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Since 1935 t h e  Lofoten area h s s  r e g u l a r l y  been echo surveyed durinc: 
t h e  spawning season o f  t h e  A r c t i c  cod (Sund 1935), The r e s u l t s  a f t e r  
t h e s e  surveys have, so  f a r ,  been given a s  e s t ima tes  o f  r e l a t i v e  es li-^ 
dance of cod (Monstad e t  a1,1969), No abso lu te  va lues  have been 
publ ished s i n c e  the es t ima tes  ev iden t ly  would have been too  low, The. 
resson f o r  t h i s  w a s  presuned t o  be t h n t  an erroneous sampling volwne 
of t h e  echo sounder was used i n  t h e  c a l c u l a t i o n s  and t h a t  t h e  survey 
g r i d  w a s  i n s u f f i c i e n t l y  dense, 

I n  Marck 1971 t h e  Lofoten survey was c a r r i e d  o u t  with t h e  more e f f i -  
c i e n t  equipment onboard the new r e s r a r c h  v e s s e l  "G.O,SarsH, The  s i m  o5 
t h e  i n v e s t i g a t i o n  was f i r s t l y  t o  e s t ima te  t h e  number of  cod wi th in  
the main spawning a r e a  (Fig, 1) and secondly t o  f i n d  o u t  t h e  d e n s i t y  
survey g r i d  t o  be appl ied  i n  t h e  a rea ,  I n  t h i s  paper sone pre l iminarg  
r e s u l t s  of  t h e  1971 survey i s  presented,  

KATERI AL AlD METHODS 

The a r e 3  was surveyed 6 t i m e s  during t h e  c r u i s e  (Table l), and a s  
demonstrated i n  Fig, l the survey t r a c k s  were l a i d  very c lose ,  onLy 
1 n a u t i c a l  m i l e  apa r t ,  The p o s i t i o n s  were determined very accurltzl:7 
by bear ings  ( r ada r  o r  v i s u a l l y )  and f u r t h e r  supported by e x c e l l e n t  
decca coverage. 

The m a t e r i a l  w a s  c o l l e c t e d  with 3 echo in teg r i t to r s  which i n t e g r a t e d  
the squared vo l t ages  from a 38 mz echo sounder, A 120 k4Sz echo 
sounder was als0 used t o  o b t s i n  b e t t e r  r e so lu t ion ,  With t h e  s e t t i n g s  
used t h e  main c h a r a c t e r i s t i c s  of  t h e  two sounders were: 

Source l e v e 1  136 124 db//l u B a r  r e f  2 : *  
Voltage response + 7,8 - 0.6 db//l v o l t  p e r  u .'I-: 

Pulse  length  0.6 0,3 mi l l i seconds  
Beamwidth 5,0° and 5,5O 4,5O c i r c u l l r  between 3 db poir,"cs 
W G  20 log  R+2 x R 40 log  R+2 x R 

The ga in  s e t t i n g s  were choosen so  t h a t  t h e  minimum reeoordable s i g n a l  
corresponded t o  a t a r g e t  s t r e n ~ t h  o f  -52 db. 
The echo sounders and i n t e g r a t o r s  were connected on-line t o  a com- 
p u t e r  onboard t h e  ship,  This  p e m i t t e d  accuara te  and r e l i a b l e  rcad!-r~:~ 
of t h e  i n t e g r a t o r s ,  and s m p l i n g  of echo sounder d a t a  provided pocsi- 
b i l i t y  f o r  determining t h e  sampling volume o r  a r e a  of  t h e  echo sounder:: 
(Midttun cind Nakken 1971), The 3 echo i n t e g r a t o r s  s m p l e d  vol tages  
from 6 depth s l i c e s ,  T h e  6 ckiannels were read by  the computer whieh 
gave an o u t p r i n t  each n a u t i c a l  m i l e  as shown i n  t a b l e  2, A s  t h e  vol -  
t s g e  i s  squared be fo re  i n t e g r a t i o n  t h e  va lues  i n  t i tble  2 are propor- 
t i o n a l  t o  echo i n t e n s i t y ,  and a WG of  20 log  R a 2  x R make t h e  output  
of t h e  i n t e g r a t o r  p ropor t iona l  t o  nuinber of f i sk  per u n i t  a r e a  (Midttun 
and Hakken 1971, Bodholt 1969) ,  



