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Table 3-8.1 SUM OF PRODUCTS CHECK

HERRING IN THE GULF OF FINLAND (FISHING AREA 32)
CATEGORY: TOTAL

CATCH TN NUMBERS UNIT: millions

1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981

0 0 17 7 14 23 24 11 19 78 36 652 57
1 166 673 147 237 334 120 670 223 285 122 373 350
2 191 256 742 450 507 359 267 921 177 287 325 658
3 1114 187 224 957 357 259 308 211 630 166 254 202
4 183 554 141 140 613 200 197 154 108 392 78 120
5 80 79 221 82 69 334 95 84 85 67 179 35
5 133 51 25 99 41 31 246 107 74 41 24 . 80
7 17 74 14 14 87 20 21 56 35 30 20 12
8 27 18 47 4 7 52 16 12 90 20 26 16
g 17 15 6 8 8 6 34 10 8 41 3 9
10+ 5 21 7 3 21 8 12 31 24 18 36 22
TOTAL 1933 2045 1581 2008 2067 1413 1877 1828 1594 1220 1386 1561
1982 1983 1984 1985 1986 1987 1988
0 65 28 58 26 43 9 37
1 404 243 353 518 111 469 47
2 724 759 495 926 675 148 1075
3 145 512 411 253 650 304 138
4 64 - 191 314 142 170 266 159
S 43 36 105 118 92 94 126
6 8 18 28 36 67 67 38
7 26 3 16 10 19 53 33
8 2 15 8 5 7 17 18
9 3 2 13 3 5 7 9
10+ 9 8 7 12 3 7 10

TOTAL 1493 1820 1808 2049 1842 1441 1690

PeT



Table 3.8.2

SUM OF PRODUCTS CHECK —

HERRING IN THE GULF OF FINLAND (FISHING AREA 32)

CATEGORY: TOTAL

MEAN WEIGHT AT AGE IN THE CATCH
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Table 3.3.3 derring ia Sub-division 32 tGulfl of finiand)

FILE:TUNING
15
USSR, Peianic trawt
La.2, 1998

.!S,Zu"? J"7,N'.?8,l7,3,6,1‘?
L9, 10,8, 2.6,1
50,84,47,7.3,1,1
‘\‘}’ 1’1.“1" 657,127,63,28,8, ‘,,,l
1185,23,78,423,416,99,50,17,7,2.2
1149, 2, ’i:.ﬂl 180, 141,37, 32,1
3 L13,34,803,84,84,47,13,12,3,3
SR anV\Ef
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1.1
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fable 3.8.3 cont'd

hodule run at 15,05.34 15 APRIL 1989
DISAGGREGATFD Os

LOG TRANSTORMATION

N explanatory variate (Mean used)

Fleet 1 (USSR, Felagic trawl , has lerminal q estimated as the mean
Flest 2 USSR, frasuel ,» has terminal s the mean
Fleet 3 ,SF Brapnet « has terminal as the mean
Fieet 4 ,%F Bution traw' v has terminal = the mean

eet 5 ,SF Pelanic traw! y has terminal g P>t|mattd as the mean

0TS COMBINGD %Y ' VARTANCE '
Regression weights
, L0800, 1.000, 1,000, 1.000, 1.000, 1.0087 (.000, 1,000, 1.000, 1.0G0, §.000. 1,006, 1.600, 1.000, 1.000,
Dldest age ¥ = 1000 average of 5 youager ages, Fieets combiprsd by variarce of predictions
Fisving mortatities

hge, 74, . 76, 7, 78, 79 80, 8L, 82, 83, 34, 85, g6, 87, 88,

9, L01s, 005, ,039, JO01g,  L049, 012, .015, .015, .023, .00S, .05, .0i3, .006, .0l1, .0G9,
b, .194, .103, 185, .238, . .102, .172, .109, .i40, .1i4, .087, .179, .098, .080, .071
2,0 L3790 L, 338, L399, 2325, LA25, .502, 341, (421, 359, 343, .373, .184, ,264,
3, (419, .319, 465, 490, .‘Ab, .533, .St4, 195, 432, .425, 309, .432, .286, .261
A4, 507, A3, A5 L4498, .599, .490, .52z, .302, 315, .238,
5, .443, 383, .31, 312, 032, 541, .426, 358, .337, 241
By L0367, L34S, 572, .81, L34 Jant, 559, 498, L161, .306, .223,
7, 4363, (289, .402, 213, 083, 388, .44, 611, 297, .580, .239,
8, 204, 302, 384, 424, 621, 1.179, 692, .492, ,190, . .299, .383,
9, .369, .358, .413, .441, .559, .n%2, .539, 550, .262, .294, .4i6, .257, .285, .367, .265,

Log catchability estimates

1 s . ) '13 68 -14. 29 -13. 77 -13. 02 -14. 12, 14,38, ~13 97
2 ) Mo data for thi: F]eet at tni; age
3, No data for this fleet at this age
4 ,-19.49,-15.16,-15,78,~17.21,-18,29,-17.83,-14.46,-14.54,-16.16,-17.50,-14.37,-12.81,-17.84,-13.92,-17.65
5 ,-13.70,~18.66,-14,72,-18.62,-14.69,-14,80,-15.36,~13.89,-11,30,-14.84,-13.40,-13,36,-14,50,-17.78,-12.28

SURMARY STATISTICS
Figer , Fred. , 50(g).Partial,Raised, SLOPE SE 2+ INTRCPT,  SE

. a s N F y F . s Slope . yIntrept
PO S s ) , )
1 ,-13.8 .494, .0035 , .0100, 000E+00, .000E+00,-13.892, 175
2, Ho dota for this fleet at this age
3
1
I

+ No data for this fleet at this age

L-18.20 , 1.998, .0000 , .0390, .UD0E+00, .000E+00,-16. 201, .500

14,99, 1.968, .0007 , .0006, +000E+00, +000E+00,-14,993, 492
Fbar SIGHA(int.) SIGMA(ext.) SIGMA(overall) Variance ratio
.0G9 . 466 515 515 1.222

Age 1

Fleet, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 85, 87, 88
1, s s s —10 85, -10. 96 -11. ZE -10. 49 -11, 01 -11, 40 -11.22
2, No data for th%s fleet at tnis age
3 ,-13,85,-14,61,-15.90,-12.46,-17.09,-10.46,-17.67,-14,82,-13,83,~14.30,-16.69,-15.69,-14,11,-18.34,-16.04
4 ,-14.89,-11,40,-12.43,-12,31,-11,44,-13.94,-12.65,-13,53,-12.98, -9.58,-12.71,-12.08,-15.95,-12.61,-13.14
S ,-11.83,-13.53,-13.21, -11.71,-12.64,-13.05,~13.64,-13,27,-13,02,~-12.04,-12,37,-11,49,-11.99,-13,20,-11,02

GURNARY GTATISTICS
Fleet , Pred. , SE(q),Partial,Raised, SLOPE , SE s INTRCPT, SE
vo9 s . Fo, F s s Slope s Intrept

) s s s f s , >
to,-11.03 , .331, .0615 , .0857, 0005400, .000E+00,-11.028, 117
2, Ho data for this fleet at this age

3 .-15.06 0, 2.123, .0001 , ,1896, .00CE+00, .000E+00,~15.057, .531
4

5

[

,-12.79 , 1.527, .0007 , .1052, .000E+00, .000E+00,-12.748, .382

,-12.53 . .842, .0078 . L0156, 00000, .000E+00,-12.534, 210
Fbar SIGRACint. ) SIGMA(ext.) SIGMA(overall) Variance ratio
G71 L2399 .338 .338 1.279

€ cont'd,
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Table 3.8. cont'd.
Age 2
74, 75, 76, 7, 8, 79, 80, 81, 82, a3, 84, 85, 86, 87, 88
“*‘I‘_"I T T T e, 860, 9,75, 79,79, 9,79, 710,51, 0.88
? s f VL0 G2, 01004, 10,75, -9,45,-10.84, 3,18, 10,44, 9,13, -8.40, -9.93,-10.39
$0 e LA -9.97,-17, 04,-10.48, -9, 10.91,-11.29,-10.55, -1u.69, 11,31, -11.33,-11.10,-10.16,-11.72

ST 5,01 2,43, -12,63,-10.78, -11,85,-11,42,-149,19,-11.09,-11.86

LN Il 02,- ll L1009, 11,34, 10,46,
-12.09,-12.15,~11.71,-10.93,-10.92,-11.29,-10.72

Dy
5 ,-10.94,-12,34,-17.10,-12.72,-12.23, -J’ t4,-12.8),-11.95,

SUMMARY STATISTICS

, St(q),Partial,Raised, SLOPE . SE S INTRCPT, SE

. i , ¥ . N Slope . sIntrept

P . .1833 , 2573, .000E+00, <00DEYOD, -9.903, 113

o953, L0062, 3933, .GO0E+00, .000E+00, -9,947, .246

B 25, 0054 , .6318, JOUOE 00, .000E+00,-10.844, 181

. 859 0023 , .3703, .000E+00, .000£+00,~11.520, 222
EIER U DU v . 703, .01e3 , 0890, LO00E +00, .000E+00,-11,802, A7
Fbuv ,lﬁhn(in(.) SlGhA(ext.) S1GHA(overall) Variance ratio
) 207 204 254 1.057

Age 3
fleet, 74, 75, 76. Za 78, 79, $0, &1, 82, 83, 84, 85, 86, 87, 83

s ' . . . ) s , - s . . s . ,
T, T T T T T T T T TR9.78,779,98, 779,63, 710,24, -9.63,-10.07,-10.08
2, B s . , ~8.71,-10.23, -9.71, -9,46, -9.00,-10.04, -8.84, -8.43, -8.75, -8.92, -9.35
3, -8.93, -9.05, -9,44, -8,91, -9.72, -8.29, -9.40, -9.75, -9,17, -9,34, -9.45, -9.54, -9,31, -9.02, -9.10
4 ,-10.60,-10.85,-11.16,-10.68,-11.26,-10,79,-11.38,-11.77,-11,71,-11,24,-11.54,-11,43,-10.65,~16.44,-10.71
5 ,-11.13,-11,39,-12.10,-11.46,~12.35,~11.19,-12.38,-11.41,~12.02,-11.18,-11,34,-10.67,-10.71,~10,38,-10.72

SUMMARY STATISTICS
Fleet , Pred. , SE(q),Partial,Raised, SLOPE , SE »INTRCPT, SE
. g » N F o, , , Slope »Intrept
f , .255, ,1870 , .3079,  .000E+00,  ,000E+00, -9.915, ,090
. , 609, 0128 , .2960, .000£+00, .000E+00, -9.223, 176
f s .382, .0272, .2309, .000E+00,  .0DOOE+00, ~9.228, .095
. 1,474, (0024 , .1212, .000€+00, .000E+00,-11.480, 1369
.527, .0250 , .1357,  .000£+00, .00OE+00,-11.374, .1i57
rbar SIGHA(int.) SIGNA(ext ) SIGMA(overall) Variance ratio
V261 Nt .189 482
Age 4
Fleet, 74, 5, 9, 17 78, 19, 80, 81, a2, 83, 84, 85, 86, 87, 88
1, ' ' s B i 4-10.48, -9.73,-10.26,-10.56, -9.92,-10.12,~10.31
2, i 9. W) -8, 3/ -9.87, -9.33, -9.45, -7.76, -7.81, -8.,65, -8.87, -9.02, -8.73
+ -8.78, ~8.23 -8, 58. -9,03, -7.94, -8,67, -8.02, -8.30, -8.46, -8,95, -8.,95, -8.98, -8.72, -8.56, -8.72

2
3
4 ,-11.83,-10.76,-
S JG7,-11.20,-11,

SUMMARY STATISTICS

59,-10,90,-10.12,-11.32,-10.97,-10,85,-11.28,-10.41,-11.34,-11,11,-10,44,-10.54,~10,91
27,-11.36,-10.82,-11.76,-11,09,-11.18,-11.13,-11.15,-10.65,~11.21,-10.47,~10.39,-10.63

Fleet , Pred. , SE(q),Partial,Raised, SLOPE ,  SE LJINTRCPT,  SE

PR s s P F » Slope JIntrept
' R P s s ,

v 10,28, (317, (1412, 2676, .O00E+0G,  .OGOE+00,-10.197, .112

z , -8.89 , .762, .0179 , .2038, .000E+00, .000E+00, -8.889, .220

3, -8.99 , .355, .0514 , ,2099, .D00E+00, .000E+00, -8.593, .089

4 -,-10.88 , ,410, .0043 , 2457 .Q00E+00,  .000E+00,-10.878,  ,102

5 ,-11.09 , .473, .0332 , .1496, .000£+00, 000E+00,-11.092, .118

Fhar SIGHA{int.) SIGMA(ext ) SIGMA(overall) variance ratio
.238 163 .103 183 .319
Age S
Fleet, 74, 75, 7, 7, 78, 79, 83, 81, 82, 83, 84, 85, 86, 87, 88
_ . N S W) e
T , . . . . X . ,-10.41,-10.40, -9.92,-10,80,-10.30,-10.35,-10.64
2 . ) . VL6, 001, - 7.Ee, 9,89, -8.85, -9.08, -8,09, -9,18, -3.85, -8.68, -8.73
3y S.4ky 9.0k, .90 ca.3dy -8 bog -V022, -L.22, -7.0F, ~F.77, -B.31, -8.96, -8.53, -6.85, -8,25, -8.61
4 ,-10.20,-11.78,-10.97,-10.47,-10,28,-10.63,-11.70, -10.27,-10.62,-11.11,-11,37,-10,30,-10.87,-10,13,-10.19

5 ,-11.15,-11.89,-10.97,-10.45,-10.32,-10.67,-11.35,-10.35,-10.86,-10,91,-11,03,-10,05,-10.83,-10.07,-10.25

SUMMARY STATISTICS
. Séfq),Partial,Raised,  SLOPE N SE

, Siope

JINTREPT,  SE

Fleet , Pred.
B yIntrept

> s .
.000E+00, .0O00E+00,-10.402, 105
. OGOE +00, .000E+00, -8.929, .193
LOGE00, LO00E+00, -8.245, 143
LG0E+05, .600E+00,-10.727, J143
.;z«. .u170 , La7e, LGOOE +01), LG00E+00, -10, 743, L132
BALINL, Sthmdlesr.) ulbnﬂfovtra]1) Variance ratio
il . 7 730



Table 3.8. cont'd.
Aqe b
Mleet, 74, 0%
R e
ty . B
2, , B
Y, 827, -7.77, -8
4 =100, WL 7L, 1,65, 10,07,

,-il.24,-10.18,-11.

age 7

fleet,

e

.

fge §
Fleet,

.

i

’ »
2 . No data for
7.62, -7.90,
. hEB-Thet,
S ,-10,90, 109,

W, -10.79,

78, 77 ai, a1, A2 83, 54, 85, 86, 87, 88
IR LI S TR Y S VA YT ST Y
s . B ,~11.26,-16.51,~10,68,-11.23,-10.6%,-10.25,~10.82
9.7, -10.07, 9.5, -7.95%, B.69, 9.19, -7.77, -9.05, -9.26, -8.29, -8.4l
-7.83, .78, +6.99, -7.39, -6.98, -7.50, -8.04, -8,33, -8.73, -8.38, -8.18
S10.49, 510, 26 -11.2/,-10,58, -9.%4,-10,52,-10,75,-10.71,-10.09,-11,17,-10.18

-9.85,-10.63,-10.24,-10.62, -9.45,

-9.97,-10.84,-10,91,-10.1J,-10.37,-10.81

SUMMARY STAFISTICS

flset , Fred. , SE(q),Partial Raised, SLOPE ' SE 5 INTRCPY,  SE
P 3 s F o b ) . Slope sIntrept
. — — . , ,
bo,-10.78 ,  .391, .07wd , L2328, .000E+00, +000E+00,-10.777, +138
2, 8.7 , .831, .0183 , .1400, .QDOE+00, .000E+00, ~8.870, 2
3, -7.39 , .58y, 1042 , ,2978, (D0E+00, .0DOE+D0, -7.886, L1486
4 ,-10.58 ,  .499, .0058 , .1482, .000E+00, .000E+00,-10.583, 125
5 L-10LSY o, Laug, L0584, L2905, .C0OE+0D, .D00E+00,-10.526, .122
Fhar SIGhACInt,) SIGHALext.) SIGhA(overall) Variance ratio
L2123 229 143 $229 .391
IEn e N 78, 70 an., a1, 22, 83, 84, 85, 86, 87, 88

. ) . f .
, Mo data far thi= Jieet ab ¥iiz og
v -3.589, -7.22

-7.63, -B.595,
W 10023, 010,13, -11.55,
Codee -9.97 10,00, 1155,

T ITiT.03,51.1%,°10.96,-12.23,-10.89,-10.28,-10.67

s

7.49, -7.06, -5.08, -7.20, -6.90, -7.27, -7.51, -9.07, -8.02, -8.13
-30.62, 16,18, 31 39, -9.87,-10.22,-12.46, -9.89,-11.58,-11.11,-10.77,-10.01
+9.57,-16,17, -9.78, -9.64,-10.08, -9.41, -9.58,-10.12,-10.81, ~9.63,-11.05

CURAARY LTATISTICS

[leet , Pred. , 5E(q),Partial,Raised, SLOPE SE LINTRCPT, SE
. u N B . N N Stope ) yIntrept
. 5 s . , N ,
oy nned o, L6444, 0607, L1650, .000E+00, .000£+00,~11.040, .228
? fleet at this age
3 J1423 4193, .000£+00, .000€+00, -7.570, .202
q L0050, L1171, .000E+00, . 000E+00,-10.,726, 212
. RO W39, D771, L5349, .000E+00, .000E+00,-10.249, .220
o SIGRAC L. ) SiGHA(ext,) SIGHA(overall) Variance ratio
2% L3088 L35 388 .
74, 75, Hi, 82, 83, 84, 85, 86, 87, 88
P S S S S S S R S
; \716.61,710.50,-11.27, -11.67, 11,08, -10.29,-10.96
T

-6.14, -7.08, -6.60, -6,95, -7.59, -7.83, -7.05
-9.20,-12.93, -9.80,-10.33, -9.65,-11.91, -9.48
5, -9.00, -9.46, -8.,56, -9.63,-10.45,-10.69,-10.29

R SE ,INTRCPT, St
N Slope N SIntrept
s , .
.000E+00,  .000€+00,-10.941, .176
age
L000E+00,  LDO0F+00, -7.112,  .148
.G00E+00,  ,000E£+00,-10.387,  .291
WO00E+GD,  LO0OE+00, -5.8%3, 168
SIGMACovarall) Variance ratio

L326

W317

139
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REERING TN THE GidLe OF 1 INLAND (FLSRING ARLA %2)
E 19 OARRIL Luge

ran 70 4o B3 on oaue. L oto 9
with ferminal b of (070 on age 3 and lerminal § of 600

duaie was 48,758 and

cabbiat sum of cqial g
] duats fo 21,618 after 120 iterations

final sum of squared re

Matrig of kesiduaio

70000 Wu/iE i3744
3 V3 W33
=013 LG SN
=105 -0l -.081
2240 ATs .208
-.089 305 .250
Bl W52 EERL1t
-.498 - 299 L334
.33 Gan 1,443 -,8R3
L Ly ] 000 000 000 000
Wwis +010 Pl HUL} Hun 010 L0190 010
Years 78/7%  79/8B0  BusdL 8L/82  B2/83  83/84  §4/85S
Ages
/2 L6271 -.01 Rl L227 098 - 665
2/ 3 ~d08 -.198 302 2118 313 -.160
3/ 4 ~.251 -.079 0 -,199 0 -.698 -.004 029
L7 -.207 017 -.290 A7 L1320 -.030
5/ 6 L3 092 .221 514 -.,180 116
W7 369 S -.083 L2000 -.222 148
7/ 3 043 -.387 627 265 -.31 292
8/ 2 L0l LR JH7 -8 02 +302
000 000 000 0oy .00 L000 Doe
EARS 010 oW Wi R 018 L0000 1,000

Fishing Mortalities (F)

70 /1

14 ) 75

Fovalves LA559 L4974 L4245 L3539 4581
& 8z & &5

F-values L9290 3094 7887 4275 L2962

selection-at-age (3)

L Z 3 4 5 7
S-values ©3222 .9279 1.9000  .880B L7609 .budS L0096

073
213
~.065
-.232
600

1.000

77

VBAGS

86
3136

8
.5506

86/87  87/88

376 -,287
W367 0 -.482
265 -.102
-.017 018
-.245 210
-.260 099
-.378 .491
-.299 177
000 .000

1.080  1.000

78
4885

87 88
23120 2700

9
6000

.000
.000
.000
.000
.000
000
.000
.000

2,920



Table 3.8.5

VIRTUAL POPULATION ANALYSIS

HERRING IN THE GULF OF FINLAND (FISHING AREA 32)

FISHING MORTALITY COEFFICIENT

—~
N

,\
N

+ OGO U B W R

-
o

U
o
<

+ 00~ OVUL W

-
o

ul
<
[y

1970

127
.210
.462
.566
.423
.363
.230
.299
.273
.273

.415

1982

.134
1292
174
. 266
.314
.129
-219
.129
.114
.114

.262

1871

.120
.276
.308
512
482
.494
.333
.382
255
.255

.394

1983

.106
.396
. 346
.364
.236
.209
.184
L1390
.185
.185

.335

1972

.069
.178
.390
.379
.305
.259
.228
.345
.199
-199

.313

1984

.082
.324
.387
.370
.350
.250
.291
.282
.250
.250

UNIT: Year-1
1973 1974
.115 .187
295 .361
.344 .379
425 .365
.373 .362
.206 .305
.214 .265
.089 .149
.085 244
.085 .244
.359 .367
1985 1986
.169 2111
.317 .347
.273 .385
.223 .298
.230 .220
.193 .198
.159 .148
.138 .160
.162 .200
162 .200
.261 .313

VARIABLE NATURAL MORTALITY COEFFICIENT

1975

.102
.296
.299
.357
.327
.259
.226
.237
175
175

.320

1987

.084
212
259
.268
.268
247
.238
.192
237
.237

.252

1976

.162
.331
.432
.378
.277
.413
.272
.275
.233
.233

.354

1977

.230
.348
.475
.400
.274
.575
.154
.246
277
277

.374

1988 1982-86

.087
.281
313
.210
.196
.166
.183
.115
.152
.152

.250

.120
.335
.313
.304
.270
.204
.200
.180
.182
.182

1978

.198
.288
426
.478
.403
.412
.374
.394
.258
.258

.399

1979

.097
.314
481
516
.622
.346
292
.380
314
.314

.483

Wt



Table 3.8.6

VIRTUAL POPULLATION ANALYSIS

HERRING IN THE GULF OF FINLAND (FISHING AREA 32)

STOCK SIZE IN NUMBERS

UNIT: millions

ALL VALUES, EXCEPT THOSE REFERRING TO THE SPAWNING STOCK ARE GIVEN FOR 1 JANUARY; THE SPAWNING

STOCK DATA REFLECT THE STOCK SITUATION AT SPAWNING TIME, WHEREBY THE FOLLOWING VALUES ARE

USED: PROPORTION

FOUONANRWNE

10

TOTAL NO
SPS  NO
TOT.BIOM
SPS BIOM

1
2
3
4
5
)
7
8
9
+

10

TOTAL NO
SPS WO
TOT.BIOM
SPS B0k

1970

1500
1085
3223
453
248
468
89
112
76
22

7278
4137
166573
110094

1982

3555
3143
997
301
175
73
145

31
92

8530
3151
203919
99653

OF ANNUAL F BEFORE SPAWNING:
PROPORTION OF ANNUAL M BEFORE SPAWNING:

1971

6404
1138
758
1748
221
140
280
61
72
100

10921
3445
199953
97987

1983

2664
2547
1922
686
189
105
52
95
13
52

8326
3739
221637
128861

1972

2357
4889
743
479
902
118
74
173
36
42

9812
4867
202242
120242

1984

4954
1962
1404
1114
390
122
70
36
65
35

10151
3626
228797
122243

1973

2338
1893
3522
433
282
572
78
50
105
40

9314
4948
202797
129094

1985

3657
3738
1162
781
630
225
75
43
22
88

10420

4492

2260M
130

1974

2106
1793
1213
2148
243
167
401
54
40
104

8271
4638
188627
128408

1986

1163
2527
2228
724
511
410
152
52
30
18

7816
4581
194203
133238

.200
.300

1975

1336
1504
1076
715
1283
146
106
265
40
54

6525
3931
158096
112830

1987

6405
852
1463
1241
440
336
275
107
36
38

11191
3719
244338
1347104

1976

4939
1039
963
687
431
796
97
73
180
63

9267
3259
182981
102558

1988

627
4821
564
924
777
275
215
178
72
75

8528
5599
211122
158600

1977

1193
3440
611
512
385
267
431
60
45
141

7086
3858
179095
115671

1989

0
471
2981
338
613
523
191
146
130
104

1978

1742
776
1989
311
281
240
123
303
39
116

5919
3018
167798
105422

1978-86

2910
2097
1274
618
331
185
97
83

116

1979

1447
1170
476
1083
158
154
130
69
167
73

4908
2505
144364
93657

1980

2785
1075
700
241
520
69
89
80
39
466

6063
2364
179519
105965

1981

4224
1939
588
345
127
265
35
55
42
102

7723
2246
175171
83417

(448



Table 3.8.7
List of input variables for the ICES prediction program.

