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, Strotified.meon, catch ,per t()w, .variance, and coef'ficient,of variation
\'lere calculatcd for' cod, ,herring, plafce" and flounder fromGDlf ,
research vessol autumn bottom 'trawlsurve~B' in 1978 and 1979> The,

~" . .

catch frequence, distributions were examinedand found tobe' positive.
•. ." - ....... . .' , . ..'. ~

skewcd. Thc logarithmic transformation of the individual catchea
was mode 'in ord~r to norr,nalize the frequeilcy d:1.s,tributions, cf . ;
survoy cetches ~nd to reduce' the variance ~f cstches.'·Yeer cla's~'

abundoncclndlcea of cod end herring were,'deterIninedby applying
,', r~lati;o agecomposl t10ns to the mean catch.' ~e'r' tow in number •

•Introduction

, In 1977 GDR'otrirted a series~of bott,am trawl survels in' the
MecklenburgBay,', the Arkona Basin and tlie Dornholm Baain" (Schulz',
ond K~istner; 1978).' The majo~objeotive' of the'sesur'veya 'iso 'to
provide'relotivo estimatesofthe ,abundanoe 'and recruiting y~ar':

I' CIDSS streneth of, fi'sh populations in ,thesear~aa•. Such infoI'IIlationa
are eE!sentioi, for as'sessingthe current status of· stocksand' .', '

. ..' . - . . . . .

porticulorly for predicting total allowable catches~

, '

',.

\,

funk-haas
Neuer Stempel
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, ,: .~ "'Thi~' poper prcocnto indiceo of obundouce cxpr'cE1sed in' terms
:.,·'or ,'riie6n :wc:i.ght (or n~mbcr) of fioh CQught pcr .citandnrd to.,/

."..:' :in the I/fo'cklenburg Boy D d weIl os ·the Arkono Dosin' in 1~78

. ,.' o·nd'.·1979. In oddi tion,thc levcl of precision of thc·
-' .... "

··calculotcd abundon'cc indices is considered in a prelimin'ary' ". i
. I . . , " . ';"'.<._.:1.:'

.: ·'onalys.1s·. Thio pDper also provides estimateo of thc ~con cntcl.t:.,: '~'. '
· per tov/' iri. nwnber of 0', '1 ond 2 yearold cod end herrlng in
'these two areus.· .

· Mnterial nnn rnc.thoQn
'. ' r ,.

"l," ~ 
;'1";";,.'

-.

1979.

These surveys ware conductcd by~he' R/V."EisbClr" (1 200 h.p. )'~ ':'..';' ;'.
Thc gear.used was a Polish herring botto~' trawl HG 20/25 v.1.th·::".
o meeh' eize'of 11 mm in' thc cod end~ Eachtow was made '~fa'30":'::'::'::':

· minute durotion at 0 meon trawling ep~ed'of' 3.5 knote..:: /.~:.;:'.~;"
~ ;

.In' the' Me cklanburg Boy the de pth 'ronge of 15~25.·m wa a 1nciudcd:':/ ..:' .
in the surveys. This area was not further':subdi·vided·and 19" .::': "~';
tOWD wer~ mode ~t r~ndomly SCG ttered poin.ta in, 1978 .a~ weIl 8S',:<:, \:..,.

• ~. C" ••':}, • _~ "

.•..Allbosic duto were collected during' the GD~bottom trawl "
Dl;1rveys in Uovember 1978 Gnd 1979. . .

" .. ',' /;>.. ; ~',:~ '.'

"The Arkona Dasin area investigated during· theaurveys:wL:ls ·clivid.e'd~C"::~
'into tour depthstrato of 10-19 ro, "20-29'm, 30-39m arici 4o~49rit~e):,:
.Station· selection was performedst~atu~nby stratum uoing ~andom'·:·;:~;~:·.;U;~~(;
nwnbers ~ In this. orea 24 1.owe' were .ca~ried. out'· in Novembe; ··1978.~;\;:::~':'it~:

• • .' > , , • ' ,'. • • ~':':: ._:~: ':, Y:,

end 31 tows in November 1979. ....:,.-,. ·',~[:·,:,:t::,~~
• '. ',' ." '." • _ ~: 'J' _ -. ~:'~'~, ~':>7~";

