
ed without  prior reference to the authors 
_l__w_l____lP 

International Council for 

the Exploration of the Sea 

ACOUSTIC ESTEm'TEC OF GPAFTMING COD 

BL' 

O , R ,  God@, O. Nakken, A. Raknes 

Institute of Marine Research, 

P.0 ,  Box 1870u, 501% Bergen-Nordnes, Norway ! 
K, Sunnan5 

19aas.tftute of F'isheries Biology 

P.O. Box 1 8 3 9 ,  5011 Bergen-Nordnes, Norway 

l 

l 

I 
Acoustic surveys on spawning cod werecarried out in Lofoten and 

1 off Mare in order to estimate the stock size and structure. The 

1975 yearclass made up the bu1.k of the spawning stock in both l 

l areas. In the Lofoten area the total number of spawners was 
l 

l 
! estimated to about 80 million specimens; the corresponding 

l fisure for the MØre area was 11 million speci-mens. Cince the 
l 
l northeast arctic cod spawns over considerable larger areas than 

! those covered by the investigations, it is believed that the 

total spawning stock in 1 9 8 2  was much larger than the figures 
l 

arrived at during the investigations reported here. I l 



The spawning grounds of north-east arctic cod (Fig. I) are 
located in nearshsrs waters from M@re to FSi.n%nmark (ANON 1982a, 

ELLEWCEN ET,AL, L98Q), and the mature fish, usually fåsh whicb 

is 7-8 years and older, spawn In March-April, The main sgawning 

ared, ~,oEoten, has beerr more ax less regularly echo surveyed 

since 3.995 dur%.ng %.he spawni~g' seasona (SUND L938 j . These surveys 
have p.rovi.i3ecl i6forrnnation an relative dencity distribution and 

migration gatterna (HYLEM et al. 1961, MONSTAD et al, 9 9 6 9 ,  --- 
JAKOBSEN L 9 7 4 ) ,  b u t  few attempts have been made ta estimate the 

number of esd aetually px-esmt within the surveyed areas. BLINDHEIM 

and NAKKEN (1971) estimated the number of co9 on the spawning i 
grounds :in the inner Liofoken area f ~ o m  a serles of surveys in 

1971. They concluded %hat even the h ighes t  of these estimates, 

approximately 14 million fich, due to insufficient x e a  coverage 

amounted to only a fraction of the tota% spawning stock which 

that year was about 70 million fish (ANON L982b). 

Since 1976 acoustic aurveys have beeri carried'out in the Barents 

Sea annually in order to estimate the abundance of young cod and 

haddoek (DALEN and SMEDSTkLD 1 9 4 9  and 1982). These surveys have 

contributed largely to the knowledge of the stock state of 

north-east arctic cod during recent years (NAKKEN and ULLTANG 

1982), and in 1981 the results were used to calibrate the Virtual 

population analysis (VESA) (ANON 1982b) In order to asrive at the 

best estimates of stock s.ize and structure. 

In view of the apparent satisfactory results sbtained using the 

aeoustic technique f o r  p u n g  cod, ssme preliminary investigations 

were made in- 1982 applying the same methsd on spawning cod. The 

main ob-jeetives of these investigations~wereo 

a) to assess whether or not it was possible to arrive at 

reliable estimates of apawning csd on the spawning 

grounds 

b) to specify the requiremewts to be rnck regarding period, 

area coverage and vessel time and cagaeity in order to 

obtain such estirnatcs. 



The present paper presents sorne of the results from the acoustic 

surveys on spawning cod during winter-spring 1982. 

MATERIAL AND METHBDS 

Two areas were covered hy the surveys; the Lofoten area and the 

M@re area (Fig. l) 

Lofoten 

During January-February the research vessel "Johan Hjort" made 7 

i eruises in this area as follewse 

Cruise Period 
no. 

a 29 Jan - l Feb 

2 3 Feb - 7 Feb 

3 8 Feb - 12 Feb 
4 15 Feb - l7 Feb 
5 17 Feb - 2.0 Peb 
6 21 Feb - 24 Feb 
7 24 Feb - 27 Feb 

Area covered 

Coastal banks 70'~ - 67O15'~ 
Vestf jord, coastal banks 67O15 'N-6g020 'N 

Vestfjord, coastal banks 67°15'~-68030'N 

Vestf jord, coastal banks 67Ol.5 'N-67O50 'N 

Vestfjord, coastal banks 67% - 6a030 'N 
Vestfjord, coastal banks 6 7 O ~  - 68O30 'N 
Vestfjord, coastal banks 67°15'~-67050'N 

Fig. 2 shows the approximate sectors covered by the various 

cruises. In Fig. 3 is presented the grid worked during cruise 

no. 2. The grid systems used during the other cruises were not 

quite sirnilar to that in Fig. 3, but slightly adjusted to cover 

the main fish distribution patterns. 

