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RELAP..IOlTSI-IIP OF PA.REIJT STOCK SIZ:G AIID YEA.R-CLASS STRENGTH TIT 

lJOR~IEGIA}J SPRING 3PAUnI1JG E~RRING 

UTTRODU;]TION 

The attenpt to gain a better m"lderst~Lding of the recruitmeDt 

prob~ew of marL~e fishes has been approached in several ways. 

Theoretical contributions to the study of the llLter-relationship 

betueen the size of the parent stock a:1.d recruitr;1ent have been 

published (e. g. Ricker 19 5L~ J Beverton an.o. Eol t 1957, Cushing 1968 ), 

&"'1.d exte:Cl.sive larval studies have been carried out at several labora

tories (e.g. Bla.xter 1965, I'::empel a."'"ld Blaxter 1963, Ahlstror.! 19.5L1-,196.5) 

in order to elucidate the fluctuations D~ year-class strength. Factors 

controlli..:."!.g the recruitment necha:1.ism in the adult stocks ful.d the 

effect of fisheries on i~~ature fish are problens frequently being 

investiga tea (e. g. Cushin.g 1962, Zijlstra 1963, Anon, 196.5) • 

The illTI"lual number of fertilized eggs ill1.d the subsequent number of 

yOUl"lg fish (the recruits )ar.:; related DJ. sor::.e ,vay to the abU!.l.dance of 

the spa1"l11.li1.g stock. The nature of this relation is not kno·wn. A marked 

rela tionsl"lip bete-leen the a.l.l':mal number of eggs produced (the spa11lTI.ing 

potential of the parent stoel;::) a.l.d the lll.u:iber of subsequent recruits is 

demonstrated for SODe species of fish ,·rith lo"U fecu.l1.dity, e.g. spurdog 

(Eolden 1968). SiDilarly an indication of such a relationship is fOUl~d 

in. some relatively s~all stocks of Pacific herring (Clupea pallasii 

Vale11.cienn.es) in. British ColUDbia (Taylor 1963) a..."'1.d in the Do,ros stock 

of herring in the Eorth Sea (Burd and Eolford 1968), but no trend of 

decreasing recruitment ui th decreasing spa.,,'ming stock has as yet been 

deLlonstrated for the other major stocks of herring in the North Sea 

(the Buchful. atl.d Ba.'1.1:: stocl:s) a.::.'ld in, t~'le IT o rvlegia.::.'l Sea (the IJ orwegia.lJ. 

sprin.g spa-vm.i.:.1.g herring). EOl-rever, "Ji thin the ra...J.ge of population 

sizes for v/hich data h.ave been available for these stocks, a relation

ship between the Spa1~'ling potential of the parent stock llil.d subsequent 

year-class strengt~ is difficult to trace due to the variation D'l the 

normally high natural hlortali ty of the very you_ug stages. 

In the present paper year-class strength as adults a."'l.d. before the 

herring are subject to fishing (at about six months of age) is coo-

pared with tIle parent stoc1-::: size. The opavming potential of the parent 

stock is co:wpared vd th subsequent larval abundance lliJ.d figures of 

mortality for larvae collected llJ. spring of 1968 atl.d 1969 are presented. 

The predator effect during the egg stage ru~d early larval development 

is discussed, an.d some concluding remarl:s are given on the probability 

of the spa~n1.ing stock to produce nlli~erous year-classes when the stock 

size fluctuates at the present low level. 
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J:.JJ ... T:ERIAL AHD I~'TEODG 

The major part of the data are obtained Iron: 

1) taggllLg experinents carried out in 1952-1965: 

2) samples of herring collected during the IT orivegia::.1. 'V,in ter 

herring ~~d young ffi~d adolescent herring fisheries ~~ 

19l;t7-1970~ 

J) O-group fish surveys carried out in 1959-1969; 

4) surveys conducted during and subsequent to spaleming and 

hatching ll2 1968-1970: 

5) official fishery statistics. 

Adul t hcrri...."'1.g 

Results of the extensive tagging experiments conducted by the 

Fisheries Hesearch Institute: Reyh:javik ai"ld Institute of I;larine 

Research, Derge:.1. are published by Fridril':::sson a..~d Aasen (1950,1952), 

Dragesund ffi1.d Jru~obsson (196J), DrageslliLd (1970a). The method used to 

estimate the adult stock size from tagging experiments has been described 

by Dragesund fu~d Jlli~obsson (1963). 2stimates available for the period 

1952-1965 are given by Dragesul1.d (1970a). 

In order to a."l.alyse the year by year variations of the spa-vming 

potential, the stocl:: size in tOLS in different years 1'lere converted to 

numbers of fish by length (DragesUl2d 1970a). \:Jith data on fecw"l.dity 

by length (Baxter 1959, ParrisL ru1.d Saville 1965) the nLunber of eggs 

deposited each year could be calculated, The samplll1.5 procedure for 

age, length aad 'Height deterr.1ination of adult herring during the 

Nor1';egia:;.1. 'winter lJ.erril1.g :fic~_ory( t::'.:.e Spa1'mil1,g season) is described by 

DragesillLd (1970a). 

