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Abstract

This paper contains abrief description of the aims and procedures of fish
market sampling in Scotland, with en~hasis on sampling at Aberdeen Market. The
authors present formulae for an estimate and its variance of the total landings
of fish in any specified size range. The results are given for a special samp­
ling study designed to provide estimates and variances of the total numbers of
haddock in ten centimetre groupings for trawlers fishing on Faroe Plateau and
landing in Aberdeen. These results are discussed in relation to the recommended
arbitrary minimum 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 exp10ited fish stocks includes reliable data on the amount
of fish removed by fishermen together with the associated fishing effort end
the size and age distribution of the individuals in the stock. In Scotland ~

complete record of all landings by commercia1 fishing vessels and the rul~unt

of fishing effort expended is maintained (Pope and Saville 1973). The size
and age compositions of the landings themselves heve to be estimated by·
sampling.

Regular sampling of landings is carried on at a number of ports in Scotland,
being most intensive at Aberdeen. Here landings are sampled by members of the
scientific staff from the nearby J1arine Laboratory, currently for cod, haddock,
whiting, saithe, hake, lernon sole, plaice end megrim. In this p~per attention
will be confined to haddock sampling on Aberdeen fish narket. The s~~pling

procedures used at Aberdeen are similar to those at other Scottish ports.

The objective of this s&üpling is to provide, for each of a number of
defined areas, estimates of the absolute number cf h~ddock of different lengths
and ages landed in a month by commercial fishennen. From th 'se, using informa­
tion on fishing effort, indices of the abundance of the exploited components of
the stock are determined. The areas uGed are groups of ICES stetistical rec­
tangles, chosen so as to reflect regions of different gro~~h rate in the haddock
populations exp10ited and also the pattern of Scottish fishing activity. A
chart sho'1ing these areas is to be found in Statistical News Letters, No.6l,
Demersal Species 1972.

Samples are taken from landings by trawlers, Danish seiners, light trawlers
end Nephrops trawlers, these being treated separately. A minimum saopling
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intensity at Aberdeen of four vessels per gear typet per area t per month is
aimed at although t _for., various reanons, thc actual nunber of bo!",ts sronpled
in any nonth; ooy' ·diff~r. frou this. In 1913 a total of,218':600>haddock:.were:I
'meksur~d~,'di~trfbuted"wong thc' vo.rious fishing reGions 80S' ShO\ffi:in ~ Table: 1.
• \ • ...J ... ·~.,,'...;,J ... ,;_·J,:.:i\l .... ':' -

Sampling Procedures

Lnndingn of haddock at Aberdeen fish ~rkct are stratified for market­
ing purposes into a nunber of.sizc,(length)~categoriestcrmed, for exnnple,

, • I ,,~; t ,! l.'- . I .~,;, . ,')'. .., ~ • •

smo.11, medl.UDl, large, extra·largc. "These arc··of'o;varJ.able nature and theJ.r
nt.unbcr and coraposition are to a 19,rge.extcnt detcr:1incd by thc size distri­
bution of fish in the catch. Thus, fish of say the medium category in one
landing may havc a significantl~different sizc composition fron fish of thc. .~.i ...... j ~.; •·.• .... ,t \. r .,,:-.'''' .... :, ,'0." "',.. •
medJ.UI:l categorj·J.n another landJ.ng•. Bccause of.these·dJ.fferences J.n strata
between vessels it ici 'necc~sary"to' ~o..uplc:·cac·h'··stro.tum\vithin each sclected
vessel. On discharge t rish arc placed in boxcs of identicnl sizc, the wcight
of fish in euch box beine nominally the same (1 cwt =50.8 kg). Slight
vn.riations in wcight from box to box do, of course, occur but this is ignored •
in the trentnent of samplc data. L"-..::._-..:.::....!..:.:.

i"-·~··f. WO:" ....,.·,.f;';· .. I.·.·., ·· ~'\""',' -"'.:'~ . ~:. :.(' ,,-~ ,;. {"'T~.("" •. ~.•.J.(,.......... .",".. ~ 1"'" '" ., "" '"

'.:~~~" -'. Thc:sel'ection' of'o;':landing' for ~s!l.Ilpling on uny d('.v·is"dctcrninedby thc
':'.','rcq\iiren6nts .cif the 'nreri.'.quotn at'tiic'tine' o.ridtno"position'.'of the'landing . ,.
"-"'~~".•• 'I~ _ ...t.~' ".' ." __ .1 .••.. \ "~,, 1.:~- "" , ("•. ,~ :' '~. , .... , , .... I.' ) .l;'
,on thc oorkct ... Dl.scho.rgJ.ng of.·co.tches, usuo.11ybeg1ns (',bout 3.30 am wJ.th."~··

