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ABSTRACT

Phalans analys:.o (multlspec1cs lenath cohort analysis) is descrlbed.
This method calculates flshlng mortallty and populatlon nunmbers at length,
grvehvlnformatlon on the growth and feedrng eharacterlstlcs and the catch
length dlstrlbutlons from a multlspec1es flshery. The approach can also
be adapted to prOV1de a mcthod for calculatlno the steady state ylelds . ﬂ
which would result from a change in flshlnb patteres. It is thus a o
multlspecles exten31on of Jones' length cohort analysis. ‘

An example of the use of phalanx ana1y51s is shown based on con-
structed data whlch represent the North Seca roundflsh. ThlS rllustrates

the results obtaxned and also 1nd1cates that the method mlvht be used in

'con31deratron both of changes in overall 31ze comvosltlons resultlng

from changes in flshlng_patterns and' of -3ize dependent mortality rates.
INTRODUCTION® -

Multispecies. fisheries models -are apt to require large and complete
data. sets if they arelje_be used successfully. .Models based on catch-
at-age data are particuleriy demanding in this respect, which makes them
d1ff1cu1t to use even for develop°d fisheries such as those 1n the North
Sea, and vxrtually 1mp0351b1e to use for areas where catch-a t-age data
have not been routlnely collected for the nost nuLerous spec1es for a ..
number of years.' For ‘the flshcrles of many areas a more reallstle alter—
natlvc to such a data set would be average catch comp051t10n by length,
in whlch case exten31ons of Joqes' 1ength cohort analy31s to a multi-
spec1es flshery are highly desrrablc. Jones (1974 1676) shows how
cohort ana1y31s can be adapted to assess numoers at length data and how.
to invert thlS nodel 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 multispecies length cohort analysis.

One method of extending length cohort analysis is described in this paper.
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THEQRY .
Joqes' length cohort ana1y31s (Jones, 1974) is based on the exten=-
sion of Pope s (1972) cohort analysis formula to variable time intervals.

Assuning von Bertalanffy growth, Jones modifies Pope's annual cohort

formula
N, = G, exp (M/2) + Nﬁ“ exp (1) _ RO
to the forn
LL, M/K L L] M2
N,o= NZ{LM‘LZ} +c”2L L2} | (2)

where N "and N2 are the numbers in the sea at length L and L2 reepec- .

tively’ and Cl/2‘ is the catch numbers in the interval Ll—LZ ~ This enable,s‘ .
catch“at length data to be used 1nstead of catch at age data in a cohort ‘
analy8is. The drawback is that the method requxreu the data to apply to
a steédy.state'COndition. In practlce thls is approxlmated to by avera-
ging the catch at length ‘data for a number of years. Thus only average
results can be obtalned. ‘Nevertheless the method is useful as a qu1ck
summary of events which can be based on 1css yeare data than a standard i

virtual populatlon analysis (VPA).

g

Pope (1979) gives as the basic formula of multispecie§ cohort aoalysrs
: -Nt = (Ct+D ) exp (M/2) + N -@xXp Q. S (3).

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

S Lw"L} M/2K L-L, M/K A' P
o Hy o= (Cl/é+Dl/2){L—o:—_L';}_ o+ N {TI—:"} | (.4)

where’ ! now refers to the natural mortallt" not Ocnerated by the predatlon

of fish included in the ana1y51s. is the number of flsh caten by

other fish' 1nc1uded in the analy31s ééiween length L and L2. This can be
stra1°htforwardlj calculated as in Pope (1979), but u51ng length rather than
age makes the calculation of ration size and food preference 51mp1er. For
example, food preference can be specified as the product of a spec1es prefe—
rence and & log norndl prey size prcference as suggested by Ursin (1973)
Feeding rate can be expreused as a functlon of body size., For cxample,:

Dann (1973) suggests the formula '
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_ 2 x0.00016 _ .2 N o
| ¢L | 506 x L . ; S 5
for the daily ration (¢L) of cod length L,
The proportion of the diet coming from species ‘included in the analy-
sis can be given as a signoidal relationship with length such as that given
by Sparre (1979). Thus the length form of analysis considerably facili-

tates the computations, Using either approach the D's can be estimated by

- successive approximations as in Pope (1979). "Details of the calculations

are set'out in the mathematical appendix. Since multispecies length -
cohortanalysis is a somewhat clumsy title it is suggested that this
technique be called 'phalanx analysis', - " -

~‘Jones (1976) considers the cffect of a mesh change or effort change

“on catch-at-length data using an approach based on Jones (1961). : This

approach is not possible with the phalan¥ analysis because a change-in

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

‘natural mortality. The problem can however be solved by holding the num—

bers; in the smallest length group of:each species,- constant. The numbers
at.each successively greater length are-then calculated using: preliminary:
estimates. of total mortality based on‘the new level of fishing mortality
and the:natural mortality obtained. in' the phalanx analysis: ~ These popula=-
tion sizes.are-used to calculate predation levels which in- turn are used

to calculate better 'estimates of natural mortality due to predation. It

©is then possible to’recalculate the population numbers at length using '™

thé!improved estimates of total mortality which can be used to improve the
predation estimates. ':This cycle of calculations is repedted- until changes
in the natural.mortality estimates ‘are less than some specified level. -
Details of calculations are shown in the mathematical appendix.

One virtue of this appfoach is that a stock/recruitment relatioﬁship
could be easily incorporated in these calculations. - This would modify the
numbers “in the’smallest' lenfth group of each species in line with the bio-
mass of fish of spawning-size. This could be simply included in the

iterations indicated above. .

WORKED EXAMPLE -
:The absence of published tables of international catch-at-length data
made ‘it impossible in the short term to present’a detailed analysis of the
North Sea-fisheries using phalanx analysis: An illustrative example has ‘
however been constructed based on the MNorth Sea roundfish.  Thus species A,

B and C in the results arc somewhat like cod, haddock and whiting. Table 1
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shows the input values used for the various coefficients of growth, morta-
lity and feeding. Tables 2, 3 and 4 show . the results of the phalanx

analysis for species A, B and C respectively. keducing the fishing nmorta-
lity by 50% on all species results in the .changes in the predation levels.

The effects.of this are shown for species A in Table 5. Dy making a

. series of such changes yield curves can be constructed (sce Figure 1) for

the three species.. In this case these arc somewhat artificial. because

.almost all growth is obtained.at the expense of smaller fish sizes of the

same three species since .there are no smaller food species in this example.

The yield, curves thus tend to increasc sharply with increasing fishing. .

The lack of a:stock/recruitment,relationship,is.also a serious defect in..

the model in its current form. . ) e
. The lensth dlotrlbutlon .obtained from the phalanx analysis is com—

pared with the overall length distributions for the North Sea obtained from .

English.groundfish surveys (Figure 2). The change in numbers with- length

can be seen to be rather similar in.these two series. Whether or, not this

is more than a coincidence. remains.to. be determined. It does however .indi-

cate that phalanx analysis could be used in a consideration of how over— -

all length.distributions may change.wich\chéngespin_gxploitation.patterns.

-;: In the example the only preferences predators have for different, . .

.species are-based on weight differences. Consequently, the predation-

mortality. at. length:is much the same for the three species considered,: as

can be seen from Figure 3.. This also indicates. that the predation morta-

lity declined exponentially with length in a very regular fashion. . Similar
mortalities at length based on a phalanx analysis, of all important North .

Sea fish species would obviously shed considerable-light on the relation- .
ship betwecen natural mortality and growth, . .. R
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DISCUSSION

. The, model prLoented of a multlspec1es length cohort model has essen—.