HERRING SUBAREA 32 (GULF OF FINLAND)
The reference F is the mean F for the age group range from 2 to 5

The number of recruits per year is as follows:

Year Recruitment
1989 2910.0
1990 2910.0
1991 2910.0

Proportion of F (fishing mortality) effective before spawning: .2000
Proportion of M (natural mortality) effective before spawning: .3000

Data are printed in the following units:
Number of fish: millions

Weight by age group in the catch: gram
Weight by age group in the stock: gram

Stock biomass: tonnes

Catch weight: tonnes

+ + e e + P + +
| | \ Fishing} natural} maturity! weight in} weight in}
| age} stock size| pattern| mortality| ogive| the catch| the stock]
R s o + + + ————— e + +
o1 2910.0! .09 .20} .00} 12.350] 12,350}
2] 540.0} .28) .204 .66 18.500] 18.500)
3 2981.01 .31} .204 .971 25.700} 25.700
HE 338.01 210 .20} 1.00¢ 31.700} 31.700}
15 613.0} .20} .20] 1.00} 39,1501 39.150]
FE 523.0} 17 .20} 1.00! 49,500} 49.500
A 191.0} 174 .20} 1.00} 64.550] 64.550]
[ 146.0} .16} .20 1.004 73.700} 73,700}
Vo9 130.0} 15¢ 201 1.00! 78.600} 78.600]
V104 104.0} 15} 20! 1.00} 105.1%0} 105.150}
dom e e e ot e e e o o e e e —————— o ——— o e +

121



Table 3.8.8

Effects of different Tevels of fishing mortality on
catch, stock biomass and spawning stock biomass.

HERRING SUBAREA 32 (GULF OF FINLAND)

+ e e + e e o e +
! Year 1989 ! Year 1990 ! Year 1991

o o Foem et + + + e + + b +
! fac-| ref.| stock! sp.stock| i fac-{ ref.| stock| sp.stock] H stock! sp.stock]
1 tord F! biomass| biomass| catch| tor] F{ biomass| biomass| catch} biomass| biomass|
o o et o Fmm +- + + + pomm et et +
i1.0} .25 227} 167, 391 .0} .00} 229) 169! 0} 2764 2114
! ! | | ! ! 1 .02} ! 168, 4) 271} 206}
i H [ ' H H .24 .05 | 167! 8! 267, 201}
| ! | ¢ | | Al .10} | 166 15| 258/ 191}
| H ! ! ! ! .6 .15} ' 165, 22} 250} 183
H | ! ! | H .81 .20} ! 163! 29! 242} 174
| | { ! i { 1.0} .25 ! 162} 36 235] 166!
) | ! ! ! to1.2) .30} ! 161} 42} 228 159}
H | | | 1 1.4} .35 | 159 48} 221} 151}
i | 1 H H V1.6 .40 ' 158 54) 214} 144,
| ! H H | T 1.8 .45! H 157! 60 208 1384
| ! ! ! ! 1 2.0! .50 ! 156! 65} 202! 132}
e - + + ——————t B B to - Fm e ——— B et Fom R +

The data unit of the biomass and the catch is 1000 tonnes.
The spawning stock biomass is given for the time of spawning.
The spawning stock biomass for 1991 has been calculated with the same fishing mortality as for 1390.
The reference F is the mean F for the age group range from 2 to 5

b4



8.9

G20 ARRIL 1969
boauBAREAR 32 (LLLE OF F 100 AND)

. P R

o reretuine f

RES T i

ey
i Jem-my, A spauning Teme )

.

e ed o - PR : - e P G

adLnleta) Caied g ~pautock] spostock] sp.stock)

P

. age] size} biomass)
[epe B T Ty
N 0 .00} 0;
F E 6593} 317,37} 5871}
I 18604.1, 74313} 2559.47) 65778
H a; f245.9; 10714} 305.22¢ 9675}
N 23998] 554.67} 21715}
el 258887  476.08] 23565,
N 12329} 173.86 11222}
HEE-H 14600} 19760 133,17} 9814}
N 130.00; 10218; 118,81} 9338}
H 104,00} 10935} 95.05; 9994}
+

H 5252.97} 185751} 4733, 6‘3' Lba'ﬂb'
+ +

‘ Year 1990, F-factor 1.000 and reference £

at 1 January} at spawning time!

Ao e B Tt SRR
H | absolute! catch in} ratch in} tock! <p.stock) sp.stock! sp.stock)
) age)} Fl! numbers) weight!] size| size] biomass|
Hemmm b + b ot S
HE. L0900} 227.34, 2807.7) 0} 00} 0}
[ .28000 84,21y 8957.9) 26586, 1279.72} 23674}
i 3 81.14) 2085.3) 8329 286.89} 7373
H 308.39)  9779.9) 1790, 08} 56745, 1616.49 51242}
HE-Y 36.98; 1437.6; 224,31} 8781}  202.97! 7946,
PGy 58,39} 2890.2} A10.914 20339} 374.04; 18515
A 51.33)  3313.5) 161.25] 23318)  328.84] 21226}
By 17,73} 1306.5} 131.93} 9723)  120.33; 8858}
P9 1500, 12.82)  1013.3; 101.86; 8006 93.09] 7317}
Vo104 <1500} 20.87) 2194.5) 164,901 17338} 150.70} 15846}
et b s e -

! Total §1299, 27l 35792,4)  a60c.83} 4946.47) 179171} 4453.08) 162011}
D U O SO N

191, ¥ :

zal

.000 and reference F L2500 *

oo e e b m Dt o e s e oo

H \ absolute; calch in! catch inj sp‘stoch sp.stock}
1 age} by bumbers| weight| H bmma>s. size| size, bwmass.
Hmm b bomme ey - = aee B T S
HE 09000 227.34) 2910, 40} .00} 0} .00} 0}
A .2800" 434,21} 2177.45) 402827 1437.12 28586} 1279.72 23674}
P L3100 327.19; 1347.37, 34627, 1306.95 33588; 1156.84; 29730}
H LN L2100 34,57} 200.065] 636507 200.65) 6360) 181,19} 5743}
- L2000} 195.83] 1187.39; 40509]  1187.99; 46509) 1074.93 42083
HE LL700) 21,374 150. 364 74427 136.87; 6775}
HE L1700} 40.33, EH £ 33} 18321}  2%8.36| 16677}
i 13, 53‘ /47)‘\]’ 18390} 227.60, 16773}
HEH 915.6} 7234, 84.12) 6612}
RGN 2501, 7% U/ 934 197661 171,80

+ -4 - -

a 4801 G, A5 184200} 4571.44]

ISR VO
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Table 3.9.1 gyM oF PRODUCTS CHECK
HERRING IN THE BALTIC AREAS 25 TO 29
CATEGORY: TOTAL

CATCH IN NUMBERS UNIT: millions

1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985

1 2102 1742 1423 1035 759 283 658 975 463 501 469 720
2 1047 870 848 905 1122 908 582 865 1553 940 683 1198
3 734 1147 726 563 945 707 723 478 665 1364 872 823
4 735 630 710 454 329 767 447 495 270 434 832 725
5 414 537 382 538 270 272 476 309 269 197 269 589
6 302 333 312 258 297 238 158 356 180 228 137 204
7 532 255 225 228 152 251 184 135 224 154 150 121
8 89 320 120 205 143 159 198 113 93 161 119 109
9 79 70 226 112 109 127 100 148 92 76 104 71
10+ 81 91 86 175 105 114 187 220 221 171 169 146

TOTAL 6115 5995 5058 4473 4231 3826 3713 4094 4030 4226 3804 4706

A)  SOP 319519 318566 272347 255545 231158 238494 231292 251114 237761 256531 228221 231565
) B)NOMIN; 230280 "249399 243177 247589 241811 267927 245137 233204 259318 262571 230101 233027

(B/8) 3 72 78 89 97 105 112 106 93 109 102 101 101
1986 1987 1988
1 410 451 427
2 1026 578 1016
3 1192 1141 608
4 733 971 851
5 576 513 723
6 282 394 316
7 107 185 221
8 76 73 93
9 54 28 34
10+ 82 62 46

TOTAL 4538 4394 4334

A)  SOP 216149 210126 215261
B)NOMIN. 214725 207722 238818
(B/8) % 99 99 111

9T



Table 3.9.2 SuM OF PRODUCTS CHECK

HERRING IN THE BALTIC AREAS 25 T0 29

CATEGORY: TOTAL

MEAN WEIGHT AT AGE IN THE CATCH

1974

31.
42,
51.
61.
78.
84.
89.
76.
76.
84.

+ WO AUTDWN
VR OAN W W W

=
(=]

1986

19.6
30.7
39.3
56.0
66.9
72.0
81.9
95.5
98.0
104.5

+ OONAUTEWN P

J—
<

1975

31.3
39.8
57.9
60.2
68.2
82.7
80.5
88,7
71.9
76.6

1987

18.1
36.7
41.7
48.6
62.1
65.9
71.2
84.8
93.0
102.0

1976

29.
44,
58.
67.
64.
71.
82.
74.
95.
69.

NEOWSNONW U

1988

ol
N
QWO WNUTW W U

UNIT:

1977

31.
41.
58.
66.
74.
69.
78.
91.
94.
97.

OWRFR@ONWY~NDOON

gram

1978

100.0

106.

IO = JTw B B~

1981
30.

63.
77.
8l.
80.
91.

99.
110.

NWERE TN WWE O,

1982 1983
24.7 20.4
47.0 39.2
57.4 64.3
70.6 66.7
78.8 80.8
84.9 89.2
82.3 91.7
90.7 90.6
99.2 106.3
106.9 115.6

Lyt
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fable 3.9.3 Hetring in the Baltic Proper, Sub divisions 26-29

RRING 79-205 TUNING CATAIAconstical Surveys
[N
Intern Acouziical 7§ 298
1933, 1933
2,9
Ly 4594, 8333,
1, 302%, q
i
1
'

{00, 934, S0, 374
LI, L2M, el 790
o

L S¥AL, 4931, Sa42,
V2807, 657, 1542,
f 5. 7493, 8223,
. 99, 4412,

Surveys

, 187, 470
PR Y PR
S, L736, 400,

Laoanly 2309, 844, 11SY, S0, 123, 1eS, 143
1, 109, 202, 330, 204, 415, 333, 205, 120
1, 1977, 4uS, 794, 1624, 707, 1100, 166, 144

Hodile run at 15.50,%7 28 APRIL 193¢
DISAGLREGATED Qs
LOG TRANSFORHAT 10N
NO explanatory variate (hean used)
Fleet 1 ,fntern Acoustical 25, has terminal q estinated as tie mean
Fleet 2 ,USSR 26,28 Surveys , has terminal g estimated as the mean
FLEETS COMBINED 8Y '° VARIANCE **
Terninal populations from weighted Separablec populations
Regression weights
» 1.000, 1.000, 1.000, 1,600, 1.000, 1.000,
Dldest age F = 1.000'average of S younger ages. Fleets combined by variance of predictions
Fishing mortalities

Age, 83, 84, 83, 886, 87, 88,

1, .061, .043, .081,
2, 148, 110, .14,
3, .311, .201, .187,
4, 2285, L7, L1S6.
5, 248, .287. .389,
5, .289, 273, 387,
7, 2273, L3148, 413,
8, .290, .39, 398,
9, .277, .308, .304,

L037, .102,
219,103,
L264,.377,
287, L322,
W283,  .326,

L399, L3119,
L343, 332,

Log catchability ewtimates

Age 2
Fleet, 83, 84, 85, 86, 87, 88

o . . .
1, -.32, -.72, -.43, -.81, .23, -.58
2, s s » -2.45, -3.18, -1.56
SUMMARY STATISTICS )
Fleet , fred. , SE(g),Partial,Raised, SLOPE , SE 2 INTRCPY, SE
y 4 N + F » F . » Slope N sIntrcpt
. [— P N ,
T, -.44 0,402, 6459, 1211, +000E+00, .OOUEFOO: -.437, 152
2, -2.40 , .939, .0909 , .0467, .000E+00, .000E+00, ~2.398, 469
—_— Fbar SIGHA(int.) GIGMA(ext.) SIGMA(overall) Variance ratio
07 370 354 370 916

cont'd.
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Table 3.9.3 cont'd.

VEALTSICS
Parlial Raised,  SLOPE SE JINTRCPT,  SE
.ooa . f . F B ,  Slape N sIntrept
i VT89S, 1TTwe L L3761, L000E+08,  GGUEY00, 262, 071
2, 1.3, 1,315, L1489, L2934, .O00E+00, .000E+0G, -1.279, 657
Fbar SHimAving, ) GleMACext ) SIGMA{overall) Variance ratio
L373 2137 555E-01 187 .088
AT
Flest, 53, ai, &5,
TR Y TR )
2., s s
SURKARY STATISTICS
Fleez , 2red, . Sitq),Partial,Raised, SLOPE ’ St s THTRCPT,  SC
) 9 B P . F N »  Slope s sIntrept
N .. . s . . s s
b Pt T 16956, .3269, L000E +00, .000E+00, .528, .085
2o, oLl o, 788, (1696, L2133, L 000€ +00, .000E+00, -1.611, +394
thac SLemALint ) SihAtext,) s1GhA(overall) Variance ratio
3/ i 12 218 26
Age G
Fleet 83, 34, 845, 36, 87, &8

R Y 7 N/ A T N VN .
P can, 208, L3

. . .

GUMMARY STATISTILS

Fleet , Pred. , SE{q),Partial,Raised, SLOPE 3 SE » INTRCPT, SE
. q ) s F , F B ’ Slope N sIntrept
) — s , . s s .
1, L7200, .185,2.0527 , .3260, .000E+00, .000E+00, J719, .070
2 . -7, 1218, 3804, L1694, D0E+N0, .000€+00, -.966, 609
Fbar STGRMACINE.) nIGMA(ext. ) SIGMA(overall) Variance ratio
L3221 183 J971E-01 .183 .282

cont'd.
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Table 3.9.3

SulhARY STATISTICY

Pleet , Pred. , uf(g),Partial,Raised, SLOPE St S INTRCPT,  SE
A PR N »  Slope »Intrept
. . - PE— s 5 s
oy, W07, 0379,1.9479, 3546, .000E+00, .GO0E+00, 667, 142
2, -.62 ., .249, 5365, .2393,  .000E+00,  .GOOE+00, -.623, .125
Foar SIEhA(int.) SiGHA(ext.) SiGMA(overall) Variance ratio
.203 .180 f .

SUMMARY STATISTICS

Fleet , Pred. , SF(g),Partial.taised, SLOPE s SE S INTRCPT, SE
vq » > F . F B . Slope JIntrept
T, 755, LiBL.1.9715 . L4307, .OO0E+0D,  .000Ev00, .67, 108
soea20 0, .973, 08089, 1827, .000E+00, .000€+00, -.212, .487
Fbar SIGHACTnt,) SiGHA(ext.) SIGHA(overall) Variance ratio
400 2276 260 .270 .923
23
.10
A7
SUMMARY STATISTICS
Fleet , Pred, , SE(q),Partial,Raised, SLOPE , SE »INTRCPT, SE
v 9 . s s F ooy ) Slope N sIntrept
s O — . s
L, .59, .467,1.7957 , .5180, .000E600: .D00E+00,  .585, .176
2, 423, .251,1.2525 , .2489,  .000€+00, .OOQE+00, .225, .126
Foar STEMA(int.) SIGMA(ext.) SIGMA(overall) Variance ratio
.293 W221 <306 4306 1.912



Table 3.9:4  yIRTUAL POPULATION ANALYSIS
HERRING IN THE BALTIC AREAS 25 TO 29

FISHING MORTALITY COEFFICIENT UNIT: Year-1 NATURAL MORTALITY COEFFICIENT = .20

1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985

1 .25 .26 W14 .15 .12 .07 .12 .10 .05 .06 .04 .08
2 .12 .15 .19 .13 .23 .20 .20 .23 .22 .15 W11 .14
3 .15 .18 .18 .19 .19 .23 .24 .25 .27 .31 .20 .18
4 .18 .19 .16 W17 .16 .23 .22 .26 .22 .28 .31 .25
5 .13 .19 .17 .18 .14 .20 .22 .23 .22 .25 .29 .38
6 .16 .15 .16 .17 .14 .18 .17 .25 .21 .29 .27 .37
7 .18 .19 .15 17 .14 .17 .20 .21 .25 .27 .31 LA
8 .16 .15 .13 .19 .15 .21 .20 .18 .22 .29 .35 .40
9 .16 .18 .16 .18 .15 .20 .20 .23 .22 .28 .31 .36
10+ .16 .18 .16 .18 .15 .20 .20 .23 .22 .28 .31 .36
(2-8)U .15 .17 .16 .17 .17 .20 .21 .23 .23 .26 .26 .31
1986 1987 1988
1 11 .04 .01
2 .16 .22 A1
3 .21 .26 .37
4 .25 .26 .32
5 .33 .27 .32
6 .31 .39 .27
7 .33 .35 .40
8 .50 .40 .29
9 .35 .34 .33
10+ .35 .34 .33
(2-8) .30 .31 .30

6T



Table 3.9.5 yipfusl BAZLCA. TON ANALTS DY
LURRING TN TOF BALTIC ARCAS 25 10 29

F NUMBERL eIt willions

TaFALS UNIT: tonnes

TS RE
[T
ARNUAL

ALl VALY
S LA

USEu

- 10 THRE SPARNING STOCK ARL GIVEN FOR 1 JANUARY: THE SPAUNING

Ll SATTOS At C2ARMIRL G Lm WHLRESY FHE FULLOUWERG VALUES ARE

NOWIEORE CEARHIGG: B

1974 1975 1976 1977 197G LT 1930 1281 us? 1963 1984 1985

1 103628 3321 11763 A34R 75 4610 6a30  jLe3t a6 1525 12457 10308
210471 3811 8348 5902 6535 3510 713 8543 7508 7346 9775
3 Sea iaar T8 60419 823 3715 2357 3080 5679 5300 5339
3 4258 3996 3270 2423 4077 2493 2391 1500 1924 3423 3554
5 3 33 3574 2268 1687 2543 1639 1512 935 1185 2055

[ 593 1843 2641 1613 1136 1740 1064 996 629 728
7 1565 L600 1277 1731 1107 788 1104 709 611 392
3 2456 1290 1108 908 1191 740 524 702 442 365
a 475 766 872 776 501 797 504 345 430 255
10+ 6517 1197 840 696 1123 1185 1212 776 699 524

TOTAL NO 42999 37839 37255 33815 30744 25458 24014 27980 28823 29148 32522 33357
SPS N0 76376 24450 21506 20770 19G%4 17168 14691 13362 14777 15253 15798 17823
TOT.BIOM 2316770 2082795 1969549 1862117 1672767 1490192 1406632 1515353 1455414 1405540 1404084 1274809
SPS BIOM 1572536 1555101 1421080 1353961 1777774 1151002 1055894 984810 979775 983810 961375 902242

1235 1987 1988 19389

1 4420 14003 47285 0
2 7791 3209 L1058 33328
3 6924 5454 2140 8137
4 3079 4596 3340 1207
5 2258 2353 2850 2052
6 1154 1331 1465 1716
7 413 691 736 s
8 21 242 300 54
9 201 106 133 244
10+ 305 234 177 182

