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Fishery Hydrography: Brood::Strength Fluctuations in va:: 

rious N orth Sea fish, with suggested methods of Prediction1)

by J. N. CARRUTHERS, D.Sc., F. Inst. P.2) 
Commander A. L. LA WFORD, R.N. (ret.d.)2) 

and Instructor Lieutenant V. F. C. VELEY, B.A., R.N.'1) 

Zu s a m m  e n f a s s u n o. Die Schwankungen in der Stärke der Jahrgänge von Hering, Scholle 
und Kabeljau in der Nords..,ee werden zu den Wasserbewegungt�n in Beziehung gesetzt, die durd1 
den örllidten Wind hervorgerufen werden, und aus dem Studium dieser Zusammenhänge werden 
Verfahren zur Vorhersage derartiger Fluktuationen abgeleitet. Die Grundlage hierfür bilden um
fangreiche Strom- und Windbeobad1lungen an Feuersd1iffen im Kanal und in der Nordsee, aus 
denen sich Beziehungen zwisd1en beiden Bewegungsvorgängen im Mittel eines Monats ergaben. Da
mit eröffnet sid1 die Möglid1keit, aus den monatlid1en Windresullanten auf die Oberfüidienströmun
gen zu sd1ließen. Zu diesem Zwecke wurden für drei Positionen der nördlidien, mittJeren und süd
lichen Nordsee aus der Luftdruckverteilung für jeden Monat der Jahre 1900-1949 die mittlere Wind· 
ridltung un..:l VVindgeschwindigkeit bercd111et. 

Für den o s t e n g l i s c h e n H e  r i n g , der im Dezember-Junuar nahe Kap cl' Antifer laid1t, 
wurde eine positive Korrelation zwisd1en der Häufigkeit der Brut und der Südkomponente des Win
des im Januar--Februar gefunden, die die Herin�rslarven von der französisd1en Küste weg in den 
offene.!1 Kanal verfradllet Eine zweite positive Korrelation ergab sich zwischen der Häufigkeit der 
Jahrgange und der Westkomponente des Windes einen Monat später, die die Brut in die südlid1e 
Nordsee befördert, beides für ihr Gedeihen günstige Umstände. Daraus wird eine Anleitung ab
geleitet, nad1 der der Prozentsatz der dreijährigen Heringe in den Fängen vohergesngt werden 
kann. Der gleid1e Herin9 ist später Ge9enstund einer Fisd1erei vor der bel9isd1en Küste, an der 
er, vom Laichen ersc.höpft, auf dem VVege in die südlid1e Nordsee vorübertreibt. Der mittlere 
Tagesfang verhält sid1 invers zur Stärke der Süd- und Westkomponente des Windes, da die Er
träge um so ueringer sind, je rascher die l-Ieringssd1wärme vorüberdriften. 

Damit die Brut der in der südlid1en Nordsee im Dezember-Februar laichenden S c h o l l e n 
zahlreid1 gedeiht, ist es notwendig, daß sie in nordöstlid1er Richtung zu ihren Aufwad1s9ebieten ge
tragen wird. Die relative Häufigkeit sed1sjähri9er Sd10llen im 100-Stunden-Fang in den Anlandun
gen in Lowestoft wird zu einer entsprec.henden Windfunktion in Korrelation gesetzt, wobei sid1 
zwei Regressionslinien mit gleid1er Neigung, aber entgegengesetztem Vorzeidwn ergeben. Dies steht 
mit der Erfahrung in Einklang, daß 9ünstige Bedingungen für das Uberleben der Brut aud1 dann ge
geben �incl, wenn sie nidll weit von den Laichgründen weggeführt wird. Der geringste Werl für 
der: Nuchwuchs trifft mit einer Windfunktion von 5 m/s zusammen; dies entsprid1t einem Transport 
von 100 sm vom Laid1ge1Jiet weg in offenbar ungünstige Umgebung. Die Zeit des Ablaichens wird 
durch die Windverhfiltnisse vor dem Laichen bestimmt derart, daß bei Vorherrsd1en der Nord
komponente der Eintritt der Lailhzeit verzögert wird, während frühzeitiges Laichen mit überwiegl'·n
den Südwinden (> 7 m/s) verknüpft ist, vielleidll bedingt durch ein Gegen-den-Strom-Schwimmen 
der auf der Laidnvan<lerung befincllidien Sdrnllen. Diese Umstünde müssen bei der Voraussage über 
den zu erwartenden Sd10llennad1wud1s berücksidltigt werden. Die für die Deutsd1e Bucht vor1ie9en
deu relativen Häufi9keitswerte der Sd1ollenjahrgänge lussen erkennen 1 daß hier, bei gleichzeitigem 
reichen Brutanfall im Fischereigebiet von Lowestoft, nur dann der einheimisd1e Bestand durch Zuzug 
von Westen her erheblid1 verstärkt wirc! r wenn zur kritisdwn Zeit Südwestwinde vorherrsdwn ent
sprechend einer Windfunktion > 8.5. 

