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Denne rapporten gir noen forelopige resultater fra sildelarveunder- 

s~kelsene på Møre i april 1986. Den behandler horisontal- og verti- 

kalfordeling av larvene i relasjon til det fysiske miljoet samt deres 

vekst og næringsopptak. 

Gytefeltene kommer klart frem i fordelingen av de minste larvene. 

Feltene var de samme som ble funnet i 1985. I tillegg fant det sted 

en mindre gyting ute på eggakanten. Hovedtrekkene i sirkulasjons- 

monsteret synes å være det samme som i 1985. Ved å kombinere hydro- 

grafiske data, larvefordeling og drivboyer ser det ut for at man kan 

få frem både larvenes viktigste driftsruter samt områder hvor larvene 

holdes tilbake i 10-15 dager. 

Larvepopulasjonen i 1986 var totalt dominert av plommesekklarver. 

Antall larver større enn 12 mm var omkring 10% av det som ble funnet i 

samme periode i 1985. 1 1986 ble det også observert lavere vekst og 

næringsopptak hos larvene enn i 1985. Alt dette tyder på at 

rekrutteringen til sildebestanden i 1986 var dårligere enn i 1985. 

Storstedelen av larvene ble funnet dypere enn 60 m. Innslaget av ny- 

klekkede larver Øket med dypet mens eldre larver ble hovedsaklig 

funnet i de Øvre 40 m. Forste næringsopptak ble funnet i 3-6 dagers 
gamle larver. Dietten var dominert av rauåte larver. 
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ABSTRACT 

This repor t  gives some preliminary r e s u l t s  from a study on the  

spawning grounds of the  Norwegian spring-spawning herr ing  i n  April  

1986. It deals  with the horizontal  and v e r t i c a l  d i s t r i b u t i o n  of 

herr ing  l a rvae  i n  r e l a t i o n  t o  the  physical environment a s  w e l l  a s  

growth and d i e t .  

The spawning area  can c l e a r l y  be seen i n  the  d i s t r i b u t i o n  of la rvae  

< 9 mm and these were the  same a s  i n  1985. I n  addi t ion ,  a smaller 

spawning a rea  offshore a t  the continental  s lope was i d e n t i f i e d .  

The main fea tures  of the  c i r cu la t ion  pa t t e rn  of the  a r e a  seems t o  be 

the  same a s  i n  1985. The combined use of hydrography, l a rvae  d i s t r i -  

bution and Argos d r i f t e r s  seem able t o  reveal  both the  l a r v a l  d r i f t  a s  

w e l l  a s  r e t en t ion  areas with a residence time of 10-15 days, 

The l a r v a l  population i n  1986 was t o t a l l y  dominated by yolksac larvae .  

The number of la rvae  > 12 mm was about 10% of t h a t  found during the  

same period i n  1985, I n  1986 a slower growth and a lower feeding 

r a t i o  i n  a l l  l a r v a l  s tages  was observed compared t o  1985, This ind i -  

c a t e  poorer recruitment i n  1986 than i n  1985. 

The majori ty of the  la rvae  were found deeper than 60 m opposed t o  

1985. The percentage of newly hatched l a rvae  increased with depth. 

Older l a rvae  were found mainly i n  the  upper 40 m.  Patchy d i s t r i b u t i o n  

made a comparison between larvae  caught a t  day and a t  n ight  d i f f i c u l t .  

F i r s t  feeding was observed i n  3-6 days old la rvae .  The d i e t  of the  

l a rvae  was dominated by copepods naup l i i .  A shrinkage of 40-50% i n  

dryweight and 3-7% i n  length due t o  preservat ion was observed. 



Sampling of la rvae  of the  Norwegian spring-spawning herr ing  has been 

ca r r i ed  out  f o r  a long period (e .g .  WLBORG 1960, DRAGESUND 1970, SELI- 

VERSTOV 1974 and BJØRKE 1981). The main objec t ive  of these invest iga-  

t ions  has been t o  loca te  spawning areas and t o  obta in  the  f i r s t  indi -  

ca t ion  of the  recruitment. The increase of the  herr ing  stock i n  more 

recent  years and development of new gears and methods, ac tua l i ze  the  

formulation of a p ro jec t  t o  study the  recruitment mechanisms. 