This area was covered twice. The research vessels used and the 

period of investigation were: 

Cruise no. Period Research vessel 

l l6 Max - 2% Mar R/V "Håkon Mosby" 

2 25 Mar - 7 A p r  R/V "G.O. Sars" 



l w 

The survey grid during cruise no. 1 is shown in Fig. 4. The grid 

worked with "G.0. S a m "  during the second cruise did not differ 

much from that shown in Fig. 4 .  

ing of data 
m 

The echointegrator values of "Johan Hjort8' and "Håkon Mosby" 

were scaled to "G.O. Sars' values using the following scaling 

The three research vessels had slightly different acoustic 

sampling systems. "G.O.  Sars" and "Johan Hjort" were equipped 

with Sinirad EK-2 echosounders working at 38 kHz. while "Hakon 
Mosby' haa a Simrad EK 400 echosounder at 38 kHz. Onboard "Johan 

Hjort" and "Håkon MosbyH the 38 kHz sounder worked in conjunction A 

with Simrad QD echointegrators, and onboard the "G.O.  Sars" the 

echointegration was uridertaken by a Nord 10-computer. All the i 

three integration systems were calihrated osing a coppersphere 

of 60 mm in diameter as standard %arget, 

relations: 

Integration value (G.O. Cars) = 5.0 Integration value (H. Mosby) 

Integration value ((3.0. Sars) = 1.46 Integration value (J. ~jort) 

I 

, 

These relations were obtained from the results of the calibration 

on standard targets and from the beam pattern functions of the 
i 

Computationa o f  fish densities (number per unit area) were 

carried out using the technique described by DALEN and CMEDSTAD 
( 1 9 7 9 ) .  Simplified, this technique estimates Fish density from 

echointegration values by applying the formula 

PA 
- c  0 1 

where : PA is the number of fish per unit area 

I is the echo integration value 

C is a sealing factsr, 



The value of the sealing facto-, C, used in the computations was 

l the same which has been applied over a series of years for esti- 

mating the abundance o% young cod in the Basents Sea (DALEN and 

SMEDSTAD 1979 and l982), The value is 

C = 5.25 m L -2.18 
1 

I 

and C has the dimension: N u d e r  of fish per square nautical mile 

per unit integration value. L is the fish lenyth En cm. 

The target strengths corresponding to this value of C, are: 

TS w - 40 dB for a 30 cm fish and T§ M - 34 dB for a 60 cm fish. 
Or in terms of target strength of l kg: TS 

1 kg 
w - 34 dB for a 

30 cm fish and T§ 
1 kg 

w - 37 dB for a 60 em fisk. 

Integration values were obtained for each nautical mile. In the 

Lofoten surveys these values were averaged within subareas of 

10' latitude by 20' longitude and the average values were used in 

the computations ~f fish abundanee. 

The results from the M@re area were mainly dealt with in the same 

way, but at the inshore localities with the hfghest fish density 

the integration values were plotted in maps and computations of 

fish abundance were carried out by sneasuring the areas between 

l isolines . 
l i 
l Sampling of the echorecording were carried out with bottom 

trawls or pelagic trawls. The pelagic trawl used was a 1600 mesh 

capelin trawl with 200 m'mesh size in the front part decreasing 

gradually to 20 mm in the esd-end. S i z e  of ottgrboards, length.of 

sweeplines and weights on lswer sweeplines were respectively: 7- 
2 8 m , 80 m and 150-300 kg. When towed at a speed of 3 knots the 

.verticaP opening was 15-20 m meacured on the net sonde, depending 

on weights and warp lengths. The bottsm trawl onboard "G.O. Sars" 

and "Johan Hjort" was a P800 mesh shrimp trawl, 80 m mesh size 
in the front part and 20 m in the cod-end. Towed at a speed of 

3 knots the distance between headline and bottom weue approxi- 

mately 6 m, lengths of sweeplines were 40 m and the otterbaards 

were the same as for the pelagic trawl. Onboard "Håkon Mosby" the 

bottom trawl was slightly smaller (1560 aneshes, 80 mm mesh size!, 
but otherwise similar to t h a t  used by the two other vessels. 



