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INTRODUCTION

BIOLIN (Biomass Linear Equations), is a linear difference

model based on E. Ursin's (1986) simulation of the North Sea

ecosystem. Ursin based his model on Polovina's (1984) simulation

of French Frigate Shoals (Hawaiian Islands). All three were

patterned after the ecosimulation models of Laevastu.

BIOLIN estimates the biomass budget of an ecosystem at

steady state by simultaneously solving a system of equations.

Each term in the budget equation is a linear function of the

B(j) IS; the unknown biomasses. Solving the equations estimates

either mean annual biomasses or annual growth rates, depending on

whether growth or biomass data are specified. Although the data

may be collected over a period of one to several years. the model

assumes that mean annual biomasses do not change from year to

year. In addition, BIOLIN operates with constant fishing and

natural mortality. Neither age structure nor spatial resolution

are explicitly represented.

In Part I, the general equation.

Production of biomass (i) - Predation on (i) - Natural mortality

of (i) - Fishing catch (i) = 0 (for all (i»

is mathematically expressed for species groups 1 to OJ as

C(l)B(l) - r.[b(j) + a(j)C(j)] B(j) DC(j,1) - d(1)B(1) - Y(l) 0
j .

C(n)B(n) - E[b(k) + a(k)C(k)] B(k) DC(k,n) - d(n)B(n) - yen) 0
j

where: C(i) is the ratio of production to biomass. or the
biomass growth coefficient of Laevastu, here
assumed equivalent to Z,
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8(i) is biomass of a species group

b(j) is the coefficient of food required for maintenance

a(j) is the coefficient of food required for growth

DC (j ,i) is the diet compostions matrix of all species
groups, or the amount predator j eats of species i

d(i) is the natural mortality of species i, and

VIi) is the fishing yield (or catch).

The simulation computes the food available to predator j as

AVAIL(j) = 1 ! (~ DC(j,i)!8(i»
I

and the suitability of prey species i as food for predator j

(predator j's preference matrix) as

PREF (j, i) DC(j,i) * AVAIL(j)/B(i)

1.l: PREF (j , i )
i

In Part II. the simulation computes a new food composition

where

table based on the preference matrix from Part I. This may then

be used with a new data set in which the food composition table,

normally derived from stomach content data, is unknown. Alterna-

tively, Part II may be Ilsed to analyse the original data set with

selected biomasses or Z values already prescribed. The

simulation then solves for Z as in part I, and iterates to

compute biomasses if they are left unspecified.

AVAIL (j) -. l: PREF (j , i) * B(i) and
i

DC(j,i) PREF(j,i) * B(j)/ AVAIL(j)

If B(i) is not given for a particular species group, the

iterative biomass solution is found using B(i) results from the

first steady state as the starting values. B(i) 's for the next

iteration are then

B(i) * Z(i) {iteration} /Z(i) {data}.
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This procedure continues until
2

~ (Z(i) {iteration} - 2(i) {data}) < epsilon {1.0E-9}
I

for values of i where B(i) {data} is equal to zero.

Examples using the Benguela Current Ecosystem

1. In this exercise. all data were specified as inputs except the

biomass data, and the simulation was allowed to solve for annual

mean biomasses at equilibrium. BIOLIN's solutions for the

biomasses were lower than the corresponding empirical biomass

estimates provided, except for juvenile hakes and midwater fish

where the solved biomasses were 112% and 98% of the empirical

data, respectively. Mammals, birds. adult hakes (the top

predators) and pelagic plankton wer~ the most underrepresented

(Table 1).

2. Holding mammals' and birds' biomasses constant as specified in

the empirical data (such that the simulation solved for 2(i) and

not 8(i) in Part I for those two groups) resulted in biomass

solutions that were closer to the empirical data for most of the

species groups. This time, however, predatory fish, juvenile

hakes, and midwater fish were overestimated. The 2 solution was

close (66%) for birds but extremely low (1%) for mammals when

compared with the empirical Z values (Table 2).

3. Specifying adult hakes' biomass from the data again underesti-

mated mammals and birds and overestimated predatory fish, juve-

nile hakes and midwater fish. Plankton biomass solutions were

closer to the empirical data. but the Z solution for adult hakes

was only 16% of the original value (Table 3).

Although these results have illustrated some trends in
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species interactions, their statistical evaluation awaits identi­

fication of the types and sources of error associated with the

data. This simulation should now be expanded and tested using

data from other ecosystems and from other time periods within the

Benguela ecosystem.

Brief Descriptions

PROG/BIOLIN/BEN66 is parameterized to the Benguela current

upwelling system using data provided by R. Crawford (University

of Capetown). It evaluates the equilibrium conditions of 10

specie~ groups (Table 4). Data to run the program are encoded on

file DATA/POLONS/BEN5.

PROG/BIOLIN/NOSEA was parameterized to the North Sea ecosys­

tem from data assembled by E.Ursin. It consists of 13 species

groups, including a few split into age categories (Table 5).

Data are on file DATA/POLONS/NOSEA.
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Table 1. Benguela Current ecosystem. example 1; all
data specified except biomasses.

1 MAMMALS 37
2 BIRDS 3
3 PREDATORY FISH 200
4 ADULT HAKES 200
5 JUVENILE HAKES 300
6 PELAGICS 2000
7 MIDWATER FISH 1000
8 PELAGIC PLANKTON 33000
9 SHARED PLANKTON 33000

10 MIDWATER PLANKTON 33000

# SPP.GROUP

# SPP.GROUP

ORIGINAL
BIOMASS

DATA

ORIGINAL
GROWTH

DATA

INPUT OUTPUT 9.; OF
BIOMASS BIOMASS ORIGINAL

SOLUTION

0 0.51897 1.40
0 0.03426 1.14
0 139.83905 69.92
0 32.81272 16.41
0 336.23358 112.08
0 890.25386 44.51
0 981.50895 98.15
0 5474.8055 16.59
0 7651.65545 23.19
0 11438.00102 34.66

SOLUTION
FOR Z

1 MAMMALS 1.11
2 BIRDS 1.49
3 PREDATORY FISH 1.49
4 ADULT HAKES 1.34
5 JUVENILE HAKES 2.23
6 PELAGICS 1.45
7 MIDWATER FISH 1.62
8 PELAGIC PLANKTON 1.04
9 SHARED PLA~KTON 0.81

10 MIDWATER PLANKTON 0.60
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Table 2. Biomass and Z solutions with biomasses of mammals
and birds specified.

