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T ~bl e__l:§~ SUM OF PRODUCTS CHECK 
f-' 

HERRING IN THE GULF OF FINLAND (FISHING AREA 32) '->J ...,. 
CATEGORY: TOTAL 

CIITCH J N NUI~BERS UNIT: millions 
- ---~~ -- ·---------

1970 1971 197?. 1973 1974 1975 1976 1977 1978 1979 1980 1981 

o o 17 7 14 23 24 11 19 78 36 62 57 
l 166 673 147 237 334 120 670 223 285 122 379 350 
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 
jl 183 654 141 140 613 200 197 154 108 392 78 120 
5 80 79 221 82 69 334 95 84 85 67 179 35 
6 133 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 
9 17 15 6 8 8 6 34 10 8 41 3 9 

lO+ 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 

o 65 28 58 26 43 9 37 
l 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 
5 43 36 105 118 92 94 126 
6 8 18 28 36 67 67 38 
'? 26 8 16 lO 19 53 33 
8 2 15 8 5 7 17 18 
9 3 2 .l3 3 5 7 9 

101 9 8 7 12 3 7 10 

TOTAL 1493 1820 1808 2049 1842 1441 1690 



Tab le 3.8.2 SUM OF PRODUCTS CHEC~ 

HERRING IN THE GULF OF FINLAND (FISHING AREA 32) 
C,'\ TEGORY: TOTAL 

MEAN WEIGHT AT AGE IN THE CATCH UNIT: gram 
-------------------
1970 1971 1972 1973 1974 

o 7.3 7.3 7.3 7.3 7.3 
1 11.9 11.9 11.9 11.9 11.9 
2 19.5 19.5 19.5 19.5 19.5 
3 23.7 23.7 23.7 23.7 23.7 
4 27.5 27.5 27.5 27.5 27.5 
5 32.2 32.2 32.2 32.2 32.2 
6 36.5 36.5 36.5 36.5 36.5 
7 42.5 42.5 42.5 42.5 42.5 
8 44.6 44.6 44.6 44.6 44.6 
9 48.2 48.2 48.2 48.2 48.2 

10+ 52.2 52.2 52.2 52.2 52.2 

1982 1983 1984 1985 1986 

o 6.1 6.6 7.1 5.9 6.2 
1 16.9 15.2 13.4 14.0 14.0 
2 21.4 21.9 19.1 16.4 17.9 
3 30.4 33.1 29.3 22.9 22.4 
4 41.4 41.1 40.4 34.5 29.5 
5 48.9 53.0 42.6 46.0 39.6 
6 66.4 59,5 54.1 57.7 55.9 
7 60.5 73.7 72.5 63.3 63.4 
8 70.6 71.7 75.2 75.9 82.0 
9 97.9 65.7 83.4 79.7 83.8 

10+ 80.2 110.3 70.4 93.8 100.1 

1975 1976 1977 

7.3 6.5 6.1 
11.9 10.8 13.6 
.19.5 19.4 20.3 
23.7 24.2 28.3 
27.5 30.0 32.7 
32.2 32.1 36.9 
36.5 38.8 41.0 
42.5 43.7 44.2 
44.6 47.9 49.9 
48.2 54.8 48.6 
52.2 51.6 67.9 

1987 1988 

5.7 6.4 
12.5 12.2 
20.5 16.5 
25.9 25.5 
31.1 32.3 
41.2 37.1 
53.2 45.8 
69.6 59.5 
74.8 72.6 
90.5 66.7 

106.7 103.6 

1978 1979 

5.4 5.0 
15.9 14.8 
23.0 24.9 
29.7 30.7 
34.5 38.6 
40.2 42.9 
41.7 44.8 
44.0 45.9 
54.1 53.9 
53.8 58.8 
62.7 67.8 

1980 

7.4 
15.9 
24.3 
32.9 
40.8 
46.5 
51.2 
53.0 
61.0 
64.1 
78.3 

1981 

6.7 
13.5 
23.3 
31.2 
41.5 
53.4 
60.0 
70.7 
68.5 
75.7 
79.9 

...... 
Ul 
\Jl 
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l. l 
_·,Il 
:11,}. +)i) 1 3, o .. ~' 

-~r.o:J ,lJ 1 J, .q! 1 1 .l 

~41' 4 '7' .'' ll' l 
190,20,6 .4 ,l' l'. 
uu,·~., It ,.?,2,1 
l JS, .?5, l, 2v, ,·· 1l 
122,S,ll,.l0,9,4 
123,36,22,12, 11,2 
118 ,•18 ,28 ,8 ,6 ,2' 
li/,5,18,13,6,/ 
130, 17, tj , 14, Il , 5 
SF frapne t 
l) 14' 1983 
1 ,l 
l, 10 

FILE: lUN ING 

300 'o. 5 '20. q' 3i. 7 '69 . 7 ' l o. 4 '9. o' l 3. 4' J. 9' 3 .l' l . 5 
191 'o .l' 2. 3' 18.2' 2•1. 7' 2tl. •1' 7. 6' 9. i' to. 2' s. 9 '•1 .Il 
400,0.2,14.8,21.1, 15.7 ,41.4,2B.4,10.1,1•1.6, 12.0, 7 .l 
nz ,l. 2, s .o, 19.2, u .6, 22 .o, 2ti • .;, 16.9, 7. s, s. 3. 1. 2 
i76 ,O. 0,6. l' ,31. 7, 28.ti, 19. O, 22.2, 20. 3, 20.6, 7. 8, 6. 'i 
385,13.3,19. 3,31.1,46. 4,27 .8, 14.7, 16,6,14. 7, 12.•1 ,4 .6 
4 29' o. o' 6. o' l 6' 9' 22. 5' 38. 1 • 16. 9' l 7. 8' 14. 9' 10. 7' 7. 6 
422:,0.5,6.9,9 o 7,24 .l ,26.8,41. 7. i9.0j il .1,13.0,5. 9 
456' l. 3' 25.4' 35. 4 '20. 4 '1.3. 2' 21 .l' ?9. 9' l (l. 4 '6. 5' 4 '5 
454 ,•),6,18.6, 47 .2,26. 7,14 .5,18. 2 .l~. 3,20. 5 '7 .6 ,6. o 
439 ,O.l ,7 .5,33.5 ,34 .6 ,13 .6 ,10.9 ,13. 5 ,11.9 ,10 .9,3 .S 
•152,0.2,14. 7 ,26.6, 3J.a,;s. 3,15. 1, 11.7, 11.1, ,·.o, 7.4 
471, O. 4, 13, O, f)5. 2, 3 l. 5, 1q . .!',l i.?, t1. ;i, 7. ~·, 1

· • O, 2.' 
115, O. O, ':L 8, 40. 7, 5 1). tj ,2 2. ~l, .iS. :i,·). S, 7. l , ;: . 2, 4. 6 
:ill ,0,9. 2,16.3, 30. 3,26. 3, 13.4' 11 .1,11.0,2 .l, 1.3 
SF 13ottom traw-1 
1974, 1988 
1,1 
o, 10 
4077 ,o. o' 2.4 ,89. 4' 86.4 ,60.6' 23 .ti ,14. 5, 9. l. 5. 5,6 .1' 3. 9 
3302,4.5 ,43,1,45 .1,52 .l, 34 .O ,22 .O,G .6 ,B, 2, •l • .l, i. 9 .l. l 
1613,0.3, 27. O, 24.2 ,15.8,18. 0,8. O ,6. 9, 3. 5, 3. 2, 2.1, l. 7 
1574 ,O.l ,6, 6,29 .O, 15.6,10, O, ll. 8,8 .8, 4,0, 3.6, l. 7,2 .O 
1114 ,o.a, 16. 8,18. 7, 20.2 ,9 .o, 6. a, 4 .6, 2. ~, 1. 9, 1.1,0. s 
~73.0 .0,0.6,1 .6,2 .s, 3.2 ,0.9,1. 7' [.2,0.6,0.6,0. l 
183' o. 4 'l. 3' l .l' l. o. o' 5 'o. 5' o .l, o. l' [i .l, o .l' o. o 
491 ,O. 9, 2 .l, O .9 ,l. 5.2. 7, l. 4, 2. 0,0. 5 ,O. o ,0.6 ,O. 2 
375 ,O. 1,2. 5, 2.6, 2 .3,1.0 ,1.1, O, 9, l. 2 ,O. 4 ,O. 2 ,0, 5 
154,0 .O, 22. il ,6. 2, 2, 4, 2.1 ,O . .l ,O. 3, O. O ,O, O ,O .3,0 .O 
180' o. 4' 2. 2 ,l. 8' l. 7 ,l. 3' [;. 5. o. 3' o. 4. o' 2' o. 5 'o. l 
226. o. 9' 3. 7 '6. 7 '2. o' l. 9' 2. 4. o. 7 'o. l' l). 2 'o. 2 'iJ. l 
149,0.0,0.0,10. j. ''· 3,2.1, i .0,1.1 ,0.2 ,o. 3,0. l ,0.2 
260, O. 2, 5.1, 3, 2 .il. O, 5. 8, 2. 9,0 .li, d.S, ,3, c ,O. 0,0. Z 
! ?9, O, O, 3, 6. 6, 2. 7, 2, 8, 4. '>, J • 5, l . 4, O. 8, G. 3, fl. J 
SF Pelagic trawl 
1974' 1988 



f,1b1e 3.8.3 cont'd 

/olodule run at lS.OS. 34 15 APRIL 1989 
f>ISAC,f,J\f<.ATI'l> Q·> 
LOG fRANSfORioAT !ON 
.\0 exp1andlory var\ate (i'1Pan u:.cd) 
fleet l ,USSR, f-·elaqic trowl , ha::. lerminal q est mated u·J the mean 
1· '1 t:>f?t :! • , has terminal q est rnr1ted a'1. the menn 

4 ,ljt-

5 ,Sf 
FLE:~TS tOMHlNI:f, 

, h.~::. tenJ~nal 4 e·.;:;t n~ated as the mean 
, ha·.:. tfrmlnt11 q e·~.t mated a·:. the Menn 

trawl , has tPrmioal q Psr ruatC:>cl as lhe mean 
' VAR f ANCE " 

--1:---:--:--:--·--·--·--·--:-13.6s:-14.29:-n.n:-n.o2:-14.12:-14.38:-13.97 
2 , No data for th is fl eet at age 
3 , No data for this fl eet at agt> 
4 ,-19.49,-15.16,-15. 78,-17. 2l' -18. i?, -11.83,-14.46,-14.54. -16.16,-17. 50,-14.37,-12.81,-17 .84,-13.92,-17 .65 
5 , -13.70, -·lR. 66, -1<1. 72, 18.62,-14. 69,-14.80,-15. 36,-13.89,--14.30,-14. 84,-13.40, -13.36,-14,50,-17, 78,-12.28 

Age l 
Fleet, 74, 75, 76, 

SUMMARY STAT!ST!C5 
f!ef'r , 1-'rPd. , SL(q) .Pn1·tial,Ralsed, SLOPE SE ,INTRCPT, SE 

F , F S1 ope , Intrcpt 

--l- :-13. g;,---:--~94:-:(i'5'35: . 0100: . OOOE+OO: . OOOE+OO: -13.892:----:175 

77, 

~~ , No drrta for this fl eet at thi::. age 
3 , No data for this fl eet at this age 
•l , -16.20 , 1.998, .0000 , .0390, .OOOE+OO, .OOOE+00,-16.201, .500 
5 ,--14.99 , 1.968, .0007 , .0006, .OOOE+OO, .OOOE+00,-14.993, .492 

Fbar SIC·MA( int.) 5IGMA(ext.) SJGMA(overall) Variance r·atio 
. 009 . 466 . 515 . 515 l. 222 

70, 79' 80, 81, 82, 83, 84, 85, 86, 87, 88 

---1-:--;--:--:--:--;--·--·---:-ro.a3:-1o.96:-n.2a:-=I0:49:-n.Ol:-n.4o:-n.22 
2 , No dato for this fleet at tilis 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. •13, -12.31, -J 1. 4•1, ·13.'>4, -J 7 .65, -13. S3,··12.9a, -9. sa. -12. 71,-12.08,-15.95,-12.61,-13.14 
5 • -11.83' -13.53,-13.21' ·l l. 71. -12.64' --lJ .os. -13.64 '-13. 27.-13.02,-12.04.-12. 37,-11.49. -11.99.-13. 20,-11.02 

SUt·lMARY :; TAT l ST l CS 
Fleet, Pred. , SE(q),Par·tial,Raised, SLOPE SE , INTRCPT, SE 

q F , F Sl ope , Intrcpt 

--1-:~: .m:--:o615: .0857: .OOOE+OO: .OOOE+00:-11.028:~ 
l , No data for this fl eet at this age 
3 ,-15.06 , ?.123, .0001 , .1896, .OOOE+OO, .OOOE+00,-15.057, .531 
4 ,·12.75 , 1.527, .0007, .1052, .OOOE+OO, .OOOE+00,-12.748, ,382 
S ,·12.S3 , .8•12, .0078 , .015fi, .OOOE>OO, .OOOE+00,-12.534, .210 
fb2r ~:IGMA(int.) :,JGMA(ext.) SIGMA(overall) Variance ratio 
.G71 .L')q .3J8 .3'38 1.279 

137 

cont'd. 
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Table 3.8. 3 cont 1d. 

77, /8, 79. 80, 81, 82, 83, 84, 85, 86, 87' 88 

SIJMMRY S fA f [S f ICS 
SE ,INTRCPT, SE 

sl <lpe ,lntrcpt 

--1:-:-g:.D' .J"o:- .ts;B: .;~s?o: .OOOE•oo:~: ·9.909:----:m 
., , -·1.95 , .·iS3, .0062 , .3933, .OOOE+OO, .OOOE+OO, -9,947, .246 

.-.W.84 , .725, .0054 , .li.ll8, .OOOE>OO, .OOOE•00,-10.844, .181 
, 11,5> , .889, .0023, .3703, .OOOE+OO, .OOOE+00,-11.520, .222 

., ,-ll.>J<J , .?03, .Oltil , .0:390, .OOOE•OO, .OOOE•00,-11.802, .1?6 
~.J(.I>u\(. int.) SIGMA(ext.) SIGMA(overall) Variance ratio 

.i•17 .2S•1 .25•1 1.057 

Age J 
l' leet, i'4, /6, /l, 78, 79, 80, 81' 82, 03, 84' 85, 06, 87, 88 

--1 :--·---·---·--:---:---:--:----~ -9.78: -9.98: ··9.63:-10.24: -9.63:-10.07:-10.08 
2 • ' • ' ' -8.7\,-10.?3, ··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.J4, -9.45, -9.54, -9.31, -9.02, -9.10 
•l , -10.60, -10.35, -1!.16, -!0.68, -11.26, -lO. 79, -ll. 313,-11.77, -Il. 71,-11.24 ,-11.54,-11.43,-10.65, -16.44, -lO. 71 
5 , 11.13, -11.39,-12 .lO, -Il. 46, -li. 35,-11.19,-12. 3S, -11.41,-12.02,-11.18,-11.34 ,-10. 87,-10. 71,-10, 38,-10.72 

SUMMARY STAT!STICS 
fleet , Pr·ed. , SE(q),Partial ,Raised, SLOPE SE , HHRCPT, SE 

q F , F Sl ope , Intrcpt 

--1--:~: .255:--:1870: .3079: .OOOE+OO: .OOOE+OO: -9.915:---:o9Q 
2 , -9.22 , .609, .0128 , .2960, .OOOE+OO, .OOOE+OO, -9.223, .176 
3 , -9.23 , . 382, . OL7 2 , . 2309, .OOOE+OO, .OOOE+OO, -9.228, . 095 
4 ,-11.•18 , 1.474, .0024 , .1212, .OOOE+OO, .OOOE+00,-11.480, ,369 
'5 .-11.37 , .617, .0250, .1357, .OOOE+OO, .OOOE+00,-11.374, .157 

Fbar S!GMAnnt.) SIGMA(ext.) SIGMA(overall) Variance ratio 
,26J .ici9 .131 .189 .482 

A~1e 4 
Fl eet, 74, 76, il. 78. 80, 81, 82, 83, 84, 85, 86, 87, 88 

-j:---·-----·---·-'--·-··:---:--:--:--:-10.48: -9.73:·-10.26:-10.56: -9.92:-10.12:-10.31 
2. • • • ' -9.9/, -8.37, -9.87, -9.33, -9.45, -7.76, -7.81, -8.65, -8 .. 87, -9.02, -8.73 
1, -8./8, -8.23, -A.SB, -9.0j, -/.94, -0.67, -8.02, -8.30, -8.46, -8.95, -8,95, -8.98, -8.72, -8.56, -8.72 
·1 , -11. Sl, -10. 7G, -lO .G9, -lO. 90,-10.12, -11.32, ·10. '17, ·10. 85,-11. 28,-10. •11, -11.34, -11.11,-10.44, -10.54,-10.91 
5 • ··12 .07. -11.20' -11.27' ·11. 36,-10.82.-11./6 ,-11. 09.-11.18. -11.13, -11.15,-10.65. -11.21,-10.47' -10.39' -10.63 

SIJMMAI<Y STAr !STICS 
Fleet , Pred. , SE(q),Partial,Raised, SLOPE SE , I NTRCPT, SE 

q F , F Sl ope , lntr·cpt 

--~-:-10.20 '-:Jil:~:-:2676:~: .OOOE+00:-1o.197:--:TI2 
2 , -8.89 , . 762, . 0179 , . 2038, . OOOE •OO, . OOOE+OO, -8.889, , 220 
l , -3.59 , .355, .051•1 , .2699, .OOOE+OO, .OOOE+OO, -8.593, .089 
4 .-10,88 , ,410, .0043 , .2457, .OOOE+OO, .OOOE+00,-10.878, .102 
5 ,·Il .0•1 , .>173, .Ol32 , .1>196, .OOOE+OO, .OOOE+00,-11.092, .118 
Fbar SfGMA( int.) SIGMA(ext.) S!GMA(overall) Var•iance ratio 
.238 .163 .103 .183 .319 

Age t) 

fleet, 74, 75, 7b, 71. 78, 79, 80, 81, 82, 83, .84, 85, 86, 87, 88 

---~ ·--·------·----·---:--:--:--:--;:yo:4J:-Jo.4o:-=9.92:-1o.8o:-1o.3o:-lo.35:-lo.64 
. . , . -~"J.o3, :o.1~1. /.;:,,,, o . .s9, -B.Bl>, -9.08, -8.09, -9.18, -s.as, -8.68, -s.7J 
, 0. 1il, 9.01, /.S!Gt ·C~.Jl, -8..1'-'h -/.~~~·. -C.22, -7.ll, -1.77, -5.31, ·3.96, -8,53, -<LOS, -8.25, -8.61 
,·-10.20, ·ll. 78,-10.97,-10 .4-J ,-10.28, -10.61, -Il. 70, ·10.27, -10.62, ··11.11,-11.37 ,-10. 30,··10.87 ,-10.13, -10.19 
, -ll.JS, -JJ .89, -10.97, -lO. •15, -10.32,-10.67, -11.35,-10. 35, -10.86,-10.91, -11.03,-10,05,-10.83,-10.07 ,-10. 25 

SU~MRY STi\T lSTfCS 
rh·el , Pr~d. , St(q) ,Pat·tial ,Paf·_.ed, StOPf SE , I NTRCPT, SE 

q f ' i' Sl ope , Jntrcpt 

·--,- '·li'J.41)'' .. ?Y3 :~g'--:JOI:;g: .OOOE+OO :----:oo6E+OO :-10.402 :------:l05 
.6o9, .iE72 , .1%S, .OOOE+OO, .OOtlE+OO, -8.929, .193 

S , ,'172, ,tJ7't_·J , . 3tl/;', ,C11J01:+00, .OOOt"-00, -8.2/iSs , l43 
•1 .~?.i, .>J.:.•,o, .i•o•:•J, .OOOE+OO, .OOOE+00,-10.727, .143 

,'J21, ,0170, .147o, .OOOf .. GO, .OOOC+OO,-lt1.741, .132 
fl.' dl ;1:1. l ~dt; .... u\le:..-r.) ~,fb,.u\~ovt·rall) Vadattce rt:ll lo 

.l/7 .:07 .730 



Table 3.8.3 cont 1d. 

/4, Jl, F;), 83, 8'i, 86' 87' 88 

--,;--·---· --~· -· - ·----·---·--;---:-11.2u:-1o.5l:=Tii-:6a:~ll.23: -1o.69:-1o.25:-1o.82 
) 1.0.07, -9./5,_ -7.6S, 0.69, 'LI'J, -7.17, ··9.05, -9.26, -8.29, -8.41 

75, 

74, 7)' 76, 

,'.!8, ·6.99, -7.39, -6.93, -7.50, -8.04, -8,33, -8.73, -6.36, -8.16 
lO. ?•:.. -Il./ l, -l (l, 58, -Q.94, -lO. 52,-10. 7S, -lO. 71, -10.09,-11,17,-10.18 
IO.b3, 10.24,-10.62, -9.95, -9.97,-10.84,-10.91,-10.ll ,-10.37,-10.81 

SUMMARY ~HA l l ~il l C;; 
fleet, Prcd. , St(q).f'drtial,kalsed, SLOPE St , JNlRCPl, SE 

·1 r , r Sl ape , lntrcpt 

--~-:-10.78 :~.391: .0/~10: .2328: .OOOE+OO: .OOOE+00:-10.777:------:TiiJ 

!'.', 

2 , 8.(;7 , .H.il, .0183 , .1400, .OOOE+OO, .OOOE+OO, -8.870, .240 
J , -7.:39 , .58•5, .i0•12, .7978, .OOOE+OO, ,OOOE+OO, -7,886, .146 
4 ,·10.5R , .499, .0058, .1482, .OOOE+OO, .OOOE+00,-10.583, .125 

78, 

l•J.Sl , .•1'•11, .O'i8•1, .29•15, .OOOE+OO, .OOOE+00,-10.526, .122 
~.!C.M( int,) SlGM(e>t,) SIGMA(overall) Variance ratio 

229 .143 .229 .391 

.:;o. 81. 82, 63, 84' 85, 86, 87, 88 

&.08, -7.20, -6.90, -7.27, -7.51, -9.07, -8.02, -8.13 
-•) .87' -JO. 22.-12' 46' -9.89' ·-11. 58' -11.11 '-10. 77' -10.01 
--9.64,-10.08, -9.41, -9.58, -10.12,-10.81, -9.63,-11.05 

·~t:~;~A:~i ~TAfi.SfiCS 

rle.-et, fJt"ed. 1 5E(q),Part1.:::1l,RalseU, SLOPE St , l NTRCPT, SE 
F , r Sl ope , lntrcpt 

--l-:~:~: .06>J7 : .1650:------:DOOE+OO: .OOOE+00:-11.040:~ 
l 1 r~o (l..::ta for tr--i~ .. f·reet t1t this rtge 
3 , -?.Sl , .:lcU, .1'12:3 , .4193, .OOOE+OO, .OOOE+OO, -7.570, .202 
4 ,-l0.7J , ,l:•li, .OO'iO, .1171, .OOOE+OO, .OOOE+00,-10.726, .212 
, , ·~<] :'S , ,'3/9, .077\ , ,0,3•19, .OOOE+OO, .OOOU00,-10.249, .220 
f~, ,. ·ofCM(:,-,t.) <;;GMA(ext.) SIGMA(overall) Var i ance ratio 
.. ';~l . 31'l8 . 34S • 38G . 787 

78, i9, 80, Ul, 82. 83, 84, 85, 86, 87' 88 

·- ~~:--·---·---'- ---·----·--·~-·--:-I0.81:-1o.so:-11.27:-l1.67:-1LOS:-l0.29:-1o-:% 
fl;:pt al 

'll'f-t' 

6 '(JQ l -6. 
ll.lol, 
9 .4\.1, 

-6.14, -7.08, -6.60, -6,95, -7.59, -7.63,-7.05 
9./0,-17.93, -9.00,-10.33, -9.65,-11.91, -9.48 

