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, ._“he-Vdinamerl-Hllumaﬂ, Gulf of IMinlend ond Guli of Rig .
f . sprlng herr¢n°‘~t0uhﬂ end tle Gulf of Riga auiwm herwing Cif Tor
:=con"1derab1v from each other by drn nerics of reor-clege abundance,
r - uVLra"O length and m9154+ at age and fighing nortelit].Wherefore
; ' thcv ﬁhould be manabeo separately. The ciock pavanmeters u:yondb
. ‘ pr1n01pally on- natural factors.~]oweve-, up to now they‘nave heen

increa51n"1VTaffected by human act1v1u3, especially by Tishery.

fae h—Plae 1n herrlng trawl codends in the Gulf cof- nga -~ conside-~ .
rqblc decrease in. mortallty of voung herrlng in populations of.
that gulf has been achleved.l

Le hareng de’ la Balthue printanler de la Valna érisniiumaa,
,du olfe Finlaudaln, du golf de’ nga et le hareng de la Baltique
uutomnal se dlstlnguent par 1a quantluc deg eneratlons, la- blo-'
mass e, la longueure moyenne et le poids moren dec ape—groupeg,
, ain 5i'que par la. dynanigque de mortalité 1ndustrlelle. Pour cela
" il faut en raison de distribution des sgtocks, les exanminer
Separément. Sur les\parametres des stiocks, .qui dépcndent, au
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fond, du changenent des actions naturelleg, ont jusque’ici de
plus en plus 1nfluenca1ent aussi’ les effects antropologlquea,
surtout la péche. Par limitation des captureo on a-abtenu la
diminuation et la stabilisation de mortallte 1nduatr1elle de
tous les dge-grcups des’ populatlon" en question et Dar 1l aug;
rentation des cellules des chdluts, utlllses pour 1la pechc du
Irareng de la Baltique dangs le golfe de Riga — une rcntrquablej
décroissance de nortalité du dcune harcnb de la Baltique des
populaticnc @c ce golfe. ) ‘

Herring stocks of different areas of the Northeastern and
Eastern Baltic (the Gulf of Finland, Gulf of Riga, Viinawmeri-
~Hiiumaa, Saarenaa-Ventecpils) have been managed separately
already for a long time, for in the dynamics of year-class ’
abundance, g*owth rattern and other parameters of these stocks
as well as in fluctuation of catches 1n correspondlng areau
important differences have been Tound (Rannak, 1954, 1971,
Ojaveer, 1974; Ojaveer et al., 1975; etc.)¢ On the ground of-
wmterial collected in four larger herring groups of the North-
eastern Baltic in 1948-1979, an atlcmpt has been Cone to
estimate expediencr of management of these resources byfh§h-
tioned unit stocks. 4lso, it is of special interesi to elu-
cidate peculiaritiec of different populations in long-tern
" drnaricsg ol gone parametefs for that allows to-evaluate depen=-
dence of changes in these paranmeters on natural factors and ‘
hunan activity. ' ' ' .

liaterial and methods

Parameters of ke Vdinameri-Hiiumaa, Culf of Finland and
Gulf of Riga spring herring and of the Gulf of Riga auturn’
hérring will be diccucsed, for these groups'donstituté the
pain or important'part in herring étocks of.correspondingl
arcas. Less abundant groups (the Gulfl of Finland and Viinameri-
~Hiiumaa autumn herring) are not cons ldercd nainly: bcchu"c of

the material sampled from these groups covers shorter period
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and is lecs representative. .
Data on Soviet herring pound net, net and “trawl catcheg
by nmonths, séacons and years were used as viell as information

