aetivity. A
chart shoving theése areas is to be found in Statistical News Lettera, Ne.61,
Demersal Bpecies 1972, I

Sumples are token from landings by trawlers, Danish seiners, light tyawlers
and Nephrope trawlers, these being ireated separately, A minimum stmpling
intensity at Aberdcen of four vessels per gear type, per area, per month is
aimed at elthough, for various reasons, the actunl number of boats sampled
in any month moy differ from this. In 1973 e total of 218 €00 haddock were
mersured, distributed among the verious fishing regions aa  shown in Table 1.

! Presented to the 1974 Annual Meeting of ICES as C.M. 1974/F:39
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Table 1 Number of Haddock Messured apd Total Weight of Pish Caught
by Areas in 1973

Humber of fish measured Totel weight landed {m. tons)
Area Motor |Light|Seine [Nephrops | Motor |Light|Seine |Nephrops Total
trawl [trawlf net | trowl trawl |{trawl| net travl

Northern 23 139|% o82[19 115 - 110 432i1 TOL|10 LB6 - 22 A9
North Centrel { 1 779! 72817 967 - T61| 664{1T 235 - |18 &é0
Central 539 ~-[12 360 - 508 -| 5231 - 5 ThS
Moray Pirth -|1 80T (13 217 3 327 -1 5068|5153 97 5 156
§:;§;;‘“ & 2k 296(6 068 |21 239 - 8 sskih 7h| 9 k2] 13 |22 650
North Coamst 12 265 - - - 3631 - 6o - ha2n
Butt of Lewis | T 025 -{ 7123 - 2 7 -| 665 - 3 082
Inner Bebrides -1 133( 2 696 919 -1 313|104k7| T8 1 438
Outer Hebrides | 5 700 =11 23 - L 36y - 10 - L 37k
South Mineh ~| boo|3 43 {1198 1024 38] 8o05| 119 1 986
Clyde -| Mol bk 676 942 -{ 145 pul’ 6h h23
Farce Bank T 983 - - - 139 - - - 139
Faroe Plateau | 1k 067 - - - 3 252 - - - 3 252
| Ieeland 3 L8g - - - 22k - - - 224

Sampling Procedures

Landings of haddock at Aberdecn fish market ave stratificd for market-
ing purposes into a mumiber of size. (length) cotogories termed, for example,
enall, medium, lerge, extra large. These arc of a variable nature and their
number and eompos:.t.:ton are to a large extent determined by the size distri-
bution of fish in the cateh, Thus, fish of Boy the medium eategory in one
lending may have a aa.gmﬁcantl;r d:.fferent size pomposition from fish of the
medium category in another la.ndmg. ‘Heeause of these diffcerences in strata
between vessels it is necessary to Bm::ple each strotum within each selected
vessel, On discharge, fish are placed in boxes of idemtienl size, the weight
of figh in each box being nominelly the same (1 ewt = 50,8 kgl Qlu.ght
variations in weight from box to box do, of course, cceur hut this is 15nored
in the trestment of sample deta,

The selection of a landing for Bampl:.ng on any day is detcrmined by the
requirements of the arem quote at the time and the position of the landing
on the market,’ Dilchargmg of catehes usunlly begins mbout 3.30 an with
- sales (by auctmnj storting at .one_end of the market at 7.30 an and proceed—
ing eequentinlly a.long the market, This usually requires one to two hours
depending on the volume of fish exposed for ssle on the day. Sampling com-
mences sometinme between 6.00 am and 6.30 am and usuelly lasts for ohout two
hours. As landmgs are removed from the market almost irmediataly on being
sold it is essentinl to choose vessels ns far as possible frono the starting
point of sales to allow as mmch time as possible for measuring fish and -
taking otolitha. . .