YOQ"'1.g ai1.d adolescent herring 

The material of yOllilg m~d adolescent herring includes data from 

acoustic surveys a:;.~d herring sanples. The method used for estimating 

O-group ablli~da.~ce at about six months of age is described by Drages~~d 

(1970b), where estimates of the year-classes 1959-1965 are also given. 

20r those of 1966-1969 data are available froB the inteTILational 

O-groupfish surveys (Anon. 1966,1967,1969a,1969b). 

The age cOLpositions of yom~g lli~d adolescent herring are from reports 

published by Drageslli~d (196J,1970b) fu~d fron lliipublished records availa

ble at the Institute of Harine 3lesearc1i, Bergen. 

Herring eggs fuid lQTvnl herring 

I-:erring eggs and larvae l'lere collected on surveys covering the 

coastal baD,ks froL:l Stad to Lo:foten. '2ggs 1'lere collected with dredge or 

obtained :from stoI:lach c011.ten t of' haddocl: 8.J.."l.d sai the fished 'Vli th bottom 
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travTl. IE 1968 :foux ru"Ld in 1969 :five successive larval surveys ""vere 

carried out froD hat chL.J.g fu-:J.d duri...""'lg the follovlll1.g five to six ~·leel:s. 

The material of herrL-:J.g larvae collected L-:J. 1970 is not yet worked up 

ru1.d Cfu-:J. not be included in tILLs report. 

Oblique hauls 't'rere takell. ,vi th Clarlce-Bumpus plal1I:ton samplers equip

ped ,'V"ith sill: nets of' f,lesl"l size 0 • .50 nm. The sarapli:.-:J.g depths were 

25-5 rn, 50-30 I::l fu-:J.d 75-55 m. The total t01r.Ul.g tine was 20 hlLJ.utes, 

fu-:J.d the tov.rL..'J.g speed betl'Teen 1.5 fu-:J.d 2,0 knots, All sar.:lples were pre

served. The larvae ,·lare cOU!.-:J.ted a.."1.d :oeasured to the nearest r:n;: belo1'l, 

a.."'1d sorted in to larvae vIi th and vIi thout yollc sac, tae results being 

expressed as the nUIllber of larv·ae belovI 1 n? of surface (Drages1li1.d 

1970a). 

Echo· cOlll1.tL-:g 

COllil.ting of fish (~all1.lY haddock rul.d saithe) "ros carried out L~ 1970 

within a li8ited area off I!i0re. The Simrad echo integrator (oy:) in 

conjunction with a 38 yJ-Iz Sit:1rad Scientific sounder w·as applied. 

When possible the integrator 'das calibrated by paper COUlltS. The method 

applied is described by Eidttlli-:J. a...-:J.d Ual::l:el1. (1968). The integrator rea

diags '!clere converted to fisll. dellsi ties and the :;:].umber of fish <vas fOUt"'1d 

luSULTS 

Stock size 

Estimates of tl-:.e absolute size of the spm·ming stock of Hor"'legia::."l 

spring spaVLl.L~g herring 

In the present paper the 
\.0 

series ~ extended .. .rith al"lotner eight years, 

The estimates for the period 1953-1968 are based on tagging experiments 

(Drages~Ld m~d JaEobsson 1963, Drageslli~d 1970a) fu-:J.d combL~ed acoustic 

surveys m~d llii.der'!clater photography experiOel"l ts (Fedorov, Trusl:a."'1.ov a..~d 

Yudac"'10V 1963, Anon. 1969c). Ti1.e absolute size of the spaw:n.il1.g stock 

during the period 1947-1952 has been derived froQ catch per unit effort 

data(the drift net fis~erf) giveti by 0stvedt (1963). The abwlda..-:J.ce 

indices sho"t'led that stock size remained at about the sane level during 

this period an.d vlas somel'lhat lOvler thaIl that which occurred i:c1. the bid .... 

1950s. The average ablli1.da.~ce figure for the stock size during the period 

1947-1952 was about 85 per cent of tl'le average figure for the years 

1954-1956 •. TIle Spa1rmillg stocl: sizes for 1969 ru~d 1970 are derived from 

data in the report of the Atla.""'lto-Scandian. Eerri::'1.g Horking Group 

(Ai~on. 1969c) applyh~g a total nortality coefficient of 2=0.44. Figures 

of t:~c: ::l.bo::l-:::t-.:. size of the spmm.ing stocks for the period 19l~7-1970 

are given ~~ Table 1. 



Table 1. 

Year 

191.-.. 7 
19L~8 

19L~9 

1950 
1951 
1952 

1953 
1954 

1955 
1956 

1957 
1958 

1959 
1960 
1961 
1962 

1963 
1964 

1965 
1966 

1967 
1968 

1969 
1970 

Spaw:i.1.ing stock size in uillions of r:1etric tons durin.g 

the period 1947-1970. 

