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ABSTRACT

t .'

state yields
.' ,

i5 thus a

Phala~~ analysis. (nultispecies length cohort analysis) is described.

This oethod c~i.eulates fishi~g mo~~'~li~y and population nunbers "~t length,

give~~1~fo~~'tio~ o-~ th~ gro~~h a~d feeding ~haraeteristics and thc cateh
," t' • .\ • ' " • • •

length distributions from a multispedes fishery. The approach can also
". :... :'-..,.. . "

be adaptcd to provide a method for calculatinn the steady
• #'.~; t ... • , ,_.. • I • •

which would ~~~ult from a change in ,~ishine pat~erns. It

mUltispecics extc~sion of Jones' lc~gth cohort analysis.
, . . . . ~

An eXlli~ple of the use of phalanx analysis i3 shown based on con-

st~ueted data ~hich repre~~~~ the N;rth Sea roundfish. This illustrates
'.'1' ' , '

thc results obtaincd and also indicates that the mcthod I:light be'used in
. '(" . ..... . .

eonsiderution both of changes in overall size eonpositions resulting

from ehanßes in fishing, patterns and of'size dependent mortality rates.

INTl'tOm1CTION'

~1ultispecies.fishcrie3 models-are apt to rcquire large and complete

data, sets if they arcLtQ be ußed Guccc5sfully., Hodcls based on catch­

at-age data are particul~riy dcmanding in thi~ respcet, which makes thcm

dif;icult to usc even for devcloped fisheries such as those in the North .
. . : 1 '. . ':: .' ' '.,." .~ ... . I'· :: . ;:. -(', .

Sea, and virtually impossibl~ to usc for areas whcrc eateh-at-age data

have rigt bc~~ ~o~tin~ly 'collc~ted for thc ~os~ nuoer~us speci~~ f~r a , .

n~b~~ of year~~ . F~~ thefishcries of man; ~~eas ~.mo~e realis~ic'~lter~
, .' - . . . . ~.~. . ': ; . '.. - .. ' • . . " ; : . :. :.' ", -'. . ." . • I. '

native to such a data set would be average catch eonposition by length,
. . :' .' ...,." ,

in whi~h case extensions oi Jones' lcngth cohort analysis to a multi-

speeiesfishery are highly desirable•. J~n~s (1974; ~976) shows hO\1
.". ..'; ,,, . . ,

cohort analysis,can be adaptcd to assoss numbers at length data and how.
,..... .~.~.. .. . I' " " . .

to i~vert· thismod~l to assess the effects ,of changes in mesh.size and

of fishing effort. The same approach can be used to convert Pope's (1979)

multispecies age cohort analysis to a nultispecies length cohort analysis.

Onc method of extcnding lentith cohort analysis is described in this paper.

funk-haas
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THEORY"

Jenes' length cohort ~nalysis (Jones, 1974) is bnsed on the exten­

sion oiro'pe' s (I 97 2) cohort analysis formula to variable time intervals •

Assuoing von Bertalanffy growth, Jones modUles Pope' s annual cohort

formula

•

to the foro.

Ct exp (M/2) + Nt +1 exp (1'1) (I)

(2)

• ": : ~.'f - 'I

where NI and N2 are the numbers in the sea at length LI nnd L2 respec-

tivel:-Yand C'i/2- i5 'the catch'numb~rs-in th~ interval LI-L2~' This enab~~~:, •

catch:'at"length data to be üsed inste~d of catch at age data in a cohort..
analySis. The dr;;llvback is that the mcthod requires thedata to apply to

a steady statecondition. In practice this is approximated to by avera­

ging the catch at length data for a number of years. Thus only average

results can be obtained1 :Nevertheless theo~th6d is'useful as aquick. , ,

summary-of events which can be'based on le~s years' data thana standard

virtu'al population analysis '(VPA) •
. .r::·

Pope (I979) gives as the basic foroula of multispecie~ cohort analysis

(3)

Thus it is perfectly possible to convert this to a length cohort ~orm as

," N,, I - = (4)

where'11'now refers to thenatural oortality not generated by the predation

of fish included 'in the analysis. Dli2 is the number of Hsh eaten"by

other fish;in21uded in th~' analysis betwecn leunth LI and L2• This can be

straightfor\-lardly calcut'ated'~s in Pope (1979), but using length rather t~an

age makes the calculation of ration siz~ andfood prefere~ce simpler. For

example, food preference can be specified as theproduct of a species prefe­

rence and 'n' log nomal prcy size preferen~e as suggested bY Urs in . (1973).,

Feeding: rate caD. be' expressed'as a function of b~dy' size. For e~~Pl~" ,

Dann (1973) sU8ßests thc fomula
..: ~,")'. '.: }

,_ I

... :.

