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IHTRODUCTIon 

Short terg as well as long term variations in ab~~dru~ce of recruits 

in the Norlivegian spring spaliming stock have been described by several 

authors, e.g. Iijor"f (1914), Lo:). (1930)! Dovold (1963), i-:arty an.d 

Fodorov (1963). l'i.arty (1959) has conpared the relative strengths of 

poor and rich year-classes ~~ different tribes of herring. In Baltic 

herring he found a ratio of 1:2-3, in North Sea herrin.g 1:8-10 a."'1.d 

in the Norwegirul spring spaw.nL"'"1.g stock 1:25-30. LoC!. (1930) estimated 

the ratio of the 1903: 1904 year-classes ll'l the latter stock to about 

1:90, whereas 08~cvod1; (1963) for the 1949:1950 year-classes found a 

ratio of 1:15. Thus year-class fluctuations are more pronolli'lced in the 

IJorw·egian spring spawni..."lg stock thfu""1. in the majority of other stocks 

and the tine interval between the appearence of abundant year-classes 

ca.?]. be relatively long, hi. some periods even more that"J. 10 years (Earty 

and Fedorov 1963). 

The causes of these fluctuations are not yet ll'lderstood. Possible expla­

nations n.ight be found along the follo,'lil1.g lines: The chal1.ges Ll. abun-

dfu""1.Ce of recruits could be explall'led if the spavmL""1.g potential of the 

parent stock determines the number of recruits produced. Such relation­

ship is kn0117l'l for sorae species of' fish 1'li th lO\17" feC1.ll'ldi ty and for SODe 

relatively small stocks of Clupea uallasii (Taylor 1963) fu""1.d Clupea 

harengqs in Baltic (Lishev 1966). No such relationship has yet been 

established for the main stocks of Clupea harengus iTl the North Sea and 

the NOr1'legiaIl Sea. I-Io,,,ever, a correlation between spavming potential 

of the parent stock a.~d year-class strength is difficult to trace due to 

changes in natural mortality of the very yOlliLg stages from one year to 

another probably . caused by environmental factors. l·~ost of the ferti-

lized eggs deposited fuLd the newly hatched larvae die before recruit­

ment m~d slight cha.~ges in mortality rate of the yOlliLg stages should 

therefore result ll'l strong variations ll~ year-class strength. 

Little is kno1'm about the causes fu"ld Da&~itude of natural mortality of' 

young herring, and whether or not there exist periods in the life histo­

ry 1>lhen. catastrophic mortalities ta1~e place. There are many :b...i..."'1.ts that 

year-class strength Ll. nost narine fishes is determL"'1.ed during the early 

stages of' life, a."'1.d Hjort (1914,1926) expoQ"'1.ded the concept of the cri­

tical period in marine fishes at the end of the yolk sac stage when 

larvae have to ch~""1.ge over to external feedll'lg. Thus natural conditions 
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during the early stages il'l life history might determil1.e the abundance 

of recruits to the fishery L"'1. later years. 

In viewl of the recent serious decline Dl. the fisheries based on the 

Nor"lrmgian spring spawning stock, special attention has been given 011. 

recruitment problem in this stock. At the Institute of MarL"'1.e Research 

special emphasis has been put on ll'lvestigations on location of spawning 

centres, the larval population, identification of possible critical 

stages of development ffiJ.d larval drift. Also studies on O-group herring 

with regard to the deternination of the prL"'1.ciple pre-recruit centres 

have been carried out. Recently more comprehensive L~vestigations have 

started on envirol~1ental factors governing the larval survival rate 

(Jk~on. 1967). The results of the investigations on adolescent herring 

·will be presented in a separate paper J fu""ld the present acco1L."'1.t .. Till be 

confL~ed to: (1) allocation of spa1..ming grounds along the Nor"lrlegia..."'1. 

coast during the period 1959-1965 and discussion on the effect of time 

and location of spa~nling on subsequent year-class strength, (2) larval 

studies during the first month after hatchu'lg and discussion of Rjort's 

hypothesis of a critical period caused by lack of suitable food imoidi­

ately after the tiDe of yolk absorption ru~d (3) larval trful.Sport ll'l 

Norwegian coastal w·aters il'ldicated by drift bottle experiments, vlind 

observations and current cross experinents. 

KATJ;P-IJ!..L Mm HETHODS 

The material included in the present work was derived fron: 

(1) herril"lg sar.Jples collected during the ITorvlegia.i1. "Jin.ter herring 

fishery, 

(2) ll~foroation froB catch statistics of herring, 

(J) WllLd observations at perDfuLent ~eteorological stations along 

the IJorvlegiaIl coast j 

(4) observations from cruises. 

The general samplll"lg procedure of the material and other llLIormation 

on the methods applied is presented below/whereas further treatment of 

the data is partly dealt vlith in cOlliLection "liTi th the different subject 

items. The statistical methods applied are described in most elementary 

books on statistical analysis fu"'1.d the refereace books used li~ this 

ll1.vestigation were Godske (1966) fuLd BOl"1.J.""1-ier fu"'1.d Tedm (1940). 

Herrin.g samples 

The Wll'lter herring samples were collected from commercial catches 

several tines a week and the fish were analysed fresh or iced at the 

Institute of Earin.e Research, Bergen. The age was deternined fron 

scale lli"lalysis: and the maturity stages were classified accord~Lg to 

the maturity scale reconoended by the International COQ~cil for the 

Exploration of the Sea llJ. 1962 (Anon.196J). This scale comprises eight 
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stages fu~d the naturation cycle of adult fish passes through six 

stages, stages III-VIII, the latter passing ll~to stage III agall2* 

Stages V-VII represent respectively last prespruming, spam2L~g fu~d 

first spent phases.Th~ gonads of these three stages are characterized 

as follmrls: 

Stage V Gonads fill body cavity. 3ggs large, round, some are 

transparent. Overies yellol>Tish, testes miL1c villi tc. 

Eggs fu~d sperm do not flow, but sperm cru~ be extruded 

by pressure. 

Stage VI Ripe gonads. :2ggs transparent. Testes vJhite. 2ggs fu"J.d 

sperra flow· freely. 

Stage VII Spent herrh~g. Gonads bag5J, bloodshot. The ovaries 

eopty or containing only a rev'! residual eggs. Testes 

nay contull1. remall'lS of sperm. 
either 

The age and maturity data dealt with in the present paper are rearrfuL-

ged from reports published by 0stvedt (1961,1962,1965,1966), Devold 

and 0stvedt (1963 , 1964) and Dragesund (1967,1968) or obtaL1'1.ed :from the 

files at the Institute of Harine Research. 

Catch statistics 

Statistical information on the Nor~vegian landings was obtainable from 

Norway's official statistics 1959-1966 (1961-1968). Those of the 

lfu"J.dings of foreign vessels were available from the reports of the 

Atlru.1.to-Scandiru.'l Herring I'Jorking Group (Anon. 1963,1964,1965) and 

for the period 1959-1966 more detailed catch data 1vere obtained from 

Knipovich Polar Research Institute of Earine Fisheries and Oceanography 

(PHJRO) ~ Eurmru1.sk. 

I"Ieteorological data 

The wll1.d data used were collected at the meteorological stations at 

Ona ( 62 0 51.t' lJ, 06°30.5 1 E), Nord0yane (6L~°IJ.8' H, 10
0 .33' 2), 3komvrer 

(67°25' N, 11°53' E) and I reported 

in Horsk Ei:eteorologisk J .. rbok 1959-1965 (1960-1966). The wind observa­

tions v/ere trrul.sforned in to wind vectors, i. e. tee products of monthly 

Elea.'1. w:L."1.d forces and the uUlilber of cases with. wind L'J. the dif'fere11. t 

directions. 

Larval cruises 

Herring larvae were caught on regular surveys h"1. Norwegian coastal 

1vaters by Wiborg (1960,1961 J 1962a and 1962b ) and by Dragesul1.d and 

Wiborg (1963), by Dragesund (1965) aLLa by Dragesund and Hognestad 

(1966). The grid of' stations rul.d the survey routes are f'OlliLd ll1. these 

reports. The surveys were usually performed from south to north fu"1.d 

south agah"1.,COVerL~g the coastal ba~s from Stad to Lofoten. 
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Oblique :;:~auls lilere tal-;::en w'i th Clarke-Bmupus plac"'1kton sanplers (Glarke 

a..."1.d Bumpus 1950). T,"'lO samplers, equipped 1dth nets of silk (mesh size 

0.50 ~) were towed siillultfu~eaously at different depths ru~d raised in 

5 I:l steps. The sampling depths l1Tere 25-5 :w at""lG. 50-30 D a..1.d the total 

t01iru1.g tine was 20 ninutes. At the end of the (J :mr::) vlire "I'IaS attached 
. 0 

a 11Teight of 28 I":g, and the i;vire was kept at a Ll-O a..'J.gle to the vertical. 

The tow':L:."'lg speed "'las 1i-2 lcnots. D'Llrillg the surveys in 1959 and 1960 

sampling vath this gear vIaS :wainly carried out in the second part of the 

cruises (20-28 Apri±C'1. 1959 and 25 1,~arch-9 April i:n 1960) at1.d hauls Ivere 

only taken frow 25-5 m. The diameter of the aperture of the brass tube 

vras 13 cn and the length of the net 60 C1:I. The sawplers vJere equipped 

'w'ith flovJDeters and hence the volUEle of filtored vJater could be esti­

mated. Larvae -vJere also collected in vertical hauls mai:.1.ly froD. bottom 

to surface with Ha..1.sen net (Sverdrup et al. 19L:-6) or Juday net (Bogorov 

1959) 'with .desh size 0.50 ww, except in 1961 aJ.'ld 1962 Hhen the mesh 

size was 0.33 r:.nn. In 1959 aJ.1.d 1960 the samples "lere taken vlith lIansen 
o-P 

net (aperture diameter~laO ill and 0.7 m respectively)and in 1961, 1962 

and 1961.j- l1Tith Juday net (aperture diar.1eter ofO.L~ ill). In 1963 at1.d 1965 

Juday net 'was also used tl::.e aperture diru~eter being 0.8 0, except in 

1965 'ii;Then also sone samples 1'lere collected vi th net of aperture dia­

meter O. L~ m. 

All saI:1ples vlere preserved L.1. 5-10 r;s forwaldeb.yde. The l6--rvae "lere 

cOQ~ted ru~d measured to the nearest millimeter below ~~d sorted into 

larvae 'tri th a.."'1.d vIi thout yolk sac. To make the data conpar able the __ .~.-

numbe:t' of larvae caught at each station l'lTere m.ultiplied by the samp­

lin_g depth aJ.~d thereafter devided by the Hater voluse f'il tered: 

IJunber of larvae x sarr:p lit"L5 depth ill ill 

Hater volume filtered in n 

2 
Thus the figures v:Tere converted to larvae per m surface, ru1.d ,-Then 

2 average number 
descrihiD,g thc-'d±strlbution of larvae per ill surface for stations 

located inside rectangle (Fig.1), covering about (30x30) square nauti­

cal niles, were esti:;:aated. Analysing the vertical distribution of larvae 

in 10 L1 layers nuuber of larvae per mJ "I'lTater vlas used. Duri:."Lg the larval 

cruises drift bottles were released b~ 1961,1963,1964 lli~d 1965. 

The bottles had a..'"l illi1.er volune of' 348 Ial, v.reigh;01.g 529.1.;. g. A letter 

was put lllside requesting the fll~der to give L.Li'ormation of the date 

a.."'1.d place of recapture. 

To study the drift pattern of larvae in nore detail current crosses 1vere 

used at different localities in 1963,1964 ffild 1965. These were uade of' 

two thL~ iron sheets (1 x 1)n2 at right ~~gles to each other. The cross 

was suspended by thin nylon g'ut fron a plastic float to which a pole 

vIas fastened, equipped Yv:Tith a light on the top, about 2 I:cl from the sur­

face (Fig.31). The position of the current crosses was determined at 

intervals by LOrlli'l ~01.d Radar. 
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Teroinological and teclliLical remarks 

In the present paper either geographical names or codes for area 

breru~do~m are used (Fi~.1). The key to the code is illustrated by 

the followLLg examPle:{02,g~,06)i.e. localities 02,05 and 06 L~ 
area 07. Dates listed ill the t~bles fuLd on some of the figures are 

written in the follo~DJLg way: e.g. 26.2 reads 26 February. 

TIl3 .ft.JJD LOCATIO:N OF SPAUUIHG 

The spm-ming tiDe 1-ras estinated by studying the composition of the 

maturi ty stages of winter herril1.g just prior to and during the spav.rning 

season. For allocation of the spavming localities catch distributions 

of spa~ming ~~d spent herring fuJ.d newly-hatched larvae .lere analysed. 

Since the composition ~~d abm~dm~ce of $pa~~~ers might have ll~fluence 

on tine and location of spavmllLg as well as on larval distribution and 

abundance, a short description of the spav~~ing stock will be given. 

Eoreover the survival rate of larvae night depend on age and size of 

the parents. 

Spawning stock 

Herring approaching the Nor1vegian coast for spa'11ni..'"1.g are, according to 

the Norwegian termitLology, called winter herrLD.g. DuriIlg the period 

1959-1965 the herrit'J.g arrived at the H0re coast about the end of January 

or during February (Dev~ld 1959,1960,1961,1962, 196J b ~ 196L~t 1965) ful.d 

the fishery started i:t:n:1ediately aftervrards (Ta"t:le J) 1 though in one 

year (196~-) also just before the arrival. In 196J,196L~ and 1965 adult 

herrllLg also appeared LL the Lofoten region, migrating from a wLLteri4g 

area off' the coast of TrOLlS. and Vest-Fin.."'J.ITlark, Elidvlay bet'ween Norway 

and Bear IslfuLd (Devold 1964,1965 and 1966). The herritLg approaching 

the 1-i0re coast nigrated from the usual 1';intering area east of Iceland .. 

To illustrate the more long term variations ~n the yield of adult herring 

in the l'Jort"lTegia..""l spring spaw:ning stock the total ruJJ:1ual catches of w-inter 

herrll~g by Norway aIld U.S.S.R. llL the period 19J1-1966 are Shov~~ (Fig~2). 

The Soviet catches refer to the first t~Jee Donths of the year,except 

for the period 1964-1966,vrhen April is also included. The lTorwegian 

catches refer to the wDLter herring season lasti..~g to the end of March/ 

beginnL~g of Apri14 0stvedt (196J) has described the change in catch 

of the Nor1>"Tegian ,,;in.ter herring fishery durL.~g the post-war period up 

to 1960. Evidence was fOQ~d that increasll~g catches per unit effort 

usually coL""lcided with the recruitnent of rich year-classes to the 

spawnL~g stock. He also concluded that the declining catches of wll~ter 

herring f'rOIi1 1957 Oll1'\Tards nainly resul tect Iron depletion of the spmming 

stockl due to low recruitment lliLd not because of higher oortality rates 

due to increased effort. The stock vIaS on a 101"lT level durin.g the seasons 
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1959-1963 conpared with the previous period 1952-1958 (Fig.2). It de­

creased frow lli~ estinated size of 5.0 Billion tons at the begilli~L~g of 

1959 to 2.5 million tons at the end of 1961, whereas an increase a~ain 

took place from 2.8 nillion tons at the end of 1962 to 6.8 ~llion tons 

at the end of 1964 (D.r:~f','~I3Uf~9: a."'1.d .J.a):'S0R.l?soP. 1963, Fedorov J Truskanov 

a.~d Yuda.~ov 1963, Anon.1965). The stock size estimates for 1963 a.~d 1964 

did not include the conponent spawnh~g off Lofoten. 

The distribution of the lTorvregia.l1. vrinter herring catches according to 

area in the seasons 1959-1966 are Sh01·ffi :L."1. Table 1. The r:.lOst important 

fishing localities were off H0ref o r::: 0LO~7 1 e.), except in 1961.}, when about 
• ...;,....,0, , 7 (05 \ 

half of the total catch "vas caught in. the Lofoten region 03,OL.i-
J
09, 10, 151-

In 1963 a.1'J.d 1965 the catches ir ... this region were considerably lO"('lTer 

than off the li0re-Tr0l1.delag coast. The 1959 season .vas the only one 1rJhen 

fishll~g took place LL area 08 and the figures clearly demonstrated a 

north1'rard trend of the catch distribution il1. the period 1959-1966, 

DurLLg the seasons 1959-1963 the rich 1950 year-class strongly pre­

dominated in the adult stock. Table 2 shows that this year-class made 

up betvveen 54.1-64.4 % of all the herring in sanples collected fron the 

purse-seil1.e catches in the nain fishing district, area 07. During this 

period very fe"v recruits were fouD.d in the catches and the serious de­

crease llL the yield, starting already in 19571 continued until 1963. 

In this year a change took place in tJ:.!le age cowposi tion of the stock, as 

first tihle spavmers of the 1959 year-class appeared in the catches, and 

this year-class sho.ved up with 4.0 % off Hore, 13.1 % off Sklinna a...~d 

89.8 % in Lofoten. In 1964 a..."'1d 1965 the figures for this year-class were 

51.5 % a11.d 62.7 % off 1~0re a.."'1.d 88.L~ a.l1.d 7L~.1 % L."'1. Lofoten.. In the two 

latter years herring of the 1960- a.."'ld the 1961 year-classes l"ere also 

present in the catcnes. In 1965 and 1966 these three year-classes wade up 

bet"v-een 80.0-85.0 '1; of the total catches, whereas the 1950 year-class 

yielded only 1 0.0-15,0 5£, This i..71crease in number of recruits was :fol101-Ted 

by fu"'1. i.t.""1.crease in the Nortvegiffi'l catches from 61 .. 438 tons in 1963 to 

281.724 tons and 206.291 tons i.."'1. 1964 fuLd 1965 a.71d to 460.857 tons LL 

1966 (Table 1). Th.~ two characteristic features concerning the size and 

t . .,p t, . t' vlere t . '~ . tl ., 1 05"'" cooposi lon 0.1. .n.e SpalIDJ..llg SOCK no lCeo. aurlng 'le perlOo. 7 7-

1965: (1) The stock ,,!as on a 101'r level, especially L'1. 1961-1963. 

(2) The neru~ age of the stock increased during the period 1959-1963, 

.!Thereas ill. 1964 the nea.71 age decreased co:nsiderab~, the stock comprising 

two doninating age groups young a.~d old fish. In 1965 young herring pre­

doninated. 

Exact data for the duration of the spa~LllLg stage (stage VI) of the indi­

vidual fish are not available for Horwegifu-:l spring spav-mers. According to 

Blaxter ffi1.d holliday (1963) herring Ca..L reoai..-:l for a variable length of 
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tine in a maturity stage dependll~g on the suitability of the environ­

@ent for further maturation. The maturity stage VI is passed tpxough 

more quickly than the other stages. Holliday (1958) has described the 

spawr:d.l'lg behaviour of herr:L.""lg in tanks and he concluded that there vas 

no pairing or courtship behaviDur. It was &"'1 indiscrimil'late mass spawning. 

Th.is behaviour has also been seen by the author ,vhen observi..t"'1.g the spaw­

n:L."'1.g behaviour of spring herring in a snall purse seine. It is likely, 

therefore, that when the release of eggs and sperD starts, the duration 

of the L."'1.dividual spav·mi:n.g is short, probably a few· hours. Not all the 

herring change f'rom maturity stage VI to VII siBultaneously and con­

sequently they do not spawn at the same time even in the saoe locality. 

It is reasonable that groups of herring keep together w'ld become gra­

dually ready for spavming, vtl'lile other groups release their eggs ~""ld 

sperr:!s at a sligh.tly different time. 

Thus 1...71 the present 1'lOrk the duration of' the spawning season is defh"'1.ed 

to be the tine :L."'1.terval between the onse~ o~ spa~LL71g for the first 

~J.d last group of herring. The time is estimate by considerL""lg the per­

centage maturity composition of v~~'lter herring grouped in five days 

periods over the spa~m.ing season (Figs.3 and 4). The duration of the 

maturity stage V is.., somevlhat longer for males thaJ.'l fe!:1ales 0stvedt 

(1962), vn'lereas stages VI and VII will coL""lcide. Since the duration 
new·ly 

of the two latter stages represents spavn'li.ng ~ld spent herrL71g ru"'1.d are 

considered to cover the actual spavrr~ing period the sexes are pooled. 

The time corresponding to the five days period 1'1hen the first fish 1'1Tere 

found in rv.aturity stage VII is taken as the cOE1L1enceI!lent (T 1 ) of spavmiJ.1.g • 

The end time (T2) for the Spa~mll'lg season is more difficult to determine 

from the present material. since herring in stage V occurred ill sawples 

collected at the end of the sampling period. These herring have to pass 

through stage VI before the season can be considered as ended. To get 

approximate figures for the duration of stage VI the tiDe interval (Td ) 

betvJeen the first occurrence of stages "llII and VI is estiEated. 

By addD""lg Td to the last period .. Jhen herrin.g i11. uaturi ty stage V occurred t 

the end time (T2) for the spawning season is f'olli""ld. The distribution 

of the Llaturity stages V-VII a.11.d the durations of the spmming seasons 

in the different areas are illustrated D""l Figs 3 ~Ld 4 fuLd the tiDe 

intervals for the seasons are liste~able 3. The spawning L""1. area 07 

(off }fi0re) started earliest i11. 1959, 1960 ~""ld 1965, i.e. 18-22 February .. 