Acoustic surveys, 
rn • .!.agg1.11.g under""la ter Deduced E':ea:.J. 
experiBents photography figures 

10.7 10.7 

10.7 10.7 

10.7 10~7 

10.7 10.7 

10.7 10.7 
10.7 10.7 

12.5 12.5 

12.2 12.2 

13.9 13.9 
12.0 12.0 

9. L} 9. L~ 

6.6 6.6 

5.0 6.0 5.5 
l,l.5 ~·.5 

3.5 3.5 
2.5 2.5 

2.9 2.9 

5.0 3.3 4 '2 .J 

7.7 /" (') 
0.0 7.3 
6.5 6.5 

4.0 L~.O 

2.0 2.0 

1.3 1.3 

0.9 0.9 

The stock size w·as on a relatively high level in 1947-1956. From 1957 
o:a"Vlards a decrease in the stock tool;;: place GL""J.d this continued 1..111.til 1962 

"lhen it "'vas about 2.5 nillioIl tons. In the follo;''li."'1.g three years "the 

stock ll~creased frOL 2.9 million tons in 1963 to 7.3 Qillion tons L1. 

1965. Prow 1966 to 1970 a rapid decrease ll1. stock size took place. 

The estimates for 1963-1965 do not iD.elude the component spavming at 

Lofoten, wJ.d the total Spalffill1.g stock these years, therefore, is lliJ.der

estimated. 

The spawnil'lg potential of tl'le stocl: is a f1..:L""J.ction of the size of th.e 

spawr:l.ing stock. Ho.,."ever, fecun.dity increases vlith length and weight of 

the fish (e.g. Farrish ffi1.d Saville 1965, Jakobsson et al. 1969) and 

thus the spawning potential of the stock is a function both of the 
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~UDber fu~d the length distribution of fish. Preliminary figures of 

the spa1i1l11.i..."J.g potential for the spa1'ming seasons 19L}7-1969 are given 

in Figs. 2 and 3. 

Year-class strength 

Esti~ates of year-class strength for adults are complicated by the 

wide rffiLge of ages over which individuals of a given year-class attall~ 

sexual naturi ty. How·ever, kn011Ti..."J.g the size of the spa1·mi..."J.g stock, al"l 

esti~ate of year-class strength ca"J. be obtained by calculating the 

abu.ndcu1.ce of' the year-class at six years, 1jJhen EOSt of the year-class 

has entered the adult stock (0stvedt 1953, DrageSlli"ld 1970a). The 1965~ 

1969 year-classes had not reached the adult stage (six years of age) 

li~ 1970 ru"J.d CffiL"lOt be compared with the previous year-classes in the 

adul t stocl:::. 

By calculatll"lg year-class strength at ffi~ age of six years the effect 

of fishi..."J.g on the jn;nature herri..."J.g is not measured ll"l the year-class 

stre..."J.gth estinates. A fisher'.f 1ivhich is of considerable importaD.ce to 

the population dynamics of the lJor11Tegian spring spa-wnil1.g herring is 

carried out on yOUl1.6 ald adolescent herring in HOrt·legian coastal "t1Taters. 

TIns fishery is divided into tlilO conponeuts, (1) that based on the 

snall-l"lerring,i.e. nuL..lly 0- ffiLd I-group 1'lith. the fOrE-er predo~inating 

lli"ld (2) that based on the fat-herring, i.e. I- to IV-group herring 

with the II- to III-group predooll~ating. The effect of these fisheries 

on recruitnent to the adult stock has been discussed by several authors 

(e.g. 11arti and Fedorov 1963, Devold 1963, Dragesund 1970b). Drageslli"J.d 

concluded that the fishery for 0- ffi"ld I-group herrL~ (the snall-herrllLg 

fishery) carried out ll'l the HOr1'legia:r.1. fjords in 19.59-196l~ did not have 

a primary effect on the recruitment to the year-class strength as adults. 

This is ~aLlly due to the fact that the fjord population is only a part 

of the total 0- ffi~d I-group population. However, in the period 196.5-

1968 a considerable increase in the exploitatio~ of both small- fu~d 

fat-herring took place as tl1.e fishery 1'laS extended into the open sea. 

This resulted in a narked reduction of the 1963 fu"J.d 1964 year-classes 

before they entered t~J.e adult stocl:. TLe effect is also expected to be 

significfu"J.t for the 196.5-1968 year-classes, though it should be stressed 

that these year-classes were extrenely poor at the O-group stage. 

Investigations carried out by Dragesw"J.d (1970b) showed that a close 

correlation existed between the abundance of O-group herring (at about 

six Qonths of age) of the 19.59-1962 year-classes ffiLd subsequent ablli~dfu~

eG. O-croup ab~ldffiLce estimates are available for the 1959-1969 year

classes, whereas direct estioates of year-classes prior to these are 

lac!::ing. AssULling that a correlation exists bet1ireen the abundance 

of O-group herring a..."'1.d subsequel1.t year-class strength, a back cal

culation cfu~ be made for the 1950-19.58 year-classes, provided the 

exploitation is known for the year-classes as sIZlall-uerring. 
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The variation in exploitation of' sDall- and fat-herring Cal"l be 

LJ.easured. by tal:i.c1.g the ratio bet'VJ"een catch at different stages during 

the yOlli1.g a1.d adolescent phases and the total echo ab~~d&~ce of O-group 

herrll~g (DragesQ~d 1970b). In Fig~1 is S201fll the variation of exploita

tion of snall-herring for the 1959-1968 year-classes al"ld of fat-herru"lg 

for the 1959-1964 year-classes. It is clearly demonstrated that poor 

year-classes ,..rere r.:!.ore heavily exploi tect than. the rich ones as sr.lall

herring. Tbe cajor reason for the higher exploitation of poor year

classes (e.g. those of 1961 aJ."ld 1962 conpared ,lTith. those of 1959 and 

1960) is ascribed to the different distribution pattern. In 1959 fu"J.d 

1960 O-group herring had ru1. oceru"lic distribution alld only a Dinor 

part of the O-group population entered the fjords of northern Horvlay. 