# SPP.GROUP ORIGINAL INPUT OUTPUT 9.; OF
BIOMASS BIOMASS BIOMASS ORIGINAL

DATA SOLUTION

1 MAMMALS 37 37 37 100.00
2 BIRDS 3 3 3 100.00
3 PREDATORY FISH 200 0 269.54977 134.77
4 ADULT HAKES 200 0 65.28123 32.64
5 JUVENILE HAKES 300 0 604.58097 201. 53
6 PELAGICS 2000 0 1563.49321 78.17
7 MIDWATER FISH 1000 0 1776.75394 177.68
8 PELAGIC PLANKTON 33000 0 9640.41008 29.21
9 SHARED PLANKTON 33000 0 13689.13144 41. 48

10 MIDWATER PLANKTON 33000 0 20731.56358 62.82

# SPP. GROUP ORIGINAL SOLUTION % OF
GROWTH FOR Z ORIGINAL

DATA

1 MAMMALS 1.11 0.01567 1. 41
2 BIRDS 1. 49 0.98388 66.03
3 PREDATORY FISH 1.49
4 ADULT HAKES 1. 34
5 JUVENILE HAKES 2.23
6 PELAGICS 1. 45
7 MIDWATER FISH 1. 62
8 PELAGIC PLANKTON 1.04
9 SHARED PLANKTON 0.81

10 MIDWATER PLANKTON 0.60
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Table 3. Biomass and Z solutions to BIOLIN when adult
hake biomass is specified.

# SPP.GROUP ORIGINAL INPUT OUTPUT % OF
BIOMASS BIOMASS BIOMASS ORIGINAL

DATA SOLUTION

1 MAMMALS 37 0 0.51897 1. 40
2 BIRDS 3 0 0.03426 1.14
3 PREDATORY FISH 200 0 318.54702 159.27
4 ADULT HAKES 200 200 200 100.00
5 JUVENILE HAKES 300 0 904.71509 301.57
6 PELAGICS 2000 0 1742.70695 87.14
7 MIDWATER FISH 1000 0 2487.6371 248.76
8 PELAGIC PLANKTON 33000 0 10763.06293 32.62
9 SHARED PLANKTON 33000 0 17488.39381 53.00

10 MIDWATER PLANKTON 33000 0 29088.69113 88.15

# SPP.GROIJP ORIGINAL SOLUTION 9~ OF
GROWTH FOR Z ORIGINAL

1 MAMMALS 1.11
2 BIRDS 1. 49
3 PREDATORY FISH 1.49
4 ADULT HAKES 1. 34 0.21993 16.41
5 JUVENILE HAKES 2.23
6 PELAGICS 1. 45
7 MIDWATER FISH 1.62
8 PELAGIC PLANKTON 1. 04
9 SHARED PLANKTON 0.81

10 MIDWATER PLANKTON 0.60
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Table 4. Species groups in a Benguela Current upwelling ecosystem

# GROUP REPRESENTATIVE SPECIES

Pilchard (Sardinops ocellatus)
Horse mackerel (Trachurus capensis)

Cape ful' seal
Cape gannet
Chub mackerel
Cape hakes

1 MAMMALS
2 BIRDS
3 PREDATORY FISH
4 ADULT HAKES
5 JUVENILE HAKES
6 PELAGICS
7 MIDWATER FISH
8 PELAGIC PLANKTON
9 SHARED PLANKTON
10 MIDWATER PLANKTON

(Arctocephalus pusili~)

(Morus capensis)
(Scomber japonicus)

Table 5. Species groups in a North Sea ecosystem.

# GROUP

1 COD 01
2 COD 2+
3 WHITING 01
4 WHITING 2+
5 SAITHE 3+
6 ~1ACKEREL

7 HADDOCK 01
8 HADDOCK 2+
9 HERRING
10 SPRAT
11 NORWAY POUT
12 SANDEELS
13 OTHER FOOD

SPECIES

(Gadus morhua)

(Merlangus merlangus)

(Gadus virens)
(Scomber scombrus)
(Melanogrammus aeglefinus)

(Clupea harengus)
(Sprattus sprattus)
(Trisopterus esmarki)
(Ammodytes sp.)
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WORKFIL~: PROG/BIOLIN/BEN66 (02f2~/B7)

$RESET FREE
$SET AUTOEIND
$BIND= FROM *IMSL/= ON UTILi
C
C
C
C PROGRAM BIOLIN
CXXXXXXXXXXXXXXXXXXXXXXXXXXXX
FILE 6(TITLE="READfALLOFiME2",KIND=DISK,FILETYPE=7,NEWFILE=. TRUE.,

+MAXRECSIZE=22)
'CFILE 6(MAXREGSIZE=22)
CFILE 6(MAXRECSIZE=22,KIND=PRINTER)
FILE 5(TITLE="DATAfPOLONS/EENS",KIND=DI8K,FILETYPE=7)
C IMPLICIT DOUBLE PRECISION (A-H,O-Z)

REAL M1,M2,MAT,K1
INTEGER lA, IDG" IER, !NT,MIN
D1MENS I ON A ( 10 ) , B ( 10 ) , BID e10 ), Z ( 10 ) , M1 ( 1 0 )

+,Y(10l,D(IL l1l,F(10)
+, C ( 10) , MAT ( 10, 10), G ( i. 0) , M2 (11. 10)
+, ZS01 (10), BPERM2(10), CDI'JB(lOi, GelO, 10)
+ I B 10501 ( 10) , CONS ( 1 L 11 ) , TOTGON ( lO), PROD ( 10), K1 ( 10) , NAME (:2, 11 )
+, FEXPI (10), BIOEXP (10', YEXP1 (10), OEXP1 (1 L 11), CONSEX( 11. 10;0
+ I ZEXP 1 ( 10) , PHI ( 11 ) I BBB ( 10) , CDAT ( 10), B 10M ( 10 i , TITLE1 ( 11 l
+, AU ( 10, 10), EU ( 10, 1). Wt-'.SU ( 10) , T ITLE2 ( 14), TITLE3 ( 14)

C
C***COMPUTE Gel), THE RATIO OF
C BIOMASS. WRITE OUT ALONG
C

p~G)

pre.dC1""foy- S,)
MEAN ANNUALANNUAL CONSUMPTION TO

WITH INPUT DATA.

oufput 111+e.9CT for J+ero-fiO"n, p-oacJuV"G ..
11l.lrl1W of )t'lkrn.c:fr"'3 spat.e/ ~roups (i'l'W d,m.ens,::rtt. of l'I1tdnJl)
po.rQl'Yldcrfoy :t:MSL. subr-olJ'hy,e. (ra"'" d,"m,er1SlOns of AU o.nd BO)
number of r1fJht - h4nd s,'des ;tI IM$L. SLlbY()u.+i~

Area stuLJied i? ,:ampL.L+e 9ro.rns/trlJl..1er2 of biom.o.ss

INT=10
N=10
IA=10
M=l
AREA=!.

