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'Relationships 'are "prescnted"corrclatil1l3 ScottJ.oh 'rcocarch vessel survcy,'··;
population indiceo for ha'ddock \1Tith'; estmatcs: fron :virtual' population'o'ailalysis'
("''PA). Thc relationohips are sicnificant for lTorth Sea and "lest of Scotland
haddock 'ror aCe: e;roups'·; r.:.vZ ;"·Used:iri·...ccinjunct:f.ori '\~th:-tne·~rnterr..ationOJ. ~ Young
Herrinc; Survey '(IYHS) reaults, Scottish l stiri·cy~rdäta. 6aiJ.··b~'·'uscd:·to':predict >:'<
an agc-structured population for .the currcnt yca:r.. The .. impl~cations of thc
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On·presente.dcs:corrclations·quJ.ctq.blisscnt des:rapports cntre les.indices

dc ,populatio'n: pr6veno.nt', de'o' otudes des .. naviren. do rochcrchc :'ccosoois u,l' oea:rd .
de'l' cglöfin ·ct:les. oi,':OJ.untionn '~'rovc'nallt'd 'une' Malyse .virt1.toJ.ic··de;la.;~> '."'-'\")
population,.(A:V~P.) ;J.:, Los correlations: scnlt':'si[;'Ilificativcs': pour'lcs' eßl~·fi.ilfi" ;.:)
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de la Her, 'du .lrord ct de 1 t ouest de l'Ecoooo dmlS les' omecas' l' n .V.' '." Enployees':
conjointement- avec' 1 'ttucle .IriternationtJ.c" deo' 'Jeunen "HarenGs;';ies' donnee'o';ouo'
PErI;lCttcnt de pronostiqucr. une. population .divis6c .on classcs.d,age pour l!annoc

", courante.~"on diocuto .leo· implications dca rcsultatn"u"l ' e::;ard 'dcs~ etudes' actuclles•
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.:., Uhcri"considcrine 'thc statc. cf the.·stock oi' an' exploitod' finh"population, ..
M' cstimate 'cf' the. stoc1-:sizc~:in:'nuI:ibCrs,''nnd: ittt ae:cdistribution;"is c'r ::.': .':'

. .' .. ",' .' ".~'.~' ·.t ~-.l "~' ,"1."
ccntral importanc'e';~.:' One of' thc' tecr.niqucs presently 'cmploycd ·to this enc:·is: ....
the' use: cf International'Yoüile' ile'rring SUrvo~/ (IYlIS)"catch 'rute' d.cito.~:to'pr~diCt
numbcrs ci I and 'II:croüp":fiGh"in' the' ßcä/.J T:le 'tcch!liqü·c'· is.: to d.crive 0. ',, __L .' o·
rclationshin'bet~ecn' research'" vos3'el indid:3"oi" abulldance' and Virtual; Fopulnt'ion
Analybis '(vPA)' estimatcci"o"f~'po:pulätion'sizc~';' lfuvins cstablished; '.such' i(l ;,:.. :,' ~"', ..

rclatiori.ship:fr6in~historico.l'dnta '0: 'currc'nt"' r·esea±-·ch'.vesoöl ''index 'can be" un'ed";
.\., ")' ~'.' , 1 f,~ <~.·J " ,. •. ,. .' ,. .•. " ' . ' '''" " " ••.' r

to prcdiqt l.hc prcoent population' sizc~" This procedt:.re' ovcrCOr:1es tO:'somc' . :> ..;..
cxtent' 'thekcUlmcGo' 1tri.th· ypA-thät 'estimntc'o 'cf' nUIllbero' fer" ·thc· curr'cntycar:'~:.!·:

o.nd 'to 'u""diminishin"c" dCE;rce'- t:1C "'-ir~nediatolY'''r:}ccdinc' ~ onc~3,; 'depend hcavil;(' .::')
·'on :the', 'GUeso'cd i:'input"values 'ö·f··fishiiicr 6ortci.liti (F)~"" Data-'fror.l' thc ·rnIS ,;,;:

have bcen GUccessfully ap-plied to I and Ir GI'OUP fü:;h of a nunber of demerro.l·:
'ilpec'ics' thoue1i ·onli. 'th'c' rclaticinship' for 'l'c,TOU1) fish 'in ·turrentl:y-·usod 'by .thc
vlorldng'Oroup: (Anön', '1980)'.' '.IIi:·thiG 'paper 'thc :tcClmiqueis ext'ended 'up'tor~ ,.~)

ace' V forho.dei.'ock, 'usirlC 'renults ~'fr6~ä Scotti611"rcßoarch'vcso'el 'survcys"Of"i'o:':'
thc Nortri. s'ca.;.'o.ri<:1' "lest of' Scotli:u.1'd~:.By the' (;=~tensiori:6f- thoprocess' it io ':',,::
ponsiblc to build up' ari"'iiGci iifructured p'opulation'forthc aic !Groupn :thä.t "."",:.
mol<:.o the l.areest contribu'tio:n to thc fishcr:t. Further, with the stock
derivcd in this '\-Ja=>' and ljiven catch c1ata for the D<..:r.le :Jeur an F-nt-ace nrray
can be cn.lculated.
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Sourcc' aild Treatncnt of Datä.· ...
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. ' .' ...... '.- ·Ntimoers·~of·hä.ddoel:: cauGht at eaeh nee by Scottinh research veose1s havc'"
bcental~en ·fron· Jones.and.Hiolop,.(1978) ,inthe car;c of_thc.llorth, Sca.o.nd, fram
'Annäles' 'Bioiöei<itie's, ;:for':the)lest öff Seotland•. ';. The~Hcirth:Sca 'figUrds" arc-- ..
the averaßes of all crliioes"in' a' civcn "ycar:'~'In'- Goine'~'ears there hnve bean
up to three, cruises carried out' in sprinß~" nummcr vncl. autu:nn hut thetendency
has becn for cruises to occur in the seeond half of thc ·Ycar. For this rensan
thc research vcm:;el index has been co:rrclated \dth tho ~e year cla('s givcn
by VPA for the 1st January ..inthe .folio\dric·year. ,: .AlthouGh avcraging endses
throughout thc ;;-eÜr ~is'not"sti~ictiy 'ccirr'ect;-thc"creater'l:;amp1iriG covcrage .
obtained in this \.ro:y improves thc correlations. '"

In VIa' there has ceneral1y been on1y one survey at thc end of eaeh;Y~ü~~~~
und.acnin indiccs.have.becn,correlated,uith,VPA estimates.for,thc.same.year
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. =:·Ä1i[VPA;:~sÜr.lätes·:are';taiccn.~fron th~ :vaiuc~:·cä.1culated'bY' th~:1980 ..,. \•..... :'.
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Relationships betweeri VPA -end ScottfslL rü.search·ves.se1- iridices':;, ~':":.,,,:;~.~:c·c~:i':::::""

For the lTorth Scn the VPA and research vessel datn ovcr1ap for thc " • '.
period 1960-1975. Correlations for this sorieD are aiven in Table 1, for~'::~:'::~:

:.; t::.m:-~~o,~cd ~'ld ~.tr.ansf~nn~d d~ta~ and:.c;r~ ~siLrnif~.can~. in .~~ .CD.sc~•.:.. ;J)
Unfortunntc1y. thc. e~=cepb.onal ;)rear: clanses of 1:;62 and .1967 dJ.stort the, . .

, c'orre1atrön" b;ecaU:se: '01', thcir: dibtanceo from: thc' rnean~'" Calc;lnt:tn!i>corrciä·t!on
coefficiönts' omittincr. those" t,,;6j·c'ar..~ clasnosin.~Eenerici· cÜ11"kives 'Good:';::' '~ ,,'

.. corre1ations :(Tabl'c t 1) ,: tllotti;h'these' a.re.10~lCr'~':Iri' particular the'; corrclntiön"~
• ",I •• ' , _. , • • • ".... J' I.' -.", ",.' :. • ,r,. - io f -, "'." ,....