2



•

.t

. ,
.".>

<f>L
:: 2 x 0.00016 L2

0.06 x
': ~.,'

(5)

for thc daily ration (<PL) of cod lenGth L.

Thc proportion of the'dict comlng from speciesincluded in the analy­

sis can be givenas a signeidal relationship with lengthsuch as that givcn

by Sparre (1979). Thus" the lcngth foru of analysis considerably ·facili-·

tates thc computations.·Using either ,1pproach the D's canbe estimated by

. successive approximations ns in Pope (1979) •.. Details of the calculations

are· set :-ou't in the mathematical appendix. Since Llultispecies le113th~'

coh6rt"ant:ilysis 'is a somewhat cluLlsy title it i5 suggested that this

technique be called 'phalanx analysis' •

... :Jenes (1976) considers the effect of aoesh change er effort chanee

• ;' on catch,,:a.t~lengthdata using anapproath bascd on Jones (1961).'· This

approach is not possible with the phalanx an~lysis because a change· in

the'coefficient of fishing mortality will 'lead·to a change in that of

-natoral'mortality.· Tbc probiencan'howeverbe solved by holdine the "num­

bers; in the snallest·length group of·: each species,· constant•. Thc' nULlbers

at.each succcssively greater -length are·then·calculated.using~preliminary·

estimates. oftotal mortality based on' the, ney1 level of fishing mortality

and the'natural Tilortality.obtained. in thc phalanx analysis.·These popula­

tion sizes,nre'uscd to calculate predation levels which in turn are uscd

to calculate bettcrlestimates ofnatural'T;1ortality duc to predation. It

·i8 then possible to:t'ccalculatc thc population numbersat length·usinG.

the: "improved' cstimates' of total mortality which can bc uocd to irnprove the

prcdation estimatcs. ':This cycle of calculations is rcpentcd·until changes

in the natural mortality estioatcsare less than some specified level.

Details of calculations are shown in the mathcmatical appendix.

One virtue of this approach is that a stock/recruitment relationship

could be' easily' incerporated in these ·cnlculations.-' This \'lOuld modify the

numbers in the; smallc5t~'l~nhth group of ench specic's in line with the bio;'

mass' of f1.sh of· spmminG' slZi:. This could be simply inc1uded in thb.­

iterations indicated 3bove.

WORKED EXAMPLE '.'

.:. 'Theabsence of published tablcs of'internationalcatch-at-length data

madeit impossible in the short term to 'present i a detailed analysis" of the

llorth Sea' fishcrics using phalanx anaiysis.· An illustrative exronplc has

hOHever becn constructed based on the Nor·til Set! roundfish.· Thus· spedesA,

Band C in the results are somewhat like cod, h3ddock and whiting. Table 1
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shows the input values used for thc various coefficients of growth, I:lorta­

J.ity and feeding. Tables 2, 3 and 4 show .the.. results of the phalanx

analysis for species A, Band C respective1y. Reducin3 the fishing norta­

li ty by 50% on a11 spedes resu~ts in. tl~e :~l1an8es in the predat,ion levels.

Tbe effects 'of this .are shmm for species A .in Tab1e .5. TIy making a

series of such changes yield curyes can be constructed .(see Figure 1) for

the three speci~s•. In.tl1i~ c~sc these are so~ewhat arti~icial.beca~se

~alm9st all grouth is obtaincd.a~ thc cxpense of SI:l~llc~ fish sizes of the

sane:"thr.ee. ~pecies since. :-ther~ are no smaller food sflccies in this. examp1e.

The yic1d"curves th~s .tend t~ .inc:rease sharp1y with inereasing fishing •. '.

Tbe lack of a: st~c:1</r~~F.uitI:lentre1ationship is .also a serious defect ip.. ~

the model in its current form. , ,

The 1~n3th ~istribu_ti0!J::obtained from. the pha1an..'C ana1ysisis eoID-

par~d.wit~{the ~verall 1ength~istrib~t~ons fo~the North Sea obtained fron ...