Für den K 1.1 b e l j a  u der nördlic.hen Nordsee werden die Tagesfänge der Sorte „Klein" in den 
Anlnn<lungen in Grimsby heran9ezogen. Du das Laichen im März seinen Höhepunkt erreidll und 
die Brut während 2 1/t Monate pelagisch lebt, werdt�n die Windverhältnisse im März-Mai als aus
sdllaggebend eradltet. Bei graphischer Darstellung der zugehörigen mittleren Windrid1tungen und 
Windstärken fallen die �Juten und die schledllen Kabeljau-Brutjahre in zwei unterschied1idie Grup
pen. Ein großes, zusammenhängendes Laict1gebiet des Kabeljaus in der nördlidien Nordsee um
schließt Forties, Lin9-Bank und Fisdier-Bank. Nimmt man, nad1 den Erfahrungen bei den Strom
messungen nuf den Feuersd1iffen, an, daß 1°/o der Windgeschwindigkeit in \.Vasserbewegung über
geführt wird, so zeigt sid1 bei Eintragun9 in die Stromkarte, daß die gute Kabeljau-Jahre repräsen
tierenden Punkte innerhalb des großen Wirbels der nördlid1en Nordsee liegen. Dies wird dahin 
gedeutet, daß die Larven, wenn sie durd1 die windbedingten Strömungen in diesen Wirbel gelan
gen. hier bleiben und, herangewad1sen, später einen Teil des Nordsee-Bestandes bilden. Wird du
uegen die Hauptmenge der Brut in andere Gebiete verfradllet, so geht sie für die Nordseeftsd1erei 
verloren. Da keine Korrelation zwischen Windfunktion und Bestandsdnten gefunden werden konnte, 
ist eine Vorhersage über die zu erwartende Brutmenge noch nidll mö9lid1. 

Die Ergebnisse ähnlicher Untersuchun9en über die Beziehungen zwischen der Stärke der .Jahr
uünge heim S c h e l l  f i s c h  und einer Windfunktion werden an anderer Stelle veröffenl1icht. 

1) This papcr is publishc<l with the approval of the Lords Commissioners of the Admirally, but 
lhc responsibility lor uny statements o[ facl or opinions expressed rests solely wilh lhe authors. 

::!) Royal Naval Scientific Service. 
8} Se1ving in tht· Hydrographie Department of the Admiralty. 
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INTRO DUC TI ON (by J. N. C.) 

ln this paper brood-strength fluctuations of the North Sea herring, plaice and 
cod are associated with inJerred water movements set up by the local wind. 
Tentative methods of predicting fluctuations are derived from a study of these 
associations. 

For two reasons it is fitting that the r,esults obtained should be published in 
this .Kiel journal. Firstly, the wind data used in the investigations are German 
in origin, and secondly, the journal covers an area in which much research has 
been carried out with the same aims as the investigations described in this paper. 

The opinions of Dr. R. Kändler regarding the import of the greater frequency of 
westerly wind seasons in recent years, and the work of Dr. H. Wattenberg on 
the movements of the fronts between the different water masses in the approaches 
to the Baltic Sea, come readily to mind. One also recalls Dr. G. Dietrich's por
trayals of the current systems accompanying changing wind conditions over the 
Skaggerak, Kattegat and Baltic Sea. 

Much study has been devoted by oceanographers to fish fortunes and associated 
water conditions in the neighbourhood of the Belts Sea, where there are markecl 
differentiations between the water masses. Years ago, the late Professor Otto 
Pettersson sugg,estecl that variations in the hydrographical structure of the Baltic 
to North Sea waterways were responsible for fluctuations in the Ba!Hc herring 
industry, which in the past decicled the fortunes of the Hanseatic League. This 
wa,s followed by Jacobsen's investigations on the outflowing upper currents ancl 
inflowing bottom currents, which have underla,in so many profitable speculations 
on fishery fluctuations, ancl lat,er by the researches of investigators such as Johan
sen and Aage Jensen on fish-water correlations. 

These references will serve ,as justification for the inclusion of a paper clealing 
with North Sea fish in a journal whose interests lie predominantly in the Baltic 
Sea and its approaches. 