-9.00, -9.46, -8.56, -9.63,-10.45,-10.69,-10.29 

>·'ti· .. ~"':~:·, ,., r ,, 1 1 ~ r 1 ( 'j 

',l ',-l 1 , V-'"t. t.; ;. l, f:.~ i :.f·d, SLOPE SE , INTRCPT, St 

' l' ~.1ope ,Intrc.pt 

.OOOf+OO, -7.\12, .148 

.OOOE+00,-10.387, .291 
-9.8S3, .188 

ratio 
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Table 3.8.4 

fitle' Of l JNLANO (Fl )HJNG 1\I<LA '·n 
t\t lt 

l to 9 
wi l il l dnd l Prmind 1 s of .6PO 

·:.um uf Ql),-!) ·d 
<:..um of • ql/dr'PLi 120 i lE;>ral ion:, 

~l dl r l,, •H l~ p·~. i dilt-l l 

---·~------· 

Yt.·.~t ·-· 70.: /l 'lli'2 n;n /3/ /Il 74.'/S 7~~/l~ i6/0 77/7B 

.895 
·.lOtl 
-.00•1 

•l; ., . t04 - .0•13 
t')/ ,, -.Ul .. 804 .446 
<J/ 7 .•:37 .Rn .G23 
il 8 • 33•1 -' ll8 -.031 -. 954 
8/ '-i l. <lB - ,81)3 .273 .oGq .116 

.UL1U ,Ul_i!J ,1}00 ·""o .0110 .000 .000 ,000 

Wl~, .O i O .01 O .Dl l) .010 ,JlO .010 .010 ,010 

Y;:-dt.:i 78;79 ~1 :-1/80 Guitll Hl/82 82/83 83/84 84/85 85/86 86/87 87/80 WTS 
Age:~ 

l l 2 .6:C1 -,iiJ;) -.Oil . 700 .227 .O'l8 .665 .463 .376 -.287 .000 .350 
2/ 3 --.<JoB ,510 -.iSS '312 .118 .313 -.160 -.CJ07 .367 -.482 .ooo .466 
l/ 4 -.251 .on -.079 -. 199 -.698 -.004 .029 -.159 .265 -.102 .000 .698 
4/ i) -.207 ,001 .017 -. 290 .171 .13? -.030 -.106 -.017 .018 .000 1.000 
5/ 6 .111 .315 .092 .221 .514 -.160 .116 .073 -.245 .210 ,000 .506 
·i; l '169 .u91 .Oo~ -.0~3 ,290 -. 222 ,)o18 .213 -.260 .099 .000 .502 
7/ 8 .043 -.466 -,327 .621 .265 . '330 .290 -.065 -. 378 • 491 .ooo .356 
8/ 9 .•161 l .•181 ,643 o 70/ -.096 .UO'i . 302 -.232 -.299 .177 .ooo .271 

.000 .000 .000 .0/Ju .000 .ooo .000 ,000 .000 .000 2.920 

~!S .O lO . Gt!) ,l_', i:] .l) l l) .010 1.000 l .080 1.000 1.000 1.000 

Fishin9 Mor tal it lc·s (F) 

]ij Il ~; / ;r, ,•, 76 78 
l '/,~l HeS ,q•_)·-lq . 497 1i ,l''l'l .42•l5 . i8jtj . 4'>81 .4B85 

j·~ flU :jf 82 83 84 85 86 87 88 
r ·va lue-:; .~;o·w . ) . .'·9~ . ~. 94 .2B::? .34<::0 . ·~2 :s . 2962 . 3136 .3120 .2700 

::,el et: t ion-at-oge (S) 

l ! j 7 8 9 
S -v.=tluf"~-. . 3212 .9279 i .JOOO .uti6S ,\1096 .5506 .6000 



Tab·l e ;.8.5 VIRTUAL POPULATION ANALYSIS 

HERRING IN THE GULF OF FINLAND (FISHING AREA 32) 

FISHING MORTALITY COEFFICIENT UNIT: Year-l VARIABLE NATURAL MORTALITY COEFFICIENT 

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

1 .127 .120 .069 .115 .187 .102 .162 .230 .198 .097 .162 .096 
2 .210 .276 .178 .295 .361 .296 .331 .348 .288 .314 . 1~03 .465 
3 .462 .308 .390 .344 .379 .299 .432 .475 .426 .481 .506 .471 
4 .566 .512 .379 .425 .365 .357 .378 .400 .478 .516 .438 .479 
5 .423 .482 .305 .373 .362 .327 .277 .274 .403 .622 .473 .359 
6 .363 .494 .259 .206 .305 .259 .413 .575 .412 .346 .476 .402 
7 .230 .333 .228 .214 .265 .226 .272 .154 .374 .292 .283 .466 
8 .299 .382 .345 .089 .149 .237 .275 .246 .394 .380 .443 . .385 
9 .273 .255 .199 .085 .244 .175 .233 .277 .258 .314 .089 .270 

10+ .273 .255 .199 .085 .244 .175 .233 .277 .258 .314 .089 .270 

2- 5)U .415 .394 .313 .359 .367 .320 .354 .374 .399 .483 .455 .443 

1982 1983 1984 1985 1986 1987 1988 1982-86 

1 .134 .106 .082 .169 .111 .084 .087 .120 
2 .292 .396 .324 .317 .347 .212 .281 .335 
3 .174 .346 .387 .273 .385 .259 .313 .313 
4 .266 .364 .370 .223 .298 .268 .210 .304 
5 .314 .236 .350 .230 .220 .268 .196 .270 
6 .129 .209 .290 .193 .198 .247 .166 .204 
7 .219 .18LI .291 .159 .148 .238 .183 .200 
8 .129 .190 .282 .138 .160 .192 .115 .180 
9 .114 .185 .250 .162 .200 .237 .152 .182 

10+ .114 .185 .250 .162 .200 .237 .152 .182 

C 2- 5)U .262 .335 .358 .261 .313 .252 .250 

..... 
13 



Tab le ).8.6 VIRTUAL POPULATION ANALYSIS 

HERRING IN THE GULF OF FINLAND (FISHING AREA 32) l-' 
.j:>. 
1\.) 

STOCK SIZE IN NUMBERS UNIT: mill ions 
---------------------
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: .200 

PROPORTION OF ANNUAL M BEFORE SPAWNING: .300 

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

1 1500 6404 2357 2338 2106 1336 4939 1193 1742 1447 2785 4224 
2 1085 1138 4889 1893 1793 1504 1039 3440 776 1170 1075 1939 
3 3223 758 743 3522 1213 1076 963 611 1989 476 700 588 
4 453 1748 479 433 2J.48 715 687 512 311 1063 241 345 
5 248 221 902 282 243 1283 431 385 281 158 520 127 
o 468 140 118 572 167 146 796 267 240 154 69 265 
7 89 280 74 78 401 106 97 431 123 130 89 35 
8 112 61 173 50 54 265 73 60 303 69 80 55 
9 76 72 36 105 40 40 180 45 39 167 39 42 

10+ 22 100 42 40 104 54 63 141 116 73 466 102 

TOTAL NO 7278 10921 9812 9314 8271 6525 9267 7086 5919 4908 6063 7723 
SPS NO 4137 3445 4867 4948 4638 3931 3259 3858 3018 2505 2364 2246 
TOT .BlOM 166573 199953 202242 202797 188627 158096 182981 179095 167798 144364 179519 175171 
SPS BlOM 110094 97987 120242 129094 128408 112830 102558 115671 105422 93657 105965 83417 

1982 1983 1984 1985 1986 1987 1988 1989 1978-86 

1 3555 2664 4954 3657 1163 6405 627 o 2910 
2 3143 2547 1962 3738 2527 852 4821 471 2097 
3 997 1922 1404 1162 2228 1463 564 2981 1274 
4 301 686 1114 781 724 1241 924 338 618 
5 175 189 390 630 511 440 777 613 331 
6 73 105 122 225 410 336 275 523 185 
7 145 52 70 75 152 275 215 191 97 
8 18 95 36 43 52 107 178 146 83 
9 31 13 65 22 30 36 72 130 50 

10+ 92 52 35 88 18 36 75 104 116 

TOTAL NO 8530 8326 10151 10420 7816 11191 8528 
SPS NO 3151 3739 3626 4492 4591 3719 5599 
TOT.BIOM 203919 221637 228797 226f1,'"11 194203 244338 211122 
SPS B fOi~ 99653 128861 12?'.248 l ;r l33?38 134104 1S8600 



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 ofF (fishing mortality) effective befare spawning: 
Proportion of M (natura1 morta1ity) effective before spawning: 

Data are printed in the fo11owing units: 

Number of fish: mi 11 ions 
Weight by age group in the catch: gram 
Weight by age group in the stock: gram 
Stock biomass: tennes 
C.atch weight: tonn es 

.2000 

.3000 

\ \ fishing\ natura1 \ maturity\ weight in\ weight in\ 
age\ stock size\ pattern\ morta1ity\ ogive\ the catch\ the stock\ 

-+------------+--------+----------+---------+----------+----------4 
l\ 2910.0 .09\ .20 .oo: 12.350\ 12.350\ 
2\ 540.0 .28\ .20 .66\ 18.500\ 18.500\ 
3\ 2981. o .31\ .20 .97\ 25.700\ 25.700\ 
4\ 338.0 .21\ .20 1.00: 31.700: 31.700: 
5\ 613.0 .20\ .20 1.oo: 39.150\ 39.150\ 
6\ 523.0 .17: .20 1.00: 49.500\ 49.500\ 
7\ 191.0 .17: .20 1.00: 64.550\ 64.550\ 
s: 146.0 .16\ .20 1.00: 73.700\ 73.700\ 
9\ 130.0 .15\ .20 1.oo: 78.600\ 78.600\ 

lO+\ 104.0 .15\ .20 1.00\ 105.150\ 105.150\ ..... 
'""" VI 



Tab le .}. •. 8.8 

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

HERRING SUBAREA 32 (GULF OF FINLAND) 

----..------------
Year 1989 : Year 1990 : Year 1991 

--+--------+---------+------+-----+------+--------+---------+------+--------+---------
fac-: ref.: stock: sp.stock: : fac-: ref.: stock: sp.stock: : stock: sp.stock: 
tor: F: biomass: biomass: catch: tor: F: biomass: biomass: catch: biomass: biomass: 
---+------+--------+---------+------+-----+-------+--------+---------+------+--------+---------i 
1.0 227 167 39: . o: .oo: 229 

l .1: .o2: l 
l .2: .os: l 
l .4: .1o: l 

: .6: .1s: 
l .8: .2o: l 
l 1.0: .25: l 
l 1.2: .3o: l 

: 1.4: .3s: 
l 1.6: .4o: l 

: 1.8: .45: 
l 2.o: .so: l 

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

169: o: 276: 211: 
168: 4: 271: 206: 
167: a: 267: 201: 
166: 15l 258l 191: 
165: 22: 250: 183: 
163: 29: 242: 174: 
162: 36: 235: 166: 
161: 42: 228: 159: 
159l 48: 221l 151: 
158: 54: 214: 144: 
157: 60: 208: 138: 
156: 65: 202: 132: 

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 5 

l-' 
..j>.. 
..j>.. 



Table ;.e.9 

( ,~ LL,l )jl 1 
ni!IHl•t--1' 

. :soG ~ 

--+------ --- - ~ 

.-ff c:-.pcnm\t19 r .me: 
- -·--------- --+--- -··--·--+-----------· 

:.P. stock: 
size: 

-------·----------•-·--·--- -+ 

:~~6~; ~~~:~~~~~~i:~~ )Sti:~~; 65q~; 3l7:~~; 5B7~l 
.noo: nJ.s9: tH604.1; 7ll91.'>7: /4313; 2559.47; 65778; 
.2~00; r~·l1.23: l.34S.9: 330.00: 10714: "30S.2l: 9675: 
. ~·OOO: Hft.OS: JYS(l.O: 23998; 61J.oO: Z3998: 554.67: 21715: 
.17oo: 7~L32; 3~7s.o: .?'3a8s: l).JJ.Oo: 258aB: tl76.os: 23565; 
.uoo: 27.1•1: 1751.9; 1?32~: 191.00; 12329; 173.86; 11222; 
.i6GI1: 10.02: l445.a: t076tl: t46.oo: to·loo: 133.17: 981•1: 
.Jsoo: :ci.•15; 1293.2; 10210; uo.oo: 10218; 118.81; 9338; 
.1soo: u.1u: !33·l..J; i09lS; t04.oo: 10935; 95.05; 9994; 

+---- +·· -------- +--- . -- - ·- -+-··----- --- .f ---- --·- --+---- ---- -+-- -- ------+- --------+---------+-·---··----+ 
: Totdl : l38t . .?1: 339~;:L7: 3476.oo: 5/92.Y7l l857'lll 4733.69: lb5976l 

' Year 1990. F-factor 1.000 and refuer.ce F . 2500 • 

~-- ------- ---·------ -+---------·----------+ 
at l Januat·y: at spawnin9 time l 

+ ----+--------- -+ ------- -- t-- --------- ... - --------- ... -- ------ -+- . ------- ... ---------+---------+---------+ 
: : absolute; (Gitch in: (fltch tn: sp.stock: sp.stockl sp.stockl 
: age: Fl numbers: Heigln; biomassl sizel biomassl 
• ---- ... -- -·---- --+------ ---- t-- --- . ---;.. - -+--- ----- -+------ ----+--------·-+ ----------+ 

l' . 0900: 227. 34: 2807' 7: ?~llv.oo: .oo: o: .oo: o: 

; i :~~~~i 4~1: f~ l ~~~~:~i 2177.•15; 1437.12; 26586; 1279.72; 23674; 
334.14; >2•1.12; 8329; 286.89; 7373; 

l\; .2100; 308.39; 977'i.9; l~:oo.oa; 179o.os: 56745; 1616.49; 51242; 
~l . 2000: 36. 98: l 1H 7. b: U4.3l; 224.31; 8781; 202.97; 7946; 
6: .1700: ·::a. 39: 7890.2: .;[Q,•it: •<10.91; 20339; 374.04; 18515; 
r; .l?OIJ~ 51.33: 3J1J.s: Jo.<l • 2S: :<o l . 25: 23318: 328.84: 21226: 
a: .1Guu: 17. n: B06.s: 131.93; 131.93; 9723; 120.33; 8868; 
9; .1500; 12.R9; 1013.3: lO l. 86; 101.86; 8006; 93.09; 7317; 

, lO+l .1500l ~D.87: 2194.5: 164.90; lb4.90; 17338; 150.70; 15846; 
+----+------ ---+--- ----- -+---- ----- f--- - ~-- ~~-- ·--· -··+---------+---------+---------+---------+ 

Tota1 2290o3: 4946.4 7: 179171: •1453. 08: 162011: 
--- t--·--- --- -+-· -------+---------+---------+---------+ 

+ ------------------ -· f-- ----- ------------+ 
at l JanuaryJ at spawning time: 

-1----- --·-· -+--- ------ - ~----- ··--- +- -------- -+- -- ------+----------+ 
: absolute; ·~.toe:,: sp.·;tockl sp.stockl sp.stockl sp.stockl 

age: 1-: biomass: size: biomassl size: biomass: 
+----+-------- + --· - -+-------- -- -+- --------+--· -------+--- ------+ 

l: . 0000: .oo: o: .oo: o: 
2; .2800: l437.12; 26581i; 1279.72; 23674; 
3' ,3100; 1306.95: 33588: 1156.84: 29730: 
t1: .::?loo: 200.65: 6360: 181.19: 5743: 
5: . 20Uu: 1187,99: 46S09; 1074.93; 42083; 
6: . t7tJO: 150.36: 74•12; 136.87; 6775; 
?: . J. 7oo: /0.).83: 18321: 258.36: 16677: 
n: .lt.oo: /49.~3: 18i90l 227.60: liJ773l 
9: .lSfJO: 92.04; 7234; 84.12; 6612; 

LO!: . !Cd]\): Ul/.98; 19766; 171.80; 180o4; 
- - 1-- - ------- +-.- ----·-- t·--- -- ----+ 

r r;.t a i i ;':}·~ ';\}: ·;._,'lti,'lS: 184201): 457l.l1'1l Hitil3o: 
t------------·- +---

145 
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Tab1e 3.9.1 SUM OF PRODUCTS CHECK 
0'\ 

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 

l 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/A) % 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/A) % 99 99 111 



Table 3.9.2 SUM OF PRODUCTS CHECK 

HERRING IN THE BALTIC AREAS 25 TO 29 
CATEGORY: TOTAL 

MEAN WEIGHT AT AGE IN THE CATCH UNIT: gram 

1974 1975 1976 1977 1978 

1 31.9 31.3 29.2 31.6 29.9 
2 42.1 39.8 44.5 41.0 46.8 
3 51.8 57.9 58.9 58.7 51.5 
4 61.4 60.2 67.7 66.9 63.0 
5 78.3 68.2 64.6 74.2 68.5 
6 84.2 82.7 71.7 69.8 80.6 
7 89.6 80.5 82.9 78.8 79.1 
8 76.9 88.7 74.8 91.1 79.6 
9 76.1 71.9 95.4 94.9 98.1 

10+ 84.8 76.6 69.7 97.8 95.5 

1986 1987 1988 

l 19.6 18.1 20.5 
2 30.7 36.7 34.3 
3 39.3 41.7 51.9 
4 56.0 48.6 54.5 
5 66.9 62.1 56.2 
6 72.0 65.9 67.3 
7 81.9 71.2 72.9 
8 95.5 84.8 87.8 
9 98.0 93.0 92.7 

10+ 104.5 102.0 97.2 

1979 1980 1981 1982 

27.2 27.7 30.5 24.7 
47.7 43.4 44.1 47.0 
65.6 64.4 63.3 57.4 
60.5 73.3 77.3 70.6 
72.0 69.5 81.7 78.8 
77.7 81.1 80.2 84.9 
81.0 83.1 86.5 82.3 
87.0 90.5 91.1 90.7 
87.1 94.6 99.3 99.2 

100.0 106.5 110.2 106.9 

1983 1984 

20.4 18.9 
39.2 37.0 
64.3 53.1 
66.7 73.4 
80.8 76.7 
89.2 88.1 
91.7 90.9 
90.6 93.2 

106.3 97.2 
115.6 113.5 

1985 

16.9 
26.6 
48.7 
62.1 
72.2 
78.0 
86.9 
95.0 

101.2 
109.1 

1-' 
.p. 
---1 
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~ Hf'l ring in t:lt' Bal tie Proper, "iub t.livisions 25-29 

Mod••:o nm at 15.50,17 28 APt~ll 19!)9 
Dl SAG(.REf.ArtO Qs 
LOG fRANSFORMA fl ON 
NO e<planatory variate (l<!ean uc,ed) 
fleet l ,Intern Acousticnl 2S, h.;:;. termi11al q e--.tl11,.1tcd ao; the mean 
Fleet 2 ,USSR 26,28 Surveys , ha·; terminal q eslimal{-'d as the mean 
fLEEf'> COMBINED BY '' VARJANCE •• 
Te-ntinal populations from weighted Sepdrabl\;: popuiat lons 
Regre55ion weights 

, 1.000, 1.000, l.ODO, 1.000, 1.000, 1.000, 
Oldest ilge f = l.OOO'avet·age of'> younger agn. Fleets combined by v"'·iance of predictions 
fishing mor tal i ties 

Age, 8.3, 84, 85, 86, 87, 88, 

l, .061. .043, . 081' .109, .037 • .102, 
l, .149, .llO, • l 46, .158, .219, .108, 
3, .311, .201, .187, .212, .264, • 377' 
~' ./8'), • 317. . ~S6, .l5~ l .267' . r,:.?, 
5, • 248. .287' .389, . 332, .281 j . 326' 
o, .289, .27L . 367' .326, . J9:l' • .'fJJ, 
7. .273, • 314, .413, . 335. .3h9, .410, 
i], .290, .JSU, .396, .•191, • 39q, .l!9, 
q, .277. • 308, .364 • • 349, .343, .332, 

log catchabil it y e·:. t ~ mDte·:. 

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

--1-:----=-:32:----=--:n:----=-:43:-~:-~:----=-:c;s 
2 , , -2.45, -3.18, -1.5G 

SUMMARY 5 TA Tl S fl CS 
Fleet , Pred. , SE(q),Partial,Raised, SLOPE SE , lNTRCPT, SE 

q F , F Sl ope ,lntrcpt 

--~---:-~--,r,T-:~m: .6459 :- .lm:·~E•oo: .ooouoa:----::-:m;---:152 
2 , -2,,10 , .939, .0909 , .0467, .OOOE<OO, ,OOOE<OO, --2.398, .469 
fbar SIGMA(int.) SJGMA(ext.) SIGMA(overall) Variance ratto 
.107 .370 .354 .370 .916 

cont'd. 
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Table 3.9.3 cont'd . 

. ,.;, ,)•,, 

·l. 

IL':.i 
,Rilised, StOf'E SE , l NTRCPT, SE 
' F S1 npe , lntrcpt 

--1-:--:.Jti-: --·.1a9:i ~;;;J:JT:--:-37tii: --;ooOE•OO: .OOOE•Oo:---:262:---:o71 
2 , 1.1;3 , 1.315, .lo89, .2S34, .OOOE•OO, .OOOE•OO, -1.779, .657 

f-b.=,r ~.!L'r:A\11·,t •. l ~ .• rt.t~A(ext.) Sf(,MA(overall) Variance ratio 
.373 .181 .SSSE-01 ,187 .088 

L,L,M~'<~Aev si Ar 1 ~·;1 r Ls 
F 1 ee-: , ?t-cd. , S((q),Partinl ,Ralsed, ;:;LU;J(; SE ,lNTRCPf, SC 

r , F Sl ope , Intrcpt 

-·-J -:-~: -~'(i-:6§56-: .3269: .OOOE>OO: .OOOE+00:----:528:----:0sS 
. ·l.ul , .IW .. 1996 , .2l39, ,ljOOf•OO, .OOOE+OO, -1.611, .394 

r •111r .: \1,1'1\~i{ ird ,) ;-;l(,f.",A(e-xt.) ~!TGMA(ovE'rall) Var)ance r·atio 
.311 • 1'2 .216 .268 

8.1, 84. as, 86, 87' 58 

~-1·:-~:~~4:-~-:v:~~:---:72_:~ 
2 , - .40, -2.18, . ;l 

~Ut<~i\RY Sf,\T!Sfl(S 
flcPt, f;rFd. , ~t-(q),P.-wl)al,f<alsed, SLOPE SE , l NTRCPT, SE 

f , F Sl ape , Intrcpt 

-i--:--:;z-:~B'.i:2.05i7 : . 3260:--.000E+OO:· .OOOE+00:---:719:--:o7Q 
2 , ·,97 • 1.21R, . 3804 , .1694, .OOOE+OO, .OOOE+OO, -.966, .609 
rbar '.!bMA(int.) ~.IGMA(ext.) SJGMA(overall) Variance ratio 
.321 .181 .971E·Ol .181 .282 

cont'd. 
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Table J.9.J 
cont'd. 

i'.l)i? 6 
} l t'f>t 1 

---r-·~:~2:--~;;. 
,>' 

1\ge 7 
Fleet, 83, 84' 85, 

:.>JMMAR'I c. l A l !Sl Jet; 
!1Pt'-t, !-'red. , ~::(q),f'iartlal,Raised, SLOPE &E , l r/TRCPT, SE 

q f , F Sl ope , lntrcpt 

·--l-:~:-:3/s:~9479: ,3546: .OOOE+OO:--:oGOE+00:---:667:-----:142 
/ , ·.02 , .i49, .SlG5 , .2393, .OOOE+OO, .OOOE+OO, -.623, .125 
fbc,( S!GMA( int.) ', !GMA(e;<t.) SIGMA(overall) Variance ratio 
• 270 . 2(•3 .180 • 208 . 755 

86, 87. 88 

---~-:--:56:-----:<i1 :l. 06 :--.-:w :----:sT:----:63 
2 ' • -. 94' -.41, • 71 

SlJI<MAR'I SfATfSTICS 
Fleet , Pren. , "''fq),PartiaJ .. <aised, SLOPE SE , INTRCPT, St 

F , f Sl ope ,Intrcpt 

---1 -:--:68:---:TtJT:i.97l•S: .4307: .OOOE+OO: .OOOE+00:------:6'79:----:106 
2 , ·.2! , .'l73, .8089 , .1627, ,OOOE+OO, .OOOE+OO, -.212, .487 
Fbar S!GMA(ilot.) SIGMA(ext.) S!GMA(overall) Variance ratio 
. •100 • 2/0 • 260 • 270 • 923 

A9e 8 
F !e<:t, 83, 84, R5, Hb. B7, 

, ___ , __ l ______ , ___ -·--·--·-~--

1 1 .Otl, },lii, .~·,1, .BO, .63, .tO 
2 ' .08, .11, .•17 

SIJMMARY STATISflCS 
Fleet , P red, , SE(q) ,Part i al .l~aised, SLOPE SE , INTRCPT, SE 

q F , F Sl ope , Intt·cpt 

--~-:~:- .467:1:'""7957: .5180: .OOOE+OO: .OOOE+OO:~:~ 
2 , .2J , .2SI.l.2S25 , ,2489, .OOOE+OO, .OOOE+OO, .225, .126 
f'bar 5!GMA(int.) SIGHA(ext.) SIGMA(overall) Variance ratio 
.293 .221 .306 .306 1.912 



Table 3.9.4 VIRTUAL POPULATION ANALYSIS 

HERRING IN THE BALTIC AREAS 25 TO 29 

FISHING MORTALITY COEFFICIENT UNIT: Year-l _____________ .... 