Especially in 1962 a..."'1.d 1963 the spa-;,mL."'1.g started late (5-9 j>~arch and 

28 February-I!. liarch). The duration of the spmtJning season vias especially 

long ill 1959,1960 ao.""1.d 1961, lasting for about 30 days. In the other 

years the season lasted only for about 20 days. The duration of the spat'l­

ning in 1959 in area 08 (betw·een Bol;:n and Stol:cJ.en) "laS sinilar to that 

in area 07. The tine of spa-;,~~ing ~"'1.d duration of the season h""l area 06 

c~"'1. not be dealt with in the sane way due to the scarcity of sanples. 
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However, it seeHS likely that the spawning took place alnost at the 

same time as in area 07, although the sanples collected on Ealten BfuJ1-c 

( 
06 \ 

10,11) indicated that the spalming here started somewhat later than 

elsewhere in area 06. In area 05 (the Lofoten region) the spa~mll~g 

started late both in 1963 and 1964 fu~d lasted for only about 10 days. 

In 1965 the starting time atl.d d1..1.ration of spmming were the sane as in 

area 07. Because spent herrL~g (fisa in stage VII) gradually leave the 

fislLLl.g grom~ds after spavffilllgj the modes of the distribution C1..uves 

for stage VI are sOr..1ewhat delayed. Th.erefore the peak of spa-.;min.g 11Tas 

considered to be the me_dian period bet·ween onset and end of spawning 

(Table 3) .. 

In 1959 first time spawners made up 11.8 % of the herring caught off 

140re (area 07) and 22.3 % between Bol-cn ~~d Stolmen (area 08). Durhl.g the 

seasons 1960-1963 relatively few first time spavmers appeared on the 

spmm.ing grounds, except in 1963 in the Lofoten region (area 05), when 

the herring entirely consisted of this spmv..<ling group (Table 4). 
However, in,1964 and 1965 first tine spawners made up 3l.z-e. Lj. % and 35.9 

% of the herring off li0re (area 07) a..l.d 93.7 % ful.d 76.4 'fb in area 05. 

lIo significant difference in spmvning tine betl·.reel1. first time and repeat 

spa1mers ll~ the same region could be traced from the present material, 

although the latter group seened to reach maturity stage VI slightly 

earlier tha.."'1. first tiLle spm-m.ers, especially il"l the years 1964 and 1965 

(Table 6), when relatively yOlli~g recruit spavmers appeared (Table 2). 

SpaM~ing location 

The herr~~g probably reDali~ on the same grolhl.ds just before fuLd through­

out the Spa'il.nll"lg process before they gradually migrate frow the coastal 

waters. By studying the distribution of the herrL'1.g catches during the 

spam~LLg season, localities where spa'v.nL~g has taken place c~~ be allo­

cated (Table 6.). Only catches after the estinated onset of spa~mL~g 

(Table 3.) 1vere considered. In Figs. 5 ru~d 6 the relative yield distri­

bution according to area ~~d locality is illustrated. 

In 1959 the biggest catc:(lles~~e~e t~~en between Bol~ a~d StolDen(03~~4) 
and betw·een Stad ru~d Ona 05:'&6J' but herring in spmming fui.d spe:lt con­

di tion "lv-ere also caught further north i11. the Hal ten fu"J.d Sklinna regions 
f 06 ') ~f 06"\ ~10111,12 &"'1.0.\ 17,18

t
23}' In 1960 no herri.1'1.g 1vere caught L~ area 08, 

·w·hereas the catch distribution in area 07 ,-/as alr:lOst the SaI:.1e as in 1959. 

FroD. 1961 onvlards a slight northvlard D.oveeent of the fishery was noted 

in area 07, the localities behveen Ona ru"ld GriP(0~~07)being the most 

inportant. No herrL~g iilere caught in area 06 in 1960 a..'1.d 1961 .. During 

the period 1962-1965 spavmL"'lg and spent herring ",ere fished both off 

M0re ruld in the Halten a..1'1.d SklL~~a regions, the former region giving 

the highest catches. In 1963,1964 and 1965 spavmli1.g and spent herril1.g 
1 ,.. .J.. • • • ( 05 ) 

were aJ:..sc caugnt ll1. tne Lof'o "en regJ..on, naJ..nly J..n', 03,04.,09, le; • 
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L'1.other 't'ITay of allocatiIlg the spmming grounds is to survey the 

coastal ba..lks for new'ly-hatched larvae~ The oCCUrrel"lCe of lavae with 

yolk indicates that spavnLL'1.g ~ust have tru~en place not too far from 

the locality of catch. Since both the time of spavming and s~~plL~g 

of larvae varied fron one year to another a comparison between the 

period of survey with the approxioate tiDe of hatching would illru~e 

the material easier to analyse. 

The approximate period for peru~ of hatching ca..'1. be fOlli'1.d by adding the 

incubation tine to the peak period of spm,.r.rLing. IU1.owing the tenpera­

tures on the Spavmll1.g grolli'1.ds approximate figures for the incubation 

tine ca.."'1. be estir;.1ated from Blaxter aD.d HeL'lpel f s paper (1963). 

UnfortlliLately tenperature observations during the actual spavmllLg sea-

sons are only available from e few stations o:n some of the spawning 

grocuLds (Fig.7). 

According to RmLrrstreD (1941) the spawnL'1.g is not evenly distributed 

L"'"l the different spa';vning regions, but restricted to special spa'mL~g 

grounds 1'lith sa..'1.dy or rocky bottOD separated by fjords or deeper ridges 

with a soft botton. Such bottom structure is mainly fow'1.d above 250 ill 

off' Here. Thus the main spm·ming probably tal~es place above 250 8, the 

most frequent depths rmLgL'1.g from 50-to 200 ~ as the depths on the shelf 

from Stad to Grip lliLd on the Fr0ya Bank ffiLd Halten Ba..'1.k are less tha..'1. 

200 n (Fig.8). Therefore, figures for the maxitlUD tempereture range 

between 50 and 200 m/or bOttOD in the different localities are listed 

in, Table 7 .. The tenperature range was highest in area 07 resulting in 

a corresponding varying ll~cubation tine (Table 7). This vffiS especially 
o 

prOnOlli'1.Ced. L'1. 1959 an.d 196.3 when the teL:lperature varied bet1ileen 4.8 

ru~d 7.6°C and 3.70 ~'1.d 8.1 oC respectively. The rlli~ge was more narrow 

in 1962 (6.5°_8.0 0 C) and in 1964 (6.So-7.5°C). In area 06 the vertical 

tenperature distribution did not show the same variabilit3T as in area 07. 

A relatively high teEperature range \eras observed on the spa-'Vl'1ing grounds 

in the Lofoten region( r-.,li ~~ "9)\ L.~ 1963, varyiIlg between .3.9° fu'1.d 6.7°C 
IV "1'--' ,u 

(Table 7). According to R1.l.Ll.llstr0L1 (19l~1) the herring tended to spa'wn 

nost ll'1tensively D'1. water of 50 lli'1.d 6~ D~dicath~g that spaWiling in 

Lofoten took place belovl the therLJ.oolL"le, vhereas off E0re and Tnandelag 

( arC~8 07 fuLd 06) herring spa-'VlLed also above the thermocline except 

in 196.3 (Fig.7). 

Comparisons of the periods for peal;: of spavming, peak of hatching and 

the first lli'1.d second part of the larval cruises are given in Table 8. 

In area 07 the first part of the surveys was carried out alnost at the 

sane tiDe -in relati'on to peak of hatching except L'1. 1960 and 1964. 

The former survey took place at the begim'1LLg of the mallL hatching, 

whereas the latter covered a relatively late period. EOvlever, the second 

part of the 1960 survey could be oompared 1vi th the other years. 
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The first part of the sampling in area 06 '-!as :o.ade at about the sane 

t ' in 1: t' ~!ile re' ,a ::L..ons topeak of hatching except in 1959,1961 a...n.d 1964, 1-1hen 

the sampli..'>1.g l1aS carried out at a later period (Table 8). In 1964 atl.d 

1965 the sampling in area 05 ,-.ras undertaken just after hatching} wl1,ereas 

in 1963 the survey was carried out prior to it. Thus the reriod conside­

red concerni..~g the distribution of yolk sac larvae coincided mainly 

1vith the first part of tr.l.e larval surveys (:ti'igs • .5 and 6). In accorda...11.ce 

w'ith the late survey period in 1964 fG1-r larvae vdth yolk 1'16re foUnd iD. 

areas 07 and 06. Simil.arly larvae 1vere scarce i:;:l area 06 in 1959, whereas 

in 1961 larvaG 1vith yolk v16re numerous in this area (Fig,5). In 1959 

larvae vlith yolk sac w'ere most ablL-'ldant in the Stad-Ona region(g~ ~ 
The larvae found further south, in(g~)were nost likely derived froD 

f "8_1 the Bolm-Stolnen region{OJ~04f In area 06 the larvae .-rere oaiLl.ly con-

cen tra ted off SklinnaG ~6 2).. In 1960 larvae .vi th yolk sac 't-lere rela­

tively nunerous b~t'tYeBn· Stad and Grip (05,O~;08) a.."'1G in the Halten lli"1.d 

Sklin..11.a regions( ~~ )a..l.d(17~~2)' In 1961 almost the sane distribution 

pattern as in 1960 was fOillLd, although the nost dense concentration 

vffiS observed south of Stad(07 ~lL;~ The larvae collected in the Hal ten 

region might either derive from a relatively late spmvnil"lg in this 

region or have been transported fron southern spm·mL."1.g groull.ds. In 1962, 

1963 and 1965 the larvae il1, area 07 1i'lere distributed somewhat further 

north than iLl. 1960 and 1961, whereas the larvae in area 06 were fOUJ."l.d 

nainly llL the sane localities as in 1960 a...~d 1961. In 1965 only few 

larvae ,vere observed in this region. In 196L~ and 1965 larvae w'ith yolk 

sac were also observed in area 05, on the shelf off Lofoten, the dis­

tribution being slightly nore 1ITesterly Cl.l.'J.d northerly in 1965 than L'1. 

19 6L~. The lack of larvae i..""l this region L.'1. 1963 'vas expected due to 

the fact that the area was surveyed before hatching started. The locali­

ties where Spa1tIDL'1.g a...'"ld spent herril1.g ,.,ere caught coincided fairly 1I1ell 

with the distribution of l~~ae with yolk sac (Figs. 5 a...l.d 6). 

How'ever, in some years the la...~ae seened to be sligthly Llore w'esterly 

an,d northerly distributed than the herri.."1.g catches, especially in area 

07, This is reasonable sL'1.ce the yolk sac stage :for A tla:.'1.to-Scandian 

herring lasts for about 10 days at 8°C (Blaxter ~'1.d Henpel 1963). 

A dispersion from the actual spa~ming grounds$ therefore, may have 

tal;;:en place for som.e of the larvae before they 1'.;ere caught. 

Discussion 

Long term changes in time ful.d location of Spmmll"lg of lTorv.;egian sprL"'lg 

spawaers have been discussed by Devold (1963a ). During the eighteen 

nll1.eties the 1j-rinter herring arrived off H0re in September/October, and 

the spmming probably took place sooewl1.at earlier than, ::in: the., -pre~ent· 

For the period 1927-1960, Aasen (1962) fOlli"1.d that the average time 

between the arrival of the 1v:inter herring a...7J.d the spawning ",;as 38 days 

with a standard deviation of one week .. The onset of spawning vIas defL""led 

to be the tine 1'\Then 50 % of the herring in the ~0!lti.nuo:usseries of 

sanples during the sane season reached stage VI. 

--- -------------
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By this definition coru:2.e-.DCemen t of spal'-miJ..""'lg co:. 

time socewnat before peak of spmv:ning in the p~ ______ ,,~~~~. 

irlterval bet.-reen arrival Cl.l1.d spmv.n.ing .vas considerably lo"rer in most 

of the years 1959-1965 (Table 3.). It is reasonable to conclude there-

fore that the time interval between arrival a.l.d spavming necessarily 

does not need to be consta.-:lt, but varies. i'rOI:l o':;'1.e period to a.."'1.other. 

According to Devold (1963a ) fu"1.d Aasen (1962) g01·,r0ver, the spawning 

time cha..l.ged duri...11.g the period 1927-1960 as the cOlTIL.--:enceL:1ent of' spaw­

ning started L11. end of Ja11.uary/begiln1.ing of February during the first 

part of the period (1929-1941), vlhereas i..11. the latter part the spaliming 

started in the second half of February. 

Hore detaileltnowledge of the location of spawning of Norvlegian spring 

spavmers duri.t.l.g the nineteen thirties is based largely on 1'lOrk by 

R1llll1.str0I:1 (1941). He fOllil.d spawning along the Horvlegiru1. coast froE 

Lindesnes to Vesteralen, but certai.t."'1. regions seeDed to constitute 

localities of' Dore DJ.tense spavrr~ing. Such spavming centres were fOUil.d 

off the south-i.<lest coast betli-reen Lill.desnes and Bergen t off the I';0re 

coast ful.d on the banks off Lofoten and Vesteralen. In the years 1948-

1959 there has been a strikit."'1.g chru1.ge in the location of spa1ming. 

The arrival of' the 1rd ... '1.ter herring occurred about three '·leeks later 

tha.."1. DJ. the ni..11.eteen thirties and the spavmli1.g took place ;ff,'Tuq;ual.ly. 

further to the north (Devold 1963). 

During the present period a further northlivard displacement vias trac9d .. 

Al though the p.aterial does not allo1v to allocate the SpalVTl"i1J.g places quite 
J..S 

precisoly, it reasonable to conclude that the :GlaD'! spmming 1vas con-

centrated in the follovd.ll.g regions: 

(1) Between Bo1::::n. a'ld Stolmen C~8 r-,f.} ) i.t"'l 1959 
"7'''-' ,'v . 

( 
, l v_ ., . 

2) Between Kin ... 1. a."'ld Onal 04,05t 06}:L.lJ. 1959 fu""'ld 1960 
Betv10en Stad fu"'ld Fr0y a( 0 7 ) in 1961,1962 a.:n.d 1963 

05,06,07,08 
Between Ona and Fr0Y¥r 07) l.tJ. 1964 a'ld 1965 

06,07,08 

B t I"'alt ~ -' 01 1" .,., f 06 ) _ ' ( 06 ) , e vleen.!. e-'..l. aJ.1.Q u.& L'llka ~ 10, 11 , 12, 13 a:1.CL \ 17, 18,23 
lll. all the years during the period 1959-1965. 

( 4) 

Except in 1959 Spavmll1.g was i.tl.significant on the traditio~al spalin1.ing 

grounds south of Bergen (area 08). The BoSt iDporta11.t spmmi.t--:J.g centre 

was in area 07 extending fro:Gl KllLl1. to Ona in 1959 ful.d 1960 fu--:J.d froQ 

Stad to Fr0ya ~ 1961,1962 ful.d 1963, with a further restriction Dl. the 

southern part of the region L1. 1964 and 1965, covering naL11.ly the dis­

trict bet'veen Ona al1.d Fr0ya. Spavming in area 06 certainly took place 

in 1960 and probably also in 1961, even if no spmm.ing and spent herriIlg; 

were caught DJ. these two seasons. According to the present ll1.vestiga­

tion spavrr1.ing in the northernnost area 05 cai.t.-:tly took place during the 
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last three years. Spa;;;-miD.g in tIllS region has dei'i..."J.itely taken place 

also in previous years as poin.ted out by Rt.hl.!lstr0I:.1 (1931.t ) and 1,:J:arty 

(1956). 

Allocat i 0& spa';J.ni...""1.g groUl'lds based on larval surveys has also been made 

by ¥udru1.oV (1962,1963, 196L~, 1966). lie fOlli1.d insignificant spawn.:L."J.g in 

the Loi'oten region in 1959,1961 ~~d 1962, whereas li~ 1960 spa~ming was 

observed on the ba...J.lcs betvleen Lofoten and Vesteralen. Yudanov carried 

out his surveys hi. 1960 in this region i'roD 9 April onwards, this 

being about t1'iTO "reeks later than the period covered by Uiborg (1960). 

Yudanov i'o1L.--:l.d newly ·-spmlT.i.1.ed fertilized eggs in the stomachs of haddock 

betveen 13-26 IJ~arch on the banks w'est and south-1ivest of the Loi'oten 

Islw"l.ds, L.'l.dicating that nass spavmil1.g took place duri..."1.g }:2:arch in this 

region. The location of spa,~i..."1.g further south given by Yudm1.ov during 

the period 1959-196.5 coincided fairly l{rell with the prese:C"lt iavestiga-

tion .. 

The trends describod for the period 1959-1965 Cfu--:l. be sunoarized by: 

( 1 ) 

e.g. 

delay h""1. spawning conpared 1'iTi th earlier periods i.."'1. tIllS century 

1929-1941 (2) varying tiDe intervals for the spavm:L.'l.g season and 

(3) progressively northv.rard displacenent i...1. location of spavmi..'lg. 

This features might affect the survival rates of larvae a'ld their drift 

pattern. The timi....--:l.g betw'een hatchi..."1.g a..'1.d the need of suitable food for 

the larvae when they chffi"lge over to external feeding is, i...1. accorda...1.ce 

with Hjort's hypothesis, considered to be of great importance for sub­

sequent year~class strength. It is likely that the period for this 

tioi..."t1g vlill cha.:."J.ge with location of Spaimll1.g, beli1.g somevlhat delayed 

on the :northernmost Spavmll1.g grounds conpared with those further south. 

From earlier ,-lorks, e.g. Lea (1929), I~arty (1956), l!liborg (1960a )" 

Dragesw1.d fuLd Olsen (1965), it is evident that the distribution pattern 

of larvae throughout the period from hatching to tl"-e end of the first 

year of life is closely connected to the geographical distribution of 

the spa1ming grounds fu1.d the t-later tral1.sport fron these groun.ds. 

Thus larvae drifting ll~ the water masses ~ovh""1.g northward along the 

Norwegim1. coast will have different environmental conditions depending 

on 1\Thich spa.-m.:i.ng groill1.ds they were ha tchod •• 

TEE uillVAE _AlifD THEIR DISTRIBUTIOn 

The herring larvae a1.d their distribution off western fu1.d northern 

Norvlay have so far nai..."'1.1y been ll-:J.vestigated by Soviet and Nortvegia...l1. 

1-.rorkers e.g. Runnstrem (1934'.) 1 RyzheTl_l{:o (1938,1939), Wiborg (1950, 

1954,1956) a..~d YUdfuJ.OV (1962,1963,1964,1966). Accordi...~g to these 

authors the larvae are mainly found on the f-Iorw'egian coastal bful.kS 

during the first month after hatcl1.:i.ng. In the post-war period inte­

rest has increased ll1. quantitative L"'1.vestigation on herring larvae. 
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Although considerable effort has been devoted to sampling of' larvae., 

reliable data on the ablli~dru~ce distribution are still lackL~g. 

In the present chapter variations in distribution ablliLdlli~ce and 

length conposition of larvae for the period 1959-1965 are dealt with .. 

Errors associated with the saL1Pling tecl~ique 

The major sources of variability in the assessment of ~~ual ab~TILdance 

of plru~~tonic fish eggs fuLd larvae have been pointed out by several 

authors, e.g. English (1963) ~~d Saville (1963) These are according to 

the latter author: 

(1) errors associated 'with actually taking the sample: 

(2) errors involved in integrating sanples representing 

POLLtS in space over space, to give estimates of 

ablliLdance over the total area of distribution. 

(3) errors L~troduced by sinilarly integrating cruise 

totals over time to give estimates of the total 

production over a certai...."'1. period (spa1'ming period) 

and 

( L}) errors due to mortality up to the end of the sar.apling 

stage. 

In the present investigation the c.losing :U1ech~'"1ism of the Clarke-Bumpus 

f·lankton samplers were not in operation when taking the hauls, due to 

difficulties of keepLLg the shutter open in rough weather. The shutter, 

therefore, was kept in. open position durL""lg the unole sanpliJ.Lg proce­

dure by locId.l1.g it with thin nylon gut. ':]}1.e:o.1. the tow'ing 'was over ~ the. 

sr~p vffiS stopped fuLd the samplers hauled LL vertically. Theoretically, 

therefore, larvae caught during the vertical hauling represent a bias 

in the llu:ober of larvae 1;Then dealing 1vi th. the vertical distribution 

in different depth strata. This error, however, is relatively small, as 

the sanplll~g voluoe by hauling the net vertically from 30 ill to the sur­

face usually amounts to about 5 % of the total sampling volune durll1.g 

the oblique to-vJing procedure when this is lasting for 20 I;.linutes. The bias 

may be sonevn~at larger in cases vn~en the density of larvae is signifi­

cful.tly higher in. 25-5 t.1 thfuL in the depth strata helo .. ,. Cloggi...71g of the 

nets reduces the sampling voluoe ruLd apparently the number of larvae 

should decrease in the sane ratio. However~ eloggil1.g nay increas€. the 

net avoidru2ce rul.d carefully cleaning of the nets therefore, ~ms under­

tal:::en when Cloggi.:.l.g arised. 