I n  1985 a p i l o t  study was ca r r i ed  out  (BJØRKE, FOSSUM and SÆTRE, 

1986). The p ro jec t  was l a t e r  included i n  a na t ional  program t o  

study the  poss ib le  consequences on f i s h  eggs and larvae  of o i l  explo- 

r a t i o n  on the  Norwegian continental  shel f  north of 6 2 ' ~  (FØYN and 

BJØRKE, 1986). This program is given the  acronym HELP (Havforsknings- 

i n s t i t u t t e t s  Egg- og Larveprogram) and is supposed t o  l a s t  f o r  the  

periode 1986-90. 

The objec t ives  of HELP is  to :  

- obta in  de ta i l ed  knowlegde of the  d i s t r i b u t i o n  i n  space and time of 

the  important commercial f i s h  species during t h e i r  e a r l y  l i f e  

s t age  along the  Norwegian coas t ,  

- study the  reproductive biology of the  same species.  

- study the  recruitment mechanisms of the  Norwegian spring-spawning 

herr ing  and the  Arcto-Norwegian cod. 

- study the  physical  f ac to r s  a f fec t ing  both the  transport-dispersion 

and the  l i v i n g  condition of the  e a r l y  l i f e  s tages  of f i s h .  

The present  repor t  gives some preliminary r e s u l t s  from the  inves t i -  

gat ion on the  la rvae  of the  Norwegian spring-spawning herr ing  i n  1986. 



MATERIALS AND METRODS 

The study was ca r r i ed  out  during the  periods 29 March - 7 April  and 9 
- 18 Apri l .  The southern p a r t  of the  area  was covered during both 

these periods (Fig.  l ) .  Herring larvae  were sampled with a modified 

conical  n e t  of 0.5 m* opening and 375 p m mesh s i z e  (ELLERTSEN e t  a l .  

1984) from 150 m ( o r  5 m above the  bottom) t o  the  surface.  The v e r t i -  

ca1 d i s t r i b u t i o n s  of temperature, s a l i n i t y ,  n u t r i e n t s  and chlorophyll 

contents  were observed by Nansen hauls .  Five Argos s a t e l l i t t e - t r a c k e d ,  
2 d r i f t i n g  buoys were deployd. These were equipped with a 10 m window 

bl ind  drogue attached t o  the  buoys v i a  a 30 m t e t h e r l i n e .  

The material  f o r  the  v e r t i c a l  s tud ies  was derived from two experiments 
2 on Buagrunnen; one from 5-7 Apri l  with a Mocness l m sampler(mesh 

3 7 5 ~ )  (WIEBE e t  a l . )  ,and one from April  5 and 6 with a opening/closing 

Juday net  (mesh 375p and opening O.  5m2 ) . Dif f i c u l t i e s  i n  changing of 

ne t s  a t  prec ise  depths arosed during the  Mocness experiment and t h i s  

caused a s l i g h t  overlapping of depth i n t e r v a l s  (Table 1.) About 50 m 3 

was f i l t e r e d  with the  Mocness sampler within each depth i n t e r v a l  and 
3 about 10 m with the  v e r t i c a l  ne t .  To confirm abundance of la rvae  a 

v e r t i c a l  plankton hau1 was made between each Mocness haul.  Bottom 

depth varied between 120 and 90 m during the  Mocness experiment. 

During the  sampling with the  Juday n e t  the  sh ip  was anchored a t  a 

depth of 120 m .  

The herr ing  larvae  used t o  morphometric measurements and gut  content 

analys is  were preserved i n  4% formalin i n  10 %. sea  water . Only the  

food organisms t h a t  could be recognized through the  epithelium of the  

gut  were examined, because of gut content voidance i n  herr ing  larvae  

during catching and f ixa t ion  (HAU 1981). No quan t i t a t ive  analyses of 

the  d i e t  of the  herr ing  larvae  was performed due t o  the  same reason. 

The same procedure was followed i n  1986 a s  with the  1985 material  

(BJØRKE, FOSSUM & SAXRE 1986) and a comparative analys is  between these 

two sets of da ta  could thus be made. 

The herr ing  larvae  used t o  describe the  hor izonta l  d i s t r i b u t i o n  were 

measured on board. Standard length (SL) measurements of 50 herr ing  

larvae  per  hau1 ( i f  present )  were taken t o  nea res t  mm below. For morp- 

hometric measurements i n  the  laboratory a mater ia l  of 647 herr ing  



la rvae  were analysed . From each s t a t i o n  20 larvae  ( i E  present )  were 

c l a s s i f i e d  according t o  DOYLE (1977) and ØIESTAD (1983). and measured 

t o  neares t  0.1 mm below. Visible prey organisms were d issec ted  out  of 

the  gut  and c l a s s i f i e d  i n t o  one of the  following two groups; copepod 

eggs o r  copepod naupl i i .  The larvae  were then r insed i n  f r e sh  water,  

d r i ed  t o  constant weight and weighed on a Cahn electrobalance t o  the 

neares t  pg. 

