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Abstract

The mortality parameters (fishing, migration and natural) in the herring
stocks in Baltic subdivisions 25+27 and 28+29 South are esti~ated using
stock estimates from hydroacoustic surveys and the catch in numbers fr~~

the commercial landings. The analysis is only relevant for 2-group and
older herring. An error analysis shows that a 10 %general standard error
in the observations will allow the estimation of the fishing mortality
coefficients with about 20 %and of the migration and natural mortality
coefficients with 60-70 %standard error.

The natural r.~rtality fo und is about twice the value so far assumed by
the Baltic Pelagic assessment working group for these stocks.

Introducti on

The Baltic Sea herring corr.plex is assessed in seven units by the Working
Group on Assessment of Pelagic Stock in the Baltic. Anon (1980) emp10ying
VPA techniques. In October 1978 and again in October 1979. the research
vessels "Argos" (Swcden) and t'Eisbär" (GOR) conducted acoustic surveys
for herring and sprat in the subdivisions 24 to 29 south, Häkansson et al
(1979) and Anon (1980). The surveys give stock estimates in numbers by age
group (and therefore the total mortality for each stock c~mponent can be
obtained directly).

The 1979 catches in nurrber by age group are given in Anon (1980) for the
herring assessment units covered by the surveys. It shou1d be possib1e to
obtain the catches by quarter and thus arr;ve at the numbers caught from
October 1978 to October 1979. In this preliminary report has, however, the
catch for 1979 been used.

Some herring in the Baltic migrates widely and the analysis of the catch
and survey data must a110w for this. .

This paper attempts a preliminary analysis of the herring stocks.in sub­
divisions 25-27 and 28+29south. These stocks were chosen as additional
difficu1ties appear for the other herring stocks as a consequence of in-
comp1ete covering by the surveys. .

funk-haas
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The data on which this preliminary analysis is based are the stock in num­
bers by age group at October 1978 and 1979 together with catches in numbers
by age group for the subdivision 25-27 and 28+29 south for the period bet­
ween the two surveys approximated by the 1979 catch in numbers.

The model used for the estimation of parameters includes fishing, natural
and migration instantaneous mortality coefficients.

Theory

Let us consider an area with one stock and let the stock exchange rnembers
with some outside stock of the same species~ If the number of individuals
of stock 1 at time t 1s N1 (t) then, assuming continous mortalities and
exchanges. .

dät N1 (t) =; (F2+M) N1 (t~ - tl N1 (t), + ~2 N2 (t)J

Y r T

Fishery and Migration Migration
"other" mor- out of the i nto the
talities area area (1)

and

where the terms are defined analogously. The present data, of which the
catches are cumulated over a time interval and the stock estimates refers
to certain points in time, makes it impossible to estimate both E1 and E2on1y the net in- or outflow is accessible, therefore efther El or EZ must
be zero in the model.

Assuming the mortalities to be constant over time and, say, E2 a 0 the
solutions to the equations above are

N1 (t) =Nl (0) exp (-Zl t)

N2 (t) c N2 (0) exp (-Z2 t)
. Z +z+ E1 N1 (0) exp (- 1 2 t)

2

where

Zl-Z2
sinh ( 2 t)

(Z1- Z2) / 2

21 =F1+M+E1

Z2 =F2+H

. For Z1 close to Z2 the solution will still be valid if the limit

sinh xt ~ t for x~ 0
x

is .introduced.



3

(2a)

sinh x t
x

x • 0

x = 0

N2 (0) exp (-Z t) + E1 N1 (0) t exp (-Z t)

(Zl =Z2 = Z)

The comp1ete solution to (1) is then

N1 (t) =N1 (0) exp (-Zl t)

N2 (0) exp (-Z2 t) + E1 N1 (0) exp (_Zl+Z2 t)
2

(2b)

• The catch from area i ;s found from

e& Ci = Fi Ni

or integrations from time 0 to time 1
F

Cl = N1 (0) zf {1- exp (-Zl»

F2C2 =N2 (0) 7: (1- exp (-Z2»
2

F2+ E1 N1 (0) 2 -2
2 1

(3a)

(3b)

F2C2 = N2 (0) r (l-exp (-Z»

F2 1
+ E1 N1 (0) r ( Z (l-exp (-Z})- exp (-Z» (Je)

The parameters FIt F,. E1 and Mmay be obtained if N1 (0), N1 (1).
N (0), N (1). C and C are observed. The stock e$timates can be ob­
t~ined fr6m hydrolcousti~ surveys whi1e Cl and C, are reported from com­
mercial catches. The analysis will have to be done on each yearclass.

The estimation of the four parameters F" F2 , E, and Mis done by noting
that Z1 can be found from equ (2a) and inserting Zl into equ (3a) gives
F1 equ (3b). The three remaining equations on C2, "2 (1) and E1+ M=
Zl-F1 gives F2• E1 and M.
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Error Analysis

This section attempts an evaluation of the effect an uncertainty oft ~ay
10 %. in the observed quantities X (N 1 (O). Nl (l). N? (Ol, N2 (l). Cl
and C

2
) has on the estimated parametets j3 (F, t F2• E and M).

let the uncertainties around the observations ~ be AX. Then we see!< the
uncertainties ~j3 in the estimated parameter

Aß = (Ui ,.), AXr ax ~ ~"

The matrix ~ ft may be evaluated from the estimation equations
;)X A. 14

f{j3;x)=O

and noting

: -J

J-1 is used for solving the estimation equations (Newton iteration).
Conveniently, we may write

~ = - J-1 .l1.
.~ x ),<

where the evaluation of ~ is straight forward.