These requlrmnenta preclude %he seleection of vessuvls for sa.mphng

by any rondon procedure bub this is not likely to cause bias since the arrival

of vessels and hqnce _t.'he:l.rrppsltmn .of unloading are co;nple_tgaly unsystematic.
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Estimntion Procedures

Sempling is carried out in two stages, the Tirst being the selection of
vessels (primery un:.ts) and the sccond the selection of boxes {secondary units)
within. selected prma.ry umts. As nlready mentioned, saspling at the second
stage :Ls stratified with size cotegories forming the strata, Normally only
one box is selected from eech stratum of each chosen vessel although the
results described below rofer to & speeial study in which three boxes were
chosen from each stratum,

. The following notation will be used:

‘subseripts: i refers to vessel
J refers to strotum (eategory)
k refers to box

observations: y. jk refers to the observed value for box k
in eategory j of vessel i (e.g. i3k
m:.ght be the total number of flsh

in the box)

Ttem . Populatign Value . Spmple Value
Humber of vesscls ¥ o
Nmnber of size categoues . 5
ip ea.ch vessel 8 ‘
Bumber of boxes im . Mi. m .
category j of vesszel i J J
Number of VLoxes in E g
vessel i ?{i.j =Y E"ij =
Overall number of M o=u b om
boxes ) i b i
Mean mumber of fish - -
in eategory j of y..M..= ¥ /m. ;57
vessel i x MK 1] ij "Jk 1
Mean number of fish g8 - = B -
per box in vessel i ?‘iJYij,Mi =Y ?'Iijyijmi T _
Overall meoan number : B _ - = n _ n I
of fish per bhox ) ?{.Y./Ma ] ?liyi/?li =y

As all boxes ~re alsumcd to hold the senc weight of fish, 7, the weight of
fish landed by vessel i is y_‘WM- s = ‘Ml and the total weight landed by all
J is E'ffﬁ[i = W, For those vessels in the sn.mple
the values of My j are known, but for vessels not in the sample ounly the values
of M; (and hence WMj) are availeble.

veasels in the population

The estimated ‘total for Yijk (i.e. the estimste of MY) is obtained in two
fteges, First the totals for emeh sampled vessel are found and then, usmg
these, the total for =ll vessels is obtained.

Since pampling at the second stage is stratified the estmate of the total
for vessel i ia

= M9 B (1)
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The estimnted total for the population is then given by swming the values of
(1) over all sampled boats and raising by the ratio of the mumber of boxes in
the population to the number of boxes landed by the sampled boats, i.e. by

s . n - —_ . il .
AL e

Sampling error in this quantity cah arise from two sources, one due to
variability within sampled boats and the other due to variability between
boats. It is shown in the Appendix that the variance of the estimate (2)
ig given by

n , Ns Slj N 2 - =2 SR ’
={ M .M, =, )~ (Y, -
var(My) = - & (M5 =m0 5 * B -Y) ) (3)
This quantity may be estimated by ’
2
T VTN TR PR

. .
where sii is the true within-stratum veriance in category j of vessel i and
2
., 1t8 i .
a1 3 estimate

i Stu

In order to test the efficiency of the sampling system used at Aberdeen a
special study was made in July 19Th. Trawlers which had been fishing on
Faroe Ploteau during the month were taken as the population. A total of
54 landings from this aren wns made during the month, the total quontity
of haddock landed being 18 091 cwt (& boxes). Five vessels were sampled,
these having landed 178, 270, 61k, 268 and 2L3 cwt, & total of 1 573 cwt
or just under 10¥ of the total weight landed for the momth., All landings
vere ptratified into fouwr size categories and three boxes of fish were
meagured in-each category. This permitted thé values of sij {each based
on 2 degrees of -free@om] +to be evaluated for every sampled estegory and
hence the value of s {MfF}. .

For the purpose of this study the y;;; were token successively to be
the pumber of fish in a box in the followling length groups, 30-39 cm,
4049 cm, S0-59 cm and 60-69 cm. The estimates of the total number of fish
in each of these size groups landed during the whole month of July, cobtained
- by means of expresgion (2) aboVe and their standerd errors, as given by the
square-root of exprossion (4), are ghown in Table 2, (Estimates and standard
errors ere quoted to the nenrest 100 fish.)