A good deal of ",ork has been done on the variability of repeated hauls 

in the same body of water with various types of pla..71ktol1. gearte.g. 

Windsor ~""ld Clarke (19 L}O) lliJ.d Sillinan (1946). :Gven if the variations 

in catch "rill depend on the kL""'1.d of organism ~"1.d its patchLLess, this 

error L"1. najority of cases Dust be relatively snall LL comparison with 
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that introduced by takll~g a saople over a small area as beh~g repre­

sentative of a ouch larger area. In the present work no attruapt has 

been nade to integrate over area lli~d the data presented represent 

single observations or nem~ values of a few stations L~ certaL~ locali­

ties. 

TILree sampling procedures were used to investigate the variability LL 

number of larvae caught in oblique hauls with Clarke-Bur;:rpus pla..."lkton 

sauplers: 

(1) Conparison of nuober of larvae caught at the sane station ll~ 

t1'1"0 subsequent hauls (Table 9 .. )~ 

(2) Conparison of nunber of larvae caught in t~1TO sanplers attached 

just above each othor (1 1:.1 apart), (Table 11). 

(3) Sanples collected arou!.1.d current crosses (Table 13 j ~ 

The catch figures (Tables 9 al'ld 11) apparently showed some variab:i..ttity 

both ~·rhen repeating the hauls in the same body of 1'later a..~d ,,'hen sanp­

ling sinul ta.'1.eously ~·ri th tl'lO gears :L...,. approximately the sarae depths .. 

Groupin.g the data ii~ Table 9 in two series and applying a.71 a..71alysis 

of variance (Table 10) J no sig-£rificcuLt difference betw·een series of 

haul vlas fOll.7J.d. (F= 0.58 J: P > 0.01). Hor -VlaS the difference L.'l number 

significa.'1.t (Table 12.) >;'lhen saLlpling simulta.~eously -vli.th tvlO G'GClXS 

attached 1 n apart (F= 0.L~12, P> 0.01). 

The distribution pattern during day a.~d night 1Ta3 studied by sampli21.g 

around current crosses at different localities OD. the 196L!. al1.d 1965 

cruises (Table 13.). In 1961t. h·,O current crosses ,·lere released in 10 

and 20 I:l every second hour d1;U'ing 24 hours j hauls ,,,ere nade in 

25-5 0 and 50-30 m. To study the vertical distribution in more detail 

samples L~ 10 8 st~ntas fron 50 n to the surface at station 1 and from 
,('lere tal:en 

70:cl to the surface station 2 D'l bet~Jeen (Figs. 9 and 10). The results 

obtained at drift station 1 (off Sklir.u'1..a, ~~)clearlY demonstrated that 

nunber of larvae caught bet1i:Teen Slli-lSet a..'ld slli'lrise 1'laS sigo.if'icantly 

higher (F= 40.18~ P<0.01) thfu'l in the light period (Table lL!-).. 

The increase L~ nuwber of larvae caught at night was due to higher 

catches L'l the upper 25 ill, the larvae being especially numerous above 

20 n (Fig. 9, middle part). At station 2 (off ~ggUill, ~no signifi­

cant diurnal difference ll'1 number of larvae "!as found (Table 14, 

F= 1.029 P >0.01). This station was situated far north a.1J.d the SaI;.lP­

ling 1vas carried out at the end of April. .At this tine of' the year the 

dark period is relatively short a.~d even if the larvae showed a verti-

cal migration towards the surface at night, this pattern was not as 

pronounced as at station 1 (Fig.9, niddle part). Ho larvae were caught 

belo1'l 60 n. In 1965 the drift buoys were connected to current crosses 

in 10 a..'ld brO :El (station 3: off Hal ten, g~). The sa.w.plL.'lg procedure 

,-!as t:1.1.e sawe as in 196L~, the sampling depth being extended to 7.5 L.1 

(Table lJ, li'ig.11). The nunber of larvae caught at night l'TaS not sig:n.i­

fica.."1tly lugb.er tl'1fu"l duri.."1.g day tine (Table 1L~, F= L~.476, :2>0.01). 
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the number of larvae caught in the depth r8.11.ge 70-55 !i.1 11Tas scarce during 

the second half of the sampli..."'1.g period, vlhereas larvae '\j-.rere more l1.1..1llie­

rous dUrll1.g the first four samples. Larvae were not fOfu"'1.d below 70 m. 

Also at this station the b.ighest concentration -.,.,as found in the upper 

30 ill during the night. Considerll1.g the three stations simultaneously 

and excluding the srunplllLg llL 70-55 ill at drift station 3, significant 

difference between ~ay fu"'1.d night catches was fO~"'1.d on the 5 %, but not 

on the 1 % level (Table 15). 

The effect of net avoidance on the variability of the catches is diffi­

cult to judge from the present material. Apparently larger larvae were 

not caught more frequently at night thfu"'1. dv~ing the day (Fig.9,10,QUd 

11, 10vler part). Comparing the mean lengths of larvae caught at night 

with the means obtall1.ed during daytime significru1.t differences were found 

at drift station 3 applyll1.g a t-test (Table 16), .rl1.ereas at stations 2 

and 3 the significance 1vaS not clear. The mean lengths of larvae caught 

by Clarke-Bumpus samplers and 3 feet Isaacs-Kidd midwater trawl (Table 

17) did not usually Sh01'IT differences for larvae belo1tl 15 D1l1, vfhe:reas a 

significlli1.t difference was observed above this length, It is concluded, 

therefore, that the larvae caught by Clarke-Bumpus apparatus gave true 

length dis tributions of larvae bel01.v 15 I:"ll;1, a..'1.d it is reasonable to assu.r:J.e 

that the net-avoidance ''lTas reJ.:atively Sl:.mll below tIllS length. 

The variability h"'1. catches was more likely due to patclLiness, the la.~ae 

beuLg more evenly distributed d1..~ing the night. 

Errors introduced by integrating cruise totals over time to give estima­

tes of the total production over a certain period is a serious problem 

net with in ab1..U1.dance estinates of eggs a.:.'l.d larvae. According to Znglish 

(1963) the major source of' variability is the time effect,with number 

of stations being less =.oportfu"'1.t and duplication (paired hauls) least 

important. To nru~e adjustments for the variability llL tiDe, it is neces­

sary, among other factors, to l-cno1v the shape of the C1.lI'Ve of egg abun­

dance 1vi th tine a..."'ld, the hat chi:!.1.g rate of the larvae. In the pre sen t 

material the duration of the spa1-mll1.g season fluctuated between 20-30 

days in area 07 a.'1.d 10-20 days in area 05. This variation will definitely 

conplicate the estination of larvae abU1.1.dance a.:."'1d, wake the comparison 

from year to year difficult. Other inportant tine effect factors are 
or tI1..e 

the dispersion and mortality of larvae. Tnuspresent matmrial does not 

allow for any exact adjustments of the estinates of larval abundance. 

Distribution 

In Fi~. 12 Cl.J."'1.d 13 are sl::;,01fl]. the average nunber of larvae per 
2 . 

In 1U the 

different localities along the coast. One to eight stations, mainly tvlO 

to four, vTere located ill. each rectangle. Where 2.ore thfu"'1. half of the 

hauls fell h"'1. the dark period, figures are set ll1. brackets. 

-_._----- _._-------
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To compare the distributions the dif:f0rent years 1vith each other, 

the sawplL~g period in relation to hatchL~g ~Ld the procedure of samp­

ling should be the saGe. These requirenents were only partly fulfilled. 

In 1959 the survey vras ca:i~ried out fron 2-28 il.pril, covering the periods 

'. firs.t .' ';;Teek a.71d fodl'\.reek· after peal;;:: of hatc~"';jng iD. area 07, aJ.1.d 

the second a..11.d fourth vieek iD. area in. area 06 (Table 8). 

Larvae Here distributed all alon.g the coast froI:1 Bergen to Andenes, 

the main. concentrations, ho,·rever, being found near the coast froE ce:;:2-

tral part of area 07 to t~e northern part of area 06 (Fig.12). In area 

05 insign.ifica."1.t lluwber of larvae was found. A few' larvae 'were caught 

L.71. three localities off the continental shelf ,,;est of Stad. COE:1paring 

the distribution during the first period (2-21 April) with the second 

one (20-28 April) the sane general pattern was found, although the oost 

dense concentrations 'vere observed soneli.rhat further north than during 

the first part of the cruise, L71.dicati...~g a general drift of the larvae 

in a nortl1:1;-:Jard direction. 

The 1960 survey covered tz.-~e period 21 Earch - 9 April, the first part 

fallil1.g within the Bain hatching period both in areas 07 a.."1.d 06, c'lhereas 

i...~ the second period of the cruise the pe~: of hatcbing had just passed 

lin~ell these areas were surveyed (Table 8 ). The nur~ber of larvae caught 

was extrenely lrigh corupared 1'Ji tl'1 the previous year, especially in the 

northern part of area 07 and the central part of 06 (Fig. 12). Larvae 

were only traced llL one locality in the Lofoten region which was covered 

durin.g the period 28 Earch - 2 April. In. 1961 the cruise lasted from 

6-29 April, and sampling iLl. areas 07 and 06 was l.mdertaIi:en duri..."lG -f':irst 
a..."ld second 
week after peal: of hatching (Table 8 ). In the perlod 6-19 April, 

the ll1ain concentrations '1Tere fou...71d ll1. the central part of area 07, 

between Ii:il1.J.l. a..71d Grip a...r.td in the Halten region (Fig,12). The larvae vJere 

si@1.ificantly Bore northerly distributed during the second part of the 

survey (20-29 April), especially in area 07, but as late as 24 April no 

larvae 1-:Jere f'01.hl.d L.l. area 05. Also tIns year larvae were scarce in the 

1 1 · t· th -P TT". nt 07 \ wherea-:::: t~~J.ey "1Tere nUL1erous betv-reen o ca ~ ~es sou 0.1. .(1.J.n __ '>. 0 1 2 02 , o.3l' - ~ - v 

KL~1. and Stad(04~~5)during the first part of the cruise. 

2 
The first cruise i...l. 1962 comoenced April a...~d continued to 13 April. 

L second survey vias carried out 2 ll·-28 April. Both cruises covered a 

smaller area tllal1. the previous years (Fig.13). The naLr.t hatchD1.g in areas 

07 and 06 took place during the first weel: of April, the first survey 

falli..."1.g within a21.d just after tr...i.s period (Table 8 ). The highest con­

centrations 1trere observed betlveen Grip a"1.d Fr0ya a..l.d in the Hal ten­

Skli...~a regions. The nuwber of larvae fom1.d south of' Stad was negligible. 

The second survey covered only area 07 a:i1.d larvae i;,rere still nunerous 

between Grip aJ.1.d Fr0ya. The larvae surTeys b1. 1963 started 2 April and 

lasted until 23 April. As in 1960 ~~d 1962 saopling hl. areas 07 ful.d 06 

"'"ras carried out in the mai::.1. hatcl-:d.ng period aurin.g the first part of' the 
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cruise (Table 8). The second part covered a period about tvlO 1vceks 

after peal: of hatching. Duri.:l1.g the first period, 2-10 April, the nail."1. 

concentrations wore observed betwee~ Ona and Fr0ya, lli~d between Halten 

and Sk.li.rJ.na. No larvae w·ere fOU:."Ld in area 05 (Fig.13). 

In the second period larvae were fOlli"1.d in alnost the same regions, but 

were s0ll1evlhat more -.videly distributed and appeared as far north as 

Vesteralen. The herring nigrating to the shelf off Lofoten consisted 

alnost entirely of recruit spa'V'mers and spawning took place nai..."'"lly frOI:1 

25-29 IV~arch. Thus the larvae ",ere not hatched at the tioe when the sur­

veys were ill~dertru~en in this region (Table 8). In 1964 the survey started 

relatively late conpared l·,ith the previous years, the first part coveri...""1.g 

the period 14-2L~ April at"1.d the second 26 April - 5 I~ay.. Prior to this 

survey a cruise was lli"1.dertaken during the period 2 - 10 Lpril. HOl·rever 1 

since this survey covered only a snall part of the actual area, the 

results are not presented in Fig. 13. The pecl~ of hatching in areas 0'1 , 

and 06 Vlas in the last w·eek of lJlarch. In the Lofoten region the hatchL'1.g 

took place during the second half of April. Consequently larvae, also 

with yolk, were numerous in this region. During the 1964 survey larvae 

were found over a vade area, distributed from Stad to Andenes with the 

highest concentrations L"1. the Lofoten region (Fig~ 13). The 1965 survey 

commenced 29 l'iarch, about one 1.-.reek after tile pea1-: of' hatching i..'1. areas 

07,06 fu"1.d 05, fu~d contL'1.ued lli~til 12 April (Fig. 13). Larvae were especi­

ally numerous durll~g the first part of the survey ll~ a limited region 

between Grip ru~d Halten. In contrast to the previous year, the concentra-

tions il1. area 05 were highest off the 1r.!estern side of the Lofoten Islands. 

Bet-vreen Hal ten and Lnfoten very fe.'! larvae w·ere caught. The number of 

larvae caught during the second part of' the cruise vlaS considerably 

lower in 80st of the localities cov€red, although dense concentrations 

1"lere still found in ths Grip-F:r0ya regio:;:).. 

The cain larvae concentrations fro!::! spa~tJl1.ll-1g grol.!..."'1..ds in areas 07 anc. 06 

i'lere found betvleen Stad and Sklinna, extending to the southerr.llilost part 

of area 07 in 1959-1961. The distribution indicated a somewhat more 

dispersed pattern in 1959 th~"'1.. the other years. During the period 1962-
1965 larvae were scarce south of Ona, being 1...."'1. aCCOrdfu"1.Ce "vi th a restric­

tion of Spavffill1.g on the southern grounds. In 1964 fu~d 1965 the distri­

butio:1. was characterized by t,w oarn centres, one off the J:Jlere-Tn~ndelag 

coast at""ld another one off the coast bet"reen Lofoten fu~d imdenes. Host 

of the larvae L"'1. the latter region were derived from the spavming on the 

shelf off Lofoten. Thus especially in 1964 and 1965 the major part of the 

larvae population was' located further to the north than those hatched 

at the begbu1.ing of the period considered (1959-1961). 

A bUi.~da:;.1. c e 

To indicate the abundance ll1. the different years the number of larvae 

per rrP surface caught in six sections betv,reen Stad lli1.d Traena vlere ai'laly­

se~ the sections, nh~Ling from the coast towards north-west. The stations 

in each section were numered seaward, 1-6 off Stad, 1-5 off Ona fu~d Freya, 
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1-8 off Halten, 1-4 off SklL?ULa and 1-9 off Trrenn •. (Fig.8). 

The positions of the .stations llL the different sections were nearly 
2 the same each year. The n~rr~ber of larvae caught per ill surface are 

sho-.;m in Table 10-23. At stations where no haul .. iaS tal-;::en, the place 

has been left open in the ~ables. 

The 1959 samples are difficult to judge since no Clarke-HU121pus hauls 

were tal~en before the last week of April. The catches obtained lll. the 

Stad section (Table 18) by Ha."1.sen net llLdicated that larvae "lere rela­

tive abmLdru~t throughout April. It is clearly denonstrated that the 

larvae were !:lost nunerous at the il.li1.ermost stations in the section. 

The nunber of larvae caught ll1. 1960 (7 April) and 1961 (7-10 April) 

1-!aS relatively high. In 1962, 1963 and 1964 no larvae w·ere caught during 

the first part of the surveys, vJhereas a fe"';iT larvae w·ere caught during 

the second part at station 1. In 1965 no larvae w·ere found ill. the Stad 

t . j' t" . -'" 2 '" . t"' sec ~on. ~ddll1.g up ne nUDoer Oi larvae per ill surlace a~ n~s section, 

the abun.dfu"LCe lfiaS highest during the first half of April in 196o, follo'w­

ed by 1961 fu"1.d 1959. However, durirLg the latter half of April the figures 

1WTO highest itL 1959. No hauls 'tvere taken during this period L71 1960 

nor in 1965. In the Ona section (Table 19) the ablli~dance of larvae was 

especially high in 1960 being sonewhat less in 1961 fu"1.d 1962. In the 

latter year the larvae were concentrated at the llu"Lermost station. 

In 1963 and 1965 the nunber of larvae was still lower llL this section, 

and in 196h.- the abu.."ldance vIas insignifica.."l t.. In 1959 lar..rae -v,ere rela­

tivel~ scarce t~xoughout April. During the first half of the oonth i.e. 

one to two 1-leek after peak of hatching larvae viere wost nUI:.lerous in 1960, 

follo'iTed by 1961, 1'lhereas L-;. the second half when the yolk ,-;as absorbed 

the ahunda.."1.ce vlas highest L'1. 1963 (i..."1. 1960 no sawples were taken) .. 

In 1962 and 1965 ( 12 April) no larvae -';vere found, fu"1.d in 1961 the 

number of larvae ,,1i"as considerably 10'tver that;. duri.I1.g the firs t half of 

April. Fevl larvae w·ere found in 1964. Also at this section the nULlber 

decreased seac'l/ards. In Fr0ya section the abi-u>.da.."lce was high ooth in 

1960, 1961, 1962 and 1965 (Table 20). In 1961 the nuober of larvae viaS 

highest during the second half OY ~pril indicatL;.g a northward drift L"1. 

the time llLterval between first a..;.d second part of the survey. 

During the 1962 surveys larvae were nUmerous tr~oughout April at the two 

innernost stations. The abundance in 1963 and 1964 !'rere of the sane 

order of m~gnitude during the first week of April. In 1959 the number 
2 of larvae per ill surface caught by Nansen net vrere relatively high iLl. 

the first half of April, lfIhereas it;. the second half of ti-:ie month the 

larvae liere rather scarce and could be compared -.;vi th the figures for 

1963 all-d 1964 .. 
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Further north in the Halten section (Table 21) the ablliLd&~ce was high 

during the first half of April in 1960, 1961 fu~d at a few stations L~ 

1962. Again the figures were high durll~g the second part of the survey 

in 1961. The figures for 1959 ll~dicated relatively high concentrations 

throughout April. The abm~druLce was aloost the sane during the first 

and second survey llL 1963 fu~d 1964, the figures, hovlever, being consider­

ably lo"ler than in 1961. In 1965 the Il"LlL1ber of larvae caught at this 

section was of little significffiLce. In the Sklinna section (Table 22) 

larvae were also most nunerous L'1. 1960 Cll1.d 1962. The other years h"'l 

question are di~ficult to r~~ with regard to nuwber of larvae, except 

il.>. 1965 "Iv-hen the figures indicated relatively 101', abu..."'ld&>.ce. The larvae 

caught :L.>. the Troe.."'1.a section (Table 2.3) were again alr.lost negligible, 

except in 1964 and 1965. The abund~~ce seemed to be especially high 

in years "tv-hen saspling fell in the cain hatching period or just after 

it,e.g. ll1. 1960,1961,1962 CU1.d 1965. In the two latter years the high 

figures were restri.cted .. -~ to relatively fev, stations. A decrease in 

abundfu"'1.ce during the time interval between the yolk sac stage and just 

after the absorption of yol1~ liv-as indicated in 1965. Thus to conpare the 

variations in abUtl.dance between years, the saLlpling period after the 

yolk sac stage should be chosen, i.e. two-tlLree weeks after peak of 

hatching. In 1959, 1960,1961 and 1964 tt>...is stage v,as passed 15-20 April 

(for areas 07 and 06), 10-15 April in 1965 a..:.l.d 20-25 April in 1962 and 

196.3 (Table 8). In 1960 sanpling v.Tas not carried out after 9 April ful.d 

the figures can not be cOLlpared 1v-i th other years. Judging fron Tables 

18 -23 the concentrations of larvae were especially l~gh ll~ 1961 ll~ the 

Fraya &Ld lialten sections, being considerable less aba~dal.t south ruLd 

north of this regions. :G01,.rever, in 1959 larvae were widely distributed 

shol',i...11.g relatively high figures at all sectioi:ls. In 1962, 1964 and 1965 
larvae were either lackll~g or scarce south of Ona, whereas in the Fr0ya 

sectionslarvae 1;.Tere nUl:1erous these years, being less abu.L'1.dant again i..."l 

the Halten &Ld Fr0ya sections~ Further north off Trrena larvae from the 

spawning in areas 07 ful.d 06 vere mixed 'with those hatched in the Lofoten 

region. This was especially pronounced in. 1964. :J;xcludi..."1g larvae spm'lT'.o.ed 
er 

in tP...is nortluLillost region it seems reasonable to conclude that larvae 

having passed the yolk sac stage were numerous in 1959 taking into 

acco1L.1.t their w'ide area of distribution and bearing L"'l oind that the 

oblique samplllLg was carried out only fron 25-5 m. Similarly the abun­

dcu'lce was hi.gh in 1961, although it should be stressed that larvae vlcre 

especially ablli"'ldant in linited regions. A such ci...11.centrate distribution 

pattern was even more characteristic for the 1962 and partly also for 

the 1965 larvae, whereas in 1963 ruLG 1964 larvae showed a son6wnat more 

dispersed pattern. 



