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Rich herring yenr eInsses often develop simultnneously throughout the lThole
Bnltic (in 1948, 1949, 1952, 1953. 1959, 1961, 1964).

A eo-varinnee exists betl.lOen the streng influencos of Uorth Sen w'nter and
the foroation of abundant year e1a~ses ef herring.

In tho southenstern Baltic (the Gu1t cf Gdnnsk, the Vistula'Bny) ricll
spring horring recruitment develop shortly after 1arger inflowo cf oceanic
wo.ters from the North Sea. In tho northeastörn Baltic nbundant yonr clanses
can aloo develop n yeo.r Inter (in 1948 and 1949; in 1952 nnd 1953).

In the period of ~oQ.k inflow of North Sea wo.ter (1952-1960) the level
of recruitment to the Gdansk-Vistula herring stock was very 10w. But in
thenortheastern Bo.ltic, rich yeo.r clo.sses formed also in this period (in
1957; in the Gulf of Finlo.nd o.nd in the northern part of the Bo.ltie propor
also in 1954 and 1955).

~ The o.oplitude of fluetuo.tions in recruitment of the Gdo.nsk-Vistulo.
spring llerring is very large and in this respect this stock is similo.r.
to the Rügen herring. In these o.reo.s tho success of recruitment is do
termined by upmixing of extra phosphates originating from the Bornho~m and
Gdo.nsk Deeps, into a lo.yer of photosynthesis. This process is hindered l\y
a strong hQ,locline and favoured by intensive inflows of North Sen wo.ter,

In the northeastern Bo.ltie the spring herring recruitment i~ ro.tller
sto.ble. This is similo.r to the stocks of the northern Baltic proper and of
the coast of Slreden. The magnitude of recruitment doponds on upmixing o~

extra phosphates fron the centro.l nnd northern part of the Gotlo.nd Deep.
Because the halooline is weaker in this area and since there is 0. oteady
northeastern Dotion of uo.tor masees, phosphates necend into tllO surfcco
lo.yors in tho intense mixing zones (on slopos of the deepe, abovo shoo.ls
nnd roefs) leo.ding in this aron to formation of rich yenr clo.sses also in
stagnation periods.

~
Introduction

In nuoorous works by Kryohnnovoky, Lisivneko, Ojnvoer, Ro.nnruc, Seletskayo.,
Toon, Shapiro o.nd others on embryonnl, larvaland postlarval development of the
Do.ltic herring, severo.l regulo.rities governing the developnent 110.S been found
and. the existence of critico.l periods sto.ted. In spite of this and of the in
vestigo.tions carriod'out on the reproduction of tho herring, it is o.t present
not possible to compooe 0. so.tisfo.ctory model of tho recruitment of herring. Un
ti1 nou, +'he inforuo.tion on sone importo.nt links from prino.ry production up to
the adult fish is insufficient.

The abUndant Daltio 11erring year classee develop simulto.neously over 0. largo
aroo. throughout the ullolc Daltie. This can be explnined by 0. pcriodicity in
chnrJ,ß'cs of the envirolli.lOnto.l conditions, thc most importo.nt of "Thich are the
chances in the thermal reB'ime (direet and indirect influenee) o.nd in tho con
centration of nutrient so.lts in thc surfo.ce layors (direct influence on tlle
o.bundnnce of food orcanisns) (Rannak, 1970). The dependence of the herrinG'
recruitment on these factors is relatively conplieo.tod beco.use of the larB'e nuo-

.ber of other biotie und abiotic faetors involved. In the presont roport changes
in tho rocruitoont of tho spring herring o.s depending on the e110.ngos in environ
Dental conditions are analysed.