English:gro1.mdfish surveys (Figure2) •. Tbe change. iIl: nunbers. with lcngth .

can be seen to berather simi1ar in. these two series. lVhethe~ or, not this

is mora than a coincidence: rem~ins.,to b~ detcrnined •. It, does however:indi-

ea.te. that pha.1anx ana1ysi~ cou1d ba used .in :.l consideration of how over- .

all.. ,l.eI?Zth_.(d~stributions may chanße with .changes. .in.~xploitation.patterns.•

:;; In ~he ,examp1e thc only,prefcrcnces prcdators havc for different,

.sp,e_cie~are:,bas,etlon,:weight differencas. Consequently. the prodation'

mortality; at:Jen3~1" is much. the same for the three spacias co~sidered,:as

can be,seen froI:l:Figu~e 3.; Tbis also indicates. that thc predation.morta­

lity ,declined exponentially with 1ength in 0. very regular fashion. ,Similar

mort{llities .at 1cngth based, on a phalanx ana1ysis;.of 0.11 important ,North :. - . ". -, . , ~ '~.. . ..

Sea fish speeies would obvious1y shcd considerable'lisht on the.rc1ation-". '... '" '. . . ", .' ..
shiP. betwee!1,.r~:~~!almortality ~nd growt~~." .. ' " . . i '': ii I',

,,, '. ~.. ' :.··•. :1-, . I ~ '",

DISCUSSION~.. '
, .: "I, .,!.

, },' .

. ,.,' <; Tbc. model presente~,of. a cul tispecies lenljth cohort, model. has , esspn7.'" ' ,J... . l •

,t~ally th,e;~.ame.virt~es and,drawbacks as J;ones'(l974); length cohort," :;.... ;

analysis •. ,It is, les5 demanding of data than thc. equiva1ent I'lu1tispecies ,".. ,.' . . ....-. .." .. . ", ,.' ...

age cohort models. There ,V'ould seem sorae prosp~ct-.of using: such:a.;~odel_,

on a tropica1 developing fishery '~lerc avcralje catch length and erowth

parameters might bc inferred but wherc annual catch-at-age data are pot 0.,

p~a.ct~c:al:po~.sibility. It. ,...i11 also be worth d~vclop~ng thc ,model .for the

~o!th,S~il.f~shcrieswhereit can be contras ted with age models •.lts ·r:min

use,'h.o~~v,er, iso like1y to be in regions for which there are 1ess· data

than iso the. case for the North Sea.·

4



1----
, ß

Since the method gives mortality components and population sizesby

':length itshould'be useful in interpretinß thc ·structures·of num.bers nt

sizcobserved·in\the·North Sen•.Thc tlcthod shöuld·ulsobe·of vulue:in c

obtaining insights.into thc rclatioriship betwcen·growthparaoeters'and

natural· mortality~·.: Clearly, it i:3 Dore important ito 3ain insights'into i

, such:pr'oblems' ofthc W'orkings ofthc oarina ecosys ten ,than to provid<f jus t

another bookkceping model of oultispecics fisherics. ,lt is therefore to

be hopcd that· a fu11 phalanx analysis of the North Sen will provide a

stimulus for, further sioplificatio'ns inour models of theNorth Sen.

'Devclopme'nts of this model 'to considcr 'thc effcctsof' seasonal .

rccruitmcnt andgrowth.are clearly, important. To assist in this 'Work it'

would bc vcry uscful if 'Working groups or national 'scientists 'couldmake

the·.length distributions of 'catches available on a'regular bnsis •. 'ldeally,

• these· would be presentcd by. monthor quarter. rather than as annual;

distributions~.. '
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MATHEHATICAL APPENDIX

The sequence of·calculations performed in making a multispecieslength

cohort analysis is shown in flow chart A•. The (supposed) consequences.to

species.yield caused by altering fishing rJortality rates resuit from the

caiculations shown in flow chart B. FIm.; chart. B should be. regarded. aso an

extension.of;flow chart A Hhere many of the basic variables are!ca1cu1ated.

In these flow ch~rts the variables. shmm in Tab1es Al, ·A2 and A3 are

used. In Benera1, these are expresscd in terms of thc following: fish

stock, is. designated by the index i ör, in the case. of -aprcdator ,.by the

index Ij ,.. lellgth illterval is designatcd by the index 1 or, in the case of

8;predator, by the index L; . a11 lengths of a11 species are· regarded as

potential predators; allbut the graatest length of each species are

-,regarded.as potential prey; at present thc fish of the, greatest 1ength'

group ofj'each species are regarded as exempt from predation for the sake •

of simplicity; thc 1argcst 1engths of each species are designatedby'the

index i and the smalles t by 1 . •
mln

Predation in the model is considercd to consist on1y of predation by

those 1ength groups(L) of species (I) for whichcatch data are input.'

This sourcc öf 6orta1ity'creutes thc M2(i,1) component of natural morta­

1ity of the prey.species i of length L. The 111(i)component is that part

of thenatural mortality of stock i caused by pred'a:tion byspecies external

to the.model or from other causcs •.At present it ·is set at an a~bitrary

low value of o. I .for a11 lengths of each species. '.. ..