20 

Length 

To study the length distribution of larvae, the catches in the diffe­

rent years vlere grouped accordit"'lg to regio:::l (Figs. 1L~-20) GlLl.G. the 

statistics,I:1eaJ.'l length , stan.dard deviatio:r~. a..t"'ld variation coefficient. 

vIere estioated (Tables 2 L;--25). In -19:59,.1960 and 1961 evid-ef1.6e- was found 

of sOoevihat:. In.rser Doc1e· 1elig'tI:.s" in the Stad-Ona fu"1.d Grip-Fraya 

regions than further south ful.d north of these regions Figs. 14-16). 

A sinilar trend was fOlli"1.d lll. the merul. lengths (Table 24). It is reason-

able, therefore, that spalv.nLl.g started III the central part of the nali~ 

spawning area i.e. bet"reel1. Stad and Grip. The onset of spa1vni:.1.g .·las 

s~ightly later in the regions south and north of this centre. In 1962 

only snall differences :L."'1. the Be a.""]. lengths (Fig. 17 and Table 2L~) "j,'rere 

fOIDl.d accordLl.g to region and tiDe. The spa~ming centre this year was 

located sOwevlhat further north al1.d tllO hi2">oct GOn.::.l lo.::..:;t:2. wns fOtL."1.d 

in t20 Gri?-Fr07G rOGion L~dicatll1.g that spal~ing started first here. 

FroD. 4-12 April only a small ll1.CreaSe in length was noticed between 

Stad ~~d Halten (Table 24). The very small differences L~ mew"1. lengths 

of larvae caught 11-12 April ful.d 26-27 April might give 1imits of a 

high mortality rate in trois time interval. 

Also in 1963 the Dean length was highest in. the Grip-Fraya region duri.."'1.g 

the first part of the survey (3-8 April). The mean length became slightly 

l01ITer off E:al ten lli'ld Sklil1.J."'1.a (Table 25). The low average length foun.d 

on 3 April betv.reel1. Stad CL11.d On.a, indicated late spa.m.ing in this region., 

agaL11. beL1.g in accordance "'li th the assumption of slightly earlier onset 

of spa'wning i:a the main spa"wl1.ing ce:ntre (Grip-Fr0ya). During the period 

1959-1963 the length distribution showed highest variation coefficients 

in 1959. TILls was clearly denonstrated in the Halten, SkliIli"la &11.d Tr~a 

regions (Fig. 11.~, Tablo 2 LI-). The variation coefficients 'were especially 

high (11 and 13-1 L~ April) off Hal ten Wl.d Sklinna 1-.rhere the larvae con­

sisted of a nixture of small and large larvae. This feature confirmed 

that hatclLL1.g took place over a relatively long period in 1959. 

The length conposi tions in 196L.t vIere characterized by curves sh01ving 

a bimodal distribution ~'ld by high variation coefficient~.The lengths 

of the larvae caught during the period 15-17 April between Grip ml.d Fraya 

lli1.d off Hal ten shov>led almost the same picture. Off SklinJ:J.a &"'1.d Traana 

the distributions were clearly bimodal with modes of respectively 10 mm 

w"1.d 16 mn. In the Lofoten region the biggest mode was less prono~"'1.ced, 

al though &"'1. adnixture of bigger larvae ,·,-as n.oticed.. The influx of s:r::J.aller 

larvae predominated in this region. The wide r&"'1.ge L1. length ClliL be 

explained by the fact that first time spawners made up 34.4 % of the 

mature stock L"'1. area 07. According to Blm:ter lli"'1.d Rempel (1963) fu11.d 

Hempel fu1.d Blaxter (1967) recruit spavmers produce slightly smaller eggs 

alLd hence soaller larvae. Also a somewl"lat later spawnin.g by recruit 

thfu"'1. re~eat spa.nlers may result in a bioodal distribution. The largest 

larvae fou,'1.d in areas 07 fu1.d 06 "vere probably derived from old fish 
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which were spavming relatively early in the season, ~n~ereas the smaller 

larvae probably had their origin froG recruits spawnin.g slightly later. 

In the Lof'oten region the herring consisted almost entirely of recruit 

spavmers a..""ld the larger larvae caught beh,reel1. Lof'oten and Andenes v.rere 

:most likely transported from spmt'iling grolli"1.ds south of this region. 

During the first part of the 1965 cruise no si@~ifica.."1.t differences 

"tv-ere foun.cl in Dea....'1. lengths bet"leen Stad a..l1.d Hal ten., indicating spawni...'1.g 

almost at the saGe time in these regions (Table 25, Fig.20). The larvae 

caught between Lofoten ~~d lu~denes were almost certai..."1.ly derived frOG 

the spawning grounds off Lof'oten. Although the spa .. m:L."'1.g took place at 

the SaLle time in tl-:is region al1.d further south 70-75 ~ of the larvae 

caught betw'een Lofoten a:nd Andenes still had yolk L~_6 April, lvhereas 

only 17-18 lb had yolk in the regions bet1men Ona al1.d Ealten 30 l:arch-

1 April. Significlli1.tly lO-l"ler tenperatures hl. the surface layer off 

Lofoten night explall~ somewhat longer duration of' the yolk sac stage 

in this area. 

Discussion 

Distribution of larvae in relation to their spmming location have been 

discussed by Run ... '1.stroD (1931.;·), Uiborg (1956), l1arty(1956) and Yuda...1.oV 

(1962). Duril.l.g the period 1900-1910 and 1922-1932 RmTI1.stroo found larvae 

rangllLg :L."1. length froe 10-15 DD L~ different regions along the coast 

froo the southerndost part of IJorway to J~'1.denes. It is evident from his 

lllvestigations that larvae caught off Lofoten in Feb~lary-April were 

spa1·Jl'1.ed ll"l tr.d.s region. J.;lsev.rhere along the coast larvae v-lere concen­

trated off IJ.l0re and Bol:n.-Stolmen, ll1.dicatil1.g that these districts vlere 

ioporta...."'lt spm'.1ilil1.g centres.Larvae 1i1Tere also traced of'f Hal ten. Dur:L."1.g 

( \ ( /") observed the poshlar period,e.g" ~Jiborg 1956$1960) a..."1.d Yuda....""'1.oV 1902' larvae v.rere 

almost in the saQe regions The importa....~ce of spav-ming 

on the coastal ba..TJ.ks behveen Grip a..TJ.d Freya vras stressed by these in-

vestigations. During the period 1959-1963 larvae vrere 4la.:L.""'1.ly 

found bet1veen Stad a..."1.d SkJi.r...n.a and in 196L~ a.c"'ld 196.5 also off' the 

Lofoten Islffi1.ds. In tp~s latter region the concentrations were Q'1.impor­

taut durll1.g the other years in question, although spm,ming took place 

in the Lofoten region also L~ 1960 (Yudanov 1962) a...~d in 1963. The reaso~ 

why no larvae were caught during the 1960 a...."1.d 1963 surveys was due to th~ 

fact that aroa 05 was surveyed too early ll~ relation to hatcl1.ing. 

In 19.59 a.."1J.d 1961 (in 1962 area 0.5 was not covered) the larvae fOlli1.d off 

Lofoten w'ere negligible, being ll'l conf'orni ty 1;'li th Yudanovt s findings 

(1962). Ho o.ass spavming, therefore, did take place there these years. 

Thus the spa1m.ing off Lofoten seeDed to be variable both i!.""'1. scope a...."'ld tine. 

Further south, between Sklifu"1.a lli1.d Bokn a si~~ifica...""lt chru1.ge compared 

vIi th pre .. .rar periods had ta1~en place. A restriction il1. area of distribu­

tion, mainly south of Ona,was fOUJ.""'1.d from 1962 onwards. 

--------------
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During the years 1962-1965, the mass spmmit.""1.g 1-laS most likely concentrated 

bet'1Teen Ona at.""1.d SklL.""h"la, "lhereas in the previous period (1959-1961) 

importa.l1.t spm·ming took place as far south as Stad, the cai.r."'1. centre bei.ng 

between Stad at."'1.Q Grip. The distribution pattern during the first months 

after hatching 11TaS characterized by high concentrat~on near the coast, 

decreasing rapidly seavffird , at."1.d outside the shelf alcost no larvae ,vere 

fOQ~d south of Lofoten. Also off Lofoten the larvae were mainly observed 

near the shore, although a some'irb.at ~ore dispersed distribution ,;Tas found 

L""1. this region th~""1. further south. It is reasonable to conclude, therefore! 

that no adoixture of larvae from spa1mit.""1.g grow"1.ds located outside the 

Norw·egian shelf, e.g. fron the Shetlat."1.d at.""1d Faroe plateaues, had taken. 

place. 

Due to chru1.ges in spa1-mi...""1.g location, aatchi...'1.g time at.""1.d dispersion of larvae" 

it is difficult to cospare the variations :L.""1. total abundance between the 

different years. An even.tual mass mortality at certain periods in the 

early larval stage 1'ull also complicate a conparisol1. between years. 

The present investigations indicated a significat.""1t decrease in abfu""1.dm1.ce 

duril1.g the tiDe interval tvlO to four w·eeks after hatching, e. g. 1...'1. 1962 

and 1965. Further indication o? a critical stage durL'1.g this period might 

be seen from the length distributions. In case the time for peak of 

hatclu.ng was the same each year i......""1. all local:id:;ies at.""1.d the larvae • ..rere 

rfu""1.domly distributed, the follo.ring general trend should be fOlli'1.d: At the 

time 1'lhen all the larvae -Vlere hatched, and provided that no drift and 

mortality existed, the lengths should have a normal distribution. 

If the growth conditions for larvae were good the increase ll~ length with 

time should .sho'I high. If larvae go through a critical stage .vi th high 

mortality during the period l",hen they change from their yolk to exter-.aal 

food sources J i. e. at about 11:mm the Cl..~#t;1>!rflweJlfdtributiol1 should 

change its shape 1"hen the larvae pass this critical length. Instead of 

13howil1.g a nornal distributiont a positive ske1"mess of the curve should 

be fOl..md being acconpanied for a period by a some1~Lat smaller h~crease 

in the meruL length. ~:Bchematical illustration of ~'1. exaople of this 

kind is give~ in Fig.21. A situation like this might be completely 

masked sL""1.ce length distribution at.~d mean length is not only LLfluenced 

by differential mortalities at certain lengths, but also on: (1) length 

at hatching, (2) grovlth. rate, (3) selection in Bortality of SlO1"l fu"'"ld 

fast gr01"ing larvae a.."'1.d (4.) enigration and ilili-:1igation (drift 8..J."'1.d , . G.J...sper-

sion). The relative importance of these factors is difficult to adjust 

for. H01",ever J dur:L""1.g the period 1959-1963 the spa,;"mi.D:& stocl:: conprised 

fish of mainly one year-class (the 1950) and lorntively few young recruits 

appeared in the stock. This feature should account for a relatively uni­

form length at hatching. 
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Figs. 12 and 13 ShOvl that during this period alnost all the larvae were 

found in area 07 fu""'ld D'l the southern and central part of' 06 .. The range 

a..."1.d tiLle of spawn.fug w'i thin. area 07 "TaS considered to be alnost the same, 

although the spawning li~ the central region Ona-Grip started slightly 

earlier thffi~ further south and north. In area 06 the spavming Dlght 

especially on the Halten Baru~, be sonewhat delayed in relation to the 

spawnliLg L""'l area 07. However, the larvae fom~d between Stad ffiLd SklilL~a 

is considered to consist of Oile population hatched alnost at the sane 

tine. Thus plotting the r::lerul lengths according to tiille, with reference 

to peak of spa~Ling (Fig. 22), the growth pattern Cfu""'l be studied. 

Also data frOl:l Yuda.11.ov's surveys in. the sane areas 1-lere plotted. 

Indication of a relatively slow increase in neru~ length during the period 

25-45 days after peak of spavJl1.L""'lg" i.e. about a Dean length bet1'"Jeen 10 

fu""'ld 14 r~n vJaS found. In 1960 a...7J.d 1962 the average gro'VJth per day vIas 

about 0.10-0.12 Dill a...~d 0.14-0.16 DD in 1963 and 1965. A significant 

layer increase (0,18-0.20 wd~as noticed in 1959 fu""'ld 1961, the latter 

year being sone"~Lat less pronounced. The figures for 1964 is difficult 

to judge due to the great variations in Dean lengths. A relatively lO"t"l 

growth rate during this period rJight support the theory of a critical 

period just after the end of the yolk sac stage. According to Blaxter 

a...1'ld Hempel (1963) the lengths of' larvae of ITorVlegian spring spa~mers at 

the end of their yolk sac stage .\Tere rangi.t""'lg fron 10.5-11.5 IJLl sho';;"ling 

a growth rate of 0.3 :om per day during the yolk sac stage. Their results 

w'ere based on experit;lents carried out durin.g the Hor1;vegian winter-herring 

season in 1961 and 1962. 

Tentatively therefore, it is concluded that the survival of the larvae 

was highest L~ 1959 followed by 1961. A rankL~g of the other years ca...~ 

not be undertakeni but it is likely that the hlortality was high ll~ 1962. 

This might also be seen from the length distributions in Fig.17. 

The 101'1 gro1->rth rates L""l 1960 and 1965 (area 05 omitted) indicated high 

mortalities. It should be noted, however, that the sampling in 1960 

was mall~ly carried out durllLg and just after the main hatching perioc. 

The long spalmll~g period h~ 1959-1961 should account for a subsequent 

dispersed length distribution of larvae. The dispersion is excepted to 

be greatest in 1959, since the percentage fall off of the naturity stage 

V was relatively slow (Fig.3), resulting li~ a corresponding slow 

increase of the percentage turn~""'lg over to maturity stage VI, aga~L 

resulting in spawning at a more constant rate. The variation coeffici­

ents according to tiDe, with reference to peak of spavming are plotted 

in Fig. 24. Relatively high values were found ill. 1959. The coefficients 

for 1960 a...1'ld 1961 did not show such high figures D1.dicating that although 

the spavmi:'1.g season vras long spa.'ming and subsequent hatching might be 

more concentrated in these years. Also the high abundances of larvae 

at certain stations these years support this assUL1ption. 
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In 1964 varying and high variation coefficients "tV-ere found. The rea,son 

for this might be quite ru~other t~an that the 1959. According to He~pel 

a..'1.d Blaxter (1967) the variation in egg -w-eight 1i1!i thin a spalming group 

was dependent only to a slight extent on the differences of length fu~d 

age of ~other. In very yOQ~g recruits the eggs were significantly lighter 

than in fish recruiting at lli~ older age and in repeat spavmers. The diffe­

rence in egg ,-;eight between the youngest recrl .. li t spawners and th .. e next 

age group was about 10-11~ % in Nor..-regia:t.1. spriI1.g spa"vners. It is likely 

therefore, that the egg size did not affect the variability of the length 

distribution to fu"LY great extent during the season 1959-1963. In 1961~ 

however, a mixture of yOlli1.g recruit spaWl~ers fu~d old repeat spavmers 

(off More a..'1.d Trondelag) should give rise to a high dispersion in the 

length distribution, even if the period of spa1:ming inside each area 

was relatively short. This l-laS clearly denonstrated i.11. the variability 

of the variation coefficients. Also spawning at different time of re-

cruit lli1.d repeat spa1imers might have contribute to the high dispersion. 

In 1965 the figures did not show the saDe variation as the previous 

year presuoeably because the relative inportance of old repeat spaWL~ers 

was less this year than in 1964 and also due to Dore concentrate spa1~L~g. 

Thus the high ablliLdfu~ce fOllild in certain localities both in 1961, 1962 
~~d 1965 after the yolk sac stage coopared witn 1959, night be explained 

by a Dore concentrate Spa1iY.nlllg fu"'1.d subsequent hatchll~g L~ the forner years, 

the larvae beL"Lg trmJ.sported nortln"ard L"L dense patches. It is likely 

that the mortality dur~~g this tr~~sport was particular high in 1962 
fu~d probably also in 1965, whereas in 1961 the survival rate was higher. 

In 1960 the spavmL~g was also concentrated in tine, even if the spa1iming 

period w-as long. How-ever, spawning took place over vide areas and even 

if i11.dicatioa-:1. of al.ow:-grow:enr.il..tey w-as found duri..:."'1.g the period of yolk 

resorption the larvae v;ere w-ideIy distributed. The abUc'1.dance distribution 

in 1963 ,,!as also less concentrated than in 1961, 1962 fuLd 1965 indica..;._ 

ting a dispersed pattern. Further consideration on the tr&iSport of 

larvae vlill be given in the follo'''ling chapter. 

DISTRIBUTIon OF LARVP.:E ll-r RELATION TO THE ~IAT:I;R TRAHS?02.T UJ COfl.STLL 

:!L_TERS GF Vf.00TEmr LHD :i.TO:?TI-EmI lWRJJAY 

According to Helland-Hfu"'1.sen fu"'1.d Na..~sen (1909) water with sali..:.~ity less 

than 35.0 %0 is defi..:.Led as coastal 1"later aJ.1.d "roter with salirlity r...i..gher 

than 35.0 c!i 0 /0 as Atllli1.tic w-ater. The former is novi:ng as a coastal current 

from the m:agerak to the Barents Sea, ':lThereas the Atlcu1.tic 'lTater r,loves 

northward sor..le~~lhat oore offshore,f mair.J..y outside the edge of' the contL"'1.en­

tal shelf" tlhere the shelf is lying deeper than 150-200 r.l it is usually 

covered illTith Atlantic -water. A lateral I!1ovement of the coasral "later takes 

place- during the year, the extension seavJ"ard being greatest in SUI'.1I!1er. 

During this part of the year, however, the depth of the coastal water 

is rather shall Ol·.r , whereas in vlil1_ter it is narro\lT, but deeper. 
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In February 1906 the 35.0 /bo isohaline in 50 m '1Tas found to be about 50 

nautical wiles offshore L~ the Sognefjord section, in May 56 nautical 

oiles (Hellai"1.d-Hansen and Nansen 1909) ~ The salil1.i ty distribution L.'1. 30 ill. 

bet"V.-een S tad and Trrena during the period 18-24 February 1956 is sh01;·{ed 

in Fig.24 (Lj0en personel coumnnication). The dist~'1.ce from the coast 

varied from 30 to 60 nautical miles. The salinity in the coastal water is 

increasing northt1Tarclsj 1.vIrile in the Atlantic 1vater it is decreasing, 

L'1.dicating that sane internixllLg takes place in the boundary layers 

between the tvlO v{ater o.asses. Helland-Han.sen and Frfu'1.Sen (1909) stated 

that the velocity of the coastal current varies greatly. Off Breisund 

they f01L."J.d currents, which in the upper 20 m run seawards, but below 20 ill 

towards the coast. Near the edge of the continental shelf the currents at 

all depths were novL~g north-eastwards along the continental slope. On 

sone occasions the current was found to be noving very slowly(northwards) 

and vortex J:.1ovenents ".-ere supposed to occur. l1artens( 1929) measured the 

current at Storegga, the bank outside Ona, and calculated the water 

transport as 5 nautical miles per 24 hours. In February/~1arch 1937 

Eggvin(194o) fomnd current velocity L~ the upper water layers between 

Sognesj0en fu'1.d Ona of 15.1 cm per sec., or approxinately 7 nautical miles 

per 24 hours.Off the coast between Lofoten and Andenes Lj0en (1962) found 

the naximum current velocity in July 1957 imo.idiately off the edge :. 

of.:· the shelf.; directed north-eastwards. In this region the water vIas 

characterized by salinity less than 35 %0 llL the uppermost 50 rn, whereas 

below this depth the vffiter was of Atlantic origion. In the shallow part 

on the shelf at this section the current also flowed to the north-east, 

the velocity, however, being considerably lower. As the spavnLing of her­

ring t~~es place on the coastal banks relatively close to the shore, the 

larvae are presunably transported northvmrds in coastal vffiter during the 

first few weeks after hatching. In the present chapter the distribution 

pattern of the herring larvae will be cowpared with the distribution of 

recoveries of drift bottles launched on the spawning grounds. The wind 

during the drift period and its influence on the distribution will also 

be considered as well as the drift experinents with current crosses ll~ 

larval patches. 

Drift bottles 

Drift bottles were released L'1. winter and sprL~g 1961~196J,1964 and 1965 

on different localities off the coast (Figs.~5 and 26). Hainly five 

bottles ll~ each station were lam~ched (Table 26). The bottles were wost 

frequently recovered near the coast, just outside or inside the skerries, 

or ashore .. Of a total of 10 bottles released L~ 1961 off HlOre (area07): 

5 were recovered further nort~ L'1. this area a~d J in the southern fu~d 

middle part of area 06 (Fig.25 i. All the .bottles were recovered within 

30 days after release ru~d the distribution indicated that the bottles 

were transported northwards close to the shore. The 1963 recoveries 

shov16d qui te fu~other distribution. None of the bot-l;les laUtJ.ched in 

areas 07 and 06 were recaptured within 30 days. 

- _ .... -_ ... __ .... _---------------
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All the retl.lr!ls livere found further north in. areas 05 t o4 and 03 (Figs. 