Length- and maturity measuremerits and age determinations were 

carried out according to standard procedures, 

l RESULTS AND DISCUSSION 

Lofoten 

Distribution and migration patterns 

The dept-h of the cod-layer varied somewhat within the surveyed 

area. Along the outer side of the Lofoten Islands, the most 

dense concentratians were abserved between l00 and l50 m, in 

Vestfjorden the upper egde of the recsrdings were approximately , 

Fig. 5 shows the details of the distribution during cruise 

no. 2, and in Fig. 6 is presented dlstribukion maps for each of 

the seven cruises. The numbers in these maps are the average 

integration values for eaeh subarea (square). It is seen that 
i 

both during cruise no, 1 and 2 the fish densities were rela- 

tively low in the Vesterålen area, Here the southward migrating 

cod stayed very close $0 the bottom and this - in combination 
with a steep slsping bottom -made posr conditåons for echo 

surveying, since prsbably much of the fish were wlthin the dead 

zone of the echosounder. South of 68°40'~ where the fish moved 

southward over more eyen and flat bottam along the outer side 

of the Lofoten Islands, the recsrdings were hore pelagic and 

hence more suitable far acsustie surveying. Similar suitable 

conditions were aPso experienced in Vestfjorden. 

The applied survey grid di$ not cover completely the distri- 

bution of spawning @od in the Lofoten area during any of the 

surveys. It is evident from the maps that during ckuises 3, 5 

and 7 when some additisnal transects wkre worked outside the 

main curvey area, significant recordings of cod were made also 

there, On cruise no. 7 for instance, it appeared that the fish 

weqe distributed closer to the mainland side of the Vestfjord 

between 67'40 'N and 67"50 'N. It is also ceen (cr. 6) that 

significant amounts of fish were observed far to the south of 

the entrance o f  the Vestfjord; thus indicating that fish mi- 

grated further southvsard. 

I 



Length and age distribution 

The length distribution o% the fish caught by "Johan Hjort" is 

shown in Table 1. In the Iower part of the table is given the 

corresponding age distribution. Table 1 indicates that the 1975- 

yearclass, 7 year old fisk, was dominant in the cpawning stock in 

the Lofoten area this year, However, since the distributions in 

Table 1 are based on rather few samples they may not be fully 

representative for the stock o f  cpawning cod. 

Abundance 

The resultc of the abundance estirnation are given in Table 2. The 

estimates varied between 38 million spec:imens during cruise 

no. 5. It is seen that prior to cruise no. 4 khe average density 

of cod in the Lofoten area (Vestfjorden, Ytteraida) increased 

considerably, while during the four last cruises it was constant. 

The differences between the estimates of cruises 4-7, were thus 

caused exclusively by the differences in the extension of the 

surveyed areas; the Larger the surveyed area the more fish was 

observed. None of the cruises covered completely the Lofoten area 

(Fig. 6) and eonsequently even the håghest of the estimates in 

Table 2 must to same extent be an underestimate of the number of 

spawners in Lofoten. 

Distribution and migration pittterns 

The distributions of integration values of demersal fish (cod, 

haddock and saithe) are presented %n Figs. 7 and 8. In all 

sectors the recordings were dominated by spawning cod during both 

cruises. Signlficant contributions of haddock and saithe were 

only observed in sector 111. The fish was distributed in patches 

and the consentratisns moved south and also into more nearahore 

watears in sectar 5 and 11 between the two eruises (Pigs.7 and 8, 

Table 5). During the second cruise no recordings of cod were 

observed in sector %V. 

