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INTRODUCTION

In Spe01al llterature there arc no clear data concerning
the correlatlon between the ﬂtrength of the Nerth Sea her ing
stocks and biotic factors (such as the size of the paromt
eteck;.the number of hatched larvae), provided that the

herring~étock size, particularly older age groups, is not

depleted. Not allowing fer the latter 1imitation; the strength

of t-he' Horth Sea‘ hcrring is dependent oa the enviromﬂental ‘ .
,condltlons during the earlxcr stagee of herrlng development ' ~
.(egge-l arvae-fry) whlch are hypothctlcally favourable or ‘.4 )
unfavourable to its eurv1val In some well-known papers the ga
+

1nfluence of water tempereture in the spawnlng andpoetspawnlno
periods (Shirokov, 1964, a; Antonov, 1965; Postuma, 1971) and
of supposed larvae drift towards the future habitats v
(Carrmyther, 1938, 1951, Shlrokov, 1964 b) upon the etrength_

'of Dogger and Downs herrlng stocks has been situdied..

In the study on p0331blc abiotic condltlons causing the
Pluctuntione in the strength of the North Sea herring we used
the conventlonel methods. lhe cnly differenca was that the
preepawning per iod was also studled and besides temperature
measurement such factorg as prGVdiling dlnd strength and
the groups of the baric fields otcr the Nerth Sea earller "

I

isolated (Alemasov, 1971, flg.1) were analysed

MATERIAL AND 'METHODS

As temnerature chracterieties, the mean monthly surface~

water. temperaturee in the StatlutiCdl squares .0f the North Sea



(ICES,'1962,‘1970’afb) averagéd for the north-west (Buchen
stovk), south-west . (Dogger stock), southern (Downs stoc?)
and souuh—eagt (Bléden arﬂa) areas of the Sea were taken.'
- The bottom tcmperatures must have been more representotlve,s
however, they are not so complete as the ourface one. o
ﬁ The data on the prevuilﬂng w1nd streng*h were glven oo
monthly sums of w1rd force (by Beaufort qcale), and the data
on the groups of barlc flelds - as monthly sums of days w1*h’
' every group. The prcvaillng w:z.nd Jtrength and the groups of
baric flelds viere aetermlned by the dally gynoptlcal charts.
As the stock strength 1ndlco ;too’catoheo of threeiv

‘year old reorults (2 w1nter rings) pér fiéhing effort unit

‘L
r

were taken. Thesa 1ndices are given in tho paper by Burd

(1966) and in ICuS materlal (1972) for three major stocks

of Nbr h Sea herrlng. .

~ The data of the ofe—war and post-war perlods on the
recruit catches are ot oomparable (maybe with the except10n»
of the Downd stock), therefore, we decided to lelQu these
o data 1nto two sarlcs, the 1921 1935 broods, accordlng to
Burd (1966), that is the pro-war périod, and the 1951 1967
} broods, accordlng to ICES material (1972) ‘
| The both seriosf'were oorrelatsd with the‘monthly
f values of the abovc abiotlc factcr° from January of herrlng
!' o birth year to Dccomber of . the next year.‘The calculation«
F were made b" means of oomputer.
: | B Since the . total number of oo”rclatlon factors appeared”

! ~ td be extremelv. gre t. a careful analysms wasg needed,'flrstly,
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ndtlto take the random correlafibn factors, no matter how high,

fbr”théuindices'of roa1200rrelétion% and Se¢ondly, not to-
igndig the qorfelatlon"factbrs though low, however, pfdmdting
,thé\indicétiqﬁs of reallf ékiéting correlations. ‘ .

‘ Thereforé we déciaéd to conéidér‘only fhdSe‘correlation
»factors whwch could have been oatlsfactorlly explained from

’ the nhyolcal p01nt of v1ew on one hand. and relatively close

factors in both serles‘of observations er 1921-1935 and 1951<

1967 on the other hand. The availability of the correlation
factors in botu series within the mean-root-square error (?rr)

wias cdnsidered'to be the oriterion of the identity.

This mean~root-eﬂror ig known to be determined  (Brooks, Carruthers,

1953) by the formilas 6 .= :%— , and its'matimumbvalué for a-

geries of 1951=1967 (number of observatlons N—17) is 0. ,25.

RESULTS

All the attempts to reveal the real gorrelation»faCtors

;(proceeded_from:the above criteria) for the indices of wind .

strength and for other specified abiotic factors in prespawning

-period were not a. success. For Spawning and post—spawning
perlods the rcaﬁ‘correlatlon factors were found (together
with some correlation factors givcn in square brucﬁets whnch

are not accceptable proceeded from our crlterion) (table 1).

- % Below 1t is evident that the realitv of the correlutlon :»

fﬁctors for the post—SpawnLng perlod is characteristlc only

of the flrst stage of our analysis (table 1).