The matrix ~~ may be expressed relatively to the parameters ß and the
observations ~. That is what relative uncertainty will be caused by a
relative uncertainty in the observations. This matrix

will be called the sensitivity matrix.

Catches in numbers by age graup

The 1979 catches in numbers by age group for the assessment units subdi­
visions 25-27 and 28+29 south are given in table 1, from Anon (1980).
Quarterly catches from 4-th quarter 1978 and 1979 will be avai1able for
most countries and will be included in the final analysis.
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The cammercial catches af l-group herring in subdivision 25 includes a
component of Rügen Spring Spawning herring. These are subtracted from
the commercial catches in subdivision 25-27 and added to the stock re­
ferred to subdivision 22+24, Anan (1980) and Anon (1979). This makes the
catch data and survey data incompatible for the l-group herring. Therefore
the analysis da not include age group 1.

Stock in numbers by age group

The O-group is possibly poorly sampled in the hydroacoustic surveys,
Häkansson et al (1979). This is caused by the O-graup preference for
shallow waters not covered by the surveys. lt was therefore decided to
exclude the O-group fram this analysis.

The stock in numbers by age group for October 1978 and October 1979 are
given in table 1 from Anon (1980) for the yearclasses 1976 and older•

Results

The revision of the catch data were not completed when the deadline set
by ICES for submitting papers for the 1980 statutory meeting became
actual. Therefore the ca1culations presented are based on the 1979 catch
data as given in Anon (1980).

The analysis showed that the migration for yearclass 1976 and older was
directed from subdivisions 28+29 south into subdivisions 25-27.

Based on the data given in tab1e 1 the mortality coefficients given in
table 2 are faund.

The mean sensitivity matrix, with the mean taken over all yearclasses
in the analysis, is shOwn in thable 3. The sum presented in the last
co1umn of table 3 shows the amplification factor on the relative error
in the mortalities from the overall relative error in the observations.

Discussion

The analysis shows migration of adult herring from subdivisions 28+29
south into subdivisions 25-27. The 3 and 4 group herring (yearclass
1976 and 1975) show a smal1er proportion of migrants while older herring
seems to migrate to a larger extent. Such migration will seriously effect
the assessments of these stocks, based on VPA see U11tang (1979) and
Pope (1978).

The natural mortality estimates are about 0.4 per year, tab1e 2. This
is about twice the value of 0.2 per year, assumed by the Baltic Pe1agic
Assessment Working Group, Anon (198O). It must, however, be noted that
the estimates in table 2 are associated by 1arge standard errors, see
tab1e 3.

The herring stock estimates frorn VPA. Anon (1980) and from the hydro­
acoustic surveys, Häkansson et a1 (1979) and Anon {1980} differ markedly
especially for the adult stock coreponent. This may partly be due to the
fact that the assessrnent by VPA ryoes not take migration inta account.

The hydroacoustic surveys have only recently been initiated in the sub­
divisions and 1itt1e is therefore known about the precision achieved in
th~ stock estimates.
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Tab. 1. Catches and stocks 1n numbers (mi11) by age group for herring
stocks in subdivis10ns 25-27 and 28+29 south (from Anon 1980).

•

Yeat"c1ass Catch 1979 Stock Oet. 1978 Stock Oet. 1979
25-27 28+29 5 25-27 28+295 25-27 28+295

1976 495 114 2667 2537 1572 1398
1975 267 301 2413 3625 1737 2004
1974 124 56 892 1089 1046 464
1973 115 59 1001 944 994 403
1972 126 43 1286 952 1026 390
1971 80 27 604 530 627 226

Tab. 2. Estimated fishing (F), migration (E) and natura 1 (M) mor­
ta1ity coefficients by yeare1ass for the herring stocks
in subdivisions 25-27 and 28+29 south for 1979. The total
morta1ity eoefficients Z are qiven.

Subdivisions
25-27 28+29 5

Yearc1ass F Z F E Z M

1976 0.25 0.70 0.06 0.09 0.60 0.45
1975 0.14 0.54 0.11 0.08 0.59 0.40
1974 0.14 0.48 0.08 0.44 0.86 0.34
1973 0.13 0.50 0.09 0.39 0.85 0.37
1972 0.12 0.60 0.07 0.35 0.90 0.48

1971 O. 14 0.47 0.08 0.45 0.86 0.33



Tab. 3. Sensitivity Matrix. Mean over all yearclasses.

N1 (0) Nl (1) N2 (0) N2 (1) Cl C2 1:1xl

F1 -0.57 -.43 0.00 0.00 1.01 0.00 2.01

E 1.48 -1.91 -1.52 1.87 -0.18 0.27 7.23

F2 0.14 -0.09 -0.56 -0.45 -0.01 1.00 2.25

M 2.16 -1.34 0.84 -1.27 -0.27 -0.13 6.01