'onbage compocition, average length and weight at age tound

on the basis of samples taken fron these catches. -For deter-

‘mination of numbers of herr:ngs of certain populatlon in

caichés, from the catches got in the area of that population
an estimated amount of herring not belonging to that popu-~
lation, was subiracted. The estimates viere based on informa-
tion on seasonal changes of fishing placeg, results of diffc-
rentiation of herring populations by means of otoliths ct c. -
Some data concerning the sizc of caiches in the eastern part
of the Gulf of Pinland before 1CGHL, their age composition and
average ﬁeight at age is taken fron literature (liorozova,
1667, 1974; llorozova et al., 1971). The nmaterial wac processed
by the method of virtual population analysis. The natural

‘mortality coefficient was varied by age-groups and ears ac-—

cording to the published data (Ojaveer, 1974) as well as by

5y . . .
periods of absence - or invasion of cod into the Ho.theasiern
altic (before 1955; 1665-1966; be ginning ““om 1876-1977).
Two seto of najural moriality cocefficienin was applied = one
for the pericds of invasion of cod and another for ihe periods
of absence oif cod (Fig. 1). Regarding the material publighed
carlier (Cjaveer, 1974) it vac supposed that in the periocds
of absence oi cod the natural mortality coefficient is the
lowest in the youngest age-groups of adult herring and it
increases with age. It was also assumed that the natural mor-
tality increases in the age-groups 1 and O. Since cod consuues
chicfly rounger herrlng (Uzars, Iishev, 196?), in thc pericds
of cod invasion the natural mortality of herring woas increaged
the most in the age groups 1-3 (Fig. 1).

Results and discusgion

1. Year-clagss abundance, populafion biomass and fishing
mortality ' _
At the end of the forties the total biomass of the
Viinameri-lliiumaa population was moderate despite during the
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World War II and some time after the war the ‘intensity ‘of
stoclk exploitationwas low. That is supported by low fishing
mortality both adult and adolescent parts of population as
well ac by age composition of catches (Fig. 2,3; Table 1).
The population was fished mainly with pound nets on the spaw-
ning grounds. In the late fortiecs and in the carly Tifties in
that population a number of relatively abundant year-clasce
occurred. That cauged increage in populatiun biomass and its
t

i
the abundance of ;ear-classes diminicshed and during the period
1656-1963 that was werr low sincc among; very poor ycar-clas—
ces onl: thene of 1957, 1959 and 1261 had sox nevhat high 3
abundonce. Br that time the intensity of pound net figh

the spavming grounds had increased. The decrease in anerugc_
abundance of car-classes in 1956~1963 and the intence fichery -
rorulted in reduction of stocl cizse’add in declina of inpor=. -
tanze of older age-groupr (M. 2, 3). Prom the middle of the .
rizties to the ulddle of the seventiesg there was a clear, ten—
ucncy ror increase in abundence of year-clag geg in that po—.
pulation. Fighing intensity on the cpavming "~ounas dropved.
In the carly sixties specialized trawl Tishery for that po-f
pulation ctarted (earlier it was exploited by trawl fishexy
onl: as bycatch in gprat Tisher:). That was accompanied with
changes in the age conposition of catches (Fig. 3) and with.
.increase in the fiching mo?tality of immature herring (Table 1)
although it remained on a much lower level than in other areas
Compared with the late fifties, the fishing mortality of adult
herring diminished, hence the populétion biomass increased . |
more rapidly than catches. The level of the fishing mortality
was relatively low in the early seventies, when' llmltation of..

Sovict catches was started in that area. In. dependence ‘on the B

- abundance of year-classec having hatched and in accordance.V”
with increase in importance of irawl fishery 1n the’ flrut

hall of the geventies younger age-groups constltuted en app¢e—f 
iable part in catches The 1975 year-class of record abundance

as followed by threc relaulvoly poor xear—cla ceg (accordlng
to preliminary ectimatec aoxndqnce of 1979 vcar—class is

.
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above average). Therefore the poﬁulation biomass has beéan to
decreace. Congsequently, during the years considered in the
Viinameri spring herring population two pericds of appearance
of abundant vear~-classes and correspondinvlv two biomass
rexima has occurred the latter maximum having been considerably
higher-than the former peak (Fig. 2). :