There has recently been an upgrowth of interest in fishery hydrng·raphy on 
the part of the International Council for the Exploration of the Sea. At the 1950 
meeting in Copenhagen the writer tabled ·an essay entitled "An attitucle on 
Fishery Hydrography"1). whose argument was that fluctuations in North Sea fish
broods may be cletermined by some influence within the water movements which 
is governed by wind cond'itions. The backgrouncl to this can be found in the 
analysis, made by my colleagues during 1950, of a very !arge number of obser
vabions of water movement and local wind baken, by the use of the Vertical Log 
Current Meter, at six lightships in t,he English Channel and North Sea. As the 
result of this analys·is, a satisfactory relationship 'between movement in the two 
elements for m o n t h I y periods was evolved. lt was therefore possible, given 
monthly resulta,nt winds, to estimate with reasonable accuracy the near-surface 
currents set up by the wind. 

During the latter part of 1950, monthly wind data of the required high standard, 
and covering the period 1900-1949, became availab!e from Dr. Dietrich, of the 
German Hydrographie Institute (Hamburg). The observations referrecl to wind 
centred on three posHions in the northern, central and southern North Sea, and 
the method of compilabion is given in Appendix I to this paper. With the 
acquisfüon of this information, a detailed investigation of the a·s·sociation between 
wind ancl fish brood survival was made. 

1) This essay will appear in print in the Journal of M1uine Research. U.S.A., prohably in 
June, 1951. 
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T·he same idea of relating wind condito ins to fish fluctuations had ocurred to 
Dr. A. Bückmann, who reported in the Council's Rapports et Proces-Verbaux some 
yearn before the War upon an investigation on the plaice of the German Bight; 
reference was made to this work in „Nature" of October 6, 1934. 

Before the War the writer made several investigations of the interrelationship 
of fish fluctuations and physical conditions. In these he at.tempted to discover 
correlations between herring, plaice and haddock arud their environmental 
conditions such as water temperature, water movement and atmospheric pressure 
gradients. In many cases a certain degree of parallelism was shown bo exist 
between the variables, but no true correlation could be fourud. (Refs. 1, 2 and 3). 
This topic is considerably enlai.;ged upon in the Second Varne Report (Ref. 4). 

A useful review was given by Hawke in 1935 (Ref. 5). 
As bearing furlher upon the importance of wind upon the movements of herring 

in their adult stage, and upon the distribution of the plankton upon which they 
feed, attention may be directed to the opinions of Hodgson (Ref. 6) and Wimpenny 
(Ref. 7). 

On handing the problem over to my colleagues, they first gave their ·aUention 
to the haddock, for which a wind function was discovernd which successfully 
accounted for over thirty years of fluctuations in year-class strengths. Details 
of the analysis, which is not included in this paper, are due to be published 
shorUy as part of a report by the Scottish Horne Department Marine Laboratory, 
Aberdeen. A preliminary hote is expected to appear in „Nature". 

Regarding the herring, plaice and cod investigat,ions discussed in this· paper, 
the number of years for which data were available (Appendix Il) are considerably 
les,s than thirty. The correl,ations obtained, however, are so marked that they 
would seem to represent a considerable advance on previous attempts at 
prediction. 

P a r t  1-HERRING 

( a) E a s t A n  g 1 i a n  He r r i n g 

The figures used to represent the Herring Broods for 1921-1934 were lhose 
given ·in the Rapports et Proces-Verbaux, Vol. CVII, paqe 11, and for 1935/36 in 
Vol. CX, page 38, of the same journal. In every case the figure represents the 
percentage of 3 year-old herrings which first appear in the shoal analysis of 
lhe East Anghan herring fisheries 21/2 years from the time of spawning. The 
only spa,wning time considered is December-.January, and all lhe data, both wind 
arud herring, are referred to the year containing .January. The wind dat,a usecl 
were those for the southern North Sea, centred on 521h N., 3° E., computed by 
Dr. Dietrich of Hamburg. 

Considering that t:he herring during December-January spawn near Cap 
d'Antifer off the French coast and that when the spawning products rise to the 
surface they are at the mercy of wind-produced water movements, Veley decided 
to attempt a correlation between the herring brood figures and South wind 
components during January-February. These winds wou!,d tend to move the 
herring away from the French coast into the open Channel, a move li kely to be 
beneficial. It was found that there was a reasonable positive correJ.ation between 
the two, and that this correlation would be strengthened by assuming thal 
somctimcs the herring spawne(\ early, in whirh case only the .January wind 
component was effective, and sometimes late, when only the February component 
acted. For all other times it was assumecl that the spawning was spread equally 
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over December and January and in these cases the aggreg,ate of the South wind 
components for January and February was taken. This correlation is shown 
graphically in Fig. 1. 