The in t eg ra to r s  have a bottom s top  system, However, when psss ing 
3 s t eep ly  s loping bottom, t h e  bottom echo i s  weak and w i l l  be  in tegra ted ,  

- A s  t h e  bottom topography i n  t h e  a rea  i s  i r r e g u l s r ,  t h i s  occured r a t h e r  . 
of ten ,  This e r roe  w a s  correc ted  during t h e  d a i l y  sc ru t iny  of t h e  
echo records and t h e  correspbnding integrams, During this sc ru t iny  
it w a s  a l s o  decided what kind of  f i s h  t h a t  cont r ibuted  t o  t h e  inte-  
gra ted  echo i n t ens i t y ,  and con t r ibu t ions  from f a l s e  echoes ( in ter -  
ferences,  noice) w e r e  ae le ted ,  

The values of in tegra ted  echo i n t ens i t y ,  34, were converted t o  number 
of f i s h  p e r  u n i t  a rea ,  7 .  using the f o m u l s  (Midttun and Nakken 1971): 

Mri t ing C = 4 = N 
M M ~ A  ( 11 ) 

where N i s  number of  f i s h  and A i s  t h e  su r f sce  a rea  wi th in  which t h e  
f i s h e s  are d i s t r i bu t ed ,  C can be  c i l c u l a t e d  when associa ted  values of 
M, M and A a r e  observed, 

l 
2.J was Sound by counting f i s h  t r a c e s  on t h e  recording paper when only  
s i ng l e  f i s h e s  w e r e  recorded, The corresponding s a p l i n g  area ,  A, wqs 
ca lcu la ted  from t h e  formula: 

where R i s  t h e  mean depth of t h e  depth slice and @m x i s  the 
athwardships width of  t h e  beam. Frequency d i s t r i b u t i 8 n s  of the 
de tec t ion  s ec to r  angle,  q, w e r e  obtained (Xidttun and Nakken 1971) 

(Pmax 
Sound by t h e  fornula: 

^CC 

8 max = CIL ( IV 

The f u r t h e r  management of *e ncoust ic  da t a  was t o  p l o t  t h e  s p s  
i n  t a b l e  2 i n t o  c h a r t s  ( Fig, 1 ) ,  Two methods have been applied 
f o r  obta in ing t h e  t o t a l  number of  f i s h  wi th in  t h e  area,  F i r s t l y  iso- 
l i n e s  w e r e  drawn through po in t s  of e p a l  i n t e g r a t o r  de f l ec t i on  and these  
values mul t ip l i ed  by t h e  appropr ia te  areas ,  Secondly t h e  area covered 
was divided i n t o  subareaseof  4 square nau t i ca l  m i l e s ,  A l l  obsesvations 
wikhin each subarea were averaged and t h e  averages w e r e  accumulated t o  

1 - give  t h e  t o t a l .  A n  s t tempt  t o  determine t h e  neccessary c loseness  of . -  
course l i n e s  was made by using observat ions from every second and 

l 
1 - 

every t h i r d  t r a ck  as b a s i s  f o r  t h e  es t imates  of t h e  t o t a l s ,  

Fig, 1 shows r e l a t i v e  dens i ty  d i s t r i b u t i o n s  of cod within  t h e  area  
during survey no, I1 and no,V. A comparison of  t h e  two surveys 
i l l u s t r a t e s  c l e a r l y  t h a t  t h e  most dense consent ra t ions  a r e  found a t  
d i f f e r e n t  l o c a l i t i e s ,  However, Fig, 1 i l l u s t r a t e s  t h e  two surveys 
with t h e  most d i f f e r e n t  p i c t u r e s  with regard t o  l oc s t i ons  of maximum 
f i s h  consentrat ions,  The values  of total echo abundance according 
t o  survey a r e  given i n  Table l and Fig, 2 f o r  t h e  3 d i f f e r e n t  survey 
g r i d s  and t h e  two methods of ca lcu la t ion ,  