It ic problematic to consider the Gulf of Finland spring
herring as one unit stock. In the eastern part of the gulf '
growth of herring is slower than in the western areas (see
below), differences between these parts have been found in dy-
nanics of herring catches, stock condltion, age composition,
fecundity (Rannak, 1970, 1971; Ojaveer, 1974, etc., Fig. 4).
Thereforc it can be supposed that herring does not mix randomly
throughout the whole Gulf of Finland ond the stock consiste of
a nuzber of subunits with smooth transition between them. They
can be corbined into one unit stock only conventionally. The
matter is further complicated'with somevhat different intensi-
ty of stock exploitation in the eastern and western parts
(0javeer, 1975). In the central and western parts of the gulf
vhere ‘the boitom relief is general¥y'unsuitable for usage of

" bottom trawl, rapid development of trawl fishery started in

connection with introduction of pelagic trawls in the middle
of sixties. Before’that time in the wegtern part herring

stock was exploited much less than in the eastern areas vhere
the inténsity of"both'pound_nct and trawl fishery was higher.

¥

- However, at present the pattern and dimensions of herring nig-
ratidns between various areas of the Gulf of Finlend are un-

clear.wThereforc ‘the Gulf of Flnland spring herrlng ought to
be cons idered ag one unlt stock.
' The nature of the material collected allows to consider

._ the dynamlcs of population rarameters of the whole Gulf of
,f~{F1nland herring-together beginning from the late fifties. In
°;'the first: balf of the sixties the spring kerring biomass was
:i-relatlvely 1ow. The increase in the level of year-class abun-
”dance and in biomass beginning from 1964 Wau more abrupt than
“in the. Valnameri-Hilumaa population. The decrease of biomass
‘due to decline in abundance of vear-classes after 1975 occurred
fsimultaneou«lv with the populatlon mentioned above, The fishing
;mortallty of the Guli of Flnland herring increased faster and
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it grew highexr than in the Vainameri—Hiiumaé population. After
limitation of catches had started at the beginning of seventies
the fishing rortality decreased and stabilized (Fig. 2).

In case of exclusion of the 1975 year-class. in the Gulf .
of Riga spring herring the average abundance of year-classes
hatched during the years 1961-1970 is distinctly higher than
beid'cre or after that pnrnod (Fig.e 2). Con0e§uent1", in the
Gull of Riga spring herring the period of occurrence of abun-
dapt rcar-clascet coincides only in part with correspending o
periedns in the ViAinameri-Hiiunmaa and the Gulf of Finland po-
pulations. Corpletely different fron other populations consi=-
dered are the periods of occurrence of abundant year-clcsso
and high biomass level of autumn herring of the Gulf of nga.
leola"ev (1957) supposed that in the period of increase of
spring herring stock the autumn herring stock decrease° and’
vice verca. In the Figure 2 it can be scen that in so_e perl—
ods (1962-1565, 1968-1976) the trend in the blomhsses 01
uprln” and auturn herring of the same area is opn051te ;ndeeu.
However in their biomass fluctuation also perlods with gimilar
trends have occurred (1966—196b, 1976-1973). It is noteworthy’
that in the Gulf of Riga abundant uprlng and autumn nerrlng
vear-classes have hatched. temporaV1ly close to ‘nne another - ir
the came year (1951, 1964, 1970) or abundant spring herring
year—-class has occurred after appearance of good auturn her-
ring year-class in preceding year (accordingly 1924=1955,

" 1956-1957, 1958-1959, 1960-1961 Figs. 2, 5, 6). Excepiicnally

in the year of hatching of the rich 1995 spring herring: year-
-class or in the year before that no good mutumn herring year-

~clasgs occurred. . ; o
Due to influence of a relatively high fishing mortality,

“the curve reflecting changes in the Gulf of Riga spring her-~

ring biomass forms thrce wavec with their crests in the years

‘0of occurrence of rich vcar-claSSes or just efter these years,

After a number of abundant vear-olﬂsueu had hatched during the,
gecond half of the Tilties end the first half of the sixties +}
level of the outurm herring biomass was relactively high up to.