1974 1975 1976 1977 1978 

l .25 .26 .14 .15 .12 
2 .12 .15 .19 .13 .23 
3 .15 .18 .18 .19 .19 
4 .18 .19 .16 .17 .16 
5 .13 .19 .17 .18 .14 
6 .16 .15 .16 .17 .14 
7 .18 .19 .15 .17 .14 
8 .16 .15 .13 .19 .15 
9 .16 .18 .16 .18 .15 

10+ .16 .18 .16 .18 .15 

( 2- 8)U .15 .17 .16 .17 .17 

1986 1987 1988 

1 .11 .04 .01 
2 .16 .22 .11 
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)U .30 .31 .30 

NATURAL MORTALITY COEFFICIENT = 

1979 1980 1981 1982 

.07 .12 .lO .05 

.20 .20 .23 .22 

.23 .24 .25 .27 

.23 .22 .26 .22 

.20 .22 .23 .22 

.18 .17 .25 .21 

.17 .20 .21 .25 

.21 .20 .18 .22 

.20 .20 .23 .22 

.20 .20 .23 .22 

.20 .21 .23 .23 

.20 

1983 1984 

.06 .04 

.15 .11 

.31 .20 

.28 .31 

.25 .29 

.29 .27 

.27 .31 

.29 .35 

.28 .31 

.28 .31 

.26 .26 

1985 

.08 

.14 

.18 

.25 

.38 

.37 

.41 

.40 

.36 

.36 

.31 

..... 
\J1 ..... 
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Table 3.9.5 

:.1 :-:t<fNG IN 

UNI l: rui l l ion::. 

1\LI 1lt1LU:::::., T :Cl'.;[ fnTCh'RlNG 10 fHE ·;••11\:JNING ·~IGC!\. t\~:E G!VCN f(JF' l .iMiUIIRV: THE SPA\~rHrlG 

•;Ji'l' ;, lil\ .. " ~~r1:1, L l 1.-11 L,r';•.x. ':i·,.;/\fi'IN ~\1 · .. .:·Awf'oJr·.l~ ; trt:. wHua:rw lilL ftJLI_lJ\·IIr•l, VALIJC~ AI<E 
~-·r:r;~~uf: r ~ON [1;-· 1\~\;~1.!1\l r 'C·t ·,-::- r;~t J: '<·\Wr·i 1 ~~~G; 
Pl<'UPU!~ii'Jr~ Ul- AmHJM ,'t 1)1-H}Rt: ':-'1\W~i!i;'~: 

9 
lO+ o OD 

lrJ/5 1976 

11h1 
5303 
•1/9.~ 

5146 
.:~77 
2298 
1313 
1068 
1731 
659 

197' 

i 14 :~ 
8348 
~);'8 

~2~1 0 
3S7tl 
1843 
1600 
1290 

766 
1197 

~lJ41 

1:n 
l lOS 
872 
840 

L'-1/(.' 

4bl0 
S536 
38.?3 
4077 
Jf,>)? 

1613 
!7il 
908 
776 
696 

l '181) 1'181 ~J::1? J'lo 1 

64:31] j tdl qr.:n~J 'JS,~rj 

3510 4;'13 3ti43 7508 
l/l'' 2i57 )081) 5679 
2493 2391 1500 1924 
Zo4:l 1n39 1512 985 
1136 1740 1064 996 
) 107 788 1104 709 
1191 740 524 702 

i:i01 797 504 .345 
1123 1185 1212 776 

1484 

1?457 
7346 
5300 
3423 
1185 

629 
611 
442 
430 
699 

198~ 

10309 
9775 
5199 
3554 
20'55 

728 
392 
365 
255 
524 

lOJAL NO •12949 37839 37255 33315 jtJ/44 25458 24014 27980 28823 29148 32522 33357 
~PS NO ?6376 ?~4'i0 21~06 20770 19/i~•l 17168 14691 13362 1•1777 15253 15798 17823 
TOT .ill OM 2316770 208219'5 1989549 1862117 1G72'D7 1490192 1406632 1515353 1455414 1405540 1404084 1274809 
:,PS BlOM 1672596 1555101 1421080 1353961 J:'i.'774 1151002 1055894 984810 979775 983810 961375 902242 

1986 1937 1988 

4420 14003 4728S 
7791 3249 110~8 
6924 ')454 2140 
Jol'l 11!)96 3•1<10 
2258 2353 2890 

6 1154 1131 1465 
7 413 691 736 
8 2 l.~ 242 ·100 
9 201 106 133 

10< 305 234 117 

!OTAL NO 27356 69723 
Sl'5 NO 16111 lllllS 
TOT. Bl OM 1143750 1160707 2025953 
5P5 B!JM 368668 765902 B44033 

1989 

o 
JG 1~G 
8137 
l?U7 
2052 
17lu 

915 
40•1 
/44 
1l3L 
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Tab le 3. 9. 6 

fiUe HtRRi~i. IN THE BAL fIl M!t.A:; 2S IU 29 
At l'i.l6.33 28 Ai'Rll 1%9 
fl' Oil! /4 to 88 on l to 9 
with 1enlinnl f ot Q/1 aye <l i!tld Terminal ., of t .000 

iflitial St/Ill ot !~quared and 
fl nal _.U/Il <Jf ·~qu.;n:-i'J :r:; atter 92 i tefat l·)n·:. 

f~dtl'h of R<-' ~idna1~. 

---------

'{.;:·,;,1·:: {4/15 75/h ,-;{/// 
A9es 
l/ ) ~ • 1 ·Jt< ! .!JUl • ]Q~. 

" 3 .ooc .400 -,!['; 

3/ 4 .Oll2 . loL .070 
4/ s -.023 .O/o .008 
5/ 6 - .02S .004 .039 
6/ 7 - .15<1 .OoO ,01)4 

il 8 ,;·o6 -.282 -.067 
8/ ~) -.343 -.44:1 -.046 

.000 .000 .001) .000 

WTS .010 .l) li) .O lO .OI O 

Y~ars ?a/?9 79/80 (:O/Bl 81/87 U2/83 8cl/84 84/85 85/86 86/87 67/88 WTS 
Ag es 
l/ 2 .518 -.:'15 .304 -.041 - .Otii .205 - .2,16 .146 .227 -.276 .000 .176 
'l 3 .606 .l~~ .213 .127 '217 .024 -.067 -.078 -.124 -.111 .000 .424 
3/ 4 .058 .105 .095 .134 .?15 .140 -.001 -.279 -.126 -.086 .000 • 706 
'1/ 5 -.OI.l4 .0/8 .040 .1L7 .059 .078 .112 -.215 -.024 -.137 .000 1.000 
5/ 6 -' 111 .lO! -.082 .014 --.135 -.081 -.001 .246 -.047 .006 .ooo .955 
6/ 7 -.047 --.163 -.193 -.041 -.122 -,004 -.132 .176 .015 .118 .000 .882 
71 8 -.261 -.185 .135 ·-.134 ,050 -.167 .060 -.009 -.026 .228 ,000 .554 
8/ 9 -,239 -.100 -.203 -.444 -.219 -.129 .118 .089 .448 .153 .000 '384 

. 000 .000 .000 .000 ,000 .000 .000 .000 .000 .000 3.277 

w rs .010 .OLO .O lO l .000 1.000 1.000 1.000 1.000 1.000 1.000 

fi:;hing Morld l i l i es (F) 

74 7S ;l) n lB 
F··values .2188 .2425 .2122 • 2174 .1877 

79 80 81 82 83 84 85 86 87 88 
F-values .2229 .2195 .2328 .2110 .2405 .2412 .2933 • 2974 .3263 .3500 

Selection-at-age (S) 

l 2 3 4 5 6 7 8 9 
S-va i u es .2908 .6634 .9181 1.0000 l. 04 33 1.0477 l. 0797 1.1198 1.0000 
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Table 3.9.7 VIRTUAL POPULATION ANALYSIS 
V1 
+>-

HERRING IN THE BALTIC AREAS 25 TO 29 

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

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

1 .25 .26 .14 .14 .11 107 .12 .10 .05 .07 .05 .09 
2 .12 .:l-6 .19 .12 .23 .19 .19 .22 .22 .15 .12 .16 
3 .17 .19 .19 .19 .18 .22 .23 .24 .26 .30 .20 .22 
4 .21 .22 .17 .17 .16 .22 .21 .24 .2:1. .27 .30 .25 
5 .17 .23 .20 .19 .15 .20 .21 .22 .20 .23 .27 .36 
6 .21 .21 .20 .20 .15 .19 .17 .24 .19 .26 .25 .34 
7 .24 .27 .n .22 .18 .18 .22 .21 .23 .25 .28 .36 
8 .22 .23 .20 .30 .21 .29 .22 .20 .22 .25 .31 .33 
9 .22 .27 .25 .28 .26 .29 .29 .25 .25 .28 .26 .31 

10+ .22 .27 .25 .28 .26 .29 .29 .25 .25 .28 .26 .31 

( 2- 8)U .19 .21 .19 .20 .18 .21 .21 .22 .22 .25 .25 .29 

1986 1987 1988 

1 .10 .08 .10 
2 .17 .20 .25 
3 .24 .29 .33 
4 .30 .32 .37 
5 .32 .36 .42 
6 .30 .38 .39. 
7 .30 .33 .38 
8 .40 .34 .27 
9 .27 .25 .27 

10+ .27 .25 .27 

( 2- 8)U .29 .32 .34 



Table 3.9.8 VI: '1!:\t ~'"''li All<' t\lil\1 YU'-

:o '') 

~· l ,)' ~. l .... ·_. t t·: . 

'';·Jtf: l· 

iH ;_ ~h\i i~l.~ t'-'1 f.::·:l;lf. 10 fHL :.r'AY\rJIN··, 
• .~ ~ t1 ... ~ r 1.11 ~. 1 : .:ti ~- t~·m 11 : · .: · r·.o"t: t, ,, . 

:_l'i<- tl: 1 · t'• '-" ->;N',!u\, HL t-!JRt- ~PMH.J I 1JC.: 
: •;.•fr 'U!d t 1jN l·~- i\Oi;U:'l !~1- t 1 ,l,' l _Ji'AWN; i,t-,: 

. u f 1\l ~l!) 

!;11 ~ NO 
ror .sroM 
:;~·~; Bl OM 

HH t\L 1\J(.I ?:-~tSS 

~i-,~ NO lui)9:..' 

l (l l , el UM l Q•jQ',4 l 
~~-·s ,qoM s;:o1os 

1'!7/ 

l'lilH l 0 89 

o 
3S92 
31ti4 
14og 

!O::t,l··· 

riJR l 

ll?r.l 
•1818 
2467 
iSJ! 
1721 

l l! l 18n6 
101') llll 
l l !l) 68'S 

•1.11 13'i 
809 11193 

14045 28•139 
14546 13632 

l ~\31)99'-) j'=.-l'il26 
102'5632 997779 
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!nC s~·t\WN !t1C 
tJI:S /;!•'l 

198.) 1"181 1984 1985 

9iiJS e·n·: iUOO 9556 
f050 75/7 6461 8746 
1166 5766 5357 •161~ 

1590 1994 3495 3600 
16l'i 105q 1742 2113 
1131 1080 690 775 
120;1 764 679 •141 
514 787 487 421 
459 337 500 292 

1103 758 812 599 

29300 28565 30921 31219 
15109 15696 15722 16878 

1479104 1419682 1395489 1231709 
998285 1016758 984839 884838 



'rable 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 
1990 8778.0 
1991 8778.0 

Proportion of F Cfishing mortality) effective before spawning: .1500 
Proportion of M (natural mortality) effective before spewning: .3000 

Data are printed in the following units: 

Number of fish: mill ions 
Weight by age greup in the catch: gram 
·Weight by age greup in the steck: gram 
Steck biemass: tennes 
Catch weight: tennes 

+----+-----------+--------+----------+---------+----------+----------+ 
l l l fishingl natural: maturity: weight in: weight in l 
: age: steck size: pattern: mertality: ogive:. the·catch: the ~teck: 
+----+-----------+--------+----------+---------+----------+----------+ 

11 sns.o: .10: .2o: .oo: 19.295: 19.295: 
21 3592.o: .25: .2o: .7o: 35.5oo: 35.5oo: 
3: 3164.o: .331 .2o: ,9o: 46.79o: 46,79o: 
4: 1409.o: .37l .2o: 1.oo: 51.540l 51.540l 
5: 1715.o: .42: .2o: 1.oo: 59.155: 59.155: 
6: 1256.o: .39: .2o: 1.oo: 66.6o5: 6&.6o5: 
7: 592.o: .38: .2o: 1.oo: 72.075: n.o751 
8: 425.o: .21: .2o: 1.oo: 86.275: 86.275: 
9: 27o.o: .27: .2o: 1.oo: 92.855: 92.855: 

lO+: 231. o: . 27: . 20: l. 00: 99. 610: 99. 610: 
+----+-----------+--------+----------+---------+----------+----------+ 

f-' 
\J1 
0'\ 



Table 3.9.10 

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

HERRING IN THE BALTIC PROPER 

Year 1989 l 
l Year 1990 l Year 1991 l 

-------+---------+------+-----+------+--------+---------+------+--------+---------~ 

fac-: ref.: stockl sp.stockl : fac-: ref.: stock 1 sp. stock 1 : stod< 1 sp. stock: 
tor: Fl biomass: biomass: catchl tor1 Fl biomass1 biomass1 catchl biomass: biomass: 
---+------+--------+---------+------+-----+------+--------+---------+------+--------+---------i 
1.0 .34 830 544 186 . o .00 847 562l o: 1080l 762l 

.l .03 560l 21l 1057l 738l 

.2 .07 557: 41l 10351 715l 

.4 .14 5521 791 9931 672: 

.6 .21 546: us: 9531 632l 

.8 .28 54ll 1491 9161 594l 
1.0 .34 5361 1811 880l 559l 
1.2 .41 531: 211: 847: 5261 
1.4 .48 526l 2401 816l 495l 
1.6 .55 5201 2671 7861 4671 
1.8 .62 5151 292l 758l 4401 
2 .69 s1o: 3161 7311 4151 

r------+--------+---------+------+-----+------+--------+---------+------+--------i 
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 8 

1-' 
\Jl 
-..1 
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Tab le 3. 9. ll 

~kF:I~iN(, IN fHE htiLTfl Pf.OPER 

~ YP.:J; 1989. F-factor 1.000 and ,·eferenrr· f 

a~-lf-' i 
··-+ 

1i .1000: 
2: .2500: 
3' .3300: 
4: . 3700: 
5: .•12oo: 
b: .3900: 
7: .3soo: 
s: .noo: 
9: .27oo: 

lOt: .noo: 

~ -----+ 
c.:•r:ch in; r. ;--.-h 
ru~n~b~t '-·i 

/58. J7: l•iti32: 
721.13: 25671: 
810.46: 37921: 
3~17. 38: 20480l 
Slti,fJO: 31754: 
370.01: 24644: 
110. 7o: 12303: 
9l.5ti: 7898: 
58.16: 'J4oo: 
49./6: 4~1S6: 

8773. o: 169371: .o: o: .o: 0' 
3592 .o: i2 iSL6: 2SI '1. 4: 89261: .':'80.8: 80969: 
3164 .o: lolB04l: 2847.6: 133239: 2552.3\ 119419! 
1;o9.o: 72619: 1409.0: 12619: 12SS. 3l 646913: 
j 715.0; 101450: t7F .. o: 101450: 1516. 5; 89709: 
12s6.o: 8365\J: 1256.0: 8365s: 1115.6: 7430'1: 
592.o: t12tib8: 59.? .o: 42668: 526.6: 37957: 
42s.o: 16666: 425.0: 36666: 384.4: 33160: 
21o.o: 25070: no.o: 25070: 244.2: 22673: 
2JJ.o: 23009; 231.0: 23009: 208.9: 20809: 

+---- +---------+--------- +--- ------+-----------l---------+-----~---+--- ______ ,.---- ----·-.f -- ---··----+ 
Total : j966. 34: 18566Sl Zio132.o: 830073: ll26o.o: 607643: 10084.6: 543705: 

' ·,·•ar 1990. F··faclor 1.000 and refere11ce F ,3443 ' 
.......... " " • ; ..... * l< • ; •• o • " •• , • ,. ~ ........ " ... \ ~ ~ • l 

--. --------+-------------------+ 
at l January: at spawning time: 

+-·---+---------+--. ------+------·---+ -· -··-··--- *- --. - ·-- + ··------ -- -+-------··-i----------+ 

nbso lute! catch in: catch in: ·;tock: sp. s lock: sp.stock: sp. stock: sp.stockl 
agr: F' numbers: weight: size: s)z(l: biomass: size: biomass: 

---·----- +--- ------ +---··- --- -+- ·--- -- -- '--- --- ---+-- ------- t -··-------+---·------+----------! 
l' .1000: 758.37: 14632: B?f8.o: 169371: .o: o: .o: 0' 
z: .2soo: li09.1S: 46474: 6502.9: 23085~: 4552.0: 161597: 4129.2l 146585: 
3: .3300: 586. 6U: 27•15o: 2290.4: 107165: 2061.3: 96449: 1847.5: 86445: 
4: .J7oo: 525.23: 27070: 1862.3: 95985: 1662.3: 95985: 1659.2: 85515: 
5' .4200: 249.41: 14753: 796.8: 47116: N6.a: 47136: 704.6: 41680: 
6: .39oo: 271.79: 18l02l 922.6: 61448: 922.6: 61448; 819.5: 54581: 
7: . 3800 ~ 200.75: 14469; 696.2: 50181: 696.2: 50181: 619.4: 44640! 
s: .2700: 71.40: 6160: 33t.5: 28596: 331. s: 28596: 299.8! 25862: 
9: .27oo: 57.22; 5313: 265.6: 24664: 265.6: 24664: 240.21 n3o6r 

10~--: .27oo: 67.45: 6719: 3l3.t: 3ll90: 313.1: 31190! 7.83.2: 28208: 
+----+--·-------+---··-----+---------+ -··-------+---- ··-- --t- --- --- -+----- ----+--- -------+-··-------+ 

i .. :~.::~ .... -- .... .... i-- ~~:~~~~l---~~~~~ ~l--~=~~=~=: .. --~~~~:~ l .. -:~ ~o.~~ =l----==~=~=!--=~~-~~~=!---=~=~~=: 

• Year 1991. F-factor 1.000 and reference f .3443 • 
,. • ,. " .. - .. ,. * .. ,. f ..... ; - • -" ~ .... , •• j • 1 • ' • l ' l • l • J •• t l;' i ~ • i " t • , ,. J J 

4--------------------+-------------------+ 

at 1 January: at spawning time: 
+- ---+----------! ----- ---- t--. ·-- --- ·- ------··-4 ------- --+- --··-----+----------!---------+---------+ 

absolute: catch ln: catch in: stod': stod:: ~.p.stockl sp.stockl sp.stockl sp.stockl 
FJ numbersJ WE>ight.: s)ze: biomass: size: biomassl size: biomass: 

. ·--- -+- -· . --- .. - '"- --- .. --- -+- ------ -·- ~- ------ --+--------- + ·- -- -·-----.f.- --------+---------+ 
.1000: 758,37: 14632; 8778.0; 169371: .o: o: .o: o: 
.2soo: 13Q9,1s: 4647•1: 6'502.9: no8s3: ~552.o: 161597: 4t29.2: 146585: 
.3300: 1062.12: ·19696: 4146.4: 194011: ~73L8: '174610; 3344.7: 156500! 
.3700: 380 21: 1YS95i 134S.t: 69481; l34S.1; 69481: l20J.t: 61902: 
.42oo: 329.66: l95oo: 10SJ.2: 62302: 1053.?: 62302: 931.31 55091: 
.3900\ l2b.2iJ\ 8410: 428.6: 235SO: 47.S.G: 2fi5SO: 180.7: 25359: 
. 3800: 14 7. 46: 10628: ~11. 4: 36H59: 511.4: 3685q: 454.9: 32789: 
.2700: 8L98: 7245: 389.B; i363li ~89,8: B6Jl: 1152.5: 30416: 
·'700' 44.63: 41431 ?07.z: 192361 201.2: 19n6: 187.4: 17396: 

:27ooi n.92: 7761: 1nl.7: 160'll: 36t.l: 3tiOlJ: 321.1: 32585: 
- --- ·-- -- ----- ... -- --- --i--------- f ---------- + --··------+ --------- ,.._ -- ----·· - ~ ------ ---+---------+ 

fQt.Jl ~Dl9.it;: 1813090; !3/~-.7.4: B80329; 12581.9: 
-- -1"- --------+ --- ------+ --------- f ---
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1 Iallle ~.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 31 32 

1987 
Denmark 2,593 2,456 137 
Finland 2,817 21 1 l 776 1,016 
Gr-rman Dem. Rep. 1,307 4 1,303 

aany, Fed.Rep. 1,125 1 l 123 2 
.r-.~.Land 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 l 769 

Total 88,186 3,583 1 l 637 16,016 42,844 46 13,802 7,855 2,785 

19881 

Denmark 1,972 983 
Finland 2,996 11 1,975 1,007 
German Dem. Rep. 1,234 1,234 
Germany, Fed.Rep. 320 320 
Pol and 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 4,285 

· 
1 Preliminary data. 
2 sub-division 24 included. 



Table 4.2.1 SUM OF PRODUCTS CHECK l-' 
O\ 
o 

SPRAT IN FISHING AREAS 22 TO 25 
CATEGORY: TOTAL 

CATCH IN NUMBERS UNIT: millions 
----------------

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

o 3 3 7 5 o 32 33 27 4 2 o 6 
l 110 11 142 390 188 68 1071 961 315 559 91 508 
2 28 75 46 207 688 308 105 1698 726 360 408 470 
3 250 69 120 167 346 537 354 273 386 212 183 120 
4 149 304 189 168 202 257 425 325 6 85' 83 29 
5 26 159 410 202 155 187 148 199 45 45 69 2 
6 21 49 117 82 134 73 97 31 33 22 22 l 
7 2 13 10 11 68 35 33 21 9 lO 5 l 

8+ 1 l 1 1 1 l 1 1 l l l 1 

TOTAL 590 684 1042 1233 1782 1498 2267 3536 1524 1295 863 1138 

1982 1983 1984 1985 1986 1987 1988 

o 11 21 23 40 19 4 42 
l 21.1 700 339 143 277 84 41 
2 506 139 236 394 230 90 188 
3 149 231 103 365 409 207 167 
4 55 32 49 102 508 484 247 
5 18 10 7 25 113 372 247 
6 9 2 l l 35 77 179 
7 4 l o l l 13 36 

8+ 2 l 1 1 1 o 9 

TOTAL 965 1137 759 1072 1593 1332 1157 



Table 4.2.2. SUM OF PRODUCTS CHECK 

SPRAT IN FISHING AREAS 22 TO 25 
CATEGORV: TOTAL 

MEAN WEIGHT AT AGE IN THE CATCH UNIT: gram 
-----------

1970 1971 1972 1973 1974 

o 4.000 4.000 4.000 4.000 4.000 
l 4.000 4.000 4.000 4.000 4.000 
2 14.000 14.000 14.000 14.000 14.000 
3 16.000 16.000 16.000 16.000 16.000 
4 18.000 18.000 18.000 18.000 18.000 
5 18.000 18.000 18.000 18.000 18.000 
6 19.000 19.000 19.000 19.000 19.000 
7 20.000 20.000 20.000 20.000 20.000 

8+ .000 .000 .000 .000 .000 

1982 1983 1984 1985 1986 

o 4.700 4.800 4.400 3.000 4.700 
1 10.300 9.900 12.900 13.000 9.400 
2 15.300 16.500 15.300 15.000 16.100 
3 19.000 18.100 18.500 16.000 14.900 
4 18.900 18.900 20.000 17.000 15.400 
5 18.300 19.200 21.800 18.000 16.400 
6 19.100 19.400 19.900 18.000 17.500 
7 19.600 20.000 20.800 .000 26.000 

8+ 21.100 20.000 .000 .000 22.900 

1975 1976 1977 

4.000 4.000 4.000 
4.000 4.000 4.000 

14.000 14.000 14.000 
16.000 16.000 16.000 
18.000 18.000 18.000 
18.000 18.000 18.000 
19.000 19.000 19.000 
20.000 20.000 20.000 

.000 .000 .000 

1987 1988 

3.800 4.600 
7.200 5.100 

12.800 11.400 
15.100 11.900 
16.200 13.700 
16.700 16.200 
17.300 16.100 
18.100 16.600 
23.400 17.000 

1978 1979 

4.000 4.000 
4.000 4.000 

14.000 14.000 
16.000 16.000 
18.000 18.000 
18.000 18.000 
19.000 19.000 
20.000 20.000 

.000 .000 

1980 

4.000 
6.000 

14.000 
16.000 
18.000 
18.000 
19.000 
20.000 

.000 

1981 

4.800 
4.800 

15.900 
19.000 
22.500 
27.000 

.000 

.000 

.000 

..... 
O' ..... 
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Table 4. 2. 3. Sprat in Sub-illvisions 22-25. Tuning analysig. 

dS l , 36~'·:t L li )l, 

'il/ 

1l54 

1· rr"l"':•ll•1: '-l ,:-·-.tl .. lrii-··1.-~·. !,J.l 

'IAI•'liii1LI '' 

t\·;>:', 84, 8'J, -.;, ~u. 

