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INTRODUCTION 

Proves of the existence of critical periods for herrLl.g larvae L~ the 

sea are still lacking. It is generally accepted that the natural mortality 

must be high in the very early stages of life t but little is Jr,...l"'.lO.m about 
the 

its magnitude aJ.~d variability. Investigations carried out by Institute 

of Earine ~=(esearch duri:."1g the period 1959 - 1967, e.g. Dragesund CL11.d 

Hognestad (1960); Dragesllild ful.d Olsen (1965) and Drages~md (1968), gave 

evidence of a proportional relationship between the abllildmlce of O-group 

herring of a particular year-class wl.d the su~sequent abw"ldance of the 

sane year-class atlater stages. Thus the 1959 year-class vIaS numerous 

at the O-group stage, 1~"1ereas the 1962 year-class was scarce. These sa8e 

year-classes show·ed up as relatively strong aJ.ld poor broods in the adult 

stock. 

The O-group surveys carried out in auturm. of 1967 (Anon. 1967) suggested 

that the 1967 year-class was exceptionally poor. Tentatively~ theref~re, 

it .,ms assur:J.ed that the mortality of this year-class vTaS especially 11ligh 

prior to the O-group stage. In the present paper a qUllil.titative mlalysis 

of number of larvae according to length and tine is given for larvae 

collected III spring of 1967~ 

l1ATERIAL Al\fD IcffiTHODS 

(a) 29 l!~arch - 3 April 

Cb) L} 6 April 

(c) 9 1 1 April 

( d) 18 20 April 

(e) 23 26 April 

The winter herring samples were collected from comnercial catches several 

tines a "leek CLnd the fish were aJ.1.alysed fresh or iced at the Institute of 

Earine Research. The maturity stages v/ere classified according to the 

maturity scale recommended by the International COlli~cil for the Exploration 

of the Sea in 1962 (Anon. 1963). The nethod applied for estimating the 

dUration of the spa"min.g season ",·as the same as described by Dragesund 
( 1968) • 
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-29 April 

Several larval surveys were carried out dur:L~g the period 29 Earch 1967. 

A survey frOLl 29 Larch to 14 April covered the coastal banks from Stad 

to Andenes (northeril. lTor'i-ray) and during a later period, 2L~ - 29 April, 

Po resaI:1pli..."'!.g was carried out betvmen Eal ten al1.d Lofotel1.. J.>.lso the area 

froG Grip to Halten was surveyed twice, 1-2 April a~d 6-8 April. 

HOv.lever, the saIl1plil1.g ""vas C01'1.ce11. tra ted further south bet"t"6el1. Stad and Grip, 
dur:L."""1.g . 

fu"'!.d this area was surveyed five tines. The grid of stations the f1rst 

period, 29 March - 3 Apri~ is sho~m in Fig.1. During the subsequent periods 

the stations were iocated almost at the same positions; except 18-20 April, 

when only the central part of the area was covered (Fig~l; framed). 

The number of stations surveyed during the different periods are listed 

in Table 2. 

Oblique hauls vmre taken with Clarke-Bunpus plankton samplers equipped 

with nets of silk~ mesh size 0.50 lTIJ.:1. The sanpling depths were 25 - 5 lil, 

50 - 30 r:1 and 75 .... 55 ill and the procedure of sa:w.pling ,,,as briefly the 

same as described by Dragesund (1968). All saoples were preserved in 

5~10 % forwaldehyde. The larvae were counted llil.d measured to nearest m:w. 

belo .. !, al1.d sorted into larvae vlith and -.vithout yolk sac. The catch of 

larvae .. JaS converted to nurcJ.ber of larvae per n~ . sU1?f~l.Ce· . (Dragestmd. 1968). 

In order to study the drift of larvae, four experir..len ts 101i th free floating 

drogues (current crosses) vrere carried out at different places during the 

surveys. The current ernSiS vlas nade of two iron sheets at right angles 
2 

to each other ,"vi th ail. area of 1 n each. The cross was suspended by a 

thin "lire froD a surface plastic float to ""vhich a pole was fastened, 

equipped l"ith a light 011. the top. During all the neasureoents the cro.ss 

was floatL~g in 25 ID depth, which approximately corresponded to the 

average depth of the ma:L1. larval concentration. 