Table 1

.......

The correlatlcn factors between the strength of

North Sea hewrlng and ablotlc factors

Herring - Series of Groups of baric Water temperature durlnv,

stock .observa-  fields S-E during  spawning (VIII-XII) and
T - tions . spawning periods . post-spawning. (I-III)
R _ ... - periods . ,
VIII IX+X XI+YII : VIII IX+X XI4+XTIT I+II+III
Buchan  1951-67 =-0.63 - !ro 29] o - 1 0428J
1922-35  -0.5T7 . ;-o 64 - Lo.31 .
Dogger 1951-67 = =0.52 © [-0.33 0430
o 1921-34  -0.47 - |-0.04] 0.17
Downs = 1951-67 0,58 0,40 0,39
. 1921-34 0.56 10,38 0,53

" Totes: 1. S-E - differences of monthly dates with southern(s)
"""" and eastern (E ) groups of -baric fields..

2. Water temperature during spawning periods is
" | given'for herring habitéts,‘while‘during post-
"spawning period - for the south—west (Buchan
and Dogger stocks) and south-ea t (Downs stock)
North Sea. ‘

From Table 1 it i° evident that the hlghest and most

of barlc fields durlng spawnlng perlods of gll the stocks,
a Well as spawnlng and po t-spawning water temperature :
relqtlve to Downs etook. Lower correlatlon factors seen in

“both series of obeervatlons concern the nost-spewninv wauer'

5

!
i . .steady ‘correlation f30u0r5 are charaCueristic of the groupu,
J
}
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~temperature relative to Dognnr stock. Slncc the indices o*.

'correlat'on factoru for the spa wnlng and post—upﬁwnlng water'

temperature relative %o Buchan stock differ in the taovperles-

of observations, these corrclations were considered to be

ineffective. The conclusion of Postuma (1971) abhout iho

presence of 2 negative correclation between water temperature

during spawning and the strensth of~Doggor herring stock in

the post-war period is confirmed by our data for 1951-1967.

However, in 1921-=1934 cuch a correlation wag practically absent,

and according to our criterion (G = 0.25) there is no reason
. . 4 N

to consider it ags an effective.

For Dogger and Downs herring stocks we have tried a

mult 1nle correlation (according to Brooks, Carrutheré, 1953)

where the strength of herring stocks was expressed by a dependent

Xi and

the groups of baric fields and water fempeﬁature during

the spavming and post-gpawning periods by independent varlables

(XZ,

Herring Series of .

3 4 s accordingly). The results are given in table 2.

Table 2

The particular (r) and multiple (R) correlation
factors between the strength of the North Sea
herring and abiotic factors ' -

stock  observations T12.4 T14.,2° r12;34 F13.24 Tig.23 R
; 1951=67 -0.53 [o 37‘ L o.e
Dogger  1959.34 -0.45 - |0.06 0447
195167 035 [o o:l 0. 06} G. 58
1921-34 . o.50 0 12 0.49 0,73
Totes: 1. The indices 1,2,3,4 following the © denote the.

. variables x Xy 9XpsigsXa the indices follewing the
point ‘denote the excluded variables,

\t')
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2. The values given in the square brackets do not
satisfy the- crlterioncr = 0.25.

While the particular correlatlon factors which: GXpress

the correlation between ‘the herrlng strength and groups of

‘barlc flelds w1thout regard for the 1nfluence of wate*

temperature remain oonstant in both serles of observatlons
accordlng to our crlterlon, this cannot bc said &bOUu the
correlation begween thevstock strength and water temperature'

without regard for'the influence of tho’groupS'of‘baric

“fields. These lattnr correlatlon factor“ observed in 1921-

»34 for the Dogger stock and in 1951 1967 for the Downs stock '

are too negllglb1e to make any contributlon uO the multlple

correlat¢on.factors compared w1th the palred correlatlon,

ibéfﬁeen fhe otrength and‘the"groups of bérid fields;fBasing'

on: the second stage of th° analy81s (see table 2) we have

Aconcluded that the influence of water temnela»ure upon the

strength of the Vbrth Sea herrlng is 1nef1ect1ve, its.