Enriclroent of the layor of photosynthesis of the Bo.ltic
Sen w'ith nutrient, _so.lts O:.lld cho.ngeo in herring reeruitLlent

In an oo.rlier uork (Ojo.veer &:Rannak, 1967) we showed tho.t in the Gulf of
Rigo. 0. positivo correlo.tion exists betweon the surfaco wnter teoporature in oar1y
spring and the o.bundnnee of tho springherring yeo.r classes. Similar observations
ho.ve been nade by othor authors. In tho southorn Bo.ltic, whero the herring spmlns
oarly in spring (III-V) formation of abundant ycar elasses is fo.vourod by mild
winters (Jensen, 1966, Popie1, 1958, Elwortowski &Popiel, 1961). In tl10 northorn
Baltic, whore tho horring spawning oeeurs later (V-VII) warn sunmers aro favour
able (Sjöblon, 1963).
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Aeeording to observations by a number of workers the abundant
horring ycnr elasece dcvelop in theycnrs wbon the eondition of adult
herring is good (Popiol, 1958) and ite fat eontont high (Sjöblom).
In tbo yoars of good grouth in length a.nd ucight of the hoxring,
the summer is \farm and ounny (Doocntjeva, 1957, 1963, Jenoen, Popiel,
Sjöblom). In these yoars a. higher ea.linity io also observed. Aeeording
toPopiel, if the sa.linity is high, the herring growth rate ea.n be on
a. high level, even in summers follo\dng severe "rinters.

The rise in sa.linity io aeeompa.nied by an inerease in eoneentro..tion
of nutrient salts in the lo..yer of,photosynthosis, 1eo..ding to an inerco..se
in o..bundo..nce cf food orgo..nisms. An ineroo..ec in thc so..linity of the
surfo..ec 1aycrs brings o..bout 0.. highor prima.ry production (Scgcrstralc, 1965).
Tho influoneo of tompornturo cnn bo diroctly fa.vouring digestion , or in
direet1y favouring dcvelopmont of tho food organisms •

. .. The bio10gica.l produetivity of the. J3altie i8 limfted by phosphoruo.
Tho PO of the productive 1nyer of this sen originates prineipnlly frOll
thc de~p uater Ihyers whieh a.ecumu1o..te this sa.lt in the proeess of sedi
mentation and mineralisation of tho organie matter as woll as by solution
of apa.tites of the soo.. ground (Aleksandrovsknyo.., 1966, 1970,: Fedosov nnd
Zaitsev, 1960; Fonoc1iuo, 1967, 1969). The vortical s+.ro..tific~tion of
tho water layers of different density eharaeteristie ror the Baltie Gea
whieh is most elenrly exprossed above the deeps, hinders tho enriehmont
of the produetivc lnyer uith minoral phosphorus. Tho phosphetes origina.
ting froD the deep 1ayero eODO through the barriers of haloeline nnd
thermoeline into tl1e 1nyor of photosynthosis ma.inly in tho period of
homotherois or b,y motion of largo deep wo..ter mo..sses. Thc lo..ttor is cnusod
by episodie strong inflows of snline uater from thc North Son.

There io 0.. connection between the strong influxes of tho Uorth Gea
,rator and tho o..bundant herring Year elnsoos 0..100 in thc onotom Ba.ltic
(Rannak, 1970). Tho prosence of this dependence in the western end
southern parts of the sea has been stated enrlier (Elwertowski and
Popie1, 1961, neehlin, 1967.).

There are different views regarding the question of the origin of tlle
nutrient snlts of tllO productivo lnyer of the northern J3nltic proper.
Tho biological production of this aren ues thought to bo diroetly do··
pendont upon thc qunntity of water carriod into tho son by tho flood
of rivers in epril~ (Dementjeva., 1963, Niko1ayev, 1957, ote.). In the
gulfs the biologicnl productivity is undoubtedly influonced by tllO nmoUl1t
of such nutrients, but this has no direct inf1uence on tho Gulf of Finlnnd
ns a "nIoIe, or on tho abunda.nce of tho herring stocks of tho Gu1f of niSa..
For instnnco, thoro io no correlntion botwoen the discha.rge of tho DnuG'::1sc.
in tho first hnlf of tho yonr nnd tho nbundnnco of tho horrins- yec.r clnol::
dovo10pod in tho enmo yonr (r = O.126,nnnnnk, 1970). .