A frequency d i s t r i b u t i o n  o f ,  observed with t h e  120 )iHz &cho- 
sounder i s  given i n  t a b l e  3 ,  f n d  t h e  value of pmax w a s  5,s when 
equation I V  w a s  appl ied,  Equation 111 gives  then a smpf ing  area,  
A, p e r  nau i c a l  m i l e  stecuned i n  t h e  depth slice 55-100 m of A= 5 0,73 " 10" square n a u t i c a l  m i l e .  

The r e s u l t s  of a series of  paper counts of ind iv idua l  f i s h  on t h e  
120 IcHz echosounder and corresponding values  of  i n t e g r a t o r  deflec- 
t i o n s  i n  t h e  dep th s l i c e  55-100 m are given i n  Table 4, The mean 

N = 0.24 f i sh /un i t  de f lec t ion ,  applied i n  equat ion II gives  
. - M .. 

N - c = -  0,24 -- * loL 
M-A 0.73 33 f i sh /un i t  de f l ec t i on  (nau t i ca l  m i l e )  



The t o t a l  number of f i s h  wi th in  the a rea  i s  now found from 

Table 1 when mul t ip ly ing  t h e  f i g u r e s  of t o t a l  echo abun- 
6 6nnce by 3 3 ,  g iv ing  6.8-lo6 f i s h  and 13.5 10 f i s h  a s  

t h e  lower and upper l i m i t s  r e spec t ive ly ,  These numers 

are based on t h e  " i s o l i n e n  method and 1 n u t i c a l  m i l e  

between t h e  survey t r acks .  

DISCUSSION 

Calcula t ion  of t h e  sampling a r e a ,  A ,  from equat ion (111) 

r e q u i r e s  f u l l  over lap  by t h e  beam from ping  t o  ping. With 

t h e  a c t u a l  speed, beamangle and p u l s e  rate used, however, 

t h e  e r r o r  introduced is  ins igr i i f icant .  

Even t h e  h i g h e s t  of the p r e s e n t  e s t ima tes  i s  ev iden t ly  

only  a f r a c t i o n  of the t o t a l  spawning s tock  (Anon 1970, 

Hylen and Dragesund 1970). I n  s p i t e  of  t h i s  t h e  r e s u l t s  

a r e  l i k e l y  t o  be reasonable,  It must be considered t h a t  

even thougi the  main spawning grounds were surveyed, t h i s  is  

only  a p a r t  of t h e  t o t a l  a r e a  where spawning occurred. 

I t  i s  w e l l  known t h a t  cons iderable  concent ra t ions  of cod 

migrated t o  t h e  north-eastern p a r t  of  Lofoten. This  a r e a  

was n o t  surveyed because many s k e r r i e s  and shallows make 

t h e  waters  too  d i f f i c u l t  t o  survey with t h e  r e l a t i v e l y  

b i g  reseach vesse l .  I t  i s  a l c o  of importance t h a t  a spawning 

cod do n o t  s t a y  i n  t h e  a r e a  during t h e  whole spawning season. 

Concegiently it i s  very u n l i k e l y  t h a t  t h e  whole spawning s tock  

was p r e s e n t  i n  Lofoten a t  t h e  t i m e  o f  t h e  surveys. 

A s  a l r eady  mentioned i n t e g r a t i o q  o f  bottom echo occurred 

r a t h e r  o f t e n ,  Although t h e  utmost c a r e  w a s  taken t o  c o r r e c t  

f o r  t h i s  it inf luenced t h e  r e s u l t s .  However, e x a c t l y  the 

same survey t r a c k s  w e r e  followed on each survey.and t h e  

c o r r e c t i o n s  were undertaken i n  t h e  same way every time. This  

e r r o r  should t h e r e f o r e  e f f e c t  t h e  r e s u l t s  of  a l l  t h e  surveys 

i n  t h e  same manner. The v a r i a t i o n  E r &  survey t o  survey is ,  

t h e r e f o r e  caused by o t h e r  f a c t o r s ,  such as f i s h  movements 