[ () ey . . EE}

tlally the. same virtues and.drawbacks as Jones . (1974) length cohort:.. i ...
analysis, . It is,less demanalng of data;than‘thglequivalgnt nultispecies ..
age cohort models. There would scem sonme prospp§tﬁof using. such a,model:.
on a tropical developing fishery where average catch length and growth

parameters might be inferred but where annual catch-at-age data are not a,
practical possibility. It.will also be worth developing the model for the
North.Sea. .fisheries.where it can be contrasted with age models.  Its main
use, -however, is likely to be in regions for which there are less.data

than: is. the case for the North Sea.. e e Y

R S . PR Ce e T e s



Since the method gives mortality components and population'sizes by

~.length it should-be useful in interpreting the structures of numbers at

size -observed-in :the North Sea. .The method should also be .of value 'in:
obtaining insights into the relationship between growth -parameters :and "

naturdl mortality..! Clearly, it is more important ito gain insights:into -

-such ‘problems of ‘the workings of the marine ecosysten than to provide just

another bookkeceping model of nmultispecies fisheries. It is therefore to
be-hdped that' a full phalanx analysis of the North Sea will provide a -
stimulus for further simplifications in our models of the North Sea.

- Developuents of this model ‘to consider the effects of seasonal
recruitment and growth-.are clearly. important. To assist in this work it~
would be very useful if working groups or national -scientists could make
the length distributions of: catches available on a regular basis. -Ideally,
these would be presented by month .or quarter .rather than as annuali

distributions.
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MATHEMATICAL APPENDIX ;
.. The sequence of calculations performed in maklnw a multispecies length

cohort analysis is shown in flow chart A, . The (supposed) consequences.to
species. yield caused by altering fishing mortality rates result from the

calculations shown in flow chart B. Flow chart.B should be. regarded. as an

. extension.of flow chart & where many of the basic variables are:calculated,

In these flow charts the variables. shown in Tables Al, A2 and A3 are
used. In general, these are expressed in terms of the following: fish
stock, is. designated by the index i or, in the case of -a-predator,.by the
index I; ..length interval is designated by the index 1 or, in the case of
a;predator, by the index L;  all lengths of all species are regarded as

potential predators; all but the greatest length of each species are

-regarded as potential prey; at present the fish of the. greatest length .-

group of .each species are regarded as exempt from predation for the sake
of simplicity; the largest lengths of each species are designated. by 'the
index 1 and the smallest by 1min'

Predation in the model is considered to consist only of predation by
those length groups (L) of species (I) for which .catch data are input.
This source of mortallty creates the M2(i,1) coﬁponent of natural morta-
lity of the prey species i of length L. The MI(i) component is that part
of the natural mortality of stock i caused by predééion by species external
to the model or from cther causes. .At present it 1is set at an arbitrary

low value of 0.1 for all lengths of each spec1es.



specific coefficients

Table 1 Stock

Species A Species B | Species C
L infinity 130.00 85.00 55.00
M/K 1.00 0.80 - 0.80
Natural Ml 0.10 v0;10' | "'"‘. 0.10'
F/Z for L max ‘0.70 '»0.70 " Q.iO
Wt/len A 0.000010 0.000009 - 0.000008
Wt/len B - 3.00 13,00 o 3.00
Av, prey/pred -4,60 ;4;60 | --4,60_
Sd. prey/pred ©1.00 100 1,00
Ration coef. 10.000020 0.000000 o.oQooxe‘
Ration power 3.00 3.60 I 5@00
Food ogive p 10,50 0.50 - ‘”~ : q.So
Food ogive g 30.00 130,00 '1730}00:‘*
Food ogive r 0.50 0.50 ‘ 0,50
Largest len. 120 81 B 50
No. of len. S 23 24 40
Length inc. 5 3 1

| Symbol in

Appendix

L)

CMIE) /KRG

MI(i)

FIZ(L)

L ali)

b(i)

u(d)

a(i)

f(1)

g(i) )
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Table 2 Results from phalanx analysis for Species A