READ(5, ()DUMMY
READ e5,144)( (NAME(K, r), K=1o 2), 1=10 Nl
WRITE(6, 145)«NAMECK, I),K=1,2), I=I,N)
FORMATe:5 C2A6) )
FORMATC1X,2A6,4(2A6»
READ (5, ( ) (A ( 1 ), 1=1, N) Coefliclud of annl..W.L -Red ~w~d f.:,., .1row'fi,...
READ (5, () (B ( I ), I=I, N) .. ., Ii .. .. .. 'mAinknAf1e.t..
READ e5, () (B IDe I), 1=1. N) 13iomQ.S~

READC5, /)(ZC~), I=1.Nl. (iMua.l. morhd...'ty (fr-or:t' ~rovJ#1)
READ (5, / )(M1 d), 1=1. N) u,,,.)~( no..1vroJ. morh:tlJ:-Iy
READe5,/)(Y(I),I=l,N) ~ield (cafe/')
REAO(5,/)(CDATeI), l=l.N) COVlSump'fioYl oj e.a.ch speu."c.s 9ro¥
READes, 154) (NAMECI{, 11i,K=1,2)
WRITE(6, 155)(NAME(K, 11),K=1,2)
FORMAT(5(2A6»
FORMAT(1X,2A6)
READ(5,f)(EIOEXP(I), l=1.N)
READe5, ()(ZEXP1(I), I=LN)
READ(5, ()(YEXP1(I), l=l.N)
WRITE(6, f)(YEXP1(I), l=1.N)
READ (5, () ( (0 (L J), J=1. N), 1=1, N) j)~e.t composl'tla-", mcdrix 1
WRITE(6, f) «O( 1, J), J=l, N), 1=1, N)

144
145

154
155

C

c
c

200
210
230
250
300
350
400
'=00
505­
507
510
512
515
:520
540
545
600
650
700
750
800
900

1000
1100
1110
1 !20
1130
1140
1150
1160
1170
1190
1195
1200
1202
1205
1207
1210
1220
1230
1240
1250
1260
1270
1300
1310
1340
1350
1400
1410
1420
1450
1500
1550
1600
1620
1030
1040
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::rM.5L Su.brol.eti~

$olve.s e~().A."'h~ &iLt

PREDATION MORTALITY MATRIX MAT(J, I)

A - INPUT N BY N MATRIX COEFF. OF AX=B
M - INPUT NO. OF RIGHT-HAND SIDES
N - ORDER OF A AND NO. OF ROWS IN B
IA - ROW DIMENSION OF A & B AS SPECIFIED

IN CALLING PROGRAM
B - INPUT N BY M MATRIX RIGHT-HAND SIDES OF

AX=B. REPLACED BY X ON OUTPUT

DO 200 1=1. N
C ( 1) ='( <I) QnnUAL ~;eJcJ (or- ca.:feJ,) sfore.d;11 C(I)
DO 100 J=1. N

D(J, I )=D(J, I )/100. conver:f diet c.amposjfifm -1a pyopor-n-JrlS
1F(BIO(J) . GT. OlGO TO 4 .. ' If SOhJi.'\!J -ray. 2-
MATCJ, I )=-Q(JHtDeJ, I) (food req,w'red] .. (prop. of eAch SPf' /" dt'et)
IFCI . EQ. J)MATeJ, Ii=MAT<J. Ii+'t(I)-Ml<Ii

GO TO 100 L.' .L. , )
C CI i =C CI ) +B (J) *D (J, I) *B 10 (J) (food ~I..l.Ired 7J( malttkno.na..)*(dltd.
MAT( J, Ii =-A (J) *D (J. Ii *1310 CJ) (-fOoci re'l.LI..~ '1r'OuJ'ih)* (PrOf· in d,ef;)
IF( I . EG. J)MATeJ. I )=MATeJ. I )+BIO( I Y
IF(I . EG. J)CC!)=C,I)+MlCI)*BIO(I)

CONTINUE
CONTINUE
WRITE(6,2) 'SET OF EQUATIONS: '. CI, 1=1. N)
WRITEC6, 67)(I, (MAT<J, I),J=1.N),CeI), I=1.Ni
FORMAT(lH .12, IlF9.3i
DO 400 I=l,N

BU (L U =C (I i right-h4.nd Si~ oj lih-tAr e~uc..ll~.s
DO 300 J=1. N

AUeJ, I )=MAT< L J) t..ofl-ha.nd ~idL of (.:~a.r e..a/Aa.-fl'~
CONTINUE D

CONTINUE

IER=O Q.rrcr W/Yt In suhrou-fl·~. IF JrE-R ~/"2.'1 J shufs doW)1 C'OYnfvh:dionS

FIRST CALL TO SUBROUTINE FOR LINEAR ANALVSIS *** WRITE OUT
SOLUTION VECTOR (BIOMASS OR NEW Z) TO SET OF EQUATIONS

CALL LEGT1FCAU,M.N. IA,BU, IDGT,WKSU, IER)

DO 10 1=1, N S~L -(cry Sol..u:h·f>Y!S -Jo ,~t- ,set oJ e.~uo.-HO>1S whLn soJ<Ji"j
B 10M ( I ) =0. --j&, bioii\(1Ss.
Q(Ii=B(Ii+A(U*Z(1)" --+.' ,r L-'~--I '_J
DO 10 J=l, N propu,/,on 0d annl.LA t<JUCl ~wn:.o.

o (J, N+1) =0 (J, N+l ) +0 (,J, I ) ~l.lmfl'1jn8 -Io-fr,.L '0 cO'rtsump'Hcrn
READ(5, 166) (TITLE1 (1)/1=1. 11)
FORMAT(6A6)
WRITE(6, ~1)(TITLE1(1),1=1, 11)

WR I TE (6, 55) (L (NAME (K, I ) , K= 1. 2), A ( I ) , B ( I ) , B 10 ( I )
+, Z ( I ) , M1 ( I ) , Y ( Ii, Q CI ) , CDA TC I ) , B I OEXP CI ), ZEXP 1 ( Ii, YEXP 1 ( I ~, I =1. N)

WR ITE (6, 59) , AREA=', AREA, ' UNITS'
FORMAT(lHO,5A6/1H • 17X, 1117)
FORMATCIHO,A6,A6, 12X,A6,A6,A6/1H ,17X, 1017,A6,A6)
WRITE(6,3i' D(J, I', ')'*100.', 'PREY ('. 'COLUMN', 'S: I) ,

+,(I,I=LNi.' SIJM'
WRITE(6,63)(J, (NAME(K,J),K=L2), (D(J. I), I=1.N+l),J=1.N)
FORMATCIHl. 18X, 2(Ao,3X),3(2X, A6). 4(3X, A6), 2(4X, A6U)
FORMAT (lH ,13, 1 X, A6, A6, 11F9. 3)
FORMAT(lHO,A6,F7.0,A6)
FORMAT(lH I 12.3X.A6.A6, 11F7.2/)

10

166

2
3

51
55
59
63

C
C****C Ot1P U TE
C

100
200

300
400

C
C

4

67

c
c ***
c
C

c
c
c
c
C
C
C
C

1700
1750
1800
1900
2000
2100
2110
2150
2300
2400
2500
2600
2700
2800
2900
3000
3010
3020
3030
3040
3070
3080
3090
3100
3200
3300
3350
3400
3~00

3600
3700
3900
4000
4100
4200
5400
5500
5600
5700
5800
5900
6000
6100
6200
6300
6400
6500
6540
6550
6~'60

6570
6600
6700
6710
6720
6730
6740
6750
6760
6770



6775
6780
6785
6790
6795
6800
6900
7000
7050
7100
7150
7200
7300
7400
7460
7470
7.:180
7490
7500
7600
7700
7800
7900
7940
7950
8000
8010
8020
8030
8040
8100
8200
8300
8400
8:;00
8600
8610
8620
8630
8640
8700
8800
8900
9000
9100
9200
9300
9400
9500
9600
9700
9750
9800
9900

10000
10010
10020
10100
10200
10400

c
c
c
c
c

6
1

C
C ***
C
C

7

800
c
C ***
C
C

900
C
C ***
C
C

1000

1090
1100

177
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IDGT - OPTION TO PERFORMINOT ACCURACY TEST ON
A AND B TO IDGT DEC. PLACES. IF 0 NO TEST.