- 1967.The second wave of high biomasr woc formed by the abundant

|
|
‘J
|
|
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. 1970-1973 vcar—clausc in the middle of the seventlcu.

The fl“hlng nor«alntw of the Gulf of Riga epring herring

‘'has been constantlv hi"her than that of the gutumn herzin“.

uxceptlon is the one—vear-old herring, for in the cecond half

of rear the length of a considerable part of that age-group

of the auvtwm herring ‘exceeds the minimun length in force in
that gnuli'. Tvio-ypar-old and older spring herring is eiploiticd
nore intensely than corresponding autunn herring 8fC=£T0UDS o
Pound nct f:eherv on the spring spovning grounds is nore effec-
tive than net flsbelv on .the auturm speawvning grounds. Also, .
with the pelaﬁlc pair trawls that have turned into. the manAtypc
of *trawls in the Gul; of Ripan efter they had been introduced
there in the carly sixties, chiefly spring he?ring'populating
preferably higher water layers is caought; the bull: of autumn
herring keeps into the bottom layers. For rcduction of rishing'
mortality of younger herring, in 1972 in the Gulf of Riga the
rinirmum mesh-gize in herring codcrds was increascd from 42 1l
to 14 rm. That was iollowed‘bg a decline in the o
1ity of young herring (Table 1) and simultancoucly in.increvsce

Lohing nmorta-

.of rationaelit; of ctock exploitation (Shevtsgov ¢t al., 157G).

Ao @& result of wmore ctrict limitation of catcher in the seven-

"tieg the fisghing mortality of adult part of the nopulation de-
“creascd, too (Fig. 2).

Some year—-classes of certain seasonal group of herying can
be rich or poor throughout the vhole Baltic Sea (Ronneols, 1024)
vhereas the abundance of other yrear-clacses varies in different
parts of the gea. In the spring herxzing populations: convide red ,
in corparison wifh neighbouring year-classes these hq"inr
hatched in 1951, 1953, 1955, 1959, 1961, 4964 1967, 1970 and.
1975 vwere rich and these having occurred in 1956, 195C, 1960,
1463, 19?1 1974 and 1976 = poor (Figs. 2, 3, 4, 5, 6). Undoubs=

tedly, in formation-of abundance of year-classes the most impor-

tant role play natural conditlons (Rannak, '1571; Qjaveer, 1974).

iHowever, with the increase in human activity the influence of

. -anthropogenous factors grows. Based on the fact that the in-

crease in the level of year-class abundance of the Viinameri-

~Hiiumaa and ‘of the Gulf of Finland populations temporally

coincides with a noticeable increase in concentration of bio=-

.genes in the surfacc layers of the sea and with an upvard trend
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in weight of younger herring feeding on plankton (see below) .
it can be supposed that the. increase‘in productivity has, by
increase in survival rate of larvae, 1nfluenced also the le-
vel of year-cla ahundance. ’