C', .006, 
.r!/4, 
. OS6, 

l, .l!B, 

"· '194' 
-,, . ')60, 
(., ,ij;:l(.)' 

7' o 2•)2' 

S'J•·1Mr\RY S!Afl:OIICS 
. l::.et, F'red. , .:Jt:(q),ft,1rtidl,!\'a) .... P.d, S!_OPC SE , INTIICPT, GE 

Slope , lntrcpt 

-----·----·-'·--· ·--·----- ·- ··-----·---------~'----'--'--
' .~1>3 , .H0,2,67•;9 , .3•Jo9, .OOOE•OD, .ODOE+OO, .984, .167 

:'.1-,MA(inr.) S!Gl~r\(ex: .) SfGMA(over,;ll) Vbriance ratio 
. •llG O. 000 . 410 O. 000 

i 1 --:Pt , ;.J1·r:d. ~LO!'E SE ,IrHRCPT, Sf 
Sl ope , Int rcpt 

--~-:-----r:?B:--:tioti:s-:9567 : .6698:---:ormr.-oo:· .oooE+oo; L?ns:~ 
Fbdr Si':.MI\(inl.) '>lGM(e.<l.) SfGMA(overall) Variance ratio 
. u ;o .f)Ob o .oon .606 o. ooo 

SE , !NTRCP T, SE 
' f- Slope ,Jntrcpt 

-- ~--:-;~'-i:494:a. 3~~:.s : l.B88b:- .UOUE+00:---:D00Et00:--2--:i22:----:61Q 
t="LI.11 .)fl<'IA(<?;<l,: 5i'.:oMA(ovrra11) oJariance ratio 

l • oli'4 O. GOO l. 49 O. 000 

Ayr l) 

f-leet l 8'1, 

___ , _____ , -·--'---·---·----· 
1 , .z .t.J, / .. -:·•) l ,t;s, .o::. 1. s.~ 

St: • fN f J<f e f, :;1~ 

' F <:,IG-;:- .. • jlntrr:pl 

-------·---·-~--------·~-~--·- ----·--
' J, ·:; .•,_,.;! • ··,~~·j, ,\'Ci!Jt lfJn. .lH.)(Jt+--UO, 1.1)1.'3, .561 

o i ,It ~i]i_,:•H\~0\'~C.·ll j ,1 1·ntlo 



Table 4.2.4 
Title : SPRAT IN FISHING AREAS 22 TO 25 
At 18.12.19 18 APRIL 1989 
from 70 to 88 on ages l to 5 
with Terminal F of .387 on age 3 and Terminal S of 1.400 

9.3.431 and Initial sum of squared residuals was 
final sum of squared residuals is 35.904 after· 92 'lterations 

Matrix of Residuals 

Years. 70/71 71!72 72/73 73/74 74/75 75/76 76/77 
Ag es 
l/ 2 .700 -.605 .297 -.146 -.471 -.286 .236 
2/ 3 -.392 .540 -· .451 .042 .383 .087 -.378 
3/ 4 .046 -.275 .202 .030 .060 .050 .092 
4/ 5 -.081 .173 .202 . 0.13 -.473 .039 . .384 

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

vns .100 .100 .100 .100 .100 .100 .100 

Years 78/79 79/80 80/81 81/82 82/83 83/84 84/85 
Ag es 
l/ 2 -.441 .051 -2.543 -.478 -.524 .118 -.022 
2/ 3 .914 .371 .324 .719 -.051 -.512 -.143 
3/ 4 .656 .053 .358 -.126 .286 .406 -.001 
4/ 5 -3.344 -1.119 1.671 -.818 .094 .073 .386 

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

vns .100 .100 .100 .100 .100 1.000 1.000 

Fishing Mortalities (F) 

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

79 80 81 82 83 84 85 
F-values .7879 .9651 .5953 .5001 .2429 .1046 .1318 

Selection-at-age (S) 

l 2 3 4 5 
S-values .4030 .5743 1.0000 l. 3428 1.4000 

77/78 

-1.282 
-.195 
l. 342 

-.1.236 

.000 

.100 

85/86 86/87 87/88 WTS 

-.176 .988 -.358 .000 .522 
.410 .l.L1 -.057 .000 .968 

-.204 -.499 .021 .000 1.000 
-.259 -.316 .565 .000 .392 

.000 .000 .000 -4.769 

1.000 1.000 1.000 

77 78 
1.8002 .7145 

86 87 88 
.2019 .2037 . .3870 

1-' 
0'. 
'-"' 



Table 4.2.5 VJRTUAL POPULATION ANALYSIS 

SPRAT IN FISHING AREAS 22 TO 25 1-' 
0'\ ...,.. 

FISHING MORTALITY COEFFICIENT UNIT: Year-l NATURAL MORTALITY COEFFICIENT ~ .40 
-------

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

l .0250 ,0039 .0400 .0796 .0717 .0659 .2367 .4179 .2381 .3735 .0633 .1852 
2 .0074 .0261 .0246 .0929 .2443 .1995 .1701 .9601 .8593 .6032 .6717 .6836 
3 .0210 .0279 .0651 .1441 .2760 .3868 .4704 1.1913 .7965 .8992 .9696 .5474 
4 .0255 .0393 .1222 .1509 .3258 .4314 .7991 1.5837 .0768 .5167 1.7688 .4964 
5 .0275 .0420 .0839 .23l3 .2530 .7437 .6175 l. 7729 1.5752 2.1643 1.5940 .2250 

6+ .0275 .0420 .0839 .2313 .2530 .7437 .6175 l. 7729 1.5752 2.1643 l. 5940 .2250 

1- 5)U .0213 .0278 .0672 .1398 .2342 .3655 .4587 1.1852 .7092 .9114 l. 0135 .4275 

1982 1983 1984 1985 1986 1987 1988 1970-86 

l .0789 .0814 .0500 .0490 .1736 .0649 .1557 .1314 
2 .3578 .0841 .0436 .0929 .1279 .0968 .2523 .3088 
3 .6252 .3468 .1020 .1083 .1630 .2023 .3266 .4200 
4 ,6853 .3299 .1417 .1722 .2696 .3719 .5008 .4668 
5 .8910 .3150 .1373 .1232 .3691 ,4105 .4196 .6568 

6+ .8910 .3150 .1373 .1232 .3691 .4105 .4196 .6568 

( 1- 5)U .5276 .2314 .0949 ,1091 .2206 .2293 .3310 



Table 4.2.6 VIRTUAl POPULATION ANALYSIS 

SPRAT IN FISHING AREAS 22 TO 25 

STOCK SIZE IN NUMBERS UNIT: mill ions 
---------------------
BIO~~ASS TOTALS UN IT: 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 

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

l 5399 3441 4384 6170 3290 1290 6116 3367 .1790 214'7 1790 3621 
2 4577 3529 2297 2823 3820 2053 810 3236 1486 946 991 1126 
3 14577 3045 2305 1503 1725 2005 1127 458 830 4/.2 347 339 
4 7162 9568 1985 1448 . 872 877 913 472 93 251 115 88 
5 1163 4680 6167 1178 834 422 382 275 65 58 100 13 

6+ 1051 1840 1918 545 1090 245 337 73 62 42 41 18 

TOTAL ~10 33930 26103 19056 13666 11631 6892 9685 7880 432ci 3865 3383 5206 
SPS NO 26392 20496 13963 8573 7764 4665 4855 3693 2240 1881 1701 2767 
TOT.BIOM 488744 403319 269752 145860 145656 94023 83544 80924 45272 34929 34809 4~5083 
SPS BlOM 403864 332935 215604 107395 107090 67248 50248 41522 26028 19817 18736 25809 

1982 1983 1984 1985 1986 1987 1988 1989 1970-86 

l 3365 10837 8424 3626 2097 1615 346 o 4186 
2 2017 2085 6697 5372 2314 1182 1014 199 2716 
3 381 945 1285 4297 3281 1365 719 528 2287 
4 132 137 448 778 2585 1869 747 348 1643 
5 36 44 66 261 439 1323 864 304 952 

6+ 30 16 15 31 144 322 783 726 441 

TOTAL NO 5961 14064 16935 14364 10860 7675 4474 
SPS NO 3534 7930 11307 10590 7899 5408 3193 
TOT.BIOM 54861 110266 176426 185934 136593 100034 57222 
SPS BlOM 33810 69603 131411 146129 104150 73460 41370 

1-' 
0\ 
\Jl 
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Tabfe 4:2:1: · 
Analysis by RCRTINX2 of data from file RECBAL 
SW Bal Sprat as 1-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 
MINIMUM S.E. FOR ANY SURVEY TAKEN AS .00 
MINIMUM OF 4 POINTS USED FOR REGRESSION 

INCLUDED 

Yearclass = 1987 

Survey/ Index Slope Inter- Rsquare No. Predicted Sigma 
Series Va lue cept Pts Value 
GOR O 7.4530 2.303 -12.320 .8137 4 4.8427 .34189 
GDR l 6.9875 .724 3.084 .7606 4 8.1398 .40076 
GOR 2 

Standard Weight 
Er ror 

1.15424 .08870 
.45775 .56399 

MEAN 8.4107 .58332 .58332 .34731 

Yearclass = 1988 

Survey/ 
Series 
GDR O 
GOR l 
GOR 2 

MEAN 

lndex Slope Inter-
Value cept 
8.5122 •••••• 34~.022 

Rsquare No. 
Pts 

.0003 5 

Predicted Sigma Standard 
Value Error 

15.5324 33.11714 36.50526 

8.4869 .53314 .53314 

Yearclass Weighted Internai External Vi rtual Ext.SE/ 
Ave rage Standard Standard Population Int. SE 
Prediction Er ror Er ror Analysis 

1987 7.94 2811.41 .34 .69 8.79 6580.00 2.01 
1988 8.49 4858.15 .53 .10 .19 

Weight 

.00021 

.99979 



Table 4.2.8 

List of input variables for the ICES prediction program. 

PREDICTION SPRAT 22TO 25 
The reference F is the mean F for the age group range from l to 5 

The number of recrui ts per year is as fo 11 ows: 

Year Recrui tment 

1989 4668. o 
1990 4186.0 
1991 4186.0 

Proportion of F (fishing mortal i ty) effective befare spawning: .4000 
Proportion of M (natura l mortal ity) effective be fore 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 bi omass: tennes 
Catch weight: tennes 

+----+-----------+--------+----------+---------+----------+----------+ 
l l : fishingl natura1 l maturity: weight in l weight in l 
: age: stock sizel patternl mortalityl ogive: the catchl the stockl 
+----+-----------+--------+----------+---------+----------+----------+ 

1: 4668.o: .11: .4o: .6o: 6.242: 4. 763: 
2: 3096.o: .26: .4o: t.oo: 14.332: 13.716: 
3: 528.o: .35: .4o: t.oo: 16.237: 15.589: 
4: 348.o: .39: .4o: t.oo: 17.926: 17.337: 
5: 304. o: • 55: • 40: l. 00: 18.505: 17.784: 

, 6+: 726.o: .55: .4o: t.oo: 18.683: 18.584: 
+----+-----------+--------+----------+---------+----------+----------+ 
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Table 4.2.9 

Resul ts 

12.08.57 20 APRIL 1989 
PREDICTION SPRAT 22TO 25 

' Yea~ 1989. F-factor 1.000 and reference F .3320 • •••••*·"'···············"····"'*"'" ............... "'." .. ,.. ....... . 
+ -------- -----------+ ·---------------- --+ 

at l Januaryl at spawning time! 
+----+ ---------+ -- -------+---------+---------+---------+---------+---------+---------+---------+ 
l l absolute: catch inl catch in: stock: stock: sp,stock: sp.stock: sp,stock: sp.stock: 
: agel Fl numbers: weight: sizel biomassl size: biornass: sizel biornassl 
+----+---------+ ---------+---------+------- --+---------+---------+ ---------+---------+ ---------+ 

ll .1100! 402.23! 2510.8! 4668.00! 22234.4! 2800.801 13340.7! 2283.95! 10878.8! 
2! .2600! 589.271 8445.1! 3096.00! 42464.1! 3096.00! 42464.1! 2377.65! 32611.3! 
3: . 3500! 130.01! 2110.9: 528. oo: 8231.2: 528 .oo: 8231.2: 391.15: 6097.9: 
4: .3900: 93.83: 1682.0: 348. oo: 6033.2: 348.00! 6033.2: 253.71: 4398.6: 
5: • 5500: 107.93: 1997.3: 304.00: 5406.4: 304.00: 5406.4: 207.89: 3697.2: 

l 6+! .5500! 257.76! 4815.9! 726.00! 13492.1! 726.00! 13492.1! 496.48! 9226.8! 
+----+ ---------+ ---------+---------+ ---------+---------+---------+---------+ ---------+---------+ 
l Total l 1581.03! 21562.0! 9670.00! 97861.5! 7802.80! 88967. 7i 6010.84! 66910.5! 
+--------------+---------+---------+---------+---------+---------+---------+---------+---------+ 

' Year 1990. F-factor 1.000 and reference F .3320 • ...................................................................... , ... 
+-------------------+-------------------+ 
l at l Januaryl at spawning time! 

+ ----+---------+ -------- -+---------+-------- -+ ---------+ ---------+-------- -+---------+---------.. 
: : absolute: catch inl catch in: stock: stock: sp.stock: sp.stockl sp.stockl sp.stockl 
: agef F: numbersl weightl size-: biomass: sizel biomass: sizel bio•ass~ 
... ----·---------·---------·---------+---------+---------+---------+---------·---------+---------+ 

l l .1100! 360. 70[ 2251.5! 4186.00! 19938.6! 2511.60! 11963.1! 2048.12! 9755.5! 
2! .2600! 533.52! 7646.2! 2803.11! 38446.~! 2803.11! 38446.9! 2152. 72! 29526.2! 
3! .3500! 394.01! 6397.5! 1600.17! 24945.8! 1600.17! 24945,8! 1185.44! 18480.3! 
4! .3900! 67.25! 1205.5! 249.41! 4324.0! 249.41! 4324.0! 181.83! 3152.4! 
5! .55001 56.081 1037.7! 157.94! 2808.8! 157.94! 2808.8! 108.01! 1920.8! 

l 6+! .5500! 141.43! 2642.4! 398.34! 7402.9! 39!f.34! 7402.9! 272.41! 5062.6! 
+----·---------·---------·---------+---------·---------·---------·---------·---------·---------+ 
l Total l 1552.98 l 21180.7 l 9394.98 l 97867 .O l 7720.581 89891.5 l 5948.52 t 67897. 9! 
+--------------+---------·---------·---------+---------·---------·---------·---------·---------· 

.. ------------------- ... ------------------ -+ 
l at l Januaryl at spawning time! 

·----·---------·---------·---------+---------·---------+---------+---------+---------·---------· 
~ ~ absolute: catch in: catch in~ stock: stock: sp.stock~ sp.stock~ sp.stock: sp.stock: 
l age: F: numbersl weightl size: biomass~ size: biomassl sizel biornaSsl 
+---- ... ---------+---------·---------+ --- ------+---------·---------·---------+ ---------+---------+ 

l! .1100! 360. 70! 2251.5! 4186.00! 19938.6! 2511.60! 11963.1! 2048.12! 9755.5! 
2! .2600! 478.43! 6856.7! 2513.67! 34477.0! 2513.671 34477.0! 1930.44! 26477.4! 
31 .3500! 356.731 5792.2! 1448.79! 22585.9! 1448.79! 22585.9! 1073.291 16732.1! 
4: . 39oo: 2o3 .80! 3653. 3! 755.87! 13104.4: 755.87! 13104.4: 551.07: 9553.9: 
5! .5500! 40.19! 743.7! 113.19! 2013.1! 113.19! 2013.1! 77.41! 1376.6! 

l 6+! .5500! 76.38! 1427.1! 215.14! 3998.1! 215.14! 3998.1! 147.12! 2734.2! 
+----·---------+---------+---------+---------+---------+---------+---------+---------·-----.::---+ 
l Total l 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 22TO 25 

Year 19S9 : Year 1990 : Year 1991 
-------+---------+------+-----+------+--------+---------+------+--------+-----

fac-: ref.: stockl sp.stockl : fac-: ref.: stockl sp.stockl l stockl sp.stockl l 

tor: Fl biomass: biomass: catchl tor: Fl biomass: biomass: catchl biomass: biomass: 
---+------+--------+---------+------+-----+------+--------+---------+--··---+--------+---------~ 
1.0 .33 9S 67 22 .oo: 9Sl n: o: 116l 92: 

.03l : 76l 2l 114: sg: 

.o7: : 75l 5l 112: S6l 

.u: : 73l 9l 107: Sl l 

.20l l n: u: 103l 76: l 

.27: : 70l 17: 1oo: 71l 

.33l l 6Sl 21: 96l 67: l 

.40l l 66l 25l 93l 63l l 

.46l l 65l 2Sl 90l 59 l l 

.53 l l 63l 31l S7l 56 l l 

.6o: l 62l 34l S4l 53 l l 

.66l l 60l 37l Sl l 50 l l 

---··-+------+--------+---------+------+-----+------+--------+---------+------+--------+---------~ 
The data unit of the biomass and the catch is 1000 tennes. 
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 l to 5 

...... 
0'\ 
\.0 



170 Tab le 4.3.lvtRTUAL POf'ULAT!ON ANALYoiS 

"PRAl IN f J~.tllNG Af<fAS 26 ANll 28 

CAlCH l N NUMBf RS UNIT: ml l l ions 

10/tJ I'IHll 1981 1982 1983 1984 198S 1986 1987 1988 

·10 2~ l l 8 8•1 9 2•1 9 l] 70 
/Ull J4o !400 117 1029 539 227 198 525 J4 
1311 04ll 219 !60S 95 180'i 1163 645 265 2?45 
h9l! l jq 1G2 19? 110 226 1850 934 866 540 
~L'!) ~ 1 a qs 121 26 277 32t 1351 1236 (•Gb 

71 '.fJ9 •IZ l'l 8 50 149 710 1205 462 
li 'l ;s l li 28 2 27 l•l 97 127 •128 
84 27 G l8 3 4 7 7 80 17 

:lt !l 'd 25 14 7 16 4 11 25 21 

l U lAI :HI•1 c lti•l :!Dll ll>ll 1364 2951 3758 3462 4329 44fl3 



Table 4 • 3 • 2 SUM Of PRODUCTS CHECK 171 

SPRAT IN r I~;HING AREAS 26 AND 28 
l'•\ll.l,fJRY: lOT /\L 

Mll\r; 1~1-l Gfi l /\l /\(,[ Ill lHE CATCH UNIT: gram 

l'li'l 1 quo 1981 1982 1983 1984 1985 1986 1987 1988 

•i .000 4 .01)0 •1.000 4.000 4. 700 3. 700 4.190 •1.400 4.300 3. 740 
".000 ti.Olltl 6 ,(!00 5. 700 9.000 8.000 8.170 5.500 8.200 5. 750 

lll.UOIJ 10.000 l l. 800 10.400 12.800 10.300 10.130 10.600 ll.200 9.860 
l~ .000 L 1 .000 15.000 14.200 14.500 13.100 11.980 11.900 12.600 12.150 
l l.OiiO 13.000 lb,•H)O 15.300 16.600 14.500 12.890 13.300 13.800 13.860 

'> l-1.0110 14.1100 lb. 700 16.000 17.200 14.900 16.100 13.900 14.600 14.570 

'• :t>.l)00 16.000 16.200 1').800 16.800 16.200 18.350 15.900 15,800 14.520 
l t l .l.tl)rt 17 .01)0 17 .r.OO 18.000 17.700 17.500 19.370 16.600 17.000 16.160 .,, 1),111.1!) ,'l) .l)t)tl Jii.OrtO 1'),100 18.200 18.300 18,1310 17 .OLlO lrl.100 17.020 



172 Tab le 4.3.3. V l R TUAL POPULA T ION ANAL YS l S 

SPRAT l N Fl SH l NG ARE AS 26 AND 28 

MEAN 1•/EICIIf 1\l i\C•E OF !HE STOLK UNIT: gram 
- ----------

jq;q 1980 1981 1982 1983 19811 1985 1986 1987 1988 

4.000 q,ooo •1.000 3.000 q ,000 3.600 4.1')0 q,400 4. 310 3. 740 
t •. ooo (1.000 6.000 G.OOO 4.100 3.800 8.170 5.500 4.610 5. 750 

l li .Ol!O !2 .1100 10.000 10.000 li. 600 9.100 10.130 10.600 Il. 200 9.860 
1r,.ooo 15.000 12.000 13.400 13.800 12.200 11.980 11.900 12.800 12.150 

4 IH.Ol!ll lti.ilOO l J.OOO 15.000 15.500 14.100 12.890 13.300 14.100 13.860 
1/.1\00 17.000 14.000 16.•100 16.000 14.600 1G.100 13.900 14.600 14.570 

Il 1/.ullll 17.0l10 lti.OOO l 7.000 17.000 16.600 18.350 15.900 15.600 14.520 
Ill .Ill lO !8.()00 17.000 18.000 17.100 17.500 19.370 16.GOO 17.000 16.160 

Ul Jr:.outl [:],1)1)\) ;11.\)00 l G.SOO 18.000 JB. 300 18.810 17 .0(10 18.000 17.020 



Tab le 4.3.4. SUM Of PRODUCTS CHECK 173 

SPilA l It l F ISHING AREAS 26 AND 28 
CATEC.OI~Y: TOTAL 

Ci\fUi 111'fl;Hf /\NO t:;UP CHCLK 

!,l)M 1)1' Pl<GtiUf.l S ll!llf: t01mes 
IWMirMI. iAflH UN Il: tormes 

1979 l ~180 19:31 19S2 1983 1984 1985 1986 1987 1988 

117 •17 33 395 33 99 40 o 263 
:177 8397 6G~ 9261 4309 1852 1089 4303 193 

.-,,104 2')89 IGG9J 1216 13590 11786 683•1 2968 22136 
tu/ 1 .'427 7719 1595 2954 22165 11115 10913 6561 
•IJ)j 7~9 18•11 432 4017 4136 17965 I 7054 <l23S 
;·u 1 /(J[ h2tJ 138 739 2396 2922 17594 6731 

lt;;:l1 ~ft/ 1<160 •lltl 3•1 t129 ?.~·j l'J49 21)06 6215 
ltl/iJ lj~)t) 'J/ :J/.4 ~;3 7'1 13•1 Jlj l J57 274 
(,,, ill/l 1)11'; 272 127 !95 77 1<12 ':•19 363 

'.1/1' 111:;·,. t/;t• .. nG12 J Jl50 JJ 43'l 4LU911 41[<0/ r,u6 116 '11%9 
1i li~UM l 1'1. t/lil) '\f)iJ\1 1347b 11149 •1.!97:J '11%7 'JI,(.,46 '>111 1)3 
•,t'o/1\) lO! 10/ l1iO 102 99 JOO i Oil l Ul) 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 
l' l 
2, 8 
l, 17621, 4897, 3547, 711, 110, 79, 91 
l, 9949, 9626, 2110, 535, 54, 9, 23 
l, 1393, 4174, 2639, 355, 33, 4, 26 
l, 891, 4128, 3258, 509, 73, 8, 3 
1, 7327, 1369, 1927, 511, 69, 9, l 
USSR Surveys 26+28 
1984, 1988 
l, l 
2, 8 
1, 21087,2066, 1938, 501, 166, 20, 69 
l, 16531, 12765, 981, 441, 61, O, O 
1, 9752, 7748, 7174, 663, 357, 37, 58 
l, 5604, 5351, 5283, 4693~ 107, 175, 19 
1, 23035, 2246, 2992, 2489, 2341, 110, 81 



Table 4,3,6 Sprat in Sub-divisions 26 and 28. Assessment l. 
Tuning run. 