WKAREA - WORKING ARRAY DIMENSION ,GE. N
IER - TERMINAL OR WARNING ERROR PARAMETER.

1F(IER .GT. 12SiGO TO 5
WR ITE (6, n 'SOLUT ION: '
WR1TE(6, l)(BU(I, 1), I=l,N)
WRITE(6, f)' IER=', !ER

GO TO 6
WR ITE (6, I)' SER raus ERRORS, IER=', IER

GOTO 9999
CONTINUE
FORMAT(2X,2<5F12.5/»

SOLUTION VECTOR BU(I) IS NOW BIOS01(I) OR IF
Z WAS COMPUTED, BUe!1 IS IS01(I).

DO BOO 1=1, N
IF(EIO( I) . EG. O)GO TO 7

BIOS01(I)=5IO(I)
ZSOl (I )=Bue r. 1)

GO TO 800
arOSOl (I )=13U( r. 1)
ZSOl< I )=Z (I>

CONTINUE

BIOMASS PER METER**2, NEW ESTIMATE OF FR (G(I»,
TOTAL CONSUMPTION, PRODUCTION COMPUTED

DO 900 1=l,N
8PERM2( I )=810501 (I) lAREA CamfLde.. den61'+o-
TEMP=B(I)+A(1)*ZSOl(I)
TOTCON ( I) =TEMP*B I05al ( I) Johll -fOod ~(J.iKd f?L -= (bi t a i. Li) B i.
PROD e I ) =ISO 1 CI ) *13 10501 ( I ) 'PrtJdlLc.n':m t'= z.13

1F(TOTCON( I) . NE. OiKl (I )=PROD( I) ITOTCON( I)

NEW PRED MORTALITY MATRIX, FISHING MORTALITY "FO
TOTAL PRED MORTALITY OF SPECIES I, CONS/BIOMASS.

DO 1100 1=1, N -r' L ,[ , ,
DO 1000 J=l, N lofn consW71p7J''J'Y\. d~ l. by J

CONS (J, I )=TOTCON (J) *D (J, I) Rj 1)(:ji. -= (h' .,. a. ~ (;) f3i DCji..
CONS eN+1, I> =CONS (N+l, I) +CONS (J, I) tofa/ C6}ts. of ~ b Ja.lL '
CONS eJ, N+l ) =CONS (oJ, N+ 1) +CONS (J, I) -fo1-a.L pre.dJ!J..'ey, bY . ,/ 1/ S 0 i.
M2(J, Ii=CONS(J, 1)/BIOSOl(I) /1...1.. """ 'Y J ~ a pp

• I..onsum tTl iOt'l /, 0

CONT lNUE r' /~/f:mt(LSS f&-r ea.c.h qroU.F
IFCB!OSOI (I) ,EG. OIGOTO 1090
F(I)=Y(I)/EIOS01(1) 1i6hm3 mormu~
M2(N+li I )=CONS(N+l, I) /BIOSOl (I) loinl dsrt$u.mfh~/13I~
CDIVBCI)=TOTCON(I)/BIOSOl(I)
BIDr1( I )=8IOS01 (I) s-fun·n..g Solt.L-/l'vns -10 part:.l-
eaNS (N+L N+l ) =CONS (N+L N+l )+CONS (N+1, I) -min£. predan'~ modTJ..~t:t

CONTINUE
WRITE(6,2) 'PREDAT', 'ION MO', 'RTALIT', 'V MATR', 'IX:
READ C5, 177) (TITLE2( I ) I 1=1, 14)
FORMA TC 7 A6 )
WRITE(6,71)(J. (NAMECK,J),V.=1,2), (M2CJ, I), 1=l,N),J=l,N+l)
WRITEe6,7~)(TITLE2(I},1=1, 14)
WR I TE C6, 79) ( L (NAME CK, I), K=1, 2) , TOTCmH I ), Z e I ), PROD ( I ), K 1 ( r :'
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1200
-jY-o.c.-tiOY\ ~«) j ClYtt$ U 1)1e.s;

C:ounb fov i-fe.rzehcrYls In b,'am.a..s3 .soLu.-nOvj

'51'~ ilJ'r :2./Id compu:fa'/'HUI
cu-e ei-tNr 'nLW da:/zL.

13,0E/J<P(i) LX -Rom SOLu'1iOIl

-to pa.d .L

. GT. 01BBBC!)=I3IOEXPCI) J

.LE.0,\138B(1)=I3IOS01(I)

COMPUTE FOOD SUITABLE FOR PREDATOR G(J. I) FROM
FOOD AVAILABLE TO PREDATOR PHI(I).

DO 1300 1=1. N
DO 1200 J=t. N

IFCBIOSOl(J) .EG. OlGOTO
G(J, U=D(,J, U/BIOSOlCI)

CONTINUE
CONTINUE
DO 1310 ,J=1. N
DO 1310 I=l,N /
PHI (J)=PHI CJ )+G( J. r-) 7umL a.mount- OJ fOod j eats ;{J)r" ~L.' ,
00 1315 J=1.N I....

IF(PHICJ) . NE. 01PHleJl=lIPHIC,J) rQ.6pfUca.L; AVAlt-(j) C' ~ J:.-:B L
DO 1313 1=1. N
G(J, Il=GC,J, U*PHI,J) rchoY\- oJ"i" j CQYtSum..Q.,Jj preference- rna-fn'x
CONTINUE ?R£f(jjl)~ -nC(j,l.) *,AVAILlJ )/f3~

loJR ITE OUT THE SUITAB :LITY (PREFERENCE) MATR I X 1..Vfu.re ;£ PRtP{' .)~.1
OF SPECIES J AS FOOD FOR PRED I (G(J, I» J~
AND FOOD AVAILABLE PHI(Jl

WRITE(6,222)
FORMAT< II)
WRITE(6. I) 'PREFERENCE MATRIX,G(,J, I),

PREY (COLUMNS: I)'
WRITE(6, 13) eI, 1=1. W, 'PHI(J)'
FORMAT(lH • 17X, 1017,4X,A6.A6)

WRITE(6,83)eJ. (NAMEOCJ),K=1.2), (G(J, 1" I=1.N),PHIeJ),J=1.N)
FORMAT<lH ,12. 1X,A6,A6,4X, 10F7.3,F8. 0)