Because of shrinkage due t o  preservat ion (THEILACKER & DORSEY 1980), a 

representa t iv  sample of herr ing larvae  ( N =  47) from the  whole area  of 

d i s t r i b u t i o n  were seperated i n t o  d i f f e r e n t  s t ages  when f resh  onboard. 

They were measured t o  neares t  O . l m m  below, r insed i n  f r e sh  water and 

brought t o  the  laboratory where they were dr ied  t o  constant  weight and 

weighed on a Cahn electrobalance t o  the  neares t  pg. This sample repre- 

s e n t  an est imate of the  t rue  standard length and dry weight i n  the  

l a r v a l  population, and a comparison between these la rvae  and the  pre- 

served ones gives information of the  shrinkage during f ixa t ion .  

RESULTS AND DISCUSSION 

Hydrography 

O 
Surface temperatures (Fig.  2 )  and s a l i n i t i e s  (Fig.  3)  were 4.5 - 6 . 5 ' ~  

and 33-35%. respectively.  The northern p a r t  of the  a rea  was c l e a r l y  

influenced by At lant ic  Water masses while i n  the  southern p a r t  Coastal 

Water was dominant. The same pa t t e rn  could be seen i n  the  surface  d i -  

s t r i b u t i o n  of n i t r a t e  and s i l i c a t e  (Figs .  4-5) with high values i n  

the  northern and low values i n  the  southern p a r t .  The surface 

d i s t r i b u t i o n  of chlorophyll g (Fig. 6 )  showed very low values i n  the 

northern area .  The highest  concentrations were found along the  shel f  

break i n  the  c e n t r a l  area.  

Fig. 7 shows the  typ ica l  v e r t i c a l  hydrographic s t r u c t u r e  from the  

southern (SECTION A ) ,  the  c e n t r a l  (SECTION B )  and the  northern 

(SECTION C )  p a r t  of the  inves t iga ted  area .  The loca t ion  of the  s e c t i -  

ons appear i n  Fig. 1. Coastal Water (S < 35%.) covers the  upper 100 m 

i n  the  southern and c e n t r a l  she l f  a rea .  I n  the  northernmost sec t ion  

(SECTION C )  water of coas ta l  o r ig in  is seen a t  the  outermost s t a t i o n s .  

This is  probably a r e s u l t  of the  s p l i t t i n g  of the  Norwegian Coastal 



Current fu r the r  south a l s o  indicated i n  the  d i s t r i b u t i o n  of susface 

s a l i n i t y  (Fig.  3 ) .  According t o  LJØEN and NAli(KEN (1969) the  Norwegianr 

Coastal Current s p l i t s  i n t o  two branches between 63' and 64'~~ The 

main branch run p a r a l l e l  and c lose  t o  the  coast  on the  eoas ta l  s i d e  of 

Haltenbanken (Area F, Fig. 1 7 ) .  The o ther  branch follows the  edge of 

the  continental  s lope on top of the  At lant ic  water. 

SECTION A was car r ied  out  twice; 31 March and 16 Apri l  ( F i g ,  71, The 

angle of the  sloping in te r face  between the  Coastal and the  At lant ic  

Water have decreased during the  f i r s t  p a r t  of Apri l  r e s u l t i n g  i n  a 

more seaward extention of the  Coastal Water. There is a pronounced re- 

duction of the  n i t r a t e  content i n  the  upper l aye r s  from the  end of 

March t o  mid-April indica t ing  t h a t  a phytoplankton blsom has occurred 

between the  observations. During the  same periode the  contents  of 

chlorophyll g i n  the  upper 30 m of the  sec t ion  increased from 0 - 1  - 
0.3 t o  1 .5  - 4.5 mg/m3 (Fig. 8)  . Though the  surface  chlorophyll 

values 9-18 Apri l  i n  the northern area  is  low (Fig.  G), reminiseences 

of a precedent phytoplankton bloom a r e  seen i n  SECTION C (Fig ,  8 ) .  