2:5 fu1.d 26). This distribution demonstrated tLat the bottles drifted 

north1~ds sOwe distfuLce offshore during the first period after release~ 

being transported closer to the shore further north. Bottles from the 

1964 and 1965 experiments lalli~ched L1. areas 07 a~d 06 were frequently 

recovered L.'1. these saLle areas (Figs. 24 fu1.d 25,) no special trend in dis-

tribution pattern of bottles liberated in area 05 was noticed, although 

the 1963 as 1vell as the 1964· experiments w'ere recovered somewhat further 

north. thru~ the 1965 experiment. The frequency of return was highest for 

bottles launched in area 07, decreasll~g northwards with area of liberation 

(Table 26). The high percentage of return indicated that the dispersion 

of bottles into the open sea was insignificffiLt, especially for those 

released in area 07. Bottles launched further north might be distributed 

more offshore since DLtermixing of Atlm~tic fu1.d coastal water takes place 

during the tra..'1.sport northw·ard. Off Torsvag, liJhere a great shelf is 

located, the drift is probably more influenced by Atlantic water, 1vhich 

i...'1. this area is intensively mixed with coastal livaters (Lj0en 1962). 

However, in 1963 the frequency of returns was almost the same for bottles 

released llL areas 07,06 ruLd 05. In this year the bottles were transported 

somelivhat off the coast also in areas 07 and 06. 

An indication of the drifting speed northward might be fOlli1.d by estimating 

the average distfu1.ce drifted per bottle, recovered within certain periods 

(Table 27). In February and Harch 1961 the velocity seemed to be especial­

ly high i'., areas 07 a...'1.d 06, the average drifting dis tance per day being 

estimated to 8.7 nautical miles. None of the bottles launched in 1963 

in area 07 was recovered 1dthL1. the first 45 days, ';vhereas J w'ere returned 

between 46 and 90 days after release, giving an average distance drifted 

per bottle per day of 4.2 nautical miles. The distru~ce drifted for bott­

les recovered beh.reen 91 and 180 and 131 and 360 days 1-Tere 3.0 and 3.2 

nautical miles respectively. The corresponding values for the bottles 

launched in areas 06 and 05 are given in Table 27, where also the results 

of the 1964 fu~d 1965 experiments are listed. The average distfu'1.Ce drifted 

per day was highest for bottles returned during the first 45 days after 

lalliLcl~ng, decreasing with increasing time at liberty. The reason for 

this might be due to the fact that these bottles have generallY drifted 

a longer distfuLce than those recovered witrrin the first month after 

release and thus have been influenced by varying current conditions 

during their drift. Also an eventual delay in returnll~g bottles already 

recovered might give rise to lower average drifting distances The drif­

ting distru1.ce per day vIas frequently lOvrest for bottles in the 1965 

experiment indicating that the surface current northward this year was 

weaker than the two previous years (Table 27). In 1961 the drifting speed 

"tv-as high. dur:L.'1.g the first month after release. It should be born in 

mind that the current velocities L~dicated by the drift bottles represent 

minimum figures. 
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The experiments were also divided into offshore and nearshore libera­

tions to see whether the drift pattern night be diffGrcut for these two 

categories of liberations(Table 28). The frequency of return was slightly 

higher for some of the nearshore libarations, but the over all picture 

indicated no different trend in distribution of returns. 

Although the total number of bottles released in the different years 

were rather few and thus also the estimates subject to great variations, 

evidence of a variable strength of the surface current was found. 

The main drift took place near the coast, but :L.""1. 1963 also 'livith a pro­

nOlL11.ced drift northward further offshore. The flol'l7' of bottles along 

the coast from JViare to Finnmark 1'iTaS clearly demonstrated an.d it is likely 

that larvae hatched off Mare might be trlli""1.sported far into the Barents 

Sea. 

vlind 

Although the motion of the coastal water is directed north~mrd the sur­

face water may be turned in various directions by the 1;rind force. 

Accordin.g to Ekman t s theory (1923) the fu""1.g1e bet"t1"eel1. the direction of the 

wind and current is 45 0 at the surface, ll~creasing with the depth, so 

that the agregated 11Tater transport is at a right lli""1.g1e to the i:d.nd direc­

tion, provided the trfu""1.Sport is not influenced by lru~d, and that the sea 

is sufficiently deep. At smaller depths the angle will be less. 

The .'rind current is strongest at the surface, decreasing rapidly with 

the depth. Durin.g the summer the wi..'1.d current along the HOX'1-regiru'l coast 

will probably not reach deeper than to the thermocline,. In ·lfJinter~ 

however f the wind current reaches deeper, depending on the wind force 

~11.d duration of the wind. Along a coast line in south-north direction 

as along the Norwegian coast bet1-.reen Stad and Andenes the l'li"i...""ld produces 

not only a Pure wind current to the right of the wll~d direction (L~ the 

northern hemisphere), but also a relative current that rillLS parallel to 

the coast (Sverdrup et al. 1946), northwards when the wind blows from 

southerly direction to the south when the prevailing winds come from 

north. l·linds from S 300 
If to 'ifl should be the most important directions 

for transporting surface ",ater tovrards the coast of western and northern 

Nor1>Jay, whereas .;rinds from n 30
0 E to E Dove the "tvater a1>JaY from land. 

When surface 1vater is accumulated along the coast the effect of the rela­

tive current will L~crease the transport northwards, whereas in the 

( 
0 \ 

opposi te case periods with prevailing wll'lds from H 30 E to E) 1;rater is 

transported av-JaY from the coast, giving rise to a diminishing effect 

on the strength of the coastal current. In the former case larvae will 

be tr~Lsported relatively fast and nearshore northwards, whereas offshore 

wll'lds should result in a more dispersed drift pattern. In view of this 

consideration wind data from the meteorological stations, Ona, Nord0yru'le 

and Skomvaer "rere dealt 1iTi th. The resul t~""lt of the 1-JLLd vectors wi thi...""1. 

each month from Harch to H:ay (i.t.Lclusive) were estimated for the years 

1959-1965 and are illustrated on Figs.?8-JO. 
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The directions of the wind vectors in 1959 ""ere rather similar at all 

stations. In I,:iarch ",ind mainly from south existed at Ona a.."l1.d Nordeyane J 

whereas further north the directions chru1.ged somevlhat more towards 

t ' to west. t b· 1 t . sou ~-west, ~he wlnd vec ors eLng relatively large at al s atlons. 

In April the prevailll1.g wll1.ds cane froE south to south-easterly direc­

tions at all stations, the l"lll'ld vectors beil1.g relatively small at Ona. 

In IJlay the direction of the wind vectors varied between west and south­

west except at Ona where the direction was north-westerly. Thus the 

wind in spring 1959 most lil(ely moved the coas~al water towards land 

in Harch resulting in a rather strong transport northward: "tvhereas in 

April a somewhat more offshore transport existed. The latter s~t~ation 

might result ill. a more dispersed distribution pattern of larvae. In Eay 

the wind vectors agau1. was directed towards land. In 1960 south to south­

easterly' winds w'ere dominati.a."'1.g in I'~arch and April: except at Ona in 

April. :tJ.q Hay mainly north-easterly winds "t-J'ere blol"ling. The 1'17'ind 

distribution in Harch and April was almost similar to that iLL 1959. 

How'ever, the trend of the trcl!.J.sport established in 1960 might be some­

what more in offshore direction. In I4arch 1961 large "dnd vectors from 

south-west to 'vest 'vere observed at all stations, and surface ,'later was 

transported towards the coast. The recoveries of drift bottles this 

month clearly demonstrated a strong di-i-ftfu1§-,:; spe'ed l1.orthvlards of bottles 

released off Ona in February 1961. In April small offshore wind vectors 

were f01h1.d off Ona and N ord0yru.l.e, The prevailing winds in Hay came from 

north at all stations. Thus the 1-vi.l"ld vectors ill. April and Hay indicated 

a hampered trru.1.sport northward during these months. 

The situation LTl 1962 was characterized by prevailing ~r.ind vectors from 

north varying from north-,vest to north-east. This wind distribution 

should mai.t"'1.1y diminish the strength of the coastal current and result 

±n ~ moderate trrul.sport of coastal water northwards. The wind distri­

bution L~ 1963 resembled that found in 1960, with prevailing offshore 

winds at all stations. As in 1960 the vlind should transport surface 

vlater sem'lards and it is reasonable, therefore, that drift bottles 

launched in 1963 were transported somewhat offshore northwards. The wind 

vectors ll~ 1964 were mainly from south-east to south-west at all stations 

except at Skomvrer in April, when wind from north-east was prevailing. 

The wind distribution had a similar trend as that in 1959, although 

the wind vectors were significa..~tly smaller and consequently did not 

affect the water transport to the same extent. The transport of surface 

'Vlater should partly be directed t01ivards the coast a...l.d partly offshore. 

The situation in 1965 was characterized by varying wind directions. 

At Ona GU.1.d Nordeyane relatively strong south-"'V-lesterly winds w'ere blO1'ling 

in March, whereas winds from south-est were prevailing in April. 

In Hay north to north-easterly ".rinds predominated. At Skomvrer north­

westerly winds were predominating in ~-1arch, south-easterly in April 

and north-easterly wL"1.ds L~ hay. This Vlind distribution should have 



29 

varying effect on the water trru~sportt ma;uly diBL~ishing the strength 

of the coastal current at the northenlllost station. The average drift 

per bottle per 24 hours was also relatively lo'w' indicating that the 

drifting speed northv.rards was vleak in 1965. Thus evidence of a relation­

ship between distribution of drift bottle retun~s and the movement of 

1-'later caused by the ivind vlas fOTh.~d. Since the larvae are distributed 

in the uppermost surface layer it is reasonable to conclude that the 

,rind strength ru~d direction play an important role for the distribution 

pattern of the larvae. 

Current crosses 

To follow the drift of a herring larval patch U1Dcrg {Dragcsund ~~d 

Wiborg'1963} made use of current cross. DurllLg the 1963 survey a current 

cross lilaS released off Fr0ya{~~) ru .. d kept in 15 ID for 24 hours. Practi­

cally no .dnd was blowing when the experiment was lli~dertaken except a 

l.ightbreeze for about two hours. The total drift vlaS 18 nautical miles 

in north-easterly direction from the position of release. Similar experi­

ments were carried out by the author at several places along the coast 

in 1964. Two current crosses were released 18 April off Sklilli .. a(~~) 
one at 10 ill and one at 20 ill (Fig.30) , and followed for 24 hours. 

At the beginning the current cross in 10 ill drifted slightly faster than 

that in 20 m. However, at the end of the experiment the 20 ill current 

cross had reached the 10 ID cross and even passed it .. The length of the 

drift path , .. as 26 nautical miles, the direction changing from north-

east to north-west during the drift. The direct total distance drifted 

from the position at release to the end position was 24 nautical miles 

in 24 hours. There was practically no wind during the experiment. 

From 28 to 29 April current crosses ,.vere also follow'ed for 24 hours 

off Eggum { ~~ Fig. )2). The direct total distance drifted was only 7 

nautical miles. Also during this experiment the current crosses llL 10 

and 20 ill followed each other. A third drift experiment was carried out 

in the Lofoten region 22-23 April\ ~g). In this locality extensive her­

ring spawning took place in 1964, and at the time when the experiment 

was undertru~en dense patches of larvae were observed~ However J the cros­

ses 1-rere followed only for 8 hours and duril1,g this time only a slight 

drift in south-westerly direction was noticed. As the driftll~me was 

too short this experiment will not give the true picture of the current 

strength ll~ this locality. Off Trrena{ ~~)current crosses in 10 ~~d 20 D 

were released 30 April and follow'ed for 12 hours. The total drift this 

period was 4.3 nautical miles, indicating that the drift was considerably 

weaker than further south off Sklll~a 12 days earlier. 

In 1965 two current crosses were released 9 Apriltg~)Off Halten J one 

cross ll~ 10 ill and the other one in 40 m. The drift lifaS followed during 

24 hours and no v.rind vIas blovling. The cross ll1. 10 ill drifted slightly 

faster than the 40 ID cross during the first few hours, whereas at the 

end of the experiment the two crosses were almost at the s~e position, 
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the total dir~ct distcu'1.ce drifted being 21~ nautical miles i.."l north­

easterly direction. Thus no significffi'1.t differences with regard to 

direction ffi'1.d velocity of the current in 10 rn, 20 ill and 40 ill was found. 

These observations support the assumption that the drift bottle experi­

ments gave good indications of the drift pattern of larvae in the upper 

50 m. 

Discussion 

Since larvae vrere found mainly in the upper 50 ID on the coastal ba.."'lks 

off western a.."1.d northern lTorway during the first month after hatching, 

they should be trfu~sported in coastal water northward. This feature 

can be demonstrated by plotting the extent of the larval distribution 

in seavlard direction together "truth the salinity distribution correspon­

dL"1.g sections. Fig.JJ illustrated the distribution L~ 1959 off Stad, 

Ona and Trrena. All the larvae in the two southernmost sections were 

distributed in coastal 1~ter, vn'1.ereas further north off" Trrena, the 

larvae were more dispersed, bei..."1.g fOfu"'1.d also in Atlantic water. 

However, the most dense concentrations were observed near the coast in 

typical coastal water vlhere the raail1. transport of larvae took place. 

Also the drift bottle experiments indicated a northward transport near 

the coast. Larvae hatch.ed south of Stad "Iv-ill presumably have a sioilar 

drift pattern as those hatched off Here and Tr0ndelag, but the possi­

bility of a more offshore distribution exists durll'1.g their drift, especi­

ally for those from the southernmost SpaM'1.i.."1.g grounds. Indication of 

a such offshore drift of larvae hatched south of Stad was found in 

1959 (Fig.12). A westward drift from the H:0re plateau was observed for 

one of the drift bottles released in this region (Fig.25). The drift 

of larvae hatched between Stad and Ona might be somewhat delayed com­

pared with those hatched north of this region. Current crosses released 

in 1967 off Ona ( -§t )cirifted clock 1vise and the resultant in northeast­

"trlard dire c tion during 1 68 hour s was ins ig:n.ifi ca.T}. t (Drage SU11.d and N aJrJcen 

1968). According to Helland-Hansen and NaJ.1.sen (1909) the surface 'water 

near the coast north off Stad seeDS to move a"trlay from land until it is 

deflected towards the north ffi1.d north-east near the edge of the conti­

nental shelf, where it jOL~S the coastal current comL"1.g from south. 

Thus the larvae may be transported north-westward when passL"1.g the coast 

off Stad and Ona or they may follow a more vortex movement during their 

drift over the southern part of the M0re plateau~.The length distribu­

tions of larvae caught off Sklliu1.a especially L~ 1959 and 1964 showed 

a biDodal distribution with righ variation coefficients, indicating 

that the drift northward had taken place through this region, relatively 

near the coast. Also the distribution off Lofoten support the assum~ 

tion that the main larval transport truces place in coastal water when 

passing this region. 

Reliable data on the speed of LarvaL drift is still lacking. Although 

the drift is strongly dominated by the water tra..."'1.sport from the SPal'.T­

ning grounds, the drift is not excusively passive. 
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If the larvae drifted with the same speed as the current crosses LLdi­

cated the drifting speed should be relatively high in the region between 

Freya a...1.d Sklil"hLa C4l.d sorne1;Jhat weaker further north off Traana and near 

the coast off Egguo. Applying the figures obtained froB the current 

crosses experiments using a drifting speed of 1 knot between Freya lli~d 

Sklilli"J.a C41.d 0.4 knot between Sklillil.a a~d Trrena the tra~sport of larvae 

from the Grip-Freya to the Traana region should take about 16 days measu­

ring the dista..."'J.ce pa.::F'8.1.,1.e:l to the coast. Some of the larvae observed 

19-20 April 1964 off Traana(g~,07)had reached lengths of 17-19 mm (Fig.19). 

~::f. these "!vere hatched off Grip-Fr0ya during the peak period of hatching 

in this region (24-26 lil:arch), the drifting time should be about 26 days. 

Picking out five of the nost fast drifting bottles released in 1964 in 

area 07 and recovered llithL.."1. 50 days after release (Fig.~5:) the average 

drifting distC4l.ce per day was estimated to 6.7 nautical miles giving a 

driftLl.g time of about 35 days. The larval drift were presunably some­

what slower tha..1. indicated by the current crosses, wr~ch also showed 

that the drift varied both in speed and direction. It might be reason­

able to assume that the larvae not only made vertical, but also horizon­

tal migrations .dthin the patch, so that the larvae tended to orientate 

agai:nst the current. Blaxter and Dicksont1959) found that herring larvae 

about 8 run long would orientate against a current passll~g through a tube. 

Such behaviour will hnnper the drift of a larval patch. ComparllLg the 

distributions of larvae durL1.g the first lliLd second part of the larvae 

surveys, the situation in 1961 .vas the most striking one (Fig.12). 

A considerable northward displacement of the larvae in the regionba~wean 

Fr0ya and Halten was found between the periods 11-13 and 25-27 April. 

In Harch prevailing and strong south-1'ITesterly wind existed at Ona a'l'1.d 

Nord0yane. Thus surface water acc~~ulated near the coastJwhere a strong 

northward drift took place. North~mrd displacements of larval concentra­

tions could be noticed in most of the years (Figs. 12 and 13). How"ever f 

the time interval between the first and second part of the surveys were 

too small to allovl any estinate of the driftil1.g speed. 

Concerning the drift pattern of larvae in the different years, it is 

tentatively conducded that larvae hatched i..."'1. 1963 off l!lere and Tnmdelag 

had a some~rl~at more offshore drift northward during the first two-three 

months after hatching than the 1964 larvae hatched in the same region. 

However, the average distfu"'J.ce drifted for bottles released il~ area 07 

in 1963 was almost the same as those lam~ched in 1964, indicating that 

the drifting speed was of the same order these years. The drift of larvae 

hatched L.."'1. the Lofoten region should have similar pattern in 1963 and 

1964 .. During a cruise carried out in Fiay to June 1963 (Fig.~!} no lar­

vae were found along the coast of Finnmark, whereas larvae were frequent 

on the coastal banks between Torsvag and Trrena. The reason vn~y no larvae 

were caught along the Filll1.IDark coast (in areas OL~ and 03) was due to 

the fact that the transport took place sonewl1.at more offshore. 
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This feature could be stated on a cruise carried out later in the year 

in August-Deptember 1963 (Drageslli~d and Olsen 1965), shov~~g that the 

main trfu~sport of larvae into the Barents Sea took place between latitudes 

N 72 0 and N 73 0
• The "dnd clistribution in 1960, especially in_ Harch 

resembled that of 1963 m~d the distribution L~ 1959 that of 1964 the 

latter being characterized by prevailL'1.g south-easterly to south-wester­

ly v1inds in Earch and April. In I1ay the wind vectors varied sonev.rha t 

1:1ore at the various stations. As a whole the wL~d was slightly more 

offshore ll~ 1960 fu~d 1963 thru~ in 1959 ru~d 1964. Tentatively, therefore, 

it is assuned that the drift pattern of larvae in 1960 was similar to 

that ll~ 1963 &~d the 1959 pattern to that of 1964, the trfu~sport north­

ward being strongest in 1959 fu'1.d 1960. In 1961 the prevailing winds 

cane fro~ southwest in March, giving rise to a strong nearshore tra'1.s­

port northvrard this month, 'i1hereas the v1ind vectors in April a.~d Eay 

probably hawpered the drift northward. A similar changeable trend was 

found in 1962 a"'1.d 1965 resulting in a rather '-'leak northw-ard transport .. 

Although the transport conditions might change from one year to another, 

it is likely that an extensive northward drift of larvae takes place 

from all spawning grounds along the coast. Thus larvae spmmed off HfYre 

a.~d TrfYndelag might pentrate the areas off FL~ark as well as the eastern 

and northern part of the Barents Sea. Tr...is tentatively conclusion seems 

to be in sone disagreenent ldth Ru..'Ulstr0B (1934) and l'-larty (1954), the 

former believing that the major part of the larvae drifted into the 

fjords bordering the spm'J1-ling areas. I>:Iarty stated that the bulk of the 

larvae from the southern spa1ming grounds settled dOvill south of the 

Lofoten Islands, 1-1hile the larvae spawned around Lofoten penetrate the 

eastern part of the Barents Sea. 

COl'TCLUDII-JG REEARKS 

Of the year-classes hatched during the period 1959-1962 the 1959 year­

class has been the most numerous one in the adult stock, followed by the 

1960,1961 and 1962 year-classes. This is clearly demonstrated from the 

age composition of the winter-herring (Table 2). The other year-classes 

in question (1963-1965) have not yet reached the adult stage and can not 

be compared with the previous year-classes llL the winter herrll~g catches. 

It is generally accepted that the natural mortality may be extremely 

high in the very early stages of life, but little is know:n about the 

magnitude of the early mortality rate, its variability, and the exact 

time of leveling off. Various authors have suggested that critical peri­

ods exist during early life when mass mortality may occur e.g. Rjort 

(1914,1926). The hypothesis of critical periods has been discussed by 

Harr (1956), v1ho concluded that although catastropr...ic ITIortali ties, 

restricted L~ time, will always remallL as a possibility, evidence points 
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towards survival at a constant rate or at a const~ltly ll~creasing rate, 

rather tha..1J. tow'ards the existence of critical periods. lJiborg(1957) 

did not find any correlation bet1"leen the abw1.dance of eggs and larvae 

and the relative strength of the subsequent year-class of cod in the 

commercial catches. Nor did he trace any increased mortality at ~~y 

stage hl the early life history of the cod. He concluded that following 

conditions should exist for establishing a rich year-class: (1) a long 

SPal'.T.n.ing period, (2) a prolonged hatching or spawning late i...'1. season, 

(J) an extension or northw'ard displacement of the spavming centre and 

(4) a successful transport of the eggs and larvae from the spa,ming 

region to the nursery grollilds by currents. 