LENGTH POPULATION CATCH PREDATIOHN 24T FAY MzAT Z ) F Mz 11 AT

10 662251.7 .0 265029 .9 .567 .050 .524 1.331 .80 1.231 100 .42¢6
15 37?6722 .7 .9 75913.3 .286 iR ] . 241 .B42 .0d9 .542 . 109 . 445
20 283150.6 .0 35779 .4 .18S . 000 139 L3923 .00 .238 100 - .463
25 235314 .2 2167 .0 16654 .1 .134 0to .D7¢ . 275 .29 155 .1430 .4838
20 205737 .9 21177 .0 7204 .2 L2004 114 .029 . 323 .222 Bve - 100 .313
35 167786 .7 307?25.0 2773 . & .284 .21 L0193 .325 L3353 . 838 . . 100 ©. 341
40 1262%9.7 3333.0 256 .1 .188 122 BERH R L BT L9E3 314 S150 S .872
45 85668 .3 233%2 .5 303 .¢ 430 . 3ES .34 i 8 .e03 .97 . 189 . 206
30 35700 .¢ 13574.0 97.9 . 357 .224 iy 3373 C434 L2032 L1030 645
35 32981 .6 8395.0 33.7 .322 L2582 .30t . 487 364 .91 S B k1] .. 5%0
60 28239 .9 3339 .0 12.1 .33 L2218 000 . 4403 .ID7 .01 L1033 .74t
€3 20873.7 37032.0 4.9 .285 .203 L0340 .35¢% .23% .90 . 160 .abg
70 15700 .2 2538.0 1.7 .272 . 185 090 C313 213 L2400 L 100 L2740
7S 11{960.2 2076 .9 .7 .29%¢ .20t .000 .31 211 .99 L1800 . 9353
=31 £892.9 1624 .0 .3 .21 s L0090 . 303 .2073 .80 100 1.034
g5 €462 .7 1292 .0 .1 .356 .2338 .300 .302 .202 200 L1090 1.178
20 452¢ .4 999 .0 L0 .483 269 083 .3inz 2Nz REVNi R .10 1.3253
23 3026 .1 1071.0 ) 636 L4822 . 000 413 Itz .80y . 100 1.542
100 1602 .2 858 .0 .0 1.08¢6 .883 . 003 .535 455 209 L1430 1,223
135 552.0 219.90 Y .80%9 526 .00 . 363 %3 000 180 2.231
118 245.7 141 .9 0 1.374 1.087 L0390 L4732 272 L2090 100 2,377
115~ T 62.2 49.0 .0 773 3.3e7 200 .93 231 200 120 4. 8933
120 ‘ 1.4 1.0 .0 .000 .000 .Don .30 233 L0 130
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Table 3
LENGTH POPULATION

12 21885522.5
15 254629 .5
18 1916416 .0
21 1537888 .0
24 1287020.7
27 11035459 .7
30 £86955.5
33 636368 .6
36 388802.¢6
39 220646 .7
42 107687 .2
45 60505.2
48 349245.2
51 19581 .8
34 9362.9
57 3490.9
60 1216.9
&3 £33.6
6 3%9 .9
63 241.2
72 1¢7.9
7S 112.4
7?8 5.9
21 Ird

23.

CATCH

6917.
97168,
17115¢ .
200169 .
1420352
99433 .
4023¢ .
21510.
12235.
2836 .
s21r7.
2007 .
465.
155.
104.
31

13.

26 .

2.

1.

COO0OCCOOUODOCOUDLOOCOLODOODODODDO

PREDATION

1203175,
53222¢.
299450.
133074
114338.

68483 .
36795.
17039.
£930.
251¢e.
893.
347.
137¢.
42
14.

2

- .