Presuming that the South wind components have moved the herring brood 
into the Channel, the next beneficial e,ffect might be for the West wi'llJd 
components to produce a water movement carring the spawning products into 
bhe southern North Sea. Therefore Veley attempted a second correlation 
between the herring brood figures and bhe West wind components. In general 
the West components were taken for one month a,fter the South componernts, but 
in some cases where bhe spawning was considered to be very early or very 
late, the same month was used. This second correlation is shown in Fig .. 2. For 
both Figs. 1 and 2 the months chosen are shown under the year. 

To combine the two correlations, the herring brood figures were correlated 
with \/S2+--W2 � the result is s,hown in Fig. 3. ln order to analyse this, t>he 
years were separated out in two qroups, one where S > W and the other 
wher.e W > S. The herring brood figures were then plotted agains,t \! S2 + W2 

(Fig. 4). [lt might be significant that the ideal lines drawn through the points 
for both curves change from curvilinear to linear at Beaufort 3, but it must 
be remembered that a monbhly average of less than Beaufort 3 may easily be 
composed of daily winds whose strengths exceed Beaufort 3, and at the times 
of year considered tihis is almost cert<1inly so.] lt is seen that the two curves for S 
> W and W > S are different, but this is not s,urprising when the position of the
spawn,ing grnunds relative to the Channel and the French coast is considered. For a
small value of S and an average value_· of W, many of the herring brood would
be driven on to the French coasb, but for a medium S and a higih W, more
would reach the southern North Sea than if the magnitudes we!·e reversed.

One question remains - what determines the time of the spawning peak? 
Veley considers the main factor to be the value of the West wind component 
during December, when the herring about to spawn are at the entrance to the 
Channel. (Fig. 5.) A high value of this component (> 5 m/sec.) appears to 
act as a „contranatant" signal to the herring with the result that they spawn 
early; if the component is easterly (denatant) the herring spawn late. This 
connection is illustrated in Fig. 6. Against each point the selected monbhs for 
S and W components are shown, and it is seen that the time of selecUon for 
b o t  h components varies with the magnitude of the December West wind. 

The following table, which is tentative only, shows the association of the 
months during which the movements of the spawning prodructs are cons,idered 
to be critical with the magnitrude of the West wind in December. 

December West Wind 
Component (m/sec.) 

Upper Limit 

? 
6.8 
6.15 
5.6 
4.9 
2.2 
0 (?) 
1.3 (?) 

Lower Limit 

6.8 
6.15 
5.6 
4.9 
2.2 
0 (?) 
1.3 (?) 
? 

Selected Months 

South Wind Component 

January 
January 
January 

January/February 
J anuary/February 
January/February 

February 
February 
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West Wind Component 

January 
January/February 

February 
January/February 

February 
February/March 

February 
February/March 
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To use lhis l!able for prediclion purposes the lollowing operalions are necessary: 
(a) Ascertain the magnitude of lhe December \!\lest wind componenl, and from

the table discover the months to be selected.
(b) Compute the value of \I S2-+ W2 for these months.
(c) From either Fig. 4(a) or 4(b). depending on whether W > S or S > W,

read off the predicted percentage of 3-year old herring.
These opcralions have been faithfully observed in lhe analysis of lhe years 

1923-36. 
The year 1927, however, remains ,doubtful. If the lable is usecl as clescribecl, 

l!he selected months indicated are January/February and February. But the on]y 
months for which \;-s-2- -Fw2 corresponds with the actual precentage fig,ure arc
February and February, indicaling a laler spawning period than that forecast. 
Now in the December in question there was a North wind componenl, and the 
anomaly mc1y have been due to the facl that the magnitude of this component 
was equal to that of the West wind component. Thus the residual wind was 
N W, i. e. approximately at right ·ang,Jes to the Hnc of entry inlo the Channel, 
which might have had a result similar to that of a zero componenl ol West wind. 
This would mean the possible selection of the months February and February for 
lhe computation of \I S2 + W2, and these were in fact the monlihs chosen. 
However, the point must remain open, as in no other year for which herring 
data are available did a North wind componenl occur. 

To use any of the above analysis for really reliable prediction purposes is 
impossible without further establishing both the curves in Fig. 4 and lhe rul,es for 
tihe time of spawning. However, the probable South and West componen.ts 
effective in 1942-47 are shown in Fig. 1 and, 2. 