Fig. 9 shows the  d r i f t i n g  t racks  from the  Argos kuoys. The bottom 

topography of the  area  is ra the r  complica.ted and t h i s  influences the  

c i r c u l a t i o n  pa t t e rn .  There a r e  four major shallow banks i n  the  area: 

Buagrunnen ( C ) ,  Fr~yabanken ( D ) ,  Haltenbanken (F) and Sklinnabanken 

( E ) .  The locat ion  of these a r e  seen i n  Fig. 17. Around these banks 

the  topographic s t ee r ing  of the  current  favour an anti-cyclonic e i rcu-  

l a t i o n .  North of Buagrunnen and of Fr~yabanken the  water mainly flows 

eastwards and merge i n t o  the  channel between Haltenbanken a d  the 

coas t .  This seems t o  be the  main route f o r  the  northward d r i f t i n g  

l a rvae .  The currenk speed of the  upper l aye r  of t h i c  area  is  between 

30 and 60 cm/s which means 7-15 nau t i ca l  miles/day, OE the  two Argos 

buoys which were d r i f t i n g  fu r the r  northward. one ended up a t  66'~ 26 

May and the  o the r  one c lose  t o  6 9 ' 3 0 ' ~  a t  18 June (Fig ,  L O )  

Horizontal la rvae  d i s t r i b u t i o n  

The hatching of herr ing  larvae  s t a r t e d  i n  the  southernmost a rea  around 

15 March and a t  Buagrunnen (Area C ,  Fig. 17) around L Apr i l ,  A t  both 

loca t ions  the  maximum hatching occurred i n  mid-April (BJØRKE, HANSEN 

and MELLE, 1987) . 



The hor izonta l  d i s t r i b u t i o n  of he r r ing  l a rvae  of th ree  d i f f e r e n t  

length groups from the  f i r s t  coverage 29 March - 7 Apri l  is shown i n  

Figs. 11-13. The d i s t r i b u t i o n  of the  youngest la rvae  (Fig.  li) indi -  

c a t e  three  separated spawning areas ;  Buagrunnen, c lose  t o  the  shore i n  

the  southernmost area  and a t  the  she l f  break around 6 3 ' ~ .  A s  can be 

seen there  a r e  very few larvae  L 12 mm (Fig.  13) .  

During the  second coverage (9-18 Apr i l )  the  t o t a l  number of la rvae  < 9 
mm i s  higher (Fig.  1 4 ) .  Two of the  apparent spawning areas  a r e  the  

same a s  on the  previous coverage. Additionally, there  seems t o  be a 

minor spawning near FrØyabanken (Area D, Fig. 1 7 ) .  The number of 

la rvae  L 12 mm (Fig.  16) is only about 10% of t h a t  found during the  

same period i n  1985 (BJØRKE, FOSSUM and SÆTRE, 1986). This may indi -  

c a t e  t h a t  the  recruitment success i n  1986 was considerably lower than 

i n  1985. 

Off the  southernmost coas ta l  spawning area  (Area A ,  Fig. 17)  a s  well 

a s  a t  Buagrunnen the  Argos d r i f t e r s  ind ica te  r e t en t ion  areas  of the  

la rvae  with a recidence time of the water of 10-15 days. Fig. 17 is  

an attempt t o  summarize the  information on the  l a r v a l  d r i f t .  It is  

based on larvae  d i s t r i b u t i o n ,  the  t racks  of the  Argos d r i f t e r s  and on 

hydrography. The d r i f t i n g  time from the  spawning areas  t o  the  passing 

of the  6 5 ' ~  l a t t i t u d e  seems t o  be 40-50 days from the  southernmost 

spawning area  and 20-30 days from Buagrunnen. A s  a s i tgnlf icant  pso- 

por t ion  of the  la rvae  population i s  below the  drogue depth of the  

Argos buoys and as  dispersion mechanisms i s  not considered, the  ca l -  

culated d r i f t i n g  times is probably underestimates. 

Ver t ica l  la rvae  d i s t r ibu t ion .  

2 
Table 1 shows the  number of la rvae  per  m sur face  s a p l e d  during the  

Mocness experiment. Larvae without yolk s a c  and without the  

c h a r a c t e r i s t i c s  of s tage  2a described by DOYLE (1977) a r e  omitted from 

the  t ab le .  Although the  Mocness sampling within the  a rea  was located 

by abundance of la rvae  i n  v e r t i c a l  net-hauls ,  some of the  Mocnes tows 

were without any larvae.  This ind ica te  patchy d i s t r i b u t i o n  of the  

l a rvae  . 



2 Table 1. Number of la rvae  per  m sur face  smpled  during the  Mocness 

experiment. 

