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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(i)'s; 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 n, as

C(1)B(1) - z{b(J) + a(j)c(j)] B(j) DC(Jj.1) - d(1)B(1) - ¥(1) =0
. J :
C(niB(n) - £[b(k) + a(k)C(k)] B(k) DC(k,n) - d(n)B(n) - Y(n) = 6

J

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



B(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
Y(i) is the fishing yield (or catch).
The simulation computes the food available to predator j as
AVAIL(j) =1 / (% DC(j.i)/B(i))
and the suitability of prey species i as food for predator j
(predator j's preference matrix) as

PREF(j,1) DC(j,i) * AVAIL(j)/B(1i)

]

where % PREF(j,1i) 1.

In Part II, the simulation computes a new food composition
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 used 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)

;PREF(j,i)* B(i) and
i

DC(j,1i) 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}.



This procedure continues until
2
T (Z(i) {iteration} - Z(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 were the most underrepresented
(Table 1).

2. Holding mammals' and birds' biomasses constant as specified in
the empirical data (such that the simulation solved for Z(i) and
not B(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 Z 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



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/BIbLIN/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
species groups (Table 4). Data to run the program are encoded on
file DATA/POLONS/BENS.

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.

# 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 0 139.83905 69.92
4 ADULT HAKES 200 0 32.81272 16.41
5 JUVENILE HAKES 300 0 336.23358 112.08
6 PELAGICS 2000 0 890.25386 44 .51
7 MIDWATER FISH 1000 0 981.50895 98.15
8 PELAGIC PLANKTON 33000 0 5474.8055 16.59
9 SHARED PLANKTON 33000 0 17651.65545 23.19
0 MIDWATER PLANKTON 33000 0 11438.00102 34.66
# SPP.GROUP ORIGINAL SOLUTION

GROWTH FOR Z

DATA
1 MAMMALS 2 =
2 BIRDS .49 =
3 PREDATORY FISH .49 =
4 ADULT HAKES .34 =
5 JUVENILE HAKES .23 =

MIDWATER FISH .62 =
PELAGIC PLANKTON .04 =
SHARED PLANKTON +81 =

1
1
1
1
2
PELAGICS 1.45 =
1
1
0
MIDWATER PLANKTON 0.60 =

O C WD
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Table 2. Biomass and Z solutions with biomasses of mammals
and birds specified.

# SPP.GROUP ORIGINAL INPUT OUTPUT % OF
BIOMASS BIOMASS BIOMASS ORIGINAL
DATA SOLUTION
1 MAMMALS 317 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
0 MIDWATER PLANKTON 33000 0 20731.56358 62.82
# SPP. GROUP ORIGINAL SOLUTION % OF
GROWTH FOR Z ORIGINAL
DATA

1 MAMMALS 1eitd 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 =

0 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

S5 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

0 MIDWATER PLANKTON 33000 0 29088.69113 88.15

# SPP.GROUP ORIGINAL SOLUTION % 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 2.28 =

6 PELAGICS 1.45 -

7 MIDWATER FISH 1.62 =

8 PELAGIC PLANKTON 1.04 &

9 SHARED PLANKTON 0.81 =

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

#

1
2
3
4
5
6
7
8
9
1

GROUP

MAMMALS

BIRDS

PREDATORY FISH
ADULT HAKES
JUVENILE HAKES
PELAGICS
MIDWATER FISH
PELAGIC PLANKTON
SHARED PLANKTON

0 MIDWATER PLANKTON

REPRESENTATIVE SPECIES

Cape fur seal (Arctocephalus pusilis)

Cape gannet (Morus capensis)

Chub mackerel (Scomber japonicus)
Cape hakes

Pilchard (Sardinops ocellatus)

Horse mackerel (Trachurus capensis)

Table 5. Species groups in a North Sea ecosystem.

#

C OO WD =

GROUP

CoD 01

CoD 2+
WHITING 01
WHITING 2+
SAITHE 3+
MACKEREL
HADDOCK 01
HADDOCK 2+
HERRING
SPRAT
NORWAY POUT
SANDEELS
OTHER FOOD

SPECIES
(Gadus morhua)

(Merlangus merlangus)

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

(Clupea harengus)
(Sprattus sprattus)
(Trisopterus esmarki)

(Ammodytes sp.)




WORKFILE:

200
210
230
2350
300
33C
400G
polos
30S
S07
310
312
313
220
340
3453
&00
&350
700
TS0
20C
e8]
1500
110C
1110
1120
113C
1140
1150
1160
1170
1190
1193
12006
1202
1203
1207
1210
1220
1230
1230
1250
1260
1270
12C0
1310
1340
1350
140C
1410
1420
1450
1500
1550
15600
1420
162G
1040
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PROG/BIDLIN/BEN&GE (Q2/23/7E7)

$RESET FREE
SSET AUTOBIND
$BIND= FROM #IMSL/= ON UTIL,;

c
C
C
c

PROGRAM BIOLIN

CXXXXXXXXXXXXKXX XXX LXXXXXXKXX
FILE &(TITLE="READ/ALLOF/ME2", KIND=DISK, FILETYPE=7, NEWFILE=. TRUE. .,

+MAXRECSIZE=22)

"CFILE 6&(MAXRECSIZE=22)
CFILE O&(MAXRECSIZE=22, KIND=PRINTER)

FILE

C

c

144
145

154
155

S(TITLE="DATA/POLONS/BENS", KIND=DISK, FILETYPE=7}

IMPLICIT DOUBLE PRECISION (A—H.0-Z)