In 1961 and 1962 the distributio:a 'ems ~1ore restricted to the coastal 

areas 1 [L."ld a greater portion of tl::.e total O-group population vIas pre

sent in the fjords. It is assUGed, therefore, that D1. most of the 

years during the 1950s, when poor year ..... classes occurred these had a 

coastal distribution coc.parable with those of 1961 fu1.d 1962, 'Hhercas 

that of 1950 had a sinilar distribution to the year-class of 1959. 

~n"len back calculating the abm"ldlli1.ce of O-group herring, therefore, 

the average ratio between the catch of small-herring a~d echo abundfu"J.ce 

for the 1961 fu'1.d 1962 year-classes (equal to 5. L!-J) vIas applied to the 

1951-1958 year-classes. 

Catch 
O-group abm~dance 

fuLd the 1959 year-class (equal to 0.85) to that of the 1950 year-class 

Catch = 0.85 (2) 
O-group abm~dance 

I-L11.ovling the catc:!."l as scall-herring the abundaT'1.ce is esti:w.ated :fron 

expressions (1) and (2). The results are given in Table 2. It is 

reasonable to assuoe that the ablliLdallce of tbe 1950 year-class is lli~der

estimated cocpared lid th that of 1959 by USll1.g this D.ethod. This is 

indicated by the higher ablli1.d~~ce at six years of age ~'1.d by the fact 

that the catches in tons subseque:1.t to ti1.e s:o.all-herring stage VIas 

about 1.5 tines greater for t26 1950 year-class. 
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Table 2. Catch of soall-herring for the 1950-1968 year-classes 

and estiillated ablli2dfu~ce of O-gTOUp herring(explfu~ation 

in. the text) 

Catch hi. O-group 
Year-class thousands of tons ablli~dfui.Ce 

1950 270 318 

1951 175 32 

1952 215 LJ-O 

1953 180 33 

1954 135 25 

1955 90 17 

1956 127 23 

1957 115 21 

1958 117 22 

1959 277 326 

1960 267 147 

1961 169 38 

1962 94 15 

1963 121 5 L:. 

1964 102 75 

1965 30 9 

1966 136 23 

1967 12 4 

1968 9 2 

1969 5 

Stock ru~d recruitoent 

In Fig.2 is plotted the spm1D.'ling potential of the parent stock for 

the period 1947-1964 against the resulting year-class strength at SlX 

years of age. SiI:!ilarly the spa·wn.in.g potential for the period 1950-

1969 is plotted against year-class strength at the O-group stage 

(Fig. 3)« 

No firm conclusions ca.'J. be dralim from the diagrams about the rela

tionship betvleen parent stock size and the abu..."1.da:i.J.ce of the resul til1.g 

year-class. They way ii'1.dicate that in some years -v-Iithin the period 

considered year-class strength was affected by the parent stocl:. However, 

in. :wost of the years, year-class strength .vas deternined by other fac

tors which cOl:1pletely ruled out the effect of the parent stock. Thus, 

i....'1. at least tw·elve of t1!lentytl2.ree years during the period 1947-1969 

the size of t~e parent stock has apparently not been the pri:w~J factor 
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controlling suosequcnt year-class strength. In years 1'Then abunda...""2t 

year-classes ,'re re produced as in 1950 aJ.1.d 1959 other factors L1ay 

have given rise to favourable conditions of the progeny. 

Different factors considered to be of importru1.ce in deterDll'ling 

year-class strengtz-l of NOr'1:vegia.""1. spri:lg spa't':T::llllg herring have been 

discussed by Dragesllild (1970a). Strong year-classes seeL1ed to occur 

,,,he:l a cO:41biaatio:J. of' the :follo1·1i2J.g condi tio~"ls existed: 

1) ,'lidespread distribution of' spm''l:1.ing~ 

2) long duration of the spa~ling period; 

3) a rapid dispersion of larvae fror..1 the spa'VJ:J.ing grounds. 

The coincidence in time bet't'reen the occurrence of sui table food 

lli1.d hatching of 2erring larvae is assUL1ed to be the nost importru1.t 

enviroPililental factor controll~""2g year-class strength during the early 

larval developnel1. t. The gradual northtvard displaceoen t of the main 

spawning ce:ltre during the last decades p:robably has i::'1.creased the 

iL.lporta:'1ce o:f the tiDing factor, siLl.ce only t1VO defi...""2i tely rich year

classes occurred during the period 1947-1965, naEely those of 1950 

a:'lcl 1959. 

At prese::'1.t t:i.1.e spa";ll'ling stoel: size is at a very 101'1 level an.d sone 

further considerations concerning the stock size fuLd the ablli1.druLce 

of' the resulting year-classes of 1967-1969 are given in the fol1o-

"ling chapters. 

