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statistical retilriis of tile yield of tlie great sea fisheries show 
tllat tliere are great f!iictuations in tlie catclies froill year to year aiicl 
froin periocl to per-iod. SIi~is  tlie brolten curve a t  tlie bottom of Fig. 3~ 
(page 10) sliom7s the flnctuations of tlie iiilmber of skrei cauglit in tlie 
Lofoten area of noi-thern Xorway in tlic diffei-erlt yeal-s froin 1885 to 
1039. Sliese fliictiiatioils iiialte tlie planning of tlie fishi~ig industry 
difficirlt. I t  is obvious that if it were possible in some wajr to forecast 
tlie size of the aziiiiial catches for a short fiiture periocl --- 5 or 10 years -- 
tlie pl~~nnirig of the econozxical exploitation of the stock of fisii woi~ld 
be greatly simplifiecl. Everi if it were possibie osily to tell with some 
cei-tainty that  a fiitrire 5-years perioil ranges amoiig tlie good, tlie 
average or tlie poor 5-grears pel-iods, mucli ivould be gainec!. 

TIiese fllictiiatioiis in tile yielci have beesi rnacle subject to intensive 
research ever since the scientific fishery iiivestigatioris were startecl. 
Slie i~ltiiiiate aim of thesc researdies has been to fiiicl tlie cailses of 
tliese fluctuations. i 'nd  even if o i ~ r  knowledge as to tbese causes is 
inr frosii complete, rn~ich iriformation lias been gatliered. H jori? 
(ICIl4) succeedecl in proving tilai. the size of tile year-classes of tlie same 
stock fluctuates gre~ttly and coiiclrrcleti froni this that tlie illain cailse 
of the f i l ic t~a~io i i s  in tlie an~iual  yield liacl to be sought in the fliictuating 
rei-iewal of !hc stock of fisli. As to tlic causes of tile fluctilations i11 the 
size of the year-classcs s~iorc llypotlicses bave been forwarclecl, hut illei-c 
ha?; not yet been giveil ;~!iy genei-ally acceptecl explanatioil. 

liesearciicc iii the later years liave proved that considerable corres- 
pondence cali bi. foi;ricl between tliese flrrctrrations in tlle size of the 
yeal--elasses ailci. tlie fliicturttions in tile annual yieltl. Isi some cases it 
has heeii cleiiioiistrnted that  this corresponclence is so close tliat it appears 
to be posciblc to forecast tlie size of the catcli In the ilext year. Iii tlie 
Iiepoi-t oil tlie ski-ei fishei-ies in Lofotei1 1039 ~IOLLEFSEN l ~ a s  publislied 
the rcisult of his coii~.putatioii of the jrielcl iii l040 (ROI,LEFSEK 3.940). 
A.;.;iiriiirig tlie fishery otherwie i~oriiial in 1940, the forecast of tlie yield 
arnoi~nts to 30 millioii skrei. I t  ~ i i a y  be possible - as I hope to cleniori- 
sti-itte iii tlii.5 nrticlc -- to forec;$st tlre yield in qziite a differe:it \va.y, 



arid this otlier inetilod wlien riset1 on tlie salile problem gives a forecast 
of tlie yielcl iii 1940 whicli aniounts to tlie very sarile number of skrci. 
i11 tile season in question the act~ia! yield ivas 25 iliillio~i skrei, but for 
varioris reasoiis tlie fisliing seasoil Tvas slioi-ter t1ia.n usual. 

Tlie yield clepencls, of corirse, on otlier factors tliaii the size of the 
stock. Tlie weatlier coiiditjons certainly malie ciifferences frorii year 
to year aiicl in some cases tlie price of fisli proclucts and otlier liiarket 
conclitions iiiay irifluerice the yield. I t  is also well Icnown tliat liyciro- 
gi-apliical coiiditioizs liave soine influenec o11 tlie 1u.igratioii of tlie fislr 
to tlie fisliirig gi-onlids. I t  is obvioiis, ltowever, tliat if the fl~ictiiatioiis 
iri the size of the stocli were eliiiiiilated, the fluctriations in the yield 
\~loiilcl be cli~iiinishecl. 