REAL M1, M2, MAT. K1

INTEGER IA. IDGT. IER, INT,M: N

DIMENSION A(10).B(10:,BIO(10),Z(10),M1(10)
+,Y(10),D(11,11).F(10}
+:C(10),MAT(10,10),QCi0), M2(11, 1])
+, ZS01¢10), BPERMZ(10).CDIVE(10:,G(10, 10)
+, BIOS0O1(10), CONS(11, 11}, TOTCON(1C0),PROD(10), K1(10),NAME(Z. 11)
+, FEXP1(10),BIOEXP(10Y, YEXP1(10),DEXP1(11, 11}, CONSEX(11, 1C:
+, ZEXP1(10?),PHI(11),BEB(10),CDAT(10), BIOM(10):, TITLELC(11)
+, AUC10D, 10}, BUC1C, 1), WKSU(10), TITLEZ(14}, TITLE2(143)

INT=1C output ‘nkqa‘{w jteratiom proceduie

N=10 Number of inferachng species groups (row dimension of mahx)
1a=10 pnmmekrfér_ IMSL Subrowhre (row dimensions of AU and BU)
M=1 number of right -bhand sides jn TMSL Subrouhne

AREA=1. Area Studied © compute grams/, ter? of biomass

READ(S, /) DUMMY
READ (S, 144) ( (NAME(K, 1), K=1,2), I=1,N)  Speues Qroup names

WRITE(&, 145) ((NAME (K, I), K=1,2), I=1,N)

FORMAT (5 (2A&))

FORMAT (1X, 244, 4(2A&) }

READ(S, /) (A(D), I=1, N} Coefficient of annual food reguired For growt
READ(S, /) (B(I), I=1,MN) L « “ “ " " Sralalefante
READ(5, /)(BIO(I), I=1.N) [Biomasses

READ(S5, /) (Z(I), I=LiN}  gnaual mortaliy (from growth)
READ(S, /) (M1¢I), I=1, N} annuwal natsral mo,-{.a_(ﬂy

READ(5, /) (Y(I), I=1, N} yield (cafch)

READ (S, /) (CDAT(I), I=1, N) “consSumphon of each Speces group

READ(S, 154) (NAME (K, 113, K=1, 2)

WRITE (&, 155) (NAME(K, 11), K=1, 2)

FORMAT (5(2A4))

FORMAT (1X, 2A64)

READ(S, /) (BIOEXP(I), I=1,N) Blamasses- Second data set

READ(S, /) (ZEXP1(I), I=1, N) morfalchy-  « o "
READ(S, /) (YEXP1(I), I=1,N)  ycleld (catch = “ w

WRITE(&, /) (YEXP1(I), I=1,N)

READ(S, /) ((DC(I,J), J=1,N), I=1, N} “Diet composithion matvix ; prath')
WRITE(&, /) ((DCI, J),J=1,N), I=1, N} preda‘f'org)

Cx*##COMPUTE Q(I), THE RATIO OF ANNUAL CONSUMPTION TO MEAN ANNUAL

c
c

BIOMASE . WRITE QUT ALONG WITH INPUT DATA.



1700
1730
1800
1700
2000
2100
2110
2130
2300
2400
2500
2400
2700
2800
2200
3000
3010
3C20
2030
3c¢40
2076
cfai=te]
3CR0
310G
2200
3260
3350
3400
33500
3400
370G
3700
4000
41Q0
4200
3400
o300
3600
3700
SEQO
370G
&G00
4100
&£200
6300
&4C0
&3500
&340
63550
&340
&I7C
&&00
&700
&710
&720
&730
&740
&750
6760
&770

c

10

166
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Bo: 10 I=t,N Storuge  fov Solutions o " Set of e%ua‘Hcms when Solving
BIOM(I)=0. v biomass.
G(I)=B(I)+A(I)*Z(I)\ : Lﬁ#bd ed
DO 10 J=1,N proportion of annua P
D(J, N+1)=D(J, N+12+DC.J, I} Summing +ofal % consumphlon each spea'aé
READ(S, 166)(TITLELI(I), I=1,11)
FORMAT (6A&)
WRITE(&, B1)(TITLEI(I), I=1,11)
WRITE(&, 53) (I, (NAME(K, I),K=1,2),A(I),B(I),BIO(I}

+, Z(I},MLCI), Y(I},QCI}, CDAT(I), BIOEXP(I), ZEXP1(I}, YEXP1(I}, I=1,N)

2

-+

91
35
59
&3

WRITE(&, S7) "AREA=', AREA, © UNITS”

FORMAT(1HO, SA&6/1H , 17X, 1117)

FORMAT (1HQ, A&, A&, 12X, A&, A6, AL/1H + 17X, 1017, Ab: A&)
WRITE(&, 3¢ D(J, I, 72#100. ‘, 'PREY (‘, ‘COLUMN’, “S: I) *
s (I, I=1, Ny, ¢ sumM-“

WRITE{(&, &2) (J, (NAME (K, J), K=1,2), (D(J, I), I=1,N+1), J=1, N}
FORMAT(1H1, 18X, 2(A&, 3X), 3(2X, Ab), F(3X, A&), 203X, A6) /)
FORMAT(1H , I3, 1X. A4: A&, 11F9. 32)

FORMAT (1HOQ, A&, F7. 0, A&)

FORMAT(1H , I2; 3X,: A6, Ad, 11F7.2/)

C####COMPUTE PREDATION MORTALITY MATRIX MAT(J, I)

&

o000

O00000n00

300
400

*+E3

Dg 200 I=1.M
CCI)=Y(I) Qnrual (’ldd (Of Ca_‘f-ch) Stored /n d(I)

DO 100 J=1, N ‘ N _
D(J, 1)=D(J, I)/100. convert diet composition <o proporhons

IF(BIOCJ) .GT. 0G0 T 4 ... if soluing for Z

MAT(J, 1)=-Q(J) 2D, I} (food wiredd * (prop. of each spp. indiet)