Tho 1ntor moro dotni1ed invostigations of the hydrogrnphy o.nd
hydrochemietry of tho J3o.1tie (A1eksnndrovska.ja, 1970;:Fone01iue, 1969;
G10winskn, 1960; neIn, 1965; Knleis, 1970 nnd others) n1lolT ue to look
onto tho roeulnritioe govorning tho bio10giea.1 produetivity in tlle onstorn
o.nd northonetorn :B~lliie fron c. nou point of viO\'r.

In tho period 1946 to 1970 in tho northonetern J3a.ltie somo vory
nbundnnt spring horring yoo.r clnssoe dovolopod in 1949, 1961 nnd 1964
nnd nbundo.nt yonr eInssos in 194G, 1948, 1953, 1957, 1959 nnd 1967.
A vory "ronk yenr elnss uns hc.tehod in 1956 nnd wenk ones in 1952,
1960 a.nd 1969 (Tnble 1, Fi6UXO 1).

In tho couthoa.stern nnd southorn pa.rt of tho oen very a.bundnnt' spring
horring yoa.r clnooes woro fornod in 1948 nnd 1952, \lhereno in 1949 end 1950
as \01011 a.s in 1951 rieh yon:!:' e1nsnce dove10ped. Arter the vory rich 1952
yonr elnse the nbun(lnnce of tho oprincr horrinG' doelinod ra.pidly in this nron.
In 1956 n vory poor yonr e1nso deve10pod. In this stock tho nbundo.neo of
0.11 yenr clo.sses um: very 10"1 until 1959 uhen a. elight rise uns ob-
ecrvcd. The yenr eInes ho.tched in 1961 wns sommrhat stronger a.nd in 1964
a. rieh ono nppec.rod.
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In the northenctorn Bn1tie f1uetuntions in the nbundnneo of the
spring horring yonr eInssos nro not grant. Tho rntio be~roon tho entehes
obtninod fron tho riehest nnd tho poorost yenr e1nss is '6.8:1. But tho
nmp1itudo of f1uetuntions of nbundenee of yeo.r eInsses of thc spring
herring spmming in the Gu1f of Gdnnsk nnd the Vistu1n Bo.y ie grent, tho
eorrecponding ro.tio ie 70:1 (Ro.nno.k, 1970; 1971 - Figuro,24). In opito
of'differoneos in tho amplitude of f1uetuo.tione in nbundo.neo of tho epring
horring of tho northoo.etcrn po.rts nnd southeo.storn parts of tho Bn1tie
it is poeeib1e to point out "bursts" of formo.tion of o.bimdnnt yoo.r e10.seos.
Tho firet of thoeo une in 1948 nnd 1949, the eeeond in 1952 end 1953,
the third in 1959, tlle fourth in 1961 nnd the fifth in 1964. A1eo the
inereo.eo in o.bundo.nee of the o.utumn herring yeo.r e10.eeos in 1954, 1959,
1960, 1961 o.nd the very rieh 1964 yeo.r e10.ss o.re eonnoe{;od \lith ~hoee

periode. This ho1ds good, ospoei0.11y for the o.utunn horring of tho
eouthorn Bo.1tie (the Bornholm o.nd Gdo.nsk stocks) where tho 1imiting
inf1uonee of tho winter tonporo.turo is 10es pronouneed o.s eonpo.red to
the northoo.storn nnd northorn po.rts of tho sen.

Aeeording tO'Roehlin, the 1964 yeo.r e10.so wo.s one of the Dost
numerouo oneo of tho o.utunn ro.ee in this eentury, 1iko tho 1937 o.nd
1922 yoo.r eInssee. Ono yoar bofore tho formntion of these vory etrong
yoo.r e10.saes there wore heo.vy inf10ws of North Soo. wo.tor (Roehlin, 1967).