bet\:cen tne II Croup index und III ßl~OU1) VPA, censes' to. bo SJ.gnJ.fJ.cant~·... :': J."
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"!'" ••; ••,., Thc'purposc. '01" obtaining a: eorrclation' is ultimatcly. to 'uDc"thc relation':'"
,,:L:J.. 's'l~iij>prc'dictively~";'This 'crtates" certain difficu1tien. beeaüs~'·the·'rebCD.rch;~lessc1

index in determined by the nunbers in the sea. (and tlierefore byir.:pliea.tion
VPA cstimatcs) \llhereas in practicc thc relationship iD tci be used in~revcrs~~:~·
lli~l!,;_~ury?y:.d~t.~ p:r:cd~c~ing)numb_~r~'.in.. ~h? ·pe~.. F,?x:.: thisrens~n ai,ceor.1~~ric
mean recrcssion is· fittcd' to, thc data•. Reeression:coefficients are , preoonted "
in.Table,f.for,'ü!itransforoedand 1ö~tra.nsfo'n'ed d.D.ta, -cis,~!ell'as"for:' :,: " .'" •
untransforIDcd data,"\~ith:,thc\,1962'and.1967 ycar:"cliisscs omitted~:'>ThegoodIiess ~
'o'f iÜ'.of, ..t?ese 'ref,rcs~Gions·:carl·,becor.ipared·bY,'exa:riiriin·s·:the' sum~ 6fsquares:·':~~.

:.of",the rcoidua1D-' (Tn.b1c'-2)~:.. : In :tli"ecanc' of.,~thc·.lo$b~unsformed·datathe:: ~'::,:: .
. fi'Üed cUrve ha"s beenl,träilSformc'ci' back to n' pCH:c'r,' curve' for'the 'calculation:-':)':"

_ .•• - . • . , ••. ""_.... ."" ...... ,'.. ...', _. _ 1; " ,-' _ .. .' ). -.. ..';:'~ I

Residuals havc. been calcu1ated for, a.11·. points 'ünd·.also :Nith' thc .omisDion. cf ,''':,
the 1962 and 1967 year.. cla.5i3cs~.·,~ Thin' Imsbe-en~donc"'bccaüse-~,fo~' predictivc,:':,~;
purposes;' .it is t:!pica1popU1.ation.s:.th~t' rnist 'b~e>'prcdictedm6st~acctirate1y'~<~~:'~

'. •.... - - . ' ....~." • ... . ,._,. '" . _. .'..... ... ,' _.. ;.' •••'., .' ._ •..• ~ ..\ "I

On this .bam.s:thostraJ.(;ht 1J.ne .ca1culntcd, .cxc1udinG.c~:ceptJ.onal·ycars, .J.S ":
best ·tho·ugh thc"poller: 'eurve' -cives,'abettcl'. nIl röünd perforrJance':,,(seci:. Fieure·J).
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c:<:' DatD.,fo~ the.,lJeDt.ofSeotland·can.be trented in,a·simi1ar..v.'a:'Jr • r• The,scrics
, is' shorter 'and ~the' 'cov~raße'~l(merand ~10r.e,errätic'b'uf:for thE;m6nt·part':.~::'V : ,
. correlations D.~e, satisfa'ctor:i' (T~bieo 3 ',U!ld.' ·!~Y._.'~ 'Bc>Cc.~s?~tIie",~tD.:.~,c ::,fe\~~r·;·_.:~,
i t is not possib1e ~ to omit the very lnrge year. classes~ . Gcneral1y ?- pOvlcr .': J

curvc. crives;a (sligl~.tlY .better·. fit·,tc .. thc' da~.a/se~: Firru;;,~"2Y· ,"'~'.:':"~<:.':; l<;·t.:~~~:'r'
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The value of survey data

It is evident that just as the IYIill can be used to prcdict the
population size of I and II group fish, so survey data from Scottish
research vessels sho\-/ that the rnethod could be used for older fish, at
least up to age V. Appendix I shows hO\"1 these relationships can be
applied to the 1979 haddock population.

Although for the North Sea, Scottish data can be used in this way,
. in the longer term i t would oe preferable to carr-:f out the same process

usinC more detailed data on age from the IYIill bccause the area covered
by this survey is much greater. At present data from !YIiS are available
for an undifferentiated group of fish of 3 yenrs and older. The IY1IS inde;~

for these fish correlates fairly well ~dth VPA (Table 5) suggesting it
would be \lIOrthwhile ext'ractinc; figures for each aga group in the future.