-<salcs'.(bY o.ücti~-n); iitartirig >-ri,t':onc/ end of 'thc' market.'o.t 1.30 a.t'l'ündproce'cci..:.:
- ,irig' ~s'cquentiÖJ.ly;'along ttic·.nlo.rket·;::~.Thisusually.. rcquirc·s'onc' 'to two. hOUrs': '

~.,::""dep€~?:ipef.~ri .'t.h~' ..yö,ltl?~·öf 'fi~h;~?CP~'G~d'fort ·:~·alci. ~n .thc" da;:r·~:;~ß!ünPl·i.ng~~o~~. r
menccs somct~e betwecn 6.00 ~ and 6.30 am nnd usunllylnsts for nbout two~

........ '. , .••.• J_, "t '.... .). .'. ,:.:' ': " .. : ~ \ .' ~ ',." , ... " ' ... "f "

hourG. As 10.ndJ.ngs arc rcmovcd from thc no.rket ·o.lmost' 1mned1ntcly on"beJ.ng·
sold it is esscntio.l to choose vesscls o.s fo.r as possiblo fron thc starting~

point of so.1cs to allo'T as much timc o.s possiblc for oensl.lring fish·'o.nd 2 .:.::......:..

_.~o.~i?g ~~?l~~h.s,·:j-,.u ...:: li:.J. :~ .;~~. ,.,oc:';::..~ ;:-.: .... "..•~~.'.,: l;;;;.lj".,.:~.:~.: ',":'
.",::;!.",~::~.- {" ":) ~,.~:j ... ~.~ ~~ \. ';" ~ ~;;"":: ,- ~. !",,~, ·'.,r' .0":-;",,'; ·'· .... 1 .; .......~ • ..,:. ~~ .... "'~" ;'r

::': _Th~~.<: rc:I~.J.r.c:ue~~s;p~~.clu~,~. ~he:.~elec:t10ri,0~:vcn~cls.-~or :·~amplin3.-;~ , ~-:,
by nny rnndon procedure but. thJ.s loS. not 11kely'to cause bJ.ns sl.nce·the arr1val

< •• _ ,. ~ ~ , \.'}". '. -, '.' • I • '. ."..:.., .,' ~. '. " • "'" • .. ... .' 1

of,vessels and hencethe1r·posJ.t10n,of unload1ng'are'complctely unsystcmnt1c.
~.'~':. _~d .• ,,' -, ,. ; ... t ••: ~ •• ~.:,' .. ;...... ~'~~'';'~:''.l_'.'· ":"''' ..... ~ :...(~.... ~ ... l.:~·:- ..' .t(' _ :~.: ...;-:.; ... ' ... :.~. #~~*.

E~timh'Üdn pi6c'edurei : .' ... :::.: ~. ;'~':):'_::l'::' J,'.:~~'~ :.: r".,~1.' :;., ':'~':- - :" [ , '.~: 'je •
-';;;";;';;=~;;;';;';;';;"'='-";;";;';;;;";;;;;";;';;;"':!.~' .. '·..·.e .~ .~," .....l; :II .. J " .~ f; ;.~ •.1•.•. r~J' ,J.G ~ :"':: ~:_::r' ~ ..:~ .. ~ '.~' f'~~:'

Sampling is co.rricd out in two stagen, the first being the sClcctioöor
~""'Ivesscls (prinary units) end.the second.thc selection.of boxes. (secondary units)

i:~J ~. - }: ! .. 1.)'1 •• ·,' ,', .',',: ~l' '. ·,"'-t
.wJ.thJ.n.selected pr~~ry unJ.ts •. As, alrcady mentJ.oncd; ,sanplJ.ng.at the'second

:;:'stagc 'iS::stratifü~d,with .sizc' 6ntcgories foIining' the' strata~'~';N6rnaliy'only~:
t· - _ J Io,~ - 1 ••• , f .' ~'.''/. \- .,", _,' .~ :, .&-J:-:
... one,box J.s,selectcd,from dach stratum cf ·eo.c!l'chosen .vesscl· nlthough the" .. ~
......... ,., ..... .. ~ .,""'. __ • .. ••. ' ....._ . J •. • .' .' --+ r _. ~ •

results descrJ.bed below .refer'-to ~a special 'study.' in 1-1hich ,three' .boxes :wcrc ':',
ch6sen~fiom::eo.ch:strntum~'~: .. ,.' : ... - .... ,.. : - ".' ..,.ü. .. ,'~ .' ... - H:.;'; : ~; ~ ~