If it were possible in soiiie wny to describe the fluctuations iri the 
relative size of the stocl; by nieans of a curve, the fluctuations in tlie 
yielcl measurecl froni tliis curve woulcl bi: iinucli restricted compared 
with the total flrrctriaiions. But as tliere are always other factors that  
make tlie~iiselves felt, tlrere will still remai~i fluctuations iii the yicld. 
111 conseqilence the forecast of the yielci by rneans of tlie fluctuatioiis 
in the size of the stock woulcl appear to be inore or less reliable as tlie 
otlier factors influence tlie yielcl iii a less or more clominaiit way. 

Observations of tlie age coiil.position of samples of young fisli point 
to the coneliision tliat the size of the year-classes is cleterminecl a t  a11 
early stage in the life liistory of the fish. Tliese observations on carefrilly 
planned samples may, tliercfoie, be iised as a material for computation 
of the relative size of the clifferent year-classes a t  the tilne lvlien these 
enter tlie stocli of fish wliicli is exploited tli~.ougli fisiling. Usii~g tliese 
saiiie observations, a jrrclgeme~it may also be lilaile as to tlie future 
biological foundation of the fisliing industry. Tliis metliocl of attacli lias, 
however, been provul to be hotli expeiisive and far froni sirnple i11 
practice. Sliere are also soiiie otlier iiietliods in use, srich as tlint eisiployetl 
by  ROLI~EFCEN (191-0). 

i l lere is still a riiethod of attacli not yet t;tlien into account, to 
wliich I want to draw the attention of biologists. Tlie foilnclation of 
tliis metliocl is a caleful stucty of tliose factors xvliicli are the inain causes 
of the fluctiiations iii tlie size of tlie year-classcs aizcl tlius also tlie inaili 
causes of tlie fluc"c1:atioiis in the qrxantitatiie rerielval of the stock. 
Now, oui- kiiowleclge of tliese factors is fal- from co~ziplete. lire c10 not 
kiiow for instance wliicli f~tctors are tlie maili causes. If it cari be provecl, 
Iiowever, tliat these factors are of sircli a iiatrrre tilat tlieii- influence 
on the renewal of tlie stocli is periodical aiid the periocls cari be appioxi- 
iiiately specified, mucli woulcl be acliieved even if tliese factors tlieiii- 
selves remain rinkilown. 



In recent j~ears stndcnts of forcstry ;inc1 hotnny have iiivestigatecl 
~7itl1 great eiicrgy tlie variatioii of tlre widtli of tlie annual growtlr- 
zones in forest trees. Tliese investigations point to tlre concliisioii tliat 
tlie series of growtli zones ai-c composed of a relatively small iilimber 
of periodical or period-like varic1,tions. As tlie various reports on tliese 
investigations canriot be reviewecl in a short article as tlie present, I arn 
bouncl to  refer tlie i-e;~cler to tlie extensive literature conceriiing the 
subject and to i-estrict iiiyself to say that in iny opinion tliei-e is rio 
cloubt tliat tlie inflt~cnce of the cliffereiit factors cletei-mining the ~viclth 
of tlie anilnal gi-owtli-zoiies are perioclical. Slie pcriocls are, liowever, 
perliaps not quite peniianmt, in any crisc \vileil very long series siicli 
as 200-300 years are corisidered. 

ORDIKG (1941.) lias iiivestigatecl tlie variation of tlie aiiiiiial gi-owtli- 
zories of Norwegian pine and sprtice. His longest series of observations 
(pine) has been collecteti i11 Sorfold, a clisti-ict sitriated close to  tlie 
Lofoten area. Using the inforiiiation obtainecl by ERI~AJ\.DSS~N (193G), 
ORDING lias cleilioristraterl that ccrtain periotlical variations assert 
tlieiiiselves in tlie series. Slie riiost prominent periocls liave tlie followiiig 
leiigths : 

2% years, 854 yea.rs, 17. years, 17% years, 23 ycars, 35 years a~icl 
57 years. 