. ~. \

•
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Table 1 Stock specific coefficients

Species A Species B Species C Symbol in
Appendix

L infinity 130.00 85.00 55.00 L (i)
00

M/K 1.00 0.80 0.80 MI (i) /K(i)

Natural MI 0.10 0.10 0.10 MI (i)

F/Z for L max 0.70 0.70 0.70 F/Z(i)

Wt/len A 0.000010 0.000009 0.000008 a(i)

• Wt/len B 3.00 3.00 3.00 b(i)

Av. preyfpred -4.60 -4.60 -4.60 II (i)

Sd. prey/pred 1.00 1.00 1.00 o(i)

Ration coef. 0.000020 0.000000 0.000016 f(i)

Ration power 3.00 3.00 3.00 g(i)

Food ogive p 0.50 0.50 0.50 p(i)

Food ogive q 30.00 30.00 .. 30.00 'q (i)'

Food ogive r 0.50 0.50 0.50 . r(i)

Largest len. 120 81 50

No. of len. S 23 24 40

Length iuc. 5 3



Table 2 Resul ts from phalanx analysis for Species A

LEHGTH POPULATION CATCH PREDATIOH zllr FAT t12'-'.. T Z F M2 M1 Ar IH
10 663 es 1 .7 .0 26502'3.9 .567 .000 .524 1 .331 .000 1 .231 100 .426 .020
15 37672.2.7 .0 78913.8 .286 .000 .241 .642 .0 I) 1) .542 100 .445 .056
20 283150.6 .0 35779.6 .185 .000 13 '3 .398 .000 .;2 '38 100 .465 .118
25 235314.2 2167.0 16654.1 .134 .010 .076 .275 .020 ISS 11JO .48a .216
.30 205737.~ 21177.0 7204 .8 .204 1 14 .0.39 · 39:3 .222 .076 100 .513 .357
35 167786.7 30775.0 2775.6 .284 . 211 .01 '3 .525 .:3 '3 I) .035 100 .541 .548
40 126299.7 3.3633.0 956. 1 .388 322 .009 ,. ~.~ · 5~. 3 OH· .10;) "... , .798· ~ I ":' . '- ( -45 8SHS.3 25392.:J 303. E· 430 .3~5 .004 .710 · E· I) 3 .007 1 1):) .60f. 115
50 55700.6 13574.0 97.9 .357 .290 002 '553 .450 . iJ 0.3 100 .645 1 505
55 3898 1 .6 8395.0 33.7 .322 .252 .001 .467 . .3 6'; .001 100 .690 1 .~77
60 28239.9 5539.0 12. I .302 228 .000 .408 ..307 .001 100 .741 2.53'3
65 2087.3.7 370'3.0 4.5 .28S .205 .000 · 35 f, .25~ .000 100 .800 ., 198oJ.

70 15700.2 2538.0 1 .,.
.272 185 000 .313 .:2 1 3 .000 100 .870 .3.%3. (

75 11960.2 2076.') .7 .2% .201 .000 · ·31 1 :2 1 1 . I) 00 100 .953 4.541
80 88~2.9 1624.0 '7 .319 214 .000 .30 :.3 .:2 0 3 .000 100 1 . 054 5.840• '.1

85 6462.7 129:2,0 1 .356 .238 .000 30 :2 .202 .000 100 1 178 6.~67

90 4526.4 999.0 .0 .403 2 G'=) .000 302 202 .000 100 1 . 335 8.2:31
95 3026.1 1071 .0 .0 .636 .482 .000 .413 312 .000 10ü 1 542 9.f,3~

100 1602.2 8S8.0 .0 1 .066 .883 .000 .585 .485 000 100 1 . ~32 3 11 .20ü
105 552.0 21'3.0 .0 . l3 09 586 .000 · 3~3 .-, #. - .000 100 2.231 12.';20· .,;. "".... J
110 245.7 141 .0 .0 1 ..174 1 .087 .000 .478 ..372- .000 100 2 . ,;) ., ., 14 . 508oJ t I

115 62.2 49.0 .0 3.773 3.367 .000 ";""7~ ,:,., j .eoo 100 4 055 11;871· ~'J .. · J ~ •