1.
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Results from phalanx analysis for Species B

247
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.178
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L0354
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L6581
L7335
00D

FAT

. 000
.000
.00D
. 300
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. 949
. 342
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L 4
Table 4

LENGTH POPULATION
i1 27770472 .0
12 186008600.0
13 13462024.0
14 10294690.0
13 8§183042.0
16 $686751.0
17 5575302.0
i8 4719803.0
19 4043559 .5
20 3498227 .5
21 3051700.0
22 2681649 .5
23 2371923.5
24 2110461 .0
293 1887010.7
26 1598806 .7
27 1233422.2
28 926582.5
29 630062 .1
20 433569%¢ .2
k] 309741 .6
32 194644 .1
23 130576.7
34 81835.2
25 32737 .4
36 34971 .6
37 24903.1
28 15484 .6
39 11204 .3
.40. 6739.2
41 4204 .4
42 2536.3
43 1796.9
44 1201.0
45 666 .0
46 405.9
47 262 .8
48 122.0
49 23.5
50 15.7

catc

1076.
10307¢.
221651 .
201647.
202715.
144232,
112365.

93577.
50435,
39989.
23576.
14207

7613,

7751.

3155.
3693

2048,
1356.
528.
441.
432.
196 .
99.
162.
85 .
13.
11.
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8632000 .
4759033
2882680 .
1884607 .
1209039.
952918 .
718706 .
556484 .
439268.
351674
284501 .
231976.
190301,
156828 .
126048 .
94072
659485 .
44085 .
28386 .
17391 .
10810.
6418
3823.
2226.
1334
840 .
516 .
318.
195.
110 .

63.

3s.

25 .

14,
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Results from phalanx analysis for Species C

ZAT

.401
.323
268
.230
.202
.182
167
.158
.145
137
.129
.123
117
112
.16¢
.239
.2886
.354
.355
.338e
.465
.399
.467
.439
.41
.240
L4735
.324
.508
.472
505
.345
.403
.590
.495
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.639