Date 5 Apri l  6 Apri l  

Hour 18 20 21 23 24 02 04 06 07 09 12 14 15 

Dep th 

t a b l e  continued: 

Date 6 Apri l  7 Apri l  

Hour 16 17 19 20 21 22 23 00 02 03 04 05 07 

Dep t h  

t a b l e  continued: 

Date 7 Apri l  

Hour 08 O9 10 11 12 13 14 15 16 17 20 Tota l  

Depth 



Fig. 18 shows the  v e r t i c a l  d i s t r i b u t i o n  of la rvae  when a l l  depth in-  

t e r v a l s  above 80 m were sampled. Nearly 60 % of the  la rvae  were found 

i n  the  80-56 m depth i n t e r v a l .  Most of these la rvae  were newly hat-  

ched, i . e . s t age  l a .  The percentage of these la rvae  increased with 

depth and only few were found i n  the  upper 20 m .  The percentage of the  

o lder  s t ages ,  however, increased i n  the  upper l aye r s  and s t age  2a were 

found only i n  the  surface  layer .  

Fig. 19 shows the  d i s t r i b u t i o n  during broad dayl ight  i . e .  between 09 

and 15 h r s .  GMT. More than 55% of the  la rvae  were found i n  the  80-65 m 

i n t e r v a l .  Fig. 20 shows the  v e r t i c a l  d i s t r i b u t i o n  of the  la rvae  during 

darkness i . e .  between 21 and 02 h r s .  GMT. S t i l l  most of the  la rvae  

were found i n  the  80-85 m i n t e r v a l  and s t age  I b  was dominating. The 

number of la rvae  caught a t  night  were much lesser than t h a t  caught a t  

dayl ight .  This is  probably caused by a patchy d i s t r i b u t i o n  of la rvae  

(Table 1).  This is most probably a l s o  the  reason f o r  the  absence of 

la rvae  i n  the  deepest hau1 a t  n ight .  Because of the  patchy d i s t r i b u t i -  

on of the  la rvae  it is d i f f i c u l t  t o  make any comparison between s t age  

d i s t r i b u t i o n  of la rvae  caught a t  daylight  and i n  darkness. 

2 
Table 2. Number of la rvae  per  m sur face  sampled during 

the  c los ing n e t  experiment. 

Date 5 Apri l  6 Apri l  

Hour Og 11 13 14 17 19 21 23 01 03 05 07 Tota l  

Dep th  

2 
Table 2 shows the  number of l a r v a r  per  m sur face  during the  c los ing 

n e t  experiment. Larvae without yolk sac  and withsut  the  

c h a r a c t e r i s t i c s  of s t age  2a described by DOYLE (1977) a r e  omitted from 



the  t ab le .  Fig. 21 shows the  v e r t i c a l  d i s t r i b u t i o n  of the  la rvae  Fn 

Table 2. Most of the  la rvae  were found i n  the  100-81 m i n t e r v a l  and 

the  majority of these were i n  s t age  l b .  During t h i s  experiment newly 

hatched were recorded i n  a l l  depth i n t e r v a l s  without any c l e a r  pat- 

t e rn .  Older la rvae ,  however, were mainly found i n  the  upper layers .  

During a s imi la r  experiment i n  1985 i n  the  same a rea  (BJØRKE, FOSSUM 

and SÆTRE 1986) more than 65% of the  la rvae  were caught i n  the  upper 

60 m .  Including the  la rvae  omitted from Table l and Table 2 the  per- 

centage of la rvae  i n  the  upper 60 m were 12% during the  Mocness ex- 

periment and 14% during the  c los ing n e t  experiment i n  1986. I n  1985 

the  highest  abundance of la rvae  were found i n  the  middle of the  pyc- 

nocline.  In  1986 the  pycnocline was less pronounced than i n  1985 (Fig. 

7 Section A ) .  I n  1985 few newly hatched larvae(1arvae < 9mm)were 

found. These two f a c t s  might explain the higher abundance of la rvae  i n  

the  deeper i n t e r v a l s  observed i n  1986. 

Lengthlstage d i s t r i b u t i o n  of f ixed larvae .  

Table 3 shows the  length d i s t r i b u t i o n  of f ixed herr ing  l a rvae  caught 

i n  1986 c l a s s i f i e d  according t o  DOYLE (1977) and ØIESTAD (1983). Fig. 