In the present investigations it seems reasonable to conclude that the 

duration of the spawning season was relatively long in 1959, 1960 ~~d 

1961 (about one month), whereas in 1962 the season lasted only for about 

three weeks. Thus the relatively long spawnh'1.g seasons in 1959, 1960 

a..'1.d 1961 should lead to subsequent long hatclring periods. H01-"ever, the 

shape of the spavming curves were somewhat more steep in 1960 and 1961 

than in 1959. Adjustll~g for the effect of temperature on the incubation 

time, this might give rise to a slightly more narrow range for peak of 

hatching in 1961 than III 1959 and 1960. In 1962 the peak period of hatch~ 

ing was especially short lastll1.g only for about five days (Table 8). 

Lea (1930) concluded that the nU9Der of larvae hatched must be relatively 

independent of the nwnber of eggs deposited and more dependent on the 

area covered by eggs. He considered it more favourable for the hatching 

when small quantities of roe were distributed over a great area than 

the contr2tY. A restriction in Spa1'.T.n.ing location might result in a 

higher egg density in case the size of spavmillg stock remained on the 

sane level. During the period from 1959-1962 both a restriction i...l 

spawni...lg location a..ld decreasei~tock size took place. Lea (1930) showed 

that thick egg layers on the spawning grounds resulted in a high nortali­

ty, si...Lce eggs in the deepest layers were found in a state of putre­

faction. Runnstr0D did not found any clear increase of ~ortality with 

increasll~g density of the egg layer except when extre~ely large quantitie~ 

of eggs were deposited ( 10 000 to 12 500 cmJ per m
2

). The average mor­

tality of the whole egg material collected by Rum1.str0ID was 12.1 %. 
Hart and Tests (1934) who carried out investigations in British Columbia 

found that the dead eggs on the spawning beds constituted from 1.4-10.5 %. 
Investigations made by Parrish et al. (1959) in the firth of Clyde 

showed that only very few dead or uufertilized eggs occurred in the 

samples, but the stage of development varied through the egg layer. 

Dragesund and NaYJ~en (~~published) also observed few dead ~ld unferti­

lized eggs in a locality near Grip durll~g the spavmll~g season ll~ 1968. 

Saithe (Gadus virens)fished in the sane region feeded on herrL~g roe 

~~d the predator effect was apparently of some import~~ce at this locali­

ty. R~~str0m (1941) concluded that a egg-nortality of 12 % was of mL~or 

importa..Lce for the numerical strength of year-class llild that the mortali­

ty must be much greater at a later stage. 



When the larvae have resorbed their yolk suitable food must be available 

or a mass mortality will start. In case lack of suitable food is a limi­

ting factor which again might be a question of tining, a long hatching 

period accordll~gly would buffer the increasL~g mortality. According to 

Bj0rke (1968) more th~~ 80 % of the stomach content of larvae investi­

gated durL~g the period froD hatching ru~d the following three weeks in 

1967 off !</10re consisted of eggs of Calat""'1.us finmarcr..icus. Thus the timing 

between the Calanus spaMling and hatching of herrllLg larvae wight be an 

importat""'1.t factor. Lie (1965) found that the spm'lT.tling of Calanus fin.marchi­

~ at Sogl.'lesj0en( ~z. ,started usually in the first half of l':arch L~ 1959, 
1960 and 1961, slightly later in the latter year, whereas the spawning 

in 1962 started probably at the beginning of April. The mean total volUQe 

of zooplankton in April and f.lay was considerly lOvIer in 1962 that""'1. in 

1960 and 1959, indicating less available food in 1962 than llL the two 

former years. It should be noted that at the Skrova atl.d Eggum stations 

in the Lofoten region no such differences neither in time of spawning 

nor in total planl<ton we~efound (Lie 1965). However, these stations were 

located north of the areas where larvae were observed at the time vn~en 

the resorption of yolks took place. It is also import~~t to note that 

in 1959, and to some extent also in 1960 a..""'1.d 1961 f spa,;ming took place 

south of Stad, and with a relatively extensive spawning in time atl.d 

scope, the probab1lity for a subsequent numerous year-class is better 

that""'1. llL seasons when spa~ming truces place in more limited localities 

over a short period. 

Considering th.e t·wo most extreoe year-classes concerning the numerical 

strength 1959 and 1962, the present investigations gave hints of a 

greater mortality of larvae of the latter year-class. This mortality 

1'V"as probably especially high durine and just after tR~rtS1kof 
absorption. A similar condit~on as in 1962 was fOill~d in 1967 (Dragesund 

and ITaJr..ken) when a significant decrease in number of larvae was found 

duri..."'"1.g tl>...is stage. Also earlier L"'1.vestigations by Soleim (19L!·2) supported 

this assumption. The conditions for a successful timing with a subse­

quent uugerous year-class should exist in 1959 1 as spawning took place 

over relatively wide regions, the duration of the spawning/hatchll~g 

period was long and the possibility for a dispersed distribution was 

good. The 1962 season was the most striking one when the opposite con­

ditions existed. 

Eridger (1960,1961) and Cushing atl.d Bridger (1964) obtained evidence 

which suggested that recruit herring in the southern North Sea "'ilTere 

producing less viable laFvae th~~ older herring. According to Blaxter 

and Hempel (1963) lliLd Rempel ru~d Blaxter (1967) the volume and weight 

of the yolk sac increased with egg size and consequently the survival 

ti~e of the larvae from hatchLLg to starvation increased signific&Ltly 

with egg size. They also found that very yOlh~g recruits produced signi­

ficantly lighter eggs than fish recruitL~g at an older age &Ld in repeat 

spmmers. The analysis of the 1964 larvae sho"VTed great variations in 
.. -
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lengths and it is suggested that the smallest larvae were derived from 

young recruit spawners. Thus the parental effect may play some part, 

especially LL years ~n~en the age of the spavming stock changes from 

relatively old to very yOlli~g parents. 

In Table 29 the infornation deduced froEl the preceding chapters has 

been conpiled concernLLg conditions assumed to be advantageous for the 

development of numerous year-classes of herring during the period 1959-
1965. The most reasonable causes to be focused at should be: 

(1) the time and r~Lge of hatching in relation to suitable food 

for the larvae at the end of the yolk sac stage, 

(2) the dispersal of the larvae just after hatching and 

(3) parental factors. 

1. Variations in time a~d location of spawning of Norwegi&L sprll~g 

Spm~'1lll1.g herring during the period 1959-1965 have been analysed. 

2. Spawning took place from the second half of February throughout 

l'1:arch on the central spavmL""lg gro1L1'lds off K0re and Tr0ndelag, the 

peak: of spaw:n.ing being latest in 1962 and 1961. The spawning in. the 

Lofoten region was si~~ificantly later in 1963 fuLd 1964 thru1. off 

H0re and Tr0ndelag, 'whereas in 1965 spawning took place alLlost at 

the same time in these two regions. 

3 The spawning period in 1959, 1960 and 1961 was relatively long and 

lasted for about one month, whereas in 1962 spawning lasted only for 

about three ·weeks. In Lofoten the spawning season v/as narrov/ both 

ll~ 1963, 1964 and 1965. 

4. Spawning took place mainly at certa~L localities between Stad WLd 

Sklinna, with a significant restriction in spaMling on the southern 

part of the l':ii0re plateau during the period 1959-1965. The spawning 

centre in 1962-1965 was located in the Grip-Fr0ya region. Spawning 

on the traditional grounds off the southwestern part of the Norv/egian 

coast was insignificrult except in 1959. Spawning around Lofoten was 

observed LL 196J-1965~ the location of spawnLLg bell1.g concentrated 

more on the western side of the Lofoten Isla1'lds in 1965 than LL the 

:t\VO forenr. :'Y~ars .. ' -s.pal<Jl1.;;.ng prb.babl.y·~t()Qk_.place .. a:L:so-; ttri\."196o~ 'whereas 

in 1959, 1961 a~d 1962 spavming was negligible. 

5. Larvae collected durin.g the period 1959-1965 1,vere analysed 1--1ith 

regard to variations in distribution, abundance and length~ 

6. Some evidence of a drop L"'"1 ahlmdance during the time L""'1.terval from 

hatchi.ng to tl>..ree to four -vleeks after v/as found. 
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7. Indication of a slower growth rate for the 1962 thrul the ,1959 

larvae .vas f01L.'"ld, giving hints of a higher nortality rate of the 

former larvae. Tentatively it is concluded that the mortality of 

larvae might be especially high during and just after the p~X'i.o.9.::,.§f' 

y.olk:: ab sorption 

8. The drift pattern fu"1.d speed of larvae 1vere discussed~ It was sug­

gested that the larval drift in 1964 from the spawning centre off 

Grip-Fn:1ya to the region off Troena amounted to almost four .-.reeks. 

9.. Larvae hatched off H0re Bight pentrate the areas off Finru::1ark and 

further into the eastern fu"1.d northern part of the Barents Sea. 

10. Information deduced from the present lliLd other investigations con­

cerning the conditions assumed to be advantageous for the develop­

ment of numerous year-classes 1vere analysed. 

Anon. 1963. 
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Table 3. COIm'llencement of the ITorwegiat"'1. wi.."'1.ter herril1.g fishery and 

duration of' spmv.aL1l.g according to area ill the seasons 

1959-1965. The start peak and end periods of spavmL"'1.g are 

estimated from the curves of the maturity distribution in 

Figs. 3 a.l1.d 4. 

Period for Approximate 
Commencement start of peak of end of duration of 

Year Area of fishery spa-wning spa 1'J11.ing spa vmiL"'1.g spa.,ming L""1 days 

1959 08 - 18-22,2 5-9.3 20-24.3 30 

1959 07 26,1 18-22.2 5-9.3 20-24.3 30 

1959 08+07 - 18-22,2 5-9.3 20-2L~. 3 30 

1960 07 2.2 18-22.2 4-8.3 19-23.3 30 

1961 07 15.2 23-27.2. 10-14 •. 3 25-29.3 30 

1962 07 27.2 5-9.3 15-19.3 25-29.3 20 

1963 07 23.2 28.2-Ll-.3 10-1l.l-.3 20-24.3 20 

""'63 05 23.3 20-2!j·.3 25-29.3 30.3-3.4 10 

64 07 12.2 23-27.3 lle-S.J 1 I~-18. 3 20 

1961~ 05 2.3 19-23.3 2 l}-28.3 29.3-2. Il- 10 

196.5 07 13.2 18-22,2 28.2-L~.3 10-14,3 20 

1965 05 6,2 18-22,2 28.2-4 .. 3 10-14.3 20 , 



-

Table 4. 3ULmary ShOWllL6 the number (in brackets percentage) of first 

time ffiLd repeat spavmers L~ the material examined durL~g the 

seasons 1959-1965. 

Area First time Repeat 
Year Locality spcl1'1lUers spal-mers Total· 

:no. 7& HOa c~ nur:J.ber 

1959 08 07 174- 21.3 642 78.7 816 
03,04'02 

1959 07 207 11.7 1554 88.3 1761 
04,05,06,07 

1960 07 155 3.9 3836 96.1 3991 01,05,06,07 

1961 07 27 1.0 2583 99.0 2610 
05.06,07 

1962 07 13 0.5 2829 99.5 2842 
05,06,07 

1963 07 100 5.2 1838 94.8 1938 
05,06,07,08 

1963 0,2 LV34 100.0 0 0.0 434 
03,04,09 

196L!- 07 722 34.4- 1375 65.6 2097 
06,07,08 

196Lj. 0,2 i 102 93.7 74 6.3 1176 
03,01<.,09,10,14-

1965 07 456 35.9 814 6L~. 1 1270 
06,07 

1965 06 3L~ 
12 87.5 12 12.5 96 

1965 02 491 76. l l- 152 23.6 64-3 
03,05,09 



Table.5. katurity conposition. (%) of w:L.""1.ter herring grouped accordi...""1.g to 

region ffi~d date (five days period) over the spavnling seasons 

1961~ and 1965. 

First time spawners Rep_eat spal'mers 
Area Yoar Dn.te Haturity stage 1/:aturity stage 

Locality IV V VI VII· NO. IV V "'ilT VII NO. 

07 1964 13-17.2 20.4 78.8 0.8 - 137 ~7.1 82.9 - - 228 
06,07,08 

18-22.2 9.0 87.0 4.0 - 223 0.8 95. Ll- 3.8 - 238 

23-27.2 1.4 57.7 39.4 1.5 208 0.2 59.6 39.7 0.5 428 

28.2-3.3 1.2 26.5 54.2 18.1 83 0.4 21.2 52.7 25.7 237 

4-8.3 - 14.1 71.8 14.1 71 - 7 .. 4 65.6 27.0 244 

05 196L~ 28.2-3.3 2.5 97.5 - - 79 - 100.0 - - 3 
03tOL~,09, 10 

4-8.3 - - 100.0 - 80 - - 100.0 - 14 

9-13.3 - 2.2 97.8 - 92 - - 100.0 - 3 

1!j·-18.3 - 0.2 99.8 - 513 - - 100.0 - 27 

19-23.3 - - 99.1 0.9 338 - - 100 .. 0 - 27 

07 ~965 13-17.2 26.1 73.9 - - 115 3.0 97.0 - - 202 
06,07 18-22.2 9.6 72.6 17.8 - 1 L}6 - 79.8 19.8 0.4 258 

23-27.2 2.2 33.3 57.8 6.7 45 - 29.068.0 3.0 ·203 

'28.2-4.3 1.8 1.8 63.6 32 .. 8 110 - 5.3 88. L} 6.3 95 

5-9.3 - 2.5 95.0 2 • .5 LW - - 92.9 7.1 56 

06 ~965 . 1§':"19~3 - - 92.9 7.1 8L]. - - 100.0 - 12 
12 

0,'2 1965 13-17 .. 2 2.9 91. Lj. 5.7 - 70 - 96.0 Lj..O - 25 
03,05,09 18-22.2 5. L~ 86.0 7.8 0.8 129 2.2 76.1 21.7 - 46 

23-27.2 - 2.8 94.l~ 2.8 71 - - 100.0 - 23 

28.2-4.3 - 2.2 57.0 40.8 1 L~2 - - 60.0 40.0 45 

5-9.3 1.3 12.7 49.6 36.4 79 - - 30.8 69.2 13 
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Arec. 
Loc e 

08 
03 
If 

9J.. 
04 
9J.. 
05 
Of:-
2 
L 
23 
Q:l.. 
05 
QJ.. 
06 
Q1 
08 
06 
1 1 
06 
17 
07 
04 
Q1 
05 
21. 
0'" 
0' 
0, 
11 

0~ 
10 
06 
27 
07 
05 
" 
07 
06 
21. 
19 
06 
05 
06 
16 
Q2 
05 

Table 7. RelationslLip between tenperature a~d incubation tine. 

~ear Date 

1959 5.3 
tt 6.3 
11 19.2 

11 17.2 

It 13.4 

11 11 

1960 16.2 

11 9.3 

It !I 

tI 10.3 

11 11 

1961 4.3 

If 7.3 

t! 11 

It 8.3 
If n t .. 

~ -
11 9.3 

tI 12.3 

~962 7.3 
Tt 1.3 

If 6.3 

" 3.3 

It 30.3 

tI !! 

963 1.3 

The maximun temperature rrukge on the spa,~ing gro~~ds 

~rithin the depth interval 50-200 %r botton are listed 

(confr. Fig.7) fu~d the corresponding ll~cubation tLue estiwFted 

(Blaxter and He~pel 1963). 

Iviax.temp. Corresp 
Hax.temp. Hcmge range 

range :LA. Depth of .. ra.71ge ill. Depth of .. 

COfrom to in cub n.- COfrom to in cub ft-
50-200 n/ bot- tion 50-200 D/ bot- tion 
or bot- torn time Area or bot- ton time 
ton in r..l in days Loc. Year Date tOE. in L.1 i...""I1. days 

5.7-7.6 128 23-17 07 1963 .2.3 3 • .5 ... 8.1 250 28-16 

5.3-7.6 182 25-17 05 

4.8-7.8 250 28-16 07 
06 

11 4.3 4.6-6.9 155 28-18 

4.8-8.l,t 250 28-15 srz 11 5.3 L:-.1-7.1 225 28-18 19 

6 .. 8-7.3 330 18-17 06 If 7.4 6.3-6.1 208 20-21 10 

6.1-6.3 150 21-20 06 It 6.4 L}.5· .• 260 28-18 .-
12 

5.0-8.7 292 28-14 06 If 6,4 6. L}_6 .. 4 210 20 16 
5.2-8.2 180 26-16 06 

" 11 4.4-5.9 160 28-22 23 

5lO 8- 8 .3 294 22-15 0.2 
OLl- I! ll- .. 4 L~.5-6.7 200 28-18 

7.8-7.2 208 16-18 Q2 !l 5. L} 3.5-6.6 260 28-19 05 

5.9-7.7 215 22-16 05 
" LJ.. .. L,t 3.4-4.6 190 28 09 

5. Ll--8.1 310 2h~-16 
07 1964 24.3 6.3 55 20 19 , 

'1 

5.6-7.8 340 23-16 11 11 11 .6.5-7.5 100 19-17 

5.6-8.3 400 23-15 
06 !I 23.3 7.0-7.0 180 18 10 

6.0-6.1 240 
06 11 u 6.3-7.2 160 20-18 21 .-
17 

7.?--7."6 290 18-17 Q.2 11 22.3 5.1-6.6 150 28-19 

7.5-7.L~ 150 17 8~ IT 22.3 5.9-7.2 200 22-18 
05 

6.5-7.0 230 19-18 .Q2. I! 23.3 5.3-6 '!9 198 25-18 09 
7.5-8.0 275 17-16 9:1.. 1965 Lj..3 5.6-7.L.l- 110 23-17 05 
6.5-7.7 250 19-16 !l1 " 5.3 5.5-7.7 160 21+-16 
6~2-6.5 80 20-19 89 11 6.3 5.2-7.4 210 26-17 3g 
6.4-7.3 140 20-17 06 

!I 1. LJ. 5.7-6.6 270 23-19 

.6.9-6.7 18-19 
06 11 " 6.5-6.8 220 19-18 120 11 

17-16 
06 IT 2. L1- 6.2-6.9 170 20-18 7.3-7.7 210 17 

3.4-7.9 165 28-16 
Q2 11 1.3 5.6-7.1 148 23-18 04 
05 IT " 6.1-7.7 200 21-16 0,5 



Table 8. Conparison between the periods for peak of spawnil'lg, peak 

of hatching fu~d the first part of the larval surveys. 

Period for 

Year Area peak of spawnL"'"lg peak of hatchL71.g 
the 1 <:lr'"J"al surV-0Y s 

first part second part 

1959 07 .5 - 9.3 20-2LI-.3 - 2-6.4 2 - 9.4 25-28.L~ 

iI 06 It 22-26.3 26-30.3 9 - 1b .. 4 23-25.4 

" 05 1 L2- 21.4 21-23.h 

1960 07 4 - 8.3 18-22.3 - 1-5. L} 21 - 2L~.3 4-9.4 
11 06 11 20-2Ll-.J 26-30.3 24 28.3 2-4. [1--
!I 05 28 30.3 30.3-2.4 -

1961 07 10-14.3 25-29.3 - 3-7.4 6 - 12.4 27-29.4 
11 06 11 27-31.3 - 29.3-2 .. L~ 12 14.4 21 -26.4 -

05 18 19.4 20-21.4 

1962 07 15-19.3 31.3-1.t .4- 4--8.4 2-5.l~- a2'ld 
11-1J.L~ 

2L~-28. 4 
11 06 Jl.3-lJ· .. 4- 3-7. L} 5-9 .l~ 10-11 • L~ 

1963 07 10-1 L!,. 3 26-30.3 - 7-11.4 2_h b_ .... 20-23.4 
It 06 11 28.3-1.L~ -7-11.4 4-9. L!_ 16-20.Li. 
11 05 25-29.3 12-16.4 -22-26.4- 9-10. L} 13-16.4 

1964 07 4-8.3 21-25.3 -24-28.3 14-17.4 2-5.5 
I! 06 ;r 22-26.3 -24-28.3 17-20. L~ 3O.l..t-2.5 

!! 05 24-28.3 11-15. L;. -18-22.4 20-24.L} 26-30.4 

1965 07 28.2-4.3 16-20.3 -26-30.3 29-31.3 1 0-12 .l~ 
11 06 !I 18-22.3 -23-27.3 31.3-3.4 7-l0.Li. 
11 05 11 16-20.3 -23-27.3 3-5 .. L~ 5-7.4 



Table 9. 

Area 
Locality 

; 

06 
10 

11 

06 
11 
11 

It 

06 
12 
06 
14 
06 
15 

2 
N"unber of' larvae per:o surface caught vlith Clarke-Bumpus 

pl&lkton saoplers L~ two subsequent pair of oblique hauls 

i.t"L the sane locality during the l~l cruise i.t"L 1964. 

Series 1 Series 2 

Depth in Id :Ue~th. :in In 

Date Hour 25-5 50-30 Total Hour 125- 5 50-30 ;.('~tal 

"' 

17.4 08L~0 3 2 .5 0910 3 2 5 ,. 