Module run at 15.19.52 14 APRIL 1989 
O l SAGGREGATEO Qs 
LOG TRANSFORMATJON 
NO explanatory variate (Mean used) 
Fleet l ,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 = l.OOO'average of 5 younger ages. Fleets combined by variance of predictions 
Fishing mortal i ties 

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

l, .021, .012, .024, .013, .070, 
2, .058, .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 catchabi li ty est i mates 

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

SUHMARV STATJSTICS 
Fleet , Pred. , SE(q) ,Partial ,Raised, SLOPE SE , INTRCPT, SE 
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q F , F Sl ope , Intrcpt 

--1-:--=1.1iJ:---:Ts5:--:3Q79: .0944: .OOOE+OO: .OOOE+OO: -1.178:-----:-320 
2 , -.05 , .245, .9471 , .0923, .OOOE+OO, .OOOE+OO, -.054, .100 
Fbar SIGMA(int.) SIGHA(ext.) SIGMA(overall) Variance ratio 
• 092 • 234 • 624E-02 • 234 • 001 

Age 3 
Fleet, 84, 85, 86, 87, 88 

--1-:--:68:----:-:60:~:---::-:39:~ 
2 • -.18, -.32, -.03, -.13, -.13 

SUMMARV STA TI STI CS 
Fleet , Pred. , SE(q),Partial ,Raised, SLOPE SE , INTRCPT, SE 

q F , F Sl ape , Intrcpt 

--1-:~:----;623:--:n83: .2873: .OOOE+OO: .OOOE+00:---=-:317:-----:254 
2 , -.16 , .115, .8534 , .2052, .OOOE+OO, .OOOE+OO, -.159, .047 
Fbar S!GMA(int.) SIGHA(ext.) SIGHA(overall) Variance ratio 
• 207 .113 • 600E -01 .113 • 282 

Age 4 
Fleet, 84, 85, 86, 87. 88 

--1-:--:so:--:so: -1.27 :-=-:19:---=-:4ii 
2 • -.11, -.26, -.27, .29, -.04 

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

q F , F Sl ope , Intrcpt 

--~-:----=-:19:---:8f5:--:8284: .2865: .OOOE+OO: .OOOE+OO:-----::TiiS:------:333 
2 , -.08 , .250, .9253 , .2061, .OOOE+OO, .OOOE+OO, -.078, .102 
Fbar SIGHA(int.) SIGMA(ext.) SIGMA(overall) Variance ratio 
. 212 . 239 • 925E -01 • 239 .149 

cont 1d. 



Table -4-3.6 cont 1Q.. 

Age 5 
Fl eet, 84, 85, 86, 87, 88 

---1-:lÆ:----:-:76:----::48: -2. 23: -l. 26 
2 • 1~12, -.96, .15, -.01, .32 

Age 6 
Fleet, 84, 85, 86, 

Fleet , Pred. 
q 

SUMMARV STATISTICS 
, SE(q),Partial,Raised, 

F , F 

-~1-: -.65 :"T.488:--:52i0: .4710: 
2 ' .13 ' .814,1.1334 ' .2104, 
Fbar SIGMA(int.) SIGMA(ext.) 
.253 .714 .339 

87, 88 

---1-:~:--:-:36:--=2.91: -1.10: -3.50 
2 ' .56, -.24, -.52, -.72, .02 

Fleet , Pred. 
~ 

SUMMARV STATISTICS 
, SE(q),Partial,Raised, 

F • F 

--1-: -1.55 : l. 742:-:2I33:1.3232: 
2 ' -.1:8 ' .547' .8346 ' .1526, 
Fbar SIGMA(int.) SIGMA(ext.) 
.185 .522 .617 

SLOPE SE 
Slepe 

, INTRCPT, SE 
,Intrcpt 

• OOOE+OO: • OOOE+OO :---::-:652:------:607 
.OOOE+OO, .OOOE+OO, .125, .332 

SIGMA(overall) Variance ratio 

SLOPE 

.714 .226 

SE 
Slepe 

, INTRCPT, SE 
, Intrcpt 

.OOOE+OO: .OOOE+OO: -1.545:~ 

.OOOE+OO, .OOOE+OO, -.181, .223 
SIGMA(overall) Variance ratio 

.617 1.399 

l-' 
~ 

10'\ 



Tab le 4.3.7 Assessl1E!1t l 

Ti tle SPRAT l N fl SH ING AREAS 26 AND 28 
177 

At 15.36.34 16 APRIL 1989 
from 70 to 88 on ages l to 7 
with fermint1l F ot . 200 on aye 4 and Terminal S of 1.250 

In it id l sum ot ~:quared res i dua l s wao_. 117.581 and 
final :::Uhl of <:.quared re~:.iduals ls 27,740 afte1· 111 i ter at i ans 

Matli,.; of Residua1s 

-------

Y~ars 70/l1 71172 72/73 73/74 74/7S 75/76 76177 77/78 
t\ges 
l/ 2 -. 773 o 545 .101 .589 1. 221 . 235 -.050 .145 
2! 3 -l .354 -.8Sl -.947 -.879 -. •190 -.475 • 323 .269 
3! 4 .379 -.150 -.090 -.076 -.ll6 .174 -.172 -.138 
4/ 5 -. 509 -. 232 -.177 .206 -.055 -.078 .012 -.240 
'J/ 6 .893 .6{6 .909 .001 -.065 .094 .159 -.193 
b/ 7 1.019 . 489 . 294 .015 - .llh -. 215 -.011 .909 

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

wrs .001 .001 .001 .001 .001 .001 .001 ,001 

Years 78/79 79/80 80/81 81/82 82/83 83/84 84/85 85/86 86/87 87/88 WTS 
Ag es 
1/ 2 -.153 .420 -.478 .603 -1.020 1.165 -.119 -.365 .686 -.952 .000 .322 
21 3 .520 .143 ,851 .089 • 703 .147 -.104 .170 -.053 -.949 .ooo .333 
31 4 .123 .430 .071 .154 -.004 .091 -. 443 . 256 -.059 .004 .ooo 1.000 
4/ 5 -.045 -.381 • 358 -.496 .240 -.018 .ll5 -.050 -.085 .295 .000 .845 
51 6 . 312 -.119 -.501 -.425 • 324 -.692 .625 -.189 .160 .195 .ooo .470 
6/ 7 -1.095 -. 722 -.823 • 742 -. 790 -.538 .383 -.198 -.453 .854 .000 .325 

.ooo .000 .ooo .000 .000 .000 .ooo .ooo .000 .000 .066 

WTS .001 .001 .001 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

Fishing Mortal it i es (f) 

70 71 72 73 74 75 76 77 78 
F-values .2539 • 3502 .4928 .5241 .6813 .5725 .5322 . 7522 1.0545 

79 80 81 82 83 84 85 86 87 . 88 
F-values • 7288 .8352 • 4162 .4600 ,0675 .1892 .1817 .1794 • 2406 .2000 

Se l ect ion-at -age (S) 

l 2 3 4 5 6 7 
S-val ues .0946 • 3230 .5544 1.0000 1.2741 1.4752 1. 2500 



'.i'ablP. 4..3.8 VIRTUAL POPULATION ANALVSIS (.~sessrænt l) 

SPRAT IN F1SHJNG AREAS 26 AND 28 
1-' 
-J 

FISHING MORTALITY COEFFICIENT UNIT: Year-l NATURAL MORTALITV COEFFICIENT = .50 co 

----~·---------

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

l .O.l .02 .02 .06 .12 .os .06 .13 .08 .18 .06 .12 
2 .02 .05 .06 .07 .15 .10 .20 .29 .63 .23 .56 .16 
3 .21 .15 .27_ .27 .36 .33 .23 .34 .53 .57 .38 .24 
4 .22 .38 .43 .'59 .68 .61 .46 .64 .90 .52 .84 .29 
5 .64 .71 1.03 .67 ,82 .78 .85 .71 1.39 .69 .92 .35 
6 .61 .51 .73 .61 1.02 .81 .79 1.56 .99 .73 .73 .90 
l .32 .27 .32 .45 .52 .89 .83 .96 .83 1.48 1.31 .52 

8+ .32 .27 .32 .45 .52 .89 .83 .96 .83 1.48 1.31 .52 

C 2- 6)U .34 .36 .50 .44 .60 .53 .51 .71 .89 .55 .69 .39 

1982 1983 1984 1985 1986 1987 1988 1979-86 

l .01 .02 .02 .01 .02 .01 .02 ,06 
2 .26 .02 .06 .07 .06 .04 .lO .18 
.3 ,30 ,04 .os .12 .10 .14 .15 .23 
4 .41 .08 .16 .22 .16 .27 .21 .34 
5 .62 .06 .30 .17 .32 .29 .21 .43 
6 .59 .08 .39 .18 ,22 .46 .22 .48 
7 .46 .16 .32 .23 .17 .39 .14 .58 

8+ .46 .16 .32 .23 .17 .39 .14 .58 

( 2- 6)U .44 .05 .20 .15 .17 .24 ,18 



s:'able 4.3.9 VIRTUAL POPULATION ANALYSIS (Assessment l) 

SPRAT IN FISHING AREAS 26 AND 28 

STOCK SIZE IN NUMBERS UNIT: mill ions 
-----------------

BIOMASS TOTALS UNIT: tennes 
------

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 75951 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 BlOM 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 o 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 

8+ 48 60 73 25 86 95 208 197 63 

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

-.l 
'-0 
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Table 4.3.10 Assessment l 

List of input variables for the !Ct5 prediction program. 

SPRAT SD 26+28. ASSESSMENT BAS ED ON AD HOC TUN! NG W ITH 1 ri O t\fOU~ Tl C 5Ut1Vr Y~. 
The reference F is the mean F for the age group range from 7 to 6 

The number of recruits per year is ao follows: 

Year Recruitment 

1989 4 7760. o 
1990 21600. o 
1991 21600. o 

Proportion of F (fishing mortal i ty) effective be fore spawning: .5000 
Proportion of M (natura l mortal ity) effective be fore 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 

+----+-----------+--------+--------- -+ ---------+----------+---------- + 
: : : fishingl naturall maturity: weight in: weight in: 
! age: stock size: pattern~ mortality! ogive: the catch: the stock: 
+----+-----------+------- -+----------+---------+----------+----------+ 

1: 4776o.o: .o2: .so: .oo: 6.9os: 6.oon 
2: 1352,o: .10: .so: .7s: 10.448: 10.448: 
3: 16157.o: .1s: .so: 1.oo: 12.1sn 12.201: 
41 2623,01 .211 .so1 1.oo: 13.462: n.s1s: 
s: 2164.o: .21: .so: 1.oo: 14.792: 14.792: 
6: 1529.o: .22: .so: 1.001 16.1431 16.0921 
7: 1301.0: .14: .so: 1.oo: 11.2s3: 17.283: 

, B•: 197.o: .14: .so: 1.oo: 17.732: 17.708: 
+----+-----------+--------+----------+---------+--- ---- ---+- --- ---··--+ 



Table 4.3.11 Assessment l 

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. 

Year 1989 l Year 1990 l : Year 1991 
-------+---------+------+-----+------+--------+---------+------+--------+----------

fac-: ref.: stock: sp.stock: : fac-: ref.: stock: sp.stock: : stock: sp.stock: 
tot·: F: biomass: biomass: catchl tor: F: biomassl biomass: catchl biomass: biomass: 
---+------+--------+---------+------+-----+------+--------+---------+------+--------+---------~ 
1.0 .18 616 234 .o: .oo: 613 318: o: 599: 339: 

.1: .o2: 316: 5: 594: 333: 

.2: .o4: 314: u: 589l 326: 

.4: .o?: 309: 21: 580: 315: 

.6: .u: 305: 31: 571: 304: 

. 8: .14l 301: 41: 563: 293: 
l. O: .18: 296: 51 l 554: 283: 
1.2: .21: 292: 6o: 546: 273: 
1.4: .25: 288l ?o: 538: 263: 
1.6: .28l 284l 79: 530: 254: 
1.8: .32l 28o: 87: 523: 246: 
2.o: .36: 276: 96: 516l 238: 

-----+------+--------+---------+------+-----+------+--------+---------+------+--------+---------i 
The data unit of the biomass and the catch is 1000 tennes. 
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 ~ean F for the age group range from 2 to 6 

l-' 
CD 
l-' 
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Table 4~3.12 Detailed Prediction for SPRAT in Sub-;'livisioins 26 and 28. Assessrænt l. 

Resul~s 

()9.58 • .55 20 APk!L 1989 
SPRAT SD l6+28. ASSESSM BASEO ON AD tillC TUNI"G lllTH TIIO SURVEYS 

• Year H.:!?. F-factor 1.1JOO and reference F .1780 * 

+ -------------------+ ------------------+ 
: at 1 January: at spawning time: 

+ ----+- --------+ ---------+--------- + ---------+ --------- t --------- t ---------+---------+---------+ 
~ : absolutci catch in: catch in: stock: stock: sp.stock: sp.stocl<: sp.stodd sp.stockl 
: agE>: F: numbPrs: wei:}ut: size: biomass: size: biomass: size: biomass: 
+ ----+ ---------+ ---------+ ---------+ ---------+ --------+ ---------+ ---------+ ---------+--------+ 

1] .0200] 144.83] 514.5-1] 4/160.0: 286918] .r.: o: .o: o: 
2: .1000: 101.67] 1067..2: H57..0l 14125] 1014.(1] 10593] 751.2] 7848] 
3] .1501)] 1732.1)7: 21665.5] 16157.0] 1972.56] 161~7.(1] 1972.56] 11673.9] 142508] 
4: .2100: 394 • .59] s.sn9.~: 262.s.n: 355aR: 2623.o: 355011: 1839.2: 24897l 
5: .2100] .S?5.38l 4813.1: 2164.(1] 32011Jl 2164.0] 32010] 1517.3] 22445] 
6: .zztJo: 239.'fY: ~X70.8: 1529.o: 246os: 1529.o: 246os: 1066.7: 17166: 
7l .14oo: 1.54.~s: 2325.ol 13o1.o: 22484: 1301.o: 224841 Y44.7: 16327l 

3+l .1400] 20 • .57] 361.2] 197.0] 34'lHl 197.(1] 34381 143.1] 2533] 
+ ----+ ---------+ ---------+ ---------+ ---------+ ---------+ ---------+ ---------+ ---------+ ---------+ 
: Total : S/4.S.n3: 44550.4] 7.sos.s.o: 616317: 24985.0] 325928: 17936.1: 233726] 
+ --------------+ ---------+---------+ ---------+ ---------+ ---------+ ---------+ ---------+ ---------+ 

* * ... ,. **. 11:1t1l *"** * * .. * ... ,. * ..... * ** ... * *111** ** * •• 111. * * 1111111: ** i'll*"*'* 
* Year 199'). F-factor 1.1)00 .1nd reference F .1780 * 
* * **,. •• •• 111 • ••• ". * ..... *****ill* 11: •• * * .... * * 1l * ...... * *. * ••*•••• 

+ ------------------- + -------------------+ 
: at 1 January: at spawning time: 

+ ----+---------i---------+---------+---------+---------+---------·---------+---------+--------+ 
; : absolutl.!: catch in: catch in: stock: stockl sp.stockl so.stock: sp.stock: sp.stockl 
: ag~: F: numb~rs: weight: size: hiomass: size: biomass: size: bionrassl 
+ ----+ ---------+ ---------+ ---------+ ---------+ --------+ ---------+---------+ ---------+---------+ 
: 1: .o2oo: 33o.:i6l 2s26.o: 216no.o: 129762: .Dl o: .o: o: 

2: .10oo: 2135.2o: nso1.~: 283114.3: 296649: 21295.7: 2224!17: 15776.3: 164822: 
s: .1500: 81.84: 9Y5.o: 742.n: 91J571 742.n: 9057l 536.1: 6544l 
4: .2100: 126S.~3: 170t.s.c.: 8434.71 1141641 8434.71 .114184] 5914.2: 800631 
5] .2100] 19.5.90] 2ll611.3l 128\1.6] 19076] 1289.6] 19076] 904.2] 133751 
6l .22oo: 166 • .!!5: 2693.4: 1063.9: 111211 1063.'11 11121: 742.3: .11944: 
t: .14oo: 76 • .,.6: U3·J.o: 744.2: 128621 744.21 128621 540.41 93401 

l ~+l .1400] 1!1.63l 1443.4] 71!\1.9] B9S61 789.9] 139861 573.61 10156] 
+ ----+ ---------+ ---------+ ---------+ ---------+ ---------+ ---------+ ---------+ ---------+ --------+ 
l Total : 4.S41.51l 51'J4?.o: 6.5058.61 6.12700] 34360.01 4!J8776l 2498.7.11 2962471 
+ --------------+ ---------+ --------+ ---------+ ---------+----------+ ---------+ ---------+ --------+ 

•• * .............. * ................. * ................... ····-· ... .. 
• Year 19'11. F-f3ctor 1.11110 and reterenc .. F .1180 * 
............. ·-· •• * --·· ••••• * ................................... . 

+------------------·-------------------+ 
at 1 January: at- spawning tim-e: 

----+ ---------· --------- • .,. ________ +---------+ ---------+ ---------·---------·---------·---------+ 
: absolute: catcn ;.,: catch in: stock: stock: so.stocld sn.stock: sp.stoc:k: sp.stock: 

;I:Jtt: F: numb~r~: weight: si-z~: hiomass: size: bioma!ts: size~ biomass~ 

----+ ---------+ ---------+---------+ ---------+ ---------+ ---------+ ---------·---------+--------+ 
1: .0200: 33b.86l l526.0l 2160IJ.Cl 12976Zl .Ol Ol .o: o: 
2l .1noc: 965.6/l 10083.8] 12841.6] B4163l 9631.?1 1006221 7135.0] 745421 
3] .1500] 1718.77] 2011.Y6.0l 155U5.1l 190230] 15583.1] 1902301 11259.2] 137447] 
4l .2100] 58.24] 7B4.1] 3B7.4l 57.43] 3F7.4] 52431 271.61 367t.l 
51 .2100] 6?.S.~21 \1223.41 4146.91 61342: 4146.91 613421 2907.7[ 43011] 
61 .22oa: 99.43: 1605.o: 6.S4.o: 10202: 634.01 10202: 442 • .51 H181 
n .14oo: 53.55: ns.~: 517.9: 8949: 517.9: 89491 376.o: 6499l 

~·: .1401Jl 83.6~: 1483.~: 80~.9: 14324] 808.9] 143241 .587.4] 10401] 
----+ ---------+ ---------+---------+ ---------+ ---------+ --------+ ---------+ ---------+ ---------+ 
Total .S93Y.6'Jl 47332.1] 56519.8] 554219] 31709.4] 590916] 22979.3] 282691] 

--------------+ ---------+---------+ ---------+ ---------+ ---------+ ---------+ ---------+ ---------+ 



Tab le <1-.3.13 VIRTUAL POPULATION ANALYS!S (Assessrænt 2) 183 
SPRAT l N F !Sti INC, ARfA~ 26 AND 28 

NArURAL MURIALIIY COLFHLIENf UN! f: Year-l 
·~·--- _ .. ~- ---- -·- --··---

lcJ/9 1980 1981 1982 1903 1984 1985 1986 1987 1988 

.~)oo .soo .soo .500 .500 .500 .550 .550 .400 .500 

.soo .~00 .soo .500 .500 .500 .500 .500 .400 .480 

.500 . soo .500 .500 .500 .450 .400 .350 .400 .340 
,r)(IQ ,:)oo . 500 .500 .500 .300 .300 .250 .310 . 260 
.'iUll ,'jtJl) • suo .500 .500 .300 .300 .190 . 370 .240 
,rJtld .•,oo .soo .500 .soo .350 .350 .200 .310 .290 
,rJIJO ,r.}oo .SOll .500 .500 .400 . 350 .300 .350 .150 
.'.>00 . ~,oo .500 .500 .500 .400 .400 .350 .400 .390 

A' .soo .',QO .500 .500 .500 .400 .400 .400 .400 .490 



184 Tab le C3.l4 V f RTU1\l POPULA Tl ON ANAL Y5 f S (Assessrnent 2) 
SPRAl Uj c l :;Hl NG ARE AS 26 AND Lo 

l I:;HIN(, MOi<fALl fY COlfFICIEIH UNIT: Year-l VARIABLE NAlURAL MORTAL!TY COEFFICIENT 

197'-1 1980 \9Bl 1982 1983 1984 1985 \986 1987 1988 1979-86 

,l/ill .001 .002 .ooo .003 .001 .003 .000 .000 .001 ,003 
'1~8 .Ob4 .J 2S .028 .038 .033 .023 .042 .020 .013 .064 
.lb~ .4bl .1/(> .287 .039 .115 .120 .108 .095 .130 .184 
. '~ ~) .~·H .IBS .32? .039 .1S4 .202 .154 • 239 . 330 .206 
,ll!jt/ .!l'• .lt.i .2B~ .090 ,161 • 384 . 235 .352 .320 .280 
.•lij) l,1]4b • JOti .284 .037 . 320 .139 .503 • 359 .250 .365 
. i l ~l • \Yb !,;'t,{ .!29 .028 .218 .164 .146 . 718 .240 .333 
• ·llJO , ;U\) o 100 t.Ol!O .025 ,100 .100 .130 .200 .230 .282 
,l!llt) • iOO .200 J .000 .025 .100 .100 .130 .200 .230 .282 

l lo)ll ,i(,> .0•17 ,19•1 ./0? .?.29 • 351 .254 , ... ~ • :h•J .(141 • 12~) .169 .172 .280 .170 



Table 4.3.15 VIRTUI\L POPULAf!ON ANALYSIS (Assessrænt 2) 185 
~;pilA l IN f ISH!NG AkEA$ 26 AND 28 

S ftiLJ( fd li rr~ NUMBE RS UrH T : mi 11 i ans 

IJtlll: ton11es 

All_ V1\LIJt~·, t XCEPl HIOSC REfERRING TO THE SPAWNING STOCK ARE GIVEN FOR 1 JANUARY: THE SPAWNING 
:.illllh. IlA l1\ IH fLU. l l Hl '>fOLK 51JUAf!ONAT SPAWNJNG TIME, WHE:REBY THE fOLLOWING VALUES ARE 
tJ:oil•: Pf~tWOR Il ON Or ANNUA L f- BEFOI<E SPAWNING: .500 

Pl<lli"I\IIIION Ul i\NNUAL M llf.FOt<E SPAWNING: .500 

!9?•) J'lao lqH[ l982 1903 • 1984 1985 Jq86 1907 1988 1989 1979--86 

',1))1) /4(;yr, 8723 57880 34966 20?20 10617 57080 4873 68749 o 27•188 
l•)llo j())j ISO?'! 5285 35100 71143 12560 6108 32925 3266 416•14 130~0 

1'111 ~,l i.') 1714 807 J 3Jl6 2049/ 124U9 7444 3~52 21644 1995 7249 
~,.-,ho i:uq ].'li 87.! 3674 181/ 11647 7376 4709 2166 13528 3797 

l/il 3:14 611 381 2144 1151 70•19 4q25 2719 l ?Ql 1965 
'',1! fl~~. SJO ]98 278 212 1351 582 4608 2191 1553 545 
:il 'l '14 20 l 289 91 lb i 109 il/9 288 23til 1394 259 
li:: 1-HJ w 15 154 53 88 65 53] 99 1309 110 

: ·~ l l '•) '•]/ l il 21 3b0 .?0') 52 l06 1o5 131) Ill lb2 

l UlA: l';iii ;,,,;\) l !it>9 /8121 6u954 49986 Ut,630 56S75 103526 
. 'l'~' rw ·1J1t' ... •:l 1Jf14Y 'Jsc,J\ l'olHI 18)01> lil/2 130/.l ?OL•IU 
Ull . ~~It 1M !;.Hilll)_s l /h8ll 116211{) J9lbt.J 404 li 'l 4'JJt17(j ("lfi93!4 426035 6.?6?57 
';;.':; lHI:N \.: .. n 1 l·lll-,q 7l~ 11•15 1S49S/ 11?4'>1 }l ill'/) 1/71(,7 .!2q 1}a::,h 