Further informations obont the methodsueed in' the',6urveY~·ar~'·:.:i~.f,r:f~?;;:
given in Schulz1978, Schuiz and K::istner' 1979~.'\: .., .. ":,.::i)~:\<;\Yii;·~
.' :., _,' . , ' '..', ,~ ..,' "" -'._ ", _,,' ," :',:."<.\_ :>_:~~,~·l."'.:,>; ~-?~\.;

.. Abundence indices aD mtHin catch per standard: towbotll,inweight ;;:i:;}.t;'~.
, ,'. ...~ ' .• _ . .' . '. . .. . _''' .,' ' ..::: ./ t.. _. " ,.' ':J':' ,h'~"'.~)~~" ;~.\~.~~:~:

.' . and,. number ...:cre ,.ost~mQted tor cod, herring, plaice. end, tlounder:<;~.?~,:.··;·?;

Accbrding ':to ,the' survey design in the lIe~l<:lenburg'I3ay>fomul~~';!:~(~':':~\:~:'

rör simple' ro'ndom ~ompling .viere uaed to cal~ulate' ~eak.·oot~ii":\r~/;:i~~;:;'

; c, "',": ..•. ..' . .. .'~ ~'(·y~;:;d.·/,:}i'l~j~;
.' ':"' '.: '. " $ ," •• p,

'. '; ,.. .< '" '.,.~ .: ": :.:,~':.:, ': ?:.~··~,:~3YF
"". ,,:' ,,,; :--- .. ', ~';. ' " " .' " - . ,. . .~,-

;-:. '~,' .",.., ~ ".,' .. ',
< ... .; ,~. ~ .:, • ' •

. .~.~; "'.'

: .... , ..
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per tow ond its vorianco. Bec~use. of the str?tificat~on'empl~yed

in the Arkona nusin, the theory or etratified sampling could
be used. For coloulating strati~ied meen catch per towand ite
variance tue applied fonnulare are:

.'.
where: -Äst

11

:= etratified mean catch per tow

•

'Jt. = total strata aren
Ah, := erea of the h-th stratum,

-xh := mean cotch. por tow in the h-th stratum

v· (xst) =variance of the stratified mean catch per tow

sh
a

:= variance ·'.of" catehes in thc h-th stratum

nh = number oftows in the h-th stratum

Further details on theory of' stratificd sampiing are given in
Cochran 1972., .

. Furthe:rmore the .coeff'icient. of vuriation (CV) was calculated as ratio
of standard deviation to the meen.

The catch. frequency distI'ibutions v:ere eA'Umined end a test of
., akowness (Snedccor end Cochran 1916) Was used to check the.. .

a sauIllpti on .of normali ty. In o'ddi tion, the relationship be tween
population variance (0

2
) nnd menn (x) was :.~nalysed using Tailoris
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power ~'-ow (Taylor -1961, Siooonwinc 1976): j •

2 b'-0 ::l 0 x

log 2 log + b log -s c 0 :x:

The parameter a_ is asampling factor. The exponent b 1s
an index of dispersion ond can describc 0 voriety of
distributions; b)'1 indicotcs 0 cont~guouo diotribution.

, Eotimateo of b for differentspecieswer~derided from
the olope cf a linear log-log relationohip between strata
variance and strata means of oll availabm dato. Once b is
estimoted an appropriatc transformation csn be derived in
order to stabilize the cotch variance and-normalize the
frequcncy distribution. For the exnct transformation. thc
catch fröm each tow (:x:) i8 to raplaee by xP where p = 1- ~.
Vfuen p = 0, thcn a logarithmie transformation was recommended
(Sncdeeor ond Cochron 1976), Based on the "Po\~erlaw" analysis, .
a" In (x + 1) trallsformation was applied to individual catches •
.A logarithmio tranoformation has also the advantagethat it
reducea the cffect of exccptionally large catches on the mean
catch per tow ond its voriance.

i •

L

Abundance indices withvarionco and coefficient 'of variation
were cr~oo calculated ror log-transformed data. . .

Estimates of year closs abundance indices of cod and herri~g

were determined by opplying relative age composition to the
mean cntch per tow .in number.

ROAults

Menn catcheo per tow colculated on the linear scale with
voriance ond coOffici~nt of variation for theMecklenburg
Bny are preoented in tobles 10m), 2. The nbundance indices
in terms of woight 00 well as numbor show an increase for

c .