IF(I .EQ. JIMAT(J I7=MAT(J 1)+Z(1)-M1(I)

GO TO 100 , _ ,
C(I)=C(1)+B(I*D(J, D#BIocyy (food rﬂ&wh‘id or mamkno.ncz)*(dieﬁ)
MAT(Ji 1)=-A(J)*D(J, 1) #BIOCJ) (Food requ. v growth)# (prop. indiet)
IF(I .EQ. JIMAT(J, I)=MAT(J, I)+BIOCI
IFC(I .EQ. JICCII=C{I)+M1(I)*BIOCI)

CONT INUE

CONTINUVE
WRITE(&, 2) "SET OF EQUATIONS: 7, (I, I=1,N)

WRITE (6, 67) (I, (MAT(J 1), J=1,N), CCI), I=1, N}
FORMAT(1H , I2, 11F9. 3}
DO 400 I=1,N .

BU(I, 1)=C(I) right-hand side of linear equations

DO 300 J=1,N

AUCS, 1)=MAT(I, W) lofl-hand side of (near equations

CONTINUE
CONT INUE
IER=0  ¢rror Yetm in Subroutire. (f 1ER 2129, Shuts down Computations

FIRST CALL TO SUBROUTINE FOR LINEAR ANALYSIS ##i# WRITE OUT
SOLUTION VECTOR (BIOMASE OR NEW Z) TO SET OF EQUATIONE

CALL LEGTI1F(AU, M, N, IA, BU, IDGT. WKSU, IER) IM:)L su_bmu-ﬁno_
Solves equartion sat
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 CALLIMNG PROGRAM
B - INPUT N BY M MATRIX : RIGHT-HAND SIDES OF
AX=B. REPLACED BY X ON OQUTPUT



&F73
&780
&783
&790
&793
&B0OQ
&200
7000
70350
7100
7130
7200
7200
7400
7360
7470
7480
749C
7200
7500
7700
7800
7700
F4GC
7730
E00C
ecl1o
2020
EQ30
€040
B100
£200
2300
8400
8200
B40C
8510
8420
84630
2640
8700
8800
8200
2000
?100
F20C
200
2400
2500
F600
700
TS0
PECO
?3F00
10000Q
10010
10020
1010C
10200
1040G

oonoon

o000

o00o

£00

35 3F

{oQ

1000

1020
1100

177

=] P

IDGT — OPTION TO PERFORM/NOT ACCURACY TEST ON

A AND B TO IDGT DEC. PLACES. IF O NO TEST.
WKAREA — WORKIMG ARRAY DIMENSION .GE. N
IER — TERMINAL OR WARNING ERROR PARAMETER.

IF(IER .GT. 128360 TQ 3
WRITE(&, /) “SOLUTION: *
WRITE(&, 1) (BUCI, 1), I=1,N)
WRITE(&, 7)° IER=’: IER

GO TO 6
WRITE(&, /) SERIOUS ERRORS, IER=‘, IER

GOTO 9°°°9
CONTINUE
FORMAT (2X, 2(3F12. 3/}

SOLUTION VECTOR BU(CI; IS NOW BIOSOL1(I?) OR IF
Z WAS COMPUTED, BU(I)} IS ZIS0O1(I).

DO 80C I=1,N

IF(EIO(I) .EQ. 0G0 7O 7
BIOSO1(I)=BIOCI?
ZS01¢(I)=BU(I, 1)

GO 7O 8CO0
BIOSO1(I)=BU(I, 1}
Z2S01(I)=Z(1)

CONTINUE

BIOMASS PER METER#*#2, NEW ESTIMATE OF FR (Q(I?).
TOTAL CONSUMFTION, PRODUCTION COMPUTEDR

DO 200 I=1.N
BPERM2(I)=BI0OS0O1(I}/AREA Cbmpck.damﬁy

TEMP=B(I)+A(I)#ZS01(I) _
TOTCON(I)=TEMP*B10S1(I) Total food required Ki=(b;+ a; Z¢) B¢
PROD(1)=ZS01(I)*BIOSO1(I) Poduchom P-z8
IF(TOTCON(I) .NE. O:K1I(I)=PROD(I)/TOTCOM(I) ’ﬂw:d:,u:h'ors/c1 .
On\sump-ben

NEW PRED MORTALITY MATRIX, FISHING MORTALITY *F*  [atio ofor spp. C
TOTAL PRED MORTALITY OF SPECIES I, CONS/BIOMASS.

DO 1100 I=1,N ‘ ' '

DO 1000 J=1,N Total consumphom of ( by

CONS(J, I)=TOTCON(J)#D(Js I} RJ D¢ - o+ as C)B'DCJ'L
CONS (N+1, 1)=CONS (N+1, 1)+CONS(J) 1) ot/ cons, of & by il | J

CONS (J, N+12=CONS (.J, N+1)+CONS(J, I) Fotal prcda-he-n ijO all SPP- C

M2(J, I)=CONS(J, I)/BI0SO1(I) i
CONT INUE um 0"/ . anch
emas, o
IF(BIOSO1(I) .EG. C;GOTO 1090 5 s for s
F(I)=Y(I)/BIOSO1(I) Fishing mortality

M2(N+1; I)=CONS(N+1, I)/BIOSO1(I) Total dmsumphom /Biomass
CDIVE(I})=TOTCON(I)/BIOSO1(I) i /

BIOM(I})=BIOSO1(¢I) Storng Solutons 4o part 1

CONS (N+1, N+11=CONS (M+1, N+1)+CONS(N+1, I} <ofal predahom 'mor'fna'/y
CONTINUE
WRITE(&, 2) ‘PREDAT’, *ION MO, “‘RTALIT, 'Y MATR’, “IX:
READ(S, 177) (TITLE2(I), I=1, 14)
FORMAT (7A&)
WRITE(&: 71) (Jy (NAME (K, J), K=1,2), (M2(J, I}, I=1, N}, J=1, N+1}
WRITE(&, 7S) (TITLE2(I}, I=1, 14)
WRITE(&, 79) (I, (NAME(K, I}, K=1,2), TOTCONC(I), Z(I}, PRODCI), KL1(T}

.