The conditions for acsuståc uurveying of cod seemed more suitable 

during the aecond cruise t h a n  d u r h g  the first although some 



l i m i t a t i o n s  were exper ienced on bokh c r u i s e s ,  Dusing c r u i s e  no., l 

t h e  f i s h  w a s  l o c a t e d  cPose t o  t he  bottom over  %arge parks  o f  t h e  

i n v e s t i g a t e d  a r e a  and i n  some P s c a E i t i e s  dense e o n c e n t r a t i o n s  o f  

spawning h e r r i n g  made the s e p a r a t i a n  o f  t h e  eche r e c o r å i n g s  

d i f f i c u l t .  On c r u i s e  nom 2 ,  a s i g n i f i c a n t  amsunt of cod w a s  

observed i n  miarroeir i.nshore waters i n  sectoa" K and E X R  i n  areas 

which were d i f f å c u l t  %Q survey s a t i s f a c t o r i l y  due t o  s a f e  navi- 

The depth  o& t h e  csd ~ e e o r d i n g s  varried between 150 m i n i  t h e  

northernmost a r e a  (sector IV) dur ing  c r u i s e  no. % and %ess than  

50  m i n  t h e  soukhernartos% areas during t h e  seeond c r u i s e .  

i 

1 Length and age  d i s t r i b u t å o n  I 
Table  3 and 4 show t h e  bengkh- and age d i s t r i b u t i o n  o f  cod w i t h i n  

t h e  Mgre a r e a .  The c o n l r i b u t i o n s  o f  caastal cod - determined from 

t h e  growth p a t t e r n s  OS t h e  o t h a l i t s  - are skswn i n  Table  4 .  

Approximately 10-13 pe rcen t  aeemed to be e o a s t a l  cod. 

I n  a l l  e a t c h e s  t h e ' 7  year old  f i s h  (1975-yearclasc) waa dominant 

(Table 4,) . T%le t a b l e s  ( 3  and 4 )  als0 ~ l c a å r l y  demonstirate t h a t  i n  

s e c t a r  I1 t h e  csrrtlmercial catehes sagnpled l a rge -  and o l d e r  f i s h  t o  

a g r e a t e r  e x t e n t  t han  t l ie  reseanka v e s c e l  c a t c h e s ,  I n  t h i s  s e c t o r  

a lmost  50 pe rcen t  o f  t h e  fåsh i n  t h e  comerc : i a l  ca t ches  w a s  o l d e r  

t han  7 y e a r s  as c m p a r e d  to anly about  20 pe rcen t  i n  t h e  r ecea rch  ( 
v e s s e l  c a t c h e s .  A s i m i l a r  d i sc repancy  was n o t  observed i n  s e c t o r  

I11 where t h e  l e n g t h  d i s t r i b u l z o n s  from c o m r c f a l  and r e s e a r c h  

v e s s e l  c a t c h e s  coincided (Table 3 ) .  

Aburadanee 

E s t i m a t e s  of  abundance are given i n  Tables  5 and 6 .  The r 6 s u l t s  

i n d i c a t e  a popula.tåon of  spawning cod o f  about  10-11 m i l l i o n  

specimens, which i s  i n  accordance wi th  t h e  r e s u l t  from prev ious  

a c o u s t i c  surveys  (GOD@ and TQWESEN 198Q). There arer  however, 

reasons  t o  b e l i e v e  Rhat b s t h  t h e  two est i rnbtes  a r e  underes t imates  

of  t h e  spcrwning stoclc of cod in t h e  M @ r e  area. During t h e  f i r s t  

c r u i s e  pa t ches  o f  prespawni.ag rrod were observed a% t h e  very  

nor thern  l i m i t  of  the i n v e s t i g a t i o n  area and i t  i s  n o t  known . 



whether or not a k a  "M@re spawnersu' bad entered the area at that 

time. When cruise no. 2 was carried out a significant portion of 1 
the fish were in nearskaore narxow waters where adequate acoustic 

l 

l 

sampling was difficult due ts navigationa1 reasons, and parts of l 

the horisontal dåstribution sbviously could not be satisfactorily ~ 
covered. 