+, B10501 ( I 1, G( I 1. CD I VB ( I) , ZSO 1 ( I ) , M1 ( I ) , M2 (N+ I, I), F ( I )
+, Z ( I 1- ZSOl ( I 1, B10501 \ I ) -B 10 ( I ), BPERM2 ( Ii; 1=1, N1

FORMAT(IH ,12, 1X,A6'Mo, 10F7.2)
FORMAT(1H1, 18X.A6.2(2X,A6),A6,2X,6A6,3X,A6, 1~,A6,A6,2X,A6l
FORMAT(IH ,13, 1X,2A6,Fa.O,FB. 2,FB. O,F6. 2, 1X,F7.0,6F6.2

+,3FB.2)

ICOUNT=O
DO 1320 I=l.N

IF (13 IOEXP CI 1
IF(BIOE:<P(Il

CONTINUE

DO 1350 1=1. N+l
PHI(!)=O
DO 1350 J=l, N+1

+

RETURN HERE IF PERFORMING ITERATION
ZERO OUT ARR ..WS

****SECOND STOCK COMPOSITION -- FOOD COMPOST ION NOT
KNOWN FROM STOMACH COMPOSITION DATA.
COMPUTE EITHER B(I) OR Z(I) AT A NEW
STEADY STATE CONDITION AFTER COMPUTING
FOOD COMPOSITION (J,1) = SUIT(J, I1*I3IO(IUAVAILeJ)
HERE SAME INPUT DATA ARE USED EXCEPT A NEW
Z IS COMPUTED USING ORIGINAL BIOMASS AS I3IOEXPCI)

222

13

1200
1300

1310

71
75
79

C

C ***
C
C

1313
1315

C
C ***
C
C
C

83
C
C
C
C
C
C
C
C

C *********************************************
C
C

1320
C
C
C
C

1330

10500
10600
10610
10620
10630
10635
10640
10650
10660
10670
10700
10800
10900
11000
11400
11500
11600
11700
11800
11900
12000
12100
12200
12300
12350
12360
12370
12380
12390
12395
12397
12400
12500
12600
126~0

12700
12710
12800
12900
12910
12920
12930
12940
12945
12947
12950
12960
13000
13100
13200
13300
13400
13800
13810
13820
1382:5
13830
13900
14000
14100
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~je.ld + predcdie-rt loss
prcda.-tiCi\ los;;;. oJ. i jt,y

Jrowfh :}J J

SuU'ZlbiliiyG L) .. Bicmta.ss (n
1\LW diet CISfYl pos iii0YlS

;z.e.ro - OLLt

IF Z IS KNOWN AND BIOEXPCI) IS NOT, DO ITERATIVE
SOLUTION TO FIND BIOEXpeI).

CALL LINEAR ANALYSIS SUBROUTINE (IMSL)

WRITE(6, f)' SECOND CALLING OF SUBROUTINE'
CALL LEGT1F(AU,M,N, IA,BU, IDGT,WKSU, IER)
IF( IER . GE. 128)GO TO 9999
WRITE(6,/)' IER=',IER

DEXP 1 ( I, J) =0
CoNS{ I, J)=O
DO 1450 1=1, N
F{I)=O
DO 1400 J=L N
MAT( r, J) =0
DEXPI (J, I )=G CJ, I )*aaa ( I)
PH1CJ)=PHI(J)+DEXP1(J, I>
CONTINUE
DO 1470 1=1, N
DO 1470 J=1. N+l
1F(PHI(J) . NE. 0)DEXP1(J, I'=DEXPlCJ, I)/PHI(J) profcriiOYloJ. Sf! i. /n
DO 1500 I=l,N . -to·fa.LdietotJ
C( I ) =YEXP 1 CI ) 1'l'eld
(]( I ) =13 { I HA ( I )* ZEXP 1 ( I) f5ed ffCUf,lu-i red C6'YYtplA:hrlitTr\
DO 1490 J=1,N . Q.

C(!)=CCI)+E(J)*DEXP1(J, I)*BEBCJ) ~bjD(j~ IVJ

MAT(J, I )=-ACJ)*DEXPl CJ, I )*B1313<J) -o.} J)Cj~ 13)
IF(I . EG. J)MAT(J, I:·=MATCJ, 1)+8813(1)
IF(I . EG. J)CCI)=ceI)+MICI)*BBB(I)

CONTINUE
CONTINUE
WR.ITE(6,2)'SECOND SET OF EGUATIONS:', (I, I=l,N)
WR I TE ( 6, 87) CI, CMAT ( J, I ) , J= 1, N) , C e I ) , I =1, N)
FORMAT(1H ,12, 10F10.3,F9.2)
DO 1600 I=l,N

au eI, 1) =C ( I )
DO 1600 J=1. N

DEXP1 eJ, N+l )=DEXPI eJ, N+1 )+DEXPI (J, I)
AU eJ, I ) =MATel, J) invert O1a.iriX ~ (othu- i p~cch~ Jas:s)
IER=O

SUM=O
DO 1700 I=l,N
IF(BIOEXP(I) . EG. 0 . AND. ZEXPlCI) . NE. 0) CCSfYtpo...H:. .sq"u.J.I.Xt:i Sum. OJ

+SUM=SUM+ Cau ( I, 1) -ZEXP 1 ( I ) ) **2 c1dk.renc.AA lu.-/'(,veLn old l tintJ
1700 CoNT I NUE '}Y.W l; vo..L..u.a -10 0 IY'4- fQ..£.hy

IF(MODC ICOUNT, INT> . EG. 0) '1 ~ O'
+WR ITE( 6, ()' SUM OF SGUARED Z-DIFFS =', SUM ~s., 0v1.

IFCSUM . LE. 1. E-9)Go TO 9 ;kr-o.-Je urrlil Soi.J.J...-tiOY'l COfll,)t../T/t!.S
IF( ICOUNT . GE. 1000)GO TO 9

ICOUNT=ICOUNT+l
DO 1750 1=1, N

IFCBIOEXP(I) .EG. 0 . AND. ZEXPl(I) .NE.
BB8(I)=B88(I)*BU{I, l>/ZEXPl<I)

CONTINUE
GOTO 1330

CONTINUE

1750

1600

1470

1400
1450

1350

1490
1500

C
C

87

C

C ***
C
C

C
C
C ***
C
C

9
C
C *?* WRITE OUT SOLUTION VECTOR Z FOR SECOND STOCK

14200
14300
14400
14500
14600
14700
14800
14900
15000
15100
15200
15300
15400
15500
15600
15700
15800
15900
16000
16200
16400
16500
16600
16700
16710
16800
16900
17000
17100
17200
17300
17310
17350
17360
17370
17400
17500
17660
17710
17720
17730
17740
17800
17900
18200
18300
18400
18450
18455
18500
18550
18600
18700
18800
18900
19000
19100
19200
19210
19220
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C ITERATION ONLY WHEN SOME BIOMASS = 0
C COMPUTE REST OF STOCK DESCRIPTORS
C