Tlic lengtlis of tlie periods cannot, of cotirse, be specifieci cliiite 
exactly and are, therefore, only approxiiiiate. SIie periods whicli \vill 
be referrecl to later, are those of 11. years, 17%, 23 anet 517 jrears. Tlie 
pliases of tlie different periods can be gi17eii by nieans of tlie positioil 
of tlie rnaxiina. T;STitliin tlie period clisciissed liere, these positions or 
years are: 

the Il -ycars pel-iocl: 1.873, 1886, 7 89'7, 1908, 1919 aiirl 1930. 
n 7 7 !,4 1805, 1881y2, 1%1)0, 1017% :tiicl 1933. 
i.) 23 -1)- 1869, 1892, 1913 rtlitl 1938. 
0 57 -j)-- 1873 and 1930. 

, . Ilicse perioclical variatioiis may be coiisiclered cis iric1ic:tting v;),i-yiiig 
irrfluences of tliose cliiiiatic factors mlriclr cleterii~.iile the gro~vth rate 
of tlie pine witliin a certain geograp!lical region. I t  iiiiist be legitiliiatc 
to assrime tliat tliese carne cliiiiatic factors als« make tliemselves felt 
in soriie otlier hiological p!ic~iomen;i \vitliin tlie same region. As S@rfold, 
wliere ORDING liat; collectec1 liis riinteri?,], is sittiatcd closc to tlie Lofoteil 
area aiid as tlie clevelopme~it of tlie slirei fry tali-es place iri tlie surface 
layess of tlie sea. in tllis region, tliesc saiiie c1im;itic eleineiits ai-e possibly 
also affectii~g tlie cleatli rate of the slirei fry. Now, if tliis reasoning is 
correct, tlierc iiirist exist a iiioi-e 01- less close agieeem.ent between the 



variatioii of tlic size of tlie year-cliissci: of tii- il;~-ei xiiil tlic vasiatioi~ 
of the wicltli of tlic giowtli zorics of tlic pine. 

I t  is, ohviously, prernature to go fnrtlier oil tliis trxcli of tliinlti~ig. 
We have ur~fortunately too scarce informatjo~i rcgarciii~g Illose fnctors 
wliicli deternxiae tlie deatli rate of tlie skrei fry and tlioi-e climatic 
factors n~liiclt inny be of account ill tllis cciinectioii. Ou1- ignoraiice 
slioulcl not, l iowe~er,  prevent 11s froin forriliilatirig ille l-iypotlicsis tliat 
:L corresponclencc csists betivcci~ tlie varialions of tlie size of the year- 
c1:tsses and tile variation of tlie ~vitltli of tlie gi-owtlr zoiics anti from 
trying to coiiipute tlic liypothei-icxl f!iict ilntion of tlie aiiiirinl yicicl of 

r % i l - y  Ille result originatirig froril tliis c«rill>utatiol?. ~votiltl J ~ L O ~ J C  or 
ilisprove iiiore or less convincingly iviietlier or not thc llyl~otlicsis is iil 

accordaiice witii rcality. 
It is no casy tasl< to lirtncllc tliis problt:~ii. 'l'iie series of ob.5tbrvations 

of the aiiii~lal catches is too shoi-t to be ti.e:ttetl witli t!lc orilinary irii:tIloti 
, . 

of periocl analysis. Ilius tlie mnleriai iisecl liere is t!ic niiiii1)er oi skrei 
caiiglit :~iin~rally iii tlie Lofoten area iii tl1c relatively sllort pel-ioii ri-on1 
1885 to 1939. Lackiiig tlie opl>ortiiiiity to ilse the ortlinnry ii~etllod, I 
liave triecl to comhlne the four meiitiorietl periods rc~.~e:~lcc! by tlie arla- 
lysis of the sei-ics of gi-oxvtli zoiies of pine, iii sncli a way :ts to get tlie 
1)cst ripproxiriirxtion to tlie obscrvations of tlie yieltl. 'Flle lcngtlis x i t l  

pliases of tliesc periotls ai-e giveli above. iii 'Lile coi-i~l)iit:ition tat~!ris 
tlicsc pel-iocls are srrbstituted '»y sine fi~iictioiis. 