With one exceplion, these component,s prodiuce the right values of \FS-2---FW2

for the available herring brood clata, which are purely qualitative. The except.ion 
is 1947, when the ext,remely Jow temperature conditions obtaining during February 
a111d March are believed to have delayed the hatching of the eggs. This would 
necessitate the selection of later months, which brings the calculabed herring 
value closer to the high observed value. The West wind componenot during this 
year was abnormally high in April, ancl this may have had the required bene
ficial effects on the herring brood. 

As a result of lhis analysis, it will be realised that the forlunes of t1he herring 
ancl the haddock are not so closely interrelatecl as hitherto supposed. The cal
culated herring percentage values agree so well with the observed values that 
any acl,yerse effect due to the predations of hacldock on young herring must be 
negligible compared with tihe wind effect. Similarly, the existence of any periodic 
influence of magnitude comparable with the wind effect is ruled out. 

(b) B e l  g i a n  S p e n t H e r r i n  g

Herring figiures used in this investigation were obtained from Gilson's Memoire
No. 4 of the Annales de !'Institut d'Etudes Maritimes d'Ostende, ,and represent 
lhe mean weight of a day's catch of sperrt herrinqs. The wind data us·ed ·are as 
in P.a,rt I (a). 

The herrings in question are those which, enfeeblecl after their spawning off 
Cap d'Antifer in December-January, are supposedly carriBd, more or les·s at the 
mercy of the currents, back into the North Sea and along the Belgian coast. 
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Since these herrings will presumably drift with the current as soon as they 
have spawned, while their spawning prodücts will not do so until they ha.ve later 
risen to the smf.ace, Veley considered that the most appropriate windJs whose 
effects should be investigated were those of the month immediately preceding 
each of the select,ed months referred to in Part I (a). For these months, therefore, 
the same expression \((S2 +-W2) was computed, and a correlat,ion attempted 
between it and the spent herring values. 

This correlatfon is illustrated in Fig. 7, where a high degree of inverse 
homothesis is exhibited between !.he two plots. The physical explanation of this 
phenomenon would appear to be that the greater the wind function, the ]ess the 
time the herrings will remain within the fishery area (Ref. 3). 

In order to analyse the correlat'ion, the spent herring values were plotted ag·ainst 
the wind function (Fig. 8). Of the eleven points availa'bl,e, ten lie on or near 
to an inverse curvilinear regression l'ine. AU these points refer to wind functions 
of Sm/sec (Beaufort 3) or above. 

One point, however, which refers to 1929, seems to indicate the exi,stence of a 
positive regression line between wind functions of O and 5. lf this is so, the 
explanation could be that the wind-produced water movement in that, year was 
insufficient to transport the whole of the main body of the spent herrings into 
the fishery a,rea during the perfod considernd. Those which did not reach the 
area in time would presumably scatter on regaining theü strength, and so be 
lost to the fishery. 

The existence of the positive portion of the regression line, and the establish
ment of the inverse portion, must obviously await further observations, and until 
these are available only qualitative pred'icbion is possible. 

The conclusions reached in thi,s s•ection are interesting not only in themselves 
but aJ.so, and to a far g,reater degrne, for the reinforcement they bring to the 
whole hypothesis advanced regarding the connection between winid and herring. 
lt can hardly be fortuitous that, u s i n g  t h e s a m  e b a s i c p r i n  c i p l e s  , 
the fortunes of two indepenident fisheries can be forecasi with such a degree of 
assurance. 

P a r t II -PLAICE 

(a) L o w e s  t o f t  F i s  h e r  y D a t a 

For this analysis the figures representing the pl,a.ice broods for 1923-31 were 
derived from Thursby-Pelham's Table 15 in the Rapports et Proces·-Verbarux, Vol. 

CX, of the Internationa,J ColN!cil for the Exploration of the Sea. The wind data 
used were ag,ain those computed by Dr. Dietrich for the southern North Sea, 
centred on 521/2° N., 3° E. 

Thursby-Pelham (Ref. 8) and Russell (Ref. 9) state that after the plaice have 
spawned, during the period December-February, in the southern North Sea, if 
the spawning products me to survive it is necessary for them to be carried >in a 
north-easterly direction into the shallow grounds which are the habitat of the 
young plaice for the next two years. Thus south-westerly winds would favour 
this transport, while north-easterly winds would oppose it. 

Veley there.fore decided to attempt a correlation between the plaice brood 
figures and a wind function of the form \i (S - N)2 + (W -E)2• lt ,appeared that 
the correlation would be strengthened by assuming that the ma.in ,spawning 
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month was variable, and could be either January, January-February or Fe
bruary. The correlation derive,d by sel,ecting the month or months for computing 
the wind function is shown in Fig. 9. 