24 shows the  frequency d i s t r i b u t i o n  of these la rvae .  93% of the  la rvae  

were measured t o  the  mearest mm below, while the  rest were measured t o  

the  neares t  1/10 mm (Table 4 ) .  36 % of the  l a rvae  < 9 mm i n  Table 3 
were i n  s t age  l a  i . e .  th ree  days old o r  younger, and of la rvae  < 8 mm, 

46 % were i n  s t age  l a .  The spawning grounds f o r  herr ing  can thus be 

more prec ise ly  located by mapping d i s t r i b u t i o n  of f ixed larvae  smaller 

than 8 mm. On the  o the r  hand only 16 % of the  la rvae  i n  Table 3 were 

smaller  than 8 mm while 43 % of the  la rvae  were smaller  than 9 mm, By 

mapping d i s t r i b u t i o n  of f ixed larvae  smaller  than 8 mm one might thus 

loose information of spawning grounds because of low abundance of such 

larvae .  I n  addi t ion ,  64 % of the  la rvae  i n  s t age  l a  a r e  omitted from 

the  mapping because they a r e  equal t o  o r  l a r g e r  than 8 mm. Fig. 11 and 

Fig. 1 4  which shows the  d i s t r i b u t i o n  of f r e s h  larvae  < 9 mm gives 

thus a reasonable good loca t ion  of the  spawning grounds of herr ing  

when only length da ta  of the  l a rvae  a r e  a v a i l i a b l e .  Mapping of la rvae  

i n  s t age  l a  w i l l ,  however, give a b e t t e r  loca t ion  of the  spawning 

grounds of Norwegian spring-spawning herr ing .  



Table 3. Length/stage d i s t r i b u t i o n  of f ixed he r r ing  l a rvae  caught i n  

1986. 

Length (mm) la l b  1c 1 d 2a TOT 

......................................................................... 
005 l 1 

006 167 38 8 70 283 

007 515 353 71 271 1210 

008 749 1049 158 515 2471 

009 400 1547 474 617 3038 
010 57 761 712 397 2 19-29 
011 24 6 1 87 25 197 

012 1 7 31 9 48 

013 4 3 7 
014 2 2 

015 1 1 
......................................................................... 
TOT 1888 3774 1491 1995 39 9187 

Shrinkage of herr ing  larvae  

I n  Table 4 the  da ta  of shrinkage due t o  formalin f i x a t i o n  i s  given. 

Table 4. Per cent  shrinkage during formalin f i x a t i o n  

Stage Nos of la rvae  Shrinkage i n  Shrinkage i n  

Fixed Unfixed length (g) dry weight%) 



The t a b l e  shows t h a t  the  shrinkage both i n  length and weight is  reh-  

t i v e l y  constant between the  d i f f e r e n t  s tages .  The shrinkage i n  length 

is r e l a t i v e l y  moderate, while the  shrinkage i n  weight i s  very l a rge  

and the  weight is almost halved during the  f i x a t i o n  period. The d i f -  

ferences i n  mean length of the  same s tages  between the  la rvae  i n  Table 

4 and the  ones represented i n  Fig. 24 might be due t o  more accurate 

measurements of the  la rvae  i n  Table 4.  

Condition of herr ing  larvae  

The material  i n  t h i s  examination was sampled during the  second covera- 

ge and cons i s t s  of 647 herr ing  larvae  of standard length  6.2-14.5 mm. 

The bulk of the  la rvae  belonged t o  the  yolk sac  s tages  l a - ld .  Few 

larvae  had s t a r t e d  t o  develope the  dorsa l  f i n ,  s t age  2a,  and the  deve- 

lopment of the  l a r v a l  population was delayed compared t o  the  1985 

season, when most of the  la rvae  sampled i n  the  same area and a t  the  

same time were i n  the  2a s t age  (BJØRKE , FOSSUM & SÆTRE 1986). 

The mean standard length,  dry weight and number of l a rvae  i n  each 

s t age  a r e  shown i n  Table 5. 

Table 5. The l a r v a l  material  sampled i n  1986. 

Substage Nos. of Mean standard Mean dry 

larvae  length (mm)  SD weight (ligl SD 



The mean hatching weight cmd the  mean weight of the Larvae In  the dif- 

f e r e n t  yolksacstages was unchanged compared t o  the  1985 material  

(BJØRXE , FOSSUM & SÆTRE 1986) . 

The delayed development of the  l a r v a l  population i n  1986 compared t o  

1985, seemes t o  be due t o  the l a t e  hatching t h i s  year .  Mastirnum bat- 

ching was observed i n  mid A p r i l  , (BJØRKE, HANSEM and MELLE 1987) a d  

la rvae  hatched e a r l i e r  i n  the  season a r e  probably vanished. 

A standard l eng th l  dry weight p l o t  of the  present  material  is shown i n  

Fig. 22. There is  no s t r i c t  r e l a t ionsh ip  between the  standard lengtk 

and the  dry weight, indicated by a exponential co r re la t ion  coeffesci-  
2 

e n t  r = 0.40, i n  con t ras t  t o  the E985 mater ia l  with a corresponding 
2 cor re la t ion  coe f f i sc ien t  r =0.81. 