120 1 .4 1 .0 .0 .000 .01)0 .000 .000 .233 .000 100

•
•



Table 3 Results from phalanx analysis for Species B

LEHGTH POPULATION CATCH PREDATION ZLH FÄT M26T Z F M2 111 ßT WT12 3885583.5 .0 1205175.2 .423 .000 .389 1 .259 · I) 0 Ij 1 .159 · 100 .336 .02215 2546269.5 .0 532326.7 .284 .000 .249 .811 .000 .711 · 100 .350 .04018 1916416.0 .0 299450.6 .220 .000 · 183 .600 .000 .500 · 100 .366 .060721 1~37888.0 .0 183074.0 .178 .000 · 140 .464 .000 .364 · 100 .384 10324 1287020.7 6917.0 114338.~ .152 .00f, .. 105 .377 .016 .:2 61 · 100 .403 .149
27 110~4:59.7 97168.0 68483.9 .220 . 104 .073 .518 .""'! ... C"

· 1 73 · 100 .425 .208.~ .......
30 886955.5 171156.0 36795.';1 .332 .236 · OS 1 .740 .527 · 113 · 100 .449 .281
33 636368.6 200169.0 1703'3.6 .493 . 410 035 1 .03 €' .861 .073 .100 .475 . .37ü
36 388802.6- 142053.0 6930 . 4 .567 .492 .024 1 . 121 ~~7 .047 · 100 .505 .475· " ( ....
39 220646.7 99433.0 2516.7 . 717 .647 .016 1 .331) 119'3 · ;J 30 · 100 '540 · ~'3B
42 107687.2 40236.0 893.5 .577 .507 · 01 1 · ','3 E· .877 .019 · 100 .57'3 .741
45 60505.2 21510.0 347.7 .549 .479 .008 .880 .768 012 · 100 .624 · ';05
48 34'345.2 12935.0 136. 1 .579 .50G .005 .85C .14B .008 · 100 .6 i" t· 1 .092
51 1'3581.8 8836.0 4'3.2 .737 .1.:,60 .004 .997 .892 .005 .100 .73 '3 1 . 302
54 9369.9 5217.0 14.8 .387 .903 .003 1.213 1.10'3 .003 · 100 .314 1 1:"'" c~• -..I oJ ~

57 3490.9 2007.0 3.8 1 .054 .961 .002 1 · t 62 1 .OIE.1) 002 .100 .907 1 .80:2
60 1216,9 465.0 1 . 1 .;; 53 .549 .001 · ;.3:3 .537 001 , 1 O;J ,

023 .', ,- q-;• _, J.,. ..J
63 633.6 158.0 .5 460 .342 .001 ,,::\.,

· ;2 '31 · ;J;) t · 100 1. 173 2.415' •..}.t"_

66 399.9 104 .0 .2 .50G .368 .001 "'9 .267 .001 .100 .375 2.768· .J'~ ,_,

6'3 241 .2 31 .0 . 1 .362 195 .001 .218 1 1 8 000 100 . 6f. 1 "] 154'-' ,

72 167.9 1'3 .0 1 .401 190 .001 .1'31 .091 .000 .100 .! . ;H9 3.574-
75 112.4 26.0 .0 .681 .395 .000 . 239 .133 .000 .100 2 853 4.Cr29
78 ~6,~ 9.0 .0 .7'35 346 .. 001 178 .077 .1)00 .100 4 477 4 <='.,..,, -J __

81 25.7 18 .0 .0 . 000 .000 .000 .000 233 .000 100

:..

.'
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Table 4 Results from phalanx analysis for Species C