Table 4. 3 .16 (Assessrænt 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 ofF (fishing mortality) effective before spawn,ng: .5000 
Proportion of M (natural mortality) effective befare spawning: .5000 

Data are printed in the following units: 

Number of fish: 
Weight by age group 
Weight by age group 

· Stock biomass: 
Catch weight: 

mill ions 
in the catch: gram 
in the stock: gram 

tonn es 
tonnes 

+----+-----------+--------+---------~+---------+----------+----~-----+ 
: : : fishingl natural: maturityl weight in l weight in l 
: agel stock sizel patternl mortalityl ogive: the catchl the stockl 
+----+-----------+-----~--+----~-----+---------+----------+----------+ 

o: 27488.0l .oo: .50l .oo: 4.103l 3.924l 
1l 41644.0l .01l .48l .oo: 6.832l 5.593l 
2: 199s.o: .13l .39l .7s: 10.709l 10.649l 
3l 13528.o: .33l .281 1.oo: 12.943l 13.023l 
4l 1201.o: .32: .2s: 1.oo: ~4.275l 14.375: 
s: 1553.o: .2s: .3o: 1.oo: 15,197l 15.417: 
6l 1394.o: .24l .3s: 1.oo: 16,157: 16.497l 
7: 1309.o: .23l .39: 1.oo: 17.393: 17.473: 

s+: 111.o: .23: ,42l 1.oo: ts.4s3: 18.2931 

f-J 
(l) 
0'\ 



Table 4.3.17 
Resu·l ts 

17.00.11 02 MAY 1989 
SPRAT 26&28 ASSESSMENT 2 

************************************ 

:.~~~.~~.~~~1~.~!.~.~1~~!~.~~~~~!~.: 

Fl reference: catch inl catch inl 
factorl Fl numbersl weightl 

stockl 
sizel 

+-------------------+-------------------+ 
at 1 Januaryl at spawning time: 
--+---------+---------+---------+ 

stockl sp.stockl sp.stockl sp.stockl sp.stockl 
biomassl sizel biomassl sizel biomass: 

------+----------+---------+---------+---------+---------+---------+---------+---------+---------+ 
.ooo: .oooo: .oooo: .oooo: 2.90601 25.45511 1. 2057: 17.1396l 1. 0183: 14.46621 
.1oo: .02541 .02521 .3503l 2.8357: 24.2852: 1.1355: 15.9715: .9479: 13.3247: 
.2001 .05081 .04721 .6501l 2.77371 23.2617l 1.07371 14.9496l .88591 12.32701 
.4oo: .10161 .0837l 1.1321: 2.6700l 21.5648: .9704l 13.2563l .7821l 10.6750: 
.6oo: .1524J .1125l 1.4972l 2.5870l 20.2256l .8878l 11.9205l .6989l 9.3733l 
.8oo: .2032l .1357: 1. 7792: 2.51951 19.1500l .8206l 10.8484l .6312l 8.3292l 

1. 000: .2540l .15471 2.0007: 2.4637l 18.2728l .7652l 9.9746l .5753l 7.4788l 
1. 200: .3048l .1706l 2.1775: 2.4169l 17.5472l • 7189l 9.2524: .52831 6. 7763: 
1. 400: .3556J .1839l 2.3207: 2.3773: 16.9396l .6796: 8.6482: .4885: 6.1888: 
1. 600: .4064l .1954: 2.4383: 2.3434l 16.4248l .6461l 8.1369l .4544: 5.6917l 
1. 800: .4572l .2053l 2.5360l 2.3140l 15.9841l .6170l 7.6996: .4249l 5.2668J 
2.ooo: .5080l .2140l 2.61831 2.28821 15.6031l .5917l 7.32201 .3990J 4.90011 

$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ 
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$: 

Slope of the yie1d 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" 

$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ 
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ 

l-' 
en 

-..J 



Table 4.3.18 

Effects of different levels of fishing mortality on l-' 

catch, stock biomass and spawning stock biomass. CD 
CD 

SPRAT 26&28 ASSESSMENT 2 

-----------------------------------+--------------------------------------+------------
Year 1989 l Year 1990 : Year 1991 l 

--+------+--------+---------+------+-----+------+--------+---------+------+--------+-----
fac-l ref. l stockl sp.stockl l fac-: ref.: stockl sp.stockl l stockl sp.stockl 
torl Fl biomassl biomass: catchl torl Fl biomassl biomass: catchl biomassl biomassl 

----+------+--------+---------+------+-----+------+--------+---------+------+--------+---------i 
1.0 .25 627 208l 65l .o: .oo: 645l 316l o: 671l 379l 

: : .1: .03l : 3l3l ?l 664l 368l 
l l .2: .os: l 310l 15l 658l 357l l l l 
l l .4: .1o: l 303l 29l 644l 337l l l l 

: l .6: .15l l 297l 42l 631l 318l l l 
l l .s: .zo: l 291l 55 l 619l 300l l l l 

: : l. O l .zs: l 285l 67l 6os: 284l l 
l : 1.2l .3D l l 279l 79l 596l 268l l l 

: : 1.4: .36l : 274l 90l 586l 254l 
l : 1.6l .41l l 268l 101l 575: 240l l l 
l : 1.8l .46l l 263l 112l 566l 228l l l 

: l 2.o: .51 l l 258l 122l 556l 216l l l 

-----+------+--------+---------+------+-----+------+--------+---------+------+--------+---------~ 
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 6 



Teble 4.3.19 Sprat in Sub-divisions 26 and 28. Assessrænt 2. Detailed output for prec1ic::i.on. 

Results 

li. ,'lii\Y lt/o'l 
P. ::J[S .~"".[ ~H +) 

nb:,t)lt~h~' 

F; 

• Year 1990. F--ractor 1. 11C'O and 1 rference f 

+--- ·+- --------- -+ -------- -t-

: : absolute: Cdtcll in: 
; agE>\ F ~ number~.: 
• ----+---------+---------1-

.0010: 

.ouo: 

. 1300/ 
• 3300; 
. 3.?oo: 
.2soo: 
.2400; 
.noo: 

: 8-t: . 2300: 
+-----+ ----

21.62: 
170 .9•1: 

2578.42: 
293.01: 

1768. n: 
126. 7'>: 
162.4~: 
d:Z .45l 
1!d. 89: 

---+ -+ 

o: 
o: 

1:·933: 
Ubt7o; 
17264: 
219112l 
22996: 
22812: 

2030: 

.o: 

.o: 
llS~L 7; 
9971.8: 
889.7! 

1179.6: 
!_03i'. 9: 
~bO. J ~ 
80.2: 

b27304: 20592.2: 281215: 15273.0: 208488l 

.2540 • 

.• ---------i---·-------f---------+ 

at l J?.lillat·y: at spawnlng time: 
--- ----+-- ·-- -- - ·---------+---------+ 

:~l 
l9071i .8: 

11:36 .l: 
73SO. s: 
059.1: 
896.o: 
772.7: 
762.1: 

·:.p.stoc": sp.·;tocl-.: sp.stock: 
bloma5s: :.ize: b-loma:.s: 
------- --+ ---------+------- --+ 

o: .o: o: 
o: .o: 0' 

70314q: 14709.2: 156638: 
15446: 874.3: 11385: 

105662; 5445.3: 7827b: 
10161: soo.7: n1s: 
14781: 667.1: 11005: 
13501: 566.8: 9902: 
13941; 550.6: 10073: 

lo tal 67147.1; 31205.9: 6·;S_379; 30703.3: 376644: 23314.0: 285001: 
··+- .. - -- ~- --+-- ------- +----- ---- + 

' Year 199l. r-f.;rtol' .2S40 ' 
,..~ .. ·~··~·~·J~···~_. ... 

- ·-·-- -t-- --·---····-··---------+ 
;;t l .::.J11U.:JIY; at spnwning tim12: 

--- --·- -+ --- --- -+ --------- t-----------+---------+ 
:.p.s~ockl sp.stock: sp.stoch: ~-:p.stock: 

·;. ~ ~~ j ---~ ~ ~~~~~= ~ -----~~~:i--~~ =~~~==l 
o: .o: o: 
o: .o: o: 

81250: 5883. o: 62648: 
l9hi13Sl Ul46,q: l45165: 

9263: 4 77. 4: 6862: 
62192: 3064.1l 472]9: 

6.?73: 283.1: 467o: 
8;:,/:3: 364. ] : td65: 

l4B82l 5S7.Al 10752: 
-- -- 4---~--- -+-----

~ lot a l 6t82.o3: 7979: . .2: tsc1ot.r:: 6·:,tst;': ~·J12tJ.fj: 379475; .283704: 

189 



'...:'able 4 .4:. i SUM OF PRODUCTS CHECK 

SPRAT IN FISHING AREAS 27, 29-32 l-' 

"' CATEGORY: TOTAL o 

CATCH IN NUMBERS UNIT: millions 
------~---------

1970 1971 1972 1973 1974. 1975 1976 1977 :1,978 1979 1980 1981 

o 15 9 104 101 22 o 2 66 12 3 3 9 
1 940 249 592 2677 522 184 2232 283 54 76 109 448 
2 633 1674 520 1049 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 o 356 23 151 1019 122 447 78 44 234 42 7 
8 29 o 155 64 129 505 70 127 25 13 131 13 
9 11 28 3 149 53 13 299 47 88 12 8 55 

lO+ 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 

o 3 o 46 ·2 3 l 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 lO 53 14 144 
7 230 16 5 11 9 49 11 
8 1 134 5 1 4 3 41 
9 4 2 58 2 l 3 4 

lO+ 31 16 8 51 26 26 33 

TOTAL 825 625 805 835 728 757 890 



'!'able 4.tL2 SUM OF PRODUCTS CHECK 

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

MEAN WEIGHT AT AGE IN THE CATCH UNIT: gram 

1970 1971 1972 1973 1974 

o 4.300 4.300 4.300 4.300 5.200 
l 9.500 9.500 9.500 9.500 9.600 
2 10.000 10.000 10.000 10.000 10.200 
3 11.800 11.800 11.800 11.800 11.400 
4 12.600 12.600 12.600 12.600 12.300 
5 12.700 12.700 12.700 12.700 13.000 
6 13.300 13.300 13.300 13.300 13.300 
7 13.100 13.100 13.100 13.100 13.300 
8 12.500 12.500 12.500 12.500 13.800 
9 13.400 13.400 13.400 13.400 14.900 

10+ 12.600 12.600 12.600 12.600 13.300 

1982 1983 1984 1985 1986 

o 3.600 3.000 3.600 1.000 3.200 
l 9.800 7.600 8.200 7.400 10.100 
2 12.500 12.600 12.100 11.200 12.400 
3 14.600 14.900 13.800 13.000 13.900 
4 15.200 16.200 15.200 15.200 14.900 
5 16.100 16.000 16.100 15.300 15.600 
6 15.900 16.400 16.300 15.800 15.600 
7 16.100 16.500 16.400 15.700 16.200 
8 16.700 16.700 16.900 16.500 16.700 
9 16.500 17.700 16.900 15.400 16.200 

10+ 16.200 17.100 16.700 15.600 16.300 

1975 1976 1977 

5.200 7.000 4.600 
9.400 8.700 7.800 

11.300 10.800 10.500 
12.000 12.200 13.100 
12.200 12.800 13.500 
12.400 13.700 13.900 
12.900 13.900 14.800 
13.500 14.000 14.200 
13.200 13.200 14.500 
14.200 13.800 15.600 
12.300 14.200 14.400 

1987 1988 

.000 4.900 
9.900 10.000 

12.200 13.200 
14.000 13.800 
14.600 15.700 
15.400 16.100 
16.300 16.600 
16.600 17.200 
17.400 17.300 
15.500 16.400 
16.500 16.800 

1978 1979 

6.300 3.800 
9.800 11.400 

10.900 12.900 
12.400 13.700 
13.000 14.000 
13.600 14.300 
14.100 14.400 
14.400 14.900 
14.900 15.000 
14.100 15.100 
14.500 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 

1-' 
\.D 
1-' 



':.'cible tL 4. 3 SUM OF PRODUCTS CHECK 1-' 
\.0 
1'\) 

SPRAT IN FISHING AREAS 27, 29-32 
CATEG{)RY: TOTAL 

CATCH WEIGHT AND SOP CHECK 
--------------------------
SUM OF PRODUCTS UNIT: tonnes 
NOMINAL CATCH UNIT: tonnes 

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

o 65 39 447 434 114 o 14 304 75 10 16 40 
1 8930 2366 5624 25432 5011 1730 19418 2207 524 864 1199 4260 
2 6330 16740 5200 10490 30712 9729 2084 34251 2684 574 1600 2893 
3 46681 7387 20001 7281 9850 29724 8198 4048 23269 1719 847 1745 
4 3238 44428 5431 13671 4686 6771 20442 5076 1292 17818 1459 299 
5 1041 2337 38926 6680 11310 1773 3178 10078 1942 971 11133 711 
6 4216 1264 931 21506 4655 7121 1654 1347 4707 912 383 6352 
7 o 4664 301 1978 13553 1647 6258 1108 639 3481 601 110 
8 363 o 1938 800 1780 6666 924 1842 368 201 1952 207 
9 147 375 40 1997 790 185 4126 733 1238 183 110 852 

lO+ 169 457 319 983 1091 98 213 1858 703 900 750 174 

A) SOP 71180 80055 79157 91251 83552 65444 66511 62850 37441 27632 20048 17643 
B)NOMIN. 62676 73942 77457 84575 82283 67045 65901 59433 37718 30758 19765 17445 
(B/A) % 88 92 98 93 98 102 99 95 101 111 99 99 

1982 1983 1984 1985 1986 1987 1988 

o 11 o 166 2 lO o 335 
l 343 965 1074 1295 222 1643 42 
2 4400 769 4187 1691 3336 464 3429 
3 1212 2727 800 4108 1154 3136 477 
4 821 729 1824 350 3606 920 3718 
5 129 528 306 1423 250 2618 857 
6 382 - 131 147 158 827 228 2389 
7 3703 264 82 173 146 813 182 
8 17 2238 85 17 67 52 713 
9 66 35 980 31 16 47 67 

lO+ 502 274 134 796 424 429 551 

A) SOP 11585 8660 9784 10042 10056 10350 12760 
B)NOMIN. 10952 8964 9922 10679 10430 10304 12787 
(B/A) % 95 104 1n1 1n"' 1 n.d 1nn 1nn 



Table 4:4.4 VJRTUAL POPULATION ANALYSIS 

SPRAT IN FISHI~G AREAS 27, 29-32 Ru.Tl l 

FISHING MORTALITY COEFFICIENT UNIT: Year-l 
-----------------------------

1979 1980 1981 1982 1983 

o .002 .001 .010 .000 .000 
1 .077 .103 .109 .055 .020 
2 .174 .198 .366 .130 .143 
3 .261 .404 .326 .244 .103 
4 .263 .396 .268 .268 .226 
5 .583 .287 .342 .180 .292 
6 .409 .501 .262 .347 .308 
7 .348 .598 .275 .263 .465 
8 .279 .378 .433 .065 .270 
9 .300 .300 .300 .250 .200 

10+ .300 .300 .300 .250 .200 

2- 8)U .331 .395 .324 .214 .258 
2- 8)\ll .279 .302 .301 .179 .159 

NATURAL MORTALITY COEFFICIENT = 

1984 1985 1986 1987 

.006 .002 .001 .007 

.077 .034 .037 .046 

.079 .133 .074 .092 

.219 .107 .111 .090 

.101 .141 .124 .129 

.156 .117 .153 .134 

.134 .128 .101 .217 

.362 .269 .181 .141 

.289 .126 .165 .094 

.200 .200 .200 .200 

.200 .200 .200 .200 

.191 .146 .130 .128 

.093 .117 .096 .110 

.30 

1988 1983-87 

.003 .003 

.043 .043 

.104 .104 

.126 .126 

.144 .144 

.170 .170 

.178 .178 

.284 .284 

.189 .189 

.200 .200 

.200 .200 

.171 

.135 

l-' 
\.0 

""' 
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Tab le 4.4.5 

Tit le : SPRA T l N fl ~Hl NG ARCAS 27, 29-32 
At 09.04.03 19 APRIl 1989 
from 70 to 88 ot1 ages l to 9 
with Terminal f of .104 on age 2 vnd Tenulnctl S of l. 500 

Initial ::.unl of squal~ed residuals was 60.•111 ilnd 
final sum of squared residudls is 34.146 after 121 iterations 

Matrix of Residuals 

Years 70/71 71/72 72/73 73!74 74/75 75/?b lo/77 77!78 
Ag es 
1/ 2 .202 -.120 .387 .490 -.173 . 427 .082 .254 
2/ 3 .121 -.078 .090 .067 -.227 -.024 ··• 766 -.088 
3/ 4 .030 .108 .499 .129 -.213 -.06•1 .048 .256 
4/ 5 .221 -.155 -.181 -.175 .278 .323 .209 .043 
5/ 6 -.387 .543 .532 -.lJS -. 380 -.496 .224 -. 285 
6/ 7 -.016 l. 333 -.558 .249 .538 -.155 .020 -.016 
71 8 -.617 .025 -l. 517 -. 768 -.547 -.532 .134 -.335 
8/ 9 .029 -3.587 .168 -.089 l. 716 .097 -.059 -.•130 

.000 .000 .000 .000 .ooo .000 .ooo .000 

WTS .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 
Ag es 
1/ 2 .515 .074 -.499 .217 -.057 -.680 .180 .023 .005 • 291 .000 .605 
2/ 3 .278 -. 399 -.426 .285 .471 -.305 -.256 .389 .074 .169 .000 .607 
]/ 4 -.231 -.148 .343 -.152 .229 -.133 .383 -.135 -.025 -.173 .000 .867 
4/ 5 -.278 .089 .065 -.055 .079 .278 -.314 -.064 .028 .026 .000 1.000 
5/ 6 .022 • 474 -.219 -.487 -.542 .565 ··.056 .007 -.320 -.104 .ooo .507 
6/ 7 -.107 .203 • 744 -.212 .204 .102 -.550 -.100 -.026 .352 .000 .433 
71 8 .001 -. 344 -.147 .397 -.387 .063 .528 .078 .268 -.474 .000 .397 
8! 9 .173 • 237 .242 .336 -.997 • 363 .455 ··.320 .068 -.350 .ooo .190 

.000 .000 .ooo .000 .000 .000 .ooo .000 .ooo .ooo -2.962 

WTS .100 .100 .100 .100 .100 1.000 1.000 1.000 1.000 1.000 

Fishing Mor tal it i es (f) 

70 71 n 73 74 75 76 77 78 
f-values .0928 .1221 .1383 .2311 .2842 .2650 .2880 .3141 .2352 

79 80 81 82 83 84 05 86 87 08 
f-values .2125 .2522 .2097 .1269 .1273 .1061 .0872 .0811 .0832 .1040 

Selection-at-age (S) 

1 2 3 4 5 6 7 8 9 
s-val ues .4136 1.0000 l. 2952 1.4098 1.5101 1.4246 l. 9356 1.2679 1.5000 



Ta:'::lle 4 .4. 6 VIRTUAL POPULATION ANALYSIS 

SPRAT IN FISHING AREAS 27, 29-32 Run 2 

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

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

o .002 .001 .003 .014 .009 .000 .001 .100 .008 .002 .001 .009 
l .048 .050 .090 .122 .104 .110 .099 .178 .122 .070 .100 .117 
2 .102 .125 .157 .254 .219 .279 .179 .228 .259 .157 .179 .351 
3 .145 .154 .200 .316 .387 .316 .412 .545 .222 .228 .354 .285 
4 .Ei5 .208 .168 .212 .371 .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 .079 .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 

J.O+ .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)VJ .137 .174 .232 .277 .283 .329 .396 .273 .245 .272 .289 .280 

1982 1983 1984 1985 1986 1987 1988 1979-86 

o .000 .000 .007 .002 .001 .007 .003 .003 
l .046 .021 .066 .036 .036 .040 .043 .061 
2 .141 .117 .081 .112 .080 .089 .091 .152 
3 .231 .112 .173 .110 .092 .098 .122 .198 
4 .225 .:211 .ll1 .107 .129 .104 .158 .199 
5 .144 .233 .144 .131 .112 .139 .134 .232 
6 .245 .?34 .102 .116 .114 .150 .187 .232 

.252 .288 .251 .19tl .162 .163 .181 .277 

. 0156 .256 .152 .081 .111 .083 .224 .201 
9 .133 .168 .187 .093 .120 .127 .173 .21.6 

10• .lB .168 .187 .093 .120 .127 .173 .216 

2- 8)U .185 .207 .1'15 .122 .114 .118 .157 
2- 8)\IJ .J.fll .155 .095 .114 .099 .113 .l30 

1-' 

"' \J1 



Table 4.4. 7vJRJu,\:_ ULAl\l)r,; i1NAL YSJj 

'-Pil AT [,, F 1 ~.d1 J r1b Ar<l1\S 2/, 

Sl U( l\ ;>!Zl IN NUMtil R:· •.Hill: 1lli ·rl ions 

UIOM/,SS TO i AL~ 'JN 1 ~ : 

ALL V1\LUEJ, f XCf.P r Tl-iDSE x·:~~f.'.~{Nb l u !'i[ '.:.'-'/iWf~ U\! C :,li)ijl A,;·;_ Giv't N Fu:\ J 

:.) l (!I_S, ~!t\ T 1\ ·EI'Ltl T /Hl ·:1!11:'. ofT'cMfON ;,r SPAWr~fNrJ 'ttloit:{t:i){ li!! l U! r\!;;1-

USE0: Pi.:CJFLn<fiON Of· ANMYI l' !StfvRF: l'i-'AWNlNC.: 
l'f~tWO:<I l •JN Ill Ai'.:(,_ti\L .~\ i~i l U.<i: :,J't\wiilNb: 

t9/1 l'~ l~ Lll!L' l"·f< l 'j ~· 4 f ·~l 1 ~) ' l J'l/1 lo:I~O !9/)J 

:i ~ ~ l 
l .119 
4693 

\71jq] (lb 'l 

5062 JUGU ;(19 554 
2U)1S \411 ;.Jt14l ll6 

l J05 -<91~") 510 lfl3 :l681 221 
S32 ltlij') 1492 /f)/ 71) lUG4 

1{)411 3')1-: 'i40 ::83/ Jr; l d!.l .i.3o 37 
! ~l:J l! L41) 'l) :9/1 lj/-11) 14 4]11 6S 
~i"; lq,; .'1 t,r.,:, '-l -~ i)l', l l~~ ::.l 43 44 l'll 

!OI j)Q 254 L9 s 343 llj: ')7 l ~-l ~Il 2/3 44 

TOT1\l NCI i'8930 t·3969 /194~ 60C1~hj 1114110 J: J /9 138:!9 10107 
SP.~. ND 51259 41)807 ll94S 32747 '1)077 :i1h9 '>717 5518 
ror .HJOM 811903 653537 637728 600709 t1Zq423 )4Q4/8 134363 112373 
')P) BlOM S77867 ·11Sl34 378468 169()91 293941 116143 7894 3 71392 

1982 1983 1984 198S jCJ(itj i9t17 '%B l(jf\Q 1979-86 

9514 3192 7731 C:/? 
903 7045 236S 5688 

3093 639 Sl i O 1640 
464 1991 4:'1 3490 
309 273 i3:n 262 1•1 ;2 
69 Jbj 1t>4 8/' '+·...:·4 l "t8.:. 64') 

127 44 ;o? 10'_) 'it.! l: l 1119 
1186 74 :!6 72 IJ9 375 7·< r)~! / 303 

21 083 41 !5 44 41 .~ 31) ~i:, lb9 
37 15 392 26 JO 29 li! l:;·~ Qi) 

lO+ 287 119 .::Jq vo3 2:-)S ;·s~-· ~3\i li)/ /•10 

TOTi\L Nfl !bO lO 14!58 17729 13806 158ti~ 11355 
or>s NO 4655 662t) 6756 8601 7113 775b 
I'Of.B[OM 1210/4 123822 1•1{93< 137935 146112 140~92 244ltiB 
SPS BlOM 6H29 76304 84999 99769 97555 101051 91286 



Table 4.4.8 

List of input ~ariablas for the ICES .prediction program. 
--------------------------------------------------------
SPRAT IN FISHING AUEA 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 

19 89 
1990 
1991 

Recruitment 

4 665 .o 
4665 .o 
466.5 .o 

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

.2000 

.300.0 

Data are printed in the. following units.: 

Number of fish: millions 
Weight by age group in the catc~: gram 
Weight by age group in the stock: gram 
Stock biomass: tonnes 
Catch weignt: tonnes 

+----~----------+--------+----------+---------+----------+----------+ 
.: : .: fishing! natural! mat.urity! we:ig.ht in! weight inl 
: age! stock size: pattern: mortalityl ogiv-e: th·e catch!· th~ s:tock! 
+----+ ----------+--------+·----------+---------+ ----------+·----------+ 

o: 4665.o: .on: .3o: .oo: 3.27o: 3.uo: 
1! 19520.0! .04! .3.0! .s.o: 9.490! 9.490! 
2: 82.o: .o9: .3o: .75: 12.43o: 12.43o: 
3l 2333.0! .12! .30! 1.00! 14.09.0l 14.090! 
4! 228.0! .16! .30! 1.00! 15.010! 15.010! 
5! 1182.0! .13: .30! 1.00: 15.490: 15.490: 
6: 3 17 • o: • 19: • 3 o: 1 • 00: 15. 84 o: 1 5. 84 o: 
1: s97.o: .1a: .3o: 1.oo: 16.010: 16.010: 
8! 46.0! .22: .30! 1.00! 16.370! 1.6.370! 
9! 14o.o: .11: .3o: 1.oo: 15.910! 15.910: 

10+: 167.o: .• u: .3o: 1.oo: 15.920! 15.920! 