There seemes t o  be s ign i f i ean t  l e s s  growth of the  herr ing  larvae  i n  

i986 than i n  1985, with a decrease of the  growth parameter (s lope)  

from 0.18 t o  0.11. The same preservat ion procedure was followed both 

i n  1985 and 1986, and t h i s  ind ica te  t h a t  the  l a r v a l  population i n  1986 

was exposed t o  more marginale food condit ions than i n  the  previous 

year. 

Some of the  va r i a t ion  i n  the  da ta  may be introduced through the  pre- 

servat ion ,  a s  the re  is  a s tronger lengthl  weight r e l a t ionsh ip  i n  the  

p l o t  of the  la rvae  not exposed t o  Eormalin (Fig.  23) .  Therefore the  

necess i ty  of a comparable preservat ion procedure and t o  study the  

length / weight r e l a t ionsh ip  of unpreserved and presesved larvae  muct 

be s t r e s sed .  

Fig. 24 shows the  length frequency d i s t r i b u t i o n  of the  la rvae  i n  the  

d i f f e r e n t  s tages .  The jump i n  standard length from s tage  La t o  l b  Is 

probably due t o  the  sens i t iveness  of the  newly hatched larvae  t o  band- 

l i n g .  They a r e  e a s i l y  exposed t o  shrinkage during catching. Exeept f o r  

t h i s  the  length  frequency d i s t r i b u t i o n  of the  yolksaclarvae seemes t o  

be comparable t o  the  one from the  previous year .  

The d i e t  of the  la rvae  during Stages la-2a,  represent ing  a t i m e  span 

estimated t o  be 23 days (BJØRKE, FOSSUM & SÆTRE 1986) is shown i n  

Fig. 25. The dominating food organism through t h i s  period was copepod 



a a u p l i i  which contributec! 80 % t o  t h e  gttccante-at,  Tkie only o ther  food 

orgmism found was copepod eggs  (20%j, The youngest la rvae  found with 

gut  content were 3-6 days o ld .  I n  t h i s  period copepod eggs and copepod 

naup l i i  were of equal importmce , Suter  on the  d i e t  was dominated o* 

copepod naup l i i .  No copepod e g g s  were found i n  Larvae older  t h m  11 

days. There i s  a pronounced reduction i n  the  feeding r a t i o  (number of 

food organisms per  l a r v a l  lut) i n  a l l  ctagec from 298"o 1986, 

The reduced feeding r a t i o  and growth parameter together  with the  t o t a l  

dominance of yolksac Larvae a s  Late a s  mid Apr i l ,  i nd ica te  1986 a s  a 

year with poor recruitment of the  Norweglan cpring- spawning herr ing ,  

Lnvestigations ca r r i ed  out  i n  May gave addi t ional  information of t h l s  

(Nedseaas pers ,  comm,), a d  the O-group Index es tabl i shed l a t e  i n  the  

autumn confirmed t h a t  t h i s  yearclacs was a poor one (Rattingen pe r s*  

comm. ) , 

CONCEUCIONS 

The spawning area  can c l e a r l y  be seen i n  the  d i s t r i b u t i o n  of la rvae  < 
9 mm and these were the  same a s  i n  2985. I n  addi t ion  a smaller spaw- 

ning area  offshore a t  the  cont inenta l  s lope  was i d e n t i f i e d ,  

The main fea tures  of the  c i r cu la t ion  pa t t e rn  of the  a rea  seems t o  be 

the  same a s  i n  198s. The combined use of bydrography, la rvae  d i s t r ibu-  

t i o n  and Argos d r i f t e r s  ceem able  t o  reveal  both the  Larval d r i f t  as 

welI a s  r e t en t ion  areas  with a residence t i m e  of 10-15 days, 

The l a r v a l  population i n  l986 was t o t a l l y  dominuted by yolksac larvae .  

The number of la rvae  > L2 mm woc about 18% of t h a t  found during the 

same period i n  1985, In 1986 a slower growth a d  a lower feeding r a t i o  

i n  a l l  l a r v a l  s tages  was observed compared t o  2985, This ind ica te  

poorer recruitment i n  1986 t k m  i n  1985, 

The majority of the  la rvae  weie found deeper than 60 m a s  opposed t o  

1985. The percentage of newly hatched Earvae I.ncreased with depth. 

Older la rvae  were found mainly i n  the  upper 40 m ,  Patchy d i s t r i b u t i o n  

made a comparison between l a rvae  caugbt a t  day and a t  n ight  d i f f i c u l t .  