•
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n flounder from 1918 tJ )7~. Thc some
rve f ~om indi ce fJ co lcula ted Oll L 1(; lo~ori thrnie

d G). CocfficicntD of variation w~re in the
0.41 for datn on the linear scale end O.O~ - 0.31

olmcd data.

an catches per tow in weicht and in nuruber for the
to~ethcr with voriance end coefficient of variation

o r, n ~n t blos 3 and 4. It can be seen that the index of weight
ndance increased for eod and herring from 1978 to 1979.

tra 'fied meen cateh per tov in number for herring also went
.. p but fo cod this index deelined.

ndie 13 of abundance for cod end herring on the transformed scale
how he same trend hut the changes are more moderate (tables 7
nd ). For plaice and flounder a decrease of t~c stratified meen

eateh per tow was observed from 1978 to 1979.
'.

Coeffiei nts of variation for untransformed data range ~rvm

0.14 to 0.24 except for herring where values between 0.26 end
0.77 were obtained. I.1ean eetches in number per age group are
prese ted for cod end herring both in the Mecklenburg Bey and
th Arkona Basin in tab~es 9 end 10. These i.ndices of year elass
ab anee were olso calculated on the linear scale end the

.. 10 arlthmic sc 1 • A very lugh mean catch per tow of the herring·
y er elaas 1979 a~ O-group was observed in the Mecklenburg Bay
ld he Arkone Bosin. For eod thc O-group catch appeers to be
lo~' the A kone Basin.

T etat stieal test on normality of the eateh frequeney diatri
bu 0 confilncd a positive skewness for all speeies considered.
in ~hia p per. The results of the calculated log-log regressions

tw n strata voriances end strata meens are pr~sented in tables
11 nd 12 It can be seen that tho varianee stabilizing parameter

pp oach s 0 and thorefore a logarithmic transformation of the
d a in icated.



. I

.• 6 -

pi f'c.llflnion

•

Accordine to tho abundoncc indieea from thc trawl survoys in· the
Arkona Baoin the biemons of cod increooed olightly from 1978 to.
1979. On tho other hond i t SOOr.1O thüt the atoe1c oize in number
haG declined during thooe two years.

1J.1he reGults 01" tllc bottorn trawl .Jurvev[j indieotc thnt the stock
~ .

biomoGs und tho Dtoc1c oizo in num'ber for cod in the l.!oeklenburg
Boy ineroooedfrom 1978 to 1979. It neems olso thot in thin
Dren thc strenßth ef .tho 1979 yoor clDaa eon be expected oDo've
the level of tho 1978 yeur elooo.

Onc rOOGon for this different trend mieht be that CJccording to
the trawl sUrveYG both year eloenes 1978 ond 1979 oppear to be
weDk Dnd they could CDUGe 0 rcduetion of the mean eoteh.per tow
in numbor. The small inereose of thc otratified mcen eateh per
tow in weight could be exploined probobly~y the growth of the
yoor clanses 1976 ond 1977.

An iinprovemont of stock obundoncc i3 indieoted for herring by the
reoults of tho trnwl ourveys in thc l.Tecklenburg Boy and in the
Arkona Eosin becaune the meon cnteh per tow in terms cf woight
ond nuraber inereaeed from 1978 to 1979.

Aeeording to the O-r;roup cateh of herring 0 strang year elass 1979
eon be expeeted. tt
In evoluoting the verbal ostirnates of stock abundonce [md yenl'
class strenc;th it muot be pointcd, out that these are based only
on the results fromtwo yeüX's. It seerns very important to pl'olong
the time series of. thesc Durveyn \'Ii th thc aim to. estsblish a
eorrelation between thc oetual year eloss strensth os ealeulated
from thc Virtual Population Analynin (VPA) on\l thc observotions
in the Durveys. FurthcllIIlorc 0 longer Dcrics of moon cotch per tow
in wcieht eould be 0100 very helpful for cntimotinG te:rminal
fiohing mortality in thc VPA.

L
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The coeffieicntn of variotion· in theorder of 0.13-0.41 ·for.

untronsformcd do Lrj 01'0. considcred ~easonablc ünd not unusual

1"'01' trawl mü'veys. On the· other hand, howcver, thc coefficient

of variation for hc~rinß in 1979 ranging from O,61.to O.77~

io fairly hi[;h. Thone values arise frOlh the, variabili ty. of catche's
t

which i8 probably caused by thc distributional~eharaeterist1cs
of the speeies herring •

,

Thc exarünation of cotch frequency distributions es weIl es the

observ~d relationship between the vorianee ~nd th& mea~.make it. . ~ ,
cleor tha t a 10G81'i thnIic tronsform~tion of the original catch .

data i8 approprlate. Therefore more confidence should 'be putted

• in the abundance indices.derived from transformed date.