Stock size a.~d larval abmldfu""1.Ce 

Although no exact estinates are available for the size of the 

spm1l1.ing ntocl::s in 1969 and. 1970 , it is obvious that the size CO:::1-

tinued to decrease frOl"3. 1968 o:a~lards due to lack of recruits. It is 

reasonable to nSSUI:1e that tL.e stock sizes in 1969 a.Ld 1970 vlere of 

the order of 1.3 &""20. 0.9 Dillio~ torrs respectively (Table 1). 

Larval abu11.cl21."lce estiuates of the 1959-1965 year-classes just 

after hatchL~g suggest that t~e variation in the size of the spav~~ing 

stock "JaS re:fJ..ected in the larval ablli""1.da"lce figures (Dragesund. 1970a). 

IiovJever, the sanpli:ng procedure ,·:TaS not satisfactory for reliable 

abundarlCe estiuates during tL.at period. Ih tl-..:.e years 1967-1970 bUC2.'1 

greater effort .~as devoted to sanpling of' herring larvae al"lG. the 

qUffi"ltitative distributions accord~1.g to length in the different periods 

for 1958 fuLd 1969 are shown in Figs 4 al1.d 5. The results of the ll1.vesti-

gations carried out in 1967 are published in Cl. previous report 

(Dragesund &'J.cL I Takke:rl 15'/'0) • In cO'-'1.trast to the years of 1963-1966 no 

oajor spa.,mi:i1.g 1>\Tas observed in. the Lofoter: region in 1967-1969. The 

spa't1T.n.ing took place off IJ1lOre-Tr0ndelag ,vi th the centres off Ona-Grip 

a.."'J.d Eal ten. The Gain spa1;v:::ling occurred 10-15 l'.:arcl:i., corresponding to a 

peak of hatching in the first vJeek of April (Figs. 4 and 5). 



9 

In Fig. 6 is sr...ol,m the abundance of larvae in the different periods 

of sacpling by integratL."'1.g' the clensi ty of larvae vlithin the isolines 

of larval ab1L"'1.dance dra"!j1l1'l in. Figs. 4 a2"ld .5. The diagrru:.1.s sr ... Olv two stri-

ki..."J.g features, TlaLlely fu""'1. unexpected lo'u aburl.dfu"'lce of hatched larvae 

h""l 1969 cocpared 'uith 1968 and a significatlt lOvrer larval 1210rtality 

i:.""'1. 1969. Tl:..e reduction in spa'Vmi.c"1.g potential frOD 1968 to 1969 't'oTas ll'l 

the order of 30 per ce:at, irL:.ereas the reduction :L't'l l1.m:.::.ber of ne"!j1'ly 

hatched larvae was 85-90 per cent. TI-:;.is hlight be expl~ined by a nar1.!:ecUy 

higher Dortality during the incubation period in 1969 than in 1968, or 

the stocl;.: night have spavmed in other areas. The forner expla...""'1.ation 

is the ~ost reasonable. 

Lea (1930) shov.red that thick egg layers on the NorvJegian spaw::ling 

grounds resulted in high Llortali ty. According to Dragesund a.'ld HaJrJ:en 

(lli'lpublisl1.ed) no such thick layering of eggs could be found. in 1967-

1970 an.d the layering voTas probably of signif'ica:r:. t inportance to the 

Dortali ty. Also fe'",r unfertilizec1 eggs voTere foun.d during the sane period. 

Duril1.g the spavming seasons in 1967-1970 the relative inportru1.ce 

of the predator effect seeDed to have increased. Gadoid fishes (haddock 

ru""ld saithe) have been feedll'lg heavily on herrll'lG roe, In Table 3 

SOGe prelir:.:d.l.1.ary figures for the nUDber of eggs observed in the stoDn.chs 

of haddock fu""ld sai the are sl'lO'1;·.ra. 

Table 3. 

Year 

1969 

1970 

* 

Nur2ber of herring eggs in stoDachs of haddock a.~d saithe 

* in 1969 ru~d 1970 • 

l:J~ad.docI~ Saithe 
Length Average Lengtl1. kverage 

No. of :fisl1. range no. of Ho. of fi8h rru'lge no. of 
i::''lvest. (cu) eggs ,invest. (cn) eggs 

20 46-60 34200 2 50-80 11·9000 

13 L~0-70 21~200 7 l~9-86 21100 

T~e figures are preliub'lary. 