TOTAL NO 27356 52298 69723
SPS N0 1811L 15123 17188
TOT.BION 1143750 1150707 2025953
SPS BIJM B808GS8 705902 844033



Table 3.9.6

Titte ¢
At 15.36.33 28 APRIL 1969
from 74 to 88 on ages
with Terpinal F of

I to
390 on age

initial sum of squar
final um of square

residuals

Hatrix of Residuals

FRZTS O USTE Gt lY
/2 1500 1w Gl
2/ 03 SB35 006 400
i 4 . au2 ez
45 075
5/ 6 004
6/ 7 )
8 L1895 ~.282
8/ 9 ~.214 - A48
000 .000 000
WIS 010 010 puty]
Years 78/79  79/80  €0/31
Ages
/2 .51 -.015 304
2/ 3 606 178 .213
3/ 4 .058 105 095
a5 -.004 078 040
5/ 6 -1l 101 -.082
6/ 7 -.047  -.163  -.193
78 -.261  -.185 L1385
8/ 9 -.23%  -.100 -.202
.000 000 000
Wrs 010 L0110 010
Fishing Mortalilies (F)
74 75 i
F-values L2188 .2425 2122
79 60 81
F-values W2229 2195 (2328
Selection-at-age (S)
1 2 3
S-vatues .2908 6634 9281

4 and Terminal 5 of .00

War
residuals s

HERRING 1N THE BALTIC AREAS 29 10 29

and
arter %2
Lriea
309
R4S
070
.008
.032
~,004
-.067
=046
000
010
81/82  82/83  83/84
-.04L - 0bi $205
2127 217 024
134 L2415 140
127 059 078
.0l4 -135 -,081
-.041 -.122 -.004
~.134 050 -.167
-4 -.219 -,129
000 .000 000
1,000 1.000 1.000
77 78
L2174 1877
82 83 84
L2110 L2405 L2412
L) 5 6
1.0000 1.0433 11,0477

0

iterations

84/85

85
.2933

7
1.0797

85/86

86
2974

8
1.1198

86/87

.227
-.124
-.126
~.024
-.047

015
-.026

448

.000
1,000

87
3263

9
1.0000

87/88
-.276 .000
- 111 .000
-.086 .000
-.137 000
006 .000
.118 .000
.228 000
.153 000
.000 3.2717
1.000
88
.3500

153




Table 3.9.7

VIRTUAL POPULATION ANALYSIS

HERRING IN THE BALTIC AREAS 25 TO 29

FISHING MORTALITY COEFFICIENT

1974

.25
.12
.17
.21
.17
.21
.24
.22
.22
.22

+ VOV WN -

-
o

T(2- 8 .19

1986

.10
.17
.24
.30
.30
.30
.40
.27
.27

( 2- 8)u .29

1975

.26
.16
.19
.22

1976

.14
.19
.19
.17
.20
.20
.21
.20
.25
.25

.19

1988

.10
.25
.33

.42
.39
.38
27
.27

.34

UNIT: Year-1
1977 1978
.14 A1
.12 .23
.19 .18
.17 .16
.19 .15
.20 .15
.22 .18
.30 .21
.28 .26
.28 .26
.20 .18

NATURAL MORTALITY COEFFICIENT =

1979

.07
.19
.22
.22
.20
.19
.18
.29
.29
.29

.21

1980

12
.19
.23
.21
.21
17
.22
.22
.29
.29

.21

1981

.10
.22
.24
.24
.22
.24
.21
.20
.25
.25

.22

1982

.05
.22
.26
.21
.20
.19
.23
.22
.25
.25

.22

.20

1983

.07
.15
.30
.27
.23
.26
.25
.25
.28
.28

.25

1984

.05
.12
.20
.30

.25
.28
.31
.26
.26

.25

¥ST



Table 3.9.8 viitua wuutATICY ANALYEER

A ¥ATULL,
B nOLYEA

SFu s
AN T
i ADRUANL B R

IRIE] 7h 1976 i 100 [y

30

EERAY 2509

v Si24 3659

i 349 “a59

4 A24b 2993

E} 1559 303

A 1ray L2y

/ Sa1d (B3]

b 40y Jiit

k] 114 433

[l 459 §09

CUTAL MO RS9 30 03b 24045
55 N 22674 19619 14546
TO7T.8100 2 55 1706265 1449737 13806995
PG BLOM 1398681 1316490 1198301 1105218 1025682

1980 1987 [RE1 1989

20

194

T0YAL MO
SIS ND

1ol 810K 1690541 970846 89059
S8 IO 820105 712165 65047

z
1

FOR L JAHUARY

1982

t17o) 9705
a§13 875G
2467 3166
2517 1590
1721 1615
18n6 1131

770 1208

605 514
73 15
193 1103

28433 29300
13632 15109

feilT SRANM [HD

¢OThE EOLTORING VAN OES Al

19563

EREN
757
5766
1994
1059
1080
764
787
337
758

28565
15696

1535126 1479104 14198682
997779 998285 1016758

1984

11200
6461
5357
3495
1242

690
679
487
500
812

30921
15722
1395489
984839

1985

9556
8746
674
3600
2113
775
141
421
292
599

31219
16878
1231709
884838




Table 3.9.9

List of input variables for the ICES prediction program.

HERRING IN THE BALTIC PROPER

The reference F is the mean F for the age group range from 2 to 8

The number of recruits per year is as follows:

Year Recruitment
1989 8778.0
1590 8778.0
1991 8778.0

Proportion of F (fishing mortality) effective before spawning:
Proportion of M (natural mortality) effective before spawning:

Data are printed in the following units:
Number of fish: millions

Weight by age group in the catch: gram
Weight by age group in the stock: gram

.1500
.3000

Stock biomass: tonnes

Catch weight: tonnes

Fommm b m e + + + + + +
| ! ! fishing] natural! maturity! weight in] weight in!
| age! stock size| pattern} mortality| ogive| the catch| the stock|
R it + + + +-— + +
Vo1 8778.01 .10} .20} .00! 19.295] 19.295}
2 3592.0} .25) .20} .70} 35.500} 35.500)
T3] 3164.0] .33} .20} .90} 46,790/ 46,790}
T4 1409.0; .374 .20} 1.00} 51,540} 51.540}
T 1715.0} .42 .20} 1.00} 59.155] 59.155]
1 6! 1256,0} .39} .20} 1.00} 66.605] 66.605]
T 592.0} .38) .20} 1.00} 72.075) 72.075}
T8 425.0! .27 .20} 1.00} 86.275} 86.275)
[N 270.0} .27 .20} 1.00} 92.855) 92.855]
¢ 10+ 231.0} .27} .20} 1.00! 99.610} . 99.610}
s + + + + + ——

96T



Table 3.9.10

Effects of different levels of fishing mortality on
catch, stock biomass and spawning stock biomass.

HERRING IN THE BALTIC PROPER

e e e o B T T T +
i Year 1989 H Year 1990 H Year 1991

-+ + + ——— + + + + + o ——— + +-
! fac-| ref.| stock| sp.stock| \ fac~| ref.| stock| sp.stock! | stock| sp.stock)
o otor) F! biomass| biomass, catch| tor| F{ biomass| biomass! catch| biomass| biomass]|
e e e T b e Fome -t + B s o + + + -+
' 1.0} .34 830} 5441 186 .0} .00{ 847! 562! 0} 1080} 762
! ! ! ! ! ! W1 .03} 1 560 21} 1057 738,
| | ! | ! ! .24 .07} | 5571 41} 10354 7154
; | | ! H ! Al .14 | 552! 791 9931 672
! ! ! ! ! ! .61 .21} | 546; 115} 953! 632)
! ! ! ! ! ! .81 .28, ! 5417 149} 916! 594
! ! ! ' ! ' 1.0} 341 H 536! 181] 880 559
! | | | | S ALY | 531 211} 8471 5261
! ! ! ! ! V1.4 .48 ! 526, 240} 816 495
i ! ! 1 ! V1.6 .551 ! 5200 267! 786, 467
! ! | ! ! 1.8 .62} ! 515} 292! 7581 440
| ! | { | Vo 2.0} .69} | £10¢ 316} 7314 415}
e - dm— . 4= + = Fmm e T + + - +

The data unit of the biomass and the catch is 1000 tonnes.

The spawning stock biomass is given for the time of spawning.

The spawning stock biomass for 1991 has been calculated with the same fishing mortality as for 1990.
The reference F is the mean F for the age group range from 2 to

L6t
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Table 3.9.11
HERRING I THE BALTIC PRoOfER

* Yeu: 1989, F- ractm 1.000 and reference v L3463 0

e e
abs o)me, catch ing
Fi onuabers] weight)

B YT
1000 756,37 tqo32,  §773.0} 169371}
.25007 721,13 256711 3592.0; 127918, E 89261
+33004 816,486} 37921} 3164.0} 143043 2847.6, 133239 ¢‘.))2 31 113419}
.3700;  397.38) 20480]  1409.0} 72619} 1409.0} 72619} 1255.34 64698
42007 535.80; 31754 1715.0]  101450] 1715,0;  101450;  1516.5] 89709
.3900} 370.01; 246445 1256.0) 83859}  1256.0% 5 '
.3800, 170,70 12303} 592.0; 42568}

.2700} 91.56] 7598 225,10} 35660,
2700, 58,10} 5400} 270.0} 25070
L2700 49,76 4956} 231,08} 23009,
- B e demm e e
Total §3966.347 185665} 21432.0) 830073 11250,0f 607643} 10084.5} 543705'
PR SR G S e

R T R T R PR T T PR PRI

Y Year 1990. F-factor  1.000 and reference F 3443 ¢

P R T T T Y T T T R TR RN

femo o meemmeeee o e +
‘. nt 1 January} at spawning time|

L e e I T S et S
! absolute! catch in! catch in! stock) -;tock{ sp.slock) sp.stock] sp.stock sp.stock}

F) nuwmbers; weight) size; hDiomass) size! bionass! size) biomass|

©1' .10000  758.37! 14632  3778.0! 0! 0! 0!
V20 .Z5000 1309.15! 46474  5502.9! 161597¢  4129.2}  146585!
P30 .33080  $86.68!  27450!  2290.4! 96449!  1847.5!  86445!
Y4l 37000 525.231 27070  1862.3! 95985!  1650,2! 85515}
P05 .42000 249,411 14753)  796.8! 47136  704.6] 41680
Co6 L3900 271.790  18102] . 922.6! 61448]  819.5] 54581}
§o7r .38000  200.75)  14469]  596.2! 501817  619.4)  44640!
©8) .27000  71.40) 6160}  331.5! 28596  299.8} 25862
P97 .2200!  57.22{ 53131  265.6! 24664)  240.2]  22306!
110v .27008  67.450 6718} 313.1% 311907 283.20 28208
+

\

!

+

Total 1 4097.46) 1811470 22759.5) 59724%¢ 10602.5} 535825'
- + + +

P R T RN TR P R PR

‘ Year 1991. F- factov 1 000 and rcra:ence F 3443 *

T PR R Y R R TP Y P Y PRI

H at 1 January}  at spawning time)
B Bt R A bemmee [
H 1+ absolute! catch in} catch in} stock! stork' <p.stock) sp.stock{ sp.stock] sp.stock}
)V oave) F' nupbers) we1ght H size} size! biomass!) size! biomass!
O S ommm b e N
| 1 .1000‘, 758.37¢ 146327 8778.0} 0, .0} 0}
H 7} 2500, 1399.15) 46474 6502.9} 161597,  4129.2] 146585
Vo3 .33001 1062.12] 19696,  4146.4] 174610, 3344.7) 156500}
H LH .3700)  380.21% 19995 134801} 69481} Lo.y 61902}
- .4200)  329.66; 19506;  16%3.2) 62302, 931.3} 55091}
HE 3900} 126,28 8410} 428.6} 26550} 380.7, 25359
HEH . 3800 147.46] 10628 511.4; 36859 454.9} 327849;
N 3] 2700, 33,98} 7245, 3898 33631} 352.5¢ 30416}
H vy L2700} 44,63} 4143 207.2} 19236} 187.4 17396
HR UL L2700} 77.92] 35031} 327.1 3’58‘3'

L fotal H i} 188097, ’3/*7 4t 383.9)

_______________ - U UGy S
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i Table 4.1 SPRAT catches in the Baltic Sea by country and sub-division, 1987 and 1988 (t). By-
catch of herring in directed sprat fisheries excluded and by-catch of sprat in her-
ring fisheries included.

Sub-division

Year and Total
country catch 22 23 24 25 26 27 28 29 30 3 32
1987
Denmark 2,593 2,456 - - 137 - - - - - - -
Finland 2,817 - - - - - - 21 1,776 4 - 1,016
G-rman Dem. Rep. 1,307 4 - 1,303 - - - - - - = -
gany, Fed.Rep. 1,125 1,123 - 2 - - - - - - - -
rosand 32,003 - . 90 15,398 16,515 - - - - - -
Sweden 3,453 - - 242 481 727 46 1,957 - - - -
USSR 44,888 - - - - 25,602 - 11,824 5,693 - - 1,769
Total 88,186 3,583 - 1,637 16,016 42,844 46 13,802 7,855 3 - 2,785
12§$
Denmark 1,972 6 - 983 - B - - - - - -
Finland 2,996 = = - o = - 11 1,975 3 - 1,007
German Dem. Rep. 1,234 - - 1,234 - - - - - - - -
Germany, Fed.Rep. 320 320 - - - - - - - - - -
Poland 22,236 = - 284 10,648 11,304 - - - - - -
. Sweden 7,345 - - 439 791 616 2,194 3,305 - - - -
USSR 44,181 - - . - 23,205 13,368 4,330 - - 3,278
" Total 80,294 326 - 2,940 12,422 35,125 2,194 16,684 6,305 3 - 4,285

"Preliminary data.
Sub-division 24 included.



Table 4.2.1

SUM OF PRODUCTS CHECK

SPRAT IN FISHING AREAS 22 70 25
CATEGORY: TOTAL

CATCH IN NUMBERS

SNy s WN RO

@
o

TOTAL

FOUTD WN = O

TOTAL

590

1982
11
211
506
149

18

965

UNIT: millions

1971

'3
11
75
69
304
159
49
13
1

684

1983
21
700
139
231

10

1137

1972
7
142
46
120
189
410
117
10

1

1042

1984

23
338
236
103

1985

40
143
394
365

1782

1986

19
277
230
409
508
113

35

1593

1975
32
68

308
537
257
187

35

1498

1987

1332

1976

33
1071
105
354
425
148
97
33

2267

1988

42
41
188
167
247
247
179
36

1157

1978

315
726
386

45
33

1524

1981

508
470
120

[ e e

1138

091



Table 4.2.2.

SPRAT IN FISHING AREAS 22 TO 25
CATEGORY: TOTAL

MEAN WEIGHT AT AGE IN THE

CATCH

fesl

(s3]

4+ NOYUTE W PO

+ NAUI W RO

1970

4.000
4.000
14.000
16.000
18.000
18.000
19.000
20.000
.000

1982

4.700
10.300
15.300
19.000
18.300
18.300
19.100
19.600
21.100

1971

4.000
4.000
14.000
16.000
18.000
18.000
19.000
20.000
.000

1983

4.800

9.900
16.500
18.100
18.900
19.200
19.400
20.000
20.000

1972

4.000
4.000
14.000
16.000
18.000
18.000
19.000
20.000
.000

1984

4.400
12.900
15.300
18.500
20.000
21.800
19.900
20.800

.000

SUM OF PRODUCTS CHECK

UNIT:

1973

4.000
4.000
14.000
16.000
18.000
18.000
19.000
20.000
.000

1985

3.000
13.000
15.000
16.000
17.000
18.000
18.000

.000
.000

gram

1974

4.000
4.000
14.000
16.000
18.000
18.000
19.000
20.000
.000

1986

4.700

9.400
16.100
14.900
15.400
16.400
17.500
26.000
22.900

1975

4.000
4.000
14.000
16.000
18.000
18.000
18.000
20.000
.000

1987

3.800

7.200
12.800
15.100
16.200
16.700
17.300
18.100
23.400

1976

4.000
4.000
14.000
16.000
18.000
18.000
19,000
20.000
.000

1988

4.600

5.100
11.400
11.900
13.700
16.200
16.100
16.600
17.000

1977

4.000
4.000
14.000
16.000
18.000
18.000
19.000
20.000
.000

1978

4,

4.
14.
16.
18.
18.
19.
20.

000
000
000
000
000
000
000
000

.000

4.

4.
14.
16.
18.
18.
19.
20.

1979

000
000
000
000
000
000
000
000
.000

1980

4.

6.
14.
16.
18.
18.
1.
20.

000
000
000
000
000
000
000
000

.000

1981

4.800
4.800
15.900
19.000
22.500
27.000
.00o
.000
.000

1
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Table 4.2.3. Sprat in Sub-divisions 22-25. Tuning analysis.

sprat

AT SW ACOUSTIC
1, 1983

vob0Se Q44,37
FIS

[R5 S C e '
t, 818l s, Gty )
Vo, e, 3980, 1900, . 2
!

LT LI o A L ]

Adie i at 14 0T T 0T eAY L
PNUSARLRFRA Er 7

P BRAROFORRAL b

k aptanatory variate {Aean wase)

Fleat CEPRAT THOACOUSTID s feeminar g enbraai v w
FLEETS CORBINEL BY '* VArLANCE *'

sare i wedghts
o 1060, 1,300, 1,000, 1,000, 1,009,
Fidest aus 1= 100 averane ui wrges ot eet cambined by veriarce of predictions

iy martalities
Ay D4y 34, N Wl 8.

@, .82, 017, .0LO, L003, LU0,

tooLE, 57, 195, .06/, 047,
N IR ) S L A
3, ing, L2685, .28, LA
4, 4194, L, L 760, LB,
S, W560, L35, L6970 1,399,
G, .09, SR 6k, e,
7, 202, L3313, ,483,  .69L,

tag catchability estimates

Age 1
Fleei, 84, 85, 86, Lt 38

I T

1, L2,

SUMMARY SIATIGHICS
clepe | Pred. , SE(Q),PartialRaieed,  SLOPE SE » INTRCPT,  SC
q B B : « C . ) Slope N , Intrept

. .
TR 6008760, .GA0EI00,  .984,  .187
SIUKACexi ) SlamA{overall) Variance ratio
NG 0.000 L4160 0,000

84, 85, s, 87, k4

S S S PO DU
2.67, .33, 1.30, 1.34, 1.7%

SURMARY STALISTICY
Pawet , wiemds, Srgy,Pactaal Raize

d,  ulOPE SE S IHTRCPT,  SE

»o4a . . F o, F s Slope sIntrept
T T8, 006, 5 9557 , 6694, UOUEIO0,  OO0EF00, 1.785, 247
Foar SINAACinLL) SIGkAlext.) SiGMA(overall) Variance ratio
670 (66 0.000 606 0.000

hae 5
flest, 84, 85, 86, 87, B

LT DU Y VU M
, A.42, 1.88, 1l.i, 1,08, 2.1/

SuMkARY STATISTICS

brect , Pred, o Lota) Psrtial,Raised,  SLOPE SE , INTRCPT,  SE
N q . y  F v F s ;  Slope N sintrept
s et s e
b, Eat? o, 1.499,8,3455 ,1,5886, JORUE+0D, +000E+00,  2.122, 610
Fuar STty SlenAtext ., SinMA(overall) Variance ratio
1ok H] 6,000 1.49 0.000
Aye 6
Fleet, 84, 85, H6, a7,

Lakeirbod
P P YT CINIROEL, 6

y sIntrepl




Table 4.2.4

Title : SPRAT IN FISHING AREAS 22 T0 25

At 18.12.19 18 APRIL 1989

from 70 to 88 on ages 1 to 5

with Terminal F of .387 on age 3 and Terminal & of 1.400

Initial sum of squared residuals was 93.431 and
final sum of squared residuals is 35.904 after 92 iterations

Matrix of Residuals

Years 0/71 71/72 72/73 73/74 74775 75/76 76/77  71/78
Ages
1/ 2 .700  -.805 .297  -.146  -.471  -.285 2236 -1,282
2/ 3 -.392 540 -.451 .042 .383 .087  -.378  -.,195
3/ 4 .046  -.275 .202 .030 060 050 L0922 1.342
a/ 5 -.081 173 .202 013 -.473 .039 .384 -1.236

.000 .000 .000 .000 .000 .000 .000 .000

WS .100 .100 .100 .100 .100 .100 .100 .100
Years 78/79 79/80 80/81 81/82 82/83 83/84 84/85 85/86 86/87 87/88 WTS
Ages :

1/ 2 ~-.441 .051 -2.543 -.478 -.524 118 -.022 -.176 .988  -.358 .000 .522
2/ 3 .914 371 .324 719 -.051 -.512 -.143 .410 L1110 -.057 .000 .968
3/ 4 .656 .053 .358 -.126 .286 .406 -.001  -.204  -.498 .021 .000 1.000
4/ 5 -3.344 -1,119 1.671 -.818 .094 .073 .386 -.259  -.316 .565 .000 .392

.000 .000 .000 .000 .000 .000 .000 .000 .000 .000 ~-4,769
WIS .100 .100 .100 .100 .100 1.000 1.000 1,000 1.000 1.000

Fishing Mortalities (F)

70 71 72 73 74 75 76 77 78
F-values .0196  .0285 .0700 .1519  .2689  .3333  .4954 1.8002 .7145

79 80 81 82 83 84 85 86 87 88
F-values L7879 .9651  .5953  .5001  .2429  .1046  .1318  .2019  .2037 .3870

Selection-at-age (S)

1 2 3 4 5
S-values (4030 .5743 1.0000 1.3428 1.4000

¢9T



Table 4.2.5

SPRAT IN FISHING AREAS 22 TO 25
FISHING MORTALITY COEFFICIENT

+ U WNP-

fea}

(1- 50U

1970

.0250
.0074
.0210
.0255
.0275
.0275

.0213

1982

.0789
.3578
.6252
,6853
.8910
.8910

.5276

1971

,0039
.0261
.0279
.0393
.0420
.0420

.0278

1983

.0814
.0841
.3468
.3299
.3150
.3150

.2314

1972

.0400
.0246
.0651
1222
.0839
.0839

L0672

1984

.0500
.0436
.1020
.1417
.1373
21373

.0949

VIRTUAL POPULATION ANALYSIS

UNIT: Year-1

1973 1974 1975

.0796  .0717  .0659
.0929  .2443  .1995
.1441  .2760  .3868
.1509  .3258  .4314
.2313  .2530  .7437
.2313  .2530 .7437

L1398 .2342 L3655

1985 1986 1987

.0490  .1736  .0649
.0929  .1279  .0968
.1083  .1630. .2023
.1722 .2696  .3719
L1232 .3691 L4105
L1232 .3691 .4105

,1091  .2206  .2293

1976

.2367
L1701
L4704
L7991
.6175
L6175

.4587

1988

.1557
.2523
.3266
.5008
L4196
.4196

.3310

1977

.4179
.9601
1.1913
1.5837
1.7729
1.7729

1.1852

1970-86

.1314
.3088
.4200
4668
.6568
.6568

NATURAL MORTALITY COEFFICIENT =

1978

.2381
.8593
. 7965
.0768
1.5752
1.5752

.7092

.40

1979

.3735
.6032
8992
5167
2.1643
2.1643

L9114

s

1980

.0633
L6717
.9696
.7688
.5940
.5940

L0135

1981

.1852
.6836
.5474
L4964
.2250
.2250

L4275

91



Table 4.2.6

SPRAT IN FISHING AREAS 22 TO 25

STOCK SIZE IN NUMBERS

UNIT: tonnes

UNIT:

VIRTUAL POPULATION ANALYSIS

millions

ALL VALUES, EXCEPT THOSE REFERRING TO THE SPAWNING STOCK ARE GIVEN FOR 1 JANUARY; THE SPAWNING

STOCK DATA REFLECT THE STOCK SITUATION AT SPAWNING TIME, WHEREBY THE FOLLOWING YALUES ARE

USED: PROPORTION OF ANNUAL F BEFORE SPAWNING:
PROPORTION OF ANNUAL M BEFORE SPAWNING:

+ OB WwN

o

TOTAL NO
$PS NO
TOT.BIOM
SPS BICOM

1
2
3
4
5
+

(=2}

TOTAL NO
$PS NO
TOT.BIOM
SPS BIOM

1970

5399
4577
14577
7162
1163
1051

33930
26392
488744
403864

1982

3365
2017
381
132
36
30

5961
3534
54861
33810

1971

3441
3529
3045
9568
4680
1840

26103
20496
403319
332935

1983

10837
2085
945
137
44

16

14064
7930
110266
69603

1972

4334
2297
2305
1985
6167
1918

19056
13963
269752
215604

1984

8424
6697
1285
448
66
15

16935
11307
176426
131411

1973

6170
2823
1503

1448 .