The plaice brood figures were then plotted against the wind function (Fig. 10), 
and it appeared that there were t•wo regression lines of approximately equal 
slope but of opposite sign. This findin:g is in accordance with the views 
of A. C. Simpson, of the Ministry of Agriculture and Fisheries at Lowestoft, who 
believes that favourable condilions for brood survival exi,st even if bhe fry are 
not moved far from the spawning grounds. 

Qualitative evidence to support the positive regression line is also shown in 
Fig. 10. The wind funclion for fae years 1920-22 and 1932 are drawn in, and 
the resulting plaice brood figures are seen to be in agreement with Thursby
Pelham's statement (R. et P. V., Vol CX) that "the 1920, 1921 and 1922 broods 
may be classed as good ........ the 1925 year-class has already been 
established to be about half that of 1922. Reference to Table 15 will show that 
in the VII-X age groups, the 1920 to 1922 year-classes gave hig•her landings per 
100 hours fishing than any other year-classes except that of 1928". This latter 
statement is also borne out in Fig. 10. 

The minimum value for brood strenqth occurred when the value of the function 
was approximately 5 m/sec. This would produce a travel of about 100 miles from 
the spawning ground into some habitat apparently urnfavourable (Fig. 11). 

The year 1931 deserves mention as it appears to be over-estimated in the 
plaice figures used. From an examination of other sections of Thursby-Pelham's 
table, bhe figure for this year is the lowest, thus bringing the value closer to the 
inve1°se regression line. 

For the correlation to be of use in pred'icting plaice brood fluctuations it is 
necessary to discover the factor which determines the main spawning month. 
Thi,s appears to lie in the wind cond,itions obtaining diuring vhe period precedling 
spawning. Veley tentatively deduces that a North component of wind operating 
during November, December or January causes the main spawning to be delayed 
until February. Early spawning (i. e. January) appears to be associated with 
South wind components in November and December whose sum is 7 m/sec. or 
mor,e. If neither of the above conditions is satisfied, then the spawning time 
will be spread equally over January or February. This is perhaps due to l'he 
plaice being contnmatant in its spawning migration, which is assumed to be in a 
southerly direction. Consequently, a "denatant" or South-going water movement 
will delay arrrival at the spawning grounds, whHe a „contranatant" or North-going 
movement will accelerate it. 

The situation during the year 1929 requires special consideration. As a North 
wind component occurred in January, the wind function should be computed 
from the February values. However, during February the resultant wind was 
from the SE, i. e. approximately at r,ight angles to the normal line of dr.i,ft of 
the spawning products. Thus the wind function cannot in this instance be used 
in bhe correlation, but instead the component of the resultant wind along the 
NE Hne is computed. Unfortuna1tely this did not occur in any other year for 
which data are available·, so no comparisons are possible. 

For predriction purposes, it is necessary to carry out the following: -
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(a) Discover whether there is a North component of wind during November,
December or January. Jf so, compute \/ (s-= N)2 +-(W = E)2 for February.

(b) If there is no North component, discover whether the sum of the Soulh
component,s for November and December exceeds 7 m/sec. If it does, com
pute the wind funcLion from the components for January.

(c) If the above sum is less than 7 m/sec., compute the wind function from the
sum of the components for January and February.

(d) Using the computed wind function, ascerlain the pla•ice broocl figure from the
graph of Fiq. 10.

Consideration of lhe rese,arch done upon the clate of peak spawning of the
plaice lends some support to the hypothesis outlined above. InformaHon regarding 
lhese dates during eight particular years has been communicat,ecl by Simpson. 
Examination of the wind data for these years revealed no northerly component 
dur.ing the appropriate November and January, �)xcept in 1947, when there was 
also a northerly component in December. 

In consequence, it was decided to investigale the associalion between the peak 
da,te and the North/South wind component during the preceding December, which 
was considered to be most critical period. A plot of this shown in Fig. 12. 
If little weight be avtached to the year 1921, a reasonable relationship emerges, 
and a regression line has been drawn in. lt is pnssible bhai a better relationship 
would be found if the wind components were available for shorter periods. 

lt is unfortunate that none of the years for which peak spawning dates ·are 
available fall within lhe period 1923-31. Moreover, the f.act that no North wind 
component occurs during either November or January prevents any confirmation 
of rule (a) for prediclion. 

lt is obvious that too much reliance should not be placed on the suggested 
pred1icbion mies until data for more years than the eight ,analysed are avaihi.ble. 
This applies in particular to years such as 1929, when the wind ruling the period 
used for comput,ing the wind function is at right anc:iles to bhe normal track of the 
drifting plaice spawn. 