FINAL REIVIARKL> 

The total number of specimens of spawning eod estimated from the 

present ånvestigations amaunts ts about 90 million. Since the 

fish which apawns off M@re passed the Lofoten area on ita south- 

( 
ward migration it cannot be excluded that some of the MØre stock 

also was rneasured En Lofoten, Bowever, the surveys covered on1y 

parts of the %stal spawning areas of the northeast arctic cod 

stock (Fig. b) and the t o t a l  number of spawners in the stock in 

1982 was thus probably much Larger than the figures reported l 
here. I 
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T a b l e  1. Length- and  a g e  f requency  d i s t r i b u t l o n s  ( p e r c e n t )  

o f  cod f o r  r e s e a r c h  vesseL c a t c h e s  i t r a w l )  i n  

t h e  Lofo ten  area. 
-- 

Length y roups  

d P e r c e n t  2 7 20  32  L8 11 5 2 3 383 

A g e  g r o u p s  

Years  - 5 6 7 1 8 ,  N 

P e r c e n t  2 1 3  7 1 L 4 383 
pl__- -------- -_----d- 

" i 
Table  2. A c o u s t i c  estimates o f  spawning cod i n  t h e  L o f o t e n  

area i n  F e b r u a r y  1982. 

C r u i s e  I n v e s t i g a t e d  T o t a l  Average number o £  

no. a r e a  (number numberi of f i s h  f ich per s q u a r e  
o f  c q u a r e s )  ( m i l l i o n s )  ( m i l l i o n s  ) 

1 6 6 38 0.6 
2 6 5 53 0.8 
3 4 8 6 9 1 .4  
4 3 o 5 h! 1 .7  
5 4 5 78 1.7 
6 4 1 7 1 1.7  
7 3 3 5 6 1.7 

- --"----"-----I -- 
i 

T a b l e  3 .  Length frequeaicy d i s t r i b u t i o r i s  ( p e r c e n t )  o f  cod o f f  More 

a c c o r d i n g  t o  c e c t o r c  ( F i q .  7 )  a n d r c r u i s e  no. f o r  r e s e a r c h  

v e s s e l  c a t c h e s  ( t r a w l )  and  f o r  comrnereial c a t c h e s  ( p u r s e  

s e i n e  (p .  s. 1 and d a n i s h  s e i n e  (d .  c .  1 . a 

--- - 
Length g roups  ( c m )  

S e c t o r  C r u i s e  < 50 55 60 65 7 0  75 80 85 90 95 > ' 

no. no.  50 5 4  59 ti4 69 74 79 84 89 94 99 150 N 

I I 2 4 1 7  34 23 11 3 2 2 4 329 

p . s .  3 6 16 L3 L O  6 5 L O  31 496 

d . s .  4 8 12 10 7 5 3 11 40 74 

I11 1 3 3 2 9 2 0 2 6 1 8  8 3 3 2 4 386 

2 L 2 3 1 2  30 29 17 6 1 278 

P.S. 2 5 20 33 26 1 2  1 1  113  



Table 4, Age frequency distributions (percent) of cod off Mere for 

researck vessel catches (trawl) and commercial catches 

(purce seine and danish seine). The contributions from 

coastak cod in bæackets, 
l 

v-- 

Sector Cruise Age (years) 

no. no. $4 5 Q "I 8 9 10 211. N 

Table 5. Acoustic estimat-,~ of spawning cod in.the Mgre area in 

March-Apsil. 1982 (Ns numbers loe6, ta: weight in 
-- 3 torines a LO ) 

Sectors (see figc 7 and 8)  

Table 6. Aeoustic estimates of i spawning cod in the Mqire area in 

Age (year~) 
Cruise 
- no. - <4 5 6 7 8 9 10 21.1 Total 



Fig.1. The Norwegian coast .  Inves t iga t ion  
a reas  a r e  frarned, Spavming grounids of 
nor theas t  a r c t i c  cod a r e  i n d k a t e d  by 

1 Fig.2. The geographical extension of tkie F1g,3, Courselines and s t a t i o n s  during 
d i f f e r e n t  c ru i sec  i n  t h e  Lofoten c r u i s e  no.2 i n  the Lofoten area.  
area.  Cruise number a r e  given Z r  CTD-sonde s t a t i o n ,  AT: Pelagic  

I (see  t e x t  t a b l e  page 21, trawl. oT: Bottom t rawl  s t a t i o n  





Fig.6. Dic t r ibut ions  of average i n t e g r a t o r  
values (m def l e c t i o n  per  n a u t i c a l  
mile) during the  c r u i s e s  (No. 1-71 
i n  the  Lofoten area.  