1178
545

13666
8573
145860
107395

1985

3626 -

5372
4297
778
261
31

14364
10590
185934
146129

1974

3290
3820
1725
872
834
1090

11631
7764
145656
107090

1986

2097
2314
3281
2585
439
144

10860
7899
‘136593
104150

.400
400

1975

1290

2053
2005
877
422
245

6892
4665
94023
67248

1987

1615
1182
1365
1869
1323

322

7675
5408
100034
73460

1976

5116
810
1127
913
382
337

9685
4855
83544
50248

1988

346

1014
719
747
864
783

4474
3193
57222
41370

1977

3367
3236
458
472
275
73

7880
3593
80924
41522

1989

0
199
528
348
304
726

1978

1790
1485
830
93
65
62

4326
2240
45272
26028

1970-86

4186
2716
2287
1643
952
441

1979

2147
946
422
251

42

3865
1881
34929
19817

1980

1790
991
347
115
100

41

3383
1701
34809
18736

1981

3621
1126
339
88
13

18

5206
2767
45083
25809

491
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Table 4.2.7.

Analysis by RCRTINX2 of data from file RECBAL
SW Bal Sprat as l-group post 1983, 0,1 and 2 group data

Data for 3 surveys over 6 years

REGRESSION TYPE = C

TAPERED TIME WEIGHTING NOT APPLIED

PRIOR WEIGHTING NOT APPLIED

FINAL ESTIMATES SHRUNK TOWARDS MEAN
ESTIMATES WITH S.E.'S GREATER THAN THAT OF MEAN INCLUDED
MINIMUM S.E. FOR ANY SURVEY TAKEN AS

MINIMUM OF 4 POINTS USED FOR REGRESSION

Yearclass = 1987

Survey/ Index Slope Inter-
Series Value cept
GDR 0 7.4530 2.303 -12.320
GDR 1 6.9875 .724 3.084
GDR 2

MEAN

Yearclass = 1988

Survey/ Index Slope Inter-

Series Value cept
GDR O 8.5122 ****** 348.022
GOR 1

GDR 2

MEAN

Rsquare

.8137
.7606

Rsquare

.0003

Yearclass Weighted Internal
Average Standard
Prediction Error

1987 7.94 2811.41
1988 8.49 4858.15

.34
.53

No.
Pts
4
]

No.
Pts
5

.

P

p
1

redicted Sigma
Value

4.8427  .34189
8,1398  .40076

8.4107  .58332

redicted Sigma
Value
5.5324 33,11714 3

8.4869  .53314

External  Virtual
Standard Population
Error

.69
.10

Analysis

8.79 6580.00

Standard
Error
1.15424
.45775

.58332

Standard
Error
6.50526

.53314

Ext.SE/
Int.SE

2.01
.19

Weight
.08870
.56399

034731

Weight
.00021

.99979



Table 4.2.8

List of input variables for the ICES prediction program.

PREDICTION SPRAT 2270 25
The reference F is the mean F for the age group range from 1 to 5

The number of recruits per year is as follows:

Proportion of F (fishing mortality) effective before spawningt
Proportion of M (natural mortality) effective before spawnin

Data are printed in the following

Recruitment

4668.0
4186.0
4186.0

Number of fish:

Weight by age group in the catch:
Weight by age group in the stock:

Stock biomass:
Catch weight:

units:

millions

gram
gram

tonnes
tonnes

4000
.4000

' i 1 fishing} natural} maturity] weight in} weight in}
| age} stock size| pattern| mortality) ogive! the catch} the stock]
H 4668.0{ W11 .40} 60} 6.242} 4,763}
o2 3096.0} .26} .40} 1.00} 14,332} 13.716}
Vo3 528.0; 35§ .40} 1.00} 16.237{ 15.589{
- H 348.0} .39¢ .40} 1.00} 17.926} 17.337
15 304.0} +55¢ .40} 1.00} 18,505} 17.784;
i+ 726.0} 554 40! 1.00} 18.683) 18.584

167
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Table 4.2.9

Results

12.08.57 20 APRIL 1989
PREDICTION SPRAT 2270 25

A AR AR A AR R AR AR AR AP AR R KRS K KA AAA AR AR AR AR b AARRRA RSP AIRA

* Year 1989, F-factor

AaakkreriAaranRRRRER

1,000 and reference F

AR AA AR AAR KRS RAAN R RANARAR R AAKALS LA

.3320 *

S

¢
H

at 1 January}

at spawning time}

H | absolute| catch in} catch in} stock! stock! sp.stock] sp.stock} sp.stock} sp.stock}
} age! F! numbers] weight} size| biomass} size} biomass! size! biomass

HE 1100}  402.23} 2510.8} 4668.00% 22234.4] 2800.80! 13340.7| 2283.95, 10878.8}
t2) .2600; 589.27) 8445.1} 3096.00) 42464.1) 3096.00, 42464.1) 2377.65; 32611.3}
HE 1 .3500] 130.01} 2110.9; 528,00{ 8231.2! 528.00} 8231.2} 391.15) 6097.9}
P4 3900 93,83; 1682.0, 348,00} 6033.2} 348.00! 6033.2} 253.71} 4398.6;
P50 5500} 107.93} 1997.3! 304.00; 5406.4! 304.00] 5406.4] 207.89] 3697.2|
}o6+ .5500}  257.76; 4815.9] 726,00} 13492.1} 726.00) 13492.1} 496.48] 9226.8

i Total | 1581.03} 21562.0; 9670.00f 97861.5) 7802.80} 88967.7, 6010.84} 66910.5}

A AN A AR AAAAAAAR SR AR AR A AR RANARRRARRARRARARAAARRARARAS

* Year 1990, F-factor 1.000 and reference F 3320 *
T P P P I Y I

H at 1 January} at spawning time|
1 | absolute} catch in} catch in} stock} stock; sp.stock] sp.stocki sp.stock} sp.stock}
| age] F) numbers] weight! size] biomass) size] biomass| size] biomass|
Y 1100}  360.70}  2251.5) 4186.00] 19938.6) 2511.60) 11963.1} 2048.12} 9755.5}
HE 3] 2600}  533.52}  7646.2] 2803.11} 38446.9) 2803.11) 38446.9} 2152,72} 29526.2}
I} .3500)  394.01}  6397.5! 1600.17} 24945.8} 1600.17, 24945.8} 1185.44} 18480.3}
Vo4 39005  67.25} 1205.5) 249.41, 4324.0} 249.41} 4324.0] 181.83} 3152.4}
Y .5500f  56.08} 1037.7, 157.94) 2808.8; 157,94} 2808.8] 108,01} 1920.8]
I .5500)  141.43] 2642.4) 398.34] 7402.9) 396.34) 7402,9} 272.41] 5062.6}
i Total | 1552.98] 21180.7, 9394.98; 97867.0\ 7720.58{ 89891.5] 5948.52} 67897.9}

A AR AAA A AR ARA AN AARRNAARARARNRARARAARARRAARARSARAARS

* Year 1991. F-factor 1.000 and reference F .3320 *
AR A AN RS AR A KRR AR AARARKANKARAARANASRAARALAARANAARRRRAAS

H at 1 January! at spawning time}
H | absolute} catch in} catch in} stock} stock} sp.stock} sp.stock] sp.stock} sp.stock}
| age! Fl! numbers] weight| size| biomass| size] biomass| size} biomass]
| ' .1100f  360.70f 2251.,5; 4186.00; 19938.6; 2511.60) 11963.1] 2048.12) 9755.5}
H H .2600f 478,43 6856.7[ 2513.67% 34477.0% 2513.67% 34477.0} 1930.44} 26477.4}
L3 .3500F  356.73] 5792.2) 1448.79! 22585.9! 1448,79} 22585.9] 1073.29} ‘16732.1}
HEH .3900f 203.80{ 3653.3; 755.87 13104.4! 755.87! 13104.4] 551.07! 9553.9|
i 5 55004 40.19} 743,77 113,19} 2013.1} 113,19} 2013.1} 77.41}  1376.6}
| 6+} 5500} 76.38)  1427.1} 215.14] 3998.1) 215.14} 3998.1} 147.12] 2734.2}
1 Total 1 1516.23) 20724.6) 9232.66) 96117.1} 7558.26{ 88141.6} 5827.45} 66629.7|




\able 4,2.10 -

Effects of different levels of fishing mortality on
catch, stock biomass and spawning stock biomass.

PREDICTION SPRAT 22T0 25

e T T T . ——— - o +
' Year 1989 | Year 1990 H Year 1991

o B ommmme +—— + s +— + + + ——— e +
1 fac-| vref.} stock| sp.stock] i fac-} ref.| stock] sp.stock] H stock} sp.stock!
! tor) Fi biomass| biomass| catch| tor| Fi biomass| biomass}| catch] biomass| biomass!
+ e 1 o b +- + + + —dm————t + +
V1.0 33 98| 67) 22) 0! .00} 98) 77! 0, 116 92!
! H ) H | ! L1 .03} ! 761 24 114} 891
! ! ! ! ! ' .24 .07} ! 751 51 112} 861
| } i 1 i L S i 73} 93 107} 81]
| 1 H ! ! ! .61 .20 ! 7114 131 1035 761
H 1 ] i { ! .8} .274 ! 701 174 100} 71
i ; : i ! P 107 L334 i 681 214 961 671
| i | 1 i ;1.2 <40} | 661 25] 93} 63}
! 1 ! ! | V1.4 .46 ; 651 281 90! 591
| i i i i i 1.6] .53} ) 63; 31, 87} 56}
i | i i | o 1.8] .60} i 62, 34| 84 531
i i | H i 12,00 .66} ! 60! 374 81} 50}
e o e o e o o o + + ——— + e +

The data unit of the biomass and the catch is 1000 tonnes.

The spawning stock biomass is given for the time of spawning.

The spawning stock biomass for 1991 has been calculated with the same fishing mortality as for 1990.
The reference F is the mean F for the age group range from 1 to 5

691



170 Table 4.3.1virTuAL POPULATION ANALYSIS
SPRAT TN FISHING AREAS 26 AND 28

CATCH I[N NUMBERS UNIT: miltions

1279 [Ehil 1981 1982 1983 1984 1985 1986 1987 1988

0 40 29 12 8 84 9 24 9 0 70
i 76 146 L400 117 1029 539 227 198 52! 34
2 189 940 219 1605 95 1805 1163 645 265 2245
3 LR 139 162 192 110 226 1850 934 866 540
q 46 kK] a5 121 26 277 321 1351 1236 0666
o 77 509 12 39 8 50 149 210 1205 462
0 69 5 121 28 2 27 14 97 127 428
7 84 27 6 18 3 4 7 7 80 17
3 i “1 25 14 7 16 4 11 25 21

TuiAl Jula 2184 2ull 2141 1364 2951 3758 3462 4329 4483



Table 4.3.2qyy o probUCTS cHECK 171

SPRAT 1N FISHING AREAS 26 AND 28
CATLGORY: 1OTAL

HEAN WOTOHE AT AGE BN THE CATCH UNIT: gram

[V 1980 1981 1982 1983 1984 1985 1986 1987 1988

0 1,000 4.000 4.000 4.000 4,700 3,700 4.190 4.400 4.300 3.740
bon.poR 6.000 6,000 5,700 9.000 8.000 8.170 5.500 8,200 5,750
> W.uon 10,000 11,800 10,490 12,800 10,300 10.130 10.600 11.200 9.860
42,000 12,000 15.000 14,200 14.500 13.100 11.980 11.900 12,600 12,150
4 13,000 13,000 16,400 15,300 16.600 14.500 12.890 13.300 13.800 13.860
511,000 14,000 16,700 16.000 17.200 14.900 16,100 13.900 14.600 14.570
66,0600 16,000 16,700 15,800 16.800 16.200 18.350 15.900 15.800 14.520
Z2otzamn 17.060 17,600 18,000 17.700 17,500 19.370 16.600 17.000 16.3160
Qo) 0000 J8.000 19,400 18.200 18.300 i8.8i0 17.000 18,100 17.020




172 Table 4.3.3. VIRTUAL POPULATION ANALYSIS

SPRAT IN FISHING AREAS 26 AND 28
MEAN WEICHT Al AGE OF THE STOCK

19/9 1980 1981

0 4.0600 4.000 4,000
} 6,060 6.000  6.000
2 12,000 12,000 10.000
s 15.000 §5.000 12.000
4 b 13.000
oH/.000 14.000
b unn 16.000

B 18,000 17.000

16,000 18,000 /0,000

3

UNIT:

1982

3.000

6.000
10,000
13.400
15.000
16.400
17.000
18.000
19.800

gram

1983

4,000

4,100
11.600
13.800
15,500
16.000
17.000
17.100
18.000

1984

3,600
3,800
9,100
12.200
14,100
14,600
16.600
17.500
18.300

1985

4.190

8.170
10.130
11.980
12,890
16.100
18.350
19.370
18.810

1986

4,400

5.500
10,600
11.900
13,300
13,900
15,900
16.600
17.000

1987

4,310

4.610
11,200
12.800
14,100
14,600
15.600
17.000
18.000

1988

3.740
5.750
9.860
12.150
13.860
14,570
14.520
16.160
17.020



Table 4.3.4.

SUM OF PRODUCTS CHECK

SPRA1 IH FISHING AREAS 26 AND 28
CATEGORY: TOTAL

CATCH WOTGHT AND S0P CHECK

LU OF PROUUETS URHT: Lonmes

HOMTHM.

aro e
BERULIEN
th/AY

TATCH UNLT:

1979

tonnes
1980 1931
117 47
377 8397
1104 2589
1wz 2427
4133 749
T2y 70
392 1960
bt 97
wis? A4ty
i [FEIT
208 i
{0y 102

1982

33
665
16691
2719
1847
620
436
324
272
4612
PR
liw

1984

33
4309
13590
2954
017
739
429

295
31439

31149
99

1985

99
1852
11786
22165
4136
2396
2455
134
7
42599
42973
100

1986

40
1089
6834

11115
17965
2922
1549
i
132
Alsd/
4192
ion

1987

0
4303
2968

10913
17054
17594
2108
1397
449

50646
U646
Hin

173

1988

263
193
22136
6561
9235
6731
6215
274
363
51969
51893
100
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Table 4.3.5 Sprat in Sub-divisions 26 and 28.
Tuning data file.

BALTIC SPRAT Tuning Data: Acoustical Surveys
102

Internat. Surveys 24-29

1984, 1988

1,

2, 8

, 17621, 4897, 3547, 711, 110, 79, 91

1, 9949, 9626, 2110, 535, 54, 9, 23

, 1393, 4174, 2639, 355, 33, 4, 26

, 891, 4128, 3258, 509, 73, 8, 3

1, 7327, 1369, 1927, 511, 69, 9, 1

USSR Surveys 26+28

1984, 1988

1,1

2, 8

1, 21087,2066, 1938, 501, 166, 20, 69

1, 16531, 12765, 981, 441, 61, 0, 0

1, 9752, 7748, 7174, 663, 357, 37, 58

1, 5604, 5351, 5283, 4693, 107, 175, 19
1, 23035, 2246, 2992, 2489, 2341, 110, 81

b
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Table 4.3.6 Sprat in Sub-divisions 26 and 28. Assessment 1.
Tuning run.

Module run at 15.19.52 14 APRIL 1989

DISAGGREGATED Qs

LOG TRANSFORHATION

NO explanatory variate (Mean used)

Fleet 1 ,Internat, Surveys 24, has terminal q estimated as the mean
Fleet 2 ,USSR Surveys 26+28 , has terminal q estimated as the mean
FLEETS COMBINED BY ** VARIANCE **

Regression weights

» 1.000, 1.000, 1.000, 1,000, 1.000,
Oldest age F = 1.000'average of 5 younger ages, Fleets combined by variance of predictions
Fishing mortalities

Age, 84, 85, 86, 87, 88,

1, .021, .012, ,024, .013, .070,
2, .0s8, .080, .058, .055, .094,
3, .091, .105, .117, .142, 210
4, .129, .252, .143, .312, .215,
5, .302, .130, .368, .255, .257,
6, .278, .179, .162, .579, .187,
7, 172, 149, .170, .269, .193,

Log catchability estimates

Age 2
Fleet, 84, 85, 86, 87, 88

SUMMARY STATISTICS
s Pred. , SE(q),Partial,Raised, SLOPE , SE »INTRCPT, SE
y 4 ) y F o F , Slope , Intrept
s

. . — , . ’

1 -1.18 , .785, ,3079 , .0944, +000E+00, .000E+00, -1.178, 320

2 , -.05 , .245, .9471 , ,0923, .000£+00, .000E+00, -.054, .100
Fbar SIGHA(int.) SIGHA(ext.) SIGMA(overall) Variance ratio
.092 .234 «624E-02 .234 .001

Age 3

Fleet, 84, 85, 8, 87, 88
T, .68, .60, -.65, .39, -.63
2, -8, -.32, -.03, -.13, -.13

SUMMARY STATISTICS
Fleet , Pred. , SE(q),Partial,Raised, SLOPE SE ,INTRCPT, SE

9 N s, F , F s Slope N sIntrept
T, =32 . .63, .7283 , 2673, .0O00E+00, .000E+00, -.317, .25
. -6 , .115, .8534 , .2052, .O00E+00, .000E+00, -.159, .047
Fbar SIGMA(int.) SIGMA(ext.) SIGMA(overall) Variance ratio
207 113 J600E-01 .13 1282

2, -.u, -.26, -.27, .29, -.04

SUMMARY STATISTICS
Fleet , Pred. , SE(q),Partial,Raised, SLOPE , SE s INTRCPT, SE
» 9 s s F 4 F ,» Slope N , Intrept
s 5 , s s s . s
i, -.19 , .815, .8284 , .2865, +000E+00, .000E+00, ~-.188, .333
2 , -.08 , .250, .9253 , .2061, .000E+00, .000E+00, -.078, .102
Fbar SIGMA(int.) SIGMA(ext.) S1GMA(overall) Variance ratio
39 .9256-01 239 149

cont'd.



Table 4.3.6 cont'd.