WRITE(6, /) 'SOLUTION FOR SECOND STOCK COMPOSITION (VALUES OF Z):'
WRITE(6, l>CBU(I, 1>, I=I,N)
WRITE(6, /) 'SUM OF SQUARED DIFFERENCES', SUM
WRITE(6, /)' NO OF ITERATIONS', ICOUNT

C

DO 1800 I=1,N
BIOSOlCI)=BB8(I) plo..u. biomass cSow..-+'tM.S il1.1-o B/OSo~ tJYT"tUf
CONTINUE
DO 1900 I=1,N

TOTCON( I )=(B (I )+A( I )*BU( 1. 1) )*EIOSOI (I) -/otaJ c.ortSv.mytir:m b:J L
PROD( I )=BU( 1,1 )*EI0501 (I) rp; ze~r'Ock.cfl~)

IF (TOTCON ( I) . NE. 0 n,1 (I) =PROD (I) /TOTCON (I)

DO 2100 I=l,N
DO 2000 J= I, N R ' r. ) B
CONS(J, I)=TOTCON(J)*DEXPUJ, I) ~ JDCji. '=' \..b:J·t Qj Cj j nC:j~
CONS (N+ 1, I ) =CONS (N+ L I ) +CONS (J, I ) -rcrlD.L amt OJ t' C6Yt.5u.tn.4a
M2(J, I)=CONS(J, 1)/B1050lC1) ;fldivid.u.a.L 8pp. 913 ra:h'Q
CONS(J,N+1)=CONS(J,N+l)+CONS(J,I) T%.L amt. J CDYtsulY\.Q...S
IF(B10S01(I) .EG. O)GOTO 2090
FC I )=YEXP1 (I) /BIOSOl (I) t.jieJd/unit b/'O"l1\.a..s.s (n'~hJ'f1J lnorhL1 ,'-Iy)
M2(N+L I )=CONS(N+L I ~ IBI0501 (I) To/tll am-t. i.. COYlSu.m.0.4
CDIVBCI)=TOTCON(I)/BIOSOUI) C/G ra-tio frr-r &jSk.rn.t
CONS(N+l. N+1 )=CONS(N+L N+1 )+CONS(N+l, I) TO-ml prWa:h'oy! u, S'1stervv
CONTINUE

WRITE OUT RESULTS FOR SECOND STOCK AND COMPUTE
DIFFERENCES

WRITE(6, n
+'PREDATION MORTALITY MATRIX FOR SECOND STOCK COMPOSITION: '

WRITE(b, 12) (r, 1=1, N)

FORMAT(lH ,17X, 1117)
WRITE(b,91)(J, (NAMEOCJ),K=1,2), (M2(J, I), I=1.N),J=l.N+l)
WRITE(6, /)' SECOND FOOD COMPOSITION: '
WRITE(b, 199)«1, I=1.Nl,' SUM', 'PHIeJ)')
FORMAT(lH ,21X, 10I7,A6,5X,A6)
WRITE(6, 103) (J, (NAME(K, J), K=1. 2),

+( 100*DEXPl (J, 11,1=1, N+l), PHI (J), J=l, N)
READ <:5, 1881 (TITLE3(I:', 1=1, 14)
FORMAT(7Abl
WR1TE(6, 107) (TITLE3( 1),1=1,14)
WRITE(6, 111) (r. (NAMECK, I), K=1. 2), TOTCON( I), PROD( I), K1 (I)

+, B10501 ( r ), CD I VB ( I ), 8V (r, 1>, M2 ( N+ 1, I ) , F cr ), ZEXF 1< I )
+, BU( 1, 1 )-ZEXP1 (I), BIOSOI (I) /AREA, Z (I )-ZEXPI (I)
+, BIOMC I )-B IOEXP (I 1, I=l. N)

FORMAT ( 1H ,12, IX, A6, A6, 4X, lOF7. 2)
FORMATelH ,12, lX,Ab,A6,7X, 11F7.2,F7. 0)
FORMAT(IHO, 18X,2elX,A6),8(IX.A6),2X,3(IX,A6»)
FORMAT(lH ,13, 1X,A6,A6,2F8.0,F6.2,F8.0,4F7. 2,2F7.2

+,F9.2,F7.2,F9.2)
CLOSE(6,D1SP=CRUNCH)
CLOSE(8,DISP=CRUNCH)
CONTINUE
END

12

199

188

91
103
107
111

2000

1800

1900
C

9999

2090
2100

C
C ***
C
C

19230
19240
192:50
19300
19~00

19500
19600
19610
19700
19800
19900
20000
20100
20200
20.300
20310
20400
20:500
20600
20700
20800
20900
21000
21100
21200
21300
21400
21500
21600
21610
21620
21630
21700
21800
21850
21860
21900
22000
22100
221:50
22200
22300
22350
22360
22400
22600
22700
22800
22900
23000
23200
23300
23400
234:50
23460
23470
23500
23600



rILE: READ/ALLOF/ME:;: (03/10/87) 9: 38 AM MONDAY, MARCH 16. 1987

100 MAMMALS BIRDS PRED. FISH ADULT HAKES JUVNIL.HAKE
200 PELAGICS MIDWTR FISH PELAGIC PLNKSHARED PLANK
300 MIDWTR PLANK
400 TOTAL M2
500 O. 576. O. O. 50.4, 43.2, 108. O. 324.0, 118.8. 0.0, O. O. O. O.
600 ~ O. 1.0, 23 O. 1~.0. 2~ 0, 16.0, 23. 0, O. o. 0.0. o. o. 0.0, o. O. 3.0, O. O. O. O. 81.0, 14.0. 2.0, 0.0. 0.0, 0.0. U.O, 0/

/. O. O. 0. O. O.
700 58.0, 16.0. 9.0. 8.0. ~O. 0.0, 0.0, 0.4. 0.0, 60.3. 0.0. 20.9. ~O. 9.3, 9.3. 0.0, 0.0. 6.25, 0.0, 20.8. 0.2. 4:.6. 0/

I. O. 9.1.
800 17.0, 0.0. 0.0. 0.0. 0.0, 0.0. 0.0, 0.0, 67.0. 33.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0. 33.0, 67.0, 0.0. 0.0./

I 0.0. 0.0.
900 0.0. 0.0, 0.0, 0.0. O. O. 0.0. 0.0, 0.0, 0.0. 0.0. 0.0, O. 0, 0.0. 0.0, 0.0, 0.0, 0.0. 0.0, 0.0, 0.0, 0.0, 0.0. 0.0. 0.0.1

/ O. O. 0.0,
A B B!ODAT ZDAT Ml YCAT FRDAT COAT B102 Z2 Y2

1. 700 7. 9::0 37.000 1. 110 0.000 o. ::76 9.837 O. 000 37.000 1. 110 o j76
1 7CO 12. 810 3.000 1.490 0.000 O. 000 1::.343 0.000 3.000 1. 490 o 000
1.700 9. 310 0.000 1. 490 0.000 :=:0.400 11. 843 0.000 200.000 1. 490 :;0 400
1.7CO 3. 870 200.000 1. 340 0.000 43.200 6. 1'18 O. 000 200.000 1.340 43 ~OO