.272
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FAT

. 00D
. 000
. 009
. 000

. 00D
. 00D
. 000
. 800
. 0900
. 000
. 000
. 000
. 000
. 001
082
182
194
266
271
. 305
286

232

1393
.363
. 3338
267
403
. 250
. 434
395
426
.262
.315
© . 497
.295
.324
.5er7

23237

. -

.595

003

1247
.382
.304
L2492
L210
.182
.1et
. 1453
133
122
113

. 105

L0328
.n31
.08e5s
La7¢6
.0e9
. 063
. N58
.053
. 049
.45
. N4
.02%8
.R3S
L0322
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.019
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.162
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.5893
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.983
174
L1322
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. 364
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. 2586
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170
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.099
052
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.10
.109
. 100
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100
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Table 5 Results from multispecies length yield change analysis for Species A (F on all lengths on all species = Fcohort x 0.5)
LENGTH POPULATION CATCH PREDATION 247 Far HEATY 2 F M2 11 DT WwT
10 662851 .7 .0 243525 .1 .517 .000 .474 1.21¢ L0090 1.113 . 10D .42¢ .. G629
15 395702 .1 .0 130799 .0 .497 .000 .412 1.028 L0000 .92¢ . 1450 .. 445 L1396
20 250531 .7 .0 70282 .9 .386 .000 L339 .B23 L0013 .728 . 100 .465 . 118
25 170358.2 730.2 34116.5 .284 .0405 L2390 .382 013 .472 .16) .488 .zl¢6
30 128222.¢ - 6472 .4 15623.1 248 .057 .137 . 479 11t .268 . 100 .513 . 357
35 100272 .2 2422.0 6793.9 .236 . 109 .0?%¢ . 43¢ .195 1414 .100 .541 .548
40 79217 .6 11234 .4 2814 .2 .258 . 161 .49 .452 .282 .871 . 160 .872 . 798
43 61175 .1 9824 .2 1122.2 .264 .1283 .h21 .4324 .201 L0324 . 109 . 606 1.113
So 46966 .5 6117 .5 4533.2 .220 . 145 D11 .242 .223 L0317 . 100 . .543 1.505
55 37674 .9 4300.9 138.9 .201 .126  .00s .291 L1283 L0028 1090 .690 1.3%77
&0 30823 .8 3194 .1 80.5 .191 .114 .003 . 257 .134 D04 . 100 . 741 2.53%
65 235469 .6 2379.2 35.0 . 184 . 182 .002 L2308 .122 .002 160 . 200 32.138
70 211932 .1 1793.32 13.5 . 120 022 .00t . 207 .10¢ .00t . 100 L2708 2.963
75 17696 .9 1614 .¢ 6.9 .1%4 .180 L2929 L2046 .1073 .008 . 100 .3353 4,241
20 14543 .9 1400.7 .1 L2113 107 L3489 .232 161 .a0g . 149 1.9054 5.5240
85 117593 . ¢ 1247 .5 1.4 .237 119 L3049 . 201 101 G090 100 1.17%8 . 967
30 9277 .5 1095.0 .6 .268 135 . 009 .201 .itatl L4000 L1090 1.338 5.231
93 7095.2 i41t1.8 .3 . 395 . 241 .200 L2586 L1355 L0300 . 100 1.542 3.633
100 4779 .7 1570.5 .1 . 624 . 442 . DT . 342 .242 L300 L1640 1.223 11.z040
105 2%60.92 586 .3 .0 .51¢ .29332 C 000 . 231 L1314 .Don . 190 2.231 1i2.920
110 1528.1 563.92 .0 .83t .543 L300 .289 .189 L0090 . 100 z2.897 14.5083
1193 , 663 .6 470.0 . B 2.08%9 1.6024 . 000 313 4.055 16 .5871

. . 415 .00D . 100
CHANGE IN F = .50 CATCH WT. = 157706.22 :
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Figure 2  The total length distribution from‘ phalanx analysis compared
to those observed from groundfish surveys of the North Sea.
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 Figure 3  Phalanx analysis: predation mortality in the
example as a function at length.



Table Al Stock variables

The following stock variables are used for: all lengths of each species (i)
on predator (I) Together with catch-at-length data by spec1es they form
the basic inputs to the multlspec1es 1ength cohort ana1y51s. '

Variable Use :
L (1) ) Von Bertalanffy coefflclents
K(i) ) for stock i used to calculate At(i, 1)
Mi(1) Non—predatlon mortallty of stock 1 )
F/Z(i) F/Z ratlo for largest length oroup of stock 1
a(i) ) WC1oht length relatlonshlp coeff1c1ents

) R R
b(i) ) for stock i used to calculate Wt(i,1)
£(1I) ) Ratlon requlrement

i T
a(l) ) coeft1c1cnts for stock I ) . B
) used to

p(1) ) Proportion of ration )

) ' '} - calculate
q(I) ) taken as pr datlon ) A

) ’ ' ) R(I,L)
r(1) ) coeff1c1ents of oglve for stock 1)
u(ID) ) Food size .preference coeff1c1ents')

) v . D] . ‘) 3
a(I) ) for stock I ) used to calculate . .
a(i,I) General preference matrix ) A@LL,I,L)

) .
of stock I for StOCk i )



- Table AZ:- Stock 1enoth vatlables o

The f0110w1nb varlables apply to. the lenvth 1nterval 1 of stock ior in’
the case of predators to the length interval L of stock 1

Variable Use
N(i,1) Populatlon numbers at-beotnnlo ot ienéth iotetval f
N(i,1) Averaoe pOpulatlon numbers in tle intetval
c(i,l) Catch numbers in the 1nterva1 (Cl/2 in text)
D(i,1) Predatlon numbers in the 1nterva1 (D1/2 1n text)
At(i,l) Time spent in the 1oterva1 (see Jones, 1974)
¥(@,1) Fishing mortalxty rate in 1nttrval
R
F'(i,1) New level of fishing mortallty rate for xield assessment
M2(i,1) Predation mortality in ioterval B
Z(1,1) Cutrentttotal mortality in interval‘d
2'(i,1) Total mortolity in previous iteration
Lt(i,1) Average 1ength in 1nterval |
wedi,l) Average welght in tntervalin a(Lt5§ o 2
R(I,L)pix 'wPfedatots' ration fronm fish in analysis.taten hore as