+----+-----------+--------+----------+---------+---------+---------+ l-' 
\.!) 
-.l 



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

Run on basis of a single recruit. at 1 Januar~: at spawning time: 

+-------+----------+---------~---------~---------+---------+---------~--------+---------+---------+ 
F: reference! ca.tch in! catch_ in! stock! , s.tock! sp.s.tock! sp.s.tock! sp.sto.ck! sp.s.:tock! 

: factor! F.! numbers! weight! size: biomass: siz·e! biomass: siz.e: biomass! 
+-------+----------+---------+---------+---------+---------+---------+---------+---------+---------+ 

.ooo: .ooo.o: .oooo: .oooo: 3.8583! 41.0192! ·2~350.7! 32.52'85! 2.1484! '29 •. 728.8! 

.100! .0157! .0270.: .3830! 3.7689! 39.6229! 2.2620! 31.141.2: .. 2 .. .0621: .28.3852! 
.200! .0313! .0514! •. 7246! 3.6882! 38.3668! 2.1821! 29.8940! 1.9:844! 27.17.76! 
.400! .0627! .0938! 1.3079! ... 3.5484! 36.1953! 2 .. 0437! 27.7400! 1.8499! 25 • .0927! 
.600! .0940! .1294!. 1.7871! 3.4330! 34.3795! 1.9278! 25.941.61! '1.7371! 23.3531! 
.8oo: .1.254: .1599! 2.1877! 3.3307!. 32.8344: 1.8289: 24.4138! l.6409: .23.8761! 

1.000! .1567! .1864! 2.5275! 3.2436! 31.5004-l 1.7-433! 23.0970! .. 1.5576! 20.·6039! 
1.200! .1881! .2096! 2.8193! 3.H72! 3.0.3343! 1.6683! 21.9479! 1.4846! 19.4944! 
1.400! .2194! • .2303! 3.0724! 3.0994! 29.304:1! 1 .• h.D19! 20.9346! .1.-4200! 18.5167: 
1.600! .2507! • .2489! 3.294.2! 3.0387.: 28 .• 3.856! .<1.542.6! 20.0328! l 1.3623! 17.64.72! 
1.800! .2821: •. 2656! 3.4900! 2.9839! .27 .• 5601: 1.4892! 19.2239! 1.3104! 16.8678! 

, 2.ooo: .3134! .zao9: 3 •. 6641! 2.9341! 26.8131! 1.44oa: 18.4934! 1..2632!~ 16 •. 1645! 

+-------+----------+---------+---------+---------+---------+---------+---------+---------+---------+ 

l-' 
\.0 
CD 

SS$S$$$$$$$$$$$$$$$$$$$$$$SS$$$$$$$$$$$$$$S$$$$$$$$$$$$$S$$SSS$$S$S$S$$$$$$$S$SSS$$S$SSSSSSSSSSSSSS$S$$$$$$$$$$$$$$ 
$$$$$$$$$$$$$$$$$$$$.$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ 

Slope of the yield curve at the origin based on a single recrui~: 
F-0.1 given by an F factor of 3.504, resulting in a refe.rence .F of 
F-max can•t be calculated or is not present 

4.061 
.549 

$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$i$$$$$$$$$$$$$$$$$$$$S$~$$$$$$$$$$$$$$$$$$$$$$SS$$$S$$$$$$$$$$$$$$$$$$$$$$$$$$$: 
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$: 



'l'able 4.4.10 Sprat in Sub-divisions 27, 29-32. Short-term yield in detailed format • 

• * * * .. * •• ** * ** ** **** * * *·* ** ** * * * * * * "·* *. * •• *. ** * * * * *'*'"** ..... 
• Year 1989. F-factor 1.000 and reference F .1567 • 

*** *****·*******. **** ** ******** ** * * •• ******************** 

199 

+ -------------------+-------------------+ 
: at 1 January: at spawning tim.e: 

·----+---------+ ---------+---------+ ---------+ ---------+ ---------+ ---------+ --------+ ---------+ 
: : absolute: catch in: catch in: stock: stocld sp .stock: sp.stock: sp.stockl ap.s.tock; 
: aye: F: numbers: weight: size: biomass: . size: biomass: sizel biomass: 
+----+ --------- + --------- +---------+---------+--------- .. ---------+ ---------+ ---------+ ---------+ 
: o: .oo3o: 12.01: 3'>.5: 4665.o: 15254: .o: o: .o: o: 

1: .04.50: 710.55: 6743.1: 19520.01. .1852441 9760.01 926221 .8843.61 839251 
2: .09101 6.181 76.8: 82.01 1019: 61.51 7641 55.21 6861 
3: .1220: 232.201 3271.71 2333.0: 328711 2333.01 328711 2080.81 29318: 
4: .15ao: 28.9o: 433.a: 22a.o: 3422: 22s.o: 3422: 20l.9: 30301 
5: .1340: 128.491 1990.4: 1182.01 18309: 1182.0: 18309: 1051.7J. 16290: 
61 .18701 46.931 743.31 317.0: 502-11 317.0: 5021: 279.1: 44201 
7: .18101 85.781 1373.31 597.0: 95571 597,01 95571 526.2: 84241 
a: .22401 ~.o2: 131.3: 46.01 753: 46.01 753: 4o.2: 65a: 
9: .17301 1Y.3o: 307.o: 14o.o: 22211 14o.o: 22271 .123.6J 1966: 

1o+: .17301 23.021 J66.s: .161.o: 2658: 167.o: 2658: 147~': 23-471 
+ ----+ ---------+ ---------+--------+ ---------+ --------+ --------+ ---------+--------·-------+ 
: Total 1301.441 15476.71 29277.0: 276340: 14831.5: 1682081 13349.71 151068: 
... --------------+---------+---------+---------+--------- + ---------+ ---------+------- ---+ -------+ 

•• * * *-**** ** ** ** * ******** ***** ****** ************** ******* 
• Year 1990. F-factor 1.000 and reference F .1567 • 

** ** ** * * * * * * * *** * *** **** ***** **. * **. *** * ******** ******** 
+ --- ---------------+-------------------+ 
: a.t 1 January: at spawni.ng tirn..e: 

+----+---------+ ---------+ --------+ ---------+ ---------+ _________ ,. ---------+ -------+ ---------+ 
: : absolute: ca.tch in: catch .in: stock: . stock: sp.stock: sp.stockl sp.stock: sp.stoek: 
: aJe: F: numbers: weight: size: biomass: siz.e: biomass.: size: biomass: 
+ ----+- --------+---------+----- ----+ --------+--------+---------+---------,f----- -----+ --------+ 

o: .oo3o: 12.01: 39.5: 4665.o: 15254: .o: o: .o: o: 
1 i .0430: 125.421 1190.3 i 3445.6: 326981 1722.81 16349: 1561.01 148H: 
2: .09101 1043.321 12968.41 13852.11 172182: 10389 .. 1: 12.9136: 9323.71 115893: 
31 .12201 5.52: 77.8: 55.51 781: 55.5: 781: 49.5: 696: 
4: .15BOI 193.9~1 2910.81 1529.8: 229621 1529.81 22962: 1354.7: 20333: 
5: .1340: 15.68: 242.9: 144.21 2233: 144.2: 2233: -128.31 1987: 
61 .1a?o: 113.37: 17Y5.s: 765.8: 12130: 765.BI 12.130: 674.21 ~06791 
7: .1810: 27.99: 448.11 194.8: 3118: 194.8: 3118: 171.7: 2748: 
a: .224o: 64.34: 1053.3: 369.o: 6041: 369.01 60411 322.5: 5279: 
9: .17301 3.75: 59.71 27.21 433: 27.2: 433: 24.0J 3821 

10+1 .1730: 26.371 419.8: 191.3: 30451 191.31 3045: 168.91 2688: 
... ----+ ---------+ ---------+ ---------+ ---------+ --------+---------+ ---------+ ---------·---------+ 
: Total : 1631.76: 21206.3: 25240.4: 270832: 15389.61 196233.1 13778.5: 1755041 
+ ---------- ---- + --------- +---- ------+---- ------+ --~- -----+ --------+ ---------+ ---------·--------+ 

* * * * ** *. * * * •• ** * * ** ** ** *-* ** * * * * * *** * * * * * * * ** ** **** ...... . 
• Year 1991. F-tactor 1.000 and reference F .1567 • 
• * * * * * * * ** **-** *. * ••• ***. * **. * •• * **-* **** ******** *******·** 

+ ------------------+ -----------------+ 
: a.t 1 J anuary: at spawning .tim-e: 

+- ---- .,.. ________ -+ ---------+- --------+ --------+ ---------+ ---------+- ________ ,. --------+ --------+ 
l : absolute: catch in: catch in: stock: stock: sp.stockl sp.stocJC: sp.stockl sp.s.tock: 
: age: F: numbers: weight: size: biomass: size: biomass: sizel biomass: 
+ ----+---------+-- ------ -- +---------+---------+---------+ _________ _.. ____ ---+---------+ ---------+ 

o: .00301 12.071 39.51 4665.01 15254: .o: o: .o: o: 
1: .0430: 125.42: 1190.31 3445.6: 32698: 1722.8: 16349: 1561.01 14814: 
21 .0910: 184.16: 2289.11 2445.11 303921 1833.8: 227941 1645.81 204561 
31 .1220: Y32.501 15138.9: 9369.31 13201.5: 9369.31 13-2013: 8356.51 1177431 
4: .15801 4.611 69.2: 36.4: 545: 36.4: 545: 32.21 4831 
5: .1340: 105.20: 1629.5: -967.71 149891 967.71 14989: 861.0: 13337: 
6: .18'101 13.831 219.11 93.4: 1430: 93.4: 1480: 82.31 1303: 
71 .18101 67.61: 1082.5: 470.6: 75331 470.6: 7533: 414.8: 66401 
a: .22401 20.991 343.11 120.41 19711 120.4: 1971: 105.2: 1122: 
91 .1750: 30.121 479.2: 218.51 3476: 218.5: 3476: 192.9: 3069: 

10+: .17301 18.77: 298.8: 136.2: 211\71 136.21 -2167: 120.21 1913: 
+ ----+ --------+ ---------+---------+ ---------+ --------+ --------+ ---------+ --------+--------+ 
: Total : 1515.30: 20779.8: 21968.2: 2425241- 14969,1: 203322: 13371.9: 181484: 
+ ---------- ---- + ---------+---------+------- --+ ---------+ --------- ... --------- +- ---------+--------+ 



Table · 4.4.11 

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

SPRAT IN SUB DIVISIONS 27 

Vear 1989 l 
l Vear 1990 l Vear 1991 l 

-------+---------+------+-----+------+--------+---------+------+--------+-----
fac-: r-ef.: stock: sp.stock: l fac--: ref.: stock: sp.stock: l stock: sp.stock: l l 

tor·: F: biomass: biomass: catch: tor: F: biomass: biomass: catch: biomass: bi-omass: 
---+------+--------+---------+------+-----+------+--------+---------+------+--------+---------~ 

Lo: ,16: 276: 151: 15: .o .00 271 o 263 204 
l l l l l .l .02 2 260 201 l l l l l 

l : l . 2 .03 4 258 199 l l 
l l : .4 .06 9 254 195 l l 

. 6 .09 13 250 190 

.8 .13 17 246 186 
1.0 .16 21 243 181 
1.2 .19 25 239 177 
1.4 .22 29 173 
1.6 .25 33 232 169 
1.8 .28 37 228 166 
2.0 .31 40 225 162 

-----+------+--------+---------+------+-----+------+--------+---------4 
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 8 

1\.) 
o 
o 



Table 4-2·1 SUM OF PRODUCTS CHECK 

SPRAT IN FISHING AREAS 22 TO 32 
C!\TEGOI~Y: TOTAL 

C/>,TCH I l~ NU~1BERS UNIT: mill ions 
------------

1974 1975 1976 1977 

o 33 125 215 104 
1 2615 628 4682 2371 
2 6172 2032 818 8399 
3 3618 5678 2106 997 
4 1940 2387 3510 190"1 
5 1929 790 1040 1739 
6 933 878 350 364 
7 1213 247 548 140 

8+ 278 5tl6 422 399 

TOTAL 18731 13311 13691 16420 

1986 1987 1988 

o 32 4 180 
l 495 779 79 
2 1142 394 2693 
3 1425 1320 742 
4 2099 1833 1150 
5 340 1805 762 
6 188 2?"' ,_, 751 
7 16 149 64 

8+ 50 73 108 

TOTIIL 5787 6584 6530 

1978 1979 1980 1981 

97 51 35 26 
500 1340 369 2303 

3325 597 1476 920 
4936 1037 378 405 
480 2291 500 94 
817 188 1357 88 
683 150 72 527 

73 335 67 13 
189 125 235 99 

11100 6114 4489 4475 

1982 1983 

24 105 
363 1852 

2460 297 
425 531 
225 107 

64 47 
5'7 12 

231 18 
51 148 

3900 3117 

1984 

76 
1005 
2393 
388 
447 

77 
38 
9 

83 

4516 

11.00.40 

1985 

65 
566 

1703 
2521 

447 
271 

30 
19 
65 

5687 

03 t~AY 1989 

C\) 
o 
f-J 



Table 4.2.2 SUM OF PRODUCTS CHECK 

FISHING AREAS 22 TO 32 "' TOTAL o 
"' 

MEAN WEIGHT AT AGE IN THE CATCH Uf'-IIT: g1·am 
-------------------
1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 

o 4.800 4.000 4.000 4.400 4.300 4.000 4.200 4.300 4.200 4.700 3.900 3.400 
1 6.600 6.800 6.900 5.400 5.100 5.500 7.800 6.300 8.800 9.200 9.700 9.100 
2 10.500 11.200 10.700 11.000 10.900 12.700 11.300 14.100 11.700 14.500 11.100 11.300 
3 12.200 12.400 12.700 13.400 12.500 13.000 14.300 16.100 16.000 16.200 14.600 12.700 
4 13.400 13.400 13.500 14.000 13.100 13.700 14.100 18.000 16.200 17.100 15.300 14.000 
5 13.900 14.700 14.500 14.400 14.100 15.100 14.300 16.500 16.700 16.900 15.800 16.000 
6 15.400 14.300 16.100 15.900 15.200 15.800 16.700 15.900 16.400 17.000 16.300 17.100 
7 14.100 15.700 14.700 15.900 15.800 15.600 15.800 16.800 16.300 16.900 16.900 17.100 

8+ 14.300 13.500 14.300 15.800 15.100 16.200 16.000 16.100 17.300 16.800 17.200 15.800 

1986 1987 1988 

o 4.400 3.800 4.380 
1 7.900 8.500 5.630 
2 12.100 11.700 10.290 
3 12.900 13.300 12.160 
4 14.000 14.500 14.210 
5 14.800 15.200 15.210 
6 16.100 16.400 15.300 
7 17.000 17.000 16.580 

8+ 16.700 17.600 16.800 



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, 2016, 310, 199, 114 
1,12411,19142, 4827, 1673, 189, 45, 67 
1, 3718,10968, 8455, 1920, 269, 75, 56 
l, 1234,6256, 8530, 2496, 359, 26, 20 
l, 11203, 2899, 6307, 2675, 962, 185, 19 
USSR Surveys 26+28 
1984, 1988 
l, l 
2, 8 
1, 21087,2066, 1938, 501, 166, 20, 69 
l, .16531, .12765, 981, 441, 6.1, o, o 
1, 9752, 7748, 7174, 663, 357, 37, 58 
l, 5604, 535.1, 5283, 4693, 107, 175, 19 
1, 23035, 2246, 2992, 2489, 2341, 110, 81 

203 



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 TRANSFORHA TION 
NO explanatory variate (Mean used) 
Fl eet l , 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 BV '' VARIANCE .. 

Regression weights 
• 1. 000. l. 000. l. 000. l. 000. l. 000. 

Oldest age F = l.OOO'average of 5 younger ages. Fleets combined by variance of predictions 
Fishing mortal i ties 

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

l, .032, .024, .049, .016, .100, 
2, .062, .085, .074, .061, .087, 
3, .090, .106, .117, .143, .194, 
4, .121, .177, .149, .271, .221, 
5, • 224, .124, .247 • .230, .215, 
6, .151, .158, • 147. .327 • .175, 
7. .130, • 130, .147. .206, .179 • 

Log catchabil it y estimates 

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

--1-:-:-:o6:~: -1.42: -1.65: -1.01 
2 • -.60, -.19, -.45, -.14, -.29 

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

q F , F Sl ape , Intrcpt 

--1-:~:----:no:--:3§72: .0955: .OOOE+OO: .OOOE+oo: -.923:----:2'94 
2 , -.34 , .211, .7145 , .0835, .OOOE+OO, .OOOE+OO, -.336, .086 
Fbar SIGMA(int.) SIGHA(ext.) SIGMA(overall) Variance ratio 
.084 .202 .360E-01 .202 .032 

Age 3 
Fl eet, 84, 85, 86, 87, 88 

--1-:---:79:---::--:n:---::-:TO:~:~ 
2 ' -.73, -.62, -.45, -.55, -.53 

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

q F , F Sl ape ,Intrcpt 

--1-:~:---:sl9:-:96ii2: .2457: .OOOE+OO: .OOOE+OO:~:---:ill 
2 , -.58 , .116, .5616 , .1855, .OOOE+OO, .OOOE+OO, -.577, .047 
Fbar SIGMA(int.) SIGHA(ext.) SIGHA(overall) Variance ratio 
.188 .113 • 598E-01 .113 • 279 

Age 4 
Fleet, 84, 85, 86, 87, 88 

--1-:~:--:65:---:-:sr:---:-n-:~ 
2 • -.64, -.95, -.68, -.25, -.55 

cont 1d. 
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Table 4.5.4 cont'd. 

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

q F , F Sl ope , Intrcpt 

--1-:--.2-7-:------:562:1.3162 : .2400: .OOOE+OO: .OOOE+00:--:275:--:230 
2 , -. 61 , • 275, • 5418 , . 2082, , OOOE+OO, .OOOE+OO, -. 613, .112 
Fbar S!GMA( int.) SIGMA(ext.) SIGHA(overall) Variance ratio 
.214 .247 .560E-01 .247 .051 

Age 5 
Fleet, 84, 85, 86, 87. 88 

--1-:1:77:----:-:27:-:n: -1.15:---=-:-28 
2 • .38, -1.60, -.73, -.51, -.35 

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

q F , F Sl ope , Intrcpt 

--1-:--.0-8-: 1.185:1.0850 : .3092: .OOOE+OO: ,000E+OO:----:o82:~ 
2 , -.56 , .782, .5687 , .1742, .OOOE+OO, .OOOE+OO, -.564, .319 
Fbar SIGMA(int.) SIGHA(ext.) SIGMA(overall) Variance ratio 
.207 .652 .264 .652 .163 

Age 6 
Fleet, 84, 85, 86, 87. 88 

--1-:--:-n:-:oo: -1.56:~: -1.49 
2 • -.41, -1.13, -1.28, -1.87, -.60 

SUMMARV STATISTICS 
Fl eet , Pred. , SE(q) ,Partial,Raised, SLOPE SE , INTRCPT, SE 

q F , F Sl ope , Intrcpt 

--1-:--=-:-7():----:898:~: .3873: .OOOE+OO: .OOOE+OO: -. 701:---:3"67 
2 , -1.06 , .633, .3464 , .1112, .OOOE+OO, .OOOE+OO, -1.060, .258 
Fbar SIGMA( int.) SIGHA(ext.) SIGMA(overall) Variance ratio 
.168 .517 .588 .588 1.290 
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Table 4.5.5 VIRTUAL POPULATION ANALYSIS 

SPRAT !N FISHING AREAS 22 TO 32 

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

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

l .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 .lO 
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 .lO .15 .16 
7 .39 .37 .43 .53 .53 .42 .47 .27 .27 .lO .13 .13 

8+ .39 .37 .43 .53 .53 .42 .47 .27 .27 .lO .13 .13 

( 2- 6)W .27 .30 .36 .34 .42 .34 .42 .30 .24 .07 .07 .lO 

1986 1987 1988 1974-86 

l .os .02 .lO .09 
2 .07 .06 .08 .23 
3 .11 .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)W .12 .18 .12 Tuned with 2 acoustic surveys. 



Table 4-2·6 VIRTUAL POPULATION ANALYSIS 

SPRAT IN FISHING AREAS 22 TO 32 

STOCK SIZE IN NUMBERS UNIT: mill ions 
---------------------
BIOMASS TOTALS UNIT: tonnes 
--------------
ALL VALUES ARE GIVEN FOR l 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 NO 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 BlOM 891045 719733 471055 565476 457107 271064 178913 136970 201785 258138 564929 718125 

1986 1987 1988 1989 1974-86 

l 12928 60988 1008 o 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 NO 52689 40952 52613 
TOT.BIOM 919119 1138903 770881 
SPS BlOM 740668 602949 640961 1\) 

o 
---J 
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Ta ble 1·2·Z 
Ti tie SP RAf Jf< fl SH l NG t\RtAS 22 TO 3;' 
t\t lb. ill. 31 l6 APR fl 1989 
from 74 to 88 on agec. l to 7 
with Terminal F of . 200 on age 4 iH1d fPI'flllna1 S of 1.000 

In l l ia1 sum of squared t·es i dua.,-:. wa~, 34./91 {l(ld 

tinal sum ot ~~qu;H'ed res 1 dlld l s ls 9.233 ofte! 7q it er at ion-:. 