Results 

in contrast to the four previous seasons (1963 - 1966) no her~ing 

penetrated the Lofoten region in winter of.1967 for spawning (DevoId 

1967). The spmm.ing took place off b:0re and Tr0ndelag, but due to 

extremely bad weather it was difficult to allocate the spa-.m.ing grolliLds 

precisely (Bj0rke, Drageslli~d and Nrud~en 1967). According to the catch 

distribution of spavming fuLd spent herrllLg, and the distribution of yolk 

sac larvae it is likely that the spawnil1.g 1"as concentrated on the coastal 

blliLks between Stad ruLd Grip (Tables 1 w"'ld 2). 

The onset of spalVJrring could not be estimated accurately because of the 

scarcety of samples during the spat'\Tning season. The first sample with 

herring llL stage VII (spent) appeared L~ the five days period 18-22 

Febru8.rf, \~~ereas no spent herring was observed during the next five days 
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period, 23-27 February (Fig.2). however, the distribution of stages V 

fu~d VI indicated that the spa1flling started during the period ZO-25 February 

(T1 , Fig.Z), ill~d lasted lli~til 22-27 ~arch (T2 ; Fig,2). The peak of spavming 

'-JaS estiLlated to fall in the median period betw'een T1 a.."ld T 2 , i.e. 7-12 harch" 

The temperature on the spa~u~li~g grom~ds between 50-ZOO ill depth varied from 

5.5°C to 6.5°C (Bj0rke, Dragesili"ld a..""'ld rTaJrJ-cen 1967). Accordi..."'1.g to Blaxter 

lliLd Hempel (1963) this should correspond to ru~ incubation time of 20-25 

days, resulting in a peak of hatching during the period 27 Harch - 6 April. 

Table 2 shows the nuober of larvae accordL"lg to length and time. These 

figures 1V"ere converted to average number per 0
2 surface (Table 2, ill. brackets:: 

~~d the quru~titative length distributions obtained are illustrated in Fig.3. 

A slight decrease in Dean length 1vas observed between the first and second 

period of survey, indicating that the latter survey fell in the main period 

of hatching. Although ru~ increase L"l merul length was observed both durll~g 

the third and fourth period of sampling (9-11 April a.."'1.d 18-20 April), the 

L"lcrenents were small. The relatively high percentage of larvae with yolk 

in the period .' 8-20 April must derive froL1 a relatively late hatchil'lg, 

the spaw.nll~g region probably being located close to the area of samplL"'1.g 

(Fig.1, framed). 

2 In Fig.4 the number of larvae per ill surface in each Oh, group is shov-m as a 

f~"lction of time. The illliJber of newly hatched larvae ra.."lgll1.g in length 

from 7 to 9 mu (Fig.4, upper part) ll~dicated that the main hatchllLg took 

plFce during tile first 10 days of April. The hatching started at the end 

of karch a.."1.d was aloost fi:nished about 20 April~ It should be noted that 

a decrease in total ablli"lda..~ce(Fig.4,10wer part) commenced before the hat

ch~g was· over. Judging fron the number in the 10-12 no groups, larvae 

were considerably Dore nur2erous in the 10 Bm thfu~ in the two subsequent 

Il1l:J. groups. 

~arvae observed north of .,. Grip were scarce. Thus no larvae v/ere found 
, , 

III the northernmost area from Halten to Andenes, fu"ld the larvae caught 

L~ the district just north of Stad - Grip (i.e. Fraya - Halten) were too 

few for fu~y quantitative treatment. The results of the current cross measure

ments are shown in Fig.5. The dates of release llild duration of the experi

ments are listed L"1. Table 3. During the period in question almost no drift 

took place along the coast in northward direction. 

DISCUSSIOlJ 

The decrease in ablli"ldance o~ larvae according to length and time in the 

area covered might have follo1;'ling causes: 

(1) Emigration of newly hatched larvae from the area 

of' sampling. 

(2;\ TT ~igher net avoidence of the bigger larvae. 

(3) r.~ortali ty of larvae. 

The conclusions dra.m from the maturi~y Q'4str4but401~ t 
- ~ ~ ~ _L presen ed in Fig.2 

, 

concernll~g time and duration of hatching are in full accorda.~ce ~vith the 
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results obtallLed from the larval observations (Fig.4, upper part). It is 

tnerefore assuoed that the larval surveys covered the wLole period of 

ha t chi.."1.g • 

The Dajor part of enigratio~ of larvae fron ffi~ area Dust be caused by water

tra::'1.sport. It is €.v:;_dent froL the drift experiDents that the current conpo

nent along tl:.e coast was alcost negligible during tl:.e period of investiga

tion (fig. 5). T:lis feature "ras in accordaIlce 1'li t~c. t:t-.:.e findings of Eellfui.d

Eru1.sen and Nansen (1909), "'lL.O suggested that the coastal current off E0re 

sho~'led uaxir.1UD. nortln'lards speed at tl~e edge of the continental shelf, vlhere 

as closer to the coast the velc·city was vJeal:er ffi1.d had various directions. 