The results for the v/est of Scotland are not as ß"'Ood as those for the
North Sea. At present hO\'lever these surveys, nO\"1 augmented by the French,
are the only source of data comparable to the IYHS and sllould be maintained,
if not developed .further.. 1.

I ." ': .' .; •.,. :.' ) :,~ .~ __'. ':, ",:~. .,'

.; ,-, ..

Report. of the North Sea Roundfish Worldng Group.
lCEs Doc~'CH 1980/G:8•.~::

\, ..:. ',', ~.:.. ... . '.
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Anon.

Jones, R and
RisIo::,?, J R G

'.'co.: . 1978"
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~ 'l . " ,
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Changes in North: Sea:haddock
Rapp~.P.-';'•. Reun. Cons., ,illt.
172: . 58-71~
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North Sea haddock. VPA estimatedpopulation irl' year t"+ 1
plotted against the corresponding research vessel index in
year t for various age groups . :':.'..:'.:'; ;.~,_ ..

•
,'.. . " ... , ;', T' •. ;. ";, ..'

i(VPA) ~ :(a) .,I (Research Vessel) v II
(b) , II "(Research 'Vessel) v III (VPA)

. ' (c) III (Research Vessel) v IV. (VPA)
"',' ,

(d) , IV, (Research~Vessel) '(VPA)
,f.t

v V '\
~ " ., ~': " (e) V (Research Vessel) VI (VPA) ..

v
( r) VI+ (Research'Vesscl) v VII+ (VPA)
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TJ..Bl.E 1 NORTH SM UADOOCK

. _. , .......r
_......

I.V inde:x/VfA Geometrie mean
I/lI 11/111 III/IV IV/v VIVI VI+/VIt+

.
regTelR10n. ---~

r .98 •96 .98 .97 .91 .92

Uo 16.5.96 91.00 - 2.67 5.98 - 5.46 - 4.89 linear;
al1

U1 2.65 1.53 2.43 2.45 5.23 7.13 pointe

11 17 16 16 16 16 16

r .90 .5Q .92 .90 .78,
Uo - 19.80 - 16.56 16.14 1.93 .49 NIl.. linear; 1!i62,

1967 year
U1 4.13 3.26 1.40 2.72 2.53 classe8

-, Ol1litted
11 15 14 14 14 14

r .88 ~ 91 .90 .88 .75 .80

Uo 2.68 1.92 1.76 i.67 1.30 .98 log transformt!d;
all points

U1 .15 .80 .18 .80 .85 1.25

11 17 16 16 16 16 16
" . : ;' .---.- ...

•
Correlatiou end resresoion ~oefficient8 for reseexcb veaöel iVß~~ va
WA for North ,Sea Baddock. , '

T 0 eorrelation coeffieient

Uo M intereept

11 .... JlUIIIber of obs<lrvations

','
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'fABLE 2. NORXB SM HADOOC!{

SUK OP SQUAUS Ol USIrJUALS

....-,
Age Group

1962/1967 yrs All points Pitted curveO1IÜ.tted --
I/lI 852,299 925,440 (1)

615,219 11,855,044 (2)
779,051 1,828,631 (3)

11/111 320,877 497,667 (1)
427,749 9,676,866 (2)
332,801 433.502 (3)-

III/IV 30,368 33,225 (1)
S,Si5 189.518 (2)

12,749 129,315 (3)
-

IV/V SOl 6,152 (1)
405 8,294 (2)
650 7.815 (3). .,; --

V/VI 514 2,.302 (1)
102 4,585 (2)
130 .5,246 (3)

VI+/VII+ - 378 (1)- - (-)- 560 (3)
._: - -

(1) linear; all point8

(2) linear; 62, 67 yrs omittd

(3) power cu.rv.; all ,einte

o

.:

;.." ..... '

- --------------
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TABLE 3 WEST OF SCOtU..ND H1IDDOCK

- ._---~-,

I/li 11/111
..

V/VIlII/IV IV/V Geometrie weRn reß~~G&ion,.

r .74 .41 .9a .78 .91

Uo - 4.89 8.66 7.83 1.82 2.. 52 linear.