(b) A s s  o c i a t i o n b e t  w e e n t h e PI a i c e o f t h e Ge r m  a n  B i g h t a n  d
t h e P I a i c c o f t h e L o w e s t o f t F i s h e r  y.

Figures of plaice broods for the German Bight represent numerical values rela
Uve to 1928 (taken as 10), and were communicated by Dr. A. Bückmann. 

For the years 1922-32, these values are shown ,in Fig. 13, plotted with simi
lar figures for the Lowestoft fishery descri'bed ·in Part II (a) -above, and with the 
same wind function. 

lt will be seen that the figure for the German Bight plaice, during the period 
undie'l· review, only rises above 5 on two occasions - 1922 ·and 1928. For these 
years the Lowestoft figures· were good, and the value of the wind function high. 
Veley tentati.vely suggests that when this occurs, some of the plaice brood of the 
Lowestoft fishery area are carried past the Dutch coast and into the German Bight, 
thus augmenting the local stock. 

This is supported, in a neg·ative way, by the year 1929, when, although the 
Lowestoft ligure was the second highest recorded, the va!,ue of the wind funcUon 
was the lowest, thus having no effect on the plaice figures for the German Bight. 

12 



___ Wind FuncUtm (J<S-Nl'+(W-El') 
________ plaic,,_ Broods (Ge„man Bef,t) 

Plnice Broods (Lowestdl) 

.... __________ _
---

o+----l----+----+----t---t---+----+----+----+----< 
n u � a � v re � m � m 
.YF F ..l'F J F F Jf' f J F J 

FIG.13. AssocIATION BETWEEN PLAICE BROODS FOR THE GERMAN 

B1GHT AND LowcsToFT F1sHERIEs, AND THE WIND FUNCTION (J(s-N)'+(W-E)') 

SOUTH 
WIND 

® 

® 

@ 

EAST WIND-r
6

------,---,----+----,----,----,
@
=-+

6
-�(i)'-,----<

10
---+-� WEST WIND 

NORTH 
WIND 

FIG. 14. W1'>JD HF:SULT,\NT PLOT_ SHOWING YEARLY COD VALUES 

Tafel 7 



NORTH SEA 

EDDY 

+ 

o·

FIG.15. THE NORTH AND CENTRAL NORTH SEA. 
SHOWING THE PERMANENT CURRENT SYSTEM IN THE 

VICINITY OF THE COD SPAWNING GROUNDS 

\'8l Wind Centre +
}
Effect of Win.d

{
Good Yeors 

0 Centroid of Narihern Spawnb19 Croumls • on Cod Fry Bad 1oors 
Note: - Currents are token from Chart 
N' 5057 In the Admiro'9' Tidal Atla.,/916 

Tafel 8 



In the years 1930 and 1932, allhoughl lhe Loweslofl ligures were above avera\JP 
and the wind functions high (7.5 and 8.0). there was no benelicial effect on the 
German Bight lishery, whereas in bhe year 1922 quoted above, a wind flinction 
v·a,Jue of 9.0, in conjunction with a high Lowestoft figure, produced a marked 
increase. This leads one to suppose that the critical wind function v,alue, above 
which increas·ed resuHs may be expected in füe German Bight, provided the 
Lowestoft fi9ure be good, is about 8.5. 

PART I I I -COD 

In this analysis lhe figures refer to tihe landings at Grimsby of cod in the 
category "Small" per day's absence, calculated by Graham ,and given in lüs Re
port on the North Sea Cod (Fishery Investig,ations·, Series II, Volmne XIII, No. 4, 
1933, Section 7). This covern the years 1905-12 and 1921-30, but estimates for 
the years 1904 and 1917-20 were obtained from R. et P. V. Volume LXVllI, p. 14. 

The wind data were for the northern North Sea, centred on 58° N., 2° E. 

Observing lhat the spawning of cod reaches ils peak during March, ,and lhal 
lhereafter lhe fry remain in a pelagic state for some 2 1/2 monfüs, Lawf011d con
sidered that the best period for study was March to May inclusive. The wind 
resultant for these three monlhs was computed for mag•nitude and direction and 
plott.ed, the ye•a.rly cod value being noled against each point (Fig. 14). If good 
year,s be taken as those whose cod value is above 4, it will be seen that good 
and bad years fall into two distinct groups. 