I! 1503 0 4 b 1530 2 2 4 ~ 

11 OJ52 , 18 1 1 29 022.5 27 7 3h 

" 0400 9 L'. 13 0428 2 2 4 
11 0605 L!, 0 4 0730 10 0 10 

~6-17 .~. 2350 37 16 53 0020 ~'5 30 75 

n 1937. 2 0 2 2005 0 0 0 

If 1730 5 0 5 1800 0 0 0 

Table 10. SUDI:1ary show'ing the results of fu"Lalysis of varifu"Lce f'roD data 

in Table 9. 

Source of variation 

Between series of haul 

Be tw'e en hauls 

"Residual ll 

Total 

Suns of 
squares 

9.03 

3924.97 
232.47 

4166.1.1-7 

Degrees of 
freedo:o. 

1 

15 

15 

31 

Variance of 
estir~ate 

9.03 
261.66 

1.5.50 

Not 

Level of 
significance 

F = 0.583 

signii'icfu"Lt 



Table 11. Nunber of larvae per m
2 caug~t L~ oblique hauls with 

Clarke-Bur:J.pus pla.."'1.kton samplers attacb.ed 1 D apart cluril1.g 

the larval cruise :1.:: 1964. 

Series 1 Series 2 
Area Deuth in n Depth iD. @. 

Locality Date Hour 24-4 25-.5 I-iour L~9-29 50-30 

05 23.4 0115 162 290 0320 338 280 10 
if If 0505 3L~8 263 - - -
.Q2 28.4 1105 27 50 1315 135 161 14 
11 11 1455 [:-3 47 1715 67 l~2 

It 11 1900 69 70 2110 1.).3 23 
11 28-29. L;- 2310 69 120 0110 106 L~9 

11 29.~- 0310 76 64- 0508 132 58 
-

11 11 0705 87 85 0910 134 82 
( 

30. L~-l • .5 23~-.5 31 29 0105 12 11 31 
11 1.5 ,r., ') r'l r. 

vJ· ....... v 2 10 0521.j. 0 0 
, 

n n 07Ln 10 23 09L~O 2 r, , 
v 

Table 12. Suonary showing the results of ffiLalysis of variance fron data 

in Table 11. 

-

Suoc of Degrees of Varial1.ce of Level of 
Source of' variation nquoxes f'reedow estinate signif'ica..."'"lce 

Be_t1'leen series of ::'~ul 440.38 1 1.z.40 .38 

B· ·:w'ocn U::luls 
0 

329699.62 20 1648L~. 98 

11 Residuall! 21379.62 20 1068.98 
i 

0.1.~12 :J:!""' = 

Total 351519.62 L~ 1 Hot signif'ic&"J.t 



Table 13. 2 
Number of larvae per 111 surface caught it"J. oblique hauls with 

Clarke-Duopus pl~ikton sawplers around curront crOGSCSI 

Area Deoth Ll. Q 

8tation Locality Date Year Hour 25-5· 50-30 75-55 Total 

1 06 
23 18. L). 196L1- 1340 5 5 10 

If 11 If It 1600 0 0 0 
11 11 " 11 1820 9 13 22 
11 n 11 11 2005 /' 12 18 I 0 
11 11 11 11 2205 6Lj. 'I 71 I 

" If 19\h " 0015 39 2 41 
n 11 11 11 0213 49 16 65 
I1 It 11 11 Oh20 29 9 38 
" 11 U It 0605 6 12 18 
I! 11 !i 11 0805 13 6 19 
" it 11 11 1000 2 2 4 
11 it 11 11 1205 9 4 13 
" n IT 11 1 [mo 2 L.t 6 
2 

~ 28.4 1964 0920 7L~ 91 165 
I! n 11 11 1105 50 117 167 
11 11 " 11 1315 66 161 227 
iI " 11 11 1 Lj.5.5 l'i-7 58 105 
11 11 11 11 1715 52 42 9lt-
11 11 11 " 1920 70 45 115 
" " " 11 2110 

. 
9L.t 23 117 

it 11 " IT 2310 120 60 180 
Ii 11 29.4 11 0110 199 L1-9 248 
11 " " n 0310 64 53 117 
n II " 11 0508 120 58 178 
11 iI 11 11 0705 85 108 193 
11 " 11 " 0910 53 82 135 
3 07 

06 9.4- 1965 ·1 ln5 18 3L~ 21 73 
11 11 I! " 1617 21 71 24- 116 
11 " 11 " 1829 9 9L} lJ.2 14.5. 
I! 11 11 11 2020 115 L~3 1-6 174 
1\ I! I! 11 2220 53 77 7 137 
11 It 10.4 if ·0035 18 18 0 36 
11 11 11 11 0210 121 29 2 152 
11 " 11 " 041 Lj. 60 18 3 81 
11 11 It " 062l~ 15 69 0 84 
II 11 I! " 0820 0 23 2 25 
11 11 11 " 1015 0 17 4 21 
11 " f 11 II 1120 0 30 7 37 



Table 14. Suwmary showing the results of ~~alysis of variance fron data 

in. Table 13. 

Station Source of SUl:1S of :Dogrees of ·7~±in...71.co: of Level of' 
variation squares freedom estinate si.gnifica...">1.ce 

1 Between day an.d night 4775.69 1 4775.69 

~ji thi71. day an.d night 1304.31 11 118.57 F = 40.180 

Total 6080.00 12 P <0.01 

2 BetvlTeen day 8.I.""ld night 2372.93 1 2372.93 

Witp...in day fu""ld • ..J... 

11.J...gn"" 25359.07 11 2305.37 F = 1.029 

Total 27732.00 12 I·Jot 
si;;:nifica.."J. t 

3 Betvreen day fu"J.d night 8228.29 1 8228.29 

j;jithin day ac""ld night 18382.63 10 1838.26 F = L~. LJ-76 

Total 26610.92 1 1 Not 
sigl'1.:i...fican t 

Table 15. Su.u-mmry shol'lil1.g the results of ful.aJ_ysis of variance fror.J. data 

i11. Table 13 lilhen considering stations 1,2 a...'"1.d 3 siLlultfu"'leOusly. 

SOjJ.rce 
-
Bcv"reen 

.. 

~i:tthfu 

.. 

Bc t:·lO 0:"1 

Within. 

The larvae caught between 5.5-75 I:1 at st. 3 are excluded in 

this analysis. 

Jegrees Variance Level 
Suns of of of of 

of' variation squares freedom estimate signii'ica..."'l.ce 

stations 11 L~357. 7 2 57178.85(s 
2 ,~ ) 

D 

1726.37(s 
2 '1 stations 601:-22.9 35 u l 

. -
cn:r c..:.J.ct :~:t-C.:2t 15373.9 " 5124.63(s 

2 '\ -J hJ· .. -
day Cl..1'2d night L~50l}9. 0 32 1 L~07. 78( s 2 ,) O.01~P<0.05(s;/s2) 

o 1'1 

Total 174780.6 37 0.01<P<0.05(s~/s~) 



Table 16. COrlpariso11. betvleen mean lengths ( 1 ) hi. :wm of' }_arvae caught 

at night fui.d durL'1.g day-tine ,·d th Clarke-Bu.rapus pla:.J.kton 

saoplers at t~~ee drift statio~s. 

Area ::Jepth Level of 2 -Station Locality Date Period i:r.1. L1 1 s Ho. significance 

1 

If 

2 

" 
3 

" 

Area 

06 
23 18-19.h Dark 50-5 16.10 3.81 2LJ.L} t = 1.988 

" If Light !I 15.60 5.63 94 0.05 <P<O.Ol 

02 
ll~ 28-29.l~ Dark If 12.01 2.25 505 t = 2.390 

" " Light rr 12.20 2.31 1276 O.02<P<0.Ol 

Q2 
06 9-10.h Dark 11 12.23 1.85 157 t =- 5.726 

" tI Light " 11 .. L~8 1.62 271 P<'0.01 

Table 17. Conparison bet1veen Dean lengt::'ls (1) i.."1. D!:1 of larvae caught 
feet 

vii th Isaacs-Il::idd ~ r:.;.idvJa ter tra'ljjl (n\.l~T) a.."1.d Clarke-Bumpus 

pla..J..kton sanplers (CBPS) durL"'1.g the larvae survey in 1961; .• 

:;)epth 
'--

Level of 2 
Locality Date I-lour Gear i2J. 

., Ho. s ignifi ccw.J. ce I:l ..L s 

06 --05 16. L~ 172L}-1910 II~J.CT 25-5 12.7 1.20 7 t = 0.362 
" IT IJ CBI'S " 12.l.~ 1 • 81.~ 7 Hot significant 
06 -1-"'7 18--l9.lf 1920-151.~O II\KT 50-30 1 L~. 9 1.97 113 t = o. 7L~6 
t 

" " CBPS 11 15.3 2.26 16 Not sigl1.ifican t 

Q2 
14 28-29.4 14-55-0910 IICET I! 12.2 2.26 8l.\- t = 0.152 
n 11 It CBPS I! 12.1 1.53 334 Hot sig-nifical1. t 

06 
31 1.5 014t 5 IIa~T I! 18.2 1.95 159 t = 8,,257 
fl I! 0105 C:BPS !I 14.7 3.7l.j· 27 p < 0.01 
11 11 0558-0328 II~}:lT 11 170.2 2.~3 90 t = L~. 380 
" I! 0524-0741 CBPS YI ll~. 2 3.03 16 p < 0.01 

06 
23 2.5 0227 nCgT 11 18.7 2.18 42 t = 4.632 
11 n 0150 8BPS " 14.9 l.~. 66 30 p < 0.01 

06 -
1.65 6~ 10 3.5 0228 IK1\Z"f I! 21.1 t = 3.717 ../ 

" I! 0150 CBPS 11 18.0 3.32 5 P < 0.01 
r· ,,-
·J0 

06 !I 1 Ol~-7 IIU:::T if -16.3 2.21 23 t = o.L~55 
11 i! 1055 eBl'S f! 15.7 1.25 3 Hot sigl'lifican.t 

0'7 
-' 
07 4.5 05l~J TKLT 11 19.Ci " ~r 1 ~. V.\";0 -11 11 0343 CBPS 11 14.3 2 .9L~ 4' 



Table 18. 

Year Date 

1959 5.4 

" 26-27.4 
11 11 

1960 22.J 
" 7. L.'-
11 11 

1961 7-10.1£-
!! " 
" ff 

11 28.l!r 
11 If 

II if 

)62 12. Lj. 

" 11 

n I! 

If 25.L~ 
11 If 

1963 2-3.4 
I! 11 

11 rr 

11 22.4 
11 I! 

11 11 

1961~ 1 Ll-.4 
11 !I 

!I 5.5 
-- 11 " 
)65 30.3 
11 " 
11 !I 

2 . Humber of larvae per D. surface accord:L:."'1.g to stati.on LL the 
:::itad sectio:i.l. The fisures in brackets represent night hauls. 
NE = Hansel1. net, JE = Ju.day net, CBPS = Clarke-Bu...--::pus 
plankton saL1pler. 

Depth Station 

Gear it"J. m '1 2 J L:_ 5 6 Total 

lTl.r BottO:t:l-O f L~ 1 ) ~ 1 ) ~-) - - 4'-2 
I'm - 11 - ( l.t) 87) J) -) - - 94 

CBPS 25-5 ( 1 ) (4) (-) (-) - - 5 

mT Botto:t:l-O 10 3 - - - - 13 
HH - 11 - 125 125 

CB PS 25-5 145 862 '-l-5 6 '7 1065 , 

JIJ Bottor.:l-O GO - 16 - - - 96 
CBPS 25-5 27h 48 487 - 3 - 812 

11 50-JO 75 2 66 1 L~3 - - -
IN Bottoo-O (-) - - - - - -

'CBPS 25-5 ~-) - - - -- -
It 50-30 .;..) - - - - --
JIJ Bottor:1-0 (-) (- ) (-) - - - -

CBPS 25-5 (-) (- ) ( -) - - - -
11 50-30 

{ , (- ) (-) \-) - - - -
CBPS 25-5 2 - - - (-) (-) ,2 

" 50-30 - - - - ( ) (-) --j 

JIT Botton-O { '\ ( -) ( -) -? - J 
CBPS 25-5 ' >-) ~ =~ ~=~ -

11 50-30 \-) -
JIJ Botton-O - - - (-I -

CB PS 25-5 1 1 - - =~ 
11 

rr 50-30 - - - -
CBPS 25-5 }-) - - -

11 50-30 \-) - - -
I! 25-5 (2) 2 

" 50-30 (2) 2 

,IH Botton-O - -
CBPS 25-5 f=~ -

!I 50-30 -



Table 19. 2 
IT'ULlber of' larvae per D surface according to stati.on in the 

Ona section" TI::.e fi.gures ll2 brackets represent ni.ght hauls. 

Legend Table 

! 

Depth Stati.on 
I 
j 

~.. "i 

Year Date Gear i11. n 1 2 3 to .. t:;' .j '"r'c·-::al -' , 
-

1 , 
I 

HI! !Botton-o I 

1 L~ 1959 7.4 6 8 - - - , , 
It 26. L:- NE ~ if = 17 (- ) i 17 - 1 
11 " CB~S ' ~ ~ ',' 12 2 1 14 '1.... ! ~_~-":; - I 

1960 lEe. -tt(jLl.-..C, f - 2'~ (33) (- ) 5 .3 
i 

161 23.3 HIT \ ! .--! ~, 
11 5. L~ lilT 1 7'1 L;·:;OO {.,~~~) (')r· 23 6128 - - \ ~ ~';:.:J QV - • It CBP5 j ;:j~,-,.5 2390 ( 2":2,:)(5 ') 230 189 J 

I jOLj.8 n ! 
! ' J I 

1 
i 

(~:2.C5) (2L~ ) 24 t 176 1961 11.4 JlT i3;.:; '::;tOL:.~·C; \. .. ~. - - ! 
r " ) 

~~;~ 482 59 9[:·7 !I 11 CBPS 1 ;.?:5'~~.5 ~, Jc2 -
11 It 11 I , ..... r-, ,.....,'"""\ ;, " ) 4 2 - 31 :J:0-..Jv \ !-} 

it 28.4 JlT Bot-::;OI~~ ... -·Cl ( ).;:» 
'" -~o - - - - L~8 

11 11 CBPS 25-5 (2'1) 2 - - - 29 
11 !I !l 50-30 ( -) 3 - - - 3 

1962 L1-.4 .IN Botton-O 16 - - - - 16 

" 11 CBPS' 25-5 26 9 3 2 - 40 
!I " 11 50-30 164 20 - 9 3 196 

11 11-12.4 JIT BottOE-O (1032~ f 1~) ~ =~ f=j ~=~ 
10L~8 

11 " CBPS 25-5 (312 -; 312 
11 11 If 5C'-30 (292) (-) (-) (-) (-) 292 

t! 26.1.J. CB PS 25-5 - - - - - -
!I " !I 50-30 -- - - - - - -

1963 3. L:- JIJ EOttOL1-0 52 - - I 52 
11 !I CBPS 25-5 93 - -

f 
93 

It It n 50-30 153 - - 153 

22.4- J1T 
I \ (-) -!l .. - - \ -) 

!I Tt CBPS ..... 1::' " 84 19 (23' ~-) 126 
"".....,'-- • ...J 

t (2j I! 11 if i ~C~3,: 23 2 -) 27 
I 

j 

I , 
196L} 2.Lj. J1-J ~ 

11 r 
25"=5 4 4 !I CBPSf. t - -

I! 11 !l 50-3(~ i - - - -1 
11 15.4. CB},JS 25-5 f9\ f -~ - - 9 
11 !I If 50-30 2) -) - - 2 

1965 30.3 CB PS 25-5 3 L!- 10 4 21 
!I 11 !I 50-30 23 28 51.~ 4 109 

i1 12.4- CEPS 25-5 f=~ ~-< -
rr 11 If 50-30 -; -



Table 20. 

Year Date 

1959 8-9.4 
11 25.4 
It " 

1960 23-24.3 
11 4 L: . ,-
IT It 

1961 11-12.4-
IT l! 

" !l 

II 27. L} 
11 11 

" 11 

1962 5.4 
l! l! 

11 " 
It 12.1;· 
l! " 
II 11 

11 27 .L~ 
11 !l 

1963 4.4 
11 11 

11 11 

" 20-21. Ll-
If 11 

11 tl 

196~. 2.1.:-
fI 11 

11 16.4 
11 If 

I! 3-4 • .5 
If 11 

1965 31.3 
11 1I 

" 10-11.4 
" n 

Hunber of larvae per 8
2 surface according to station i::.'1 

Fraya secti.on. The figures i...""1 brackets represe:.:::d:: n:'"i::'l~-= hauls. 

Legend Table 18. 

I 
-<~-"T----

i 
Depth 

I 
Statiol1. ~----~-- I 

Gear in L1 1 2 3 4 - I ~"'ct~l 
. __ ..-J .... ___ 

I 
, 

NN Botton-C 69 123 16 6 " 

I 215 
I NN - 11 - (5) - - -~ :5 

CBPS 25-5 34- 1 4- t 42 
r -, I 

i 
i 

lJN Bottom-O 143 625 155 18 ) 941 -" 

f I'm 11 5 5 -- 18 - - " 

CBPS 25-5 292 297 250 1 839 i 

JI:J Botton-O - (-) (-) (2L~ ) { i..,_~, -', ! 72 • - -, ! i 

CB PS 25-5 1 (-) (9) ( 13) ( L ,-, ~ I 71 \ ;' c--' j 

It 5C-30 - (-) (6) (Lt "\ (1i ' ! 21 r/ , i 

JlT Botton-O 96 (72~ ( LJ.8) ~ 16~ 
I 232 i 
I 

I::!BPS 25-5 528 (650 ( 115) 27 1320 
It 50-3C 570 (50) (5) (-) 625 

JlT Botton-O 216 128 [3 - - 352 
CBPS 25-5 276 870 5 - - i 1151 

l! 50-30 1i-82 532 .5 2 - l'iC21 
JH 16 16 - 8 i l}O , 

CB PS 25-5 132 720 11 50 l 913 
I-

11 50-30 405 281~ 24- 26 I 739 
1 

CBPS 25-5 (85--t ~ ~~~~ ~:~ f=~ 
~ -~ ~/I}O 

" 50-30 (76 = ! -i2'O , 
t 
t 

JlJ '5~ ~10~ - - - i .,~ 

(7 ~ 
'.-/ 

CB PS 25-5 83 9 - -~ 99 
" 50-3<) ( -) (19) - - ~ i 19 t , , 
IN - - - t -

CBPS 25-5 113 12 2 I 127 : 
" 50-30 28 5 

, - ! 33 
i 
j 

( 1 1 ) (49) ( ry \ 
I 

67 CB PS 25-5 - I ; ) i 11 50-30 (3) (9) (1) - " 
13 

t 

~39~ ~~~~ ~ ~~ 
I 

78 CB PS 25-5 2 - i 
It .50-30 67, ... - I 86 

! 
CBPS 2.5-5 ~2) f:~ t 1 

11 50-30 2) I 2 

CB PS 25-5 141 30~- llr - - i LJ-49 , 
11 50-30 1161~ - 1 

11 - J1 175 
CB PS 25-5 ~627) ( -) (-) f l~) i 631 

!l 50-30 144) (-) ( I 4) I 1 L}8 -, 

• ! 



Table 21. 2 
Hunber of larvae per:o surface according to station ill. the 

:::Ial ten section. The figures DJ. brackets TGprc·::;'?T2.t night 

haul s. Legend. Table 18. 

-----,-___ ...--_--.,-____ ..,.-___________________ ._ .• _c ____ ._ .•.••••. _"' __ _ 

I 

C f Depth 0tation I 

Year 
1---

1
---

2
---

3
----

L
=-} ---5---:6:--- ,:: .. ~---... - -: -,c'-'lI,o tal 

1959 
II 

I! 

1960 

" 
It 

1961 12-13.4 
11 tI 

II !I 

11 tI 

11 " 

1962 6 .. L!-

tI l! 

11 " 

" tI 

tI 11 

1963 5.4 

" It 

n !! 

I! If 

" 11 

1964 6.4 

C"l: \13:)""c-(;;)0-0 ~ -) 
CB:?;:;) 1 25~5 t \2) 

11 ' ""-,""""' Jr-- (\) f _J- ... )- v -

JT 'Sottorc:.... (24) 
I 

("""ODe' I 2'- 5 
'-'.L1..:... v I ::J-

11 I 50-30 

JH IBotto:o.-o 
I 

CBPCj 25-5 
!!! -t 5'0-3U 

(173) 

(221) 

JlT !Dottom-O 16 
I 

CBP0 i 25-5 
I 

l! I """1_ ~O I J'- J 

(25) 

JrT !BottoI:1-0 (5) 
J 

"-'D -'.,(O! '"' ~ 5 G.Lt ..::-~-' ~ Co. ...J-, 
tl : C:;,D-JO (10) 

! - 1-
JI:J !:JcttO!:l-'J\ (50) 

"'<B~--' !-..,~ I (44) c -~'~; ~.:: ,=, J ! ~ 1 ~ I 

11 j 50-JO (2) , 
! 