10300
10500
10410
10620
10630
10433
104640
10650
10640
16670
10700
10804
1020C
11000
11300
11300
11600
11700
11800
11900
12000
12100
12200
12300
12350
123&0
12370
12380
12390
12393

2397
12400
123500
12600
12630
12700
12710
12800
12200
12210
12920
12920
12240
129453
12987
12950
12940
13000
13100
12200
13300
133200
12800
13e10¢
13820
13823
13830
13500

4000
14100

_]3_

+,BI0OSO1(I},Q(I), CDIVB(I),ZSO1(I), M1CI), M2(N+1,1I),F(I)
+,Z(I)-ZS01(1),BI0OSO1KI)-BIOCI), BPERM2(I}, I=1,N)

7% FORMAT(1H , I2: 1X, Ab6: A&, 10F7. 2)
73 FORMAT(1H1, 18X, A6, 2(2X, Ab ), AL, 2X, 6A&, 3X: A&, 1K, AL AL 2X, B&)

79 FORMAT(1H , I3, 1X, 2A4,F3. 0. FB. 2, FB. 0, F6. 2: 1X:, F7.Q, 6F56. 2
+, 3F8. 2)

##% COMPUTE FOOD SUITABLE FOR PREDATOR G(J. I) FROM
FOOD AVAILABLE TO PREDATOR PHIC(I).

O0O0Nn

DO 1300 I=1,N

DO 1200 J=1.N
IF(BIOSO1(J) .EG. 0)GOTO 1200 DC-:
G(J, I}=D(J, I)/BICSO1(I) fraction ch)J Consumes; é Jb/ﬂbd

1200  CONTINUE
1200 CONTINUE

DO 1310 J=1,N

DO 1310 I=1,N
1310 PHI(JI=PHI(J}+G(J, I} Tofal amount oj food J eats N 4

/DCJV .

DO 1315 J=1.N
IF(PHI(J) .NE. QIPHI(J)=1/PHI(J} rediprocal; nvAMJJ) =

DO 1313 I=1,N . =
1313 G(J, 1I=G(J, DI #PHI(J) chon,Qf ¢ onsSumes; preference matn'x

1315 CONTIMUE ?RﬁF(Jﬁ) TDC( ‘) #—AVAH.(] )/43L

##% WRITE OUT THE SUITABILITY (PREFERENCE) MATRIX 1rﬁ ]
OF SPECIES J AS FOOD FOR PRED I (G(J, 1)) ¥ é‘pR&FQ°)'i

AND FOOD AVAILABLE PHIGJ)

s NsNeNeNe]

WRITE (&, 222)
222 FORMAT(//)}
WRITE(&, /) ‘PREFERENCE MATRIX, G(J: I),

+ PREY (COLUMNS:I)
WRITE(S, 13) (I, I=1, N}, ‘PHICJ)
i3 FORMAT(1IH : 17X, 1017, 4%, Ab: A&)

WRITE(&, B3) (J, (NAME(K, J), K=1,2), (G(J, I), I=1, N}, PHI(J), J=1,N
83 FORMAT(1IH . IZ, 1X, Ab: A6, 84X, 10F7. 3, F8. 0)

c
C #»#%SECOND STOCK COMPOSITION -- FOOD COMPOSTION NOT PaRT ar iylwqu;wu
C KNOWN FROM STOMACH COMPOSITION DATA.
o COMPUTE EITHER B(I) OR Z(I) AT A NEW
c STEADY STATE CONDITION AFTER COMPUTING
C FOOD COMPOSITION (J. I) = SUIT(J, I1#BI0OCI)/AVAIL(J)
c HERE SAME INPUT DATA ARE USED EXCEFT A NEW
g Z IS COMPUTED USING CRIGINAL BIOMASS AS BIDEXP(I)
C 3303 22 23 35 26 35 S 3024 35 30 30 4 FH 43 338 F 20 303 303 30 3 3 IE 3630 3 3E 34
c
c
ICOUNT=0 Counter for  ierahons in biomass soluhoy
DO 1320 I=1,N
IF(BIOEXP(I) .GT. QJBBB(I}=BIOEXP(I) } Blomacwea Tor 294 computafion
IF(BIOEXP(I) .LE. 0)BBB(I)=BIOSO1(I) e either Yuw dafa
; 320 CONTINUE Bioewp (<) or from Soluhon
C RETURN HERE IF PERFORMING ITERATION <o part L
C ZERO OUT ARRAYS
@

1330 DO 1350 I=1,N+1
PHI(CI)=0
DO 1330 J=1.,N+1
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14200 DEXP1(I, J)=0
13200 1350 CONS(I,J)=0

14200 DO 1450 I=1,N zero-out  aways

14500 F(I)=0

13600 DO 1400 J=1,N

14700 MAT (I, J)=0 - )

14800 DEXP1¢(J: I)=G(J, I)#BBB(I) DC)( = Sui'f‘dbi“’ﬂ(_jc)* Biomass (()
14900 1400 PHI(J)=PHI (J)+DEXP1(J, I} T dief Csmpositions

15G00 1450 CONTINUE

15100 DO 1470 I=1,N

135200 . DO 1370 J=1,N+1 .
1530C 1470 IF(PHI(J) .NE. O)DEXP1(J, I)=DEXP1(J, I}/FHI(J) Pm?Ofﬁthf sppt in
15400 DO 13500 I=1.N yield total diet of §
15500 CCIV=YEXPL(CL} e