Table 2 Estimated Total Number of Fish Landed
in 8pecified Length Groupe and Stendard Errors

Lens}‘:m‘);"’“P Istimated Total | Standard Error
30-39 1 155 500 39 100
4o-49 222 200 € 200
50-59 123 hoo 5 000
60=G9 6k 600 3 300

These results show that, with the level of sempling used in this study,
& stendard error of 5% or less is achieved in the estimatesa. Since the con-
tritution to s2(M) erising from between-vessel variation was in every case
much higher than the contribvution due to within-vessel variation, the percen-
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tage standard error will increase only very slightly ms the number of boxes
sampled per category is reduced from 3 to 1, the usual mmber selected, The
percentage stondard error atteching to estimates of mumbers in smrller length
itervale m2y be expected to be somewhat higher on average, although thies has
not so far becn investigated.

The total number of fish mensured in this study was of the order of
3 900, equivalent to about U 300 per 1 000 m tons landed. This is copsider-
ably more then the figure of 200 fish per 1 000 m tons put forwerd tentatively
as & minimum requirement for commercial fish sampling. The results of this
study clearly indicate that in order to achieve even the moderste accuracy
of 5%, 200 fish measured per 1 000 m tons landed could be grossly inadequate,
As the situstion studied here reiates to the sampling of landings made by a
relaetively homogeneous fleet of travliers operating in a small area it is to be
expected that this level of accuracy will not be schieved when combining semples
frou lendings by a vider variety of vessels and gears Fishing over larger areas.
The mumber of fish required to mchieve an aceceptable stendard error will very
not only according to the quantity being estimated but also according to the
way sampling effort is distributed between &nd within boats.

The objective of Scottish haddock sempling is the production of estimates
of the numbers and mean lengths of the different age groups in the lendings.
This introduces an additional stage into the estimation process, namely the
employment of age-length keys. These keys, being based on semples, are subject
to sampling error which will add a further coaponsnt to the variaence discussed
in this peper. The sampling properties of age-length keys are currently being
studied. Come results of thia work are given Ly Nicholson and Armstrong (1974)
end further results will be presented later,
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APPENDIX, DERIVATION OF VARIANCE FORMULA

The estimate of the population total of Yis is My. Fvaluation of
var(My) is not straightforward as y is a ratioc estimate,

We first prove the following lermsas.

Lerma 1 ¥ is an almost unbiased estimate of ¥.
Proof: M. y is ap unbissed estinmnte of the total for the i ;th primoxy

unlt. Hence NM.y. is an unbiased estimate of the total for
2ll N primary units, namely MY, It follows that NZM y /n is
an unbiased estimate of MY,
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Further, PM, /n is an unbiesed estimste of m /8 50

gM 1

) 5., L is &lmost equal to N/p. Thus, M(EM /EM } 1& =1moat
i

e

1
qual to NIM, y /o which is en unbiased estmt.e of Y.

= = n - - i
Lemma 2 (y - ¥) is almost equal to NEM:F.(yi - ¥Y) /oM.

= = n . = n - = n
Proof: y-¥ = Oy, - guin/)i:ui a gni(yi - D/

n
The result follows on replacing };Mi by Ma/H.
1

Theoren The variance of b§ is almost egqual to

3, = =2 2
m{ zgmij(nu “1;)Sij/m1,; + guit!i -Y)" } /oM

Proo?: var(ify) = uver(y)
s M’E(E -0 {ty lemms 1)
a NE{EM(}'.—Y)} / (by lemma 2)

= HE{H(y.-Y)} /=n
where E stands for expectatmn over all possible samples.

» Now .
H, (¥, - ¥) M (7. ~F.) +M.(F, -1
3 - ] - -
MGy vy =) + 40y, =)
and so
- - 2 2 - - .2 2, w2
E{ Mi(yi ¥V} = E{ My, - %)+ M(E -Y)

i
« (7. -FF. -D )

The expression on the righthend side may be evalunted in two stapges.
First the expectation over 2ll possible samples for i fixed is found.
Only the first term on the right is involved and, since §i is the

mean of a stratified random sample, this term has expectation

8
?[ij (Hi - m )SlJlml.]

2 2
where Si,] = E(ylak - Yij) /(Mi.j - 1)

Following this by taking expectation over all values of i

gives

- D)

L0 o =1

(G5, -0 ) =k 2 /o, +
By =) 1 e CIDG 005 - )8 5/myy

gince the expectation of the cross-product term is zeroc. The

required result follows,
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