P .  Ille perioilical varjztioiis revealeil by the ~aialysis of  tlie groxvtlr 
zoIle are eert;Liilly ii<jt i$-licll-- c ) ~ ~ y  ~ , C L L J , . C L ~ L L L L L .  Iii ~ I Z Y  c:~,>c ~ L ! L L L ,  '37,-.'l 

 re alteratioiic of tlie niii.plitiides. 1 rnay refer ille j-cnc!i'i to Oi<uii\r~ 
(1911), Table 21, pnge 231.. iis iiiy series of olxervatioiis is re1;itivcly 
sliort (oiily 55 years), I liave disrcgi~rdccl tllis va:-iatioii aixl usi(l tlic 
pcriocls as perriiaiieiit componen ts. 

Slie effects of tile factors iriflriencii1,g 0111- plici~omeiion nr<: 1:oisil)ly 
not iiiclcpenclent. If, for instaiicc, tlii-ee or four jieriocls reiteli tl!cii 
inaxiriziiiii a t  ahout tlic same tiiiie, iiitei--p1ienoii1i~iii:~l hctor-s iiiay 
malie tbciiiselves felt, preve~iting tire imxiiinirir efiecis to crrn~ulati: i11 
full force. li1 a plant for instaiice, there are cert;ii~ily iliterilal fnctors 
~1711ich riiay prevent tlie esterilal factors f r o n  asserting tl~ei~~se!ves iii 
the annrial growtli as a simple ciiii~ulcltive proci:ss iil tlroce cases v11ie11 
tlicse external fnctors are a t  tlie saii1.e iiio~nent in t!icir riiost favoiirable 
or most uiifavoiirxble stnge. ;Is a conseqrience of tliis we slioiilcl not, 
perhaps, use sine fniictioils as  algebraic expressions of the effect of 
tlie external factors. Now, iii course of i i ~ y  rescarclics tliere alm arosc 
a i~iiiliber of otl-ier probleilis arit1 I liacl oilly to cut all of Ilicnr olit iii 
orclei to coiiie to s preliiiiiiiary concliision, 



Froiii liis itrit1ii.s of I I i i  age ci?i~ipositiorl of 1:~igc salri.p!es of sltrei 
iri t1ic I,ofoie~i rxrc;L 1201,s~~i;srss (1033) cariie to the conc11i:;ion tliat a 
jrrrir-cl;lss cositrilti~lcs to the stock for the i'irst time a t  au1 age of G years. 
, - 
i lie anr!iinl coiitiligent increnses iintil all age of I0 to 3 1 years aiid frozii 

tliat rige it decreases. 7'lie altcration of tlicsc ariliual contiiigeiits can 
riot yet l x  exactly specified, ai~cl. tliei-e are reasoris for assiiiiiizig tliat 
tlle tlei~eiopiiient is not cxactly tlie sanie in all year-classes. 'Tliei-e is 
tliiis I-c:acon to believe tliat tllel-e is sosire cliffereiice betwecn a fast 
growirig arid a slowly growiiig year-c1a.s~. 1,acking cxact informatioii 
< > r i  tliis poizit nTe iniist Ilse avcl-age clnta. The iiiiiiiber.~ iisc(l iicre ill 
order to c:tlcul.ate tlic anilrial coiilirigcrits of tlre tliffcrerit year-classes 
to tlie stock of sltrei, are obtrxincd tllroiigh graduation of obscrvatiorrs 
of the agc coni~iocitioris of n large nu1111,cr of sari~ples (not yct publislled) 
wliicli Ror.r,~~~sii?: iiiost Itiric!ly lias ~ilaceti a t  niy clisposal. il'lie numbers 
xre tlie ra.tios of tlle contingelit 11(t --l-- 1 )  of a. yeai--elass a.t tlie age cf 
t -k l ~7e;trs arid the contisigeiit h( t)  of tlie previoris year. 'I'liese ratios are: 