LEHGTH POPULATION CATGH PREDiiTION ZAT FAT t12AT Z F M2 111 bT I,JT

1 1 27770472.0 .0 8632000.0 .401 .000 .382 2 . 179 .000 2.079 · 100 .184 .G12
12 18600860.0 .0 4759038.0 .323 .000 .304 1 .717 .000 1 .617 100 .188 .01G
13 13463034.0 .0 2882680.5 .268 .000 .24'3 1 .392 .000 1 .292 · 10 I) .1':; 3 .(t20
14 10294690.0 .0 1884607.7 .230 .000 .210 1 .162 .000 1 . Ü 62 · 100 .198 .024
15 8183042.0 .0 1~09039.5 .202 .000 · 182 .997 .000 .897 · 1 ÜO .203 .030
16 6686751 .0 .0 95:2918.7 .182 .000 · 161 .875 ,000 .775 · 100 .208 .03G
17 5575303.0 .0 718706.4 .167 .000 · 145 .781 .000 · b 81 · 100 .213 · /H 3
18 4719803.0 .0 ~~6484 .9 . 1 ~:5 .000 · 133 .706 .000 .606 .100 .21~ .051
19 40435:59.5 .0 439268.6 .145 .000 · 12:2 .643 .000 .543 · 100 .225 .059
20 3498227.5 .0 351674.4 .137 .000 · 113 .589 .000 .489 · 100 .232 .06'3
21 3051700.0 .0 284501.8 .129 .000 · 105 .541 .000 .441 · 100 .239 .080
22 2681649.5 .0 231976.9 .123 .000 .0'38 .499 .000 .399 · 100 .246 .091
23 2371923.5 .0 190301.7 .117 .000 .0'31 .460 .000 .360 · 100 .254 · 104
24 2110461.0 1076.0 1:56828.7 .112 .001 .085 .427 .002 .324 · 100 .262 · 118
25 1887010.7 103078.0 126048.5 .166 .062 .076 .611 .230 .281 · 100 .271 · 133
26 15~8806.7 221651.0 94072.3 .259 . 162 .010.:. '3 .924 .57':,1 .24 !b .100 .281 · 14.,
27 1233422.2 201647.0 65948.1 .286 .1'H .063 .983 .666 .218 · 1 00 .291 · 166
28 926583.5 202715.0 44085.6 .354 .266 .058 1 . 174 .882 .192 · 100 .302 · 185
29 6:S006~.1 144332.0 28386.4 .355 .271 .053 1 . 132 .863 .170 · 100 .314 .2:05
30 4:55696.2 112365.0 17931.8 .386 .305 .049 1 . 182 .933 .149 · 100 7" ..,. "'.., ..,.. '.;Ii!. ( · _ ... t

31 309741.6 93577.0 10810.4 .465 .386 .045 1 .364 1.134 .131 · 100 .340 .2:50
32 194644.1 50435.0 6418. 1 .399 '7 ., '7 .041 1 . 123 .907 · 1 15 · 100 .356 .2:75• -..1_-..1

33 130576.7 39999.0 3823.8 .467 .393 .038 1 .256 1 .055 .101 · 100 .372 .301
34 81835,2 23576.0 2226.3 .439 .365 .035 1 . 125 .936 .088 · 100 .390 .329
35 52757.4 14207.0 1334.2 .411 .338 .032 1 .002 .825 · l) 7 7 .100 .410 .358
36 34971.6 7613.0 840.2 .340 .267 .029 .78S .617 .068 · 100 .433 .389
37 24903.1 7751.0 516.9 .47S .403 .027 1 .039 .880 .059 .100 : 457 .422
38 15484.6 3155.0 31 B. 1 .324 .250 .025 .667 .515 .052 .100 .485 .457
39 11204.3 3693.0 195.2 .508 .434 ;023 .' '385 .840 .044 · 100 .516 .493
40 6739.2 ·2048.0 110.8 .472 .395 .021 .855 .716 .039 · 100 .552 .531
41 '4204.4 1356.0 63.4- .505 .426 .020 .852 .i'1'3 .034 .100 .593 .572
42 2336.3 528.0 38.5 .345 .262 .019 .538 .408 .030 .100 .640 .614
43 1796.9 441.0 25.0 .403 .315 .018 .579 .453 .026 · 100 .696 .659
44 1201 .0 432.0 14.5 .590 .497 .017 .773 .651 .1)22 · 100 .762 .705
45 666.0 196.0 8.0 .4'35 .395 .016 .'588 .468 · I) 1'3 · 100 .843 .754
46 405.9 99.0 4.9 '.434 .324 .016 .461 .344 .017 .100 .942 .804
47 262.8 102.0 2.8 .689 .567 .015 . 64 '5 530 · ;) 14 1 ÜO 1 .068 .857
48 132.0 850 1 . I) 1 ..372 1 .213 .015

,
112 1 000 .012 · 100 1.2.33 ':'13•

49 33.S 13.0 '7 .7% .595 .01(, .51 '3 .408 · \J 1 1 · 1 I) l) 1 . 45 ':; · -:"1 Ü. .,.
50 15.7 11. 0 .0 .000 000 .000 000 231 .000 · 100



Table 5 Results from multispecies length yield change analysis for Species A (F on all lengths on all species = F h t x 0.5)co or