In the ";-riD.ter of 1970 the ITur:.1ber of fish present "Jithin n. l;loitod 

locali ty i:;.'l the r:.:;,ain spa.-r.ning aJ.~ea off Ona-Grip vlas counted. It is 

assur.:;ed that the survey grid covered about one third of the spa'VJl1.ll'lg 

centre off Ona-Grip (Fig. 7). Provided that a siDilar or SODe1'Jhat 

s:o.uller area was located off Eal ten (say t1'JO third of that off Ona

Grip) an.d that the density of' f'is::''l 'VoTere the sane, a total nUl'Jber of 

2.107 x 5 was :feedll'2g on herring roe in 1970. About 80 per cent of the 

haddock and 15 per cent of the saithe in. the trmd catches had herring 
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roe in their stol::.achs. The nu.w.ber of fish coul"'lted w'as splitted i..."'1. 

haddock a..'1d saithe according to the ratio of the t"VfO species in the 

trawl catches within ~~d just outside the grid of coanting, i.e. 83 

per cent of the fish ,,,ere haddock an.d 17 per cent saithe. AssuQing 

that the fishes are filling their stomachs once per 24 hours during 

the incubation period (i.e. about 20 days) a total nuober of 3 x 10
13 

herring roe w'as eaten by haddock ful.d saithe. This corresponds to about 

LW per cent of the spawni...'lg potential ill. 1970. 

Investigations carried out in 1968-1970 showed that spawullLg took 

place alDost in the SaE.le areas trlese years. Thus, provided that a simi

lar quaD.tity ox eggs -Vlere consur::ed by haddock and saithe in 1968 and 

1969 this corresponds to about 15 fu~d 20 per cent of the spa1rn~ing 

potential respectively. It is reasonable to assune that the reduction 

Ll. nUDber of eggs sPai.Jl'1.ed in 1969 ".TaS even greater than ll"ldicated in the 

present estiDates. L'1. addition to the larger fishes a significa2t 

m,.lD.ber of I- and II-group haddock fu"'1.d sai the 1-laS feeding on l.:.erring 

roe both Ll. 1969 ffiLd 1970. These are not included in the cO~l.ted nuw-

ber of fish above. 

Larval Gortality 

The size of a larval stock at a given tine t Cful. be expressed as 

N(t) = IT (t) 
10 

(t) + N (t) 
12 

+ ........... . 

where 10 is the length at :Clatching aJ.'1d 11 J 1 2 •• etc. are th.e subse

quent length groups in r:.:il1ir"eter. 

Uhen sanpling is carried out; at different tiue intervals t
1

, t
2

, tJo •• 

etc., tl1.e fol1oc'!ing expreSSiOI'lS accordi....'1.g to le:l1.gth are established 

H(t
1
)= N (t

l
) + IT., (t ) + lTl (t 1 > -: ........ 1 J...

1 
1 

0 2 

H(t
2

)= N (t
2

) + N 1 (t2 ) + NI (t2 ) + ••••• 1 
0 1 2 

N( t )= IT1 (t
J

) + N 1 (tJ ) + i;T (+) + ...... 
J -'-'1 l.3 

0 1 2 

• • • .. 
• • • • .. • • .. 
• • • • 

The time variation of the nunber of larvae withll~ one length group 

is deternined by: 

1 ) the rate of hatching; 

2) the growth rate (1r) .. 
..:....110.,. , 

3) tl'1.e l:J.ortality (D) • 

It is assuned that spawTling is tal,:ing place i:;'L a linli ted area 1'ri thi..."1. 

a certain tir~e in.terval. After an incubation til:le of 1 say, three weeks 

the larvae start to hatch. The duration of hatching and the gro"lth 

rate will deternine the tine ir.:.terval larvae of length 1
0

, 1
1

, 12 

etc. occur. 
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Uhel1. larval sanpliug starts at the tine iilhen the :first larvae are 

hatched and continues until hatching is f'il1.ished, expressions (4) 

will l>..ave the f'ollovJ"ing forn 

n( t
1

) = rT - 1 (t
l

) + 0 + 0 + ..... ~ ••• ~ .. 
0 

N(tZ)= H ( t
2

) -I- Nl (t2 ) + 0 + ............ 
1 

0 1 
n(t

J
)= lJ

l 
(t

J
) -I- IT (t) + IT (t) +- ................ ( 5) 

0 11 J 12 J 
rr(t l)= 0 + IT (t4) -I- n 1 (t 4) + .............. .o . .o • 

11 2 

• .. • .. 
.. • .. .. 
.. .. .. .. 

At the tiDe t4 all the larvae are hatcIJ.ed.o 

FrOlLl expressions (5) it is possible to obtain figures of both gro1"lth 

rate an.d :oortality. The grovlth rate ca:n. be esti:oated fron the distance 

between tl:le peaks of the lO:2gtl-: distribution.S according to tiue.o 

The :oortality Cfu~ be fom~d Iron the reduction in nuober Iron one 

length group to the next 
T 

J 
Q 

(t)dt ] 
o (6) 

D. = 

o 
where the integration interval T is large enough to ensure that 

l'J 1 (0)= o and lTl (T)=O. Then expression (6) gives an. average mor

t;li ty betw'een le:i1g th groups.. Usually tile survey tiDe is lini ted ffi1.d 

the observation series too short to get IT.,. (T)=O at least for the 
-'-2 

larger length groups.. I-iov1ever, 1'lhen the groi,,;th rate is kn.0 wn. the D.or-

tnlity can be estiI:lated by usi:1g the grouth rate to detero.ii.i.e the inte-

gration lili1its. 