" ........ , .. ~ .......... ~, ........ _ ... _.1 •.· ..... ,' • .. J:;.~''': ... ':.: 1:::..,;. ; .. .lp.. )'':' ••~)..... :.; .•• ~'.' . -' .1; ;: .. ·~i.....l.~··::- ..~

t ,~'l(:;"'':' '~l

~ .,;..·.".u:-: i.;'~ ."
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As all boxcs nre assUl.'lCd to ·h.old'thc Sl'..mC ~lcight of.fish, H~:th~ '.weight 01'

fish landed by vessel i is' ~vlHij'~ WHi 'and the to~al weight' lan~ed' by ~l

vessels in the population J is ~~!l.1i:: WH. For thOsc ves~el~'i~ th~ samplc

the Valu:~ 01' fti,j are known, but f;r vesselsriot '. in the sampleonly the va3:ues

o!-'Hi (änd hemce HHi) are ·available. ., .'

,.. :;" Th~.,~sti~te~' t~tal :cor Yij~ (i.~'. thc esti~at~ of'. bY') is obtain~dintwo
,. stages ~ First the' totals for each sampled 'vess~l 'are' foundancl thexi';'using

.. '. - ':;' . "'.': . . " .. . . ':.. .
these, the total for all vessels is obtained.

......

Since sampling atthe second stage is stratified thc estimate of.the total
....

for'vessel'i' is . , .

.\ ' ~

s, .', ..
EH~ .'1 .. =B.y•. '
• ],J J.J" ], .J. '.J .~'

The estimated total for the population is then given by sunming the values 01'

(1) over 311 snmpled boats nnd raisingbythe ratio of the numberofboxes in
.tlie:populntio,n 't.o thein.~.1·rlb.er o~ box~s' landed by the: sronPled~oci.tSt Le. by

'. n'· n ",
'.H(D1.y. )/EH. '= H~

i'],], i J.
, ,',

3

; "

. ~ . '. (2)



SampiiIig:'-error in this.'q\ütntitY+can:ro:rise i'rom ti'ro sourees~;; ~ne due to
vario.bility within sampled boats and the other due to variability between
boats. It is shown in the Appendix that the variance of the.estimate (2) .

,I -r ''''0 ... ("'1-is given by f: '-_._' ", <, , ".».

This quantity may be estimated by

_.

var(MY)
Ir Ns= - { EDot.. (H••
n ij J.J ::'J

2
;_,Sij

- Il•• ) ­
::'J m••

::'J

•

c:.i: ~.Jxn\"f

n 2 _ y=)2 }+ LI·i. (sr.
i J. J.

. '- '.\

within-stratum varinnee in eategory j of vessel, i-:and~'

;J
.:'12: _ ~,~

1. s (Ny) I =

"2 ~:;~."<

where S.. is the true
J.J .

2't .
S •• J. S est:unate.

J.J

.. ~ ;:.; • ,c.:\ .' .<:
f t" "" r 1. ' r " "'

Sampling Stucii'· :·1

In order to test the efficieney of the.sampling system used~at1Aberdeen,a.~:·

special study:was:'made in July 1974\: ~Travlers 'tlhieh had 'be~n,fishing:on"l,<~
Fnröe Plo.teäu dÜring the month were täl:en 0.8 the population. A total of'
54 landings.from this area vas made during!the month, thc total quantity "
ofhaa.dock landedtbeing 18 091 cWt" (=::. boxes) • Five vessels':were':s~pledr:\'
these'having'iii.nd~d178,270,614, 268'fl.nd:243 cwt, a total of:l 573 cw-t" '.!.O

or just under 10% of the total weight landed for the month. 'All landings
~;:() ~~r~ ~tra~if.~ed.~~~o__~o~ ~ize . c:~~ego::ie~ ~nd.thre~._ !>~xc~ ,2~..r~~h,~er~ ,

measuredlJ.n~ e::Lch.;category~·· ThJ.s pCrIn::.tted the yalues of 'sir' (e9.eh 'based
o~I2 degrt?~~:..Qf.t:fr~~~o~h1:;~ be,leyn.luated fo!; every~sru:npled;:ca~egory.-;and::,,_~·:::
hence 'the v!'.luc of s (~). .. ~ ',- .,.