1. 700 3. 630 300. 000 2. 230 O. 000 108.000 7.421 O. 000 300.000 2.230 108 000
1 700 6.830 0.000 1. 450 0.000 324. 000 9.29~ 0.0002000.000 1.450 324 000
1 700 6. 780 0.000 1.620 0.000 118.800 9. 534 O. 000 1000. 000 1. 620 118 300
1 7CO 0.000 O. 000 1.040 0.000 o 000 1. 768 0.00033000 000 1. 040 o 000
1 700 O. 000 O. 000 O. 810 O. 000 O. 000 1.377 0.00033000.000 0.810 0.1)00
1. 700 0.000 O. 000 O. 600 0.000 0.000 1. 020 0.00033000.000 0.600 0.000

233.88004 0.43745 4.9292::
8584.54120 12075.06762 18063.7:l663

IER=, O.
OPREDATION MORTALITY MATRIX:

SOLUTION: •
0.01567 0.98388

1393.287~5 1548.08896

0.00

0.00

0.00

0.00 100.00

0.00

0.00

0.00

67.00 100.00

0.00
0.00
O. 01

0.00

0.00

0.00

33.00

33.00

0.00
0.00
0.02

8 9 10 SUM
0.00 0.00 0.00 100.00

(j\

2.00 0.00 0.00 100.00 I

9.00 B.OO 9.00 100.00

0.00 9.30 9.30 100.20

0.00 9.10 17.00 99. 95

O. 00

0.00

0.00

0.00

67. 00

0.00
O. 00
O. 03

7
23. 00

0.04
O. 00
0.29

6
16. 00

0.03
O. 03
1. 15

:l
22. 00

0.22
0.00
0.00

0.00 0.00 ~8.00 16.00

0.00 60.30 0.00 20.90

0.00 0.00 81.00 14 00

0.00 20.80 0.20 46.60

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00

4
1::.00

I)

0.22
0.00
o. 00

0.29
0.01
0.00

0.~8

O. 00
o. 00

PREY (COLUMNS:
123

o 00 1.00 23.00

0.00 0.00 3.00

0.00 O. 00 0.00

0.00 0.00 0.40

0.00 O. 00 6.25

0.00 O. 00 O. 00

0.00 0.00 0.00

0.00 o. 00 0.00

0.00 O. 00 0.00

0.00 O. 00 0.00

0.00
0.00
0.00

1 MAMMALS
2 BIROS
:3 PREO. FISH

MAMMALS

2 BIRDS

3 PRED. FISH

4 AOUL T HAI'.ES

5 JUVNIL.HAKE

6 PELAGICS

7 MIDWTR FISH

8 PELAGIC PLNK

9 SHARED PLANK

10 MIDWTR PLANK

1 MAMMALS
2 BIRDS
3 PRED. FISH
4 ADULT HAKES
5 JUVN I L. HAI-'.E
6 PELAGICS
7 M!DWTR FISH
8 PELAG!C PLNI-'.
9 SHARED F'L.-'\NK

10 MIOWTR ?L!'1NK
OARE."'= 1. UN I TS
o O(J. 1)*100.

1000
1100
1200
1300
1400
1:l00
1600
1700
1800
1<;'00
2000
2100
2200
2300
2400
2500
2600
2700
2800
2900
3000
3100
3200
3300
3400
3500
3600
3700
3800
3900
4000
4100
4200
4300
4400
4500
4600
4700
4800
4900
5000
5100
5200
5300
5400



5500
5600
5700
5800
~900

6000
6100
6200
6300
6400
6500
6600
6700
6800
6900
70GO
7100
7200
7300
7400
7500
7600
7700
7800
7900
9000
8100
8200
8300
8400
8500
8600
8700
8800
8900
9000
9100
9200
9300
9400
9500
9600
9700
9800
9900

10000
10100
102')0
10300
10400
10~00

10600
10700
10800
10900
110GO
11I00
11200
11300
11 4 00

4 ':'DULT HA:'.E3 0.00 O. 00 0.02 O. 00 1. 8~ 0.00 O. 12 0.00 0.01 O. 00
5 JUVNIL.HAKE 0.00 o 00 O. 96 O. 00 2. ~o 0.01 1. 08 0.00 a 03 0.03
6 PELAGICS 0.00 O. 00 0.00 o. 00 0.00 0.00 o 00 1. 01 0.35 O. 00
7 MIDWTR FISH O. 00 0.00 O. 00 O. 00 0.00 a 00 0.00 O. 00 0.40 a. ~5

8 PELAGIC PLNK 0.00 O. 00 0.00 a. 00 0.00 o. 00 0.00 O. 00 0.00 O. 00
9 SHARED PLANV, 0.00 0.00 0.00 0.00 0.00 0.00 0.00 O. 00 0.00 O. 00

10 MIDWTR PLANK 0.00 O. 00 0.00 0.00 0.00 o. 00 0.00 0.00 o 00 O. 00
11 TOTAL M2 0.00 O. 98 1. 27 O. 22 4. ~7 1. 22 1. ~4 1. 04 a 81 O. 60

1 CONS ZDAT PROD Kl BIOM FR C/B Z Ml M2 F ZDIF BIODIF GBM-2
MAMMALS 29~. 1. 11 1. 0.00 37. 9.84 7.98 0.02 0.00 0.00 0.02 1. 09 0.00 37 00

2 BIROS 43. 1. 49 3. 0.07 3. 1~.34 14. 48 0.98 D. 00 O. 98 0.00 O. :n 0.00 3.00
:3 PRED. FISH 2770. 1.49 348. O. 13 234. 11. 84 11. 84 1. 49 0.00 1. 27 0.22 0.00 233.88 233.88
4 ADULT HAKES 923. 1. 34 87. 0.09 200 6. 1~ 4.61 0.44 0.00 0.22 0.22 0.90 0.00 200.00
5 JUVNIL. HAKE 3603. 2.23 1479. 0.41 300. 7.42 12.01 4.93 0.00 4. 57 0.36 -2. 70 0.00 300 00
6 PELAGICS 129~1. 1. 45 2020. 0.16 1393. 9.30 9 30 1. 4:: 0.00 1. 22 0.23 0.00 1393.29 1393 29
7 MIDl·JTR FISH 14759. 1. 62 2508. 0.17 1548. '9. ~:::! 9. 53 1. 62 0.00 1. 54 0.08 0.00 1548.09 1548 09
8 PEL~GIC PU1K 1 ~177. 1. 04 8928. O. ~9 8:585. 1. 77 1.77 1.04 0.00 1. 04 0.00 O. 00 8584. 54 8584 ~4

9 SHARED PLANK 16627. 0.81 9781. O. 59 1207~. 1. 38 1. 38 0.81 0.00 0.81 0.00 0.0012075.0712075 07
10 MIDWTR PL.~NK 18425. O. 60 10838. O. 59 18064. 1.02 1. 02 0.60 0.00 0.60 O. 00 O. 0019063. 7619063 ~6