extevnal expreSSLOn belng only a reuult of duollcation of

'1nformatlon contalned in. the characterlstlc of group° of

barlc flelds, The dunllcatlon may have a follow1ng explana-

'tlon from the phys1cal p01nt oi v1ew- in the North Sea the

frelatlvely hlgh water uemperature measurcments corre3pond tO”

the soutnern group of barlc flelds during the warmer half

year (all the year round in the soutnern Nbrth Sea), while'

relutlvely lpw measurements corLeSpond to the eastern group



'ofibariquields during cold season (Alemasov, AtlantNIRO
vTrans;, ir_preSS).’_
| Thus,vthe two-st&ge correlation analysié has shown »
thaf among thé_abioticlféctbrs studied bnly the groups of>‘
baric fields fevealed_aﬁ_effectiVe correlation with».
fluctuations in the strength of the North Sea herring.
_The'pattern’of‘this correlation is rather specific:
higher recurrence of thérsotthern or lover recurrence of the
easterh;groups:pf baric fields during'the.spawnihgvperiods "
of the Buchan (VIII) and Dogger (IX-X) stocks are not
'fa?ourable_to-f;fmatiOn of Strong‘broods, which can be ¢Qnditioned
by the opposite combiﬁations of recurrence of the mentioned
groﬁps of baric fieclds. A corrélation between the two groups
of baric fields and the strength for Downs (XI-XII) stock is‘\
of the opposite character.
'The:beliability of the correlation factors obtained
from a series of observations for 1951-1967 (sce table 1) is
confirmed not only by their significance levels ( 0.01 for o
Buchan stock, 0.05 for Dogger and Downs srocks),'but by a
series of observations for 1921—1935»as well, The correlation !

graphs cre shown in fig.2.

DISCUSSION

What can be said about the physical mechanism of a
correlation revealed? Since the question is thaf the‘atmospheric

circulation during the spawning periods of herring affects the

B A -4
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- strength of the stock, it is likely that we have to do with

the pecullar¢ule° of the drift of hatched larvae in the w1nd—
driven sea currents. g
First, the question on the influence of winds upon.

the strength of the North Sea herring and other fishes

stocks in view of possible larvae drift was raised by

Carruthers and his followers. He suggested that the strong
broods of Downs stock herring are formed when during the
spawning a higher pressure in the south-castern area and a

lower pressure in the south-western area are observed

~(Cafruthefs, 1938), or in other wérds]when during spawning

in the Southern area the southérn and western components of

wind. prevail (Carruthers, Lawford and Veley, 1§51}; Simulta-

‘neously, Carruthars considered the high'sfrength;of'bowns

herring to be stipulated by the drift of the larvae in the
noffhfeagtern direction.

“It‘is evident fhat our results well agree wifh the
data by Carruther becdusé the ﬁressuré diatribution .
glven by this author is characterlstlc of the southern group

of burlc fleldu. ‘Purther it is seen that our data conforﬂLas

'well to the in*erpretutlon of the larvae drlft glven by

~Carruthers.~i‘ o

- It should be noted that Gulland (1953) cast doubt on the

: resultg by Carruther because of certaln arbltrarlness of hlq

’ch01ce of years of Upaunlng perlods in our work the constant

perlods have been studied.
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One of the followers of Ca rruthers, Veley {1952),

suggest ed that the nﬂed0W1nanco of the western wind componen*

dﬁring the sprat spawning periods in the south-wes? North
Séa iS’unfavourablé‘to its strcngth (according to Veley the
reason iies in the.labvae-drift offshore).iThis_résult‘is
also wndlrpctly (since other than herring species wa stuaiedx
concurrent with our (uee below)..

A hypothe is on the 1nf1uence of the fry drift upon
fhekstrength of the_Dogger herrlng is given in detail by
Shirokov (1904, ‘b) The studies of-the ‘direétion and velocliy . ;

of pouulble fry drift affected by summarized_wind—driven»-*

. st -
e

currents from Septémber‘to arch dllowed;him ﬁo'suggest‘~
(fig.3) that the strong broods are~forméd while thefdrift
to the south-eastern and southern areas andvthe poor broods 3
- to the central North Sea. The conélu8>ions by Shirokov; ' ?
however, are of quantitative character and do no% agree with
the data on the strength of the stocks.

It scems that in the paper CLted the question on the
larvae (fry) drift is solved too straightforward. Firstly, '.
fhe passive drift is characteristic only of the earliest
development stages_of the larvae. Secondly, the way of the
larvae towards their future habitéfs (Bldden aréé) vhere
they will stay as thc,joung herring iéAlikely to be more
complex. |

ﬂow, baSLng on the 1nformat10n druvn from the snecial é

llterature, welll try to summarlze the pattern of dl trlbutlon J

10




and drlffs of the: North Sea herrlng at- tnelr early developmental‘
. stages 80 that to make a phy81cal 1nterpretation of the
oorrelwtlon obtalned.~

It is known (Hodson, 1957) - that before reachino the
length of 7—10 cm the fry generally inhlblt the 1nshore water_
leaving it lauer for the opep gea. Durlng this time the
habitat of the fry covers both the uoutn-east North Sea and
the whole ungllsh east coast (Wood, 1959, 1971)

It is. clearlj seen from O-group herring dlstrlbutlon in
»MaJ-August of the next yedr after’the blrth (Postuma,~*~‘ |
Zijlstra and Des, 1965 fig. 4)