Age S .
Fleet, 84, 85, 86, 87, 88

3 s

17147, -.76, -.48, ~2.73, ~1.%6
2. 1.12, -.9., .15, -.01, .32
SUMMARY STATISTICS
Fleet , Pred. , SE(q),Partial,Raised, SLOPE , SE  ,INTRCPT, SE
f ] s s, F L F s Slope sIntrept
T . .65 . 1.488, .5210 , .4710, .000E+00,  .000E+00, ~-.652,  .607
2 ., .13 ., .8l4,1.1334 , .2104, .000E+00, .000E+00, .125, .332
Fbar SIGMA(int.) SIGMA(ext.) SIGMA(overall) Variance ratio
.253 .714 339 .714 -226
Age 6

Fleet, 84, 85, 86, 87, 88

T, .14, .36, -2.91, -1.10, -3.50
2. 56, -.24, -.52, ~.72, .02

SUMMARY STATISTICS

Fleet , Pred. , SE(q),Partial,Raised, SLOPE , SE ,INTRCPT, SE
, q s s F s F s R Slope B sIntrept
1, -1.55 , 1.742, .2133 ,1.3232, .000E+00, .000E+00, -1.545, .711
2 , -.18 , .547, .8346 , .1526, .000E+00, .00OE+00, -.181, .223
Fbar SIGMA(int.) SIGMA(ext.) SIGMA(overall) Variance ratio
.185 .522 .617 .617 1.399

9lt



Table 4.3.7 Assessment 1

At 15.36.34 16
from 70 to 88 on ages 1 to 7
with Terminal F of .200 on age 4 and Terminal § of 1,250

Title : SPRAT I FISHING AREAS 26 AND 28
APRIL 1989

Initiel sum of squared residuals was  117.581 and
final cun of <quared residuals is 27.740 after 11l iterations

hatrix of Residuals

Years /10 T1/72 72/73 0 73/74 74775 75/76 16/77
Ages
1/ 2 -.773 945 J101 583 1.221 2235 -.050
2/ 3 ~1.354 -.85L  -.947 -.879 - A%0 -.475 323
/4 .37 -.150 -.090 -.076 -.l116 74 =172
4/ 5 =509 0232 -,177 6 -.055 -.078 012
5/ 6 .893 626 .909 L0010 -.065 094 .159
o/ 7 1,018 .489 294 015 - e -,205 0 -.011

.000 000 000 000 000 000 000

Wis .001 001 001 001 001 001 .00L
Years 78/79 79/80 80/81 81/82 82/83 83/84 84/85
Ages
/2 -.183 420 -,478 .603 -1.020 1,165 -.119
2/ 3 +520 .143 851 089 703 147 -,104
3/ 4 .123 .430 071 (154 -,004 L0911 -.443
4/ 5 -.045  -.381 .358  -.496 240 -.018 115
5/ 6 312 -.119 -.501  -.425 324 -.692 .625
677 -1.095 -.722 -.823 2742 -,790  -.538 .383

.000 .000 .000 .000 .000 .000 000
Wis .001 .001 .001 1.000 1.000 1.000 1.000
Fishing Mortalities (F)

70 71 72 73 74 75 76
F-values .2539 3502 .4928  .5241  .6813  .5725 .5322

79 80 81 82 83 84 85
F-values L7288  .8352 .4162 .4600 .0675 .1892 .1817

Selection-at-age (S)

1 2 3 4 5 6 7
S-values L0946 ,3230 .5544 1.0000 1.2741 1.4752 1.2500

77/78

.145
269
-.138
-.240
-.193
909

.000
001
85/86
~.365
170
.256
-.050
-.189
-.198
.000

1.000

77
7522

86
1794

78
1.0545

87
2406

88
2000

177




Table 4.3.8 yIRTUAL POPULATION ANALYSIS

SPRAT IN FISHING AREAS 26 AND 28

FISHING MORTALITY COEFFICIENT

+ NN D W N

@€©

(2- 6)U

PN T I NIV N

o

(2-6)U

1970

.01
.02
.21
.22
.64
.61

.32

1982

.01
.26
.30
WAL
.62
.59
.46
.46

.44

1983

.02
.02
.04
.08
.06
.08

.16

.16

1984
.02
.08
.16
.30
.39
.32

.20

LAssessnént 1)

UNIT: Year-1
1973 1974
.06 .12
.07 .15
.27 .36
©.59 .68
.67 .82
.61 1.02
.45 .52
.45 .52
.44 .60
1985 1986
.01 .02
.07 .06
.12 .10
.22 .16
.17 .32
.18 , 22
.23 .17
.23 .17
.15 .17

NATURAL MORTALITY COEFFICIENT =

1975

.08
.10
.33
.61
.78
.81
.89
.89

.53

1976

.06
.20
.23
.46
.85
.79
.83
.83

.51

1988

.02
.10
.15
.21
.21
.22
.14
.14

.18

1977

1979-86

.06
.18
.23
.34
.43
.48
.58
.58

1978

.08
.63
.53
.90
1.39
.99
.83
.83

.89

.50

1979

.18
.23
.57
.52
.69
.73
1.48
1.48

.55

1980

.06
.56
.38
.84
.92
.73
1.31
1.31

.69

1981

A2
.16
.24
.29
.35
.90
.52
.52

.39

8LT



Table 4.3.9  VIRTUAL POPULATION ANALYSIS (Assessment 1)
SPRAT IN FISHING AREAS 26 AND 28
STOCK SIZE IN NUMBERS UNIT: millions

BIOMASS TOTALS UNIT: tonnes
ALL VALUES, EXCEPT THOSE REFERRING TO THE SPAWNING STOCK ARE GIVEN FOR 1 JANUARY; THE SPAWNING
STOCK DATA REFLECT THE STOCK SITUATION AT SPAWNING TIME, WHEREBY THE FOLLOWING VALUES ARE
USED: PROPORTION OF ANNUAL F BEFORE SPAWNING: .500

PROPORTION OF ANNUAL M BEFORE SPAWNING: .500

1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981

1 37612 21903 30051 39065 21949 6440 30573 11657 2059 5364 3198 16095
2 22798 22696 12982 17816 22290 11859 3616 17545 6202 1147 2713 1827
3 27648 13586 13092 7406 10068 11677 6529 1798 7987 1995 552 937
4 6118 13560 7068 6035 3425 4274 5074 3146 774 2856 686 229
5 2444 2970 5616 2787 2023 1056 1410 1942 1003 190 1033 179
6 987 778 882 1220 862 542 294 364 577 152 58 249
7 274 326 285 258 403 188 146 81 47 130 44 17
8+ 75 132 108 114 52 44 83 172 58 51 84 76

TOTAL NO 97954 75851 70084 74700 61073 36080 47724 36705 18706 11886 8369 19610
SPS NO 39002 33855 24036 21058 22284 17706 10572 13146 8517 3739 2493 2080
TOT.BIOM 1076441 896476 763104 730635 662240 455824 439031 401555 247706 130650 91865 137369
SPS BIOM 554288 482871 349891 294420 303582 250268 158081 175069 121709 56588 35386 24292

1982 1983 1984 1985 1986 1987 1988 1989 1979-86

1 10137 62950 36210 24364 14413 49268 2272 0 21591
2 8689 6059 37388 21548 14603 8590 29478 1352 11747
3 940 4047 3602 21290 12175 8362 5006 16157 5692
4 445 424 2370 2011 11494 6668 4408 2623 2564
5 104 179 237 1225 975 5937 3102 2164 515
6 77 34 102 106 629 431 2683 1529 176
7 61 26 19 42 54 307 166 1301 49
+ 48 60 73 25 86 95 208 197 63

(o]

TOTAL NO 20501 73778 80002 70611 54429 79658 47323
SPS NO 5532 7140 25841 30191 26747 20053 27397
TOT.BIOM 172048 395752 562020 721265 557730 624726 516011
SPS BIOM 60163 91983 253929 344918 322625 263803 311587

6LT
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Table 4.3.10 Assessment 1

List of input variables for the ICES prediction program.

SPRAT SD 26+2B. ASSESSMENT BASED ON AD HOC TUNING WITH 140 ACOUSTIC SURVEYS.
The reference F is the mean F for the age group range from 2 to 6

The number of recruits per year is as follows:

Year Recruitment
1989 47760.0
1930 21600.0
1991 21600.0

Proportion of F (fishing mortality) effective before spawnir 5000
Proportion of M (natural mortality) effective before spawning: .5000

Data are printed in the following units:

Nunber of fish: mnillions
Weight by age group in the catch: gram
Weight by age group in the stock: gram
Stock biomass: tonnes
Catch weight: tonnes

H t fishing] natural! maturity} weight in} weight in}
age} stock size| pattern} mortality} ogive} the catch} the stocki

{1 47760.0% .02} 50! .00} 6.905!  6.007!
120 1352.00 10! 50! 75! 10.448!  10.448!
{3 16157.0! .15} 500 1,000 12.1570 12,207
L4y 2623.0! 21 505 1.00¢  13.462)  13.538!
{51 2164.0] .21 0f  1.00f  14.792!  13.792
16l 1529.08 22! 500 1.00¢  16.143) 16,092}
{70 130101 14! 500 1.00)  17.283!  17.283!
Toael 197.0! 14! 500 1.00)  17.7320  17.708!

B +




Table 4.3.11 Assessment 1

Effects of different levels of fishing mortality on
catch, stock biomass and spawning stock biomass.

SPRAT SD 26+28. ASSESSMENT BASED ON AD HOC TUNING WITH TWO ACOUSTIC SURVEYS.

o e e e e + ———— e e +
! Year 1989 ! Year 1990 ! Year 1991 !
o e Fommm— +e- e + e + ———te + it ¢ + +
\ fac-} ref.) stock! sp.stock} ! fac-! ref.! stock) sp.stock! | stock} sp.stock]
totor) Fi| biomass) biomass| catch{ tor| F| biomass| biomass{ catch! biomass| biomass]
JRm— b A R + + + + pomm e ——— o ———— Fo e ———— Fo———— +
¢ 1.0} 18! 616} 234} 453 .04 .00} 613} 318} 0, 599 339!
| | J : | ! W1 .02} ! 316} 51 5941 333}
¢ ! ! ! ! CooL20 .04 ! 314! 11} 589! 326!
! ! ! : ! ' 4! .07) ! 309! 211 580! 315}
| ! ! H H ! .6 113 ! 3051 31 571} 304}
: ! H ! ! ! .81 .14} ! 301 41} 563, 2931
! J ! 1 ! v 1.0} .18} ! 296 51} 5541 283}
! ' i H H V1.2 210 ! 292} 60} 546} 2731
! ! ! ! ! P .25) ! 288} 704 538} 2631
H i ! ) ! 11,6 .28! . 284, 791 530! 2541
! ! ! ! : v 1.8 .324 H 280 87! 5231 246!
| ' H H ! 1 2.0} .36} H 2761 96! 5161 238/
o e R e o e B oo o e e o rm———— Fom e B +

The data unit of the bicmass and the catch is 1000 tonnes.

The spawning stock biomass is given for the time of spawning.

The spawning stock biomass for 1991 has been calculated with the same fishing mortality as for 1990.
The reference F is the mean F for the age group range from 2 to

18T
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Table 4,3.12 Detailed Prediction for SPRAT in Sub-divisioins 26 and 28.

Results

19.58.35
SPRAT SD 26+28.

20 APKIL 1989

RAANARARRAA RARARARARKARAARRARRARKARR AR A AR AR RRARRARRAARRS
* Year 1939. F-factor 1.000 and referencs F, 1780 *
AARKARA AR R AAAR AN AR R X AR A AR RAAAA R AR RAARAA R KR A R AR R AR AR R ARk

Assessment 1.

ASSESSM BASED ON AD HOC TUNING WITH TWO SURVEYS

at 1 January!

at spawning timei

+m——t + +- -
j i apsolutei catch ini cateh ini stock: stock: sp.stocki sp.stocki sp.stocki sp.stocki
i oagel Fi{ numbersi weignti size! biomass! size! biomassi sjze! biomassi
tm———t 4 - b +

: 1 02004 744 .83) 5145.17 44760.G: 2869181 .G bH .01 [N
H 21 <1000} 101.67% M62.24 1352.00 14125 1014 .01 105931 751.21 78481
H 30 L1500 1782.07) 21665.51 16157.0% 1972561 16157.01 1972561 11673.91 142508}
H 4 «210n; 394 .59 5509.50 2625.01 355081 2623.01 35508) 1839.21 248971
1 51 .2100} 325,38, 4813.1% 2164.0: 320101 2164 .01 320104 1517.34 224451
H 64 .22000 239.791 3870.81 1529.01 246051 1529.0% 24 605, 1066.714 171668
H 70 . 14001 134,551 2325.01% 1301.01 224 861 1301.01¢ 224 84 94471 163271
. L 14001 20.37% 361.2) 197.010 3438, 197.61 3438 1%3.12 25331
et - - +
¢ Total I5/45.031 44550.41  75083.01% 6163771 24985.01 3259287 17936.1} 2337261
+ + +

FRARAANARA AR AR R R AR RN AR AR AR R A AR AR AR ARARRRAARAARRAARARARA

* Year 1990. F-factor 1.000 and reference F 1780 *
AARARRAZAAR A A AR R AR R AR RAA AR AR R A AR AR AR AR AARAARRAR AR ARR AR AR

)
i

at 1 January)

at spawning time|

tm———
i i absolutel catch ini catch in} stock) stocki sp.stocki sp.stock| sp.stock) sp.stocki
V agel F{ numbersi weight! size! hiomassi size! Dbiomass! size! biomassi
4t
' 1 0200 336.861% 2326.00 21609.0% 1297621 .0l 0l 00 i
i H «10007 2135.20% 22307.5: 28394.3) 296649 21295.7: 222487% 15776.3% 1648221
i 33 15000 31,843 995.G1 742,00 9057, 742.00 90571 536,11 6544 ¢
H 41 21000 1268.237 170/3.¢6! 8434 .71 114184 ¢ 8434 .71 1141841 5914 .21 80063}
i St 21000 195,90} 2868.31 1289.61 190761 1289.61 19n76: 904.21 133751
H 61 22005 166,551 269341 1063.91 171213 1063.41 17121 742.31 11944 ¢
H &} L1400 76,961 1537.0:0 744,20 12862 744,23 12862} 540.4 93401
-2 H . 1400} 81.680 14638410 789 .91 139861 789.91 13986} 573.6! 101561
P mm———t
! Total PO4341.510 51262.00 63058.6} 6127007 364360.0} 41087761 24987.10 2962471
b +
ARAARRAARARARAAARANRAAAARRA AR AR AR ARA R AR AR AR AR AR AR A AR AR
* Year 1971. F-factor 1.000 and reference F 1780 =
ARARAARRRARARAAARARARN A AR R RAX AR A AR AR A AR AAR RS AAAAAR SRR AR
+ +
H at 1 January! at spawning time!
$——— *
| i absolute} catcn ini catch ini stock} stocki So.stock! sp.stock) sp.stock! sp.stocki
Voaged Fi numbersi weight) size, bjomass) sizel Dbiomass; sizei biomass)
b +
' 13 .0200} 336.86! 2326.04 21600.0C0 1297620 .04 ni L0} 0:
i 21 . 10001 265.67, 10088.81 12861.6} 1341631 9631.21% 100622: 7135.01 745421
H 34 215003 1718.771 20896.0¢ 15583.1% 190230 15583.11 1902301 11259.2% 137447}
H 41 . 2100 58.241 786 .11 387.41 52431 387.41 52431 271.61 36761
i 54 .2100% 623,523 9223.4 4146.91% 61342% 4146.9} 6134215 2907.71 4301114
H 61 . 2200 99.430 1605.01 634,01 10202} 634 .01 10202 442.5% 7118}
H 7 .1400} 53,551 725,51 517.914 89491 517.94 89491 376.01% 64991
L 2 H < 140010 83.651 1683.51 304.91 143241 808.91 143241 587.410 104012
+m———t
i Total P5939.690 47332.11 56519.8! 5542191 31709.4% 5909167 22979.31 282697
+ + +




Table 4:3.13  virrus poruLaTION AnaLysis  (Assessment 2)

SPRAT IN FISHING AREAS 26 AND 28

NATURAL MURIALITY COLFFICIENT

1979

b} 500

1 500

2 500

3 500

4 e

" L)

B LH08

7 LL00

El 2500

1980

500
500
.500
500
LS00
400
500
500
500

1981

<500
500
.500
500
LS00
L5060
L5H00

.500

500

UNIT: Year-1

1982

.500
.500
500
500
500
.500
<500
500
500

1983

.500
500
500
500
.500
500
500
500
.500

1984

.500
500
450
300
.300
<350
400
<400
+400

1985

550
.500
.400
+300
300
<350
350
400
400

183




184 Table 4£.3.14 VIRTUAL POPULATION ANALYSIS

SPRAT IN FIGHING AREAS 26 AND 28
LASHING mOKTALLTY COEFFICIENT
1979 1980 1981

i Jo 001 .002

1 18 064 2125

4 b o2 70

3 . a8 2293 185

4 Ay S35 Jdol

Y LAB 040 -100

0 Ll % [

I3 LA .Ul L2200

B AU .00 200
[ LA B L3749

b L8 ST

(Assessment 2)

UNIT: Year-1

1982

.000
028
.287
<322
285
284
L1129
.00
1.000

L2672
280

VARIABLE NATURAL MORTALITY COEFFICIENT

1984

001
.033
115

1985

.003
023
120
.202
384
139
.164
<100
.100

202
169

1986

.000
042
.108
159
235

1987

.000
020
095
.239
.352
+359
718
.200
<200

. 353
.280

1988 1979-86

.001

130
.330
.320
+250
.240
230
.230

.254
178

003
.064
.184
206
.280
365
.333
2862
.282



Table 4.3.15 virTuaL popuLATION AnaLYsIs (Assessment 2)
SERAL TH FISHING AREAS 26 AND 28

STULK 6148 i NUMBERS URIT: millions

BLOWASS TOIALS UNTT: tonies

ALL VALUEY., ¢XCEPT THUSE REFERRING TO THE SPAWNING STOCK ARE GIVEN FOR 1 JANUARY: THE SPAWNING

SR DALA REFLECT JTHU STOULK SITUATION AT SPAWNING TIME, WHEREBY THE FOLLOWING VALUES ARE

Usiir PROPORTION OF ANNUAL F BEFOKE SPAWNING: 500
PROPORETON OF ANNUAL W BEFORE SPAWNING: <500

1977 1980 1981 1982 1983 - 1984 1985

N o 8723 57880 34966 20720 10517

' whit 15079 5285 35100 21143 12560

2 1971 1714 8073 316 20397 12409

3 P 1 872 3674 1817 11647

4 Yo 334 611 183 2144 1153

N Sh 530 1498 278 212 1351

n 299 203 289 91 163 109

! s 8 35 194 53 88

il [} V72 27 360 205 52

TULAL T sunt 7709 /8121 6LIS54 49986
S HD “is Jinf RLEE] 55510 15210 18306

inBLL 316246 331661 40439 453870

Hsion Bntn g
y b ehmg 75445 154957 212457

RIS L P

1986

57080
6108
7444
7376
7049

582
829

65
106

85638
L7372
569374
ARV

1987

4873
32925
3552
4709
4925
4608
288
531
165

56575
13673
426035
NGy

103526

2248
626257
2294506

1989

0
41644
1995
13528
1201
1653
1394
1309
1l

1979-86

27488
13050
7249
3797
1965
545
259
110
1h2

185




Table 4.3.16  (Assessment 2)

List of input variables for the ICES prediction program.

SPRAT 26 AND 28
The reference F is the mean F for the age group range from 2 to 6

The number of recruits per year is as follows:

Year Recruitment
1989 27488.0
1990 27488.0
1991 27488.0

Proportion of F (fishing mortality) effective before spawning: .5000
Proportion of M (natural mortality) effective before spawning: .5000

Data are printed in the following units:

Number of fish: millions
Weight by age group in the catch: gram
Weight by age group in the stock: gram

* Stock biomass: tonnes
Catch weight: tonnes

et + +en “t + + - +
1

i ! fishing! natural| maturity| weight in| weight in|

]

| age| stock size! pattern| mortality| ogive| the catch| the stock|
+ + + T + - b ———————— +
N H 27488.0] .00} .50 .00} 4.103] 3.924;
N 41644.0} .01} .48} .00} 6.832! 5.593}
V2! 1995.0] .13} .39} .75} 10.709; 10.649,
V3 13528.0} .33 .28} 1.00} 12.943) 13.023]
V4 1201.0! .32 .28, 1.00; 14.275] 14.375]
5 1553.0 .25¢ .30} 1.00} 15,197 15.417)
6l 1394.0} .24} .35) 1.00} 16,157, 16.497]
A 1309.0} .23} .39; 1.00] 17.393; 17.473)
1 8+ 111.0} .23 .42! 1.00! 18.483; 18.293)
T ST T - + -+ - . + -+

98T



Table 4.3.17
Results

17.00.11 02 MAY 1989
SPRAT 26428 ASSESSMENT 2

sk ke ok kK ok Kk ook K K kR Kk kX A R

* Run on basis of a single recruit *

ko o K Rk ok ko K Ak KK R K Xk R Rk

B P g e o e e e e +

| at 1 January| at spawhing time|
oo B B + -+ B et Fmm e + domm e Fommm e +
! Fi reference| catch in| catch in]| stock! stock] sp.stock| sp.stock| sp.stock| sp.stock|
! factor| Fl  numbers! weight| size| biomass] size| biomass| size| biomass|
fra— + + e + o e e e o e ettt e +
| .000] .0000} .0000) .0000} 2.90601 25.4551 1.2057¢ 17.1396| 1.0183] 14.4662)
: .100] .0254 .0252) .3503} 2.8357) 24.2852) 1.1355{ 15.9715! L9479 13.3247)
| .200} .0508] .0472) .6501} 2.7737) 23.2617| 1.0737) 14.9496! .8859) 12.3270}
! .400! .1016} L0837}  1.1321} 2.6700) 21.5648} .9704) 13.2563! .7821% 10.6750]
! .600] L1524} L11250 1.4972)  2.5870) 20.2256;  .8878] 11.9205] .6989)  9.3733)
! .800) .2032} L1357 1.7792F 2.5195) 19.1500] .8206, 10.8484! .63127  8.3292)
{1.000} .2540} L1547}  2.0007) 2.4637) 18.2728| L76527  9.9746) .5753)  7.4788)
' 1.200] 3048 17060 2.1775) 2.4169) 17.5472} 7189  9.2524! .5283]  6.7763!
i 1.400) .3556 L1839} 2.3207} 2.37731 16.9396] L6796 8.6482) .4885 6.1888)
i 1.600} L4064, .19541 2.4383)  2.3434] 16.4248) L6461  8.1369) .4544)  5.6917)
i 1.800} L4572 ,2053) 2.5360) 2.3140) 15.9841; 6170}  7.6996 L4249 5.2668)
i\ 2.000; .5080} .2140F  2.6183) 2.2882) 15.6031) 5917  7.3220] .3990]  4.9001}
fra— + + ———— + + — —— dmm = + —+

$539598988535353358535859855383853335985995393855530985333L3PSTPIITPLIEIITPIITIS3993959835983989

- $BEIEPITIIIIPIEIIPIIIISEPIPITIIIIPIIIIIIEFISITITITIPISIIITLISIIIEIPPIIITEIIIIIIIIFIIHIPIII85PI98

Slope of the yield curve at the origin based on a single recruit: 3.789
F-0.1 given by an F factor of 1.997, resulting in a reference F of .507
F-max can't be calculated or is not present

$ISISILISIEILIITETETIPSI$853595398PTTITIEPITITIELIIIILTITIEIISITITPITEI548333959935383889
EREREEE R R R N R R R R R b A R R R R R R R R E R R R AT RN SRR AR R R R R R

L8t



Table 4.3.18

Effects of different levels of fishing mortality on
catch, stock biomass and spawning stock biomass.

SPRAT 26828 ASSESSMENT 2

b e e o e o - B S ———t
' Year 1989 H Year 1990 ' Year 1991

e B e b o o o Fomm B e b e B e tatt +
| fac-| ref., stock| sp.stock] { fac-} ref.| stock} sp.stock| H stock] sp.stock|
i tor) F! bicmass| biomass) catch! tor) F{ biomass| biomass| catch| biomass| biomass|
FR—— + + + + * + e + - + —— +
{ 1.0} .25) 627! 208} 651 .0} .00} 6451 316} 0! 671} 3794
! H ! ! ! | .1 .03} | 313, H 664 368
| H | ; H i .23 .05} ' 310! 15 6581 3571
! ! ! | H ! .4 .10 | 303! 29} 644} 337!
| ! ! ! H H .61 .15 H 297} 424 631} 318,
! ! ! ' ! H .81 .20} | 2911 551 613} 300}
' H ! ! ! + 1.0} .25 H 285, 67| 608 2841
H | ! H H 1.2 .30 H 279} 79! 596 268
H ! ) ! ! Po1.4; .36} ' 274 90, 586! 254
1 ' H H | i 1.6} L4110 H 268) 101, 575} 240}
| ! H ' H t1.8) .46 1 263} 112} 566 2281
! | | H | \ 2.0} 51 H 258) 122} 5561 216
b e +o— + e + -+ + + + e +

The data unit of the biomass and the catch is 1000 tonnes.
The spawhing stock biomass is given for the time of spawning.