Flnally it should b~ pointed out that thispaper only deals

. VIi ~h the resul ts' of the bottorn trawl surveys conducted .in the
. lasttwo ycars Dud their inherent precision. It is possib~e '.....

~hat gain in 'precision could be achie~edbyincreasingth~
. ~umber of .tows CI' by an inprovement of the stratifi~ation

scheme. Such questions should beconsidered in a future
analysis·

•
. .

.;,-",\..
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V~rtoncn ·'ov
b

.'. ·'1'1]b1c

.', "

·Coel !Jov 1978 . 404, .9; 3159.54
..

0"14 ..'
lTov 1979 270.76 2000.25 0.17

"rIorr11{ß
" .

Hov 1978 .. G07.58 '52578.92 -0.33
Nov 1979 9020.22 ·48706G66.o0 •. 0'.7'1 .'

'Flaloo !'rov 1978· 80.BO .. 161.;8 .' "',.. ~.O.1.Q·

IJov 1~79 .4~.;5 84.45 0.20
.. ·Flounder. 11ov'1970 '.' 8.11 '·',3.0:3

.: :

0.21.
Nov 1979 4.'5 '0.5) 0.17:' .

1): . l!con cotoh per tor/ (l~g. ln' soalo) VI! th vcrl~ncie:an(:l....
coef1'icie.nt 01' varia t10n. J.!ecklonbul'[;; Boy .(:teES 2,2):;

0.02 ....
0.02.

< .o'

.~ .

. 0; 11 ..< •

'O~04'

.0; 13
0; 10 .

O~23
O'~09

. 0·31
O~ 16

0.01
0.01

0.10
··O.OJ·
.·0.1,)

0.14

.·LIGon
4 a

: "2.76
'. " .. .4.10"

2,01
;.72 .

,: .. _0.65..·.
.'. 1 ,57 .. '
. 0,29
. 0,75

.. Spe oie e .. f'lul'vey
- _ EIV ....

.. . ·Cod.' ,.',"'Uov 1978 .'
, . ..... .' U0 v j 1979 .'.

Herrlng. . UoV' 19'18 .
Nov 1979

Plarce Nov 1970
. ··Uov 1979'

Flound~r TIoV 1978
... .' Hov1979

, TBbla

: ....

"

" "; I,' ,

'•... • <.'

1

1

I',
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TDble 6: 1;:08n catch per tow' (number, 111 scale) w1 th varlance' aud.
·coeff1cient.of variation, LIec1:lenlmrg Bey (IGES ~2)

SpO c:le s
Cod:

, ,

Herring .

Pluice'

Flollnde r .'

Survoy "

l.IODl1 Voriance ~CV
4 •

Nov: 1978 3.23 0.12 0:11
, Hov 1979 4 .9t~ O~O4 . 0.04

.lJov 1978 6.23 0.21 0;07
lTov '1979 7.56' '0.26 a~o7

Uov 1978 0.96 '0.04 0': 2'1' ..
Hov 1979 2 .OG .. 0.03 .0.03

!Tov 1978 0.5:3 0.02 0.26
Ho\' 1979 .' 1.24 '.0 .o'~ 0:15'

:
• _ w ~_._ • .- ..-

I ~

..
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Tshlc Ti St:rntli'lod lllcun cotch per tovi (1q,,;,. 1n 6c;)10) wi th
veriance and·coefficiont of variotio~, Arkana
Ik: Sill (ICES~4-) . ,

Specicl:! SU1'vey T.:C) ~111 Vn r:i. ~ 11 er:; Clr
~.

eoel lTov 1978 4.15' 0.04· 0.05
Uov 197~) '1.33 0.05 0.05

IIerri118 Hov 1978 1.78 0.07 0.15

t
lTov 1979 2.07 0.1) , 0.17

. Plaiee !'Tov 1,978 2.72 0.02 0.05
Nov 1979 2.35 0.06 .' .0.11

·Ploundcr Ho'! 1978 1.04 ·0.02 0.14

e lTüv 1979 0.71 0.01 0.15

. Tnble . [1: Stratified fficon eateIl pel' tov, (nUl~l1J01~. In seele)
with varionce und coefficient of variation,. Ai'kona

. Basin' (leES 24-)

Snecic8

Cou

Horr:tns

Ploi ce

Floundcl'

Survcv ~~

Ver} sTIee CV.i:.eo1"l

iTov 1978 5.38 0.04 0.04
Hov 1979 4.31 0.0) 0.05

lTov 1978 .4.17 o ,," 0: 12• ,_ t)

Hov 1979. ,1 65 0·.33 0,.12 ',.