l lie tccliiiical inetliod of coiiiputatioii ~vliicli is uxt l ,  cali be clescl-ibect 
sliortiy as fo l lo~7~ .  Fil-st tlie val~res of tlie four sitle fiiiictions wliich are 
l-akiii ;is rt:l~reseiitatives of tlie periocls, are calcrrlatec! for eacli calentlar- 
year. '%e Icligtli:; ant1 pliases are giveil above. Tliese values are the11 
nsccl as uelritivc pxp~-essio~~s of tlie cffect of t!rc four factors (or facior- 
coiiiplexes) ililiimciiig the size of tlle differeiit year-classes. Noso, tliese 
eff::cts make tlieiiiselves felt iii the stock of skrei 6, 7, 8 . . . . . . years 
later. 111 order- to get the corrcct figrires \ve i i~ust ,  tlrerefoi-e, calculnte 
tlie pro'iuct of eacli sine value anil iii tnrri tlie cliffei-ent ra.tios clescribiiig 
tlie alt::rntion in l-lie aniiual contiiig;.nt of tlie single year-classes. 
r .  

Ibe annual sri111 of the numbers obtainecl iri this svay, will tlieii staild 
for the r-elative effect of each fnctor on tile size of the stoclt. For illu- 
stratio!? Tahle l is piiblisliecl. I t  is a siiort ciit in tlie coiilputation table 
of tile effect of tlie Il years period factor. 

r .  lire figures obtai~iecl in tliis way are grapliically given a t  the top 
of Fig. I (the four uppermost curves). Slie annira1 surn of thcse figures 
is grapliically given ill curve no. 5 iri tile salne figiire. At tlie bottorii 
of tliis figiire the 1.31-olteii curve is c, graph of tlie ariiiual ziriiliber of sltrei 
cauglit in tlie Lofoteri area. I t  will be seen tliat tliere is a close reseiil- 
blance bet~vecri these t ~ v o  curves. l?otll cnrves have maxiliiuii? points in 
tlie years 1895 alict 1930. SIie hypothetical cirsve lias in aclclition a 
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S i n e -  

iiiaximum point iri 1907 and tliii point coincides with tlie iilaxiiiiu~ii 
catcliei, in 1906 ancl 1907. Iiurtlier tlie liypotlietical crirvc hai a ~iiiili- 
111~1111 poiilt iii 1935-36 anel thi5 corresponcls to tlie ininimrim catchcs 
in the same years. 

The figmes beliincl tlie foiir uppermost curves iii the fig~ire are 
only relative expressioiis of tile effects of tlie four factors. In  orcler to 
get figures which are coiiiparable with the iiuilibvrs of sltrei cax~ght, 
we have to coiiipute a wzightecl sum. Using x,, as the syiiibol of the 
effect of the Il-years perioclical factors, x,,, x,, aiid x,, as sy~iibols 
of tlie eifects of the other factors and y as a synibol of the hypotlietical 
iiuiiibei- of skrei caught, we have: 

I n  order to fiiicl the vnlues of a ,  b,  c, cl ancl c 1 have ii\ccl the 
hIethocl of Leait Squarcb. Th- valuei fouiicl in this way are: 

I waiit to warn against tlie tlioiight tliat these valties are absolute 
expressioiis of thr  significarivi of the val-ioiis factora coiisiderecl as 
ertuses of tlie fluctuations in the size of tlie year-classes. 'L'liey are oiily 
tliose values that sliould be iiserl iii orcier to get tlie best approxitiiatio~i 
to the observations by iiieans of the ioui- selectecl perioclical variatioiis. 