LEHGTH POPULATIOH CATCH PREDATIOH ZobT FnT t12~T Z F 112 t'11 ~T WT
10 663851.7 .0 245529.1 .517 .000 .474 1.21f. .000 1 . 113 · 100 .426 .020
IS 395702.1 .0 130799.0 .457 .000 .412 1 .028 .000 .926 · 100 .445 .056
20 250531.7 .0 70382.9 .386 .000 .339 .82 '3 .000 .728 · 100 .465 .118
25 170358.2 730.2 34116.5 .284 .005 .230 .582 .011) .472 · 100 .488 .2:16
30 128222.6 6472.4 15623.1 .246 .057 . 137 .47'3 · 11 1 ~ 268 · 100 .513 .357
35 100273.2 9422.0 67n.9 .236 · 105 .076 .43t· .19 '3 . 1 41 · 100 .541 .548
40 79217.6 11234.4 2814.2 .258 · 1Eo 1 .040 .452 .282 .071 · 100 .572 .7'38
45 61175.1 9824.2 1123.8 .264 · 18.3 .021 .436 .301 .034 · 100 .606 1.115
50 46%6.5 6117.5 453.2 .220 · 145 .011 .342 .225 .017 · 100 .645 1 .505
55 37674.9 4306.9 188.9 .201 .126 .006 .291 · 18:3 .008 · 100 .690 1 . 'n 7
60 30823.8 31 H.l 80.5 .191 · 1 14 .003 .257 .154 004 · 100 .741 2.53-;
65 25469.6 2379.2 35.0 .184 · 102 .002 .230 .128 .002 · 100 .800 3.198
70 211'3.1 1ln .3 1~.' 180 .0';:12 .001 .207 .106 001 · 100 .870 3.'%3
75 17696.9 1614.b f. . ';' .1% .100 .000 .206 .105 .000 · 100 . '353 4. 841
80 14543.'9 1400.7 3 . 1 .213 · 107 .000 .202 · 1 G1 . GOO · 100 1.054 5.840
85 11759.6 1247.5 1 .4 .237 · 1 19 .000 .201 · 101 .000 · 100 1.178 6. %7
90 9277.5 1095 ,0 .6 .268 135 .000 .201 · 101 .000 · 100 1.335 8.231
9:5 7095.3 1411.2 7 . 395 .241 .000 .256 · 15~. .000 · 100 1.542 .;) . 63'3.oJ

100 4779.7 1570.S . 1 .624 .442 .000 .342 .242 .000 · 100 1 .823 11 .200
105 2560.9 586.3 .0 .516 ?~7 .000 .231 .131 .000 · 100 2.231 12. no#_JV

110 1528 . 1 563.9 .0 .831 .543 .000 .289 .189 .000 · 100 2.877 14.&08
115 665.6 470.0 .0 2.089 1 .684 .000 .515 .415 .000 · 100 4.055 16.871

CHANGE IN F .. . 50 CATCH WT . = 157706.22



species B

Species C

__--- Species A

100

"'0

Ql

>-

o 50 100 150

Percentage of current fishing mortali ty

Figure 1 Yield curves for species At Band C when aU
fishing mortalities are changed in the same

proportion.

500

o
o
o
-300

VI
Ql
C
C
o
4-

•

100000

~ 10
Ql
.0
E
::J
:z

Multi species length
cohort resultl?cmgroup)

English '.
ground fish
survey
(1 cm group)1978 x 10

1979 x100

0-1

1000

100

10000

•

Figure 2 The totallength distribution from phalanx analysis compared
to those observed from groundfish surveys of the North Sea.



..
'-.

"0
X Speeies A

1· 0
p oSpeeies B. oSpeeies C0,.

"Q.
;>0. ö.~

X '
d 0,
+-
l- P.0
E

c 0·1
0 ..

0
..

~

XCi.
d
"0 0',
01 X "l-

Q. 0,

N

~
0'
X

0-01
0', •0

x

0

xO

0

0-001
0 20 40 60 80

Leng th (ern )

Figure 3 Phalanx analysis: predation mortality in the
example as a function at length,

•



--------~---------I

Table Al Stock variables

Tbe fo11owing stock variables are used for: a11 .lengths of eal=-h species (i)
on predator (I). Together with catch-at-length data by species they., fof1U
the basic inputs to the mUltispecies length 'cohort analysis.

.; . ; ,..~' .

)
) used to
)
) calculate
)..
) R(I,L)

stock I )

. '.: \

Von Bertalanffy.coefficients

for stock i used to calculate 6t(i,1)

)
) .

)

\.' .

Non-predation mortality o~ stock i
I

Use

) Weight length relatio~s~ip coefficients
) • I

) for stock i used to calculate Wt(i,l)

) Proportion of ration
)
) taken as predation
) -~..

) coefficients of ogive for

F/Z ra~io forlargest len~th group of stock i
. :; y '.~ \ I

) Ration requirement
. : ... )

) coefficients for stock I

) Food size.preference coefficients)
) , "'y

0(1) ) for stock I ) used to calculate
:.. ,.' , . )

a(i,l) General preference matrix ) A(i,l,I,L)
)

of stock I for stock { )

Variable

L",(i)

K(i)

1-11 (i)

F/Z(i)

a(i)

• b(i)

f(l)

g(l)

p(I)

q(I)

r(l)

U (I)



......:'; ...