Hov 1978 4·.06 0.03 0'.04-
-T

1979· J~06 [; .. 09 ~ 0.10J..ov

lJov 1978 1·71 O.O,t· '0.11
IJov 1979 1 .11 0.02 ·~'O.14

"'.
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. T~bl:e:.-9: .' i,[e~·~·:···~~i'ch:,rp·~·~'::,·t~~;·,.i~::~~~b~;~:·:b/\lee·i;'ro~P3 ..in .the: '
'''':' '. :" ......:... ~·,,~.1.!!'e·ekIeriburg·c,:B~y.. :·(ICES: 22) " .... ". ," '...

:.~,:tj~;0~1::w~:n~>;; :<~: ", ' ',l:;~::;"Ag~~graup
:>,:,':species' ",;;'~tije~<~:~~'~~'Z! ""~"'" :1t, ""fotal - ,

:, ~'CO(:f:'~:; ·,''-lln·ear:·seaIe·:Nov> 1978·'::'·:·~,.48:':- .' 37: 02·'.14~47' . 3.98 .,' 56.95,
~ .. ;.:.:.:. ....~';:.':~ ... ':>: .. :>:.' 'Nq:v·1979.::..'·.7'~47:;···'.64~50~": 28.06'14.65 '178.68
....,,' .. ' oc",""~ I'n ,~eal~' .. ,:" Nov' 1978 .:0.08: ::::,',2.10 :' '0.82 0'-23 '. 3.23,'

, . ::: :"',:':'::: "> ......" ' . ' .. Nov'1979 ··:·1;,98:·.~· ..1.78·. 0.~78"O.4' .4~95··
, .'., .' .. , . ' .. ' . - '. '" -,' .:. ~. - ~ " ..' ' .. " ,.. ' " ..

, He·rriiig.'lineal":, .·N'ov·1978 _1266~27::471~2160.0422.011819 .. 53
·;.8cale: ..'Nov1979 3584 .. 46.1330.86 145 .. 76' 8.87 5069.95'
:'lnsc~le ... Nov1978. '4.34' 1.61' 0.21 0.07 6.23 .
". Nov 1979 .' .5 .. 34" '1.990.. 22" 0 .. 01' 7.56, .':e-:---'..--------------------------
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. Table 10:' -:St·~tified..~ean cateh·per. t~w in 'number by age groups.
,.' '. ;' . in· the Arkona Basin (ICES24) . .' .

Age'-group

0',' "1 2 3+ .total'

SpeeiesSurvey

.' ..

In 'seale .

'ln scale
" ..

. Cod linear. seale Nov 1978' 110 .. 06 222.27, 59.04 13.56' 404.93
Nov 1979 29.65 112.12 93.55 35.44 207 .. 76
Nov 1978 1.47 2.95 0.78,; 0.18 "·5 .. 38',
Nov 1979. 0 .. 53'1.99 1;.66 0 .. 63' 4.81

·_erring·lin·ear.~ealeNov,1978 478.83 64 .. 27'108 .. 29 .36.19 ·687~58 .
.. Nov 19798610~70 273.31 '124 .. 48' 11 .. 73 9020.22

Nov 1978 2 .. 90 0 .. 39 0.660 .. 22 4i17
Nov 1979 '4 .. 44 0 .. 14 0.06 0 .. 01' 4,65'
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Tnblc 11:

SpecicG r n b p

Cod 0.98 1.. 56 1.84 o"onHerring 0 .. 98 3.<12 1 .. 84· O"OBFluice 0.95. 0 .. 21 2 .. 42 -0.21Flounde!' 0.97 1. 5'7 1 .. 60 0.20

Table 12: ·Parameters from nower low !'er:ressions calculated
for cntch data in numbcr with correlation coeffic1ent
(1") and variance stabilizine exponent (p)

I ••Species 1" a b .p
eod 0 .. 98 3.13 1.. 74 0 .. 13Herring 0 .. 99 2 .. 82 1.. 90 ·0,,05Plaice 0 .. 88 0 .. 25 2 .. 24 -0 .. 12Fl:ounder 0 .. 97 2 .. 22 1 .. 52 0 .. 24