'f(Lt)g*r/(l + exp{~p(Lt=q)})

N



Table A3

Predator/prey length variables

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

Variable Use
A(i,1,1,L) Preference of predators (I,L) for prey (i,l). This could
be a matrix (see Pope, 1979) but here it is taken as
a(D* o .(1n{Wt(i,l)/Wt(I,L)}-u(I))2
V2M o (1) 2 o (1)
B(i,1,I,L) 1is diet proportion of predator (I,L) coming from prey (i,1)
which is taken as
N(i,1)*at(i, 1) *wt(i,1)*A(,1,I,L)
d(i,1,I,L) 1is number of prey (i,l) devoured by predator (I,L)



Flow chart A: multispecies length cohort analysis-

Start

[ 27,0 - 0.0 | for all i and 1

Y

Cale. At(i,1), We(i,l), R(,1) for all i and 1

Y

| D(i,1) = 0.0 |  for all i and 1

Y

N(i, D= ¢, D*F(i,1)/2¢i,1) for all i
V¥

N(i,1) = N(i,1+#1)*exp(Mi(i,1)*at(i,1)) + (C(i,1)+D(i,1)}*exp(MI(i,1)*At(i,1)/2)

\’ ; " for alli and 1

[ 26,0 = ma,nmG,0)/8e6E,) | for all § and 1
%
FE,D = (N(,1) = NG, 1+1)) /2, 1%t (3, 1) for all i and 1
M \ .

F(i,1) = (2(i,1) - MI(Qi,1))*c(i,1)/{c(i,1) + D(i,1)) for all i and 1

Y

|7M2(i,1) = F(i,1)*D(i,1)/C(i,1) for all i,1

A\ 4

d(iQ]-,I’L) = B(i,1,I,L)*R(I,L)*At(I,L)*ﬁ(I,L)/Wt(i'l) for 311 i,l and I,L

| D(i,1) = Id(i,1,I,L) for all I and L

\

2
-

zsQ = (z¢i,1) - z'(i,1)) for all i and 1

Y

I 2'(i,1) = Z(i,1) l for all i and 1

no

A

Is Z5Q less than 0.000017?

yes

| End of multispecies length cohort analysis




\

Flow chart B: multispecies yield changes

. Continued from multispecies length cohort analysis

\i

F'(i,1) = F(i,l)*Change(i,l)

for all i and 1

Z(i,1) = F'(i,1) + MI(i,1) + M2(i,1)

y

m)

Y

N(@i,1 in) is unchanged +

for all i

N(i,1+#1) = N(i,1)*exp(2(i,1)*At(i,1))

Y

N(i,1) = (N, - NG

J1+1))/ (2, 1) %88, 1) for all

Y

C(i,1) = N(i,1)*F'(i,1)

Y

for 311 1 and 1

4(i,1,1,L) = B(i,1,I,L)*R(I,L)*N(I,L)*at(I,L)/We(i,1)

A

no

\/

D(i,1) = zd(i,1,I,L)

Y

MZ(i,l) = F'(i,l)*D(i,l)/C(i,l)

\

28q = (2(i,1) - z'(i,1)?
T

Is 2SQ less than 0.00001?

yes

Yield(i) = IC(i,1)*Wt(i,1)
v
Stop

for all I and L

for all i and 1

for all 1 and 1

2'(i,1) = 2(i,1) for all i and 1

for all i and 1

for all i and for 1 > 1m.

for all i and 1

in

.

iand 1

for all i,1 and I,L

ts/r relationship could be put in here.