Considering next the main spawning urounds, these are given by Graham in 
Section 5 of bhe above report as the Fort-ies, Ling Bank, Fisher Bank ,and 
Flamborough (Fig. 15). The first three are conti9uous and can be considered as 
a single 9roup, Admitted.\y, accordin9 to Graham spawni119 is most concentra,ted 
in the Flamborough region, but it is suggested that, due to the 16 : 1 ratio in area 
of the two separate groups, the effect of this region may be considerably reduced 
when total brood strengfü is at issue. Accordingly, and to simplify the in
vestigation, attention was focussed on the three northern grounds, which contain 
t<he wind reference point. 

An approximate centroid of lhe spawning area was eslimated at 57 Y,0 N., 2° E. 
From lhis point the resultants shown in Fig. 14 were converted ,into w,ater 
movements induced by the wind during March-May. For this purpose it was 
assumed that 1 °/o of tihe wind travel was translated into water movement, which 
is an. average vah1e obtained from bhe current investigiations referred to in the 
Introduction. 

PloHing these movements on the Admiralty current chart of the North Sea, as 
has been clone in Fig. 15, it was seen that all points represenUrrg good cod 
years lie within Tait's Great Northern North Sea eddy. For only one bad year 
does a point fall inside the eddy, and then very close to the edge; all other bad 
year,s lie far outside it. 

Lawford tental'ively suggesls, in explanation, that during years when the fry 
are carried by the wind-induced currenbs into the eddy, they remain there while 
pe]a,gic and subsequenlly form part of the North Sea stock. On bhe otiher hafl'd, 
in years when the fry does not penetrate into the eddy, the bulk of lhem may 
be carried by the permanent current system to ·a•reas where they are lost lo the 
North Sea fishery. 
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Altempts were made lo discover a correlation between a wind funclion and 
lhe cod figures, but without success, it is bherefore not possible to give any 
quantita,tive prediction. If mo1,e data were avaiJ,able to !end support to the ideas 
sugg,ested above, it might be possible to accept, as a satisfactory method of 
prediction, the qualitative forecast offered by Fig. 151 ). 

Ap p e n d ix I-N o t e s  o n  Wi n d  Da t a

The wind data preparnd by Dr. Dietrich referred to three areas of the North 
Sea, and were compiled from observat'ions made at the following stations: -

Northern North Sea (centred at 58° N, 2° E) - Tynemouth, Lerwick and Oksöy. 
Central North Sea (centred at 551/2° N, 5° E) - Tynemouth, Oksöy and Emden. 
Southern North Sea (centred at 521/2° N, 3° E) - Tynemouth, Emden and Paris. 

The basic barometer rea,dings were corrected for gravity and latitude in the 
standard manner, a'!lcl due allowance was made for friction and deviation. 

For the ha!f-century now ended, tables were prepared for each calerndar month 
giving the residual wind, both in cardinal components and as a vector, in m/sec. 
Monthly and yearly means were also given. 

In adldiHion, for each month anomalies about the monbhly mean were shown by 
means of arrows whose length was a measure of the departure from the me·an 
magnitude and whose "true" direction indicated deviation from lhe mean 
direction. 

Ap p e n d ix II - N o t e s  o n  Av a i l a b l e  Fi s h  Da t a

1. HERRING

(a) E a s t A n  g I i a n  He r r i n g The f ig·ures used are the percenta9e ol 
3-year old fish appearing in the shoal ana1yses 21/2 years after the time of 
spawning, and therefore depend upon the actual numbers of the shoal itself. 

If there were a success'ion of good ye1ars, then the percent,age figure might 
appear to be low, although the brood survival would have been good, the oppo· 
sibe would occur if there had been a number of consecutive bad years. Neither 
of these conditions in fact arose d'Uring the period analysed, but should either 
happen, the percen,tage figure w011ld have to be suitably weighted. 

(b) Be I g i a n  S p e  n t He r r i n  g -Gilson's mean weight of a day's capture
is an entirely acceptable measure of the indrustry, but it may of course be modified 
by outside events, such as strikes. 

2. P LAI C E

(a) L o w e s  t o f t  Fi s h e r  y Da t a. - These data are the least satisfactory
of all the fish dat·a used. The values refer to the landing,s per 100 hours fishing 
and show the relative abundance of each year-dass in its Vlth yea.r. Obviously 
this figure could conta,in !arge errors when employed as an estimate of original 
brood strengfö, and it is therefore remarkable that such a good correlation 
emerges. 

3. COD

Althoug'11 the figures used dearly indicate the difference between groups of
good and bad years, it is by no means certain that differences wit·hin these two 

1) Thc depicted circulation in Fig. 15 depcnds upon Tait's invcstigations. 
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groups are significant. For insta:nce, a year having a valuc of 6 may be equally 
as good as a year having a vaJ.ue of 7, the unit difference being caused by 
the method of calcularion. 
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