The spawning stock biomass for 1991 has been calculated with the same fishing mortality as for 1990.

The reference F is the mean F for the age group range from 2 to 6

88T



Table 4.3.19 Sprat in Sub-divisions 26 and 28. Assessment 2. Detailed output for prediction.
Results

DEETN

1954

000 and refarence ¢

e o

Mg b )

Ldanary) ot s

1 Total

PO

P L TR R D P R PPN

* Year 1990, F-factor  1.900 and ieference F 2540 *

A Y

pawning time|

1 January)

1 ing

&! A ock: sp.stock}
F! rnumbers! weight!
+

biomass}
+

[

i
I
i
+
i
,:.
H 1907h 8' 7031—;9’ 14709. 2: 15(1638‘
H 1136.1} 15446} 874.3} 11385
H 7350.5) 1056627  5445.3, 78276
H §59.11 10161 500.7} 7718}
H H §96.0] 14781} 667.1} 11005,
) 2303.7} 776027 7 13601 772,74 13501} 566.8} 9902}
H 2382.3} 2.1 13941 782.1% 13941} 550.6} 10073‘
ek O -
5383,28} 13,147 1’ 81203 9, 23314.0¢ 285001!
B TS [ S S

P R T P P I

* Year 1991, F fartol 1,008 and reference £ .45'30 ’

T .
solute! catch in} catch ing stock, t =p.siock] sp.stock) sp.stoch} sp.stock)
numbere!  weight size] biomass) size] Diomass) size] biomass|

e e = e b B T Ty SRR SRRy

21,62} 838.7)
170,94 1167.9)
1031.25, 1t043.8)
3735.750  4835L.91

56883.0} 62648}
11146.9} 145165}
477.4, 6862}
306414 472391
283.1% 4570}

398,71 sorai 36103 63651
137,59} manz' elssl ezl ssT.al 10782
(AR O S O S SR
! 6182.03)

6'1'/573'[ 29120.9) 379475, 21806.6) ‘9?704‘

R U

189




’

Jable 4.4.1 SUM OF PRODUCTS CHECK

SPRAT IN FISHING AREAS 27, 29-32
CATEGORY: TOTAL

CATCH IN NUMBERS UNIT: millions

1970 1971 1972 1973 1974 - 1975 1976 1977 1978 1979 1980 1981

0 15 9 104 101 22 0 2 66 12 3 3 9
1 940 249 592 2677 522 184 2232 283 54 76 109 448
2 633 1674 520 1048 3011 861 193 3262 246 45 127 230
3 3956 626 1695 617 864 2477 672 309 1877 126 58 120
4 257 3526 431 1085 381 555 1597 376 99 1273 102 20
5 82 184 3065 526 870 143 232 725 143 68 784 45
6 317 95 70 1617 350 552 119 91 334 63 25 402
7 0 356 23 151 1019 122 447 78 44 234 42 7
8 29 0 155 64 129 505 70 127 25 13 131 13
9 11 28 3 149 53 13 299 47 88 12 8 55
10+ 13 36 25 78 82 8 15 129 49 60 50 12

TOTAL 6253 6783 6683 8114 7303 5420 5878 5493 2969 1971 1439 1361

1982 1983 1984 1985 1986 1987 1988

0 3 0 46 -2 3 1 68
1 35 127 131 175 22 166 4
2 352 61 346 151 269 38 260
3 83 183 58 316 83 224 35
4 54 45 120 23 242 63 237
5 8 33 19 93 16 170 53
6 24 8 9 10 53 14 144
7 230 16 5 11 9 49 11
8 1 134 5 1 4 3 41
9 4 2 58 2 1 3 4
10+ 31 16 8 51 26 26 33

TOTAL 825 625 805 835 728 757 890

06T



Teble 4.4.2

SPRAT IN FISHING AREAS 27, 29-32
CATEGORY: TOTAL

MEAN WEIGHT AT AGE IN THE CATCH

iy
o

e
[==]

+OVoOoONAOAUIAWNREFO

+ VDO NAVTEREWNRFPO

1970

4.300

9.500
10.000
11.800
12.600
12.700
13.300
13.100
12.500
13.400
12.600

1982

3.600
9.800
12.500

15.200
16.100

16.100
16.700
16.500
16.200

1971

4.300

9.500
10.000
11.800
12.600
12.700
13.300
13.100
12.500
13.400
12.600

1983

3.000

7.600
12.600
14.900
16.200
16.000
16.400
16.500
16.700
17.700
17.100

1972

4.300

9.500
10.000
11.800
12.600
12.700
13.300
13.100
12.500
13.400
12.600

1984

3.600

8.200
12.100
13.800
15.200
16.100
16.300
16.400
16.900
16.900

16.700

SUM OF PRODUCTS CHECK

UNIT:

1973

4.300

9.500
10.000
11.800
12.600
12.700
13.300
13.100
12.500
13.400
12.600

1985

1.000

7.400
11.200
13.000
15.200
15.300
15.800
15.700
16.500
15.400
15.600

gram

1974

5.200

9.600
10.200
11.400
12.300
13.000
13.300
13.300
13.800
14.900
13.300

1986

3.200
10.100
12.400
13.900
14.900
15.600
15.600
16.200
16.700
16.200
16.300

1975

5.200

9.400
11.300
12.000
12.200
12.400
12.900
13.500
13.200
14.200
12.300

1987

.000
9.900
12.200
14.000
14.600
15.400
16.300
16.600
17.400
15.500
16.500

1976

7.000

8.700
10.800
12.200
12.800
13.700
13.900
14.000
13,200
13.800
14.200

1988

4.900
10.000
13.200
13.800
15.700
16.100
16.600
17.200
17.300
16.400
16.800

1977

4.600

7.800
10.500
13.100
13.500
13.900
14.800
14.200
14,500
15.600
14.400

1978

6.300

9.800
10.900
12.400
13.000
13.600
14.100
14.400
14.900
14.100
14.500

1979

3.800
11.400
12.900
13.700
14.000
14.300
14.400
14.900
15.000
15.100
15.000

1980

5.200
11.000
12.600
14.600
14.300
14.200
15.300
14.300
14.900
13.800
15.000

1981

4.400

9.500
12.600
14.600
14.800
15.800
15.800
16.200
15.600
15.600
14.000

61T



“dable 4.4.3

5UM OF PRODUCTS CHECK

SPRAT IN FISHING AREAS 27, 29-32

CATEGORY: TOTAL

CATCH WEIGHT AND SOP CHECK

SUM OF PRODUCTS UNIT: tonnes

NOMINAL CATCH UNIT:

1970

65
8930
6330

46681
3238
1041
4216

0
363
147
169

TOGNAUIBWN RO

=
o

A) sop 71180
B)NOMIN. 62676
(B/&) % 88

1982

11
343
4400
1212
821
129
382
3703
17
66
502

+ VONAANBWNREO

e
o

A) SOP 11585
B)NOMIN. 10952
(8/78) % 95

tonnes
1971 1972
39 447
2366 5624
16740 5200
7387 20001
44428 5431
2337 38926
1264 931
4664 301
0 1938
375 40
457 319
80055 79157
73942 77457
92 98
1983 1984
0 166
965 1074
769 4187
2727 800
729 1824
528 306
131 147
264 82
2238 85
35 980
274 134
8660 9784
8964 9922
104 1n1

1973

434
25432
10490
7281
13671
6680
21506
1978
800
1997

983

91251
84575
93

1985

1295
1691
4108
350
1423
158
173
17
31
796

10042
10679
ANA

1974

114
5011
30712
9850
4686
11310
4655
13553
1780
790
1091

83552
82283
98

1986

10
222
3336
1154
3606
250
827
146
67
16
424

10056
10430
1n4

1975

1730
9729
29724
6771
1773
7121
1647
6666
185
98

65444
67045
102

10350

10304
inn

1976

14
19418
2084
8198
20442
3178
1654
6258
924
4126
213

66511
65901
99

1988
335

3429
477
3718
857
2389
182
713
67
551

12760
12787

10N0

1977

304
2207
34251
4048
5076
10078
1347
1108
1842
733
1858

62850
59433
95

1978

75
524
2684
23269
1292
1942
4707
639
368
1238
703

37441
37718
101

1979

10
864
574

1718
17818
971
912
3481
201
183
900

27632
30758
111

1980

16
1199
1600

847
1459
11133
383
601
1952
110
750

20048
19765
99

1981

40
4260
2893
1745

299
711
6352
110
207
852
174

17643
17445
99

26T



Table 4:4.4 yIRTUAL POPULATION ANALYSIS
SPRAT IN FISHING AREAS 27, 29-32 FRunl

FISHING MORTALITY COEFFICIENT UNIT: Year-1 NATURAL MORTALITY COEFFICIENT = .30

1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1983-87

0 .002 .001 .010 .000 .000 .006 .002 .001 .007 .003 .003
1 .077 .103 .109 .055 .020 .077 .034 .037 .046 .043 .043
2 .174 .198 .366 .130 .143 .079 .133 .074 .092 .104 .104
3 .261 .404 .326 .244 .103 .219 .107 111 .090 .126 .126
4 .263 .396 .268 .268 .226 .101 .141 .124 .129 .144 .144
5 .583 .287 .342 .180 .292 .156 117 .153 .134 .170 .170
6 .409 .501 .262 .347 .308 .134 .128 .101 .217 .178 .178
7 .348 .598 .275 .263 .465 .362 .269 .181 .141 .284 .284
8 .279 .378 433 .065 .270 .289 .126 .165 .094 .189 .189
9 .300 .300 .300 .250 .200 .200 .200 .200 .200 .200 .200
10+ .300 .300 .300 .250 .200 .200 .200 .200 .200 .200 .200

(2-8)U .331 .395 .324 .214 .258 .191 .146 .130 .128 L171
(2- 8)W .279 .302 .301 .179 .159 .093 . .117 .096 .110 .135

€61



194

Table 4.4.5

Title : SPRAT IN FIGHING ARCAS 27, 29-32

At 09.04,03 19 APRIL 1989

from 70 to 88 ot ages ! to 9

with Terminal F of .104 on age 2 and Terminal § of 1.500

Initial zum of squared residuals was 60,411 and
final sun of squared residuals is 34,146 after 121 iterations

Hatrix of Residuals

Years /71 71/72 0 72/73 0 13/74 74/15 75/76 18/77
Ages
1/ 2 £202 -.120 387 490 -.173 427 .082
2/ 3 Jd21 -.078 .090 067 -.227  -.024 -.766
3/ 4 .030 .108 .499 129 =213 -.064 .048
4/ 5 .22 -.185 -.181 -.175 278 323 .209
5/ 6 -.387 543 532 -.118  -.380 -.496 2224
6/ 7 -.016 1,333 -.558 .249 538 -,155 020
78 -.617 .025 -1.517 -.768 -.547 -.532 134
8/ 9 029 -3.587 168 -.089  1.716 L0897 -.059

.000 000 .000 000 000 .000 .Go0

Wis .100 .100 .100 100 100 100 100
Years 78/79 79/80 80/81 81/82 82/83 83/84  84/85
Ages

1/ 2 515 .074  -.499 217 -.057  -.680 .180
2/ 3 278 -.399  -.426 +285 2471 =305 -.256
34 -.231  -.148 2343 -.152 2229 -,133 .383
4/ 5 -.278 .089 J065  -.055 079 .278  -.314
5/ 6 022 474 -,219  -.487  -.542 .585  -.056
6/ 7 ~.107 .203 744 -.212 .204 L1062 -.550
7/ 8 .001  -.344 -.147 .397  -.387 063 .528
8/ 9 173 2237 242 2336 -.997 L3563 .455

000 000 000 .000 .000 .000 .000
Wis .100 .100 .100 .100 .100 1.000 1,000
Fishing Mortalities (F)

70 71 7 73 74 75 76
F-values L0928 .1221  .1383 .2311 .,2842 ,2650  ,2880

79 80 81 82 83 84 85
F-values L2125 .2522 (2097 1269 1273 ,1061  .0872

Selection-at-age (S)

1 2 3 4 5 6 7
S-values »4136 1.0000 1.2952 1.4098 1.5101 1.4246 1.9356

77/78

254
-.088
.256
.043
-.285
-.016
~.335
-.430

.000
100
85/86
.023
.389
-.135
-.064
.007
-.100
.078
~,320
.000

1.000

7
311

86
0811

8
1.2679

78
2352

87
.0832

9
1.5000

88
.1040

.000
000
.000
.800
000
-000
.000
.000

-2.962

WTS

605
607
867
1.000
1507
433
397
190



Table 4.4.6 VIRTUAL POPULATION ANALYSIS
SPRAT IN FISHING AREAS 27, 29-32 Run 2

FISHING MORTALITY COEFFICIENT UNIT: Year-1 NATURAL MORTALITY COEFFICIENT = .30

1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981

0 .002 .001 .003 .014 .009 .000 .001 .100 .008 .002 .001 .009
1 .048 .050 .090 .122 .104 110 .099 .178 .122 .070 .100 L117
2 102 125 .157 .254 .219 .279 .179 .228 .259 .157 .179 .351
3 .145 154 .200 .316 .387 .316 L412 .545 .222 .228 .354 .285
4 155 .208 .168 .212 L371 .524 .390 . 485 .380 .258 .329 .223
5 .114 177 .315 356 .295 .259 .493 .346 .387 .552 .280 .264
6 .137 .208 .105 .306 .483 .347 -401 .413 .297 .333 .457 .254
7 .000 .251 .073 .386 .363 .347 .599 .571 .410 .395 .435 241
8 .119 000 -184 .366 774 . 347 .387 .380 .401 .233 .455 .267
9 .139 .180 .164 .303 .673 .176 402 .556 .562 .395 .237 .393
10+ .139 .180 .164 .303 673 176 402 .556 562 .395 .237 .393

(2-8)U .110 .160 .173 .314 .413 .346 <409 .424 .337 .308 .356 .269
(2- 8)u 137 L1174 .232 .277 .283 .329 .396 .273 245 272 .289 .280

1982 1983 1984 1985 1986 1987 1988 1979-86

0 .000 .000 .007 .002 .00l .007 .003 .003

1 046 .021 .066 .036 .036 .040 .043 .061

2 141 117 .081 2112 080 .089 .091 .152

3 .231 112 173 .110 .092 .098 .122 .198

q ,225 L2110 S11 107 .129 .104 .158 .193

5 .144 .233 .144 .131 112 .139 .134 .232

5 245 .234 102 .116 L1114 .150 .187 .232

7 .252 . 288 .251 .194 .162 163 .181 .277

8 055 . 256 .152 -081 L1101 .083 224 .201

9 .133 .168 .187 .093 .120 .127 173 .216

10+ L1133 .168 .187 .093 .120 .127 173 .216
(2- 8)u .185 . 207 145 L122 L1114 .118 .157
(2~ B4 L181 155 .095 .114 .099 L1113 .130

G61T
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Table 4.4.Tyvirium o olalioe avALYSIS

SPRAT o Flhitirda AREAS 27, 7.3

SIOUK G128 [N NURBERS UKL it lions
TOIALS UYL Todhey
UES, FXCEPT THOSE KEFENRING fu vl
ATA < T oI iuek STTUATION AT

USED:

SeAlN NG G100
SPAWATHG TimE,

FOANGUA  F BEFURE SPARNING: vy
PROPORT TUN OF ARKIAL 3 07 URE SPARNING: ol
1971 [ 1972 1574
L] 7925 113 353439 B33

903

9858 7940 2

L5474 a7 N
5062 10774 13
21635 3215 2735
1305 13039 014
532 3i0 37
1844 350 L4y
3 PRAGE 240
1496 3 ahh
254 194 343

TOTAL ~O 78930 53969 /7998 69598
PR N 51259 40807 11995 32747
TOT.BIOM 811903 53537 637728 600702
Py BIOM 577867 475134 378468 369591

0 9514 3192 7731 72
1 903 7045 2365 5688
2 3093 539 5110 1640
3 464 1991 421 3430
4 309 273 1318 262
5 69 181 1nd a4
6 27 49 07 1y
7 1186 74 28 72
& 21 683 4l 15
g 37 15 392 26
10+ 287 119 54 6ol

TOTAL NO 16010 14258 17729 13806
WS NO 4655 6525 6756 §601
fOT.BIOM 121074 123822 147932 1373935
SPS BIOM 64129 76304 84999 99769

243
6093
17041
3uty
131
191n
1045

2

Vi

43400 edtLd
20077 18542
429423 474000
293841 2231

15862 11355
7113 7756
146117 140597
97555 103051

AR §

FENCFUR ] JANUARY D ThL SPawNTan

WAbRED Y b Dol D VALArS AR

90
223495
421788
242233

244168
91286

2P
13180
239245
200255

1439

Bl
19529

1977 [§:11)

N 1733 5338
938 [V 1220
1240 3 535
10854 09 223
DAdL A8

83 3687

257 73

Al 130

/4 atn

LE] 44

i 273

12309 13829
39 57117
205755 149478 134363
1938493 116243 78943

&

1379-86

LN

1981

1720

4693
#69
55
116

2064
37
65

133
34

10107

112373
71392




Table 4.4.8

List of input variables for the ICES.prediction program.

SPRAT IN FISHING AREA 27
The reference F is the mean F for the age group range from 2 to &8

The number of recruits per year is as follows:

Year Recruitment
19389 4665.0
1990 4665.0
1991 4665.0

Proportion of F (fishing mortality) effective before spawning: .2000
Proportion of M (natural mortality) effective before spawning: .3000

Data are printed in the. following units:
Number of fish: millions

Weight by age group in the catch: gram
Weight by age group in the stock: gram

Stock biomass: tonnes

Catch weight: tonnes

B e e T tataahatadmd o ————— o ———— o ———————— B ————
" H 4 fishingi naturali maturity! weight ini weight ini
\ agei stock size: pattern; mortality! ogivei the catchi the stock.
bt ——————————— tm————— B bt s + +
| 0 4665.01 .00 301 .00 3.270. 3.270:
H 14 19520.04 .04, . 304 .50 9.4901 9.490,
H 21 82.0: .09 .30, .75 . 12.4304 12.430,
H 31 2333.0: 120 300 1.00: 14.090: 14.090:
H 41 228.01 . 16. .30 1.00! 15.010: 15.010:
) 514 1182.01 2130 L300 1.00% 15.490: 15.4901
) 6, 317.01% <191 <301 1.00: 15.8401 15.840)
H 7 597.01 -181 .301 1.00¢ 16.0101 16.010:
' 81 46.0% .22: .30, 1.000 . 16.370: 16.3701
i 91 140.0. L1714 .30 1.00. 15.910: 15.910!
10+, 167 .01 LW 170 301 1.00: 15.920: 15.9201
D e + ———————— +m————— +-- t————— 4+ - +

L6t
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Table 4.4.9 Sprat in Sub-divisions 27, 29-32.

$m———— 4 - ~—t

Run on basis of a single recruit. H at 1 January! at spawning time!
twermme— e ——————— - - # ———— tm——————— tmm—————— - ———————— 4 - o o e o e e e -——
H Fi reference! catch in, catch in: stocki . stock: sp.stock: sp.stock: sp.stock, sp.stock:
i factor, Fi numbers; weight: sizei biomassi size: biomass: sizei biomass
o ————— e e fr—————— + +: —t———— + - e ——————— tmm—————— tmm—————— +
H . 000! . 0000 .0000: . 0000 3.85831 41.0192! 2.3507) 32.5285! 2.1484% . 29.7288:
H .100: .0157: .0270.4 .3830: 3.7689%1 39.6229: 2.2620¢ 31.14121 . 2.0621) 28.3852:
H .200: .0313} 0514} 7246} 3.6882: 38.3668! 2.1821: 29.8940! 1.9844% 27.1776.
H 4001 .0627, .0938: 1.30795. .3.5484: 36.19531 2.0437 % 27.7400! 1.84991 25,0927:
H .600: .09401 12940 . 1.78711 3.43100 34.3795) 1.9278: 25.94161 . 1.7371. 23.3531:
H . 8001 . 1254 <1599, 2.1877: 3.3307. 32.8344, 1.8289% 24.4138: 1.6409: 21.8761,
i 1.000: 15671 . 1864 2.52751 3.24360 31.5004. 1.24337 23.0970:. . 1.5576: 20.60391
P 1.2000 .1881, 20961 2.8193, 3.16727 30.3343; 1.6683: 21.94791 1.48461 19.4944]
i 1.400: 21940 .2303% 3.0724} 3.0994: 29.3041. 1.6019% 20.9346, - 1.4200% 18.5167;
i 1.6001 .2507: .24 891 3.2942) 3.0387% 28.3856% .1.56261 20.03281 . 1.3623: 17. 6472,
i 1.8001 .28211 «26561 3.49001 2.9839, .27.5601! 1.4892: 19.2239: 1.3104: 16.8678.
)y 2.000¢ 3134 .28091 3.6641% 2.93411 . 26.81311 1.44081 18.4934, 1.2632:. 16.1645:
+ +m————— $m—m—————— e ——— + m— + + ——— ——————— e e e tomm———— -—

3555353555553 535555533535355353555533553555533383585535335355335355535355535553535553935355355333555355858533335583383%
333355553533 333533535535333555335335335333555339353559355355335535335553355538358339358333F553555353555S5335FS553SS

Slope of the yield curve at the origin based on a single recruit: 4.061
F~0.1 given by an F factor of 3.504, resulting in a reference F of -549
F-max can't be calculated or is not present

38333335335 335553333333535330555335335333355355555335338333333333535535353335335355555553555533355553TTSSEE3353E3$3833
PSP IS PP SIS s T s PT3535 5553539353355 5558333355555533555555553555355555335559555335555858558583383



able 4.4,10 Sprat in Sub-divieions 27, 29-32. Short-term yield in deteiled format.

B L et e T e e o)
F-factor

4+ Year 1989.