15600 a(I)=B(I)+A(D)*ZEXP1(I) food Reﬁuued Computzhiom

15700 DO 1490 J=1.N - s y .
15860 C(I11=C(1)+B(J)#DEXF1 (U, 1)#BEB(U) < bj PCji Bj yield + predatien ‘05,‘
15700 MAT(J: I)=—A(J)#DEXF1(J, I)*BBEB(J) -aj DCji Qj Pmdaﬁbnloﬁ;q{ ¢
14000 IF(I .EQ. JIMAT(J, I}=MAT(J, II+BBE(I) 5rou)ﬂ1 oJ J
16200 IF(I .E@ J)C(I)=C(I)+Mi(I)*BEBB(I)

16400 1490 CONTINUE

16500 1500 CONTINUE

16200 e WRITE (&, 2) ‘SECOND SET OF EQUATIONS: *, (I, I=1.N)

14700 c WRITE(&, 87) (I, (MAT(J, 1), Jd=1, N}, C(I), I=1, N)

16710 g7 FORMAT(1H , I2, 10F10. 3, F7.2)

16800 DO 1600 I=1,N . .

16900 BUCI, 1)=C(1)  @rray for IMSL Subrouwhine (% pred. lass + yield)
17600 DO 1400 J=1.N

17100 DEXP1(J, N+1)=DEXP1(J, N+1)+DEXP1(J, I} .

17200 1600 AUCJ, 1I=MAT(I, J) inver{ matrix 5 (othar Z predehon Jass)
17300 IER=0

17310 6

17350 C ##% CALL LINEAR ANALYSIS SUBROUTINE (IMSL)

17360 G

17370 g WRITE(&, /) - SECOND CALLING OF SUBROUTINE®

17400 CALL LEQT1F (AU, M. N, Ia, BU, IDGT) WKSU, IER)

17500 IF(IER .GE. 128)G0 TO 9999

17660 c WRITE(&, /) © IER=’, IER

17710 c

17720 C ### IF Z IS KNOWN AND BICOEXP(I) IS NOT, DO ITERATIVE

17730 C SOLUTION TO FIND BIGEXP(I).

17740 c

17800 SUM=0

17900 DO 1700 I=1,N

18200 IF(BIDEXP(I) .EQ. O .AND. ZEXP1(I) .NE. 0) (Compare Squared Sum o(f
18300 +SUM=SUM+ (BUC T, 1)—ZEXP1(I))##2 diffeencs kafwen old 2 and
18400 1700 CONTINUE T E valusd o Gomadhdﬂf
18450 IF(MOD(ICOUNT, INT) .EG. Q) silo

154553 +WRITE(&: /) * SUM OF SQUARED Z-DIFFS =, SUM e ’

18500 IF(SUM .LE. 1.E-9)G0 TO 9 Jferale umtil Solwhen converges

18550 IF(ICOUNT .GE. 1000)GO TO 9

18400 ICOUNT=ICOUNT+1

18700 DO 1750 I=1,N

18800 IF(BIOEXP(I) .EG. O .AND. ZEXP1(I) .NE. O}

18900 + BBB(I)=BBE(I)*BU(L 1)/ZEXPI(I) B, « B *<k£ / Ziinpuf)
19000 1750  CONTINUE - st jteration

19100 eOTO 1330

19200 9 CONTIMNUE

15210 C

19220 C ##3 WRITE OUT SOLUTION VECTOR Z FOR SECOND STOCK



19230
192430
19250
193200
12200
1?2300
19400
19610
19700
19800
19200
20000
20100
20200
2C200
20310
20400
20500
2060C
20700
2080C
20200
21600
21100
21200
2130C
21400
21300
21500
21410
21&20
21430
21700
21200
21830
21360
21700
22000
22100
22150
22200
22300
22250
22340
22400
22500
22700
22EQ0
22900
23000
23206
22300
23400
23450
23460
23470
23500
23600

-15-

ITERATION ONLY WHEN SOME BIOMASS = O

Cc
Cc COMPUTE REST OF STOCK DESCRIPTORS
c
WRITE(&, /) “SOLUTION FOR SECOND STOCK COMPOSITION (VALUES OF Z): '
WRITE(&, 1) (BUCI, 1), I=1,N)
WRITE(&, /) ‘SUM OF SQUARED DIFFERENCES ', SUM
WRITE(&, /) NO OF ITERATIONS -, ICOUNT
Cc

DO 1800 I=1,N ‘
BIOSO1(I)=BBE(I} place biomass Solwhons into Biosod array
1800 CONTINUE

DO 19200 I=1,N
TOTCONCII=(B(I)+ACI)*BU(I, 1))#BI0S01(I) ~folal consumphon by ¢

PROD(I)=BU(I, 1)*BICS01(I) fP; 2z PHprocluc ‘37'\)
1900 IF(TOTCONCI) .NE. Q)KL1(I)=PROD(I)/TQTCONC(I)

DO 2100 I=1,N
DO 2000 J=1,N
CONS (0, 1)=TOTCONCy#0ExP1(, 1) & N DCji = b + a; Z)) B; DCj¢
CONS (N+1, 1)=CONS(N+1, 1)+CONS(J) 1) Total amt of ¢ Consumed
M2(J, 1)=CONS(J, 1) /BIQEA1 (1) individual spp. ! ¢/@ ratio