2. Average weight and length.

~ Trende in change of weights at age in the Vdinameri-Hiiu-
maa and the Gulf of Finland spring herring substantially coin-
cide. PFrom the late forties to the early sixties no evident
long-term trend can be scen in variation of weightsz at age on
~ the spavming grounds of Vdinameri-Hiiumaa and of the central ‘
part of the couth coast of the Gulf of Finland (Fig. 7). But (@
during the period 1960-1969 on these spavming grounds weight
-at age of vounger herring and in the western Oulfbf FPinland
that of all age-groups of herring has diotinctly increased (Fig.
7, 8). On the epawvning grounde of Vdinamer1-Hilumaa end of the W
central part of the Gulf of Finland the weight at older ages
vag the highest in 1945-1960. In 1961-1962 it noticeably de-
c“caucd. After that up to 1978 length and wclgnt at older i
ages in the Vilinameri-Hiiumaa populaticn genecrally 1ncreaged
but on the spavming grounds in the central part of“thehGhlf of -y
Finland the weight remained on about the the same level fronm -
the early sixtics to the late scventies (Fig. 7, 8, Table 2).~
In the dvnamics of weights at age both spring hcr*lng of
- the eastern Gulf of Pinland and uprlng ‘and auturn herring of
the Gulf of Riga clecarly differ from the spring herring of
vdinamevi-Hiiumaa and of the western Gulf of Fz.nland. In case ‘ .
of exclusion of extraordinar11v high volues of. wei&ht of 1978,
in rounger herring of the eastern Gulf of Finland from the
late sixrties to the late ceventies no virlble trenus ior '
change of weights can ‘be stated, whereas ueights of the older
. aQC~groups doclined (Fig. 8). o
Between the’ spring and autumn hezring of the Guli of Rige
no prin01pial differences can be gecn in dvnamics of welghts
ot age.~Both populatiOﬂs had a pcrlod of relatively good grow
in the first half of the. eevcnules. In 1959~1961 1968 -1069
and 1978-1979 their growth was poor (Fig. 8).
Changes In: welght« at agc are naturallv relatea to fee=
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ding COpditions of corresponding age-groups. It can be assumed
that growth of herring younger age-groups depends mainly on
zooplankton abundance whereas in older age-groups in addition
to zooplankton, nektobenthos and benthos resources have im-
portance. Other environmental conditions (temperature, food
competition et ¢.)’ can have. influence upon growth, too. In-
creédase in growth rate of younger herring in the norihern part
of the Baltic proper and in the western part of ihe Gulf of
Pinland can have a ‘bearing on the increas 1nbxﬁn concentration
~ of biogenes in the surface layer of the sea in the last two

" decades (Fonselius, 1972, Jurkovskij, 1980). Short-term no- -
 ticeub1e decreases in weight of older herring of the Viina-
merl-Hllumaa population in the beginning and in the late six-
ticé'during;the deep water stagnation periocds (Kaleis, 1976)
can be connected with'presumably substantial decrease in
resources of food organisms important for older herring — in
nckiobenthos and zoobenthos stocks, due to oxygen deficit in
decper layers of the sca.

Results of determination of the von Bertalanfli growth
parameters (Table 3) indicate differences, between the popula-
tionc in that respect and variations of the parameters by pe-
riods. Taking into consideration changes in herying food con-
ponition during its life one can presume that the main reason
for long-term changes in herring growth parameters, including
clearly deviating Ve, and K values in the Vdinameri-iliiumaa
herring in the periods 1948-1950 and 1955-1960, arc variations
in availability of food for differeni age-groups.
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Table 1. Dimamics of fishing mortality coefficient of
‘ age-groups 1 and 2 of herring populations by
periods.
Véinameri- Gulf of Gulf of ’Riga
"Period  -Hiiumaa Finland spring autwmn
) 2 1 2 1 2 1 2
1946-50  0.00 0,03 ,
1651=-55 0.01 0.10
7956-6017 0,02 0.10 0.17 0.63 0.18  0.49
’]961-65_ ) 0.02_ - 0.11 0.03 0.15 '0.23 0.94 0.39 0.54 ’
1566-70  0.05 0.16 0.20 0.37 0.29 0.82 0.41 0.79
1971—752) 0.09 0.256., 0.15 0.39 0.20 » 0.62 0.25 0.58
q
1) In the Gulf of Riga 1955-1960
2) In the Gulf of Riga 1972-1975 '