Table Al,' Stock'length variables,
. • ' (. I . j , ~ ;. . ' I .. • • -~ . "

The fciilowing, varia~les apply to the length interval, 1 of, stock i'or in
the case of predators to the 1ength interval L of stock I

- .. " '::, . r ~ :

Variable Use

N(i,l)

N(i,l)

C(i, 1)

D(i,l)

Ät(i,l)

F(i,l)

Population numbers at beginning of 1ength interval

Average population numbcrs in the interval
," : ..

Catch numbers in the interval (C in text)
1/2,. :"", ,,"

.. ~., I .' •..' '.', " .

Predation numbersin ,the interval (Dl/2~n ~ext)
J ' .. , r ;:'. : i" "~ .. ~ \ •

Time spant in the interval (sec Jones, 1974)

Fishing mortality rate in interval
J ,

i. ;, , ; ~ ,

•F'(i,l) New level of fishing morta1ity rate for yie1d assessment . ; ,
.... ;

M2(i,1)

Z(i,l)

Z'(i,l)

Lt(i,l)

Wt(i,l)

R(I,L>' .'.

Predation morta1ity in interval

Curr~nt total morta1ity in interval

Total morta1ity in previous iteration

Average 1ength in interval
, .. ",' .' , "'b

Average weight in interval = a(Lt)

'Predators' ration from fish in analysis taken here as

~. ! ." "".

I ~ •. '

•



Table A3 Predator/pr~y length variables

The following variables link predators of lcngth interval L of stock I
to their prey of length L of stock i

. -

•

Variable

A(i,l,I,L}

B(i,l,I,L}

d(i,l,I,L}

Use

Preference of predators (I,L) for prey (i,I). This could
be a matrix (see Pope, 1979) but here it 1S taken as

a(I)* ex _ I (ln{Wt(i,1)/Wt(I,L)}-~(I»)2
12M 0(1) p 2 0(1)

is diet proportion of predator (I,L) coming from prey (i,l)
which is taken as

N(i,l)*6t(i,1)*wt(i,1)*A(i,1,I,L) .

is number of prey (i,1) devoured by predator (I,L)



· , Flow chart A: multispecies length cohort analysis

for a11 i and 1

Calc. ~t(i.l). Wt(i.l). R(i.l)

N(i.i). C(i.i>*F(i.l)!Z(i.i>

for a11 i and 1

for a11 i and 1

for a11 i .

N(i.l) • N(i.l+I)*exp(MI(i.l)*~t(i.l») + (C(i.l)+D(i.l»)*exp(MI(i.l)*~t(i,l)!2)

for a11 i and 1

Z(i,l) = In{N(i,l)!N(i.l+I»)!~t(i,l)

(N(i.l) - N(i,l+J»)!Z(i.l)*~t(i.l)

for a11 i and 1

for a11 i and 1

F(i.l) = (Z(i.l) - MI(i.l))*C(i.l)!(C(i.l) + D(i.l)) for a11 i and 1

M2(i.l) • F(i.l)*D(i,l)!C(i.l) for a11 i.l

d(i,l.I.L) B(i,l.I.L)*R(I.L)*~t(l,L)*N(l.L)!Wt(i,l) for all i.l and 1.L

no

for a11 1 and L

ror a11 i and 1

for a11 i and 1

End of multispecies length cohort analysis



Flow chart B: multispecies yield changes

. Continued from multispecies length cohort analysis

, ..

F'(i,l) = F(i,l)*Change(i,l)

Z(i,l) = F'(i,l) + Ml(i,l) + M2(i,l)

for all i and 1

for all i and 1

N(i,l . ) is unchangedm1.n
t for all i

N(i,l+l) = N(i,I)*exp(Z(i,l)*6t(i,l»)

N'Ü,I) = (N(i,l) - N(i,I+I»)/(Z(i,I)*6t(i,I»)

for all i and for I > 1 .l.1.1.n

for all i and I •
C(i,l) = N(i,l)*F'(i,l) for all i and I

d(i,I,I,L) = B(i,I,I,L)*R(I,L)*N(I,L)*6t(I,L)/Wt(i,l) for all i,l and I,L

no

D(i,l) = ~d(i,l,I,L) for all land L

M2(i,l) = F'(i,I)*D(i,l)/C(i,l) for Gli i and I

ZSQ = (Z(i,l) - Z'(i,l»)2 for all i and 1

for all i and 1

yes

•

Yield(i) = ~C(i,l)*Wt(i,l) for all i and 1

tS/R relationship could be put in 'here.