2000 CONS(J, N+1)=CONS(Ji N+1)+CONSC 1) Top( amt, | Cmsumes
IF(BIOSO1(I) .EG. 0)GITO 2090

F(I)=YEXP1(I)/BIOSO1(I) yield [onit biomass (ﬁbn}nj mortality)
M2(N+1, I)=CONS(N+1, I}/BIOS01(I) Toml amt. { conSumad
CDIVB(I)=TOTCON(I)/BIOSO1(I) C/B ratio fov System

2090 CONS(N+1, N+1)=CONS(N+1, N+1)+CONS(N+1, I) o1
(12%4
2100 CONTINUE Total predahem o Syste

c

C #xx WRITE OUT RESULTS FOR SzCOND STOCK AND COMPUTE
C DIFFERENCES

9

WRITE(A, /)
+ ‘PREDATION MORTALITY MATRIX FOR SECOND STOCK COMPOSITION: -
WRITE(&, 12) (I, I=1, N)

12 FORMAT(1H , 17X, 111I7)
WRITE(&: 91) (U, (NAME(K, J), K=1,2)., (M2(J, L}, I=1,N). J=1,N+1)

WRITE(&, /) * SECOND FOOD COMPOSITION: *
WRITE(&, 199)( (I, I=1,N), * SUM’, ‘PHI(J} ")
199 FORMAT(1H , 21X, 1017, A&, 5X, A&) lrt out all
WRITE(&, 103) (J, (NAME (K, J), K=1, 2},
+(10C#DEXP1 (J, I), I=1,N+13,PHI(J), J=1, N} Results
READ(5, 18€) (TITLE3(I:, I=1, 14)
188 FORMAT(7A6)
WRITE(&, 107) (TITLE3(I), I=1, 14)
WRITE(&: 1112 ¢I, (NAME(K, 1), K=1, 2), TOTCON(I), PRODCI), K1(I)
+,BI0OSO1(I), CDIVB(I), BUCI, 1), M2(N+1, I}, F(I), ZEXF1(I)
+,BUCI, 1)-ZEXP1(I}), BIOSO1(I)/AREA, Z(I)—ZEXP1(I)
+, BIOM(I)—BIOEXP (I}, I=1, N)
91 FORMAT(1H , I2, 1X: Ab, A&, 4X, 10F7. 2)
103 FORMAT(1H , I2, 1X, A&, A&, 7X, 11F7. 2,F7. Q)
107 FORMAT(1HO, 18X, 2(1X, A&), B(1X, A&), 2X, 3(1X, A&))
111 FORMAT(1H ., I3, 14, Ak, Ad, 2FB. 0, Fb. 2, FB. 0, 4F7. 2, 2F7. 2
+,F9.2,F7.2.F9. 2)
CLOSE (&6, DISP=CRUNCH)
CLOSE (8, DISP=CRUNCH)
9999 CONTINUE
END



FILE:

100
200
2GC0
400
500
600

700

READ/ALLOF/MEZ

(Q3/1&/87)

MAMMALS BIRDS PRED. FISH ADULT HAKES JUVNIL. HAKE
PELAGICS MIDWTR FISH FELAGIC PLNKSHARED PLANK
MIDWTR PLANK
TOTAL M2
0. 574, C.0, S0.4, 43.2, 108.0, Z24.0, 118.8, 0.0, 0.0, 0.0,
0.0, 1.0, 22 Q. 15.0, 22.0: 16.0, 23.0. 0.9, 0.0, 0.0, 0.0, O.
/.0, 0.0, 0.0,
58.0, 16.0, 9.0, B.Q, 9.0, 0.0, 0.0, 0.4, 0.9, 60.3, 0.0, 20.9
Z.0% 9. X
17.0. 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.9, 67.0. 33.9, 0.0, 0.0,
/ 0.0, 0.0,
0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, O.
/ 0.0, 0.0,
1 A B BIODAT ZDAT M1
1 MAMMALS 1. 7GQ 7.930 37. 000 1.110 0. 000
2 BIRDS 1.7¢C0 12. 810 3. 000 1. 490 0. 000
3 PRED. FISH 1. 7¢C0 9. 310 0. 020 1. 490 Q. 09GO
4 ADULT HAKES 1. 7C0O 3. 370 200. 000 1. 340 0. 000
S JUVUNIL. HAKE 1. 700 3. 630 30Q. 000 2.230 Q. 000
&6 PELAGICS 1. 7G0 &, 83 0. 000 1. 450 0. 000
7 MIDWTR FISH 1. 700 &.780 0. 000 1. &20 0. 0QQ
8 PELAGIC PLNK 1, 7¢c9 Q. 200 Q. 000 1. 030 0. 000
? SHARED PLAMK 1. 760 0. 000 0. Qo0 0. 210 Q. 000G
10 MIDWTR PLANK 1. 700 0. 000 Q. 0c0 0. &00 0. Qo0
QAREA= 1. UNITS
O D(J, I)#100. PREY (COLUMNS: ID
b 2 3 4 = &
1 MAMMALS Q. g0 1.00 23.00 13.00 22.00 16.00
2 BIRDS 0. 00 0. oo 3. 00 Q. 00 0.00 81.00
3 PRED. FISH 0.092 Q. 00 Q. 00 0. 00 0.00 38.00
4 ADULT HAKES Q.00 0. Q0 0. 40 0.00 &0.30 0. 00
S JUVNIL. HAKE 0. 00 0. 00 6. 25 0.00 20.80 0. 20
) PELAGICS 0. 00 0. a0 0. 00 0. Q0 0. 00 0. 00
2 MIDWTR FISH 0. 00 Q. Q0 Q.00 Q. 00 0. 00 0. a0
a PELAGIC PLNK 0. 0Q 0. Qo 0. 00 Q. 00 0. 00 0. 0o
9 SHARED PLANK Q. 00 0. 00 0. 0o Q. 00 C. 00 0. 00
10 MIDWTR PLANK 0. GO 0. Q0 Q. 00 0. 00 0. 00 0. 00
SOLUTION: ,
0.013&7 0. 98338 233. BB8004 0.43745 4. 92925
1392.2B795 1548. 08896 B584. 54120 12075. 06762 18063. 75663
IER=, O,
OPREDATION MORTALITY MATRIX:
1 MAMMALS 0. Q90 Q.98 Q. 29 0. 22 0. 22 Q. 03 o
2 BIRDS 0. 00 Q. 00 0.01 0. 00 Q. 00 0. 02 o]
3 PRED. FISH Q. 00 0. 00 Q. 00 0. 00 Q. 00 1.15 0.