t o  and from t h e  area .  A s  seen i n  f i g ,  1 t h e r e  w a s  con- 

s i d e r a b l e  f i s h  movement a l s o  wi th in  t h e  a r e a  between surveys,  

a mat t e r  which was supported by t h e  fishermens opinion, 

A comparison of t h e  two methods (" I so l ine t t  a n d M ~ q u a r e t '  ) 

f o r  ob ta in ing  t h e  t o t a l  number of  f i s h  does n o t  i n d i c a t e  

any c l e a r  d i f f e rence .  A s  a mean f o r  t h e  6 surveys t h e  

numbers der ived  by t h e  v s q u a r e t h e t h o d  a r e  3% below t h e  

" i s o l i n e "  method. 



A f i r s t  glance---&--Fig. 2 g ives  t h e  impression t h a t  t he r e  i s  

no c ~ n s i d e r a b l e  d i f ference  between -._results of t h e  t h r ee  

g r i d  dens i t i e s .  From Table 1, however, it can be seen t h a t  

devia t ions  reaching 38% a r e  observed when a g r i d  with 2 

nau t i ca l  m i l e s  between t h e  survey t racks  is  applied. The 

r e s u l t s  obtained by t h e  i s o l i n e  method and the most dense 

g r i d  i s  then taken a s  10W. The same comparison when only 

every t h i r d  t r a ck  i s  used, g ives  devia t ions  up t o  54 %, 

A conseguence of t h i s  must be t h a t  a very dence survey g r i d  

i s  needed i f  a r e l i a b l e  number s h a l l  be achieved. 

SUMMARY 

This paper p resen t s  come prel iminary r e s u l t s  of acoust ic  

surveys i n  Lofoten during t h e  spawning season of t h e  Arc t i c  

cod i n  1971, The aim of the  surveys was t o  es t imat  the  

d number o£ cod within t he  main spawning area ,  

The a rea  was surveyed 6 times and a very dence survey g r i d  

were applied,  t h e  survey t r acks  being only 1 nau t i ca l  mile 

apa r t ,  

The surveys r e su l t ed  i n  numbers varying between 6.8 and 

13.5 mi l l ions  of cod wi th in  t h e  survey area.  The season f o r  t h e  

g r e a t  f l uc tua t i on  of the  numbers i s  l i k e l y  t o  be f i s h  move- 

ments i n  and ou t  of t he  area.  Bottom echoes influenced on 

t he  r e s u l t s  t o  some degree, b u t  t h i s  was not  d i f f e r e n t  from 

survey t o  survey. 

Estimates were a l s o  worked ou t  zpplying only every second 

and every t h i r d  survey t rack .  This r e su l t ed  i n  g r e a t e r  

f l uc tua t i ons  and accordingly indica ted  t h a t  a dense survey 

g r i d  i s  nessecary, 
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Tablr 1 .  Total echo abundance x i n  the  investigated area 

during the 6 susveys, Vaiues are worked out by t w s  d i f f e ren t  

rnethods and with three grid densities, 
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Table 2, P r i n t  out of echo abundance in 6 echo integrator channeas, 

total far all channels (right) and log readings ( l e f k ) ,  Depth 

interva% for each charanel PS indicated. 

l 
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l 



Table 3. Frequency d i s t r i b u t i o n  of  t h e  d e t e c t i o n  s e c t o r  angle,  

, observed wi th  t h e  120 kHz echosounder. 

Degrees 1 2 3 4 5 6 7 8 9 

Number16  53 31  17 17 20 25 9 3 

Table 4, Rat ios  between numbers of f i s h  on t h e  paper  record,N, 

of  t h e  120 kHz echosounder and u n i t s  of d e f l e c t i o n ,  M, of  t h e  

i n t e g t a t o r  f o r  7 d i f f e r e n t  n a u t i c a l  m i l e s  i n  t h e  depth slies 

55-100 m, 

- N : 0,23 0,20 0,19 0,22 0,23 0.31 0,30 Mean 0,24 
M 