Tlie liypotlietical numberi; of skrei are grapliically given a t  the 
bottoiii of Fig 1. I t  will be seeri that there is a close agree~iient bct>veeii 
tlie observecl ailcl the computed niiiiibers. The indcx of coirelatioil is 
equal to 0,84. There are great disercpaiicies, of course, but talicii as 
a wl-iole, the iiiain character of the two curves is tlic saine. More diffe- 



See text 
P- 

- - - -- - - - 

c l a s s  
-- p- - 

1904 1905 1 1906 1 1907 1 1908 / 1909 1 1910 I 1911 1 1912 I E 1 3  1 1914 
---p- - - -- -- - (rouricied 

v a l u e  -- , figures) 
- G ~ , - I ~ I  + 4 2 / + ~ 4  / + I ~ O / + S I I + ~ ~ ! ~ - I ~  - G G ' - ~ G / - ~ G ,  

9 5 1 0  910 1 0 2  841 l 

1 1  130' 2 1 6 0  2 "5 9 2 5  I0Ol 
8 0 1 0  2 6 0 0  6 050  5 270  1 100 84; 
4 800 1 '30 7 271!12 100 6 270  925 42 
240010~~50SS115501i410i270 4 6 2  l i  
1 200 5 4 5  1 000'10 1701 7 320~12 100, 2 6 3 5  1651 66' 

6 0 0  2 7 3  1 i 3 0  G 120 i 2 1 2 0 1 1  550; 6 0 5 0  9 i0 725 96 
3 0 0  l 3 6  7 6 5  3 060 7 2S010 l 7 0  7 174 2 1 6 0  4 1 3 0  1 000 96 - 203 

rences can also be acco~~tited for by facts kiiown to lis - such as weatlier 
conditions, marltet conditions a. s. o. - bilt I c10 not fiiid it  necessary 
to eiiter into cletails. 

111 rny opiiiion the agreeriient between the t ~ v o  curves points to 
the concliision that the fliicttiations in the annilal yield of the skrei 
fishei-ies of Lofoten are caused by factors the effects of whicli are perio- 
clical. I n  any case it certainly \vill pay to carry oil tliese i-esearclies 
on a nitieli bigger scale. First, liowever, new analyses of the periocls 
of the annua1 wicltli of tlie gro~vtli zones in trees sliould be carriecl out 
iri order to procluce better clata as to wliicli perioclical variations slioulcl 
be triecl. Better figilres of the annua1 contingents of the single year- 
classes to the stock of skrei woiild also be clesireable. 

If it  were possible to give a reliable proof that the fliictuations iri 
tlie annilal yield are as to the iiiain cliaracters a coiiiposition of a rela- 
tively siiiall numher of perioclical components, and it  were possible to 
specify, approsimately, the doininant perioclical coniponents, a metliocl 
were founcl by riieans of wliicli a forecast of the aiinual yielcl can be 
~iiade. S i~ch a foi-ecast can only be iiiacle iincier tlie assuinption that 
tlie fisliing techniqrie remains unalterecl, in aiiy case if tlie forecast 
shall inclucle specification of tlie absolute size of the yielcl. Even if 
however, the technique is altei-ecl, such a forecast woulcl lielp towards 
siiiiplifying the planriing of the fisliing illdustry. 

If the liypothetical ciirve in Fig. 1 were carried oil to the right, 
a forecast of the annua1 yielcl of the Lofoteii skrei fislieries woulcl be 
given. As iiientionecl above, tlie forecast of the yielcl in 1940 amounts 
to 30 million sltrei. I t  serves no end to carry on tliese calculations iiiitil 
more reliable ant1 inore far-reachiiig investigations are acconiplisliecl. 
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During tlie later years tliere lias 11eeli an increase in the anni!nt vicld. 
This iricrease seems to be a sign of a new profitable fisl-iiiig pei-iocl. 

I am, of course, awai-e tilat the result of tliis pi-elirninary iilvcsii- 
gatjoil cail ~ s t  be taken as a. rel.iable proof of tlie l~ypotliesis il; qiiestion. 
It is ;Lisa a facl tliat the metlioii wiiich T lrave eriipli>ycd, is opeti to 



criticisn and rnrrst be iiiiltrove<I. Still it seems to nie tilat tlie residt 
is so promisiing tllat it urill certainly pay to carry on the investigation. 
But as tliis '~voulcl illean rnany years of future work ailcl I aiii personally 
lacking the opportu~iities for such investigations, I liave fouiicl it woi-t11 
~vllile to publish tlris sliort accoiint of my icleas and tlie results of tlie 
preli~ilinary researcli. 
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