U1 .11 .02 .02 .02 .01

n 9 9 9 8 8
--

r .83 .62 .84 .02 .70

Uo .63 - .04 - .76 - '.63 - 1.613 log tr&uBfonned

U1 .58 .50 .63 .58 .72

r 9 9 9 8 8 . ,

. . . -
Correlation and regression coeffieients fo~ West of Scotiand baddock. See
Tab1e 1 for definition of 8~bo1B.

TAßLE 4 'WEST OF sCOTLANt:i HADDOat

Sum of square. at Residuale

1/11 98,754 (1)
93,031 (2)

11/111 1,169 (1)
966 (2)

lII/IV 2,042 (1)
. ~,561 (2)

IV/V 4,851 (1)
3,526 (2) .

V/VI 84 (1)
374

(1) linear
,(2) power CUrie
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TAMoE 5 . NORTa SM BAJ)OOCK : IYRS

-- -
Geo1P.etric r \10 U1 I -'of . IYHS iud
rege _"~~.a o~.k.a.~~~ .' ... ~---- .., ,,-
linear .81 102.95 2.22 I 95,979 uua.djust
power curv. .79 2.~2 .72 94,821

---
linear .74 109.37 2.16 132,965 adjusted

power cu"e .79 2.49 .72 128,226
-.....-..-.----~----~

Regression coeffictc~te !~~ ~~A vs IYB"S abundan~e indiceafor
3++ b&cldock. Data are tskt:ll frOil hou (1979). Tbe adjulted iudu
b an abundance index corrected for ineOllplete cover.le by tha
aurvey•

.. -



Appendb~ I

One way of evaluating the predictive l'lorth of the regression method \'lOuld
be to compare past \'!orking Group predictions of haddock populations for a
given ycar with the equivalent predietion had the information presented here
bean available. Unfortunately the input data and consequent VPA were substG4~tially

revised at the 1980 North Sea Roundfish \'!orking Group ,\-,hieh nakes such a
comparison of little value. IIDwever recent Research Vessel cr~ise indices
can be used to predict the 1979 population which CB.n be compared with the
WorkinG Groul" s population estinate for the same year. In ~able IA the 1979
'regression' population and 1979 VPA population are ShO,"ffi and compare
favourably over the age ranGe lI-IV. A further comparison may be made by
calculating the 1980 'regression' population (Table IA) and using 1979 catch
datu, to compute the 1979 population. This estimate in Table IA can be
compared with the previous two estimates; it agrees ~cith them fairly weIl.
It ohould be noted also that the numbers of I graul' fish ealculated in this wey
ie \dthin 30~0 of the IYHS estimate given in the 1979 VPA population. Due

to its ereater eovera~e the rYlill figure is al\JaYs to be preferred though
the level of agreement in encouragi~s for the validity of the regressions
presented here, particularly since the 1979 catch statistics are only
pro:risional.
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TAJSLE lA

NOltTli SEA HADDOCK

- _.--.4l>......

(1) (2) . (3) (4)

1979 (I.V
79

) 1979 (VPA)
,

(RVaO)Age 1919 (RV
ao

) 1980
" ,

'...- . _.
I - 1,599,770* 1,219,660

, 11 461,072 406.891 432,962 750,789

111 79,287 75,010 33,641 142,830

IV 18,944 15,666 17,229 29,557

V .23,668 45,590 36,107 0,460

VI 3,199 9,727 ) 8,042 7?570

VII+ 301 1,957 )
1,408)

L..-_ _-.1

Popul~tiou eetiDatea of haddock based ou·VPA and regre6aion methods

(1) Regression sstimated population using 1978 cruiee data and
curve'2 of Tab16 2.

(2) VPA ßstimated population from 1980 Roundfisb Working Group (Anon 1980).

(3) ,Population caleulated fraB (4) ueins 1919 catch data and natural
mortality m • 0.20

(4) R~gre•• ion estiJaated population usi,ng 1979 cr.uise data amd cu"a 2
of Tabl. 2.

\lO IYHS figure

:~ f" '.: ',.... ~ ...... .'.:. ..' •••