Simile.r1y, before the "bursts" of o.bundo.nt yecr eInsses, etroIlß
inf10ue of Uorth Seo. uo.tor oeeurred(Figure 1). The etrong 1946/1947 in
f10lT UO.S fo11ouod by o.n inereo.eo in e0.1inity of Bn1tie \'mtors (Soskin,
1963). In 1948 n rieh o.utumn horring yeo.r e10.ee wo.s fornod in tho
Southorn Bo.1tie tmd in 1948 o.nd 1949 rieh spring horring yeo.r e10.eeos uero
ho.tehod throughout tllO who10 soo., tho 1948 yeo.r d10.se wo.e eepeei0.11y rieh
in the vi6tu1o. Bo.y o.nd in tho Gu1f of Gdo.nsk, nnd the 1949 yecr e1cse
in the northoo.etorn B0.1tie. ' ,

Tho noxt nighty inflow of North Soo. \-ro.ter oeeurred in Novembor 
Doeenber 1951. In Jenunry of the fo110l'1ing yoo.r tho so.lino 110.ter o.rrived
into tho Bornholn Doop, in April into the Gdo.nsk DooPt in JUno it roo.ehod
tllO northorn slopoe of tho Gotlo.nd Deop nnd on1y in tho spring of 1953
did it oeeur in.the ellD.110wc of tho Gulf of Fin10.nd (Sogorstralo, ;1965).
In 1951 o.nd 1952 good o.utumn horrlng yeb:r elo.ssoe \-roro formod in thc
eouthorn B0.1tie o.nd in 1952 o.etrong spring herring yoar elo.ss dovolopod
in thc Gulf of Gdo.nek o.nd in -hho Vistu1o. Bo.y. In thc Gu1f of Rigo. tllio
spring hofring Yoo.r elo.es Wo.e poor nnd in tho oustorn part of tho Do.ltic
propor, it wo.s modoro.to. In 1953 0. strong yoo.r e10.so uns forned in tho
northoo.storn Bu1tie.

Tho saeond hu1f of tha fiftioe is eho.ro.etorisod by 0. linitod
oxeho.nge of lmtor through tho Do.nieh Sounde. In the eontr0.1 end northc:."Il
D0.1tie - tho Got10.nd Deop - 0. doop sto.gno.tion took p10.ee with neettou
10.tion of phospho.toe. At tho ond 0 3 1959 tho eoneontro.tion of phoeplmtcl1
ineroo.eed ton timoe thoro (400 IJg/m. ,A1okso.ndrovko.jo., 1970; Fonse1iuo,
1967). Tho strong inflow of North Soo. uo.tor in 1958 Wo.s fo110't1od by
0. riee in bio10ß'ie0.1 produetivity of the B0.1tie in 1959. A rieh oprinß'
herrinß' yoo.r e10.so \10.0 formod throughout tho who10 of tho B0.1tie. Thio
yoo.r ondod the depreeoion of tho spring horring of the Vistu10. Do.y.

Tho otrong inflOl1O a.t tho ond of 1960 o.nd 1963 "loro follol1od 1.>y
inflous of oo.lino uo.tor in the lorintere 1961 and 1964 (K0.10io, 1970). Duo
to theso tuo inflous, 0. eonoidora.b1e po.rt of tho phoopho.tes o.ccunula.tou.
in tho doopo "lore tllrmTn into tho bio1ogie0.1 produetion. Thie reou1tod
in the formo.tion of strong epring horring yoo.r e10.sses throu(Shout the
Eo.ltie in 1961 nnd 1964with ospecio.l1y rich yoar elo.ssoo in tho Gulf
of Fin1nnd, in the RÜß'en and the Gu1f of Rigo. etoeks. In 1960 end 1961
o.nu. 0.100 1964 vory rieh L1uturm her:dI1ß' ycar e10.8800 devolopcu. in t110
DornhaIn Bo.oin (Rechlin, 1967); tho 1964 yoo.r elass of tho a.utunn ro.co
"i-mo eIsa o.bunclo.nt in tho Gulf of Rigo. (Ojo.voor, 1970).
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Tho nextrich spring:herrtng year class was hatched in 1967
in tho wholo Baltic,and according to proliminary data' in 1970,in
the northeastern'part of thc seri~ Kaloispoints out that a,modorate
iriflo'i;oöcurred.!n Septombor 1966 and 0. strong ono in tho winter
of 1969.