Matrii( of Reslduals 

Years 74/75 75/76 76/77 77/78 
Ag es 
1/ 2 .509 .167 -.022 -.102 
2/ 3 -.280 -.226 -.283 .092 
3/ 4 -.114 .122 -.181 .074 
4/ 5 .033 .140 .074 -.187 
5/ 6 -.205 -.002 .296 -o 236 
6/ 7 o 320 -. 361 .150 .427 

.ooo .000 .000 .ooo 

wrs .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 
Ag es 
l/ 2 -.084 .254 -l. 208 .250 -.366 .331 -,065 -.180 .912 -.835 -.002 .342 
2/ 3 .594 .158 o 369 .507 .407 -.211 -.124 .163 -.005 -. 779 -.001 .485 
3/ 4 -.008 .236 .299 .193 .150 .146 -.299 .081 -.207 -.109 -.001 1.000 
4/ 5 -.211 -.324 .292 -.315 .042 .039 .075 -.098 -.077 .350 -.001 .894 
5/ 6 .410 -.018 -.635 -. 385 .029 -.190 .405 -.118 .063 .234 -.001 .608 
6/ 7 -.584 -.185 .113 -.018 -.521 -.146 .125 .114 -.137 .594 -.001 .533 

.000 .000 .000 -.001 -.001 -.001 -.001 .000 .ooo .000 -.305 

wrs .100 .100 .100 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

fi shing Hortal it i es (f) 

74 75 76 77 78 
F-values .4815 .4520 .5099 .6856 .6775 

79 80 81 82 83 84 85 86 87 88 
f-values .5657 .6093 .3247 • 3076 .1152 .1345 .1391 .1531 .2006 .2000 

Se l ec t ion-at -age (S) 

l 2 3 4 5 6 7 
S-val ues .2062 .4952 • 7217 1.0000 1.0877 1.0622 1.0000 



Table 4.5.8 VIRTUAL POPULATION ANALYSIS 

SPRAT IN FISHING AREAS 22 TO 32 

FISHING MORTALITY COEFFICIENT UNIT: Year-l 
----------------

1974 1975 1976 1977 1978 

1 .12 .09 .09 .20 .15 
2 .19 .16 .19 .29 .59 
3 .37 .34 .31 .49 .35 
4 .50 .58 .46 .66 .59 
5 .41 .51 .70 .56 .90 
6 .60 .42 .57 .76 .58 
7 .48 .39 .65 .61 .42 

8+ .48 .39 .65 .61 .42 

( 2- 6)U .41 .40 .45 .55 .60 

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 

NATURAL MORTALITY COEFFICIENT = 

1979 1980 1981 1982 

.20 .07 .12 .03 

.33 .45 .31 .23 

.47 .47 .27 .29 

.34 .57 .25 .29 

.64 .44 .23 .34 

.52 .71 .39 .29 

.85 .61 .33 .38 

.85 .61 .33 .38 

.46 .53 .29 .29 

.40 

1983 1984 

.03 .03 

.04 .06 

.09 .08 

.13 .12 

.u .17 

.12 .16 

.17 .16 

.17 .16 

.10 .12 

1985 

.02 

.08 

.11 

.16 

.12 

.11 

.13 

.13 

.12 

1\) 
o 
\.0 



Table 4.5.9 VIRTUAL POPULATION ANALYSIS 

SPRAT IN FISHING AREAS 22 TO 32 N ..... 
o 

STOCK SIZE IN NUMBERS UNIT: mill ions 
--------------------

BIOMASS TOTALS UNIT: tonnes 
-------------

ALL VAL UES, EXCEPT THOSE REFERRING TO THE SPAWNING STOCK ARE GIVEN FOR 1 JANUAR Y; THE SPA.WNING 
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 2469 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. BlOM 1159513 783755 847485 753809 479500 304794 225269 303468 348390 802735 1018998 1068467 
.SPS BlOM 620119 496980 308170 381832 301252 171997 113280 97180 151701 208964 460817 593884 

1986 1987 1988 1989 1974-86 

1 14002 37818 2379 o 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 NO 43692 33260 34040 
TOT.BIOM 943548 962115 632625 
SPS BlOM 614632 487307 432039 



Table 4.5.10 
List of input variab.les fot· thP lC.ES prediction proyram. 

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

The number of recruits per year is as follows: 

Year Recruitment 

1989 57000. o 
1990 26000. o 
1991 26000. o 

Proportion of F (fishing mortal ity) effective befare spawning: .4000 
Proportion of M (natura l mortal ity) effective be fore spawning: .•1000 

Data are printed in the following units: 

Number of fish: ntillions 
Weight by age group in the catch: gram 
Weight by age group in the stock: gram 
Stock biomass: tennes 
Catch weight: tennes 

+----+-----------+--------+ ----------+---------+----------+-------- -- + 
l l l fishingJ natural l maturityl weight in l weight inl 
: age: stock sizel patternl mortalityJ ogivel the catchl the stockl 
+----+-----------+--------+----------+---------+----------+----------+ 

l; 57000.01 .041 .401 .001 8.166; 7.5061 
2; 1530.01 .14; .4o; .7o: 11.298; 11.338; 
3; 143aa.o; .17; .4o; 1.oo: 13.132: 13.552; 
4; 3222.0: .22: .4o: 1.oo: 14.402; 14.762; 
5; 3a35.o: .1a: .4o: Loa: 15.4o2: J5.9o2: 
61 31lo.o: .1a1 .401 1.001 16.2401 16.6601 
7; 3095,o: .15; .4o: 1.oo: 16.916: 17.276: 

, a+: aa4.o: .15; .4o: 1.oo: 16.a2o: 17.360; 
+----+-----------+--------+----------+---------+----------+----------+ 
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Table 4.5.11 

TOTAL BALTIC SPRAT (22-32) 

**~**~*•****•***j******************* 

• Run on basis of a single recruit • 
A****j**********•*•*~*************** 

+-----------
at l Januaryl at spawning time 

----+---------+---------+---------+---------+---------+---------+---------
Fl reference: catch inl catch inl stockl stockl sp.stockl sp.stockl sp.stockl sp.stockl 

f<;etor: r=: numbe,-s: weightl sizel biomassl size: biomass: size: biomass: 
-----+----------+---------+---------+---------+---------+---------+---------+---------+---------+ 

.ooo: .oooo: .oooo: .oooo: 3.0332l 35.8762l 1.8321: 26.0902l l. 5613: 22.2326l 

.1oo: .0178: .0299: .3926l 2.9594l 34.6921l l. 7591: 24.9151l l. 4889: 21.0867l 

.2oo: .0356l .0576: .7502l 2.8914: 33.6055l 1.6919: 23.8376l 1.4224: 20.0372: 

.4oo: .0712: .1068l l. 3758: 2. 7702l 31.6825l 1.5723l 21.9327! l. 3041: 18.1859: 

.6oo: . .l068l .1495l l. 9033: 2.6656l 30.0366l 1.4693: 20.3047l l. 2024: 16.6082l 

.8oo: .1424: .1867l 2.3522l 2.5745l 28.6142l l. 37971 18.8999l 1.1141l 15.2509l 
1.ooo: .1780: .2195: 2.7378: 2.4943l 27.37401 1.3011: 17.6773: l. 0368: 14.0733l 
l. 200: .2136: .2487l 3.0716l 2.4233l 26.2841: 1.2316: 16.6049l .9686: 13.0437l 
l. 400: . 2492: .2748l 3 . .3629: 2.3599l 25.3194l 1.1697: 15.6575: .9o8o: 12.1371: 
l. 600: .2848l .2983l 3.6187l 2.3029l 24.4597l 1.1143: 14.8150l .8538l 11.3336: 
l. 800: .3204l .3196l 3.8448l 2.2514l 23.6888l L 0643 l 14.0612l .8052l 10.6173l 
2.ooo: .3560l .3390l 4.0459l 2.2047l 22.9938l 1.0190: 13.3830: .7612: 9.9752: 

1\.) 
J--1 
1\.) 

$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ 
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ 

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

$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ 
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$ 



Tabl e 4.5.12 

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

TOTAL BALTIC SPRAT (22-32) 

Year 1~89 : Year 1990 : Year 1991 
-------+---------+------+-----+------+--------+---------+------+--------+-----

fac-: ref.: stock: sp.stock: : fac-: ref.: stock: sp.stock: : stock: sp.stock 
tor: F: biomass: biomass: catch: tor: F: biomass: biomass: catch: biomass: biomass 
---·------+--------+---------+------+-----+------+--------+---------+------+--------+---------
1.0: .18: 869: 347: 72i 877i 474i o 913i 561i 

: 471: 9 904: 550: 
.2 : 468: 19 895: 539: 
• 4 : 462: 37 878: 518: 
.6 : 456i 55 861i 498i 
.8 : 450: 72 845: 479: 

1.0 : 444: 89 829i 461: 
1.2 : 439: 105 814: 443: 
1. 4 : 433: 121 799: 426: 

: : : : : 1.6 : 427: 136 785: 410: 
: : : : : 1.8 : 422: 151 771: 395: 
: : : : : 2.0 : 416: 166 757: 38o: 

+-----+------+--------+---------+------+-----+------+--------+---------+------+--------+---------+ 
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 6 

1\) 
f-J 
\>l 
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Table 4;5,13 

1 O, 02, 3 2 2 O APRIL 19 89 
SPilAT SD 22-32 

*** * *** *** * ** ** * * **** ********** ***• * ******* **** * ******** 
• Year 1989. F-factor 1.1)00 and reference F .1780 * 
** * * * ** *** ****·* * * ***** ** * ** * * ****** *·******* ** ** ********* 

+ --- ----------------+ -------------------+ 
: at 1 January: at spawning tirnel 

+ ---- +---------+ ---------+ ---------+ ---------+ ---------+ ---------+ ---------+ ---------+ ---------+ 
: : ;Jb;;nlute: catch in! catch in: stock: stodC: sp.stock: sp.stf)ck: sp .. stock: sp.stockl 
: tJ~e: F: numbers: weight: size: hiom;fss: sizP: bi'Jmass: sizP: biomass: 
+ ---- +- -------- + --------- +- --------+---- --- --+ ------ ---.+ ---------+- -------- + ----- ----+ ---------+ 
i 1i .U400i 1H44.~4i l'OOl.=>i !)(QU'J.Oi 4ZflJ42i .Of o: .0: o: 

2: .140o: 16>.s1: 11!69.~: 15Jo.o: 17347: 1071.0: 12142l 862.9l 9784: 
3l .1/0ill 1d64.40l 244~3.:SI 14388.[ll 1949d6l 14388.(1l 194986l 11454.6l 155233l 
4l .2200: S2tl.26l 760~.1: .S222.!'l 47563l 3222.0l 475o3l 2514.3l 37116l 
Sl .1300l 523.MOl 806/,)l .S8.S5.0l 60984l 3835.0l 60984l 3040.9l 48357l 
6l .1800l 424.77l 68Yii • .Sl 311U,Ol 51812l 3111l.Ol 51812l 2466.1l 41084l 
Il .150lll .S51.09l 6041J.Ol .S'l'J5.0l 5:S469l 3095.0l 53469l 2483.Rl 42910l 

ct+l .1soo: 101.·n: 171>.s: BM.o: 1>346l R84.n: 1S34<SI 709.41 123151 
+ ---- + ---------+--- ------ +- --------+---------+ ---------+---------·---------+--------- ". ________ + 
: rot8l : 5~10.37l 7174S.'ll 87064.Dl 86'f350l 2960s.o: 436304l 23532.1 l 346801: 
+ -------------- + --------- +- -------- + --------- + --------- + ---------+---------+ ---------+--------+ 

.. ** .... ** 11: * * * **** 11: * * *** •*** ** * ** * ** * * * ******* * * *****·* *** ** 
• Y~ar 19'10, F-f•ctor 1.000 and reference .f .1780 * 
** * * * ** ** * ** *** ****** * ** * *** **** *** * *·** * * ******* **·** **** 

+ ------------------+ -------------------+ 
at 1 J anuary: at spawning ti m@: 

+ ---- + -------- -+ ---------+ ---------+ ---------+ ---------+ ---------+ ---------+---------+ --------+ 
: : absolute: catcn in: catcn in; stock: stoci<: sp.stockf sp.stock: sp.stock: sp.stock: 
: a·~e: Fl numbers: weight~ size: biomass: sizf': biomass: size: biomass: 
+ ---- + ---------+ --------- ·---------+---------·---------+---------+---------+---- -----· ---------+ 

1l .0400l ~41.37: 6870.6l 26000.0l 1'f5156l .o: o: .o: o: 
2: .1400l 3Y71.16l 44866,?1 36710.11 416218: 25697.1 l 291353l 20705.01 234753l 
3l .1700l 115.53l 1511.2: 891.6l 12083: 891.6: 12083l 709.81 96191 
4l .2200: 13.S4.07l 19213.2l 81H.8l 120115l 8136.81 1201151 . 6349.6l 93733: 
Sl .1/lOOl 236.73l 3646.2l 1733.3l 27562l 1733.3l 27562l 1374.4: 21855l 
61 .1R00l l9:>.27l 47b2.8l 2147.2l 35712: 2147.2: 35712: 1702.61 28365: 
7: ,15001 l00.90l .S.SYR.S: 1741.3l 31J082l 1741.3: 301J!!2l 1397.41 241411 

!l+l .1500: 264.~11 4455.1l 2295.7l 39853l 2295.7: 39853:' 1842.31 31982: 
+ ----+ ---------+ ---------+ ---------+ ---------+ --------· ---------+ ---------+ ---------+ ---------+ 
: Total : t25t.Y2l I!H/29.8l t9655.9l 1!768431 42642.9l 556821: 34081.2: 4444511 
+ -------------- + --- ------+------ ---+ ---------·---------· ---------·--------+---------+--------· 

•••••••• *. * *** •••• *** * ** *** * ** * **** * ...... ** ******* ****** 
• Year 19'1.1, F-tactor 1.'l00 and reference F .1780 * 
• ** •••• ********" ****** *****"'******** ******************** 

+ -----------------+ -------------------+ 
at 1 January: at spawning time: 

----+ -------- -+ ---------+ ---------· ---------+ ---------+ ---------· ---------+ ---------+ ---------+ 
: absolute: catch in: catcn in: stocJr: stock: sp.stock: sp.stock: sp .. stock; sp.s.tock: 

a~e: F: numbers: weight: size: hiomass: sizPl biomass: size; biomass: 
---- + --- ------+ ---------+- -------- t- ------ --+---------+---------+---------+----- ----+ ---------+ 

1: .o4oo: H41..Hl 6870.6: 26ooo.o: 195156: .o: o: .o: o: 
2: .14on: 1~11.411 204o5 • .s: 16744.9l 189854: 11721.5: 1.52897: 9444.4: 107oao: 
3l .170Dl 2t72.07l 36402.Yi 21392.7l 289914: 21392.7: 289914: 1703.1.3: 2308071 
4l .2200: 82,671 1191J.b: 504.2l 7443l S04.2l 7443: 393.51 5808l 
s: .1aoo: 59t.ti4l nos.u: 4377.1: 696•J5: 4377.11 696o5: 347D.8l 55193: 
6l .18or.: 132.55: 2152.6: 970.4l 161671 970.4l 16167l 769.s: 12s2o: 
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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 

1 
6,506 

German Dem. Rep. 46,802 9,651 36,692 0.243 
Germany, Fed. Rep. 628 -
Poland

1 
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 
Germanj, Fed. Rep. - - - -
Poland

1 
39,732 39,732 14,661 2.71 

Sweden 15,602 4,443 3,938 1.128 6,766 10.064 o. 672 
USSR 8,061 
Total 69,544 

(cont'd) 

l\) 
1-' 
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Table 5.1 (cont'dl 

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

3
Dem. Rep. 

15,398 15,398 8,552 1.8 Poland
1 

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 

1 
344 344 45 6.7 44 7 6.3 

German Dem. Rep. 611 611 1,854 0.33 
Poland

1 
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 
swedrn 1,606 151 442 0.342 1,193 1,933 0.617 
USSR 14,660 14,660 - 6.3 
Total 18,377 

28 
Gulf

4
of Riga 

17 l 616 10,743 - 4.6 - - - 6,933 209 33.172 USSR 
Total 36,053 

(cont'd) 



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) 

29S 
Finland 325 325 33 9.8 

~=~~;~1 Dem. Rep. - - -
8 8 13 0.615 

USSR 24,268 18,551 3,088 6.008 - - 5, 717 132 43.311 
Total 24,601 

29N 
Finlan~ 30,557 18,124 3,388 5.3 5,147 1,450 3.5 4,030 350 11.5 
sweden 311 21 31 o. 677 136 236 0.576 
Total 30,868 

30 
Finlan~ 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 
Sweden -
Total 7,788 

32 
Finl~nd 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 

1 . 

2
Trawl1ng hours, catch per hour. 

3
Standardized effort. 

4
standardized effort for Sub-divisions 24, 25, and 26. 

1\) 

5
catch per pair of vessels ( 80-150 HP) with pair trawl. 1-' 
Catch per pair of vessels (150-300 HP) with pair trawl. -..:J 
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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 219 

24 
Denmark 

1 
9,088 

German Dem.Rep. 49,488 49,488 12,372 4 
Germany, Fed.Rep. 251 - - -
Poland

5 
6,590 6,590 2,021 3.26 

Sweden 4,586 2,945 1, 722 1. 71 
USSR -
Total 70,003 

25 
Denmark 

4 
10,794 

German Dem.Rep. 3,866 
Germanr, Fed.Rep. -
Poland

5 
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) 



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 
Poland

5 
20,379 20,379 11,449 1. 78 

Swedfn 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 

~~!~:~s - - - -
14,366 14,366 3.807 3. 774 

USSR 4,795 
Total 19,242 

28 (except Gulf of Riga) 
German Dem.Rep. 82 
Finlan~ 1,840 1,840 174 10.6 
swedin 1, 319 122 240 0.51 
USSR 16,894 16,894 3,372 5 
Total 20,135 

28 
Gulf

2
of Riga 

19 l 779 11,582 1,964 5.9 8,190 165 49.6 USSR - - -
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 3.5 3,919 34·0 11.5 
Sweden 648 
Total 32,071 

30 
Finland 20,928 9,860 1,754 5.621 1,906 591 3.2 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 1.9 738 242 
Sweden 267 
Total 7,438 

32 
Finl~nd 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 

~Catch per pair of vessels (150-300 HP) with pair trawl. 

3
catch per pair of vessels ( 80-150 HP) with pair trawl. 

4
standardized effort. 

526 meter cutters, pelagic pair trawling system. 
Trawling hours, catch per hour. 

Data preliminary. 



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.Herr1ng 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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FISH STOCK SUMMARY 
Figure 3. 3. 3 cont l 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 effårt vs index of fishing effort. 

COASTAL HERRING 25-27 

Fig:ure 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 
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FISH STOGK SUMMARY 
Figure 3.3.6 cont'd. STOCK: Herring - Coastal Areas 25-27 

26-04-1989 

Lang-term yield and spawning stock biomass 
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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) Trends in spawning stock biomass (SSB) 
and recruitment (R) 
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Figure 3.3.7 cont'd. 
FISH STOCK SUMMARY 

STOCK: Herring - Open Sea Areas 25-27 
27-04-1989 

Lang-term yield and spawning stock biomass Short-term yield and spawning stock biomass 
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Figure 3.4.1 

FISH STOCK SUMMARY 
STOCK: Herring - Gulf of Riga 

27-04-1989 

Trends in yield and fishing mortality (F) 
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Figure 3.4.1 cont'd. 
FISH STOCK SUMMARY 

STOCK: Herring - Gulf of Riga 
27-04-1989 

Lang-term yield and spawning stock biomass 
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Figure 3.4.2 
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Figure 3.4.3 

FISH STOCK SUMMARY 
STOCK: Herring - 28 and 29S 

28-04-1989 

Trends in yield and fishing mortality (F) Trends in spawning stock biomass (SSB) 
and recruitment (R) 
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Figure 3.4.3 cont'd. 

FISH STOCK SUMMARY 
STOCK: Herring - 28 and 29S 

28-04-1989 

Lang-term yield and spawning stock biomass Short-term yield and spawning stock biomass 
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Figure 3.5.1 

FISH STOCK SUMMARY 
STOCK: Herring - 29NE and 30E 

28-04-1989 

Trends in yield and fishing mortality (Fl Trends in spawning stock biomass (SSB) 
and recruitment (R) 
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Figure 3.5.1 cont'd. 
FISH STOCK SUMMARY 

STOCK: Herring - 29NE and 30E 
28-04-1989 

Long-term yield and spawning stock biomass 
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Figure 3.6.1 

FISH STOCK SUMMARY 
STOCK: Herring - 31E 

28-04-1989 
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Figure 3.6.1 cont'd. 

FISH STOCK SUMMARY 
STOCK: Herring - 31E 

28-04-1989 

Lang-term yield and spawning stock biomass Short-term yield and spawning stock biomass 
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FISH STOCK SUMMARY 

Figure 3.2.6.2 STOCK: Herring in the Western Baltic and Kattegat 
26-04-1989 
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Figure 3.2.6.2 
eor:.t. 1d. 

FISH STOCK SUMMARY 
STOCK: Herring in the Western Baltic and Kattegat 

26-04-1989 

Lang-term yield and spawning stock biomass Short-term yield and spawning stock biomass 

50 

(i) 
E 40 
co 
c.. 

.!?!! 

.jJ ..... 
::J 30 
c.. 
u 
QJ 

c.. 

c.. 
QJ 
o. 20 

1:J 
ri 
QJ ..... 
>-

10 

o 

- Yield •••• SSB 

Fo.1 FMax 

500 -~ ..., 
Cl 
c ..... 
c 

400 3: 
co 
o. 
Ul 

.jJ 

CC 

300~ 
Ul 
E 
CC 
c.. 
Cl 
~ 

200 .jJ ..... 
::J 
c.. 
u 
QJ 

c.. 

100 c.. 
QJ 

o. 
OJ 
(/) 
(/) 

o.'oo o.'10 o.'2o o.3o o.4o o.5o o.so o.7o o.so o.so 1.00 

Average fishing mortality (ages 2-6. u) 

c 

200 

175 

~ 150 
c 
c 
o 
.jJ 

o 125 
o 
o 
~ 

100 
o 
01 

~ 
c 75 

..... 
1:J 
ri 

50 QJ ..... 
>-

25 

- Yield •••• SSB 

Fo.1 FMax 
400 

QJ 

E ..... 
350.j.J 

Cl 
c ..... 
c 

300 3: 
co 
o. 
Ul 

250~ 

(i) 
QJ 

200 c 
c 
o 
.jJ 

1508 
o 
~ 

100..,.., 
01 
01 ..,.., 

50 -~ 
OJ 
(/) 
(/) 

o o 
o .'oo o .'1o o .'2o o .'3o o .'4o o .5o o .'so o .'7o o .'so o .'so 1.'oo 

Average fishing mortality (ages 2-6, u) 

D 
1\) 

+:>
,1-' 



Figure 3.8.1 

FISH STOCK SUMMARY 
STOCK: Herring - Gulf of Finland 

01-05-1989 
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FISH STOCK SUMMARY 
STOCK: Herring - Gulf of Finland 

01-05-1989 
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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 
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Figure 4.2.1 cont'd. 

FISH STOCK SUMMARY 
STOCK: Sprat - 22-25 

02-05-1989 
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Figure 4.3.3 

FISH STOCK SUMMARY 
STOCK: Sprat - 26 and 28 

Assessment 2 - 03-05-1989 

Trends in yield and fishing mortality (Fl Trends in spawning stock biomass (SSB) 
and recruitment (R) 
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FISH STOCK SUMMARY 

Figure 4.3.3 cont 1d. STOCK: Sprat 
Assessrnent 2 

Lang-term yield and spawning stock biomass 

4.0 

3.5 

U) 3.0 
E 
ro 
c.. 
Cl 
~ 2.5 

-1-' ..... 
::J 

~ 2.0 
Ill 
c.. 

c.. 
~ 1.5 

"O ...... 
Ill 
..... 1.0 
>-

0.5 

0.0 

_ Yield •••• SSB 

FBB Fo.116 

Ill 
E ..... 

14-1-' 

Cl 
c ..... 

12 i 
ro 
a. 
en 

10 -1-' 
ro 

en 
8 E 

ro 
c.. 
El 

6 -1-' ..... 
::J 
c.. 
u 

4 Ill 
c.. 

c.. 
Ill 

2 a. 
en 
UJ 
UJ 

o 
0.00 0.10 0.20 0.30 0.40 0.50 

Average fishing mortality (ages 2-6, u) 

c 

26 and 28 
03-05-1989 

Short-term yield and spawning stock biomass 

160 

140 

en 
Ill 120 
c 
c 
o 

-1-' 
o 100 
o 
? 
~ 

BO 
o 
O'J 

~ 
c 60 
·ri 

"O 
...... 
Ill 40 ..... 
>-

20 

o 

- Yield •••• SSB 

FBB Fo.~oo 
Ill 
E ..... 

350-1-' 
Cl 
c 
·ri 

300 i 
ro 
a. 
en 

250~ 

en 
Ill 

200 c 
c 
o 

-1-' 

150g 
o 

100..,; 
O'J 
O'J 
..,; 

50 .;; 

en 
UJ 
UJ 

o 
0.00 0.10 0.20 0.30 0.40 0.50 

Average fishing mortality (ages 2-6, u) 

D 1\) 
\Jl 
i-' 



Ul 
QJ 
c 
c 
o 
.jJ 

o 
o 
o 

"O 
ri 
QJ ...... 
>-

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

Figure 4.4.1 

FISH STOCK SUMMARY 
STOCK: Sprat: 27 and 29-32 

03-05-1989 

Trends in yield and fishing mortality (F) Trends in spawning stock biomass (SSB) 
and recruitment (R) 
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Figure 4.4.1 cont'd. 

FISH STOCK SUMMARY 
STOCK: Sprat: 27 and 29-32 

03-05-1989 

Long-term yield and spawning stock biomass Short-term yield and spawning stock biomass 
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Figure 4.5.1 
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