As to;lo:vae mlgratlons (accordlng to Parrlﬂland Sav1lle,
1965),~théy ocoﬁr along the wes+ern and south—eastern coasts
of7theANorﬁh Sea.-Some data 1ndlcate that the~larvae from
the'northern‘érea were observed along the E“gllsh coast in -
Ootober{.The;larvaevgatched-at‘the western extremity of<the
Doggef-Bahk’in September rouﬁdéd thekBank and were observed
~at its éouthern eitremify in Octoﬁér; in November and.DCCember
tﬁeyﬁoocurfed ﬁfound.the Oyster Bank and‘by Maroh fhey began
to break into the German Blght Dovms 1arvae irom the hatchlng
- area (at the eastorn entrance to the Engllsh Channel) mlgrated;
» in the north—eustern dlrectlon and at the beglnnlng of January;
f;were seen along the uee*and and in February —‘1n.the German -
fBight.n, | | |
Such a pattern of the 1arvae mlgratlons must be stlpulatnd
jby*a general cyclonio‘cycle of the oonotant currents in thef

North'Séa mopked_by-many authors, in particular, rocénﬁlyvby.

II



4Dubrov1n and Amarov (1972) (flg.S) |
The described pattern of dlstrlbutlon nd mivrations of
k.herrinp larvae threw light upon the physical mechanism of the
revealed correlatlong betwnen the strennth of herring stocLuA
" and the groups of baric fields. |
| ‘Fig;1'showv»that when thebeagtern'group of baric :
flelds is avallable, the eastern flows of the air nrcv1d1np
the correopondlnp water movcmentu result in a drift of.the -
hatched 1arvae from the Buchan and Dogger Banls to the inshore"
areas, where favourable,condltlons for their development are -
likély to be established, as wéli as for their migration in.
fthe southern and south—ea tern directions within the syétemQ
Qi the constant currentg. However, when the southern groﬁp
k”of baric fieldds bccurs; the soﬁth-westérn flows of the air
may result in é.drift Qf the larvae offshore whkere they may
 not survive. The northern group of the baric fields-leads -
to the forﬁation of the north-western flows of the air;'if
the northern flows are consideréd to be favourable fbr 4'he
fol1 owing successful developmant of the larvae, -the western .
ones are the contrary, thhrefore this latter group of barlc‘
v fields is SpelelGd as a "neutral" relative to the strength
B of the stock. | )
| For Downs herring the southerr group 6f baric fields.
is favourable to the diStribﬁfioq bf thg‘larvaé'éicﬁglfﬁé
coast in the<north~eaSternkdirection wh;ch cannot be éaid'
aﬁout fhe»eastgfn.grdup. The northern grodp bf baric fields is

likely to be favourable to the larvac of its western component,

ixav




though unfavourable to the larvae of lto northern component
thus belng a "neutral“ as a whole."

mhe correlatlons revealed make it pOSSlble to forecdst
the future abundance 01 the recrults after the. blrth by the
regress;oniequat;onsv(flg.a). However any guccess 1n_forecastihg}
the abuniqﬁée’iﬁ~the:nearest fﬁture is sbméwhat‘doubtful . because
due to a conulde able depletlon of the North Sea herrlng stock
| certaln b;ot;c correlations such.as "spawnlngkpotentlal-strength"
;may.arise, fhe firét signs of ﬁhich have_alreadyibeen'sfatéd‘_ 

(ICES, 1973).

SUMMARY

The material for 1921-1935 and 1951 1967Tré§éaled |

ulgnl;lcant correlatlonu bctheen the abundance of: the North.
Sea herrlng recruits and recurrence of the groups- of baric
fields over the North bea (the‘tynes glven by the aut hor) during
\tha spavnlng perlods (VIII - Buchan stock, IX~-X - Dogger stock
XI-XII - Downs atock). |

 The helghtened recurrence of the southern vreup of barlc '
fieldﬂ or lowered of the eastern one are not favourable to the -
formatlon of the dtrong year~clas es of Buchan and Dogger herfing
* and favour the strength of Downs . stock. The contrary cowblnatlon -

of_the regurrence of the above groups of barlq.flelds ig

‘ retrospective.

A drlft of the hatched la”vae to favourable or. unfavourable

 ~¢ areas for thamr dgvelopmont surves as- a physical ba81s of the fjj

correlation.\Most favourable are the coastal-areas ‘of the

I3



western and south-eastern North Sea due to their shallow
‘character and the preéence of‘conétant‘currents providihg'a‘drift;

’df the 1apvée towards the Bljden area.

The correlations révealed moke it possible to forecast the
future abundance of the recruits immédiately after theiF‘Birth.
These correlatlons, homever, are likely to be effectlve only

when the state of the herring stocks is satisfactory.

#58
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