Fönselius (1967) statod that in the ~inters ~f i962 ~d 1966 tho
ci~face laycrs of thc Bhltic wore rich in phospho~s which caused
an incroaso in tho plankton production and in tho fatnossof tho
horring in 1962. llevortheless tho 1962 spring herring year ölass
was rich only in the Rügen and in the Gulf of Riga stocks.ln 1966
c strong llerring ycar class hatched in the Gulf of Finland; in tho
Daltic proper, this year e1aes wae moderate and in the Gulf of Riga
poor. .

Macro-regione of tho Baltic and fluctuations in
recruitment of horring

The peculiar bottom relief of tho Baltic Son (partition of thc
doep areas into scveral largo areas by thresho1ds) as well as the
stratificntion end the dynamies of the wator massos rosult in en U~

evcn distribution of phosphates in this sea (Kalois, 1970).

Bascd upon tho fluctuations in abundanec of spring herring year
classcs it is possiblc to diecern two large regions where thc re
production of herring stocks run difforcntly : 1) thc southcrn and
southeaetern parts populated mainly by Rügen end tho Vistula-Gdansk
herring stocks, 2) the centra1 and northern pnrt of the Baltic
proper populated with thc herring stocks of the cast coast of Sweden,
of thc northeastcrn Dn1tic,of thc Gu1f of Finland nnd the Gulf of
Riffa. .

The fluctuations in abundnnec of the southern and southoastern
stocks of the sprinG' hcrring dopend on thc supply of phosphates in
tho Bornholm and Gdansk Deeps and on the locntion of these arens
rclativoly noar to the Danish Sounds. There, the mobilisation of
extra phosphntes into the biologica1 cireulatbn may be diroctly in
fluonced by strong inflolTs of H'orth Sen wntcr, for in thic aren nbundant
herring year c1asscs are hatchcd immodiatcly after tho infloi!. In the
poriod of docronecd lmtcr exchnnge in 1952-1961 the spring herring
etock remained on n minimuc level thore, The recovery in tho abundance
of tho spring herring of tliio area bogan with thc appcarancc of thc
very rich 1961 yonr clnss (in the Rügen stock it wns the most abundant
onc during n poriod of 13 ycars, Rcchlin, 1967) after a strong inf10il
in 1960. This also explains the grent fluctuations in the spring
herring stock of tho Vistula Bay (ten times more -than in thc northcastcrn
Daltic).

The dynnmics of the herring stocks of tho Central and lrorthern
Daltic dopend on tho regime of phosphates in the Gotlo.nd Decp arca
and in tho gulfs connectcd with it. This region is charactcrised by
1) stability in rccruitmcnt of thc spring herring and 2) formation
of o.bundant year clcccos also during thc long stagno.tion periods.
Thc rich year clnsses do not alwcys devclop at the so.me time in 0.11
parts of tho region. For instenco, in 1954 o.nd 1955 in thc north
castern Do.ltic nodor.:-.to yer.r clo.s ees Here fOrrJ,ed,uhereas tho very stroUß'
1955 year clneo or spring herring wac hntched in tho eastern pnrt
of the Gulf of Finland (Moroehova, 1967). In the northern part of tho
Bo.ltic proper and in tho Gulf of Finlend strong spring herring yoo.r
eInsses developed in 1954 end 1955 (Sjöblom, 1963). In the herring
stocke of the east coo.et of Swcden feeding in thc Bornholm Bo.cin
nnd thc Gulf of Gdansk, 0. rich year claes wns hatched in 1955. A very
poor yoo.r clo.ss ims formed in tho stock of tho eo.st coast of S\oloden
in 1963 (Popiel end Strzyzewska, 1968).
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In the period of stagnation rich spring herring year classes de
veloped simultaneously throughout this region in 1957 and 1959. Judging
from the dynamies of spring herring recruitment tho middle and northern
parts of thc Ealtic should bo supplied with phosphates also in periods
of small influx of North Soa wator.