..;!::f::_::": :",;~·r ...~ ~-~: ;:l:.I::::.J1 ~~:-:·..'r::r ..tv~; .!'~.l' -: f.'~l.'~'~ :~r i. f:0,!~ .."'...f.L:;.tc·; ,;.: ..... :"!! ,.~l:.';':':.}~l

::_.;.[.", f~r t~~:.purpose o~,;th~s IS~UdY'jthe~.Yi·jk l1Cre~t!lk~~ suecessively,to,be,:!':
the number of fish in n box in the follmr::.ng length groups, ('30-39 cro" . _
40-49 cm, 50-59 em !lnd 60-69 co. The cstiInates: of thci toti:l.l' ritim.ber"of fish:)
in each of these size groups lnnded durine the whole nonth of July, obtained

c·.by:means·of lexpression.:(2):nbove arid their ste.ndard errors~:ns given by the
squnre-root'lof,expression c (4) ",are ShOiffi. in,T;'ble,2. ~ .. (Estin3tes, nnd standard
errors öre' quoted to"the ·Ilearest '100-rish. ) - ' - _.. ,"~ ... ~ ... , , . ,.-....

These results show thnt, with the level of srumpling uscd in this study,
,1 ~:ajstando.rd·- error--of.,5% or:less':i13 achieved in'=the estiriates; l~Since'the con­

tribution to s2(Hy) arising from betl1cen-vesscl va.riation wlls_,in~evcry,ease,
• ••• • • • .,. .t.' .... , • ... _ ...

mueh h::.gher than the contrJ.butJ.on due to wJ.th::.n-vesscl var~nt~on, the percen-
tage standard crror will inerea13c only very slightly as tllC nUtlbcr of boxe13
sampled per catcgory is redueed fiom 3 to 1, the usual number.,sclceted. Thc
percentage standard error attnching to estirm.tes cf numbcrs~in~simi.llerlength
L.terva.ls 'm"3.Y be expected to be sone·..rhnt higher on average, althoueh this h9.6

·~.eo~ _,~,~" .. ~o.~;l~C~~.~~~'r~c:s:~e;::~e~.~~ f:_•• lj ~1.t l~ ..)1.J.,·[t;'-i{>~ . ..~:r ~c,'l 1.i',.L..",,,: .L.:...j'~.:~_.:t ..:) ':llr:~

d r~.: The"~total,number cf fish' tlcisurc'd- in-ihis: study,wtis! of:the order:of Ce;
3 900, equivalent,to about,4 300, per 1 OOO.ln tons.,lo.nded." Thin"is ,consider­
ably more thD:il-thc" fiettre "of 200' fish-pcr'l"OOO ci'tonEJ put rorvard' t"cnt'o,tively
as a minimum requircment for commcrcinl fish sanpline. The rcsults of this
stüdy clearly indico.te that in order to aehicve eVCn·thc,~moderntcaeeuraey



•

of 5%, 200 fish measured per 1 000 m tons landed could be grossly inadequate.
As the situation studied here relntes to the sampling of landings made by a
relatively homogeneous fleet 01' tra~Tlers operating in a small area it i5 to be
expected that this level 01' accuracy will not be achieved when combining samples
from landings by a wider variety 01' vessels and gears fishing over larger areas.
The number of fish required to achieve an acceptable standard error will vary
not oo1y according to the quantity being estimated but also according to the
way sampling effort is distributed between and within boats.

Tlle objective 01' Scottish haddock sampling is the production 01' estimates
of the numbers and mean lengths of the different age groups in the landings.
This introduces an additional stage into the estimation process, namely the
employment 01' age-length keys. These keys, being based on samples, are sUbject
to sampling error which will add a fUrther component to the variance discussed
in this paper. The sampling properties 01' age-length keys are currently being
studied. Some results 01' this werk are eiven by 1'licholson and IlXmstrong (1914)
and further results will be presented later.
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Tab1e 1 Number of Haddock Measured and Total Wei~~t of Flsh Caught
by Areas in 1973

•

Number of fish measured Total weight 1anded (m. tons)

Area Hotor Light Seine Motor Light • INephrops SeJ.ne Nephrops TotaltravT1 trawl net trawl trawl trai-Tl net trawl

:Uorthern 23 739 4 082 19 115 - 10 432\1 701 10 486 - 22 919

North Central 1 779 728 17 967 - 7611 664 17 235 - 18 660

Central 539 - 12 360 - 508 - 5 237 - 5 745
Horay Firth - 1 807 13 217 3 327 - 506 5 153 97 5 756

Eastern & 24 296 6 068 21 239 8 554 4 741 9 342 13 22 650Orkney -
North Coast 12 265 - - - 3631 - 640 - 4 271