KA ARAR

1.000 and reference F
ok kkk kA Rk kA AR A AR RN AR h

1567

199

Akhk ok ke KAk AK AR K kk A
+ +
i at 1 January! at spawning time!
+ + -+ + + + +
B | absolute] catch ini catch ini stock: stock) sp.stocki sp.stocki sp.stock! sp.stock}
| aygei Fi numbers} weight| sjzei biomassi . sizel hiomassi size} biomassi|
+ +
H 01 . 0030} 12.074 39.51 4665.00 15254, .0} H <00 0}
H 14 . 04301 710.55¢ 6743.11 19520.0i. 1852441 9760.0! 92622 839254
H 2 .09101% 6.181 76.81 82.01 10191 61.5% 7641 6861
i 34 .1220: 232.201 3271.74 2333.01 3287114 2333.01 3287114 293181
H 41 .15801 23.901% 433.81 228.01 34228 228.0:¢ 34221 30301
H 54 213404 128.49: 1990.41 1182.0% 18309} 1182.010 183091 16290}
H 61 . 18701 46.931 743.31 317.00 50211 317.01 021! 44200
i 74 L18108 85.781 1373.31 597.C1 95571 597.00 95571 8424
' 81 L2240 3.021 131.314 46.00 7531 46.01 7531 6581
H 91 17301 19.304% 307.0i 140.0% 22274 140,01 22271 19663
110+ 17301 23.02% 366.51 - 167.0% 2658 167.01% 26581 23471
R et ittt + +
i Total i 1301.440 15476.71 29277.01% 2763400 14831.5: 1682081 13349.71 1510681
.

I T T I L
4 Year 1990. F-factor 1.900 and reference F <1567 »
KRR RARARRRRRRRRNNEA KR RARKN AR KRR AR A RN AR RN RN R AR AR A TR

O

H at 1 January; at spawning time)
P + 1 +
H | absolutei catech ini catch in} stock! stock! sp.stock! sp.stock! sp.stock! sp.stock!
1 agel Fi numbers! weight i size! biomass! size! biomassi size! biomass!
+ m———— - +
H 'H 00304 12,071 39.51 4665.0! 152541 -01 0! .0} LH
H 1 . 043014 125.423 1190.31¢ 3645.61 32698, 1722.81 163491 1561.01 14814}
H 23 .0910% 1043.327 12968.4%1 13852.1} 172182} 1291361 9323.7¢ 1158931
' 33 12200 5.521 77.8: 55.51 7811 78114 696
H 41 - 1580} 193,951 2910.81 1529.8: 22962i 22962i 20333}
i 51 13401 15.68: 242.91 144,21 22331 2233, 1987}
H 61 - 1870, 113.37% 1795.81 765.81 12130} 12130} ., 106791
i 7i 218101 27.991% 443,11 194.81 3118) 31180 2748
' 81 £ 22403 64,34 1053.3% 369 .04 6061 6041} 52791
i 9?4 17304 3,754 27.21 433} 433 3821
P10+ <1730} 26.371 191.31% 3045} 30451 2688,
tmmmmt -
i al P1631.761 21206.31 25240.43% 2708827 15389.61 1962335 13778.51 1755043
+

AR KKK RE IRk AR R A RR AR ARA RN AR ERNRARRRAN AR I RARR AR R RRRAA

A Year 1991. F-factor 1.000 and reference F 1567 *
AARR KRR A R AR AR AR A K AR R R R AR A AR A AR R AR AR AN A AR R AR R AR R AR AR AR AR

+

. H at 1 January} at spawning timei
——— - +

H I absolutei catch ini catch ini stocki stock! sp.stock) sp.stock) sp.stock} sp.stock!
} aged Fi numbers! weight ] sizei biomass! sizel biomassi size! biomassi
+ + + +
: [ .0030¢ 12.078 39.51 4665.01 1525644 -0} 0} 0! 0
) 11 . 04301 125.421 1190.33 326981 1722.8i 163491 1561.0} 148141
H 21 09101 184 .16, 2289.11 30392 1833.8! 227944 1645.8] 204561
i 33 1220 932.500 13138.91 13201351 1320131 8356.51 11774315
H 43 . 1580} 4,611 69.21 545 5451 32.2¢ 483,
' 51 213401 105.201 1629.51 149891 149891 861.0: 133371
H 61 . 187014 13.8314 219.%14 14301 14801 82.31 13031
h 7 18101 67.611 1082.5% 75331 75331 414,81 66401
H 8! . 22401 20.991 343,710 19711 19710 105.2! i722i
.l 95 17304 30.12% 479,214 34761 34761 192.91 30691
P10+ 217308 18.77% 298.81 21471 21671 120.2! 19131
o —— - -

i Total i 1515.30% 20779.8i 21968.2! 242524 5. 14969.11 2033221 13371.9% 1814841
+ ¢




Table - 4.4.11

X - L

Effects of different levels of fishing mortality on
catch, stock biomass and spawning stock biomass.

SPRAT IN SUB DIVISIONS 27

b o e o o o e e e e b e e e e e i i e +
! Year 1989 H Year 1990 ' Year 1991
FRRRS T —— e R e e e b o e e e e e b e e +
¢ fac-)  ref.) stock| sp.stock) ! fac-!  ref.) stock| sp.stock! ! stock| sp.stock)
! tor) Fi biomass| biomass! catch| tor] F! biomass| biomass| catch} biomass| biomass)
+ o o o e o o B ettt e o +
! ! 154 0! .00} 2711 179 0! 263! 204
: ! ! L1 021 | 1791 2] 260 201}
! ! ! 2] .03} ! 1794 41 258 199}
| ! ! .41 06! ! 178! EH 254! 195}
! ! ! .61 .09, ! 17714 13 2501 190
1 ! : .8} 13} ! 1761 17 246 186
! ! v 1.0y J161 ' 176} 21} 243 181}
; ' 1.2 L19) ' 175 251 2391 1774
i i T 1.4) 221 ! 174 29} 235 173}
! ! bo1.6) 251 : 17314 33 232} 1694
! ! 1 1.8) .28, ! 173} 37) 228 166
H ! Vo 2.0} L35 : 1724 404 225 1621
+ Bttt B o Fomm e o e e B o o e +

> data unit of the biomass and the catch is 1000 tonnes.
The spawning stock biomass is given for the time of spawning.
The spawning stock biomass for 1991 has been calculated with the same fishing mortality as for 1990.
The reference F is the mean F for the age group range from 2 to 8
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Table 4.5.1

SUM OF PRODUCTS CHECK

SPRAT I FISHING AREAS 22 TO 32

CATEGORY: TOTAL

CATCH TN NUMBERS

1974

0 33
1 2615
2 6172
3 3618
4 1940
5 1929
6 933
7 1213
+ 278

TOTAL 18731

1988

32
495
1142
1425
2099
340
188
16
50

s WO

o

TOTAL 5787

1987

779
394
1320
1833
1805
227
149
73

6584

millions

1976

215
4582
818
2106
3510
1040
350
548
422

13691

1988
180

2693
742
1150
762
751
64
108

6530

1977

104
2371
8399

997
1907
1739

364

140

399

16420

1979

51
1340
597
1037
2291
188
150
335
125

6114

1981

26
2303
920
405
94
88
527

99
4475

1982

24
363
2460
425
225

3900

1983

105
1852
297
531
107
47
12

148
3117

1984

76
1005
2393
388
447
77

38

83
4516

11.00.40 03 MAY 1989

1985

65
566
1703
2521
447
271
30
19
65

5687

Toe



Table 4.5.2

SUM OF PRODUCTS CHECK

SPRAT IN FISHING AREAS 22 TO 32
CATEGORY: TOTAL

MEAN WEIGHT AT AGE IN THE CATCH

+ NN WNFRO

fes)

TN WN RO
—
s

(s

1974

.800
.600
10.
12.
13.
13.
15,
14.
14.

500
200
400
900
400
100
300

1986

.400
.900
.100
2.900
.000
.800
100
7.000
700

11.
12.
13.
14.
14.
15.
13.

11.
13.
14.
15.
16.
17.
17.

1975

.000
.800
200
400
400
700
300
700
500

1987

.800
.500
700
300
500
200
400
000
600

10.
12.
13.
14.
16.
14.
14.

10.
12.
14.
15.
15,
16.
16.

1976

.000
.900
700
700
500
500
100
700
300

1988

.380
.630
290
160
210
210
300
580
800

4,

5.
11,
13.
14.
14.
15.
15.
15.

UMIT:

1977

400
400
000
400
000
400
900
900
800

gram

978

.300
.100
10.
12.
13.
14.
15.
15.
15.

900
500
100
100
200
800
100

12.
13.
13.
15.
15.
15.
16.

1979

.000
.500
700
000
700
100
800
600
200

11.
14.
14.
14.
16.
15.
16.

1980

.200
.800
300
300
100
300
700
800
0oo

14.
16.
18.
16.
15.
16.
16.

1981

.300
.300
100
100
000
500
303
800
100

11.
16.
16.
16.
16.
16.
17.

1982

.200
.800
700
000
200
700
400
300
300

14,
16.
17.
16.

17

16.
16.

1983

.700
.200
500
200
100
900
.000
900
800

1L

14.
15.
15.
16.
16.
17.

1984

.900
.700
.1.00
600
300
800
300
900
200

11.
12.
14.
16.

17

17.
15.

1985

400
.100
300
700
000
000
100
100
800

20e
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Table 4.5.3

BALTIC SPRAT Tuning Data: Acoustical Surveys
102

Internat. Surveys 24-29

1984, 1988

1,1

2, 8

1, 36493,9426, 8309, 2015, 310, 199, 114
1,12411,19142, 4827, 1673, 189, 45, 67

1, 3718,10968, 8455, 1920, 269, 75, 56

1, 1234,6256, 8530, 2496, 359, 26, 20

1, 11203, 2899, 6307, 2675, 962, 185, 19
USSR Surveys 26+28

1984, 1988

1,1

2, 8

1, 21087,2066, 1938, 501, 166, 20, 69

, 16531, 12765, 981, 441, 61, 0, O

, 9752, 7748, 7174, 663, 357, 37, 58

, 5604, 5351, 5283, 4693, 107, 175, 19

, 23035, 2246, 2992, 2489, 2341, 110, 81

—

1
1
1




204

Table 4.5.4 Sprat in Sub-divisions 22-32. Tuning analysis.

Hodule

run at 08.54.21 13 APRIL 1989

DISAGGREGATED Qs

LOG TRANSFORMATION

NO explanatory variate (Mean used)
Fleet 1 ,Internat. Surveys 24, has terminal q estimated as the mean

Fleet
FLEETS

2 ,USSR Surveys 26+28
COMBINED BY ** VARIANCE **

Regression weights

.+ 1.000, 1.000, 1,000, 1.000, 1,000,
Oldest age F = 1,000*average of 5 younger ages. Fleets combined by variance of predictions
Fishing mortalities

, has terminal q estimated as the mean

Age, 84, 85, 86, 87, 88,
1, .032, .024, .049, .016, .100,
2, .062, .085, ,074, .061, .087,
3, .090, .106, .117, .143, ,194
4, .21, 177, 149, 271, .22,
5, .224, .124, .247, .230, .215,
6, .151, .158, .147, .327, .175
7, .130, .130, .147, .206, .179,
Log catchability estimates
Age 2
Fleet, 84, 85, 86, 87, 88
T,7=.08, .48, ~1.47, -1.65, ~1.0T
2, -.60, -.19, -.45, -.14, -.29
SUMMARY STATISTICS
Fleet , Pred. , SE(q),Partial,Raised, SLOPE , SE ,INTRCPT, SE
s q s , F . F s+ Slope , sIntrept
T, .52 . 720, .3977 , .09%5, .000E+00, .000E+00, -.923, .294
2, -.34 , 211, .7145, .0835, .000E+00, .000E+00, -.336, .086
Fbar SIGMA(int.) SI1GMA(ext.) SIGMA(overall) Variance ratio
.084 202 .360E-01 ,202 .032
Age 3
Fleet, 84, 85, 8, 87, 88
, . ) ) N
1, .79, -.22, -.10, -.39, -.27
2, -.73, -.62, -.45, -.55, -,53
SUMMARY STATISTICS
Fleet , Pred. , SE(q),Partial,Raised, SLOPE ,  SE LINTRCPT, SE
P ’ s F o F , Slope , »Intrept
S S S S S S S
TTIT o004, .59, L9602 , 2457, .00DE+00, .OOOEY00, -.041, 712
2 -.58 , .116, .5616 , .1855, .O00E+00, .0O0E+00, ~.577, .047
Fbar SIGHA(int.) SIGHA(ext.) SIGMA(overall) Variance ratio
.188 113 .598E-01 113 .279
Age 4
Fleet, 84, 85, 8, 87, 88
T, .81, .65, -.51, .23, .19
2, -.64, -.95, -.68, -.25, -.55

conttd.



Table 4.5.4 cont'd.

SUMMARY STATISTICS

Fleet , Pred. , SE(q),Partial,Raised, SLOPE , SE , INTRCPT, SE
P ) ., F L F , Slope , JIntrept
T, 27 . 562,1.3162 , 2400, .0O0EV00,  -000EW00, 275, .230
2, -.61 , .275, .5418 , ,2082, ,000E+00, ,000E+00, -.613, 112
Fbar SIGMA(int.) SIGMA(ext.) §IGMA(overall) Variance ratio
2214 247 .560E-01 247 .051
Age 5
Fleet, 84, 85, 86, 87, 88
1.7 1.7, =27, .33, -L.15, -8
2, .38, -1.60, -.73, -.51, -.35
SUMMARY STATISTICS
Fleet , Pred. , SE(q),Partial,Raised, SLOPE , SE 4 INTRCPT,  SE
>y 9 , s, F , F » Slope , sIntrept
—— e e e
1, .08 , 1,i85,1.0850 , .3092: .000E+00,  .00QE+Q0, .082, .484
2, -.56 , .,782, .5687 , .1742, .000E+00, .000E+00, -.564, 319
Fbar SIGMA(int.) SIGMA(ext.) SIGHA(overall) Variance ratio
22 .652 W264 65 .163
Age 6
Fleet, 84, 85, 86, 87, 88
—_——— . s
1, .21, .00, .56, » -1.49
2, -.41, -1.13, -1.28, -1,87, -.60
SUMMARY STATISTICS
Fleet , Pred. , SE(q),Partial,Raised, SLOPE , SE ,INTRCPT, SE
) v ) , F o » Slope , sIntrept
1,770 898, 4959 , L3873,  .000E¥00,  .000EV00, <-.70L, .367
2 , -1.06 , .633, .3464 , .1112, .000E+00, .000E+00, -1.060, .258
Fbar SIGMA(int.) SIGMA(ext.) SIGMA(overall) Variance ratio
.168 .517 .588 . 1.
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Table 4.5.5 VIRTUAL POPULATION ANALYSIS
SPRAT Ir FISHING AREAS 22 TO 32

FISHING MORTALITY COEFFICIENT UNIT: Year-1 NATURAL MORTALITY COEFFICIENT = .40

1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985

1 .12 .09 .09 .18 .14 .20 .08 .12 .03 .03 .03 .02
2 .17 .16 .19 .27 .54 .32 .45 .36 .23 .04 .06 .08
3 .38 .30 .30 .47 .32 .41 .43 .26 .35 .09 .09 .10
4 .49 .59 .39 .64 .57 .31 .45 .23 .29 .17 .12 .18
5 .34 .48 .75 .43 .83 .59 .38 .17 .30 .11 .22 .12
6 .58 .32 .53 .86 .38 .45 .62 .31 .19 .10 .15 .16
7 .39 .37 .43 .53 .53 .42 .47 .27 .27 .10 .13 .13
8+ .39 .37 .43 .53 .53 .42 .47 .27 .27 .10 .13 .13
(2- 6% .27 .30 .36 .34 .42 .34 .42 .30 .24 .07 .07 .10
1986 1987 1988 1974-86
1 .05 .02 .10 .09
2 .07 .06 .08 .23
3 A1 .14 .19 .28
4 .14 .26 .21 .35
5 .25 .22 .21 .38
6 .15 .33 .17 .37
7 .15 .21 .18 .32
8+ .15 .21 .18 .32

(2- 6)M -12 .18 .12 Tuned with 2 acoustic surveys.

902



Table 4.5.6 VIRTUAL POPULATION ANALYSIS
SPRAT IN FISHING AREAS 22 TO 32

STOCK SIZE IN NUMBERS UNIT: millions

BIOMASS TOTALS UNIT: tonnes

ALL VALUES ARE GIVEN FOR 1 JANUARY

1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985

1 28434 9257 68548 16975 4527 8926 5941 24343 13060 75807 39744 30169
2 46658 16941 5696 42152 9462 2630 4901 3683 14452 8459 49310 25825
3 13787 26285 9712 3157 21486 3686 1283 2102 1729 7702 5429 31111
4 5990 6336 13047 4814 1318 10431 1639 557 1083 818 4732 3325
5 8055 2463 2343 5928 1708 500 5148 698 297 544 461 2810
6 2536 3848 1018 745 2579 498 185 2361 397 148 327 247
7 4489 955 1873 403 212 1180 214 67 1158 220 89 188
8+ 1029 2112 1442 1148 548 440 750 509 256 1808 824 644

TOTAL NO 110978 68197 103680 75323 41841 28292 20060 34320 32432 95505 100917 94319
SPS N0 68547 53858 33423 45702 34475 18578 12649 8871 15036 17161 46380 56403
TOT.BIOM 1235436 834647 908849 803034 516916 338707 238142 310118 345231 821776 1008821 1055295
SPS BIOM 891045 719733 471055 565476 457107 271064 178913 136970 201785 258138 564929 718125

1986 1987 1988 1989 1974-86

1 12928 60988 1008 0 26051
2 19763 8264 40248 611 19226
3 15930 12321 5220 24795 11031
4 18811 9523 7190 2899 5608
5 1867 10911 4906 3891 2525
6 1664 977 5856 2673 1273
7 141 963 472 3318 861
8+ 442 472 795 710 919

TOTAL NO 71547 104420 65696
SPS N0 52689 40952 52613
TOT.BIOM 919119 1138903 770881
SPS BIOM 740668 602949 640961

Loz
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Table 4.5.7

Title : SPRAT It FISHING AREAS 22 TO 32

At 1H.38,31

16 APRIL 1989

from 74 to B8 on ages

with Terminal F of

Initial sum of squared residuals waw

1 ta 7
<200 on age

tinal sum ot <quared residuals is

hatrix of Residuals

Years
Ages
172
2/ 3
3/ 4
4/ 5
5/ 6
6/ 7

Wrs

Years
Ages
1/ 2
2/ 3
3/ 4
4/ 5
5/ 6
6/ 7

Wis

74/75  75/78

509 .167
-.280 -.226
-.114 122

.033 140
-.205  -.002

2320 -.361

.000 .000

100 .100

78/79  79/80

-.084 254
594 .158
-.008 236
-2l -.324
410 -.018
-.584 -.185
.000 000
100 .100

Fishing Mortalities (F)

F-values

F-values

74 75
4815 4520

79 80
.5657  .6093

Selection-at-age (S)

S-values

1 2
.2062  .4952

6/77

-.022
-.283
-.181
074
296
.150

000
.100
80/81
-1.208
. 369
+299
292
-.635
113
000

100

76
5099

81
3247

3
L7217

A and Terminal § of 1,000

83/84  84/85

2331 -.065
=210 -.124
146 -,299
.039 .075
-.190 405
-, 146 125
-.001 -.001

34,791 and
9,233 afte
17778
-.102
2092
074
-.187
-.236
427
.000
100
81/82  82/83
250 -.366
.507 407
193 150
-.315 .042
-.385 029
-.018 -.521
-.001 -.001
1.000 1.000

77
16856

82
3076

4
1.0000

78
6775

83
1152

5
1.0877

1.000 1.000

84 85
.1345 (1391

6 7
1,0622 1.0000

70 iterations

85/86

-.180
.163
.081

-.098

-.118
114

000
1.000

86
(1831

86/87

912
-.005
-.207
-.077

063
-.137

000
1.000

87
2006

1

87/88

-.835
-.779
-.109
.350
.234
594

.000
.000

88
2000

-.002
-.001
-.001
-.001
-.001
-.001

-.305



Table 4.5.8  VIRTUAL POPULATION ANALYSIS
SPRAT IN FISHING AREAS 22 TO 32
FISHING MORTALITY COEFFICIENT - UNIT: Year-1 NATURAL MORTALITY COEFFICIENT = .40

1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985

1 .12 .09 .09 .20 .15 .20 .07 .12 .03 .03 .03 .02
2 .19 .16 .19 .29 .59 .33 .45 .31 .23 .04 .06 .08
3 .37 .34 .31 .49 .35 .47 .47 .27 .29 .09 .08 11
4 .50 .58 .46 .66 .59 .34 .57 .25 .28 .13 .12 .16
5 .41 .51 .70 .56 .90 .64 .44 .23 .34 11 .17 .12
6 .60 42 .57 .76 .58 .52 .71 .39 .29 .12 .16 W11
7 .48 .39 .65 .61 .42 .85 .61 .33 .38 .17 .16 .13
8+ .48 .39 .65 .61 .42 .85 .61 .33 .38 .17 .16 .13
(2-6)U .41 .40 .45 .55 .60 .46 .53 .29 .29 .10 12 .12
1986 1987 1988 1979-86
1 .04 .03 .04 .07
2 .07 .05 .14 .20
3 .10 .14 .17 .23
4 .15 .24 .22 .25
5 .22 .23 .18 .28
6 .15 .28 .18 .31
7 .10 .21 .15 .34
8+ .10 .21 .15 .34
(2-6)U .14 .19 .18

602



Table 4.5.9 VIRTUAL POPULATION ANALYSIS
SPRAT IN FISHING AREAS 22 T0 32
STOCK SIZE IN NUMBERS UNIT: millions

BIOMASS TOTALS UNIT: tonnes
ALL VALUES, EXCEPT THOSE REFERRING TO THE SPAWNING STOCK ARE GIVEN FOR 1 JANUARY; THE SPAWNING
STOCK DATA REFLECT THE STOCK SITUATION AT SPAWNING TIME, WHEREBY THE FOLLOWING VALUES ARE
USED: PROPORTION OF ANNUAL F BEFORE SPAWNING: .400

PROPORTION OF ANNUAL M BEFORE SPAWNING: .400

1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985

1 27977 9124 65463 16053 4370 8863 6662 24234 14133 73342 42985 29890
2 42931 16635 5607 40085 8845 2525 4859 4166 14379 9178 47658 27997
3 14006 23789 9507 3097 20104 3277 1212 2074 2052 7653 5911 30004
4- 5855 6482 11380 4677 1278 9508 1366 510 1064 1033 4700 3648
5 6923 2373 2440 4816 1618 474 4531 517 266 532 606 2788
6 2468 3093 959 809 1840 439 168 1949 275 127 318 344
7 3824 911 1369 363 254 689 174 55 884 139 75 183
8+ 876 2014 1054 1036 656 257 612 422 195 1140 694 625

TOTAL NO 104861 64421 97778 70937 38965 26031 19584 33928 33248 93144 102947 95478
SPS NO 48085 37421 22136 31243 22779 11885 8069 6357 11385 14074 37765 46801
TOT.BIOM 1159513 783755 847485 753809 479500 304794 225269 303468 348390 802735 1018998 1068467
SPS BIOM 620119 496980 308170 381832 301252 171997 113280 97180 151701 208964 460817 593884

1986 1987 1988 1989 1974-86

1 14002 37818 2379 0 25931
2 19576 8984 24717 1530 18803
3 17385 12195 5702 14388 10775
4 18069 10499 7106 3222 5352
5 2084 10413 5558 3835 2305
6 1649 1122 5524 3110 1111
7 206 953 569 3095 702
8+ 644 467 957 884 787

TOTAL NO 73616 82452 52513
SPS N0 43692 33260 34040
TOT.BIOM 943548 962115 632625
SPS BIOM 614632 487307 432039

0Te
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Table 4.5.10

List of input variables for the ICES prediction proyram.