Detailed invostigations by Ojavecr and Kalcis (in press) showed
that in the areas off tho middle and northern slope of the Gotland Deep
a steady fertilisation by phosphates of the layer of the photosynthesis
exists. I!ixine of the dcop water, rich in phosphates, with the surface
laycrs takes placo upon tho shoals and.on thc coastal slope whero tho
thcrmoclino and llaloclino roach tho bottom. Thoy rofor to this area as
tho zone of intcnsc mixing and show that a higl10r production of plankton
and large concontrations of planl{ton fceding fish (horring and sprat)
occur thoro •

As tho contral end northern part of the Gotland Dcep is tho largcst
"otorohousc" of tho phosphates in the Ealtic (Aleksandrovskaya, 1970), the
upwclling o~ phosphates in tho zone o~ intcnsc mixing accounts ~or tho dcvo
10pmont of rich spring hcrring yoar classes also in the stagnation periode.
In thc Eornholm Dasin and tho Gulf o~ Gdansk a corrosponding process
is obviously hindered by a vcry strong haloclinc.

The dependonce of the dynamies of thc rccruitment of the Gulf of Riga
spring herring on otrong inflmm of North Sea \-rater can be e::~lainod as
follo\lS : Thc phosphates rclcasod by deep water in the zone of intcnee
mixing are carriod into tho Gulf of Riga whoro they cause a rise in bio
10gica1 productivity•
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T.AELE 1. Abundance dynamics of the spring herring stocks (+ very rieh, + rieh,
o moderate, - poor, = very poor year c1ass, ~ good condition, fnt
ness, Q sma11 inerement, 10w fatness.

Gu1f of Summer/autumnYear off Gu1f l?in1o.nd Gulf of Vistu1a Rügen-
c1ass Saaremaa of Riga S E N Bornho1m Gdansk Gdoiisk Bay

1948 + <9 + 0 ~-H- -H-
1949 -H- <9++ + + + + <9+ + .
1950 :>0 0 0 0 0 0 >0 +
1951 + :::0 -H- + 0 0 Q 0 +
1952 >0 - 0 0 + + 0 4)++ -H- ++
1953 + + + 0 - + + < 0 <0 0
1954 0 <0 + G + 0 >0 < 0 <0 0
1955 0 <0 -H- + + + + <0 >0 0
1956 = = = = Q= = = Q= = 0
1957 -H- .@ + ~o + 4H- + + .@= = 0
19~;ß - < 0 ~o 0 Q- - - = = 0
1959 + + + + ~ ++ ++ - - 0
1960 Q - ~-

- >0= = - - - - -
1961 .@-H- 0 0

.
+ ++ 4}+ - - ++

1962 0 + 0 .@- .@o .@ - -- +~

1963 < 0 >0 0 .@>O Q- Q = = - 0
1964 + + + ++ + ++ <'0 0
1965 0 0 0 0 - 0 <+ < 0 <+
1966 0 Q - + 0 - 0 + 0 +
1967 + .@ + + + 4}+ ++ + > 0 +
1968 < 0 Q<O - Q + +
1969 - Q - - 0 ·.0
1970 + + + ----------. ---------------- --------'---- .---- ~------------ --------------- ~-------~

Rciinak 110ro- Sjö- E1vertowski, Popie1 Birju-
zova, blon: StrzyzCl'1ska kov Rochlin
Smir- Solets-
nov kaya,

Shapiro -
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