(t)dt 

n = 

(t)ctt 

where t2 a1.d t 4 are detero.il1.ed froo 

( 7\ . I 

( 8) 
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1968 

1969 
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A sir.lilar I::lethod was used by DrageSill1.d aTld Hakken (1970) for 

estiDatL~g larval Dortality ll~ 1967. It should be noted that a 

series of Llortality estimates is obtainable by this Dethod when 

successive and frequent synoptic larval abQ~dfu~ce figures are 

available. 

The Zl1.llTIber of larvae accordi...""1.g to length an.d ti:c:le i...11. 1968 a.."'1d 1969 

is given in Table l:~. The nuubers are calculated fron the density 

charts iD. Figs. l!_ and .5. 

Table 4. lJunber of larvae 
() 

-0 • x 10 accord~ng to length fu"'1d tiDe 

Period () 

9 10 11 12 13 1l!~ 15 16 17 Total 0 

3-8 Apr. 11 711 475 82 1279 

17-21 11 1 2 61 85 31 () 188 0 

21-24 11 10 28 38 33 2 111 

24-29 !! 6 1 L} 7 1 28 

2-5 Apr. ~. 32 15 1 52 

7-15 n 3 7 31 18 9 1 1 70 

15-19 " 2 4 1 13 5 1 26 

20-26 f! 1 0 3 1 12 6 16 1 1 41 

28.Apr.-

7 Hay 0.29 O .. h2 0.29 0.32 2 

Due to the gap in observations between 5 ru~d 19 April in 1968 no Dor

tali ty bet1·1een length group Cffi1. be estioated. An average grmvth rate 

(k) of 0.29 ran per day behleen 9 and 13 ll'..w is f'oll.."'1.d for this year 

applying expression (8), where 11 ~11.d l~ refer to 9 ~J.d 13 om respec

tively ~"'1.d t1 ru"'1d t2 to .5 ffi1.d 19 April. The reduction of total nunber 

of larvae IrOQ .5 to 19 of April is estinated from Fig. 6 fu"'1d amounted 

to 86 per cent. This figure c~"'1 be tru~en as a mininu:o figure of larval 

oortali ty (n) betvleen 9 &-:ld 13 Dr." as l1.atc~i..."'1.g obviously occurred also 

later thffi1. .5 April. 

Fig. 8 s11.o • .,s tl1.e nunber of larvae according to length a21.d tine in 

1969. An average growth rate of 0.29 ~rrJ is found between 9 ru~d 14 wo. 

lCortality estimates vlere obtained fron equation (7) by area calcula

tion in. Fig. 8. The results are given in Table 5. 

Table 5. l'l:ortali ty estir.::.ates of herring larvae bet,;.,een different length 

groups in. 1969. 

10 
1 1 
12 
13 
14 

Relative :figures 
of' larval 
abund~"'1.ce 

100 
49 
38 
32 
16 

Hortali ty bet·ween 
10 wo ~~d successive 

51 
62 
68 
84 

er cent 
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DISCUSSIOJ:.J 

The sU7.rival of' eggs spa1med and of larvae hatched in 1967-1969 

is illustrated i11. Fig. 9 .. A reduction of ~95 fu~d~99 per cent respec-

tively took place in 1967 al"ld 1969 froe spavmi...'l.g to hatching. B'igures 

on nortality of herring eggs during the incubation period are given by 

Rlli~"lstr0w (1941), Baxter (1968), Henpel al~d tienpel (1968). The Dorta-

1i ty 1-JaS low at"""ld varied nai11.ly beh1een L~ a."""ld 12 per cent. Sinilar1y 

Dragesu ... '1.d a."'1.d HaJrJ':en (H-11.published) observed fe1'l dead and fu""1.£'ertilized 

eggs on a spa"VJl1.ing site near Grip :L.'"l 1968 .. Hone of' these results i..."1.clude 

mortality at the l-c.atching stage fu"'1.d lJ.ortality caused by predation. 

During the spa1;1Iling seasons i...""1 1967-1970 tl:.e predator effect 1vas 

r:lOst liI':ely by far tl"le most kportC4"1.t factor 0.:."'1.l1 th.o roln.tivo 

icportal1_ce of this effect has L.""1creased during this period (Fig. 9 A) .. 

The echo countll1.g in 1970 was carried out ~,rithin a very limited area 

oc..'..ring cne night ru""1.G. the results are probably in.accurate. In additio:n 

to the larger fish a significant :2UDber of sr:.:cller haddo cl: aJ."1d sai the 

I'Jas feodiDE on herring roe bot:'"l in 1969 al1.cL 1970. These are not included 

L'1. tIle l1.UL1ber of fish counted, al1.d the result of tl"le echo counting is 

therefore nost lil~ely aJ."l underestinate. The counting indicates that the 

nunber of eggs consuned by the fis~es might be of the magnitude of 

half the spa~ming potential fu~d suggests that the large Qortality fOlli"ld 

during the incubation period vias reasonable. A further reduction of 

the larval population of the order of 70-95 per cent during the early 

larval developnent (9-13 un) "\\Till add to this effect. 