PREFERENCE MATP. I X, G (J. I), PREY (COLUMNS: I),
1 2 3 4 ~ 6 7 8 9 10 PHI(J)

MAMMALS O. 000 O. ;';'0 0.162 0.124 O. 121 0.01"? O. 02;' o.oeo O. 000 O. OCO 16:l.
2 gIRDS 0.000 O. 000 O. 160 O.OGO O.OCO O. 72~ a 113 0.OC3 a. 000 0.000 1246.
3 PRED. FISH 0.000 0.000 a. 000 0.000 0.000 D. 768 O. 191 0.019 0.012 0.009 1846.
4 ADULT HA"'.ES 0.000 0.000 O. 008 0.000 a. 924 0.000 O. 062 0.000 D. 004 0.002 "160.
5 JUVNIL. HAKE 0.000 0.000 O. 209 0.000 O. ~42 O. 001 0.23:l O. oeo 0.006 O. 007 781.
6 PELAGICS 0.000 0.000 O. 000 0.000 o. 000 o.oeo o. 000 0.741 0.2~9 0.000 9490.
7 MIDWTR FISH 0.000 0.000 0.000 0.000 0.'000 o.oeo d. 000 o.oeo o....24 0.~76 15523. -....J

I
a PELAGIC PLNK 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 o. 000 0.000 a.
9 SHARED PLANK O. 000 0.000 O. 000 0.000 0.000 0.000 O. 000 0.000 0.000 0.000 O.

10 MIDWTR PLANK O. 000 0.000 O. 000 0.000 O. 000 0.000 O. 000 0.000 O. 000 0.000 O.
SUM OF SCiUARED Z-DIFFS =. O. O.

SOLUTION FOR SECOND STOCK COMPOSITION (VALUES OF Z):,
o 01567 1.03032 1.33732 0,44790 4. 16528

0.79967 1. 27893 0.38237 0.29081 O. 19424

SUM OF SQUARED DIFFERENCES, O. O.
NO OF ITERATIONS, 0,

PREDATION MORTALITY MATRIX FOR SECOND STOCK COMPOSITION:,
1 2 3 4 5 6 7 e 9 10

MAMMALS 0.00 1. 03 0.30 0.23 0.23 O. 04 O.O~ O. 00 O. 00 O. 00
2 BIRDS 0.00 O. 00 0.00 o. 00 o. 00 0.02 0.00 O. 00 O. 00 0.00
3 PRED. FISH 0.00 0.00 0.00 O. 00 0.00 O. ::18 O. 14 0.01 0.01 0.01
4 ADULT HAKES 0.00 0.00 0.01 0.00 1. 60 O.CO O. 11 0.00 0.01 0.00
:l JUVNIL.HAKE 0.00 0.00 0.76 0.00 1.98 O.OC 0.86 0.00 0.02 0.03
6 PELAGICS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.37 0.13 0.00
7 MIDWTR FISH 0.00 0.00 O. 00 0.00 0.00 0.00 0.00 O. 00 O. 12 O. 16
8 PELAGIC PLNK O. 00 0.00 0.00 0.00 O. 00 0.00 0.00 0.00 0.00 o. 00
9 SHARED PLANK 0.00 {).OO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

10 MIDWTR PLANK 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
11 TOTAL 1'12 O. 00 1. 03 1. 09 0.23 3.81 0.64 1. 16 0.38 0.28 O. 19
SECOND FOOD COMPOSITION:.

1 2 3 4 :l 6 7 8 9 10 SUM PHI(-.!)
1 MAMMALS 0.00 1. 05 20.60 15.71 23. 04 24.0;' 1:l. 56 0.00 0.00 0.00 100.00 1 :l7.
2 BIRDS 0.00 0.00 1. 89 0.00 O. 00 85 T7 6. 67 ~.67 0.00 0.00 100.00 1690.
3 PRED. FISH O. 00 0.00 0.00 0.00 0.00 :l0.01 6.21 20. 78 13.13 9.89 100.00 3073.
4 ADULT HAKE5 0.00 O. 00 O. 29 0.00 51. 74 O. 00 11. 58 0.00 21. 81 14. 58 100. 00 536.



11:500 :I .JUVNIL.HAKE 0 00 0.00 4.7:1 0.00 18. ~O 0.26 26.77 0.00 22. 11 27 62 100.00 879.
11600 6 PELAGICS O. 00 0.00 0.00 0.00 0.00 0.00 O. 00 74.07 2:1. 93 0.00 100.00 33000.
11700 7 MIDWTR FISH 0 00 0.00 o. 00 0.00 0.00 0.00 0.00 a 00 42.42 :57 58 100.00 33000
11800 8 PELAGIC PLNK 0.00 0.00 0.00 0.00 O. 00 0.00 0.00 a 00 o. 00 0.00 0.00 O.
11900 9 SHARED PLANK O. 00 0.00 O. 00 0.00 O. 00 0.00 0.00 0.00 0.00 a 00 0.00 O.
12000 10 MIDWTR PLANK 0 00 0.00 0.00 0.00 O. 00 0.00 O. 00 a 00 O. 00 0.00 O. 00 O.
12100 C CONS PROD I'll BIOMS Cl"g Z-NE~·J M2 F Z2 Z-DIFF G13/M*M ZDAT-: 13IODIF
12200
12300 1 MAMMALS 29::; 1. 0.00 37. 7. 98 0.02 0.00 O. 02 1.11 -1. 09 37. 00 0.00 0.00
12400 2 BIRDS 44. 3. O. 07 3. 14. :56 1. 03 1. 03 0.00 1. 49 -0.46 3. 00 0.00 0.00
12:500 3 PRED. FISH 2317. 267. O. 12 200. 11. :58 1.34 1. 09 0.2:5 1. 49 -0. 1:5 200. 00 O. 00 33.88
12600 4 ADULT HAKES 926 90. 0.10 200. 4.63 0.4:5 0.23 0.22 1. 34 -0.89 200. 00 0.00 0.00
12700 :5 JUVNIL.HAKE 3213. 12::0. 0.39 300. 10.71 4.17 3. 81 0.36 2. 23 1. 94 300. 00 0.00 0.00
12800 6 PELAGICS 16379. 1599. 0.10 2000. 8.19 0.80 0.64 0.16 1. 45 -0.6:5 2000. 00 0.00 -606. 71
12900 7 MIDWTR FISH 89:54. 1279. 0.14 1000. 8.9:5 1.28 1. 16 0.12 1. 62 -0.34 1000. 00 0.00 :548 09
13000 8 PELAGIC PLNK 21451. 12618. O. 59 33000. 0.65 0.38 O. 36 O. 00 1. 04 -0.66 33000. 00 a 00-24415.46
13100 '7 SHARED PLANK 15753. 9267. 0.:59 33000. O. 48 0.28 0.28 O. 00 0.81 -0. :53 33000. 00 0.00-20924 93
13200 10 MIDWTR PLANK 10897. 64l0. O. :59 33000. 0.33 O. 19 O. 19 O. 00 0.60 -0.41 33000.00 0.00-14936.24
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