TOTAL BALTIC SPRAT (22-32)
The reference F is the mean F for the age group range from 2 to 6

The number of recruits per year is as follows:

Year Recruitment
1989 57000.0
1990 26000.0
1991 26000.0

Proportion of F (fishing mortality) effective before spawning: .4000
Proportion of M (natural mortality) effective before spawning: .4000

Data are printed in the following units:

Number of Fish: millions
Weight by age group in the catch: gram
Weight by age group in the stock: gram
Stock biomass: tonnes
Catch weight: tonnes

H | ! fishing] natural} maturity] weight in| weight in}
h
i

i

age! stock size| pattern! mortality;} ogive| the catch{ the stock}
I 57000.0} 04} 40} .00} 8.166} 7.506}
A 1530.0) .14} .40) .70¢ 11.298) 11,338;
3 14388.0 a7 .40} 1.00} 13.132} 13,552
H 3222.0} e .40} 1.00§ 14,402} 14.762
-1 3835.01 .18} 40} 1.00} 15.402} 15.902
6l 3110.0% .18} 404 1.00} 16,240} 16,660
Vo 3095.0; .15} 404 1.00} 16.916} 17.276]
18+ 884.0{ A5} +40] 1.00} 16.820] 17,360}
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Table 4.5.11

TOTAL BALTIC SPRAT (22-32)

A K AR XAKR AR KA KRS AR kA KK Rk KRk Xk

* Run on basis of a single recruit *

KA F H kD KRR RE KA F KA AR AR R R RS RS KL AR KRR R KL

e T e +

H at 1 January| at spawning time|
o e o e e e e e B + + + + -t ———
' F! reference! catch in! catch in} stock} stock] sp.stock| sp.stock} sp.stock! sp.stock!
\ factor)| F! numbers) weight| size] biomass| size| biomass| size} biomass|
e e o m o et dom e Fom e ——— Fom———— + + —m e R et +
H .000; .0000} .0000} .0000] 3.0332] 35.8762} 1.8321] -26.0%02; 1.5613} 22.2326)
| .100!} .0178} .0299] .3926) 2.9594) 34.6921; 1.7591) 24.9151{ 1.4889! 21.0867)
! 200} 0356 0576 .7502)  2.8914} 33.6055) 1.6919) 23.8376) 1.4224) 20.0372!
! .400] L0712} .1068}  1.3758; 2.7702] 31.6825) 1.5723) 21.9327! 1.3041) 18.1859!
| .600] .1068] .1495)  1.9033}]  2.6656) 30.0366) 1.4693) 20.3047) 1.2024) 16.6082|
1 .800! L1424 L1867  2.3522} 2.5745{ 28.6142{ 1.3797) 18.8999) 1.1141! 15.2509)
{ 1.000) .1780} .2195)  2.7378!  2.4943) 27.3740) 1.3011} 17.6773]) 1.0368! 14.0733}
{ o 1.200! L2136} .2487! 3.0716, 2.4233) 26.2841} 1.2316! 16.6049) .9686! 13.0437}
t1.400! 24921 .2748)  3.3629]  2.3599] 25.3194] 1.1697! 15.6575] .9080) 12.1371!
b 1.600) .2848! L2983  3.6187)  2.3029 24.4597) 1.1143} 14.8150} .8538!) 11.3336]
Y 1.800] .3204) .3196] 3.8448! 2.2514] 23.6888) 1.0643] 14.0612) .8052) 10.6173]}
' 2.000! .35601 .3390)  4.0459)  2.2047) 22.9938) 1.0190! 13.3830] L7612 9.9752!
B B dm e o o ——— o —————— Fom e ———— b ———— e R +

$339$LBIFSIIIIIEIEILITILITISISIIIIIIIIISII30335539589959395839895939393939393939833959398935839393983535389835983893839397938898¢
$EPPEPIPIEIIIPLIIFIIBIITLIEEIIILPIIIEIISPIPIPIIPPETIIIIIISIIETEIITIIPTITIDISIBBIDS5IIPIIIPEPIFIPIISIIPP4I83I333589

Slope of the yield curve at the origin based on a single recruit: 4.117
F-0.1 aiven by an F factor of 3.812, resulting in a reference F of 678
F-max can't be calculated or is not present

3953383358535 3595PP8IIPSIP53I5TITIIITITIHPIITITITIIIIITIEII3TITSSIIS3PSTSSBSFBIIIPISHEETIPITIIIIILI9$9393939T88488$
FEPPESEEIIIIILPTIPPIIITIIIIIIIIIIIILIIISIIIISSIIPITIIIITIIITPIIPIEIIITIIII3IPPITIIPIEIITIIIDPITIIPIPIIIEI9533P593939



Lable 4.5.12

Effects of different levels of fishing mortality
catch, stock biomass and spawning stock biomass.

TOTAL BALTIC SPRAT (22-32)

on

e e e e ——— e +
| Year 1989 | Year 1990 H Year 1991 !
b B e e o o Fo——me Fomm———— + + + ——
! fac-} ref.| stock| sp.stock! \ fac~| vref.| stock| sp.stock] ! stock| sp.stock)
1 tor) F! biomass! biomass! catch| tor| F) biomass| biomass| catch! biomass| biomass!
e e B e oo e R o e + + o= + + B B +
i 1.04 18} 869 3474 72} .04 .00} 877! 474, 0! 913} 561!
! ! ! ! ! ! Y .02} ! 471} 9! 904} 550
! ! ! 1 1 ! W20 .04} H 468/ 191 895 539
! | j ! ! ' A .07} : 462} 374 8781 518!
i ; | 1 i i .61 114 | 456, 55} 861! 498
! ! ) ! ! ! .8 .14} ! 4501 72! 845} 479}
! H 1 | | v 1.0} .18} 1 444 891 829) 461
' ! ! ' ! voLla2 .21 H 4397 105} 814, 4431
: H : | | HE 254 L 433} 1214 7994 426!
: i ; / | 1 1.6} .28 ! 4277 136) 785 410!
i 1 ! ! ! 1o1.8! .32} ! 422} 151} 7714 395,
! ! ! ! ' V2.0 .36} ! 416} 166! 757} 380
S e e o e o e o ———— tm———— Fm R o e B e T R e ————— b +

The data unit of the biomass and the catch is 10
The spawning stock biomass is given for the time

The spawning stock biomass for 1991 has been calculated with the same fishing mortality as for 1990.

The reference F is the mean F for the age group

00 tonneé.
of spawning.

range from 2 to

6

¢1e
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Table 4:5.13

10.02.32 20 APRIL 1989
SPRAT SO 22-32

AARARERRIRRAA KRR A AR AR AR ARA KRN AR AR A RARHRR AR AT ARRTAR

% Year 1989. F-factor 1.900 and reference F 1780 »
AR AR RAA I A AR AR R AR A AR AN AR AR AN AR AR AR AR A IR R AR AR AR A AR

PR + -
H at 1 January! at spawning timei
Fomemt - + + + -+ =+
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Table 5.1 HERRING effort and CPUE

for 1987.

Pelagic trawl Bottom trawl Trap net
Sub-division Total
and catch Catch Trawling Catch per Catch Trawling Catch per Catch No. of Catch per
country (t) (t) days day (t) (t) days day (t) (t) nets net (t)
22
Denmark 22,555 - - - - - - - - ~
German Dem. Rep. 465 - - - - - - - - -
Germany, Fed.Rep. 5,178 - - - - - - - - -
Total 28,198 - - - - - - - - -
23
Denmark 754 - - - - - - - - -
Sweden 172 - - - - - - - - -
Total 956 - - - - - - - - -
24
Denmark " 6,506 - - - - - - - - -
German Dem. Rep. 46,802 9,651 36,692 0.243 - - - - - -
Germany, Fed. Rep. 628 - - - - - - - - -
Poland 7,997 7,997 2,423 3.3 - - - - - -
Sweden 7,814 6,074 3,914 1.552 878 3,555 0.247 - -
USSR 69,747 - - - - - - - - -
Total 139,494 - - - ~ - - - - -
25
Denmark 1 4,158 - - - - - - - - -
German Dem. Rep. 1,991 1,991 8,484 0.235 - - - - - -
Germang, Fed. Rep. - - - - - - - - - -
PolandI 39,732 39,732 14,661 2.1 - - - - - -
Sweden 15,602 4,443 3,938 1.128 6,766 10.064 0.672 - - -
USSR 8,061 - - - - - - - - -
Total 69,544 - - - - - - - - -

(cont'd)
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Table 5.1 (cont'd)

Pelagic trawl Bottom trawl Trap net
Sub-division Total
and catch Catch Trawling Catch per Catch Trawling Catch per Catch No. of Catch per
country (t) (t) days day (t) (t) days day (t) (t) nets net (t)
26
GermanaDem. Rep. - - - - - - - - - -
Poland 15,398 15,398 8,552 1.8 - = - - - -
Swed?n 88 7 108 0.065 9 14 0.643 - - -
USSR 24,140 13,648 - 8.3 - - - 10,492 91 115.297
Total 39,621 - - - - - - - ~ -
27
Finland 4 344 344 45 6.7 44 7 6.3 - - -
German Dem. Rep. 611 611 1,854 0.33 - - - - -
Poland1 344 - - - - - - - - -
Sweden 7,738 3,078 1,772 1.737 2,817 7,417 0.38 - - -
USSR 3,577 - - - - - - - - -
Total 12,614 - - - - - - - - ~
28 (except Gulf of Riga)
German Dem. Rep. - - - - - - - - - -
Finlan 2,111 2,111 200 10.6 - - - - - -
Swed?n 1,606 151 442 0.342 1,193 1,933 0.617 . - -
USSR 14,660 14,660 - 6.3 - - - - - -
Total 18,377 - - - - - - - - -
28
Gulf‘of Riga
USSR 17,676 10,743 . 4.6 - - - 6,933 209 33.172
Total 36,053 - - - - - - - -

(cont'd)
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Table 5.1 (cont'd)

Pelagic trawl Bottom trawl Trap net
Sub-division Total
and catch  Catch Trawling Catch per Catch Trawling Catch per Catch No. of Catch per
country (t) (t) days day (t) (t) days day (t) (t) nets net (t)
295
Finland 325 325 .33 9.8 - - - - - -
German Dem. Rep. - - - - - - - - - -
Swedgn 8 8 13 0.615 ~ - - - - -
USSR 24,268 18,551 3,088 6.008 - - - 5,717 132 43.311
Total 24,601 - - - - - - - - -
29N
Finlang 30,557 18,124 3,388 5.3 5,147 1,450 3.5 4,030 350 11.5
Sweden 311 21 31 0.677 136 236 0.576 . - -
Total 30,868 - - - - - - - - -
30
Finlanq 22,615 10,655 1,895 5.6 2,060 639 3.2 8,376 792 10.6
Sweden 1,533 1,533 2,228 0.7 . - - = - -
Total 27,942 - - - - - - - -
31
Finlan? 7,788 1,962 1,249 1.6 4,876 2,596 1.9 801 263 3
Sweden - - - - - - - - - -
Total 7,788 - - - - - = =
32
Finlgnd 17,080 8,681 2,476 3.5 691 260 2.7 6,915 315 22
USSR 21,462 19,088 4,150 4.6 - - - 2,370 127 18.7
Total 38,542
;Trawling hours, catch per hour.
3Standardized effort.
4Standardized effort for Sub-divisions 24, 25, and 26.
SCatch per pair of vessels ( 80-150 HP) with pair trawl.

Catch per pair of vessels (150-300 HP) with pair trawl.
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Table 5.2 HERRING effort and CPUE for 1988.

Pelagic trawl Bottom trawl Trap net
Sub-division Total
and catch Catch Trawling Catch per Catch Trawling Catch per Catch No. of Catch per
country (t) (t) days day (t) (t) days day (t) (t) nets net (t)
22
Denmark 23,987 - - - - - - - - -
German Dem.Rep. - - - - - - - - - -
Germany, Fed.Rep. 4,937 - - - - - - - - -
Total 28,924 - - - - - - - - -
23
Denmark 102 - - - - - - - - -
Sweden 117 - - - - - - - - -
Total 218 - - - - - - - - -
24
Denmark 1 9,088 - - - - - - - - -
German Dem.Rep. 49,488 49,488 12,372 4 - - - - - -
Germany, Fed.Rep. 251 - - - - - - - - -
Polands 6,590 6,590 2,021 3.26 - - - - - -
Sweden 4,586 2,945 1,722 1.7 - - - - - -
USSR - - - - - - - - - -
Total 70,003 - - - - - - - - -
25
Denmark . 10,794 - - - - - - - - -
German Dem.Rep. 3,866 - - - - - - - - -
Germany, Fed.Rep. - - - - - - - - - -
Poland5 36,777 36,777 13,722 2.68 = - - - - -
Sweden 16,941 5,557 3,185 1.745 - - - - - -
USSR 9,051 - - - - - - - - -

Total 77,429 - - - - - - - - -

(cont'd)
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Table 5.2 (cont‘'d)

Pelagic trawl Bottom trawl Trap net
Sub-division Total
and catch Catch Trawling Catch per Catch Trawling Catch per Catch No. of Catch per
country (t) (t) days day (t) (t) days day (t) (t) nets net (t)
26
German Dem.Rep. 102 - - - - - - - - -
Poland5 20,379 20,379 11,449 1.78 - - - - - -
Swed?n 24 14 158 0.086 - - - - - -
USSR 26,767 16,687 2,317 7.2 - - - 10,080 90 112
Total 47,272 - - - - - - - - -
27
Finland 81 81 12 6.75 - = - - - -
Po].and5 - - - - - - - - - -
Sweden 14,366 14,366 3.807 3.774 - = - . - -
USSR 4,795 - - - - - - - - -
Total 19,242 - = - - - - - - N
28 (except Gulf of Riga)
German Dem.Rep. 82 - - - - - - - -
Finlan 1,840 1,840 174 10.6 - - - - - -
swedgn 1,319 122 240 0.51 - - - - - -
USSR 16,894 16,894 3,372 5 - - - - - -
Total 20,135 - - - - - - - - -
28
Gulfzof Riga
USSR 19,779 11,582 1,964 5.9 - - - 8,190 165 49.6
Total 39,914 = = = - = - - - -

(cont'd)
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Table 5.2 (cont'd)

Pelagic trawl ‘Bottom trawl Trap net
Sub-division Total
and catch Catch Trawling Catch per Catch Trawling <Catch per Catch No. of Catch per
country (t) (t) days day (t) (t) days day (t) (t) nets net (t)
295
Finland 449 449 46 9.8 - - - - - -
German Dem.Rep. - - - - - - - - - -
Swed! 100 - - - - - - - - -
USSR 22,423 17,593 2,315 7.6 - - - 4,830 115 42
Total 22,972 - - - - - - - - -
29N
Finland 31,423 17,625 3,295 5.3 5,005 1,410 .5 3,919 340 11.5
Sweden 648 - - - - - - - - -
Total 32,071 - - ~ - - - - - -
30
Finland 20,928 9,860 1,754 .621 1,906 591 7,751 733 10.6
Sweden 3,172 - - - - - - - - -
Total 24,100 - - - - - - - - -
31
Finland 7,171 1,807 1,150 1.6 4,490 2,345 .9 738 242 3
Sweden 267 - - - - - - - - -
Total 7,438 - - - - - - - - -
32
Finlgnd 15,021 7,635 2,178 3.5 608 229 2.7 6,081 277 22
USSR 23,140 21,193 3,785 5.6 - - - 1,947 130 14.9
Total 38,161 - = - = = N . - -
;Catch per pair of vessels (150-300 HP) with pair trawl.
3Catch per pair of vessels ( 80-150 HP) with pair trawl.
‘Standardized effort.

Trawling hours, catch per hour.

Data preliminary.

26 meter cutters, pelagic pair trawling system.
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Figure 3.2.6.1 Mean catch curve for the Western Baltic and Kattegat
herring (1984-1988 mean) and 22 + 24 herring
(1985-1988 mean).
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Figure 3.3.2
Log catchability.Herring SD 25-27.
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Figure 3.3.3

FISH STOCK SUMMARY
STOCK: Herring in the Southern Central Baltic

26-04-1989
Trends in yield and fishing mortality (F) Trends in spawning stock biomass (SSB)
and recruitment (R)
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Yield per recruit (grams)

FISH STOCK SUMMARY
Figure 3.3.3 cont'd. STOCK: Herring in the Southern Central Baltic
26-04~1989

Long-term yield and spawning stock biomass
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Figure 3.3.4 Mean fishing mortality effort vs iIndex of fishing effort.
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Figure 3.3.5 Mean fishing mortality effort vs index of fishing effort.
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FISH STOCK SUMMARY

Figure 3.3.6 STOCK: Herring - Coastal Areas 25-27

26—-04-1989
Trends in yield and fishing mortality (F) Trends in spawning stock biomass (SSB)
and recruitment (R)
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Figure 3.3.7

FISH STOCK SUMMARY
STOCK: Herring — Open Sea Areas 25-27

27-04~-1989

Trends in yield and fishing mortality (F)

e Yield wman F

110 [ 0.275

100 A 0.250 35
f @

90 0.225 |
o P R

Y, ‘ H o (]

]
80 \\ I - 0.200 z
’ L b \ " E

70 V PR ey 0.175

l ry alse \ >

' Fic) :. E o* \\ ]

LAK) -a
80 Fk S 0.150 E
£ ol d

& tmemp e | %] e B p [
501 Y T 0.125 9
H o
408 0.100 €
G

30 0.075+
u

©

20 0.050 @
©

&

10 0.025 <>(

0 0.000
1972 1974 4976 41978 41980 41982 41984 1986 1988
Year
A

SSB ('000 tonnes) at 1 January

Trends in spawning stock biomass (SSB)
and recruitment (R)
— |
1000 4000
A,
A 5
875—f; \ 3500 2
H o
o Eal
-‘r ~
: 1
78015 30002
[ \ oo c
. T
Y 2l -t
L A3
2513 | Y 2500 .
4
H 4 1 o
K o =
: N H
500 b e % 2000 ©
S | e, b* \ H g
s’
sl & -y ! \ u 4 ©
@ . 3 2
375 ks 5 ¥ N | 1500 4,
® & b H ©
L) b o
'»“ L p "L':’
250 %yt 1000 @
K 4 -
-
J
125 500 5
3]
o
0 0
1972 1874 1976 1978 1980 4982 1984 1986 1988

Recruitment year class,

B

SS8 year

cont'd.



(grams)

Yield per recruit

FISH STOCK SUMMARY
Figure 3.3.7 cont'd.  STOCK: Herring — Open Sea Areas 25-27

27-04-1989
Long—term yield and spawning stock biomass Short-term yield and spawning stock biomass
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FISH STOCK SUMMARY
Fiqure 3.4.1 STOCK: Herring — Gulf of Riga

27-04-1989

Trends in yield and fishing mortality (F)
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Yield per recruit

FISH STOCK SUMMARY

(grams)
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Pigure 3.4.1 cont'd. 'STOCK: Herring — Gulf of Riga
27-04-1989
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FISH STOCK SUMMARY
STOCK: Herring — 28 and 29S

Figure 3.4.3

28-04-1989
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FISH STOCK SUMMARY

Figure 3.4.3 cont'd. STOCK: Herring — 28 and 298
28-04-1989
Long-term yield and spawning stock biomass Short~term yield and spawning stock biomass
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FISH STOCK SUMMARY

Figure 3.5.1 STOCK: Herring — 29NE and 30E
28-04-1989
Trends in yield and fishing mortality (F) . Trends in spawning stock biomass (SSB)
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FISH STOCK SUMMARY
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Figure 3.5.1 cont'd. STOCK: Herring — 29NE and 30E
28—-04-1989
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Figure 3.6.1 STOCK: Herring — 31E
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FISH STOCK SUMMARY

Figure 3.6.1 cont'd. STOCK: Herring — 31E
28-04-1989
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FISH STOCK SUMMARY
STOCK: Herring in the Western Baltic and Kattegat

e 5.2.6.2
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Yield per recruit

Figure 3.2.6.2

conttd.

FISH STOCK SUMMARY

26—04-1989
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FISH STOCK SUMMARY
STOCK: Herring — Gulf of Finland

-8.1

01-05-1989

Trends in spawning stock biomass (SSB)
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Trends in yield and fishing mortality
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Yield per recruit

FISH STOCK SUMMARY
STOCK: Herring — Gulf of Finland

01-05-1989

Long-term yield and spawning stock biomass
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FISH STOCK SUMMARY
STOCK: Herring — Baltic area 25 to 29

01-05-1989
Trends in yield and fishing mortality (F) Trends in spawning stock biomass (SSB)
and recruitment (R)
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FISH STOCK SUMMARY

Figure 3.9.1 cont'd. STOCK: Herring - Baltic area 25 to 29
01-05-1989
Long-term yield and spawning stock biomass Short-term yield and spawning stock biomass
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FISH STOCK SUMMARY
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Yield per recruit {(grams)

Figure 4.2.1 cont'd.

Long-term yield and spawning stock biomass
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Figure 4.3.1 Relationship between USSR O-group indices
from September trawl survey and VPA l-group
for sprat in Sub~divisions 26 and 28,

1988 year class: index = 6.90
1-group = 47,760
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FISH STOCK SUMMARY

STOCK
Assessment 2

Sprat — 26 and 28
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Figure 4.5.1 Sprat. Biomass in SD 22-32 compared with two acoustic
stock estimates and with the sumrmied biomass for three

assessment units.
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