Mapping of the  e a r l i e s t  s t age  of l a r v a l  development ins tead  of tlie 

smal les t  la rvae  groups gives a b e t l e r  Xocation of the spawning 



grounds , 

F i r s t  feeding was observed i n  3-6 days o ld  la rvae .  The d i e t  of the  

la rvae  was dominated by copepod naup l i i .  A shrinkage of 40-45% i n  dry- 

weight and 3-7% i n  length due t o  preservat ion was observed. 
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F i g .  l. Grid of s t a t i o n s ,  29 March - 18 Apr i l  1986. Bathymetric contours 
f o r  each 100 m a r e  included. In se r t ed  map shows the  loca t ion  of the s tudied  
a rea .  





Fig. 3 .  Surface c a l i n i t y  9-18 April 1986. 



Fig .  4.  Sur face  v a l u e s  of n i t r a t e  9-18 A p r i l  1986. 



Fig.  5 .  Sur face  v a l u e s  of s i l i c a t e  9-18 A p r i l  1986. 



Fig. 6. Surface values of chlorophyll a 9-18 April 1986. 
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SECTION A 

16 APRIL 1986 

14 APRIL 1986 

Fig. 7 .  Hydrographic s ec t ion  A ,  B and C .  Location of these  i s  ind ica t ed  
i n  Fig. l .  





Ei DEPLOYMENT POSITION 
A RECOVERY POSITION 

Fig.  9. Tracks of t he  d r i f t i n g  Argos buoys drogued a t  30 m depth. 



Fig. 10. Tracks o f  two of t h e  Argos buoys f u r t h e r  n o r t h .  



2 
Fig .  11. D i s t r i b u t i o n  o f  h e r r i n g  larvae < 9 mm ( ~ / m  ) ,  29 March-7 April 1986. 



2 
Fig .  1 2 .  D i s t r i b u t i o n  of h e r r i n g  l a r v a e  between 9 and 11 mm (N/m ) ,  

29 March - 7 A p r i l  1986. 





2 
F i g .  14- D i s t r i b u t i o n  o f  h e r r i n g  l a r v a e  < 9  mm (N/m ) 9-18 A p r i l  1986. 
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2 F i g .  15 .  D i s t r i b u t i o n  o f  h e r r i n g  l a r v a e  between 9  and 11 mm ( ~ / m  ) , 
9-18 A p r i l  1986. 



2 
Fig.  16.  Dis t r ibu t ion  of  he r r ing  l a rvae  > 11 mm (N/m ) ,  9-18 Apr i l  1986. 



Fig.  1 7 .  Observed spawning a r ea s ,  ( c i r c l e s )  and t e n t a t i v e  l a r v a l  d r i f t  
o 

rou t e s .  The ind i ca t ed  d r i f t i n g  time i s  u n t i l  pass ing  the  65 N l a t i t u d e .  
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Fig.  18. Ver t i ca l  d i s t r i b u t i o n  of l a rvae ;  number, s t age  and 
percentage fo r  the  Mocness mater ia l .  
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Fig. 19. Vert ical  d i s t r ibu t ion  of la rvae;  number. s tage  and 
percentage fo r  the Mocness material  during day time. 



YERTIChL DISTRIBUTION 
t C M 3 3  N I C F T  

VERTICAL DISTRIBUTION 
KUES-3 N1W STAGE 

VERTICAL DISTRIBUTIOM 
FPXXZSS N I W  

z I  

Fig. 20. Ver t i ca l  d i s t r i b u t i o n  of l a rvae ;  number, stage and 
percentage f o r  the Mocness mater ia l  during n ight .  
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F i g .  2 1 .  V e r t i c a l  d i s t r i b u t i o n  o f  l a r v a e ;  number,  s t a g e  and. 
p e r c e n t a g e  f o r  t h e  c l o s i n g  n e t .  



STANDARD LENGTH (M 

Fig .  22. The length/dry weight p l o t  of  the  
p re sen t  he r r ing  la rvae  ma te r i a l .  
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Fig.  23 .  The length/dry weight p l o t  o f  t h e  
la rvae  n o t  exposed t o  formalin f i x a t i o n .  



Fig.  24 .  The p e r  c e n t  l e n g t h  d i s t r i b u t i o n  
o f  t h e  d i f f e r e n t  s t a g e s .  
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Fig .  25. The d i e t  o f  t h e  l a r v a e  i n  t h e  
p e r i o d  3-23 days p o s t  ha tch ing .  
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