Table 2. Average length of age~groups of the Viinameri-Hiiumaa

spavning grounds

spring herring pormulation in pound net catches on

Period 2 3 4 5 6 - 7 ) 9 10
1948-50 ‘14.6 16.2 15.6 20.6 21.9 23.5 25.1 27.0 27.3 .
1951-55  13.7 16.3 18.3 20.0 21.6 22.7 | o
1956-60 4.4 18.7 8.4 19.7 21.0 21.8 22,7 23.3
' 1961-€65 45.5 17.5 18.3 19.1 20.2 20.6 22.1 22.9 23.3
1966-70  16.0 418.7 19.7 20.5 20.8 21.2 22.0 21.4 22.3
1971-75  16.5 18.6 9.9 21.3 21.§ 22.3 22.7 24%.5 4.9
1976=76 15,0 " 18.8 20.4 21.0 21.3 22.1 22.0 22.5
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Tablc.j. Pérameters'of herrihg growth in weight
in the Northeastern Baltic
Vainamcri—Hiiumaa Gull oi Finland Guli of Finland Gulf of Riga
Period vestern part cactern part X spring autumn
Weo X Lo Voo K to W oo K s Voo K t, Woo X ty
1948-50 636,56 0,062 -3,10
1951-55 169,4 0,176 -1,42 .
1956-60 338,38 0,102 2,27 100,7 0,161 -2,85 . 105,4 0,150 -3, 37
«1961-65 163,7 0,147 -2,59 65,0 0,245 -2,37 64,7 0,245 -2,78
1966-70 119,6 0,183 -3,16 43,4 0,437 -1,39 42,7 0,251 -3,85 59,4 0,272 -2,28 74,6 0,206 -3,38
1971-75 145,0 0,149 -3,95 42,2 0,473 -1,24 32,6 - 0,529 -1,30 61,6 0,325 -1,67 62,6 0,310 2,17
1976-78 -3,35 65,6 0,244 -3,25 39,2 0,355 -2,87 57,3 0,243 -2,67 0,170 -4,89

146 ,6

10,170

59,9
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Figure 2. Long-term dynamics of relative yeanwciass abundagcé.
(%% of average, bars), populatjon.biomass (ws, 10° tomnes),

< spawning stock biomasg (=, 1 tonnes, in the Vdinameri-
-Hiiumaa and Gulf of Finland populations - age-groups 3 -
and older, in other populations - age-groups 2 and older), -
average fishing mortality of age-groups 3 and 4 (x=~=x) .-
of spring herring Véinameri-Hiiumaa (A), Gulf of Finland
(B) and Gulf of Riga (C) populations and of autumn her-
ring Gulf of Riga (D) population. ’ :
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Figure 3. Age composition (%) of the Vainameri-Hilu-
' maa spring herring population in catclics
in 1S48-1979.




I
]956( R ! . _ 19‘36 I ___—'} ]*——f gy S
1957 | 1L 1957 _[ 1 ['h=e
q058 | [l 1958
1959 [ 1| L 1953 m_hle

1960 1960 1 1 v

I
1961 [ 1 e 1961 ]
i ——

in
=
1962 — 1962 4 | I .
4953F 1963 H‘L
) )
1964 — —}‘L 1960 [ N
4955‘—;43]—}?7—, 1965 A‘L ®

4 2 3 4 568 7 8

Flbure 4, Age L,ompoultlon of catches on spaw-~ 1
ning g1ounds of spring herring in '
the egatern paxi (alter MOrozova, ;
1971 Uorozova et al., 1971) (A) and
in the central part of south coast ‘
of the Gulf oi Finland (B) in
1954-1965.
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Figure 5. Age composition (§) of the Gulf of Riga

spring herring population in catches in'

1958-1979.
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Pigure 6. Age composition (%%) of the Gulf of

Riga autwmn herring population in
catches in 1958-1979.
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Figure 7. Dynamics of average weight of 2~-, 4- and

6-year-old spring herring on spavming
grounds in VAinameri-Hiiumaa area (A) and
~in the central part ot the Gulf of Fin-
land (B)
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Pigure 8, Dynamics of nverage wely ht of 2— andj*

4~ vear-old Gulf of Riga epr;nb (a)
and auturm (B) herring and of. 2=y 4—‘f*”‘
and 6~ year-old sprlng nv'"lng of” thu ‘
western (C) and eastern (D) paris of the

Gulf of Finland in feeding concentrations.