Thus the drift experiments indicated that the trfuLsport of lar~ae out of 

the area covered was s:w.all. T:bis w'as 
in 

also agreec.ent l'lith the observatio:a 

that larvae "!ere scarce north of Grip. 

Acpording to investigations carried out by Dragesillld (1968) no si5~ificruLt 

differences vlere found in nefu1. lengths of larvae belo'w 15 :r.::tr..1 caught by 

Clarke-Bur:lpuS plankton sawplers a:i.1.d 3 feet Isaacs-Kidd Didl-later trm'll. 

ITor could a...'l1.y clear differences be recorded between lengths of larvae 

caught at night and during daytime~ It is, therefore, reasonable to assur~e 

thq, t the net avoidance "'JaS relatively small beiow' 15 h'Xl, fu1.d it is con

cluded that the decrease ~i. nuober of larvae observed was neither due to 

eDigration of larvae fro!.:l the area covered, n~r tb 11.igher :"".L~ t avoidfu""lce 

of the bigger larvae. 

The first larvae reaching 12 l21r'} seeDed to appear 7-8 April (Fig.l.j.). Provided 

thq,t the hatching started 29-30 Earch and that the nean length at hatching 

'i"as 9 :or;}, the gro'i'lth rate IJer day during this first period 1-ras estirJated 

to 0.33 or..1. This gro'Vltl:. rate was in agreeI.:1ent .-.rith that foun.d by Blaxter 

a..."J.q Iieupel of yolk sac larvae hatched L"'l ta...-ucs (1963). 
2 Larvae neasuring 12 L1I:1 sho"led an average nULlber per 1:1 surface of respective-

1y 8, 6 a::ld 15 L1'l the periods 9-11, 18-20 and 23-26 April, the mean. value 
2 

within the period 10-24 April being 7 per B surface (Fig.4). The correspon-

ding figures of the 11 mD a...Tld 10 Lli2 groups applying a growth rate of 0.3 mr:.l 

per day were respectively L;·l a.:.~d 120 (Fig.4 and Table Id. SiI1:lilarly the 

nuober at 11 and 10 en'i-.rere estil:mted by us:L."1.g grovlth rates of 0.2 :om fui.d 

0.4 r~l per day (Table 4). 

The survey carried out during the fourtll period (18-20 April) obviously 

did not cover the Stad-Grip region satisfactorly, and the results obtained 

during this survey might give a bias in uUTIber lli~d length of larvae in the 

r.rentioned region. HOlVever, during the last period (23-26 April) the grid 

of stations again 'was cooparable vlith the previous periods and the results 

obtai.ned :L.i.dicated that the figures found. during the fourth period 'were 

resonable ffi1.d could be used in the series of observations for estimating 

the larval nortali ty. Thus evidence was f01.L."1.d for a.."'l cKt:to.G.oly· h;igh ,uortal:i1:;:r 

rate of larvae passllLg from 10 to 12 DD. A reduction of the larval population 

of about 94 % took place at this stage, fu"1.d it is assuned that 11 Will might 

be a critical length. This length corresponded to the period of yolk 

absorption fOl.'L."J.d by Blaxter ffiLd rlempel (1963). 
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1 A quantitative ru~alysis of nuwber of larvae aocordbLg to length and 

time ·was oarried out for larvae collected il1. an area off 1:!0re in 

April of 1967. 
2 A marked decrease in llULlber was found when the larvae passed from 10-

12 lIlLl. 

3 It "tvas concluded that a L.1Ortality in the order of 94 lS took place at 

this stage, vi!:lich corresponded to the period when the yolk "JaS absorbed. 

Anon. 1963. 

Anon. 1967. 

Report on neeting on scale a...""ld otolith typing and other 

nethods in Atlanto-Scandian herring research. Herring 
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Bj0rke,H., Dragesll..'1.d, 0. og Nal·dk:en,O~ 1967. Tokt med F/FIIJohan Hjort" 
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Fiskets Gang, 22~ 325~327. 
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Table 1. 

Region 

Stad-Ona 

On a-Grip 

Catches of spawl'ling and spe::"lt 11.erring accordil1.g to 

region in the NOrt"egial1. vlinter herring fishery 1967. 