To discuss the possible obtainable nagnitude of year-class strength 

frOG the larval popula tions :Le. 1967, 1968 lli"ld 1969 the l"lunber of larvae 

four to :five 11"eel~s after hatching is cODpared with the number of her:ring 

at different stages froD six conths onwards for the 1959 lli"ld 1963 year

classes. Tentative estioates for the abvndaJ."lce (converted to nunber of 

herring) at different ages for the 1959 lli~d 1963 year-classes are obtai

ned fron data given by Dragesund (1970b). In these esti:o.ates the loss 

due to fish~""1.g durll"lg the yOlli"lg ruLd adolescent phases is t~~en into 

aCCOlli"lt (Fig. 9 B). The follovring fu~"lUal instfuLt~"2.eous natural mortality 

coefficients have been used: 1::
1
= 2.76 froe. October in the O-group to 

April in tI:;.e I-group stage, H
2
= 0.69 frollJ. Lay i...'l the I-group to April 

in trle II-group stage ru""1.d 1-:;:3#" .1'::6 = 0.2L~ froe Eay in the II-group 

to 1 Jfu"'1.Uary in VI-group stage. 

It is obvious that the abm"ldru"2.ce of the larval populations present 

in the sea four to five 1"lee~:.:s after hatching in 1967-1969 vmre too 

101'1 to produce a 7ll.1L1erous year-class of the :Qagni tude of that spawned 

in_ 1959. ~ven a year-class like that of 196J, ",v-l:dch waS in order of one 

tenth of that in 1959 (Table 2), is lli"1.likely to occur. 
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The nucber of larvae hatched ll~ 1970 was ~egligible &~d the predator 

effect in 1970 was probably even greater than. in 1969 (Dragesund a,.~d 

N aJr2<:en lL1.published). I t is therefore po s sible that "id th the pre sen t 

high predator effect a:::-:d. the lOii-r spm-n::tiJ:.""lg stock size the larval popula

tion may be too 10v1 to produce nucerous year-classes. 

The diagrans of Figs. 2 a:'.1.d .3 nay be used to discuss the probability 

of obtaining n1E.1erous year-classes 1"lith the present parent stock size. 

During the period 1947-1969 it is likely that the best survival condi-

tions for eggs, larval fu""ld postlarval herrll1.g existed L""l 1959. This 

cru1. be seen by takL~g the ratio between year-class strength and spalWQll1.g 

potential. Groupli1.g these ratios ll1. four tru~ing that of the 1959 equal 

to one, an illustration of the distribution of the survival ratios 

dur~~g the period 1947-1969 is obtained (Fig. 10). 

In eighteen of t.-ren tyt:;:"-ree occasions t:l.1.e ratios bet'w'een year-class 

strength ~d spavming pote~tial £'012 in the group 0-0.25, fu~d only L~ 

Oll.e of t"i'lentythree in the group 0.75-1.0. The probability, therefore, 

in the follo-vr-u1.g years to obtain survival conditions as favourable as 

those L"1. 1959 seens low. J;ven if survival conditions like those in 1959 

OCC~lr in all of the years 1971-1973 this would result in a Spa1"mll1.g 

stock size (excludi.:..~g fishli'lg during the young fu~d adolescent phases) 

of the nagni tude of' ol1.ly 2-3 nilliol'l tons in late 1970s. ~!i th t:t.1.e present 

low spawning potential a:n.d the high predator effect the probability 

o:f rebuilding the SpalVl1.:ll"lg stock in I!ear future, therefore, seems 1011. 

However, better survival conditions thfu~ those experienced in the 

period of obser7ations lliay of course occur. 

SUEliARY 

1. :Gsti:oates of' the size of' the spavr.nillg stock of HOr1iV'egian spril1.g 

Spa1r-1ing herrL~g for the period 1947-1969 are presented. The spaw

ning stock size varied bet~"een 13.9 Cl-11.d 2.0 million tons in. the 

period 1947-1968. Prow 1966 to 1970 a rapid decrease has tru~en 

place from 6.5 willion tons to about 0.9 nillion tons. 

2. The parent stocl~ size is corr::pared -vlith subsequent ab1L."1.dCl!.~ce of' the 

resultL~g year-class at six years of age f'or the 1947-1964 year

classes fu~d at six months of' age for the 1950-1969 year-classes. 

The results indicated a relationship between the parent stock size 

fu~d subsequent ablli~dm~ce of the resulting year-class when favour

able condition :for spa'Vming a."'"ld hatclring existed. EO'Vlever, in !:lost 

of the years, year-class strength iivas determined by other factors 

vlll.icn coo.pletely ruled out the ef:fect of the parent stocl~ size, 

vlhen this 1'laS above a certai..."1. level. 
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3. The spa~Lll~g potential of the parent stock for the years 1967-

1969 is coc.pared 1vith subsequent larval abu.">1da.~ce at hatchil1.g. 

A. reduction of >95 and of' >99 per cent respectively tooI~ place 

in 1967 a....~d 1969 :froD spawning to hatch:L.l.g .. Eost of' this reduc

tion is ascribed to predation by haddocl: a...~d sai the. 

4. EstiLlatos of larval Dortality during tLe early larval developnent 

(9-13 oc) are given. These varied between 70-95 per cent. 

5. lifitl-:l the preSei'lt 101'1 spa"ming potel~tial fu"'ld tl1.e high predator 

effect the probability of reb-Llildli'lg t3::;.e spawning stock iD. near 

future seeo.s 1011'7. 
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