CBP0 25-5 6 
11 It !l 50-JO 
!l 16-17.4 CDF~ 
11 n ii 

11 

!l !! 11 

1965 1.4- 'Gaps 

" !I !1 

!I 

11 !I Il 

25-5 

jG-JO 

25-5 
':;IJ-30 

25-5 
50-30 

(-) 
(10) 

2) 

5) 

( 16) (136) (224) 
(4) (12) (178) 

(2) (9) (223) 

232 

13 

69 

21 
5 

(3) 
( L} ) 

(- ) 

(5) 

CS) 
{7 1 
, J 

( 18) 

(10) 

2 

( \) \.-

(-) 

24 

32 

328 

55 
232 

400 

51 

1 J61 

2 

~ :~ 
(2) 

(-) 

16 

26L~ 
12 

2 

2 

4 

37 
lGe 

16 

(- ) 

(-) 
(.:.) 

120 

17 

2 

5 
2 

2 

2 

(2) 

(-) 

I . 

~ .... ) 

112 
151 

( 8) 

(-) 
( ... ) 

72 

J 
2 

5 

( \ ,,-., ) 
(2) 

( _':1 

16 

2 

.5 

{\q'j {~'l "" ... -~ ./ 

(2) (_'1 

2 

( \ " .'. ) 
\. --~} 

l . 
\ .......... : 

~ ". 

{ '. 
'\~' ) 

95 
514 

1218 

488 
384 

1300 

296 

50L~ 

116L;. 

53 
362 

224 

57L} 
271 

-l 45 

88 
i 

'-I 
I 55 

I l~~ 
(=) 81.:· 

( ~ \ 36 , J 

21 

10 

4 

11 



Table 22. ITumber of' larvae per r:? surface according to station in the 

section. The fig~es in brackets represent night 

hauls. Legend Table 18. 

I r I I Depth Station I I 

Year Date I Gear in 41 1 2 ") I~ Total .J 

1959 13. L~ lm I Bottow-O 8 - - 8 
21.~~4 

I 

. ~~~~ (62) Il ITH ! 11 115 - -!I IJ CBPS 25-5 (99) 158 

1960 25.3 lnT Bottom-O - .5 5 63 73 
It " CBPS 2.5-5 3 42 155 20C -
" 3. Ll- 1nJ Botton-O ~25) 93 38 (95) 251 
!I 11 CBI'S I 25-5 327) 946 53 (265j 1591 

1961 13. IJ- IN Bottom-O 16 96 48 - 160 
11 11 CBPS 25-5 - - 2 - 2 
11 If !l 50-30 - 2 74 - 76 
JI 2.5. L~ IN Bottor.:r-O - 8 - 8 
11 If CBPS 25-5 23 65 18 111 
11 !I IJ 50-30 52 1::'<: -,0 3 111 

1962 6-7. L'.- IN Botton-O (376) ( 1 L1-8(,) (9-24? 2280 
n I! CBP5 25-5 ~27' 27 
11 11 I! 50-30 3) 3 

1963 6-7 • I~ JI,T Botton-O f~~~ ~~~ ~ 190) - 236 ---
" II CBPS 25-5 12) 1 1 54 
11 If 11 50-30 ( 1 ) (2) ( 7) 30 39 
!l 17-18.L.t JI-J BottOL1J..O 3 - 3 - 6 
11 11 CBPS 25-5 12.5 10 6 26 167 
11 l! 11 50-30 13 .5 - 2 20 < 

196L~ 18. L~ CB PS 25-5 5 2 211 .5 223 
11 il !! .50-30 2 4 67 5 78 
11 2.5 (~!BJ?S 25-5 - I~. - ~-) 4 
II 11 VI 50-30 - 2 - -) 2 

1965 2.4 CBPS 25-5 f=~ f=~ 
(- ) -

11 11 !I 50-30 (19 ) 19 
11 8.4 CBPS 25-.5 4 - - l1-
if !1 Y1 50-3C, 57 6 - 63 



Year 

1959 
11 

1960 
11 

n 

n 

1963 
11 

-I ,L} 

It 

I! 

!I 

It 

11 

1965 
11 

11 

11 

Table 23. NUt.1ber of larvae per LP surface according to station in the 

Trcana section. The figures hi. brackets represen.t night hauls. 

Legend Table 18. 

Depth Station 

Date Gear in 0 1 2 3 4 5 6 7 8 9 Total 

23.4 InT Botton-C! 3 1 3 - - f6
1 

f~~ 14 
!~ CBPG 25-5 - 5 21 1 7 ~-) 38 

28.3 rnT BottOJ:i2-C' .... - - - - - - -
It CBPS 25-5 5 - - - - - - 5 . 

2.4 rfl>J BottOEl-V . 3 3 
l! CB PS 25-5 1 1 

16.4 CB PS 25-5 (-) (-) - - ~- 4 
It !I 50-30 (2) (-) - - 2 4 

10.4 CBPS 25-5 18 6 10 2 5 10 - - ... 51 
!I It 50-30 25 Q 2U. ./ 2 12 9 - - - 81 

20.4 CB PS 25-5 44 50 27 4L~ 76 19 260 

!l !I 50-30 17 73 24 51 131 23 319 

30. L!- CB PS 25-5 15 8 7 19 11 8 18 ( 7) (2) 95 
!I 11 50-3·J - - - - - - 3 (4) (-) 7 

2-3 .. 4 CBPS 25-5 (- ) (-) ( -) (-) 13 L~ 17 
11 iI 50-30 (l~) (2) ( -) (68) 58 - 132 

6-7.4- CBPS 25-5 - - - - (- ) ( -) ( -) ( -) -
11 !l 50-30 4 - - 2 (-) (-) (-) (- ) 6 
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Table 29. Parameters of suspected importfu~ce for the development 

of nunerous year-classes in the Norrvegian sprLl.g spa'i"mil1.g 

stock during the period 1959-1965. 

I 

Parameters A.re~ 1959 1960 1961 1962 1963 196L~ 
I 

Spa wui:."J,C period 07 !Long LonG Lone Koderate Eoderate Koderate 

05 Short Short 

Shape of spa1V'D.ing 07 Broad Harrow/ Narrow/ Harro"u ? Eoderate 
Hoderate lioderate 

curve 

Hedian. of' hatChin1 
period, reference 

1959 

l~>· tension of 

~ ... ..)a"J:nL."'1.g area 

I 

Displacement nortll-

",ard of spavming 

centre ,reference 

1959 

Drifting speed 

north-vlard Harch 
, l;lay 

A.verage age of 

recruits 

---- -- ---~-- .. --------~ 

05 
07 J>.Jornal normal/ 

Late 

0 5 / 

08 l'1oderate 

07 Large Large 

06 Large Large 

05 ? ? 

07 None Little 

06 None Hone 

05 

07 Strong Strong 
offshore) 

06 

07 High 

05 

High 

Harrow Narrow 

Normal/ Late Late Early 

Late 

Late Late 

LarGe Eoclvrnto T'io do:;;,Cl. to J.:oclorn. to 

LarGe Large LarGe lioderate 

? ? SnaIl Hoderate 

Little Little Sienifi- Signifi-
cant C~l.t 

None 1Jone lIone Hone 

None Hone 

Strong 
~Jeak i:leak Eoderate I'~oderate 

(near- (change-(offshore) 
shore able) 
Harch) 

High High IJ.ioderate 

Low Low 

1965 

hoderate 

Eoderate 

Iv;:odera te 

Narrovl 

Early 

Early 

Noderate 

Large 

Large 

Signifi-
cant 

None 

Little 

·;Jeak 
(change­

able) 

L01<-l 
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Fig. 1 Approximate positions of geographical names mentioned 

in the text and the code for area breakdown (left). 
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(1) estimated stock size of Norwegian spring spawners 

during the period 1952-1965 and (2) annual catche~ taken 

by Norway and U.S.S.R during the winter herring fishery 

1931-1966. 
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Fig •. 5 

Fig. 6 

Relative distribution of herring catches (spawning and spent 
fish) during the period 1959-1961 and distribution of larvae 
with' !olk sac. The figures in rectangles are number of 1arva~ 
per m surface. Negative hauls are marked with a stroke and in 
rectangles where no hauls were taken are left blank. The 1959 
survey represent the period 2-21 April, 1960,25 March-9 April 
and 1961, 6-19 April. The code for the area breakdown is 
shown in Fi.g. 1. 

Relative distribution of herring catches (spawning and spent 
fish) during the period 1962-1965 and distribution of larvae 
with yolk sac. The 1962 survey represent the period 2-13 
April, 1963, 2-10 April., 1964,14-24 April and 1965, 29 Harch-
5 April •. Legend Fig. 5. 

----,-----" 



0 
SO 

100 
150 
200 
250 

0 

56 
100 
156 
200 
2!iO 

0 

50 
100 
156 
200 
250 

0 

50 
e 100 
z 156 
-200 
::1:250 
t- O 
a.. 50 
w100 
0 

156 
200 

0 

56 
100 

150 

" 

T E M PER A T U R E - C· 

..,-3 ......... ____ ' --....-_ ......... --...--'--'.--...-.:;..' _ 2 3 " 5 6 7 8, 
1958_--=::.....,~~___ 19G3-,'rt-_\"~"'·:",,-______ _ " ~ ,~ 

1 

i---------------­
" 5 

07 ----il.------~---

06 _~_~. ,..-'-- -.\,­

" ') 
I 

-------- ---t---- -I 

06 ___ -'<-___ -'\-__ 

1961 
07 

.,~.~=-.~.~-
'... I -----------l1--4-, 

06 ___ ~--_""----

06 _____ ...::::..~+_-_ 

200 < 

0 
56 

100 
150 
2IlI 

0 
56 

100 
150 
200 
250 
300 

0 
50 

100 
150 
200 

06 ___ . ____ ._ 

1962 ____ ~-:=: .~~ __ 
07 '"j 

, i ..... i 
.,i------
f 

06 ___ _ 

1965 __ 
07 

06 

Fig. -7 Vert:tN.t1 distr:.ti",o-i L< "t' of' +-.emperature in different ~ocali ties. 
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1959 areE'. 06 .. ~\:~~f E:~' I •.••. 1,' .;:~ A:pr:il 2) 13 Apri~. 1960 area 07 
Stad-p ..... "n;"" ; i 'J{~ "'r.h.·-·: "<-]' .>~ ''i "';>":'-0.'h 1960 area 06 Ha1ten-<:. > .... ~ • l ~ w_ ~. ~- - -, \ ' •• ~ .. -.,. /' ." .... •• - • ..J- ,'l,._' 
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.l. "'.I f ' .......... ,~ .,,). ....---~ .. ~. ~I - ........ ~~ ,.,t , 

06 Hal·tcn~:?'"-lit;.:i·'~:" ~,!;~ !'"~u;"";:h 8} ) HGrch, 1962 area 07 Stad-
Ona 1) 3 Ht~'!'ch ?)_ >",;c:;1-> .... }: ,~ '·!p'.)c[:h lJ.) 1 March, 1962 area 06 
lIalten-S;':.~::::na i) ). g;~.-~.G. ;) :10 "1'''1rch, 1963 area 07 Stad-Grip 
1) 1 Mc.rG';:" 2) ::. }':t:i',;·,"~ll :5} 5jV~a;cf.l; 4) 4 March. 1963 area Halten­
Sklinna 1) () Ji.,P:t'i.l 2) 6 il.pr.il J) .) Apri~ 4) 7 Apri.~, 1963 area 
05 tiff Loiccan 1) .5 April 2) 4 Apri~ 3) 4 Apri~, 1964 area 07 
off Freya 1) 24 March 2) 24 March. 1964 area 06 Ha~ten­

Sk1inna 1) 23 March 2) 23 March, 1964 area 05 ~ff Lofoten 1) 
2l March 2) 22 March 3) 22 March, "1965 area 07 Stad-Frsya 
1 6 March 2) 5 March ,) 4 March, 196.5 area 06_Hal~en-S~inna 
1 1 April 2) 2 April 3) 1 Apri~ and 1965 area 05 .. f)ff Lofoten 
1) 1 March 2) 1 March. 
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Fig. 8 Bathy-metrical features of the coastal banks between Bokn 

and Lofoten (depths in m). The location of six of the 

standard sections where larvae sampling were carried out 

are also illustrated. The stations in each section are 

numbered seaward. 
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Fig. 9 -Number of Larvae per m
2 surfac~ caught in ob1ique hau1s 

dth C1arke-Bumpus p1ankton samp1ers at drift station,- 1,_ 
~ff Sklinna ~~ (above). vertica1 distribution of 1arvae 

per m.3 in 10 m 1ayers at the same station (in the midd1e) 

-and (be1ow) the 1ength distributions of 1arvae caught with 

C1arke-Buapus p1ankton samp1ers during day and night (hours 

2108-0517). Legends: (1) 25-5 m,(2) 50-.30 m, (.3) sca1e for 

1arvae per m.3, (4) day and (5) night. 
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Fig. 12 Distribution of larvae per m2 surface in the different 
localities, 1959-1961, ~here more than half of the stations 
fell in the dark perio~ figures are put in brackets. 
The 1959 survey represents larvae caught in vertical hauls 
with Nansen net '2-21 April (above) and with Clarke-Bumpus 
plankton samplers 20-28 April (below). In 1960 the figures 
represent larvae caught in vertical hauls with Nansen net 
21 March- 7 April (above) and with Clarke-Bumpus plankton 
samplers 25 March- 9 April (below) and in 1961 with Clarke­
Bumpus plankton samplers 6-19 April (above) and 20-29 April 
(below). The code for area breakdown is shown in Fig. 1. 
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Fig. 13 Distribution of larvae per m2 surface caught with Clarke­
Bumpus plankton samplers in the different localities, 1962-
1965. The 1962 surveys covered the period 2-13 April {abOVej 
and 24-28 April ,~belol1) t the 1963 surveys 2-10 April above 
and 13-23 April \below), the 1964 surveys 14-24 April above 
and 26 A~~il-5 May (below) and the 1965 survey. 29 March-
5 April tbelow) and 5-12 April (above). Legend Fig. 42. 
The larvae in 0.9 :in 1962 were caught with Juday net. 
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Fig. 14 Length distribution of 1arvae in different regions during 
the 1959 surveyJ.Larvae caught with C1arke-Bumpus p1ankton 
samp1ers and Nansen net are poo1ed during the second part 
of the cruise (20-28 Apri1). Prior to this period the 
1arvae were caught with Nansen net. A: Bergen-Kinn (1) 
2 Apri1. B: Stad-Ona (1) 5-7 Apri1 (2) 25- 26 Apri1. 
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C: Grip-Frera (1) 8-9 Apri1 (2) 25-26 A~ri1. D: Ha1ten (1) 
11 Apri1 (2) 24-25 Apri1. E: Sk1inna (1) t3~14 Apri1 (2) 
23-24 Apri1. F: Trmna (1) 20-23 Apri1. 
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Fig. ,15 Length distribution of 1arvae in different regions during 
the 1960 survey.,...J The distributions after 26 March represent 
1arvae caught with C1arke-Bumpus p1ankton samp1ers, prior 
to that date,. Nansen net. A: Bergen-Kinn (1) 8 Apri1. 
B: Stad-Ona (1) 23 March (2) 7 Apri1. c: Grip-Frera (1) 
23 March (2) 4-5 Apri1. D: Ha1ten (1) 24 March (2) 3 Apri1. 
E: Sk1inna '(1) 25 Mar~h (2) 2-3 Apri1.F: Trmna(1)28 March. 



40 A 

III B 
Cl 50 
4( .... 
Z 
IIJ 4 
u 
a: 
IIJ 20 
Cl.. 

C 
60 

6 8 

1961 

-1 

-I 
o 

-1 
- .... - 2 E 

" 

10 12 14 16 it! 
LENGTH mm 

1961 

-I 
- .... - 2 

X /, 
/ " X a" , 

'x.... 
' ........ 

!O 12 14 15 18 

Fig. "16 Length distribut"ion of larvae in different regions caught 
with Clarke-Bum~s plankton samplers durin~ the 1961 survey ~ 
A: Bergen-Kinn t1) 6-7 April. B: Stad-Ona t1) 10-11 April. 
C: Grip-FreTa (1) 11-12 April (2) 27 April~ D: Halten (1) 
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Fig. 17 Length distribution of larvae in different regions caught 
with Clarke-Bumpus plankton samplers during the 1962 surveYSt 
A: Stad-Ona (1) 4 April (2) 12 April. B: Grip-Freya (1) -
4-5 April (2) 11-12 April (3) 26-27 April. C: Halten (1) 
5-6 April (2) 10 April and D: Sklinna (1) 6 April. The larvae 
caught with the Juday net in the latter region are included. 
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A: Stad-Ona (1) 3 April. (2) 8 April (3) 22 April. Bt Grip­
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Fig. 19 Lengtn distribution of larvae in different regions caught 
with Clarke-Bumpus pl.ankton samplers during the 1964 survey. 
A; Grip-Freya (1) 2 April (2) 15-16 A~ril. B: Halten (1) 
6 April. (2) 16-17 April. C: Sklinna (l) 17-19 April (2) 2 May. 
D: Tr~na (1) 10 April (2) 19-20 April. E: Lofoten (l)lG Ap~±l 
(2) 20-22 April (3) 29-30 April~ Ft Eg~~-Hekkingen (1) 20 
April (2) 26 ... 27 April. (3) 27-29 April. 
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Fig. 20 Length distribution of 1arvae in different regions caught 
with C1arke-Bumpus p1ankton samp1ers durin~ the 1965 survey. 
Al Stad-Ona (1) 30 March. B: Grip-Fr0ya (1) 30-31 March. 
C: Ha1ten (1) 31 March-l A~ri1 (2) 9-10 Apri1. D: Sk1inna 
(1) 7-8 Apri1. Et Lofoten t1) 3-4 Apri1 (2) 6-7 Apri1 and 
F: Eggum-Hekkingen (1) 5-6 Apri1. 
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Fig. 21 (1) .ohemat~ca1 i11ustration of a 1ength distribution 
where no morta1ity existed and a11 1arvae were hatched 
(before the critica1 stage, i.e. a 1ength of about 11 mm). 
(2) expected 1ength distribution two-three weeks later 
when part of the 1arvae have passed the critica1 stage. 
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i -.- T-T 
. .! I 

, 

j 
70 

4 :. 
-+ ~ '.T ._-+-.. L. 

:0 : 

1965 

I. 
I 
I 

I 
I 
1 

100 200 2~ 3f? 

Fig. 27 Drift bott1e re1eases in 1963, 1964 and 1965 in area 05 
and distribution of ret~ Legend Fig. 25. 



.... t 
~ 

W3 .. NT40t 

lW$ '0 40: 

• 
sOCl"w 

• . ~. 
19S4 

ONA 

• 
1"1 

Fig. 28 Average wind vectors in different months at Ona during the 

period 1959-1965, ,3:March, 4: April, 5: Hay. Reference to 

direction and relative strength of' the wind vectors ~e _ 

p"VJen-to the le:ft (top of' the :figure). 



.. 

• 
"" 

1959 

1964 

NOROdvANE 

" 5 

ft 

1965 

Fig. 29 Average wind vectors in different months at Nordsyane 
during the period 1959-1966. Legend Fig. 28. 

. .. 10- £ 

~ot 
,oF' ~ 

.30· .. ---- [~.! .. " 2(140 • , 

• S3O-. 

1959 

'962 

SKOMVltR 

• 
t 

1963 

1\ 
$ 4 

1961 

19114 

J 

:i[,:I;g" :}O 4,!"er~ge, w:i.nC\ "!ectors·~ di.fferentIOOtlt~~ ~at- $.k.o~qur:tn~. 
the~~r~Od 19.59":196'tt-:~~~!rl~ :r:tg"e,. 28 111 



I~' 

4 r 

" 14- I 

4~ i / I 

Ilm 'I 
]~I 

i I 
I 

~ 
I 

37" 

3 

2 

250 

/ 

· · 0315 • • · • , 
I 
J 
I 
I 
I 

• I 
I • • I 
I · · • I 
I 
I 
I 

Fig. 31 Path of current cross(1eft) during 24 hours at 20 m off 

Sk1inna, re1eased at 1520 hrs. 18 Apri1 1964. The time is 

1isted a10ng the path. To the right on the figure the 

position of the current cross at 20 m is compared with that 

at 10 m. To the 1eft(top) schematica1 i11ustration of the 

2 

I 
I 

24~ 
I 

22 

6B' 
2 

Fig~32 

current cross used (not drawn to sca1e). 

---"""--

~I~ lOO7~ 0730 

0400 

0225 J : 

0100 t+ 2300 

000 

t 1900 

lOO,! 

13-5" 
--r--r---r-- I I I I I • .---~-----

7" 9" 11" 13" IS" 17" 19" 21" 

Path of current cross (1eft) during 24 hours at 20 m off 
Eg~ (Lofoten). To the right on the figure the position 
of the current cross at 20 m is compared with that at 10 m. 



0 

100 

200 

300 

e 400 

z 40 30 20 10 0 30 20 10 0 -
:r ... 
IL °t-L

----.... 
Q 

80 70 60 50 40 - 30 20' 10 o 
DISTANCE IN NAUTICAL MILES 
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Fig. 34 Distribution o:f larvae caught with Isaacs-Kidd 3 :ft. 
midwater trawl according to station during a survey in 
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