Catch 

Thous~~ds of metric tons 

21.866 68.8 

9.683 

Grip-I-ial ten 0.7 

Total 100.0 
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Table Summary sho"tvin.g the l'1.Ul:lber of' current cross stations 1 

date of' release a....."'ld duration of experiment. 

Station Date of' Duration of 

No. release experinent 

1 3 April, 1967 138 hours 

2 12 " " 13 I! 

3 18 11 " 13 11 

4 22 11 11 25 11 

Table 4. il.verage number of larva~ per--r:i?:,·;surf:n.ee'- intb.e. l:lm:.groups 

10 to 12 :c:n:i applying different grolrJ'th rates. 

Growth rate (l"..1ill ) per day 

Length 

group (mn) 0.2 O_~3 " .• L). 

10 110 120 115 

11 38 41 L~O 

12 7 7 7 



0 

63 

Fig. 1 

I! 0 ]f. ,pP cs 
• • • • • ® 

S • 

// ( 
• • • • ® • • • 

600 400 200 ® 

/~ • • • 
ONA 

Grid of stations during the first survey period, 29 Narch

J April 1967. Repeated stations are encircled. The stations 

during the fourth period (18-20 April) lvere located inside 

the area framed. 

III 

o 
..: 

10 

80 

... 60 
Z 

III 

o 
a: 

III 40 
a.: 

20 

__ V 

o---o,Vl 
'X' ••• ~ vn 

cl 

/ 
/ 

/ 

/ 

f 

1967 

/ 
/ 

/ 

PEAK OF 
SPAWNING 

)C 

8.- 13.- 18.- 23.- 28.2- 5.- 10.- 15.- 20.- 25.-
12.2 t7.2 22.2 27.2 4.3 9.3 14.3 19.3 24.3 29.3 

DATE 

Fig. 2 Percentage maturity composition (stages V-VII) of winter 

herring during the season of 1967 (males and females pooled), 

T1 and T2 are the estimated dates of respectively onset and 

end of spal·ming. 



10 a 

100 b 

50 

ILl 
U 
« 
"-
11< 
::> c .... 
... 
E 

15O 
11< 
ILl 
0-

ILl 
« 
:> 
Ill: 100 
« 
..J 

lA. 
0 

11< 
ILl 

'" 50 
2: 
::> 
z 

ILl 
c!I 
« 
Ill: 
ILl 0 
:> 
« 

d 

50 

110 

11 14 15 " 
IN mm 

Fig. 3 Quantitative length distribution in the different periodsof 

sampling. (a) 29 :r-1arch - 3 April t (b) 4-6 April t (c) 9-11 April, 

(d) 18-20 April and (e) 23-26 April, 1967 



10 

... 0 
u 
-< 
lA. 

"" ;:) 

'" 300 .. 
E 

'" ... 
0. 

w 
-< > 
'" -< 
..J ... 
0 

"" 200 w 
III 
:lE 
;:) 
z 

... 

.:> 
-< 
'" w 
> 
-< 

_"-0 I 
_2 
0---0 3 
~.-o 4 
0··" "0' 5 

/ , 

/ 

.. 0..... 
/ 

/ 

/ , 
A.. 

/ \. 
/ \. 

/ '\. 

..... 
.. 0-- .. _ .. 

/ . .P---....... " ----"---- -J/ ...... ~ 
. .......~.I~~ 

Ol.t.:-:.:-:..:-::-,..:-::g:-::..:,..=_:::~~L:..:_=-=_-=_~",,::: .. :::" .~ .. :::::" "';::" .:;:::. "~" "~" "2;::' .~" "::" "~~~ 
31 10 IS 20 25 

-MARCH-o+ool&---------- APRIL ---------

Fig. 4. Average number ,of larvae according mm group for the area 

surveyed as a function of time 1 upper part (1) 7+ 8+9 mm, lO1'ler 

part, (2) total, (3) 10 mm, (4) 11 mm and (5) 12 nUll. The mean 

values of the 10-12 mm groups, applyin.g a growth rate of 0.3 
mm per day are indicated. 

600 ~oo 200 

/ 
3 ---i>-

0.12 

",----- .......... _-/'-"', 
I 

I J 
I~ I 

0.09 €.~/-/ 

ONA 

Fig. 5 Current cross measurements in April of 1967. The mean velocities 
of current crosses are illustrated. The arrows indicate the 
direction and l;he figures the speed in knot. 