9. 38 AM MONDAY. MARCH 16.
Q, 3.0, 0.0, 0.0, B81.0, 14.0. 2.0
» 0.0, 9.2, 9.3, 0.0, 0.0, 6.25,
0.0, 0.0, 0.0, 0.0, 0.0, 0.0, O.
Q. 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
YCAT FRDAT CDAT BI
0. 376 9.837 0. Q00 37.
Q. 000 13. 342 0. 000 3.
0. 400 11. 843 Q. 000 200.
43. 200 6. 1438 0. 000 200.
108. 000 7. 321 0. 000 300.
324. 000 9.293 Q. 000 2C00.
118. 800 7. 334 0. 900 1000.
0. 000 1. 768 0. 00033000
Q. 000 1. 377 Q. 00033C20
0. 000 1. 020 0. 00033C00.
Z 8 -9 10 SuUM
23. 00 Q. 00 Q. a0 0. 00 10QC. 00
14. 00 2. 00 0. Q0 0. 00 100. Q0
16. 00 9. 00 8. 00 9. 00 100. 00
20. 70 0. 00 7. 30 2.30 100. 20
46. 60 Q. 00 9 10 17.00 99995
0.00 &7.00 33.00 0. 00 100. 00
0. 0CQ 0.00 33.00 67.00 100.00
Q. 00 0. 00 0. 00 0. 00 Q. Q0
Q. 00 0. 00 0. Q0 9. Q0 Q.0QQ
Q. 00 0. 00 0. 00 0. 00 G. 00
o4 0. 90 0. 0o Q.00
. Q0 0. 00 Q. 00 Q. 00
22 0. 03 0. 02 0. 01

1987

+ 0.0, 0.0,

0.0, 20.8, 0
Q, 33.0, &7.
0.0, 0.0, O.
o2 z2
0co 1.110
Qoo 1. 490
Q00 1. 490
000 1. 3430
[ols]o} 2. 230
000 1. 450
(e]e] 1. 620
goo 1. 040
000 0. 310
e]e]0] 0. 600

Q. 0,
2 2
0, 0.

0. O.

=
=1

43

108 «

324

118,¢

G. O,

=. 6,

Q. 0.

Q. O.

Q/

0/

./

Q.7

_91_



3500
5600
5700
5800
S°00
6000
6100
&Z00
&300
£400
&S00
&600
&700
&BCQ
av00
70CQo
7100
7200
7200
7400
7500
7600
77Q0
7800
720G
3000
8100
2C0
8300
8400
S00
8400
8700
8800
89C0
2000
100
200
93200
2400
200
F600
9700
800
9900
10000
10100
10220
10200
10400
10300
10500
10700
108GQ0
10900
110C0
11100
11200
11300
11400

,.
.
= O

QU@NO AWM (S0

-

ADULT HAKRES
JUVNIL. HAKE
PELAGICE

MIDWTR FISH
PELAGIC PLNK
SHARED PLANK

coocoeooo
Q
o

MIDWTR PLANK co
TOTAL M2 Qo
CON
MAMMALS 2935
BIRDS 43.
PRED. FISH 277
ADULT HAKES 923.
JUVYNIL. HAKE 3603
PELAGICS 12731
MIDWTR FISH 14735°
PELAGIC PLMNK 13177
SHARED PLANK 16627
MIDWTR PLANK 18425

PREFERENCE MATRIX, G(J, I),

ONVDmNOUBHWN»

-

MAMMALS
BIRADE

PRED. FISH
ADULT HAKES
JUVNIL. HAKE
PELAGICS
MIDWTR FISH
PELAGIC PLNK
SHARED PLANK
MIDWTR PLANK

SuM OF SQUARED Z-DIFFS

SOLUTION FOR SECOND STAOCK COMPOSITION

0. 01367
Q. 79967

1. 030
1. 27893

1

[s]e}e]
2090
200
Q00
Q200
0oo0

=

22

SUM OF SQUARED DIFFERENCES.

NO OF ITERATIONS.,

Q.

©cooo0oo0o0

PREDATION MORTALITY MATRIX FOR SECOND STOCK COMPOSITION: .,

1
2
a
4
S
-]
7
8
9

10
11

SECCOND FOOD COMPOSITION:

MAMMALS
BIRDS

PRED. FISH
ADULT HAKES
JUVNIL. HAKE
PELAGICS
MIDWTR FISH
PELAGIC PLNK
SHARED PLANK
MIDWTR PLANK
TOTAL M2

1 MAMMALS
2 BIRDS

3 PRED.

FISH

4 ADULT HAKES

©0000000000
[e]
Q

1

o000

o]e} Q.02 0. G0 1.83 Q. 00 0.
30 9. 96 0. 00 2. 30 0. 01 1.
(o]e] 0. 00 0. 00 0. 00 0. 00 o]
Qo Q. Qo 0. 00 0. 0o 0. 00 o]
o]e} 0. 00 0. 00 Q. 00 Q. 00 o
00 0. 00 Q. 00 Q. 00 0. 00 o}
00 0. 00 Q. 60 Q. 00 0. 00 Q.
8 1. 27 Q. 22 4. 37 1. 228 i,
ZDAT PROD K1 BIOM FR
1.11 5 {3 0. Qo 37, 7.84
1.49 3. 0. 07 3. 13.3%
1.49 348. Q.13 234. 11.84
1.34 a7. Q. 09 200 6.13
2. 23 147%. 0. 41 300. 7.42
1.43 20z20. 0.16 1393. 2.3
1. 62 2508. 0.17 1348. .22
1. 04 89ze. Q. 539 8583. 1.77
Q.81 9781 0. 39 12073. 1. 38
0. 60 10838. 0. 39 180644. 1.0=2
2 3 a b) &
0. 330 0. 162 9O.1Z2 0.121 0,019
0.000 0.1560 0.0C60 0.9000 0.7=2
Q.00C 0.0200 0.000 0.200 0.7348
0.000 0.008 0.000 O0.92% Q.000
0.000 0.209? 0.000 O0.342 @Q.001
0.000 0.Q00 0©0.Q00 ©0.200 O0.0CC
0.000 0.000 0.0Q0C 90.000 0.0C0
0.0Q000 0.000 Q.000 Q.000 0.0QCO0
0.00Q0 0.000 ©.000 0.9%900 0.9000
0.000 0.000 ©.000 0.000 0.000
Q. 0,
(VALUES OF Z):,

1. 33732 0. 44790 4.1&6328
0. 38237 0. 22081 Q. 19424
0.0,

2 3 4 3 -]
1.032 0. 30 0.23 0.23 0. 04
0. oo 0. 00 0. Q0 0. g0 0. o2
0. 00 0. 0Q 0. 00 Q. 00 0. 38
Q. g0 g.01 0. 00 1. 60 Q. cC
a. 00 0.7&6 0. Q0 1. 98 0. oc
0. 00 Q. 00 0. 00 0. o0 0. 00
0. 00 0. 00 0. 00 0. 00 Q. 00
Q. 00 0. 0Cc 0. 00 0. 00 0. 00
Q. 00 0. oo 0. 00 Q. 00 0. 0Q
Q. Q0 0. 00 0. g0 0. 00 0. 920
1.03 1.09 0. 23 3..81 Q. &4

1 2 3 4 3

efo) 1.03 20.4C 135.71 235.04 24.
20 0.00 1.89 0. 00 0.0C 83
Q20 Q. 00 Q. 00 Q. 00 0. 00 3Q.
o]} Q. 00 0. 29 0.00 351.74 Q

2 0. 00 0.01 Q. 00
o8 0. 00 0 03 0. 03
oa 1. 01 0.35 0. a0
Qo Q. 00 Q. 40 Q. 35
[e]e} Q. 00 Q. 00 0. 00
Qo Q. 00 Q.00 Q. 0o
(ole} 0. o0 0. g0 0. 00
5= 1. 048 0. 81 0. &0
Cc/B z M1 (=4 F ZDIF BIODIF
7.98 0,02 0.00 0.00 o0.02 1,09 0. 00 37
14.48 0.98 Q.00 Q.98 0.00 Q.31 0. 00 3.
11.84 1.4 0.00 1.27 0.22 0.00 233.88 233
4.61 0.44 000 0.22 0.22 Q. 90 0.00 200.
12.0: 4.93 0Q.00 4.57 0,38 -2.70 0.00 300
?.20 1.42 0.02 1.22 Q.23 Q.00 1393.29 1393
9.33 1.62 0.00 1.34 0.08 0. 00 1548. 09 1548
1.77 1.0 Q.00 1.04 0.00 0. 00 2584. 54 8584
1.3 Q.81 0.00 0.8B1 0.00 0. 0012072. 0712073
1.02 0.62 0.00 0.60 0.00 0. 0013043. 7618043
FPREY (CDLUMNS: 1),
=4 -/ 10 PHIC(Y)
0.023 0.0C0 0.000 0.0CO 163
Q0 113 0.0G2 0.900 0.0Cao 1246.
0. 191 0.0:19 90.9212 0.009 1846.
0.0&2 0.000 0.004 0.002 460.
0.233 0.0C0 0.00& 0.007 781.
0.0CQ0 0.741 0.2% 0. 000 7420
0.000 0.0CQ 0.3424 0.37&6 15323
0.000 0.CQ0C 0.000 0.000 Q.
0. 000 ©0.000 0.000 ©0.000 Q.
0. 000 0.000 0.000 O0.000 0.
7 e ? 10
0. 03 0. 00 g. oo 0. 00
0. o0 0. 00 0. 00 0. 00
Q.14 0. 01 Q.01 0. 01
Q.11 0. 00 0. a1 Q. 00
C. 86 0. 00 Q.02 0. 03
Q. 00 0. 37 c. 13 Q. 00
0. 00 0. 00 0.12 Q. 16
0. 00 Q. oC 0. 00 0. 00
0. 00 Q. 00 0. 00 Q. 00
0. 00 0. 00 0. 00 0. 00
1. 16 0. 3e 0. 28 Q5 19
& 7 g ? 10 sum PHI(J)
S 13. 56 Q.00 0. 00 0. 00 100. 0Q 127
77 &, 67 3. &7 0. 00 0.CO 100.00 1670.
c: 6.21 20.78 13.13 %.88 100, 00 3073.
.00 11. 3B 0.00 2:.31 14.58 100. 00 S53é6.

_Ll_



11500
11800

1700
11800
11%CO
120Q0

2100
12200
12300
124Q0
12500
12600
127¢C0
128C0
12900
13000
131G0
13200

CYONOC W

[

OO NCTURARWN~

JUVNIL. HAKE
PELAGICS
MIDWTR FISH
PELAGIC PLNK
SHARED PLANK
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