Butt of Lewis 7 025 - 723 - 2 4171 - 665 - 3 082

Inner Hebrides - 1 133 2 696 919 - I 313 1 047 78 1 438

Outer Hebrides 5 700 - 1 243 - 4 364 - 10 - 4 374

South Hinch - 400 3431 1 198 1 02~ I 38 805 119 1 986

C1yde - 440 4 676 942 145 214 64 423
I

Faroe Bank 7 983 - - - 739 - - - 739
Faroe Plateau 14 067 - - - 3 252 - - - 3 252

Ieeland 3 489 - - - 224 - -I - 224
, , ,

Tab1e 2 Estima.ted Totn1 rrumber af Fish Landed
in Specified Length Groups and Standard Errars

Length Graul?
(em)

30-39

40-49

50-59

60-69

Estimated Total

1 155 900

222 200

123 400

64 600

Standard Error

39 100

6 200

6 000

3 300
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APPENDIX. DERIVATION OF VARIANCE FORMULA

The estimate ofthe~populationtotal~of:y..k<,is MY.,' Evaluation of','
~,' ~ ~

var(Hy) is not:straightforwardas:y isa ratio·estimate.::: .

We first preve the fellewing lemmas •
• • ', \ ~ ; c _ ~ ; : :, ••

!. . • .~

Lemma 1
•

y is an almest unbiased estimate ef Y.

clmost

Proof:
- • • • 1. '~. _. ~ ••~' ) \. (~_ ;' ',: ~,~" ",:~ '.~ .'- .th" .'~~' :/

M.y. 1S an unb1ased estu1ate of the total for the 1 pr1mary
1 1

unit. ,Hence NN.Y. is.anunbiased estimate of the total for
_' --" i' ~ ," • ~ 1, 1 ".,' ,;. ' ~, ~ ':'~:::. :' ~ : ' ' ,. ',' ' . ~ :. n', ,~ ~.

all N prirna.ry units, namely UY. It follows that Np-1.y./n is
• 1J.1,. __

an unbiased estimate of MY.
..., n· , , " N.~

'.' - .'Further,',"i;.M:/n is ·e.n.unbie.sed}estimate·of-~H./Nso

~n./2.~. i~: ~o~t'-~qUalto iJ)n~: Th~S, M(~M.Y./~.) is
i 1 i 1 _ i 1 1 1 1 •
equal·~to'NI:M.y.-/n which ·isan·.unbiased esti~te of MY~

J. 1
... ,"

Lemma 2

Preof:

= = n _ =
(y - Y) is almost equal to N~H. (y. - Y)/nJ1.

1 11
_ - n _ n. n n _ = n
y - Y = (Et1.y. - LH.Y)/EH. = ~H.(y. - Y)/EM••

i J. J. i 1 i 1 i]. 1 i ].
n

The result follo.Ts on l'eplacing ~t'!. by Mn/N.
1 J.

samples.

(by lemma 1)

(by lemma 2)

= 2 2
- Y) } / nM

equal to

N 2 ­+ E~1. (Y.
i 1 1

2 == Mvar(y)
2 = = 2= 11 E(y - Y)

= N
2
E { EH.G. _ Y) }2 / n

2

2 1_ 1 = 2= N E { M.(y. - y)} / n
1. J.

stands for expectation over oll possible

-The variance of Ny is almost
Ns 2

N { ED1. .(11-1•• - m•• )S •• /0..
ij lJ 1J lJ 1J 1J

var(r/~)

where E

Now

Preef:

Theorem

!'I.G. - y) = M.G. - f.) + li.(Y. - Y)
1 1 J. J. 1 1 J.

end so

{ (- =)}2 {2(- -)2 2(- =)2E H. y. - Y = E M. y. - Y. + N. Y. - Y
J. 1 111 J. 1

+ ~~~(y. - Y.)(Y. - y) }
1 J. 1 1.

The expression on the righthand side may be evaluated in two stages.

First the expectation over all possible samples for i fixed is found.



Following this by taking expe~t~tion over"all value~ of i

since the expectation of the cross-product termis zero.,. The

required result follows.

....

i,

1 Ns. 2 N - _ -y-)2 }=N {- ED-i •• (M•• - m. ;)8. :Im.. , +.E(Y.
ij ~J ~J ~J J.J J.J i J.
. .

S 2
EH•• (H •• - m•• )8 • • /m ..
j J.J J.J J.J J.J J.J

• 2' ,

= E(y"k - y .. ) I(M .. - 1)
, J.J ,~J J.J,'

- • 2E {l1.(y; - y)}
~J.

gives

2where 8 ..
J.J

Only the first termon,the.right is involved'.and, since y; is the
~

meen of e. stratified random sf'.mple, this .tenl has expectation


